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Module 1. The anatomy of apparatus of motion (bones, joints, muscles). Nerves and vessels of extremities. 

Plan for the human anatomy practice classes for first-year students

1st term

	Class
	Topic 

	1
	The introduction to the anatomy. The axes and planes of the body, terminology. The structure of vertebra. 

	2
	The cervical, thoracic, lumbar, sacral vertebrae, the coccyx. The bends of the vertebral column, its functions. 

	3
	The humerus. The bones of forearm and hand (the carpal and metacarpal bones, the skeleton of fingers). 

	4
	The bones of the girdle of lower extremity: iliac, pubic and sciatic. 

	5
	The femur. The patella. Bones of the leg.

	6
	Bones of the leg and food (tarsal, metatarsal, skeleton of fingers). X-ray-anatomy of bones.

	7
	Written tests and examination of practice skills of skeleton of the trunk and limbs.  Examination of self-taught tasks. Review of the skull. The frontal, parietal, occipital bones. 

	8
	The ethmoid bone. The sphenoid bone. 

	9
	The temporal bone, its cavities and channels.

	10
	Anatomy of upper and lower jaws. The skull as a whole. The structures of the external and internal surface bases of skull. 

	11
	The cavities of skull (orbit, nasal cavity). The hard palate.

	12
	The fossae of the skull (temporal, infratemporal, pterygopalate). The age features of skull, its X-rays anatomy. 

	13
	Written tests and examination of practice skills of skull. Examination of self-taught tasks. Review of joints. The joints of the bones of skull.  The temporo-mandibular joint.

	14
	The joints of the vertebral column.  The joints of the vertebral column and  skull.

	15
	The joints of shoulder girdle.  The shoulder joint. 

	16
	The elbow joint. The connections of the bones of forearm and hand. 

	17
	The hip joint. The knee-joint. 

	18
	The connections of the bones of leg and foot. 

	19
	Written tests and examination of practice skills of joints. Examination of self-taught tasks. Review of myology. The muscles and fasciae of the head.

	20
	The muscles of the cervical region. The fasciae and spaces of the neck.

	21
	The muscles and fasciae of the abdomen. The inguinal canal.

	22
	The muscles and fasciae of the thorax. The diaphragm.

	23
	The muscles and fasciae of the shoulder girdle and arm.

	24
	The muscles of forearm. 

	25
	The muscles of hand. The synovial vaginas of the hand. The topography of the upper extremity.

	26
	The muscles and fasciae of the pelviс region and thigh. The femoral canal. 

	27
	The muscles and fasciae on the leg and foot. The topography of lower extremity. 

	28
	Written tests and examination of practice skills of myology. Examination of self-taught tasks. Review of neurology. The reflex arch.

	29
	Structural and functional characteristic spinal cord and its meninges

	30
	The cervical plexus,  branches. The short branches of brachial plexus.

	31
	The long branches of brachial plexus.

	32
	The lumbar plexus, branches. The sacral plexus, branches.

	33
	Written tests and examination of practice skills of spinal nerves. Examination of self-taught tasks. Review of angiology. Aorta: topography, parts. 

	34
	The subclavian, axillary and brachial arteries: relations, branches, supplement. The arteries of forearm and hand.

	35
	The arteries of the pelvic region and lower extremity: relations, branches, supplement, anastomoses.

	36
	The veins of the extremities. The superior and inferior venae cavae.

	37
	The nerves and vessels of the upper and lower extremity.  

	38
	Written tests and examination of practice skills of nerves and vessels of extremities. Tutorial of module 1.

	39
	Examination of module 1. (3 hours)


Plan for the human anatomy self-taught classes for first-year students

1st term 

	Class
	Topic

	
	Skeleton of the trunk and limbs

	1
	The structure of bone. The types of osteogenesis. Classification of bones.

	2
	The bones of the shoulder girdle: the scapula and clavicle. The ribs, the sternum. Thorax as a whole. 

	3
	Bones of the foot. X-rays anatomy of the bones.

	
	Skull

	4
	Review of the skull. The frontal, parietal, occipital bones. 

	5
	The bones of the facial skull. The hyoid bone. 

	6
	Communications of cavities and fossae of the skull. 

	7
	The age features of skull, its X-rays anatomy. 

	
	Arthrology

	8
	The types of the connection of bones. The biomechanics of joints. 

	9
	The connections of the ribs with vertebrae and sternum. Thorax as a whole.

	10
	The connections of the pelvic bones. The diameters, distances and sexual features of the pelvis. X-rays anatomy of the joints.

	
	Myology

	11
	The general myology. The muscles and fasciae of the head. 

	12
	The muscles and fasciae of the back.

	13
	The topography of the upper and lower extremity.

	14
	The auxiliary apparatus of the muscles. The synovial vaginas of the extremities.

	
	Spinal nerves

	15
	The anatomic characteristic of the spinal nerves. The forming of the spinal nerve and its branches. The posterior branches of spinal nerves.

	16
	The thoracic spinal nerves.

	17
	The nerves for muscles of the extremities.

	
	Nerves and vessels of extremities.

	18
	The anatomy of the heart: structure of chambers and walls. The greater and lesser circles of blood circulation.

	19
	Anastomoses of the vessels of upper extremity. 

	20
	Anastomoses of the vessels of lower extremity. 

	21
	Cava-cava anastomoses


UNIT 1. THE SKELETON OF THE TRUNK END EXTREMITIES
Practice class 1. The introduction to the anatomy. The axes and planes of the body, terminology. The structure of vertebra.
The aim: to understand meaning of basic anatomical terms of relationship and comparison; to know the axes and planes of the human body; to define the anatomical position of the human body; to know the general characteristics of vertebra.
Professional orientation: knowledge of this topic is essential for medical students of all the specialities because of its necessity for further study. 
The plan of the practice class:

A. Checking of the basic level of knowledge: oral quiz or written test control – 10 minutes.
B. Summary lecture on the topic by teacher – 30 minutes.

a) Anatomical terms

b) Planes and axes

c) General characteristics of vertebrae. Structure of vertebrae

C. Students’ self-taught time – 35 minutes
D. Home-task – 5 minutes
TERMS OF RELATIONSHIP
Various adjectives are used to describe the relationship of parts of the body in the anatomical position.

1. Anterior or frontal means – nearer to the front of the body. For example: the nose and umbilicus are on the anterior surface of the body. Rostral is also used instead of anterior. 

2. Posterior or dorsal means – nearer to the back of the body. For example: the gluteal region (buttock) is on the posterior or dorsal surface.

3. Superior or cranial means – nearer to the head. For example: the head is superior to the diaphragm.

4. Inferior or caudal means «toward the feet» or lower part of the body. For example: the heart is inferior to the head.

5. Medial means – toward the median plane of the body. For example: the sternum is medial to the ribs. 

6. Lateral means – farther away from the median plane of the body. For example: the nipple is lateral to the sternum. 

7. Intermediate means – between two structures, one of which is medial and the other is lateral. For example: the third digit is intermediate between the fourth and second digit.

TERMS OF COMPARISON
These terms compare the relative position of two structures with each other.

1. Proximal means – nearest to the trunk or to the point of origin (of a vessel, nerve, or organ). In the limbs, proximal is used to indicate positions nearer to the attached end of a limb. For example: the arm is at the proximal end of the upper limb.

2. Distal means – farthest from the trunk or point of origin (of a vessel, nerve, or organ). In the limbs, distal is used to indicate positions farther from the attached end of a limb. For example: the forearm is at the distal end of the upper limb. 

3. Superficial means – nearer to or on the surface. For example: the subskin fat is closer to the skin or surface of the body than the muscles.

4. Deep means – farther from the surface. For example: in the arm, the humerus is deep to skin.

5. Internal means – toward or in the interior of an organ or cavity. For example: the internal surface of the stomach is the interior of the organ. The term is also used to describe structures that pass from the anterior to the posterior surface of the body or that enclose other structures. For example: Hence, the internal surface of a sternum is the surface toward the interior, and the internal iliac artery passes to the interior of the pelvis cavity.

6. External means – toward or on the exterior of an organ or cavity. For example: the external surface of the stomach is the exterior of the organ.

7. Parietal means-located on the wall of cavity.

8. Visceral means – located inside or near the organs.

ANATOMICAL PLANES
Anatomical descriptions are based on three planes – sagittal, frontal and horizontal.

1. Sagittal plane – the vertical plane passing longitudinally through the body– dividing it into right and left halves. Only one such plane can be provided in human body. 

2. Coronal planes or frontal planes are vertical planes passing through the body at right angles to the sagittal. The number of coronal or frontal planes is unlimited.

3. Horizontal (transverse) planes are planes passing through the body at right angles to the median (or sagittal) and coronal (or frontal) planes. A horizontal plane divides the body into superior (upper) and inferior (lower) parts. It is helpful to give a reference point to identify the level of the plane, such as a "horizontal plane through the xyphoid process". Commonly, sections in coronal and horizontal planes are symmetrical, passing through both the right and left members of paired structures, allowing some comparison. The number of horizontal planes is unlimited. 

AXES: sagittal, frontal and vertical (longitudinal).

ANATOMICAL POSITION is the standard position assumed when describing the human body. It is the position of human standing facing forward and palms facing outward.
GENERAL CHARACTERISTICS OF A VERTEBRA
A typical vertebra consists of two essential parts–viz., an anterior segment, the body, and a posterior part, the vertebral or neural arch; these enclose a foramen, the vertebral foramen. The vertebral arch consists of a pair of pedicles and a pair of laminae, and supports seven processes–viz., four articular, two transverse, and one spinous.

When the vertebrae are articulated with each other the bodies form a strong pillar for the support of the head and trunk, and the vertebral foramina constitute a canal for the protection of the medulla spinalis (spinal cord), while between every pair of vertebrae are two apertures, the intervertebral foramina, one on either side, for the transmission of the spinal nerves and vessels.

Body (corpus vertebrae).–The body is the largest part of a vertebra, and is more or less cylindrical in shape. Its upper and lower surfaces are flattened and rough, and give attachment to the intervertebral fibrocartilages, and each presents a rim around its circumference. In front, the body is convex from side to side and concave from above downward. Behind, it is flat from above downward and slightly concave from side to side. Its anterior surface presents a few small apertures, for the passage of nutrient vessels; on the posterior surface is a single large, irregular aperture, or occasionally more than one, for the exit of the basi-vertebral veins from the body of the vertebra.

Pedicles (radices arci vertebrae).–The pedicles are two short, thick processes, which project backward, one on either side, from the upper part of the body, at the junction of its posterior and lateral surfaces. The concavities above and below the pedicles are named the vertebral notches; and when the vertebrae are articulated, the notches of each contiguous pair of bones form the intervertebral foramina, already referred to.

Laminae – The laminae are two broad plates directed backward and medialward from the pedicles. They fuse in the middle line posteriorly, and so complete the posterior boundary of the vertebral foramen. Their upper borders and the lower parts of their anterior surfaces are rough for the attachment of the ligamenta flava.

Processes – Spinous Process (processus spinosus).–The spinous process is directed backward and downward from the junction of the laminae, and serves for the attachment of muscles and ligaments.

Articular Processes – The articular processes, two superior and two inferior, spring from the junctions of the pedicles and laminae. The superior project upward, and their articular surfaces are directed more or less backward; the inferior project downward, and their surfaces look more or less forward. The articular surfaces are coated with hyaline cartilage.

Transverse Processes (processus transversi).–The transverse processes, two in number, project one at either side from the point where the lamina joins the pedicle, between the superior and inferior articular processes. They serve for the attachment of muscles and ligaments.

STRUCTURE OF A VERTEBRA
The body is composed of cancellous tissue, covered by a thin coating of compact bone; the latter is perforated by numerous orifices, some of large size for the passage of vessels; the interior of the bone is traversed by one or two large canals, for the reception of veins, which converge toward a single large, irregular aperture, or several small apertures, at the posterior part of the body. The thin bony lamellae of the cancellous tissue are more pronounced in lines perpendicular to the upper and lower surfaces and are developed in response to greater pressure in this direction. The arch and processes projecting from it have thick coverings of compact tissue.

Practice skills

Students are supposed to put each vertebra to right position and identify the anatomical structures on the samples of vertebrae:
· body
· arch
· spinous process 
· transverse process 
· superior and inferior articular  processes 
· superior and inferior vertebral notches 
· vertebral foramen
Practice class 2. The cervical, thoracic, lumbar, sacral vertebrae, the coccyx. The bends of the vertebral column, its functions.
The aim: to learn topography and structure of vertebrae on the samples; to know the distinctive characteristics of cervical, thoracic, lumbar vertebrae, sacral and coccygeal bones; to have a notion of physiological and pathological bends of the vertebral column.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatritians and others.
The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) Spinal column.
b) Distinctive characteristics of the vertebrae in different regions of the spine.
c) Vertebral column as a whole.
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

COLUMNA VERTEBRALIS (SPINAL COLUMN)
The vertebral column is a flexuous and flexible column, formed of a series of bones called vertebrae.

The vertebrae are thirty-three in number, and are grouped under the names cervical, thoracic, lumbar, sacral, and coccygeal, according to the regions they occupy. There are seven in the cervical region, twelve in the thoracic, five in the lumbar, five in the sacral, and four in the coccygeal.

This number is sometimes increased by an additional vertebra in one region, or it may be diminished in one region, the deficiency often being supplied by an additional vertebra in another. The number of cervical vertebrae is, however, very rarely increased or diminished.

The vertebrae in the upper three regions of the column remain distinct throughout life, and are known as true or movable vertebrae; those of the sacral and coccygeal regions, on the other hand, are termed false or fixed vertebrae, because they are united with one another in the adult to form two bones–five forming the upper bone or sacrum, and four forming the terminal bone or coccyx.

With the exception of the first and second cervical, the true or movable vertebrae present certain common characteristics which are best studied by examining one from the middle of the thoracic region.

CERVICAL VERTEBRAE are the smallest of the true vertebrae, and can be readily distinguished from those of the thoracic or lumbar regions by the presence of a foramen in each transverse process. The first, second, and seventh present exceptional features and must be separately described; the following characteristics are common to the remaining four.

The body is small, and broader from side to side than from before backward. The anterior and posterior surfaces are flattened and of equal depth; the former is placed on a lower level than the latter, and its inferior border is prolonged downward, so as to overlap the upper and forepart of the vertebra below. The upper surface is concave transversely, and presents a projecting lip on either side; the lower surface is concave from before backward, convex from side to side, and presents laterally shallow concavities which receive the corresponding projecting lips of the subjacent vertebra. The pedicles are directed lateralward and backward, and are attached to the body midway between its upper and lower borders, so that the superior vertebral notch is as deep as the inferior, but it is, at the same time, narrower. The laminae are narrow, and thinner above than below; the vertebral foramen is large, and of a triangular form. The spinous process is short and bifid, the two divisions being often of unequal size. The superior and inferior articular processes on either side are fused to form an articular pillar, which projects lateralward from the junction of the pedicle and lamina. The articular facets are flat and of an oval form: the superior look backward, upward, and slightly medialward: the inferior forward, downward, and slightly lateralward. The transverse processes are each pierced by the foramen transversarium, which, in the upper six vertebrae, gives passage to the vertebral artery and vein and a plexus of sympathetic nerves. Each process consists of an anterior and a posterior part. The anterior portion is the homologue of the rib in the thoracic region, and is therefore named the costal process or costal element: it arises from the side of the body, is directed lateralward in front of the foramen, and ends in a tubercle, the anterior tubercle. The posterior part, the true transverse process, springs from the vertebral arch behind the foramen, and is directed forward and lateralward; it ends in a flattened vertical tubercle, the posterior tubercle. These two parts are joined, outside the foramen, by a bar of bone which exhibits a deep sulcus on its upper surface for the passage of the corresponding spinal nerve.

First Cervical Vertebra.–The first cervical vertebra is named the atlas because it supports the globe of the head. Its chief peculiarity is that it has no body, and this is due to the fact that the body of the atlas has fused with that of the next vertebra. Its other peculiarities are that it has no spinous process, is ring-like, and consists of an anterior and a posterior arch and two lateral masses. The anterior arch forms about one-fifth of the ring: its anterior surface is convex, and presents at its center the anterior tubercle for the attachment of the Longus colli muscles; posteriorly it is concave, and marked by a smooth, oval or circular facet (fovea dentis), for articulation with the odontoid process (dens) of the axis. The upper and lower borders respectively give attachment to the anterior atlantooccipital membrane and the anterior atlantoaxial ligament; the former connects it with the occipital bone above, and the latter with the axis below. The posterior arch forms about two-fifths of the circumference of the ring: it ends behind in the posterior tubercle, which is the rudiment of a spinous process and gives origin to the Recti capitis posteriores minores. The diminutive size of this process prevents any interference with the movements between the atlas and the skull. The posterior part of the arch presents above and behind a rounded edge for the attachment of the posterior atlantoöccipital membrane, while immediately behind each superior articular process is a groove (sulcus arteriae vertebralis), sometimes converted into a foramen by a delicate bony spiculum which arches backward from the posterior end of the superior articular process. This groove represents the superior vertebral notch, and serves for the transmission of the vertebral artery, which, after ascending through the foramen in the transverse process, winds around the lateral mass in a direction backward and medialward; it also transmits the suboccipital (first spinal) nerve. On the under surface of the posterior arch, behind the articular facets, are two shallow grooves, the inferior vertebral notches. The lower border gives attachment to the posterior atlantoaxial ligament, which connects it with the axis. The lateral masses are the most bulky and solid parts of the atlas, in order to support the weight of the head. Each carries two articular facets, a superior and an inferior. The superior facets are of large size, oval, concave, and approach each other in front, but diverge behind: they are directed upward, medialward, and a little backward, each forming a cup for the corresponding condyle of the occipital bone, and are admirably adapted to the nodding movements of the head. Not infrequently they are partially subdivided by indentations which encroach upon their margins. The inferior articular facets are circular in form, flattened or slightly convex and directed downward and medialward, articulating with the axis, and permitting the rotatory movements of the head. Just below the medial margin of each superior facet is a small tubercle, for the attachment of the transverse atlantal ligament which stretches across the ring of the atlas and divides the vertebral foramen into two unequal parts–the anterior or smaller receiving the odontoid process of the axis, the posterior transmitting the medulla spinalis and its membranes. This part of the vertebral canal is of considerable size, much greater than is required for the accommodation of the medulla spinalis, and hence lateral displacement of the atlas may occur without compression of this structure. The transverse processes are large; they project lateralward and downward from the lateral masses, and serve for the attachment of muscles which assist in rotating the head. They are long, and their anterior and posterior tubercles are fused into one mass; the foramen transversarium is directed from below, upward and backward.

Second Cervical Vertebra.–The second cervical vertebra is named the epistropheus or axis because it forms the pivot upon which the first vertebra, carrying the head, rotates. The most distinctive characteristic of this bone is the strong odontoid process which rises perpendicularly from the upper surface of the body. The body is deeper in front than behind, and prolonged downward anteriorly so as to overlap the upper and fore part of the third vertebra. It presents in front a median longitudinal ridge, separating two lateral depressions for the attachment of the Longus colli muscles. Its under surface is concave from before backward and covex from side to side. The dens or odontoid process exhibits a slight constriction or neck, where it joins the body. On its anterior surface is an oval or nearly circular facet for articulation with that on the anterior arch of the atlas. On the back of the neck, and frequently extending on to its lateral surfaces, is a shallow groove for the transverse atlantal ligament which retains the process in position. The apex is pointed, and gives attachment to the apical odontoid ligament; below the apex the process is somewhat enlarged, and presents on either side a rough impression for the attachment of the alar ligament; these ligaments connect the process to the occipital bone. The internal structure of the odontoid process is more compact than that of the body. The pedicles are broad and strong, especially in front, where they coalesce with the sides of the body and the root of the odontoid process. They are covered above by the superior articular surfaces. The laminae are thick and strong, and the vertebral foramen large, but smaller than that of the atlas. The transverse processes are very small, and each ends in a single tubercle; each is perforated by the foramen transversarium, which is directed obliquely upward and lateralward. The superior articular surfaces are round, slightly convex, directed upward and lateralward, and are supported on the body, pedicles, and transverse processes. The inferior articular surfaces have the same direction as those of the other cervical vertebrae. The superior vertebral notches are very shallow, and lie behind the articular processes; the inferior lie in front of the articular processes, as in the other cervical vertebrae. The spinous process is large, very strong, deeply channelled on its under surface, and presents a bifid, tuberculated extremity.

The seventh cervical vertebra. The most distinctive characteristic of this vertebra is the existence of a long and prominent spinous process, hence the name vertebra prominens. This process is thick, nearly horizontal in direction, not bifurcated, but terminating in a tubercle to which the lower end of the ligamentum nuchae is attached. The transverse processes are of considerable size, their posterior roots are large and prominent, while the anterior are small and faintly marked; the upper surface of each has usually a shallow sulcus for the eighth spinal nerve, and its extremity seldom presents more than a trace of bifurcation. The foramen transversarium may be as large as that in the other cervical vertebrae, but is generally smaller on one or both sides; occasionally it is double, sometimes it is absent. On the left side it occasionally gives passage to the vertebral artery; more frequently the vertebral vein traverses it on both sides; but the usual arrangement is for both artery and vein to pass in front of the transverse process, and not through the foramen. Sometimes the anterior root of the transverse process attains a large size and exists as a separate bone, which is known as a cervical rib.

THE THORACIC VERTEBRAE are intermediate in size between those of the cervical and lumbar regions; they increase in size from above downward, the upper vertebrae being much smaller than those in the lower part of the region. They are distinguished by the presence of facets on the sides of the bodies for articulation with the heads of the ribs, and facets on the transverse processes of all, except the eleventh and twelfth, for articulation with the tubercles of the ribs.

The bodies in the middle of the thoracic region are heart-shaped, and as broad in the antero-posterior as in the transverse direction. At the ends of the thoracic region they resemble respectively those of the cervical and lumbar vertebrae. They present, on either side, two costal demi-facets, one above, near the root of the pedicle, the other below, in front of the inferior vertebral notch. The vertebral foramen is small, and of a circular form. The spinous process is long, triangular on coronal section, directed obliquely downward. These processes overlap from the fifth to the eighth, but are less oblique in direction above and below. The transverse processes are thick, strong, and of considerable length, directed obliquely backward and lateralward, and each ends in a clubbed extremity, on the front of which is a small, concave surface, for articulation with the tubercle of a rib. The first, tenth, eleventh, and twelfth thoracic vertebrae present certain peculiarities, and must be specially considered 

The First Thoracic Vertebra has, on either side of the body, an entire articular facet for the head of the first rib, and a demi-facet for the upper half of the head of the second rib. The body is like that of a cervical vertebra, being broad transversely; its upper surface is concave, and lipped on either side. 

The Tenth Thoracic Vertebra may have no demi-facets below. 

In the Eleventh Thoracic Vertebra the body approaches in its form and size to that of the lumbar vertebrae. The articular facets for the heads of the ribs are of large size, and placed chiefly on the pedicles, which are thicker and stronger in this and the next vertebra than in any other part of the thoracic region. The spinous process is short, and nearly horizontal in direction. The transverse processes are very short, tuberculated at their extremities, and have no articular facets.

The Twelfth Thoracic Vertebra has the same general characteristics as the eleventh, but may be distinguished from it by its inferior articular surfaces being convex and directed lateralward, like those of the lumbar vertebrae; by the general form of the body, laminae, and spinous process, in which it resembles the lumbar vertebrae; and by each transverse process being subdivided into three elevations, the superior, inferior, and lateral tubercles: the superior and inferior correspond to the mammillary and accessory processes of the lumbar vertebrae. Traces of similar elevations are found on the transverse processes of the tenth and eleventh thoracic vertebrae.

THE LUMBAR VERTEBRAE are the largest segments of the movable part of the vertebral column, and can be distinguished by the absence of a foramen in the transverse process, and by the absence of facets on the sides of the body.

The body is large, wider from side to side than from before backward, and a little thicker in front than behind. It is flattened or slightly concave above and below, concave behind, and deeply constricted in front and at the sides. The pedicles are very strong, directed backward from the upper part of the body; consequently, the inferior vertebral notches are of considerable depth. The laminae are broad, short, and strong; the vertebral foramen is triangular, larger than in the thoracic, but smaller than in the cervical region. The spinous process is thick, broad, and somewhat quadrilateral; it projects backward and ends in a rough, uneven border, thickest below where it is occasionally notched. The superior and inferior articular processes are well-defined, projecting respectively upward and downward from the junctions of pedicles and laminae. The facets on the superior processes are concave, and look backward and medialward; those on the inferior are convex, and are directed forward and lateralward. The former are wider apart than the latter, since in the articulated column the inferior articular processes are embraced by the superior processes of the subjacent vertebra. The transverse processes are long, slender, and horizontal in the upper three lumbar vertebrae; they incline a little upward in the lower two. In the upper three vertebrae they arise from the junctions of the pedicles and laminae, but in the lower two they are set farther forward and spring from the pedicles and posterior parts of the bodies. They are situated in front of the articular processes instead of behind them as in the thoracic vertebrae, and are homologous with the ribs. Of the three tubercles noticed in connection with the transverse processes of the lower thoracic vertebrae, the superior one is connected in the lumbar region with the back part of the superior articular process, and is named the mammillary process; the inferior is situated at the back part of the base of the transverse process, and is called the accessory process.
THE SACRAL AND COCCYGEAL VERTEBRAE consist at an early period of life of nine separate segments which are united in the adult, so as to form two bones, five entering into the formation of the sacrum, four into that of the coccyx. Sometimes the coccyx consists of five bones; occasionally the number is reduced to three.

The Sacrum (os sacrum).–The sacrum is a large, triangular bone, situated in the lower part of the vertebral column and at the upper and back part of the pelvic cavity, where it is inserted like a wedge between the two hip bones; its upper part or base articulates with the last lumbar vertebra, its apex with the coccyx. 

Pelvic Surface (facies pelvina).–The pelvic surface is concave from above downward, and slightly so from side to side. Its middle part is crossed by four transverse ridges, the positions of which correspond with the original planes of separation between the five segments of the bone. The portions of bone intervening between the ridges are the bodies of the sacral vertebrae. At the ends of the ridges are seen the anterior sacral foramina, four in number on either side. Lateral to these foramina are the lateral parts of the sacrum.
Dorsal Surface (facies dorsalis).–The dorsal surface is convex. In the middle line it displays a crest, the middle sacral crest. There are intermediate and lateral sacral crests on the both sides of middle crest. The tubercles which represent the inferior articular processes of the fifth sacral vertebra are prolonged downward as rounded processes, which are named the sacral cornua, and are connected to the cornua of the coccyx. Lateral to the articular processes are the four posterior sacral foramina.
Lateral Surface.–The lateral surface is broad above, but narrowed into a thin edge below. The upper half presents in front an ear-shaped surface, the auricular surface for articulation with the ilium. Behind it is a rough surface, the sacral tuberosity, on which are three deep and uneven impressions, for the attachment of the posterior sacroiliac ligament. 

Base (basis ossis sacri).–The base of the sacrum, which is broad and expanded, is directed upward and forward. The central anterior  most prominent pars of base is named promontorium.
Apex (apex ossis sacri).–The apex is directed downward, and presents an oval facet for articulation with the coccyx.

Vertebral Canal (canalis sacralis; sacral canal).–The vertebral canal runs throughout the greater part of the bone.

Coccyx

Base.–The base presents an oval surface for articulation with the sacrum.

Apex.–The apex is rounded.
THE VERTEBRAL COLUMN AS A WHOLE
Viewed laterally, the vertebral column presents several curves, which correspond to the different regions of the column, and are called cervical, thoracic, lumbar, and pelvic. The cervical curve, convex forward, begins at the apex of the odontoid process, and ends at the middle of the second thoracic vertebra; it is the least marked of all the curves. The thoracic curve, concave forward, begins at the middle of the second and ends at the middle of the twelfth thoracic vertebra. Its most prominent point behind corresponds to the spinous process of the seventh thoracic vertebra. The lumbar curve is more marked in the female than in the male; it begins at the middle of the last thoracic vertebra, and ends at the sacrovertebral angle. It is convex anteriorly, the convexity of the lower three vertebrae being much greater than that of the upper two. The pelvic curve begins at the sacrovertebral articulation, and ends at the point of the coccyx; its concavity is directed downward and forward. The thoracic and pelvic curves are termed primary curves, because they alone are present during fetal life. The cervical and lumbar curves are compensatory or secondary, and are developed after birth, the former when the child is able to hold up its head (at three or four months), and to sit upright (at nine months), the latter at twelve or eighteen months, when the child begins to walk.

The vertebral column has also a slight lateral curvature, the convexity of which is directed toward the right side. This may be produced by muscular action, most persons using the right arm in preference to the left, especially in making long-continued efforts, when the body is curved to the right side. In support of this explanation it has been found that in one or two individuals who were left-handed, the convexity was to the left side. By others this curvature is regarded as being produced by the aortic arch and upper part of the descending thoracic aorta–a view which is supported by the fact that in cases where the viscera are transposed and the aorta is on the right side, the convexity of the curve is directed to the left side.

Practice skills

Students are supposed to list the natural curvatures of the adult vertebral column; and to put each bone to right position and identify the anatomical structures on the samples of vertebrae:

On typical cervical vertebra:

· body
· arch
· spinous process 
· transverse process
· anterior and posterior tubercles 
· superior and inferior articular  processes 
· superior and inferior vertebral notches 
· transverse foramen
· groove for spinal nerve
On the atlas:

· anterior and posterior arches 
· anterior and posterior tubercles 
· lateral mass 
· transverse process
· transverse foramen
· articular facet for dens
· superior and inferior articular  facets
· groove for vertebral artery
On the axis:

· dens
· body
· arch
· spinous process 
· transverse process
· superior and inferior articular  facets
· transverse foramen
On the thoracic vertebrae:

· body
· arch
· spinous process 
· transverse process 
· superior and inferior articular processes 
· superior and inferior vertebral notches 
· vertebral foramen
· superior and inferior costal facet or costal facet on bodies and transverse process 
On the lumbar vertebra:

· body
· arch
· spinous process 
· transverse process 
· superior and inferior articular processes 
· superior and inferior vertebral notches 
· mammilary process 
· accessory process
· vertebral foramen
On Sacrum:

· base
· dorsal and ventral sacral surfaces
· promontory 
· superior articular process 
· apex
· sacral horns 
· sacral hiatus 
· sacral canal 
· sacral tuberosity
· auricular surface
· lateral masses 
· median sacral crest 
· intermediate sacral crest 
· lateral sacral crest 
· dorsal and ventral sacral foramens
Practice class 3. The humerus. The bones of forearm and hand (the carpal and metacarpal bones, the skeleton of fingers).
The aim: to learn structure and topography of the bones of the upper extremity on the samples.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatritians and others.
The plan of the practice class:

A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) Tne humerus
b) The bones of the forearm
c) The skeleton of the hand
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

THE HUMERUS is the longest and largest bone of the upper extremity; it is divisible into a body and two extremities.

Upper Extremity.–The upper extremity consists of a large rounded head joined to the body by a constricted portion called the neck, and two eminences, the greater and lesser tubercles.
The Head (caput humeri).–The head, nearly hemispherical in form, is directed upward, medialward, and a little backward, and articulates with the glenoid cavity of the scapula. The circumference of its articular surface is slightly constricted and is termed the anatomical neck, in contradistinction to a constriction below the tubercles called the surgical neck which is frequently the seat of fracture. Fracture of the anatomical neck rarely occurs.

The Anatomical Neck (collum anatomicum) is obliquely directed, forming an obtuse angle with the body. It is best marked in the lower half of its circumference; in the upper half it is represented by a narrow groove separating the head from the tubercles. It affords attachment to the articular capsule of the shoulder-joint, and is perforated by numerous vascular foramina.

The Greater Tubercle (tuberculum majus; greater tuberosity).–The greater tubercle is situated lateral to the head and lesser tubercle. Its upper surface is rounded and marked by three flat impressions: the highest of these gives insertion to the Supraspinatus; the middle to the Infraspinatus; the lowest one, and the body of the bone for about 2.5 cm. below it, to the Teres minor. The lateral surface of the greater tubercle is convex, rough, and continuous with the lateral surface of the body.

The Lesser Tubercle (tuberculum minus; lesser tuberosity).–The lesser tubercle, although smaller, is more prominent than the greater: it is situated in front, and is directed medialward and forward. Above and in front it presents an impression for the insertion of the tendon of the Subscapularis.

The tubercles are separated from each other by a deep groove, the intertubercular groove (bicipital groove), which lodges the long tendon of the Biceps brachii and transmits a branch of the anterior humeral circumflex artery to the shoulder-joint. It runs obliquely downward, and ends near the junction of the upper with the middle third of the bone. In the fresh state its upper part is covered with a thin layer of cartilage, lined by a prolongation of the synovial membrane of the shoulder-joint; its lower portion gives insertion to the tendon of the Latissimus dorsi. It is deep and narrow above, and becomes shallow and a little broader as it descends. Its lips are called, respectively, the crests of the greater and lesser tubercles (bicipital ridges), and form the upper parts of the anterior and medial borders of the body of the bone.

The Body or Shaft (corpus humeri).–The body is almost cylindrical in the upper half of its extent, prismatic and flattened below, and has three borders and three surfaces.

Borders.–The anterior border runs from the front of the greater tubercle above to the coronoid fossa below, separating the antero-medial from the antero-lateral surface. Its upper part is a prominent ridge, the crest of the greater tubercle; it serves for the insertion of the tendon of the Pectoralis major. About its center it forms the anterior boundary of the deltoid tuberosity; below, it is smooth and rounded, affording attachment to the Brachialis.

The lateral border runs from the back part of the greater tubercle to the lateral epicondyle, and separates the anterolateral from the posterior surface. Its upper half is rounded and indistinctly marked, serving for the attachment of the lower part of the insertion of the Teres minor, and below this giving origin to the lateral head of the Triceps brachii; its center is traversed by a broad but shallow oblique depression, the radial sulcus (musculospiral groove). Its lower part forms a prominent, rough margin, a little curved from behind forward, the lateral supracondylar ridge, which presents an anterior lip for the origin of the Brachioradialis above, and Extensor carpi radialis longus below, a posterior lip for the Triceps brachii, and an intermediate ridge for the attachment of the lateral intermuscular septum.

The medial border extends from the lesser tubercle to the medial epicondyle. Its upper third consists of a prominent ridge, the crest of the lesser tubercle, which gives insertion to the tendon of the Teres major. About its center is a slight impression for the insertion of the Coracobrachialis, and just below this is the entrance of the nutrient canal, directed downward; sometimes there is a second nutrient canal at the commencement of the radial sulcus. The inferior third of this border is raised into a slight ridge, the medial supracondylar ridge, which becomes very prominent below; it presents an anterior lip for the origins of the Brachialis and Pronator teres, a posterior lip for the medial head of the Triceps brachii, and an intermediate ridge for the attachment of the medial intermuscular septum.

Surfaces.–The antero-lateral surface is directed lateralward above, where it is smooth, rounded, and covered by the Deltoideus; forward and lateralward below, where it is slightly concave from above downward, and gives origin to part of the Brachialis. About the middle of this surface is a rough, triangular elevation, the deltoid tuberosity for the insertion of the Deltoideus; below this is the radial sulcus, directed obliquely from behind, forward, and downward, and transmitting the radial nerve and profunda artery.

The antero-medial surface, less extensive than the antero-lateral, is directed medialward above, forward and medialward below; its upper part is narrow, and forms the floor of the intertubercular groove which gives insertion to the tendon of the Latissimus dorsi; its middle part is slightly rough for the attachment of some of the fibers of the tendon of insertion of the Coracobrachialis; its lower part is smooth, concave from above downward, and gives origin to the Brachialis.

The posterior surface appears somewhat twisted, so that its upper part is directed a little medialward, its lower part backward and a little lateralward. Nearly the whole of this surface is covered by the lateral and medial heads of the Triceps brachii, the former arising above, the latter below the radial sulcus.

The Lower Extremity.–The lower extremity is flattened from before backward, and curved slightly forward; it ends below in a broad, articular surface, which is divided into two parts by a slight ridge. Projecting on either side are the lateral and medial epicondyles. The articular surface extends a little lower than the epicondyles, and is curved slightly forward; its medial extremity occupies a lower level than the lateral. The lateral portion of this surface consists of a smooth, rounded eminence, named the capitulum of the humerus; it articulates with the cupshaped depression on the head of the radius, and is limited to the front and lower part of the bone. On the medial side of this eminence is a shallow groove, in which is received the medial margin of the head of the radius. Above the front part of the capitulum is a slight depression, the radial fossa, which receives the anterior border of the head of the radius, when the forearm is flexed. The medial portion of the articular surface is named the trochlea, and presents a deep depression between two well-marked borders; it is convex from before backward, concave from side to side, and occupies the anterior, lower, and posterior parts of the extremity. The lateral border separates it from the groove which articulates with the margin of the head of the radius. The medial border is thicker, of greater length, and consequently more prominent, than the lateral. The grooved portion of the articular surface fits accurately within the semilunar notch of the ulna; it is broader and deeper on the posterior than on the anterior aspect of the bone, and is inclined obliquely downward and forward toward the medial side. Above the front part of the trochlea is a small depression, the coronoid fossa, which receives the coronoid process of the ulna during flexion of the forearm. Above the back part of the trochlea is a deep triangular depression, the olecranon fossa, in which the summit of the olecranon is received in extension of the forearm. These fossae are separated from one another by a thin, transparent lamina of bone, which is sometimes perforated by a supratrochlear foramen; they are lined in the fresh state by the synovial membrane of the elbow-joint, and their margins afford attachment to the anterior and posterior ligaments of this articulation. The lateral epicondyle is a small, tuberculated eminence, curved a little forward, and giving attachment to the radial collateral ligament of the elbow-joint, and to a tendon common to the origin of the Supinator and some of the Extensor muscles. The medial epicondyle, larger and more prominent than the lateral, is directed a little backward; it gives attachment to the ulnar collateral ligament of the elbow-joint, to the Pronator teres, and to a common tendon of origin of some of the Flexor muscles of the forearm; the ulnar nerve runs in a groove on the back of this epicondyle. The epicondyles are continuous above with the supracondylar ridges.

Structure.–The extremities consist of cancellous tissue, covered with a thin, compact layer the body is composed of a cylinder of compact tissue, thicker at the center than toward the extremities, and contains a large medullary canal which extends along its whole length.

Note. Though the head is nearly hemispherical in form, its margin, as Humphry has shown, is by no means a true circle. Its greatest diameter is, from the top of the intertubercular groove in a direction downward, medialward, and backward. Hence it follows that the greatest elevation of the arm can be obtained by rolling the articular surface in this direction–that is to say, obliquely upward, lateralward, and forward.

Note. A small, hook-shaped process of bone, the supracondylar process, varying from 2 to 20 mm. in length, is not infrequently found projecting from the antero-medial surface of the body of the humerus 5 cm. above the medial epicondyle. It is curved downward and forward, and its pointed end is connected to the medial border, just above the medial epicondyle, by a fibrous band, which gives origin to a portion of the Pronator teres; through the arch completed by this fibrous band the median nerve and brachial artery pass, when these structures deviate from their usual course. Sometimes the nerve alone is transmitted through it, or the nerve may be accompanied by the ulnar artery, in cases of high division of the brachial. A well-marked groove is usually found behind the process, in which the nerve and artery are lodged. This arch is the homologue of the supracondyloid foramen found in many animals, and probably serves in them to protect the nerve and artery from compression during the contraction of the muscles in this region.

THE ULNA is a long bone, prismatic in form, placed at the medial side of the forearm, parallel with the radius. It is divisible into a body and two extremities. Its upper extremity, of great thickness and strength, forms a large part of the elbow-joint; the bone diminishes in size from above downward, its lower extremity being very small, and excluded from the wrist-joint by the interposition of an articular disk.

The Upper Extremity (proximal extremity)–The upper extremity presents two curved processes, the olecranon and the coronoid process; and two concave, articular cavities, the semilunar and radial notches.

The Olecranon (olecranon process).–The olecranon is a large, thick, curved eminence, situated at the upper and back part of the ulna. It is bent forward at the summit so as to present a prominent lip which is received into the olecranon fossa of the humerus in extension of the forearm. Its base is contracted where it joins the body and the narrowest part of the upper end of the ulna. Its posterior surface, directed backward, is triangular, smooth, subcutaneous, and covered by a bursa. Its superior surface is of quadrilateral form, marked behind by a rough impression for the insertion of the Triceps brachii; and in front, near the margin, by a slight transverse groove for the attachment of part of the posterior ligament of the elbow-joint. Its anterior surface is smooth, concave, and forms the upper part of the semilunar notch. Its borders present continuations of the groove on the margin of the superior surface; they serve for the attachment of ligaments, viz., the back part of the ulnar collateral ligament medially, and the posterior ligament laterally. From the medial border a part of the Flexor carpi ulnaris arises; while to the lateral border the Anconaeus is attached.

The Coronoid Process (processus coronoideus).–The coronoid process is a triangular eminence projecting forward from the upper and front part of the ulna. Its base is continuous with the body of the bone, and of considerable strength. Its apex is pointed, slightly curved upward, and in flexion of the forearm is received into the coronoid fossa of the humerus. Its upper surface is smooth, concave, and forms the lower part of the semilunar notch. Its antero-inferior surface is concave, and marked by a rough impression for the insertion of the Brachialis. At the junction of this surface with the front of the body is a rough eminence, the tuberosity of the ulna, which gives insertion to a part of the Brachialis; to the lateral border of this tuberosity the oblique cord is attached. Its lateral surface presents a narrow, oblong, articular depression, the radial notch. Its medial surface, by its prominent, free margin, serves for the attachment of part of the ulnar collateral ligament. At the front part of this surface is a small rounded eminence for the origin of one head of the Flexor digitorum sublimis; behind the eminence is a depression for part of the origin of the Flexor digitorum profundus; descending from the eminence is a ridge which gives origin to one head of the Pronator teres. Frequently, the Flexor pollicis longus arises from the lower part of the coronoid process by a rounded bundle of muscular fibers.

The throchlar notch.  The Semilunar Notch (incisura semilunaris; greater sigmoid cavity).–The semilunar notch is a large depression, formed by the olecranon and the coronoid process, and serving for articulation with the trochlea of the humerus. About the middle of either side of this notch is an indentation, which contracts it somewhat, and indicates the junction of the olecranon and the coronoid process. The notch is concave from above downward, and divided into a medial and a lateral portion by a smooth ridge running from the summit of the olecranon to the tip of the coronoid process. The medial portion is the larger, and is slightly concave transversely; the lateral is convex above, slightly concave below.

The Radial Notch (incisura radialis; lesser sigmoid cavity).–The radial notch is a narrow, oblong, articular depression on the lateral side of the coronoid process; it receives the circumferential articular surface of the head of the radius. It is concave from before backward, and its prominent extremities serve for the attachment of the annular ligament.

The Body or Shaft (corpus ulnae).–The body at its upper part is prismatic in form, and curved so as to be convex behind and lateralward; its central part is straight; its lower part is rounded, smooth, and bent a little lateralward. It tapers gradually from above downward, and has three borders and three surfaces.

Borders.–The volar border (margo volaris; anterior border) begins above at the prominent medial angle of the coronoid process, and ends below in front of the styloid process. Its upper part, well-defined, and its middle portion, smooth and rounded, give origin to the Flexor digitorum profundus; its lower fourth serves for the origin of the Pronator quadratus. This border separates the volar from the medial surface.

The dorsal border (margo dorsalis; posterior border) begins above at the apex of the triangular subcutaneous surface at the back part of the olecranon, and ends below at the back of the styloid process; it is well-marked in the upper three-fourths, and gives attachment to an aponeurosis which affords a common origin to the Flexor carpi ulnaris, the Extensor carpi ulnaris, and the Flexor digitorum profundus; its lower fourth is smooth and rounded. This border separates the medial from the dorsal surface.

The interosseous crest (crista interossea; external or interosseous border) begins above by the union of two lines, which converge from the extremities of the radial notch and enclose between them a triangular space for the origin of part of the Supinator; it ends below at the head of the ulna. Its upper part is sharp, its lower fourth smooth and rounded. This crest gives attachment to the interosseous membrane, and separates the volar from the dorsal surface.

Surfaces.–The volar surface (facies volaris; anterior surface), much broader above than below, is concave in its upper three-fourths, and gives origin to the Flexor digitorum profundus; its lower fourth, also concave, is covered by the Pronator quadratus. The lower fourth is separated from the remaining portion by a ridge, directed obliquely downward and medialward, which marks the extent of origin of the Pronator quadratus. At the junction of the upper with the middle third of the bone is the nutrient canal, directed obliquely upward.

The dorsal surface (facies dorsalis; posterior surface) directed backward and lateralward, is broad and concave above; convex and somewhat narrower in the middle; narrow, smooth, and rounded below. On its upper part is an oblique ridge, which runs from the dorsal end of the radial notch, downward to the dorsal border; the triangular surface above this ridge receives the insertion of the Anconaeus, while the upper part of the ridge affords attachment to the Supinator. Below this the surface is subdivided by a longitudinal ridge, sometimes called the perpendicular line, into two parts: the medial part is smooth, and covered by the Extensor carpi ulnaris; the lateral portion, wider and rougher, gives origin from above downward to the Supinator, the Abductor pollicis longus, the Extensor pollicis longus, and the Extensor indicis proprius.

The medial surface (facies medialis; internal surface) is broad and concave above, narrow and convex below. Its upper three-fourths give origin to the Flexor digitorum profundus; its lower fourth is subcutaneous.

The Lower Extremity (distal extremity).–The lower extremity of the ulna is small, and presents two eminences; the lateral and larger is a rounded, articular eminence, termed the head of the ulna; the medial, narrower and more projecting, is a non-articular eminence, the styloid process. The head presents an articular surface, part of which, of an oval or semilunar form, is directed downward, and articulates with the upper surface of the triangular articular disk which separates it from the wrist-joint; the remaining portion, directed lateralward, is narrow, convex, and received into the ulnar notch of the radius. The styloid process projects from the medial and back part of the bone; it descends a little lower than the head, and its rounded end affords attachment to the ulnar collateral ligament of the wrist-joint. The head is separated from the styloid process by a depression for the attachment of the apex of the triangular articular disk, and behind, by a shallow groove for the tendon of the Extensor carpi ulnaris.

Structure.–The long, narrow medullary cavity is enclosed in a strong wall of compact tissue which is thickest along the interosseous border and dorsal surface. At the extremities the compact layer thins. The compact layer is continued onto the back of the olecranon as a plate of close spongy bone with lamellae parallel. From the inner surface of this plate and the compact layer below it trabeculae arch forward toward the olecranon and coronoid and cross other trabeculae, passing backward over the medullary cavity from the upper part of the shaft below the coronoid. Below the coronoid process there is a small area of compact bone from which trabeculae curve upward to end obliquely to the surface of the semilunar notch which is coated with a thin layer of compact bone. The trabeculae at the lower end have a more longitudinal direction.

Articulations.–The ulna articulates with the humerus and radius.

THE RADIUS is situated on the lateral side of the ulna, which exceeds it in length and size. Its upper end is small, and forms only a small part of the elbow-joint; but its lower end is large, and forms the chief part of the wrist-joint. It is a long bone, prismatic in form and slightly curved longitudinally. It has a body and two extremities.

The Upper Extremity (proximal extremity).–The upper extremity presents a head, neck, and tuberosity. The head is of a cylindrical form, and on its upper surface is a shallow cup or fovea for articulation with the capitulum of the humerus. The circumference of the head is smooth; it is broad medially where it articulates with the radial notch of the ulna, narrow in the rest of its extent, which is embraced by the annular ligament. The head is supported on a round, smooth, and constricted portion called the neck, on the back of which is a slight ridge for the insertion of part of the Supinator. Beneath the neck, on the medial side, is an eminence, the radial tuberosity; its surface is divided into a posterior, rough portion, for the insertion of the tendon of the Biceps brachii, and an anterior, smooth portion, on which a bursa is interposed between the tendon and the bone.

The Body or Shaft (corpus radii).–The body is prismoid in form, narrower above than below, and slightly curved, so as to be convex lateralward. It presents three borders and three surfaces.

Borders.–The volar border (margo volaris; anterior border) extends from the lower part of the tuberosity above to the anterior part of the base of the styloid process below, and separates the volar from the lateral surface. Its upper third is prominent, and from its oblique direction has received the name of the oblique line of the radius; it gives origin to the Flexor digitorum sublimis and Flexor pollicis longus; the surface above the line gives insertion to part of the Supinator. The middle third of the volar border is indistinct and rounded. The lower fourth is prominent, and gives insertion to the Pronator quadratus, and attachment to the dorsal carpal ligament; it ends in a small tubercle, into which the tendon of the Brachioradialis is inserted.

The dorsal border (margo dorsalis; posterior border) begins above at the back of the neck, and ends below at the posterior part of the base of the styloid process; it separates the posterior from the lateral surface. It is indistinct above and below, but well-marked in the middle third of the bone.

The interosseous crest (crista interossea; internal or interosseous border) begins above, at the back part of the tuberosity, and its upper part is rounded and indistinct; it becomes sharp and prominent as it descends, and at its lower part divides into two ridges which are continued to the anterior and posterior margins of the ulnar notch. To the posterior of the two ridges the lower part of the interosseous membrane is attached, while the triangular surface between the ridges gives insertion to part of the Pronator quadratus. This crest separates the volar from the dorsal surface, and gives attachment to the interosseous membrane.

Surfaces.–The volar surface (facies volaris; anterior surface) is concave in its upper three-fourths, and gives origin to the Flexor pollicis longus; it is broad and flat in its lower fourth, and affords insertion to the Pronator quadratus. A prominent ridge limits the insertion of the Pronator quadratus below, and between this and the inferior border is a triangular rough surface for the attachment of the volar radiocarpal ligament. At the junction of the upper and middle thirds of the volar surface is the nutrient foramen, which is directed obliquely upward.

The dorsal surface (facies dorsalis; posterior surface) is convex, and smooth in the upper third of its extent, and covered by the Supinator. Its middle third is broad, slightly concave, and gives origin to the Abductor pollicis longus above, and the Extensor pollicis brevis below. Its lower third is broad, convex, and covered by the tendons of the muscles which subsequently run in the grooves on the lower end of the bone.

The lateral surface (facies lateralis; external surface) is convex throughout its entire extent. Its upper third gives insertion to the Supinator. About its center is a rough ridge, for the insertion of the Pronator teres. Its lower part is narrow, and covered by the tendons of the Abductor pollicis longus and Extensor pollicis brevis.

The Lower Extremity.–The lower extremity is large, of quadrilateral form, and provided with two articular surfaces–one below, for the carpus, and another at the medial side, for the ulna. The carpal articular surface is triangular, concave, smooth, and divided by a slight antero-posterior ridge into two parts. Of these, the lateral, triangular, articulates with the navicular bone; the medial, quadrilateral, with the lunate bone. The articular surface for the ulna is called the ulnar notch (sigmoid cavity) of the radius; it is narrow, concave, smooth, and articulates with the head of the ulna. These two articular surfaces are separated by a prominent ridge, to which the base of the triangular articular disk is attached; this disk separates the wrist-joint from the distal radioulnar articulation. This end of the bone has three non-articular surfaces–volar, dorsal, and lateral. The volar surface, rough and irregular, affords attachment to the volar radiocarpal ligament. The dorsal surface is convex, affords attachment to the dorsal radiocarpal ligament, and is marked by three grooves. Enumerated from the lateral side, the first groove is broad, but shallow, and subdivided into two by a slight ridge; the lateral of these two transmits the tendon of the Extensor carpi radialis longus, the medial the tendon of the Extensor carpi radialis brevis. The second is deep but narrow, and bounded laterally by a sharply defined ridge; it is directed obliquely from above downward and lateralward, and transmits the tendon of the Extensor pollicis longus. The third is broad, for the passage of the tendons of the Extensor indicis proprius and Extensor digitorum communis. The lateral surface is prolonged obliquely downward into a strong, conical projection, the styloid process, which gives attachment by its base to the tendon of the Brachioradialis, and by its apex to the radial collateral ligament of the wrist-joint. The lateral surface of this process is marked by a flat groove, for the tendons of the Abductor pollicis longus and Extensor pollicis brevis.

Structure.–The long narrow medullary cavity is enclosed in a strong wall of compact tissue which is thickest along the interosseous border and thinnest at the extremities except over the cup-shaped articular surface (fovea) of the head where it is thickened. The trabeculae of the spongy tissue are somewhat arched at the upper end and pass upward from the compact layer of the shaft to the fovea capituli; they are crossed by others parallel to the surface of the fovea. The arrangement at the lower end is somewhat similar.

THE SKELETON OF THE HAND is subdivided into three segments: the carpus or wrist bones; the metacarpus or bones of the palm; and the phalanges or bones of the digits.
The Carpus (Ossa Carpi)

The carpal bones, eight in number, are arranged in two rows. Those of the proximal row, from the radial to the ulnar side, are named the navicular, lunate, triangular, and pisiform; those of the distal row, in the same order, are named the greater multangular, lesser multangular, capitate, and hamate.
Common Characteristics of the Carpal Bones.–Each bone (excepting the pisiform) presents six surfaces. Of these the volar or anterior and the dorsal or posterior surfaces are rough, for ligamentous attachment; the dorsal surfaces being the broader, except in the navicular and lunate. The superior or proximal, and inferior or distal surfaces are articular, the superior generally convex, the inferior concave; the medial and lateral surfaces are also articular where they are in contact with contiguous bones, otherwise they are rough and tuberculated. The structure in all is similar, viz., cancellous tissue enclosed in a layer of compact bone.

Bones of the Proximal Row (upper row).
The Navicular Bone (os naviculare manus; scaphoid bone)–The navicular bone is the largest bone of the proximal row, and has received its name from its fancied resemblance to a boat. It is situated at the radial side of the carpus, its long axis being from above downward, lateralward, and forward. The superior surface is convex, smooth, of triangular shape, and articulates with the lower end of the radius. The inferior surface, directed downward, lateralward, and backward, is also smooth, convex, and triangular, and is divided by a slight ridge into two parts, the lateral articulating with the greater multangular, the medial with the lesser multangular. On the dorsal surface is a narrow, rough groove, which runs the entire length of the bone, and serves for the attachment of ligaments. The volar surface is concave above, and elevated at its lower and lateral part into a rounded projection, the tubercle, which is directed forward and gives attachment to the transverse carpal ligament and sometimes origin to a few fibers of the Abductor pollicis brevis. The lateral surface is rough and narrow, and gives attachment to the radial collateral ligament of the wrist. The medial surface presents two articular facets; of these, the superior or smaller is flattened of semilunar form, and articulates with the lunate bone; the inferior or larger is concave, forming with the lunate a concavity for the head of the capitate bone.

Articulations.–The navicular articulates with five bones: the radius proximally, greater and lesser multangulars distally, and capitate and lunate medially.

The Lunate Bone (os lunatum; semilunar bone)–The lunate bone may be distinguished by its deep concavity and crescentic outline. It is situated in the center of the proximal row of the carpus, between the navicular and triangular. The superior surface, convex and smooth, articulates with the radius. The inferior surface is deeply concave, and of greater extent from before backward than transversely: it articulates with the head of the capitate, and, by a long, narrow facet (separated by a ridge from the general surface), with the hamate. The dorsal and volar surfaces are rough, for the attachment of ligaments, the former being the broader, and of a somewhat rounded form. The lateral surface presents a narrow, flattened, semilunar facet for articulation with the navicular. The medial surface is marked by a smooth, quadrilateral facet, for articulation with the triangular.

Articulations.–The lunate articulates with five bones: the radius proximally, capitate and hamate distally, navicular laterally, and triangular medially.

The Triangular Bone (os triquetum; cuneiform bone)–The triangular bone may be distinguished by its pyramidal shape, and by an oval isolated facet for articulation with the pisiform bone. It is situated at the upper and ulnar side of the carpus. The superior surface presents a medial, rough, non-articular portion, and a lateral convex articular portion which articulates with the triangular articular disk of the wrist. The inferior surface, directed lateralward, is concave, sinuously curved, and smooth for articulation with the hamate. The dorsal surface is rough for the attachment of ligaments. The volar surface presents, on its medial part, an oval facet, for articulation with the pisiform; its lateral part is rough for ligamentous attachment. The lateral surface, the base of the pyramid, is marked by a flat, quadrilateral facet, for articulation with the lunate. The medial surface, the summit of the pyramid, is pointed and roughened, for the attachment of the ulnar collateral ligament of the wrist.

Articulations.–The triangular articulates with three bones: the lunate laterally, the pisiform in front, the hamate distally; and with the triangular articular disk which separates it from the lower end of the ulna.

The Pisiform Bone (os pisiforme)–The pisiform bone may be known by its small size, and by its presenting a single articular facet. It is situated on a plane anterior to the other carpal bones and is spheroidal in form. Its dorsal surface presents a smooth, oval facet, for articulation with the triangular: this facet approaches the superior, but not the inferior border of the bone. The volar surface is rounded and rough, and gives attachment to the transverse carpal ligament, and to the Flexor carpi ulnaris and Abductor digiti quinti. The lateral and medial surfaces are also rough, the former being concave, the latter usually convex.

Articulation.–The pisiform articulates with one bone, the triangular.

Bones of the Distal Row (lower row)
The Greater Multangular Bone (os multangulum majus; trapezium)–The greater multangular bone may be distinguished by a deep groove on its volar surface. It is situated at the radial side of the carpus, between the navicular and the first metacarpal bone. The superior surface is directed upward and medialward; medially it is smooth, and articulates with the navicular; laterally it is rough and continuous with the lateral surface. The inferior surface is oval, concave from side to side, convex from before backward, so as to form a saddle-shaped surface for articulation with the base of the first metacarpal bone. The dorsal surface is rough. The volar surface is narrow and rough. At its upper part is a deep groove, running from above obliquely downward and medialward; it transmits the tendon of the Flexor carpi radialis, and is bounded laterally by an oblique ridge. This surface gives origin to the Opponens pollicis and to the Abductor and Flexor pollicis brevis; it also affords attachment to the transverse carpal ligament. The lateral surface is broad and rough, for the attachment of ligaments. The medial surface presents two facets; the upper, large and concave, articulates with the lesser multangular; the lower, small and oval, with the base of the second metacarpal.

Articulations.–The greater multangular articulates with four bones: the navicular proximally, the first metacarpal distally, and the lesser multangular and second metacarpal medially.

The Lesser Multangular Bone (os multangulum minus; trapezoid bone)–The lesser multangular is the smallest bone in the distal row. It may be known by its wedge-shaped form, the broad end of the wedge constituting the dorsal, the narrow end the volar surface; and by its having four articular facets touching each other, and separated by sharp edges. The superior surface, quadrilateral, smooth, and slightly concave, articulates with the navicular. The inferior surface articulates with the proximal end of the second metacarpal bone; it is convex from side to side, concave from before backward and subdivided by an elevated ridge into two unequal facets. The dorsal and volar surfaces are rough for the attachment of ligaments, the former being the larger of the two. The lateral surface, convex and smooth, articulates with the greater multangular. The medial surface is concave and smooth in front, for articulation with the capitate; rough behind, for the attachment of an interosseous ligament.

Articulations.–The lesser multangular articulates with four bones: the navicular proximally, second metacarpal distally, greater multangular laterally, and capitate medially.

The Capitate Bone (os capitatum; os magnum)–The capitate bone is the largest of the carpal bones, and occupies the center of the wrist. It presents, above, a rounded portion or head, which is received into the concavity formed by the navicular and lunate; a constricted portion or neck; and below this, the body. The superior surface is round, smooth, and articulates with the lunate. The inferior surface is divided by two ridges into three facets, for articulation with the second, third, and fourth metacarpal bones, that for the third being the largest. The dorsal surface is broad and rough. The volar surface is narrow, rounded, and rough, for the attachment of ligaments and a part of the Adductor pollicis obliquus. The lateral surface articulates with the lesser multangular by a small facet at its anterior inferior angle, behind which is a rough depression for the attachment of an interosseous ligament. Above this is a deep, rough groove, forming part of the neck, and serving for the attachment of ligaments; it is bounded superiorly by a smooth, convex surface, for articulation with the navicular. The medial surface articulates with the hamate by a smooth, concave, oblong facet, which occupies its posterior and superior parts; it is rough in front, for the attachment of an interosseous ligament.

Articulations.–The capitate articulates with seven bones: the navicular and lunate proximally, the second, third, and fourth metacarpals distally, the lesser multangular on the radial side, and the hamate on the ulnar side.

The Hamate Bone (os hamatum; unciform bone)–The hamate bone may be readily distinguished by its wedge-shaped form, and the hook-like process which projects from its volar surface. It is situated at the medial and lower angle of the carpus, with its base downward, resting on the fourth and fifth metacarpal bones, and its apex directed upward and lateralward. The superior surface, the apex of the wedge, is narrow, convex, smooth, and articulates with the lunate. The inferior surface articulates with the fourth and fifth metacarpal bones, by concave facets which are separated by a ridge. The dorsal surface is triangular and rough for ligamentous attachment. The volar surface presents, at its lower and ulnar side, a curved, hook-like process, the hamulus, directed forward and lateralward. This process gives attachment, by its apex, to the transverse carpal ligament and the Flexor carpi ulnaris; by its medial surface to the Flexor brevis and Opponens digiti quinti; its lateral side is grooved for the passage of the Flexor tendons into the palm of the hand. It is one of the four eminences on the front of the carpus to which the transverse carpal ligament of the wrist is attached; the others being the pisiform medially, the oblique ridge of the greater multangular and the tubercle of the navicular laterally. The medial surface articulates with the triangular bone by an oblong facet, cut obliquely from above, downward and medialward. The lateral surface articulates with the capitate by its upper and posterior part, the remaining portion being rough, for the attachment of ligaments.

Articulations.–The hamate articulates with five bones: the lunate proximally, the fourth and fifth metacarpals distally, the triangular medially, the capitate laterally.

The Phalanges of the Hand (Phalanges Digitorum Manus)
The phalanges are fourteen in number, three for each finger, and two for the thumb. Each consists of a body and two extremities. The body tapers from above downward, is convex posteriorly, concave in front from above downward, flat from side to side; its sides are marked by rough which give attachment to the fibrous sheaths of the Flexor tendons. The proximal extremities of the bones of the first row present oval, concave articular surfaces, broader from side to side than from before backward. The proximal extremity of each of the bones of the second and third rows presents a double concavity separated by a median ridge. The distal extremities are smaller than the proximal, and each ends in two condyles separated by a shallow groove; the articular surface extends farther on the volar than on the dorsal surface, a condition best marked in the bones of the first row.

The ungual phalanges are convex on their dorsal and flat on their volar surfaces; they are recognized by their small size, and by a roughened, elevated surface of a horseshoe form on the volar surface of the distal extremity of each which serves to support the sensitive pulp of the finger.

Articulations.–In the four fingers the phalanges of the first row articulate with those of the second row and with the metacarpals; the phalanges of the second row with those of the first and third rows, and the ungual phalanges with those of the second row. In the thumb, which has only two phalanges, the first phalanx articulates by its proximal extremity with the metacarpal bone and by its distal with the ungual phalanx.

Practice skills

Students are supposed to put each bone to the right position and identify the following anatomical structures on the samples:
On humerus:

· body
· head 
· surgical neck
· anatomical neck 
· greater tubercle
· lesser tubercle
· intertubercular groove 
· deltoid tuberosity 
· groove for radial nerve
· groove for ulnar nerve
· trochlea 
· capitulum
· lateral and medial epicondyles
· coronoid fossa
· radail fossa
· olecranon – fossa
On ulna:

· body
· head
· anterior, medial  and posterior surfaces
· anterior, interosseus  and posterior margins
· ulnar tuberosity 
· coronoid process
· olecranon 
· trochlea notch
· styloid process
· articular facet for radius – radial notch
On radius:

· body

· head

· radial tuberosity 

· anterior, lateral  and posterior surfaces 

· anterior, interosseus  and posterior margins

· styloid process

· articular facet for ulna – ulna notch

· inferior articular  facet

Carpal bones:

those of the proximal row, from the radial to the ulnar side: 

· navicular (scaphoid bone),

· lunate (os lunatum), 

· triangular (os triquetum), 

· pisiform (os pisiforme)

those of the distal row, in the same order: 

· trapezium (os trapezium),

· trapezoid (os trapezoideum), 

· capitate (os capitatum) 

· hamate (os hamatum), which has hook-like process, the 

· hamulus.

Practice class 4. The bones of the girdle of lower extremity: iliac, pubic and sciatic.

The aim: to learn topography and structure of the bones composing the pelvic girdle; to name and show on the samples the anatomical structures of these bones.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatritians and others.
The plan of the practice class:

A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) Structure of the hip bone
b) Pelvis as a whole
c) Position of the pelvis
d) Differences between the male and female pelvis
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

THE PELVIS, so called from its resemblance to a basin, is a bony ring, interposed between the movable vertebrae of the vertebral column which it supports, and the lower limbs upon which it rests; it is stronger and more massively constructed than the wall of the cranial or thoracic cavities, and is composed of four bones: the two hip bones laterally and in front and the sacrum and coccyx behind.
The hip bone is a large, flattened, irregularly shaped bone, constricted in the center and expanded above and below. It meets its fellow on the opposite side in the middle line in front, and together they form the sides and anterior wall of the pelvic cavity. It consists of three parts, the ilium, ischium, and pubis, which are distinct from each other in the young subject, but are fused in the adult; the union of the three parts takes place in and around a large cup-shaped articular cavity, the acetabulum, which is situated near the middle of the outer surface of the bone. The ilium, so-called because it supports the flank, is the superior broad and expanded portion which extends upward from the acetabulum. The ischium is the lowest and strongest portion of the bone; it proceeds downward from the acetabulum, expands into a large tuberosity, and then, curving forward, forms, with the pubis, a large aperture, the obturator foramen. The pubis extends medialward and downward from the acetabulum and articulates in the middle line with the bone of the opposite side: it forms the front of the pelvis and supports the external organs of generation.

The Ilium (os ilii).—The ilium is divisible into two parts, the body and the ala; the separation is indicated on the internal surface by a curved line, the arcuate line, and on the external surface by the margin of the acetabulum.

The Body (corpus oss. ilii).—The body enters into the formation of the acetabulum, of which it forms rather less than two-fifths. Its external surface is partly articular, partly non-articular; the articular segment forms part of the lunate surface of the acetabulum, the non-articular portion contributes to the acetabular fossa. The internal surface of the body is part of the wall of the lesser pelvis and gives origin to some fibers of the Obturator internus. Below, it is continuous with the pelvic surfaces of the ischium and pubis, only a faint line indicating the place of union.

The Ala (ala oss. ilii).—The ala is the large expanded portion which bounds the greater pelvis laterally. It presents for examination two surfaces—an external and an internal—a crest, and two borders—an anterior and a posterior. The external surface, known as the dorsum ilii, is directed backward and lateralward behind, and downward and lateralward in front. It is smooth, convex in front, deeply concave behind; bounded above by the crest, below by the upper border of the acetabulum, in front and behind by the anterior and posterior borders. This surface is crossed in an arched direction by three lines—the posterior, anterior, and inferior gluteal lines. The posterior gluteal line (superior curved line), the shortest of the three, begins at the crest, about 5 cm. in front of its posterior extremity; it is at first distinctly marked, but as it passes downward to the upper part of the greater sciatic notch, where it ends, it becomes less distinct, and is often altogether lost. Behind this line is a narrow semilunar surface, the upper part of which is rough and gives origin to a portion of the Glutaeus maximus; the lower part is smooth and has no muscular fibers attached to it. The anterior gluteal line (middle curved line), the longest of the three, begins at the crest, about 4 cm. behind its anterior extremity, and, taking a curved direction downward and backward, ends at the upper part of the greater sciatic notch. The space between the anterior and posterior gluteal lines and the crest is concave, and gives origin to the Glutaeus medius. Near the middle of this line a nutrient foramen is often seen. The inferior gluteal line (inferior curved line), the least distinct of the three, begins in front at the notch on the anterior border, and, curving backward and downward, ends near the middle of the greater sciatic notch. The surface of bone included between the anterior and inferior gluteal lines is concave from above downward, convex from before backward, and gives origin to the Glutaeus minimus. Between the inferior gluteal line and the upper part of the acetabulum is a rough, shallow groove, from which the reflected tendon of the Rectus femoris arises.

The internal surface of the ala is bounded above by the crest, below, by the arcuate line; in front and behind, by the anterior and posterior borders. It presents a large, smooth, concave surface, called the iliac fossa, which gives origin to the Iliacus and is perforated at its inner part by a nutrient canal; and below this a smooth, rounded border, the arcuate line, which runs downward, forward, and medialward. Behind the iliac fossa is a rough surface, divided into two portions, an anterior and a posterior. The anterior surface (auricular surface), so called from its resemblance in shape to the ear, is coated with cartilage in the fresh state, and articulates with a similar surface on the side of the sacrum. The posterior portion, known as the iliac tuberosity, is elevated and rough, for the attachment of the posterior sacroiliac ligaments and for the origins of the Sacrospinalis and Multifidus. Below and in front of the auricular surface is the preauricular sulcus, more commonly present and better marked in the female than in the male; to it is attached the pelvic portion of the anterior sacroiliac ligament.
The crest of the ilium is convex in its general outline but is sinuously curved, being concave inward in front, concave outward behind. It is thinner at the center than at the extremities, and ends in the anterior and posterior superior iliac spines. The surface of the crest is broad, and divided into external and internal lips, and an intermediate line. About 5 cm. behind the anterior superior iliac spine there is a prominent tubercle on the outer lip. To the external lip are attached the Tensor fasciae latae, Obliquus externus abdominis, and Latissimus dorsi, and along its whole length the fascia lata; to the intermediate line the Obliquus internus abdominis; to the internal lip, the fascia iliaca, the Transversus abdominis, Quadratus lumborum, Sacrospinalis, and Iliacus.

The anterior border of the ala is concave. It presents two projections, separated by a notch. Of these, the uppermost, situated at the junction of the crest and anterior border, is called the anterior superior iliac spine; its outer border gives attachment to the fascia lata, and the Tensor fasciae latae, its inner border, to the Iliacus; while its extremity affords attachment to the inguinal ligament and gives origin to the Sartorius. Beneath this eminence is a notch from which the Sartorius takes origin and across which the lateral femoral cutaneous nerve passes. Below the notch is the anterior inferior iliac spine, which ends in the upper lip of the acetabulum; it gives attachment to the straight tendon of the Rectus femoris and to the iliofemoral ligament of the hip-joint. Medial to the anterior inferior spine is a broad, shallow groove, over which the Iliacus and Psoas major pass. This groove is bounded medially by an eminence, the iliopectineal eminence, which marks the point of union of the ilium and pubis.
The posterior border of the ala, shorter than the anterior, also presents two projections separated by a notch, the posterior superior iliac spine and the posterior inferior iliac spine. The former serves for the attachment of the oblique portion of the posterior sacroiliac ligaments and the Multifidus; the latter corresponds with the posterior extremity of the auricular surface. Below the posterior inferior spine is a deep notch, the greater sciatic notch.
The Ischium (os ischii).—The ischium forms the lower and back part of the hip bone. It is divisible into three portions—a body and two rami.
The Body (corpus oss. ischii).—The body enters into and constitutes a little more than two-fifths of the acetabulum. Its external surface forms part of the lunate surface of the acetabulum and a portion of the acetabular fossa. Its internal surface is part of the wall of the lesser pelvis; it gives origin to some fibers of the Obturator internus. Its anterior border projects as the posterior obturator tubercle; from its posterior border there extends backward a thin and pointed triangular eminence, the ischial spine, more or less elongated in different subjects. The external surface of the spine gives attachment to the Gemellus superior, its internal surface to the Coccygeus, Levator ani, and the pelvic fascia; while to the pointed extremity the sacrospinous ligament is attached. Above the spine is a large notch, the greater sciatic notch, converted into a foramen by the sacrospinous ligament; it transmits the Piriformis, the superior and inferior gluteal vessels and nerves, the sciatic and posterior femoral cutaneous nerves, the internal pudendal vessels, and nerve, and the nerves to the Obturator internus and Quadratus femoris. Of these, the superior gluteal vessels and nerve pass out above the Piriformis, the other structures below it. Below the spine is a smaller notch, the lesser sciatic notch; it is smooth, coated in the recent state with cartilage, the surface of which presents two or three ridges corresponding to the subdivisions of the tendon of the Obturator internus, which winds over it. It is converted into a foramen by the sacrotuberous and sacrospinous ligaments, and transmits the tendon of the Obturator internus, the nerve which supplies that muscle, and the internal pudendal vessels and nerve.
The Superior Ramus (ramus superior oss. ischii; descending ramus).—The superior ramus projects downward and backward from the body and presents for examination three surfaces: external, internal, and posterior. The external surface is quadrilateral in shape. It is bounded above by a groove which lodges the tendon of the Obturator externus; below, it is continuous with the inferior ramus; in front it is limited by the posterior margin of the obturator foramen; behind, a prominent margin separates it from the posterior surface. In front of this margin the surface gives origin to the Quadratus femoris, and anterior to this to some of the fibers of origin of the Obturator externus; the lower part of the surface gives origin to part of the Adductor magnus. The internal surface forms part of the bony wall of the lesser pelvis. In front it is limited by the posterior margin of the obturator foramen. Below, it is bounded by a sharp ridge which gives attachment to a falciform prolongation of the sacrotuberous ligament, and, more anteriorly, gives origin to the Transversus perinaei and Ischiocavernosus. Posteriorly the ramus forms a large swelling, the tuberosity of the ischium, which is divided into two portions: a lower, rough, somewhat triangular part, and an upper, smooth, quadrilateral portion. The lower portion is subdivided by a prominent longitudinal ridge, passing from base to apex, into two parts; the outer gives attachment to the Adductor magnus, the inner to the sacrotuberous ligament. The upper portion is subdivided into two areas by an oblique ridge, which runs downward and outward; from the upper and outer area the Semimembranosus arises; from the lower and inner, the long head of the Biceps femoris and the Semitendinosus.
The Inferior Ramus (ramus inferior oss. ischii; ascending ramus).—The inferior ramus is the thin, flattened part of the ischium, which ascends from the superior ramus, and joins the inferior ramus of the pubis—the junction being indicated in the adult by a raised line. The outer surface is uneven for the origin of the Obturator externus and some of the fibers of the Adductor magnus; its inner surface forms part of the anterior wall of the pelvis. Its medial border is thick, rough, slightly everted, forms part of the outlet of the pelvis, and presents two ridges and an intervening space. The ridges are continuous with similar ones on the inferior ramus of the pubis: to the outer is attached the deep layer of the superficial perineal fascia (fascia of Colles), and to the inner the inferior fascia of the urogenital diaphragm. If these two ridges be traced downward, they will be found to join with each other just behind the point of origin of the Transversus perinaei; here the two layers of fascia are continuous behind the posterior border of the muscle. To the intervening space, just in front of the point of junction of the ridges, the Transversus perinaei is attached, and in front of this a portion of the crus penis vel clitoridis and the Ischiocavernosus. Its lateral border is thin and sharp, and forms part of the medial margin of the obturator foramen.
The Pubis (os pubis).—The pubis, the anterior part of the hip bone, is divisible into a body, a superior and an inferior ramus.
The Body (corpus oss. pubis).—The body forms one-fifth of the acetabulum, contributing by its external surface both to the lunate surface and the acetabular fossa. Its internal surface enters into the formation of the wall of the lesser pelvis and gives origin to a portion of the Obturator internus.
The Superior Ramus (ramus superior oss. pubis; ascending ramus).—The superior ramus extends from the body to the median plane where it articulates with its fellow of the opposite side. It is conveniently described in two portions, viz., a medial flattened part and a narrow lateral prismoid portion.
The Medial Portion of the superior ramus, formerly described as the body of the pubis, is somewhat quadrilateral in shape, and presents for examination two surfaces and three borders. The anterior surface is rough, directed downward and outward, and serves for the origin of various muscles. The Adductor longus arises from the upper and medial angle, immediately below the crest; lower down, the Obturator externus, the Adductor brevis, and the upper part of the Gracilis take origin. The posterior surface, convex from above downward, concave from side to side, is smooth, and forms part of the anterior wall of the pelvis. It gives origin to the Levator ani and Obturator internus, and attachment to the puboprostatic ligaments and to a few muscular fibers prolonged from the bladder. The upper border presents a prominent tubercle, the pubic tubercle (pubic spine), which projects forward; the inferior crus of the subcutaneous inguinal ring (external abdominal ring), and the inguinal ligament (Poupart’s ligament) are attached to it. Passing upward and lateralward from the pubic tubercle is a well-defined ridge, forming a part of the pectineal line which marks the brim of the lesser pelvis: to it are attached a portion of the inguinal falx (conjoined tendon of Obliquus internus and Transversus), the lacunar ligament (Gimbernat’s ligament), and the reflected inguinal ligament (triangular fascia). Medial to the pubic tubercle is the crest, which extends from this process to the medial end of the bone. It affords attachment to the inguinal falx, and to the Rectus abdominis and Pyramidalis. The point of junction of the crest with the medial border of the bone is called the angle; to it, as well as to the symphysis, the superior crus of the subcutaneous inguinal ring is attached. The medial border is articular; it is oval, and is marked by eight or nine transverse ridges, or a series of nipple-like processes arranged in rows, separated by grooves; they serve for the attachment of a thin layer of cartilage, which intervenes between it and the interpubic fibrocartilaginous lamina. The lateral border presents a sharp margin, the obturator crest, which forms part of the circumference of the obturator foramen and affords attachment to the obturator membrane.

The Lateral Portion of the ascending ramus has three surfaces: superior, inferior, andposterior. The superior surface presents a continuation of the pectineal line, already mentioned as commencing at the pubic tubercle. In front of this line, the surface of bone is triangular in form, wider laterally than medially, and is covered by the Pectineus. The surface is bounded, laterally, by a rough eminence, the iliopectineal eminence, which serves to indicate the point of junction of the ilium and pubis, and below by a prominent ridge which extends from the acetabular notch to the pubic tubercle. The inferior surface forms the upper boundary of the obturator foramen, and presents, laterally, a broad and deep, oblique groove, for the passage of the obturator vessels and nerve; and medially, a sharp margin, the obturator crest, forming part of the circumference of the obturator foramen, and giving attachment to the obturator membrane. The posterior surface constitutes part of the anterior boundary of the lesser pelvis. It is smooth, convex from above downward, and affords origin to some fibers of the Obturator internus.
The Inferior Ramus (ramus inferior oss. pubis; descending ramus).—The inferior ramus is thin and flattened. It passes lateralward and downward from the medial end of the superior ramus; it becomes narrower as it descends and joins with the inferior ramus of the ischium below the obturator foramen. Its anterior surface is rough, for the origin of muscles—the Gracilis along its medial border, a portion of the Obturator externus where it enters into the formation of the obturator foramen, and between these two, the Adductores brevis and magnus, the former being the more medial. The posterior surface is smooth, and gives origin to the Obturator internus, and, close to the medial margin, to the Constrictor urethrae. The medial border is thick, rough, and everted, especially in females. It presents two ridges, separated by an intervening space. The ridges extend downward, and are continuous with similar ridges on the inferior ramus of the ischium; to the external is attached the fascia of Colles, and to the internal the inferior fascia of the urogenital diaphragm. The lateral border is thin and sharp, forms part of the circumference of the obturator foramen, and gives attachment to the obturator membrane.

The Acetabulum (cotyloid cavity).—The acetabulum is a deep, cup-shaped, hemispherical depression, directed downward, lateralward, and forward. It is formed medially by the pubis, above by the ilium, laterally and below by the ischium; a little less than two-fifths is contributed by the ilium, a little more than two-fifths by the ischium, and the remaining fifth by the pubis. It is bounded by a prominent uneven rim, which is thick and strong above, and serves for the attachment of the glenoidal labrum (cotyloid ligament), which contracts its orifice, and deepens the surface for articulation. It presents below a deep notch, the acetabular notch, which is continuous with a circular non-articular depression, the acetabular fossa, at the bottom of the cavity: this depression is perforated by numerous apertures, and lodges a mass of fat. The notch is converted into a foramen by the transverse ligament; through the foramen nutrient vessels and nerves enter the joint; the margins of the notch serve for the attachment of the ligamentum teres. The rest of the acetabulum is formed by a curved articular surface, the lunate surface, for articulation with the head of the femur.
The Obturator Foramen (foramen obturatum; thyroid foramen).—The obturator foramen is a large aperture, situated between the ischium and pubis. In the male it is large and of an oval form, its longest diameter slanting obliquely from before backward; in the female it is smaller, and more triangular. It is bounded by a thin, uneven margin, to which a strong membrane is attached, and presents, superiorly, a deep groove, the obturator groove, which runs from the pelvis obliquely medialward and downward. This groove is converted into a canal by a ligamentous band, a specialized part of the obturator membrane, attached to two tubercles: one, the posterior obturator tubercle, on the medial border of the ischium, just in front of the acetabular notch; the other, the anterior obturator tubercle, on the obturator crest of the superior ramus of the pubis. Through the canal the obturator vessels and nerve pass out of the pelvis.
Structure.—The thicker parts of the bone consist of cancellous tissue, enclosed between two layers of compact tissue; the thinner parts, as at the bottom of the acetabulum and center of the iliac fossa, are usually semitransparent, and composed entirely of compact tissue.
The pelvis is divided by an oblique plane passing through the prominence of the sacrum, the arcuate and pectineal lines, and the upper margin of the symphysis pubis, into the greater and the lesser pelvis. The circumference of this plane is termed the linea terminalis or pelvic brim.
The Greater or False Pelvis (pelvis major).–The greater pelvis is the expanded portion of the cavity situated above and in front of the pelvic brim. It is bounded on either side by the ilium; in front it is incomplete, presenting a wide interval between the anterior borders of the ilia, which is filled up in the fresh state by the parietes of the abdomen; behind is a deep notch on either side between the ilium and the base of the sacrum. It supports the intestines, and transmits part of their weight to the anterior wall of the abdomen.

The Lesser or True Pelvis (pelvis minor).–The lesser pelvis is that part of the pelvic cavity which is situated below and behind the pelvic brim. Its bony walls are more complete than those of the greater pelvis. For convenience of description, it is divided into an inlet bounded by the superior circumference, and outlet bounded by the inferior circumference, and a cavity.
The Superior Circumference.–The superior circumference forms the brim of the pelvis, the included space being called the superior aperture or inlet (apertura pelvis [minoris] superior) It is formed laterally by the pectineal and arcuate lines, in front by the crests of the pubes, and behind by the anterior margin of the base of the sacrum and sacrovertebral angle. The superior aperture is somewhat heart-shaped, obtusely pointed in front, diverging on either side, and encroached upon behind by the projection forward of the promontory of the sacrum. It has three principal diameters: antero-posterior, transverse, and oblique. The anteroposterior or conjugate diameter extends from the sacrovertebral angle to the symphysis pubis; its average measurement is about 110 mm. in the female. The transverse diameter extends across the greatest width of the superior aperture, from the middle of the brim on one side to the same point on the opposite; its average measurement is about 135 mm. in the female. The oblique diameter extends from the iliopectineal eminence of one side to the sacroiliac articulation of the opposite side; its average measurement is about 125 mm. in the female.

The cavity of the lesser pelvis is bounded in front and below by the pubic symphysis and the superior rami of the pubes; above and behind, by the pelvic surfaces of the sacrum and coccyx, which, curving forward above and below, contract the superior and inferior apertures of the cavity; laterally, by a broad, smooth, quadrangular area of bone, corresponding to the inner surfaces of the body and superior ramus of the ischium and that part of the ilium which is below the arcuate line. From this description it will be seen that the cavity of the lesser pelvis is a short, curved canal, considerably deeper on its posterior than on its anterior wall. It contains, in the fresh subject, the pelvic colon, rectum, bladder, and some of the organs of generation. The rectum is placed at the back of the pelvis, in the curve of the sacrum and coccyx; the bladder is in front, behind the pubic symphysis. In the female the uterus and vagina occupy the interval between these viscera.

The Lower Circumference.–The lower circumference of the pelvis is very irregular; the space enclosed by it is named the inferior aperture or outlet (apertura pelvis [minoris] inferior), and is bounded behind by the point of the coccyx, and laterally by the ischial tuberosities. These eminences are separated by three notches: one in front, the pubic arch, formed by the convergence of the inferior rami of the ischium and pubis on either side. The other notches, one on either side, are formed by the sacrum and coccyx behind, the ischium in front, and the ilium above; they are called the sciatic notches; in the natural state they are converted into foramina by the sacrotuberous and sacrospinous ligaments. When the ligaments are in situ, the inferior aperture of the pelvis is lozenge-shaped, bounded, in front, by the pubic arcuate ligament and the inferior rami of the pubes and ischia; laterally, by the ischial tuberosities; and behind, by the sacrotuberous ligaments and the tip of the coccyx.

The diameters of the outlet of the pelvis are two, antero-posterior and transverse. The antero-posterior diameter extends from the tip of the coccyx to the lower part of the pubic symphysis; its measurement is from 90 to 115 mm. in the female. It varies with the length of the coccyx, and is capable of increase or diminution, on account of the mobility of that bone. The transverse diameter, measured between the posterior parts of the ischial tuberosities, is about 115 mm. in the female.

Axes.–A line at right angles to the plane of the superior aperture at its center would, if prolonged, pass through the umbilicus above and the middle of the coccyx below; the axis of the superior aperture is therefore directed downward and backward. The axis of the inferior aperture, produced upward, would touch the base of the sacrum, and is also directed downward, and slightly backward. The axis of the cavity–i. e., an axis at right angles to a series of planes between those of the superior and inferior apertures –is curved like the cavity itself: this curve corresponds to the concavity of the sacrum and coccyx, the extremities being indicated by the central points of the superior and inferior apertures. A knowledge of the direction of these axes serves to explain the course of the fetus in its passage through the pelvis during parturition.

Position of the Pelvis–In the erect posture, the pelvis is placed obliquely with regard to the trunk: the plane of the superior aperture forms an angle of from 50° to 60°, and that of the inferior aperture one of about 15° with the horizontal plane. The pelvic surface of the symphysis pubis looks upward and backward, the concavity of the sacrum and coccyx downward and forward. The position of the pelvis in the erect posture may be indicated by holding it so that the anterior superior iliac spines and the front of the top of the symphysis pubis are in the same vertical plane.

Differences between the Male and Female Pelves.–The female pelvis is distinguished from that of the male by its bones being more delicate and its depth less. The whole pelvis is less massive, and its muscular impressions are slightly marked. The ilia are less sloped, and the anterior iliac spines more widely separated; hence the greater lateral prominence of the hips. The preauricular sulcus is more commonly present and better marked. The superior aperture of the lesser pelvis is larger in the female than in the male; it is more nearly circular, and its obliquity is greater. The cavity is shallower and wider; the sacrum is shorter wider, and its upper part is less curved; the obturator foramina are triangular in shape and smaller in size than in the male. The inferior aperture is larger and the coccyx more movable. The sciatic notches are wider and shallower, and the spines of the ischia project less inward. The acetabula are smaller and look more distinctly forward. The ischial tuberosities and the acetabula are wider apart, and the former are more everted. The pubic symphysis is less deep, and the pubic arch is wider and more rounded than in the male, where it is an angle rather than an arch.

The size of the pelvis varies not only in the two sexes, but also in different members of the same sex, and does not appear to be influenced in any way by the height of the individual. Women of short stature, as a rule, have broad pelves. Occasionally the pelvis is equally contracted in all its dimensions, so much so that all its diameters measure 12.5 mm. less than the average, and this even in well-formed women of average height. The principal divergences, however, are found at the superior aperture, and affect the relation of the antero-posterior to the transverse diameter. Thus the superior aperture may be elliptical either in a transverse or an antero-posterior direction, the transverse diameter in the former, and the antero-posterior in the latter, greatly exceeding the other diameters; in other instances it is almost circular.

In the fetus, and for several years after birth, the pelvis is smaller in proportion than in the adult, and the projection of the sacrovertebral angle less marked. The characteristic differences between the male and female pelvis are distinctly indicated as early as the fourth month of fetal life.

Abnormalities.–There is arrest of development in the bones of the pelvis in cases of extroversion of the bladder; the anterior part of the pelvic girdle is deficient, the superior rami of the pubes are imperfectly developed, and the symphysis is absent. “The pubic bones are separated to the extent of from two to four inches, the superior rami shortened and directed forward, and the obturator foramen diminished in size, narrowed, and turned outward. The iliac bones are straightened out more than normal. The sacrum is very peculiar. The lateral curve, instead of being concave, is flattened out or even convex, with the iliosacral facets turned more outward than normal, while the vertical curve is straightened.”

Note. The measurements of the pelvis given above are fairly accurate, but different figures are given by various authors no doubt due mainly to differences in the physique and stature of the population from whom the measurements have been taken.

Practice skills

Students are supposed to put the bone to the right position, determine the borders of iliac, pubic and sciatic bones and identify the following anatomical structures on the sample of hip bone:
· acetabulum 
· lunate surface 
· acetabular notch
· obturator foramen
On iliac bone:

· body
· ala of ilium
· iliac crest
· iliac fossa
· arcuate line 
· anterior, posterior  and inferior gluteal lines
· anterior superior iliac spine
· anterior inferior  iliac spine
· posterior superior iliac  spine
· posterior inferior iliac spine
· iliac tuberosity
· auricular surface
On pubic bone:

· body
· superior pubic ramus 
· inferior pubic ramus 
· obturator crest 
· obturator canal 
· pecten pubis
· iliopubic eminence
· symphysial  surface 
On sciatic bone:

· body
· ischial ramus 
· ischial spine
· ischial tuberosity
· greater sciatic notch 
· lesser sciatic notch 
Practice class 5. The femur. The patella. Bones of the leg.

The aim: to learn topography and structure of the bones of the lower extremity; to name and show on the samples the anatomical structures of these bones.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatritians and others.
The plan of the practice class:

A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) Structure of the thigh bone
b) Structure of the knee cap

c) Structure of the shin bone
d) Structure of the calf bone
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

THE FEMUR, the longest and strongest bone in the skeleton. The femur (thigh bone), like other long bones, is divisible into a body and two extremities.
The Upper Extremity (proximal extremity).–The upper extremity presents for examination a head, a neck, a greater and a lesser trochanter.
The Head (caput femoris).–The head which is globular and forms rather more than a hemisphere. Its surface is smooth, except over an ovoid depression, the fovea capitis femoris.

The Neck (collum femoris).–The neck is a flattened pyramidal process of bone, connecting the head with the body.

The Trochanters.–The trochanters are prominent processes which afford leverage to the muscles that rotate the thigh on its axis. They are two in number, the greater and the lesser.

The Greater Trochanter (trochanter major) is a large, irregular, quadrilateral eminence, situated at the junction of the neck with the upper part of the body.

The Lesser Trochanter (trochanter minor) is a conical eminence, which varies in size in different subjects; it projects from the lower and back part of the base of the neck. 

Running obliquely downward and medialward from greater trochanter is the intertrochanteric line. Running obliquely downward and medialward from the summit of the greater trochanter on the posterior surface of the neck is a prominent ridge, the intertrochanteric crest. 

The Body (corpus femoris).–The body, almost cylindrical in form, is a little broader above than in the center, broadest and somewhat flattened from before backward below. It is slightly arched, so as to be convex in front, and concave behind, where it is strengthened by a prominent longitudinal ridge, the linea aspera. It presents for examination three borders, separating three surfaces. Of the borders, one, the linea aspera, is posterior, one is medial, and the other, lateral.

The linea aspera is a prominent longitudinal ridge or crest, on the middle third of the bone, presenting a medial and a lateral lip, and a narrow rough, intermediate line. Above, the linea aspera is prolonged by three ridges. The lateral ridge is very rough, and runs almost vertically upward to the base of the greater trochanter. It is termed the gluteal tuberosity, and gives attachment to part of the Glutaeus maximus: its upper part is often elongated into a roughened crest, on which a more or less well-marked, rounded tubercle, the third trochanter, is occasionally developed. The intermediate ridge or pectineal line is continued to the base of the lesser trochanter and gives attachment to the Pectineus. Below, the linea aspera is prolonged into two ridges, enclosing between them a triangular area, the popliteal surface. 

From the medial lip (labium mediale)of the linea aspera and its prolongations above and below, the Vastus medialis arises; and from the lateral lip and its upward prolongation, the Vastus lateralis takes origin.

The other two borders of the femur are only slightly marked: the lateral border extends from the antero-inferior angle of the greater trochanter to the anterior extremity of the lateral condyle; the medial border from the intertrochanteric line, at a point opposite the lesser trochanter, to the anterior extremity of the medial condyle.

The Lower Extremity (distal extremity)–The lower extremity, larger than the upper, is somewhat cuboid in form, but its transverse diameter is greater than its antero-posterior; it consists of two oblong eminences known as the condyles. In front, the condyles are but slightly prominent, and are separated from one another by a smooth shallow articular depression called the patellar surface; behind, they project considerably, and the interval between them forms a deep notch, the intercondyloid fossa. The lateral condyle is the more prominent and is the broader both in its antero-posterior and transverse diameters, the medial condyle is the longer and, when the femur is held with its body perpendicular, projects to a lower level. When, however, the femur is in its natural oblique position the lower surfaces of the two condyles lie practically in the same horizontal plane. Their opposed surfaces are small, rough, and concave, and form the walls of the intercondyloid fossa. This fossa is limited above by a ridge, the intercondyloid line, and below by the central part of the posterior margin of the patellar surface. 

THE PATELLA (KNEE CAP) is a flat, triangular bone, situated on the front of the knee-joint. It is usually regarded as a sesamoid bone, developed in the tendon of the Quadriceps femoris.
Surfaces.–The anterior surface is convex. The posterior surface presents above a smooth, oval, articular area.

Borders.–The base is thick. The medial and lateral borders are thinner.

Apex.–The apex is pointed, and gives attachment to the ligamentum patellae.

THE TIBIA (SHIN BONE) is situated at the medial side of the leg, and, excepting the femur, is the longest bone of the skeleton. It is prismoid in form, expanded above, where it enters into the knee-joint, contracted in the lower third, and again enlarged but to a lesser extent below. It has a body and two extremities.
The Upper Extremity (proximal extremity).–The upper extremity is large, and expanded into two eminences, the medial and lateral condyles. The superior articular surface presents two smooth articular facets. Between the articular facets, but nearer the posterior than the anterior aspect of the bone, is the intercondyloid eminence. Below there is a large oblong elevation, the tuberosity of the tibia, which gives attachment to the ligamentum patellae. Area intercondylaris anterior et posterior dislocate near eminencia intercondylaris.

The Body (corpus tibiae).–The body has three borders and three surfaces.

Borders.–The anterior border, the most prominent of the three, commences above at the tuberosity, and ends below at the anterior margin of the medial malleolus. The medial border is smooth and rounded above and below, but more prominent in the center; it begins at the back part of the medial condyle, and ends at the posterior border of the medial malleolus. The interosseous crest or lateral border is thin and prominent, especially its central part, and gives attachment to the interosseous membrane.

Surfaces.–The medial surface is smooth, convex, and broader above than below.

The lateral surface is narrower than the medial. The posterior surface presents, at its upper part, a prominent ridge, the soleal line (linea musculi solei), which extends obliquely downward from the back part of the articular facet for the fibula to the medial border, at the junction of its upper and middle thirds.

The Lower Extremity (distal extremity).–The lower extremity, much smaller than the upper, presents five surfaces; it is prolonged downward on its medial side as a strong process, the medial malleolus.
Surfaces.–The inferior articular surface is quadrilateral, and smooth for articulation with the talus.

The medial surface is prolonged downward to form a strong pyramidal process, flattened from without inward–the medial malleolus. 

THE FIBULA (CALF BONE) is placed on the lateral side of the tibia, with which it is connected above and below. It is the smaller of the two bones, and, in proportion to its length, the most slender of all the long bones. Its upper extremity is small, placed toward the back of the head of the tibia, below the level of the knee-joint, and excluded from the formation of this joint. Its lower extremity inclines a little forward, so as to be on a plane anterior to that of the upper end; it projects below the tibia, and forms the lateral part of the ankle-joint. The bone has a body and two extremities.
The Upper Extremity or Head (capitulum fibulœ).–The upper extremity is of an irregular quadrate form, presenting above a flattened articular surface, directed upward, forward, and medialward, for articulation with a corresponding surface on the lateral condyle of the tibia. On the lateral side is a thick and rough prominence continued behind into a pointed eminence, the apex, which projects upward from the posterior part of the head. 

The Body (corpus fibulae).–The body presents four borders–the antero-lateral, the antero-medial, the postero-lateral, and the postero-medial; and four surfaces–anterior, posterior, medial, and lateral.

The Lower Extremity or Lateral Malleolus (malleolus lateralis).–The lower extremity is of a pyramidal form, and somewhat flattened from side to side; it descends to a lower level than the medial malleolus.

Practice skills

Students are supposed to put each bone to the right position and identify the following anatomical structures on the samples:

On femur:

· head 
· fovea of the head
· neck
· body
· greater trachanter 
· lesser trachanter 
· intertrachanteric line 
· intertrachanteric crest
· trachanteric fossa
· linea aspera 
· pectineal line 
· gluteal tuberosity 
· groove for radial nerve
· groove for ulnar nerve
· lateral and medial condyles
· lateral and medial epicondyles
· intercondylar fossa
· patellar surface 
On tibia:

· body
· anterior intercondylar area 
· posterior intercondylar area 
· lateral and medial intercondylar tubercules 
· lateral and medial condyles
· lateral and medial  and posterior surfaces
· anterior, interosseus (lateral) and medial margins
· tibial tuberosity 
· soleal line
· medial malleolus
· inferior articular  facet
· fibular notch
On fibula:

· body
· head
· lateral malleolus
· fossa of lateral malleolus
Practice class 6. Bones of the leg and food (tarsal, metatarsal, skeleton of fingers). X-ray-anatomy of bones.

The aim: to learn topography and structure of the bones composing the skeleton of the foot; to name and show on the samples the anatomical structures of these bones.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatritians and others.
The plan of the practice class:

A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) Bones of the tarsus
b) Bones of the metatarsus
c) Phalanges
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

The skeleton of the foot consists of three parts: the tarsus, metatarsus, and phalanges.
THE TARSUS (OSSA TARSI)
The tarsal bones are seven in number, viz., the calcaneus, talus, cuboid, navicular, and the first, second, and third cuneiforms.
The Calcaneus (os calcis).–The calcaneus is the largest of the tarsal bones. It is situated at the lower and back part of the foot, serving to transmit the weight of the body to the ground, and forming a strong lever for the muscles of the calf. It is irregularly cuboidal in form, having its long axis directed forward and lateralward; it presents for examination six surfaces.

Surfaces.–The superior surface extends behind on to that part of the bone which projects backward to form the heel. This varies in length in different individuals, is convex from side to side, concave from before backward, and supports a mass of fat placed in front of the tendo calcaneus. In front of this area is a large usually somewhat oval-shaped facet, the posterior articular surface, which looks upward and forward; it is convex from behind forward, and articulates with the posterior calcaneal facet on the under surface of the talus. It is bounded anteriorly by a deep depression which is continued backward and medialward in the form of a groove, the calcaneal sulcus. In the articulated foot this sulcus lies below a similar one on the under surface of the talus, and the two form a canal (sinus tarsi) for the lodgement of the interosseous talocalcaneal ligament. In front and to the medial side of this groove is an elongated facet, concave from behind forward, and with its long axis directed forward and lateralward. This facet is frequently divided into two by a notch: of the two, the posterior, and larger is termed the middle articular surface; it is supported on a projecting process of bone, the sustentaculum tali, and articulates with the middle calcaneal facet on the under surface of the talus; the anterior articular surface is placed on the anterior part of the body, and articulates with the anterior calcaneal facet on the talus. The upper surface, anterior and lateral to the facets, is rough for the attachment of ligaments and for the origin of the Extensor digitorum brevis.

The inferior or plantar surface is uneven, wider behind than in front, and convex from side to side; it is bounded posteriorly by a transverse elevation, the calcaneal tuberosity, which is depressed in the middle and prolonged at either end into a process; the lateral process, small, prominent, and rounded, gives origin to part of the Abductor digiti quinti; the medial process, broader and larger, gives attachment, by its prominent medial margin, to the Abductor hallucis, and in front to the Flexor digitorum brevis and the plantar aponeurosis; the depression between the processes gives origin to the Abductor digiti quinti. The rough surface in front of the processes gives attachment to the long plantar ligament, and to the lateral head of the Quadratus plantae while to a prominent tubercle nearer the anterior part of this surface, as well as to a transverse groove in front of the tubercle, is attached the plantar calcaneocuboid ligament.

The lateral surface is broad behind and narrow in front, flat and almost subcutaneous; near its center is a tubercle, for the attachment of the calcaneofibular ligament. At its upper and anterior part, this surface gives attachment to the lateral talocalcaneal ligament; and in front of the tubercle it presents a narrow surface marked by two oblique grooves. The grooves are separated by an elevated ridge, or tubercle, the trochlear process (peroneal tubercle), which varies much in size in different bones. The superior groove transmits the tendon of the Peronaeus brevis; the inferior groove, that of the Peronaeus longus.

The medial surface is deeply concave; it is directed obliquely downward and forward, and serves for the transmission of the plantar vessels and nerves into the sole of the foot; it affords origin to part of the Quadratus plantae. At its upper and forepart is a horizontal eminence, the sustentaculum tali, which gives attachment to a slip of the tendon of the Tibialis posterior. This eminence is concave above, and articulates with the middle calcaneal articular surface of the talus; below, it is grooved for the tendon of the Flexor hallucis longus; its anterior margin gives attachment to the plantar calcaneonavicular ligament, and its medial, to a part of the deltoid ligament of the ankle-joint.

The anterior or cuboid articular surface is of a somewhat triangular form. It is concave from above downward and lateralward, and convex in a direction at right angles to this. Its medial border gives attachment to the plantar calcaneonavicular ligament.

The posterior surface is prominent, convex, wider below than above, and divisible into three areas. The lowest of these is rough, and covered by the fatty and fibrous tissue of the heel; the middle, also rough, gives insertion to the tendo calcaneus and Plantaris; while the highest is smooth, and is covered by a bursa which intervenes between it and the tendo calcaneus.

Articulations.–The calcaneus articulates with two bones: the talus and cuboid.

The Talus (astragalus; ankle bone)–The talus is the second largest of the tarsal bones. It occupies the middle and upper part of the tarsus, supporting the tibia above, resting upon the calcaneus below, articulating on either side with the malleoli, and in front with the navicular. It consists of a body, a neck, and a head.
The Body (corpus tali).–The superior surface of the body presents, behind, a smooth trochlear surface, the trochlea, for articulation with the tibia. The trochlea is broader in front than behind, convex from before backward, slightly concave from side to side: in front it is continuous with the upper surface of the neck of the bone.

The inferior surface presents two articular areas, the posterior and middle calcaneal surfaces, separated from one another by a deep groove, the sulcus tali. The groove runs obliquely forward and lateralward, becoming gradually broader and deeper in front: in the articulated foot it lies above a similar groove upon the upper surface of the calcaneus, and forms, with it, a canal (sinus tarsi) filled up in the fresh state by the interosseous talocalcaneal ligament. The posterior calcaneal articular surface is large and of an oval or oblong form. It articulates with the corresponding facet on the upper surface of the calcaneus, and is deeply concave in the direction of its long axis which runs forward and lateralward at an angle of about 45° with the median plane of the body. The middle calcaneal articular surface is small, oval in form and slightly convex; it articulates with the upper surface of the sustentaculum tali of the calcaneus.

The medial surface presents at its upper part a pear-shaped articular facet for the medial malleolus, continuous above with the trochlea; below the articular surface is a rough depression for the attachment of the deep portion of the deltoid ligament of the ankle-joint.

The lateral surface carries a large triangular facet, concave from above downward, for articulation with the lateral malleolus; its anterior half is continuous above with the trochlea; and in front of it is a rough depression for the attachment of the anterior talofibular ligament. Between the posterior half of the lateral border of the trochlea and the posterior part of the base of the fibular articular surface is a triangular facet which comes into contact with the transverse inferior tibiofibular ligament during flexion of the ankle-joint; below the base of this facet is a groove which affords attachment to the posterior talofibular ligament.

The posterior surface is narrow, and traversed by a groove running obliquely downward and medialward, and transmitting the tendon of the Flexor hallucis longus. Lateral to the groove is a prominent tubercle, the posterior process, to which the posterior talofibular ligament is attached; this process is sometimes separated from the rest of the talus, and is then known as the os trigonum. Medial to the groove is a second smaller tubercle.

The Neck (collum tali).–The neck is directed forward and medialward, and comprises the constricted portion of the bone between the body and the oval head. Its upper and medial surfaces are rough, for the attachment of ligaments; its lateral surface is concave and is continuous below with the deep groove for the interosseous talocalcaneal ligament.

The Head (caput tali).–The head looks forward and medialward; its anterior articular or navicular surface is large, oval, and convex. Its inferior surface has two facets, which are best seen in the fresh condition. The medial, situated in front of the middle calcaneal facet, is convex, triangular, or semi-oval in shape, and rests on the plantar calcaneonavicular ligament; the lateral, named the anterior calcaneal articular surface, is somewhat flattened, and articulates with the facet on the upper surface of the anterior part of the calcaneus.

Articulations.–The talus articulates with four bones: tibia, fibula, calcaneus, and navicular.

The Cuboid Bone (os cuboideum).–The cuboid bone is placed on the lateral side of the foot, in front of the calcaneus, and behind the fourth and fifth metatarsal bones. It is of a pyramidal shape, its base being directed medialward.

Surfaces.–The dorsal surface, directed upward and lateralward, is rough, for the attachment of ligaments. The plantar surface presents in front a deep groove, the peroneal sulcus, which runs obliquely forward and medialward; it lodges the tendon of the Peronaeus longus, and is bounded behind by a prominent ridge, to which the long plantar ligament is attached. The ridge ends laterally in an eminence, the tuberosity, the surface of which presents an oval facet; on this facet glides the sesamoid bone or cartilage frequently found in the tendon of the Peronaeus longus. The surface of bone behind the groove is rough, for the attachment of the plantar calcaneocuboid ligament, a few fibers of the Flexor hallucis brevis, and a fasciculus from the tendon of the Tibialis posterior. The lateral surface presents a deep notch formed by the commencement of the peroneal sulcus. The posterior surface is smooth, triangular, and concavo-convex, for articulation with the anterior surface of the calcaneus; its infero-medial angle projects backward as a process which underlies and supports the anterior end of the calcaneus. The anterior surface, of smaller size, but also irregularly triangular, is divided by a vertical ridge into two facets: the medial, quadrilateral in form, articulates with the fourth metatarsal; the lateral, larger and more triangular, articulates with the fifth. The medial surface is broad, irregularly quadrilateral, and presents at its middle and upper part a smooth oval facet, for articulation with the third cuneiform; and behind this (occasionally) a smaller facet, for articulation with the navicular; it is rough in the rest of its extent, for the attachment of strong interosseous ligaments.

Articulations.–The cuboid articulates with four bones: the calcaneus, third cuneiform, and fourth and fifth metatarsals; occasionally with a fifth, the navicular.

The Navicular Bone (os naviculare pedis; scaphoid bone).–The navicular bone is situated at the medial side of the tarsus, between the talus behind and the cuneiform bones in front.

Surfaces.–The anterior surface is convex from side to side, and subdivided by two ridges into three facets, for articulation with the three cuneiform bones. The posterior surface is oval, concave, broader laterally than medially, and articulates with the rounded head of the talus. The dorsal surface is convex from side to side, and rough for the attachment of ligaments. The plantar surface is irregular, and also rough for the attachment of ligaments. The medial surface presents a rounded tuberosity, the lower part of which gives attachment to part of the tendon of the Tibialis posterior. The lateral surface is rough and irregular for the attachment of ligaments, and occasionally presents a small facet for articulation with the cuboid bone.

Articulations.–The navicular articulates with four bones: the talus and the three cuneiforms; occasionally with a fifth, the cuboid.

The First Cuneiform Bone (os cuneiform primum; internalcuneiform).–The first cuneiform bone is the largest of the three cuneiforms. It is situated at the medial side of the foot, between the navicular behind and the base of the first metatarsal in front.

Surfaces.–The medial surface is subcutaneous, broad, and quadrilateral; at its anterior plantar angle is a smooth oval impression, into which part of the tendon of the Tibialis anterior is inserted; in the rest of its extent it is rough for the attachment of ligaments. The lateral surface is concave, presenting, along its superior and posterior borders a narrow L-shaped surface, the vertical limb and posterior part of the horizontal limb of which articulate with the second cuneiform, while the anterior part of the horizontal limb articulates with the second metatarsal bone: the rest of this surface is rough for the attachment of ligaments and part of the tendon of the Peronaeus longus. The anterior surface, kidney-shaped and much larger than the posterior, articulates with the first metatarsal bone. The posterior surface is triangular, concave, and articulates with the most medial and largest of the three facets on the anterior surface of the navicular. The plantar surface is rough, and forms the base of the wedge; at its back part is a tuberosity for the insertion of part of the tendon of the Tibialis posterior. It also gives insertion in front to part of the tendon of the Tibialis anterior. The dorsal surface is the narrow end of the wedge, and is directed upward and lateralward; it is rough for the attachment of ligaments.

Articulations.–The first cuneiform articulates with four bones: the navicular, second cuneiform, and first and second metatarsals.

The Second Cuneiform Bone (os cuneiforme secundum; middle cuneiform).–The second cuneiform bone, the smallest of the three, is of very regular wedge-like form, the thin end being directed downward. It is situated between the other two cuneiforms, and articulates with the navicular behind, and the second metatarsal in front.

Surfaces.–The anterior surface, triangular in form, and narrower than the posterior, articulates with the base of the second metatarsal bone. The posterior surface, also triangular, articulates with the intermediate facet on the anterior surface of the navicular. The medial surface carries an L-shaped articular facet, running along the superior and posterior borders, for articulation with the first cuneiform, and is rough in the rest of its extent for the attachment of ligaments. The lateral surface presents posteriorly a smooth facet for articulation with the third cuneiform bone. The dorsal surface forms the base of the wedge; it is quadrilateral and rough for the attachment of ligaments. The plantar surface, sharp and tuberculated, is also rough for the attachment of ligaments, and for the insertion of a slip from the tendon of the Tibialis posterior.

Articulations.–The second cuneiform articulates with four bones: the navicular, first and third cuneiforms, and second metatarsal.

The Third Cuneiform Bone (os cuneiforme tertium; external cuneiform).–The third cuneiform bone, intermediate in size between the two preceding, is wedge-shaped, the base being uppermost. It occupies the center of the front row of the tarsal bones, between the second cuneiform medially, the cuboid laterally, the navicular behind, and the third metatarsal in front.

Surfaces.–The anterior surface, triangular in form, articulates with the third metatarsal bone. The posterior surface articulates with the lateral facet on the anterior surface of the navicular, and is rough below for the attachment of ligamentous fibers. The medial surface presents an anterior and a posterior articular facet, separated by a rough depression: the anterior, sometimes divided, articulates with the lateral side of the base of the second metatarsal bone; the posterior skirts the posterior border, and articulates with the second cuneiform; the rough depression gives attachment to an interosseous ligament. The lateral surface also presents two articular facets, separated by a rough non-articular area; the anterior facet, situated at the superior angle of the bone, is small and semi-oval in shape, and articulates with the medial side of the base of the fourth metatarsal bone; the posterior and larger one is triangular or oval, and articulates with the cuboid; the rough, non-articular area serves for the attachment of an interosseous ligament. The three facets for articulation with the three metatarsal bones are continuous with one another; those for articulation with the second cuneiform and navicular are also continuous, but that for articulation with the cuboid is usually separate. The dorsal surface is of an oblong form, its postero-lateral angle being prolonged backward. The plantar surface is a rounded margin, and serves for the attachment of part of the tendon of the Tibialis posterior, part of the Flexor hallucis brevis, and ligaments.

Articulations.–The third cuneiform articulates with six bones: the navicular, second cuneiform, cuboid, and second, third, and fourth metatarsals.

THE METATARSUS consists of five bones which are numbered from the medial side (ossa metatarsalia I-V); each presents for examination a body and two extremities.
Common Characteristics of the Metatarsal Bones.–The body is prismoid in form, tapers gradually from the tarsal to the phalangeal extremity, and is curved longitudinally, so as to be concave below, slightly convex above. The base or posterior extremity is wedge-shaped, articulating proximally with the tarsal bones, and by its sides with the contiguous metatarsal bones: its dorsal and plantar surfaces are rough for the attachment of ligaments. The head or anterior extremity presents a convex articular surface, oblong from above downward, and extending farther backward below than above. Its sides are flattened, and on each is a depression, surmounted by a tubercle, for ligamentous attachment. Its plantar surface is grooved antero-posteriorly for the passage of the Flexor tendons, and marked on either side by an articular eminence continuous with the terminal articular surface.

THE PHALANGES OF THE FOOT (PHALANGES DIGITORUM PEDIS) correspond, in number and general arrangement, with those of the hand; there are two in the great toe, and three in each of the other toes. They differ from them, however, in their size, the bodies being much reduced in length, and, especially in the first row, laterally compressed.

First Row.–The body of each is compressed from side to side, convex above, concave below. The base is concave; and the head presents a trochlear surface for articulation with the second phalanx.

Second Row.–The phalanges of the second row are remarkably small and short, but rather broader than those of the first row.

The ungual phalanges, in form, resemble those of the fingers; but they are smaller and are flattened from above downward; each presents a broad base for articulation with the corresponding bone of the second row, and an expanded distal extremity for the support of the nail and end of the toe.

Articulations.–In the second, third, fourth, and fifth toes the phalanges of the first row articulate behind with the metatarsal bones, and in front with the second phalanges, which in their turn articulate with the first and third: the ungual phalanges articulate with the second.

Practice skills

Students are supposed to put the bones of the foot to the right position and identify the following anatomical structures on the samples:
Tarsal bones:

· talus
· calcaneus
· navicular 
· cuneiform
· cuboid
On talus:

· trochlea 
· neck 
· caput
· posterior and lateral processes 
· groove for flexor hallicis longus tendon 
· anterior, middle and posterior surface for calcaneus 

On calcaneus:

· anterior, middle and posterior surface for talus
· tuberosity
· sustentaculum tali 
· articular surface for cuboid bone
Self-taught class 1. The structure of bone. The types of osteogenesis. Classification of bones.

The aim: to learn the structure of bone; to have a notion of two ways of ossification – intramembranous and intracartilaginous; to learn how to define classificational, structural and age features of bones.

Professional orientation: knowledge of this topic is essential for medical students of all the specialities because of its necessity for further study. 

The plan of the self-taught class:

A. Learn the main parts of bone. Find out the function of periosteum, metaphyses, bone marrow.
B. Have a notion of the structural and functional unit of the bony tissue.

C. Learn the structure of compact and cancellous bony tissue.

D. Learn the functions of the skeleton, and the stages of its development.
E. Learn the two kinds of ossificstion.

F. Learn the classification of bones according to their development and shape.

G. Write down the basic latin anatomical terms of the structures on the surfaces of bones and learn them.
Bone is one of the hardest structures of the animal body; it possesses also a certain degree of toughness and elasticity. Its color, in a fresh state, is pinkish-white externally, and deep red within. On examining a section of any bone, it is seen to be composed of two kinds of tissue, one of which is dense in texture, like ivory, and is termed compact tissue; the other consists of slender fibers and lamellae, which join to form a reticular structure; this, from its resemblance to lattice-work, is called cancellous tissue. The compact tissue is always placed on the exterior of the bone, the cancellous in the interior. The relative quantity of these two kinds of tissue varies in different bones, and in different parts of the same bone, according as strength or lightness is requisite. Close examination of the compact tissue shows it to be extremely porous, so that the difference in structure between it and the cancellous tissue depends merely upon the different amount of solid matter, and the size and number of spaces in each; the cavities are small in the compact tissue and the solid matter between them abundant, while in the cancellous tissue the spaces are large and the solid matter is in smaller quantity.

Bone during life is permeated by vessels, and is enclosed, except where it is coated with articular cartilage, in a fibrous membrane, the periosteum, by means of which many of these vessels reach the hard tissue. If the periosteum be stripped from the surface of the living bone, small bleeding points are seen which mark the entrance of the periosteal vessels; and on section during life every part of the bone exudes blood from the minute vessels which ramify in it. The interior of each of the long bones of the limbs presents a cylindrical cavity filled with marrow and lined by a highly vascular areolar structure, called the medullary membrane.

Periosteum.–The periosteum adheres to the surface of each of the bones in nearly every part, but not to cartilaginous extremities. When strong tendons or ligaments are attached to a bone, the periosteum is incorporated with them. It consists of two layers closely united together, the outer one formed chiefly of connective tissue, containing occasionally a few fat cells; the inner one, of elastic fibers of the finer kind, forming dense membranous networks, which again can be separated into several layers. In young bones the periosteum is thick and very vascular, and is intimately connected at either end of the bone with the epiphysial cartilage, but less closely with the body of the bone, from which it is separated by a layer of soft tissue, containing a number of granular corpuscles or osteoblasts, by which ossification proceeds on the exterior of the young bone. Later in life the periosteum is thinner and less vascular, and the osteoblasts are converted into an epithelioid layer on the deep surface of the periosteum. The periosteum serves as a nidus for the ramification of the vessels previous to their distribution in the bone; hence the liability of bone to exfoliation or necrosis when denuded of this membrane by injury or disease. Fine nerves and lymphatics, which generally accompany the arteries, may also be demonstrated in the periosteum.

Marrow.–The marrow not only fills up the cylindrical cavities in the bodies of the long bones, but also occupies the spaces of the cancellous tissue and extends into the larger bony canals (Haversian canals) which contain the bloodvessels. It differs in composition in different bones. In the bodies of the long bones the marrow is of a yellow color, and contains, in 100 parts, 96 of fat, 1 of areolar tissue and vessels, and 3 of fluid with extractive matter; it consists of a basis of connective tissue supporting numerous bloodvessels and cells, most of which are fat cells but some are “marrow cells,” such as occur in the red marrow to be immediately described. In the flat and short bones, in the articular ends of the long bones, in the bodies of the vertebrae, in the cranial diploë, and in the sternum and ribs the marrow is of a red color, and contains, in 100 parts, 75 of water, and 25 of solid matter consisting of cell-globulin, nucleoprotein, extractives, salts, and only a small proportion of fat. The red marrow consists of a small quantity of connective tissue, bloodvessels, and numerous cells, some few of which are fat cells, but the great majority are roundish nucleated cells, the true “marrow cells” of Kölliker. 
Vessels and Nerves of Bone.–The bloodvessels of bone are very numerous. Those of the compact tissue are derived from a close and dense network of vessels ramifying in the periosteum. From this membrane vessels pass into the minute orifices in the compact tissue, and run through the canals which traverse its substance. The cancellous tissue is supplied in a similar way, but by less numerous and larger vessels, which, perforating the outer compact tissue, are distributed to the cavities of the spongy portion of the bone. In the long bones, numerous apertures may be seen at the ends near the articular surfaces; some of these give passage to the arteries of the larger set of vessels referred to; but the most numerous and largest apertures are for some of the veins of the cancellous tissue, which emerge apart from the arteries. The marrow in the body of a long bone is supplied by one large artery (or sometimes more), which enters the bone at the nutrient foramen (situated in most cases near the center of the body), and perforates obliquely the compact structure. The medullary or nutrient artery, usually accompanied by one or two veins, sends branches upward and downward, which ramify in the medullary membrane, and give twigs to the adjoining canals. The ramifications of this vessel anastomose with the arteries of the cancellous and compact tissues. In most of the flat, and in many of the short spongy bones, one or more large apertures are observed, which transmit to the central parts of the bone vessels corresponding to the nutrient arteries and veins. The veins emerge from the long bones in three places (Kölliker): (1) one or two large veins accompany the artery; (2) numerous large and small veins emerge at the articular extremities; (3) many small veins pass out of the compact substance. In the flat cranial bones the veins are large, very numerous, and run in tortuous canals in the diploic tissue, the sides of the canals being formed by thin lamellae of bone, perforated here and there for the passage of branches from the adjacent cancelli. The same condition is also found in all cancellous tissue, the veins being enclosed and supported by osseous material, and having exceedingly thin coats. When a bone is divided, the vessels remain patulous, and do not contract in the canals in which they are contained. Lymphatic vessels, in addition to those found in the periosteum, have been traced by Cruikshank into the substance of bone, and Klein describes them as running in the Haversian canals. Nerves are distributed freely to the periosteum, and accompany the nutrient arteries into the interior of the bone. They are said by Kölliker to be most numerous in the articular extremities of the long bones, in the vertebrae, and in the larger flat bones.

Chemical Composition.–Bone consists of an animal and an earthy part intimately combined together. The animal part may be obtained by immersing a bone for a considerable time in dilute mineral acid, after which process the bone comes out exactly the same shape as before, but perfectly flexible, so that a long bone (one of the ribs, for example) can easily be tied in a knot.
The earthy part may be separately obtained by calcination, by which the animal matter is completely burnt out. The bone will still retain its original form, but it will be white and brittle, will have lost about one-third of its original weight, and will crumble down with the slightest force. The earthy matter is composed chiefly of calcium phosphate, about 58 per cent. of the weight of the bone, calcium carbonate about 7 per cent., calcium fluoride and magnesium phosphate from 1 to 2 per cent. each and sodium chloride less than 1 per cent.; they confer on bone its hardness and rigidity, while the animal matter (ossein) determines its tenacity.

Ossification.–Some bones are preceded by membrane, such as those forming the roof and sides of the skull; others, such as the bones of the limbs, are preceded by rods of cartilage. Hence two kinds of ossification are described: the intramembranous and the intracartilaginous.

INTRAMEMBRANOUS OSSIFICATION.–In the case of bones which are developed in membrane, no cartilaginous mould precedes the appearance of the bony tissue. The membrane which occupies the place of the future bone is of the nature of connective tissue, and ultimately forms the periosteum; it is composed of fibers and granular cells in a matrix. The peripheral portion is more fibrous, while, in the interior the cells or osteoblasts predominate; the whole tissue is richly supplied with blood vessels. At the outset of the process of bone formation a little network of spicules is noticed radiating from the point or center of ossification. These rays consist at their growing points of a network of fine clear fibers and granular corpuscles with an intervening ground substance. The fibers are termed osteogenetic fibers, and are made up of fine fibrils differing little from those of white fibrous tissue. The membrane soon assumes a dark and granular appearance from the deposition of calcareous granules in the fibers and in the intervening matrix, and in the calcified material some of the granular corpuscles or osteoblasts are enclosed. By the fusion of the calcareous granules the tissue again assumes a more transparent appearance, but the fibers are no longer so distinctly seen. The involved osteoblasts from the corpuscles of the future bone, the spaces in which they are enclosed constituting the lacunae. As the osteogenetic fibers grow out to the periphery they continue to calcify, and give rise to fresh bone spicules. Thus a network of bone is formed, the meshes of which contain the bloodvessels and a delicate connective tissue crowded with osteoblasts. The bony trabeculae thicken by the addition of fresh layers of bone formed by the osteoblasts on their surface, and the meshes are correspondingly encroached upon. Subsequently successive layers of bony tissue are deposited under the periosteum and around the larger vascular channels which become the Haversian canals, so that the bone increases much in thickness.

INTERCARTILAGINOUS OSSIFICATION.–Just before ossification begins the mass is entirely cartilaginous, and in a long bone, which may be taken as an example, the process commences in the center and proceeds toward the extremities, which for some time remain cartilaginous. Subsequently a similar process commences in one or more places in those extremities and gradually extends through them. The extremities do not, however, become joined to the body of the bone by bony tissue until growth has ceased; between the body and either extremity a layer of cartilaginous tissue termed the epiphysial cartilage persists for a definite period.

The first step in the ossification of the cartilage is that the cartilage cells, at the point where ossification is commencing and which is termed a center of ossification, enlarge and arrange themselves in rows. The matrix in which they are imbedded increases in quantity, so that the cells become further separated from each other. A deposit of calcareous material now takes place in this matrix, between the rows of cells, so that they become separated from each other by longitudinal columns of calcified matrix, presenting a granular and opaque appearance. Here and there the matrix between two cells of the same row also becomes calcified, and transverse bars of calcified substance stretch across from one calcareous column to another. Thus there are longitudinal groups of the cartilage cells enclosed in oblong cavities, the walls of which are formed of calcified matrix which cuts off all nutrition from the cells; the cells, in consequence, atrophy, leaving spaces called the primary areolae.

At the same time that this process is going on in the center of the solid bar of cartilage, certain changes are taking place on its surface. This is covered by a very vascular membrane, the perichondrium, entirely similar to the embryonic connective tissue already described as constituting the basis of membrane bone; on the inner surface of this–that is to say, on the surface in contact with the cartilage–are gathered the formative cells, the osteoblasts. By the agency of these cells a thin layer of bony tissue is formed between the perichondrium and the cartilage, by the intramembranous mode of ossification just described. There are then, in this first stage of ossification, two processes going on simultaneously: in the center of the cartilage the formation of a number of oblong spaces, formed of calcified matrix and containing the withered cartilage cells, and on the surface of the cartilage the formation of a layer of true membrane bone. The second stage consists in the prolongation into the cartilage of processes of the deeper or osteogenetic layer of the perichondrium, which has now become periosteum. The processes consist of bloodvessels and cells–osteoblasts, or bone-formers, and osteoclasts, or bone-destroyers. The latter are similar to the giant cells (myeloplaxes) found in marrow, and they excavate passages through the new-formed bony layer by absorption, and pass through it into the calcified matrix. Wherever these processes come in contact with the calcified walls of the primary areolae they absorb them, and thus cause a fusion of the original cavities and the formation of larger spaces, which are termed the secondary areolae or medullary spaces. These secondary spaces become filled with embryonic marrow, consisting of osteoblasts and vessels, derived, in the manner described above, from the osteogenetic layer of the periosteum

Thus far there has been traced the formation of enlarged spaces (secondary areolae), the perforated walls of which are still formed by calcified cartilage matrix, containing an embryonic marrow derived from the processes sent in from the osteogenetic layer of the periosteum, and consisting of bloodvessels and osteoblasts. The walls of these secondary areolae are at this time of only inconsiderable thickness, but they become thickened by the deposition of layers of true bone on their surface. This process takes place in the following manner: Some of the osteoblasts of the embryonic marrow, after undergoing rapid division, arrange themselves as an epithelioid layer on the surface of the wall of the space. This layer of osteoblasts forms a bony stratum, and thus the wall of the space becomes gradually covered with a layer of true osseous substance in which some of the bone-forming cells are included as bone corpuscles. The next stage in the process consists in the removal of these primary bone spicules by the osteoclasts. One of these giant cells may be found lying in a Howship’s foveola at the free end of each spicule. The removal of the primary spicules goes on pari passu with the formation of permanent bone by the periosteum, and in this way the medullary cavity of the body of the bone is formed.

This series of changes has been gradually proceeding toward the end of the body of the bone, so that in the ossifying bone all the changes described above may be seen in different parts, from the true bone at the center of the body to the hyaline cartilage at the extremities.

While the ossification of the cartilaginous body is extending toward the articular ends, the cartilage immediately in advance of the osseous tissue continues to grow until the length of the adult bone is reached.

During the period of growth the articular end, or epiphysis, remains for some time entirely cartilaginous, then a bony center appears, and initiates in it the process of intracartilaginous ossification; but this process never extends to any great distance. The epiphysis remains separated from the body by a narrow cartilaginous layer for a definite time. This layer ultimately ossifies, the distinction between body and epiphysis is obliterated, and the bone assumes its completed form and shape. The same remarks also apply to such processes of bone as are separately ossified, e.g., the trochanters of the femur. The bones therefore continue to grow until the body has acquired its full stature. They increase in length by ossification continuing to extend behind the epiphysial cartilage, which goes on growing in advance of the ossifying process. They increase in circumference by deposition of new bone, from the deeper layer of the periosteum, on their external surface, and at the same time an absorption takes place from within, by which the medullary cavities are increased.

The permanent bone formed by the periosteum when first laid down is cancellous in structure. Later the osteoblasts contained in its spaces become arranged in the concentric layers characteristic of the Haversian systems, and are included as bone corpuscles.

The number of ossific centers varies in different bones. In most of the short bones ossification commences at a single point near the center, and proceeds toward the surface. In the long bones there is a central point of ossification for the body or diaphysis: and one or more for each extremity, the epiphysis. That for the body is the first to appear. The times of union of the epiphyses with the body vary inversely with the dates at which their ossifications began (with the exception of the fibula) and regulate the direction of the nutrient arteries of the bones. Thus, the nutrient arteries of the bones of the arm and forearm are directed toward the elbow, since the epiphyses at this joint become united to the bodies before those at the opposite extremities. In the lower limb, on the other hand, the nutrient arteries are directed away from the knee: that is, upward in the femur, downward in the tibia and fibula; and in them it is observed that the upper epiphysis of the femur, and the lower epiphyses of the tibia and fibula, unite first with the bodies. Where there is only one epiphysis, the nutrient artery is directed toward the other end of the bone; as toward the acromial end of the clavicle, toward the distal ends of the metacarpal bone of the thumb and the metatarsal bone of the great toe, and toward the proximal ends of the other metacarpal and metatarsal bones.

THE GENERAL framework of the body is built up mainly of a series of bones, supplemented, however, in certain regions by pieces of cartilage; the bony part of the framework constitutes the skeleton.

In the skeleton of the adult there are 206 distinct bones, as follows:–
	Axial
Skeleton
	Vertebral column
	26

	
	Skull
	22

	
	Hyoid bone
	1

	
	Ribs and sternum
	25

	
	–
	74

	Appendicular Skeleton
	Upper extremities
	64

	
	Lower extremities
	62

	
	–
	126

	Auditory ossicles
	6

	Total
	206


Bones are divisible into four classes: Long, Short, Flat, and Irregular. 

Long Bones.–The long bones are found in the limbs, and each consists of a body or shaft and two extremities. The body, or diaphysis is cylindrical, with a central cavity termed the medullary canal; the wall consists of dense, compact tissue of considerable thickness in the middle part of the body, but becoming thinner toward the extremities; within the medullary canal is some cancellous tissue, scanty in the middle of the body but greater in amount toward the ends. The extremities are generally expanded, for the purposes of articulation and to afford broad surfaces for muscular attachment. They are usually developed from separate centers of ossification termed epiphyses, and consist of cancellous tissue surrounded by thin compact bone. The medullary canal and the spaces in the cancellous tissue are filled with marrow. The long bones are not straight, but curved, the curve generally taking place in two planes, thus affording greater strength to the bone. The bones belonging to this class are: the clavicle, humerus, radius, ulna, femur, tibia, fibula, metacarpals, metatarsals, and phalanges. 

Short Bones.–Where a part of the skeleton is intended for strength and compactness combined with limited movement, it is constructed of a number of short bones, as in the carpus and tarsus. These consist of cancellous tissue covered by a thin crust of compact substance. The patellae, together with the other sesamoid bones, are by some regarded as short bones. 

Irregular Bones.–The irregular bones are such as, from their peculiar form, cannot be grouped under the preceding heads. They consist of cancellous tissue enclosed within a thin layer of compact bone. The irregular bones are: the vertebrae, sacrum, coccyx, temporal, sphenoid, ethmoid, zygomatic, maxilla, mandible, palatine, inferior nasal concha, and hyoid. 

Surfaces of Bones.–If the surface of a bone be examined, certain eminences and depressions are seen. These eminences and depressions are of two kinds: articular and non-articular. Well-marked examples of articular eminences are found in the heads of the humerus and femur; and of articular depressions in the glenoid cavity of the scapula, and the acetabulum of the hip bone. Non-articular eminences are designated according to their form. Thus, a broad, rough, uneven elevation is called a tuberosity, protuberance, or process, a small, rough prominence, a tubercle; a sharp, slender pointed eminence, a spine; a narrow, rough elevation, running some way along the surface, a ridge, crest, or line. Non-articular depressions are also of variable form, and are described as fossae, pits, depressions, grooves, furrows, fissures, notches, etc. These non-articular eminences and depressions serve to increase the extent of surface for the attachment of ligaments and muscles, and are usually well-marked in proportion to the muscularity of the subject. A short perforation is called a foramen, a longer passage a canal. 
Self-taught class 2. The bones of the shoulder girdle: the scapula and clavicle. The ribs, the sternum. Thorax as a whole

The aim: to learn topography and structure of the bones composing the shoulder girdle and the chest; to name and show on the samples the anatomical structures of these bones; to have notion about the measures of the thorax.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, thoracic surgeons, cardiologists, pediatritians and others.
The plan of the self-taught class:

A. Put the scapula to the right position. Identify the surfaces, margins, angles and structures of the scapula.
B. Put the clavicle to the right position. Identify the its main parts and anatomical structures.
C. Learn the classification of the ribs into three groups (true, false and floating).
D. Put the ribs to the right position. Learn the division of the ribs to main parts. Identify the common anatomical structures of ribs on the samples.
E. Learn the structure of the 1st rib. Compare the 1st rib with the other ones.

F. Learn the structure and functions of the breastbone, peculiarities of its development.
G. Find out, what structures form 6 walls of the thorax, and identify the bony structures on the samples.

H. Learn the measures of the thorax. View the types of the chest shape.
I. Write down an abstract of the self-taught class.
THE STERNUM (BRESTBONE) is an elongated, flattened bone, forming the middle portion of the anterior wall of the thorax. Its upper end supports the clavicles, and its margins articulate with the cartilages of the first seven pairs of ribs. It consists of three parts, named from above downward, the manubrium, the body and the xiphoid process. It is slightly convex in front and concave behind; broad above, becoming narrowed at the point where the manubrium joins the body. 
Manubrium (manubrium sterni).–The manubrium is of a somewhat quadrangular form, broad and thick above, narrow below at its junction with the body.

Surfaces.–Its anterior surface, convex from side to side, concave from above downward. Its posterior surface is concave and smooth.

Borders.–The superior border is the thickest and presents at its center the jugular notch (incisura jugularis); on either side of the notch is an oval articular surface, directed upward, backward, and lateralward, for articulation with the sternal end of the clavicle. The inferior border, oval and rough. The lateral borders are each marked above by a depression for the first costal cartilage, and below by a small facet, which, with a similar facet on the upper angle of the body, forms a notch for the reception of the costal cartilage of the second rib. Between the depression for the first costal cartilage and the demi-facet for the second is a narrow, curved edge, which slopes from above downward and medialward.

Body (corpus sterni).
Borders.–The superior border is oval and articulates with the manubrium, the junction of the two forming the sternal angle. The inferior border is narrow, and articulates with the xiphoid process. Each lateral border, at its superior angle, has a small facet, which with a similar facet on the manubrium, forms a cavity for the cartilage of the second rib; below this are four angular depressions which receive the cartilages of the third, fourth, fifth, and sixth ribs, while the inferior angle has a small facet, which, with a corresponding one on the xiphoid process, forms a notch for the cartilage of the seventh rib. 

Xiphoid Process (processus xiphoideus).–The xiphoid process is the smallest of the three pieces: it is thin and elongated. 

THE RIBS (COSTAE) are twelve in number on either side. The first seven are connected behind with the vertebral column, and in front, through the intervention of the costal cartilages, with the sternum; they are called true ribs (costae verae). The next three are false ribs (costae spuriae); they have their cartilages attached to the cartilage of the rib above. The last two are free at their anterior extremities and are termed floating ribs (costa fluctuantes). 

Common Characteristics of the Ribs. Each rib has two extremities, a posterior or vertebral, and an anterior or sternal, and an intervening portion–the body.
Posterior Extremity.–The posterior extremity presents for examination a head (caput costae), neck (collum costae), and tubercle (tubeculum costae).

The head is marked by a articular surface, divided by a horizontal crest (crista capitis costae) into two facets for articulation with the depression formed on the bodies of two adjacent thoracic vertebrae. The crest is attached the interarticular ligament.

The neck is the flattened portion which extends lateralward from the head; it is placed in front of the transverse process of the lower of the two vertebrae with which the head articulates. Of its two borders the superior presents a rough crest (crista colli costœ) for the attachment of the anterior costotransverse ligament; its inferior border is rounded. On the posterior surface at the junction of the neck and body, and nearer the lower than the upper border, is an eminence–the tubercle for articulation with the end of the transverse process of the lower of the two vertebrae to which the head is connected.

Body.–The body is thin and flat, with two surfaces, an external and an internal; and two borders, a superior and an inferior. The external surface is convex, smooth. Angle between collum costae and corpus costae is called the angulus costae. At this point the rib is bent in two directions, and at the same time twisted on its long axis. The distance between the angle and the tubercle is progressively greater from the second to the tenth ribs. The internal surface is concave.  The inferior border contains a groove, the costal groove (sulcus costae), for the intercostal vessels and nerve. 

Anterior Extremity.–The anterior or sternal extremity is flattened, and presents a porous, oval, concave depression, into which the costal cartilage is received.

First Rib.–The first rib is the most curved and usually the shortest of all the ribs; it is broad and flat, its surfaces looking upward and downward, and its borders inward and outward. The head is small, rounded, and possesses only a single articular facet, for articulation with the body of the first thoracic vertebra. The neck is narrow and rounded. The tubercle is placed on the outer border near the angle. The upper surface of the body is marked by two  grooves, separated from each other by a slight ridge prolonged internally into a tubercle, the scalene tubercle (tuberculum musculi scaleni anterior), for the attachment of the Scalenus anterior; the anterior groove transmits the subclavian vein, the posterior the subclavian artery and the lowest trunk of the brachial plexus. 

Second Rib.–The second rib is much longer than the first, but has a very similar curvature. The angle is slight, and situated close to the tubercle. The body is not twisted, not flattened horizontally like that of the first rib.

THE SKELETON OF THE THORAX OR CHEST is an osseo-cartilaginous cage, containing and protecting the principal organs of respiration and circulation. It is conical in shape, being narrow above and broad below, flattened from before backward, and longer behind than in front. It is somewhat reniform on transverse section on account of the projection of the vertebral bodies into the cavity.
Boundaries.–The posterior surface is formed by the twelve thoracic vertebrae and the posterior parts of the ribs. It is convex from above downward, and presents on either side of the middle line a deep groove, in consequence of the lateral and backward direction which the ribs take from their vertebral extremities to their angles. The anterior surface, formed by the sternum and costal cartilages, is flattened or slightly convex, and inclined from above downward and forward. The lateral surfaces are convex; they are formed by the ribs, separated from each other by the intercostal spaces, eleven in number, which are occupied by the Intercostal muscles and membranes.

The upper opening of the thorax is reniform in shape, being broader from side to side than from before backward. It is formed by the first thoracic vertebra behind, the upper margin of the sternum in front, and the first rib on either side. It slopes downward and forward, so that the anterior part of the opening is on a lower level than the posterior. Its antero-posterior diameter is about 5 cm., and its transverse diameter about 10 cm. The lower opening is formed by the twelfth thoracic vertebra behind, by the eleventh and twelfth ribs at the sides, and in front by the cartilages of the tenth, ninth, eighth, and seventh ribs, which ascend on either side and form an angle, the subcostal angle, into the apex of which the xiphoid process projects. The lower opening is wider transversely than from before backward, and slopes obliquely downward and backward, it is closed by the diaphragm which forms the floor of the thorax.

The thorax of the female differs from that of the male as follows: 1. Its capacity is less. 2. The sternum is shorter. 3. The upper margin of the sternum is on a level with the lower part of the body of the third thoracic vertebra, whereas in the male it is on a level with the lower part of the body of the second. 4. The upper ribs are more movable, and so allow a greater enlargement of the upper part of the thorax.

Practice skills
Students are supposed to name groups of ribs (true, false and floating); to put the bones to the right position; and to identify the following structures on the samples:
On scapula:

· dorsal and costal surfaces 
· superior, medial and lateral margins
· superior, inferior and lateral angles
· scapular spine 
· scapular notch
· acromion
· supraspinatus fossa 
· infraspinatus fossa 
· coracoid process
· glenoid cavity
· supraglenoid  tubercle 
· infraglenoid  tubercle 
On clavicle:

· sternal and acromial extremity
· superior, inferior surfaces
· conoid tubercle
· trapezoid line
On each rib (except for 1st) :

· body
· neck
· head
· costal tubercle 
· costal angle 
· lateral and medial surfaces
· superior, inferior margins
· costal groove
On  1st rib:

· body
· neck
· head
· costal tubercle 
· lateral and medial margins 
· superior, inferior surfaces
· grooves for subclavian artery and vein 
On sternum:

· body
· manubrium
· sternal angle
· xiphoid process
· jugular notch
· notches for ribs from 1st- 7th 
For whole thorax: 

· superior and inferior thoracic apertures 
· subcostal arch
· substernal angle 
Self-taught class 3. Bones of the foot. X-rays anatomy of the bones.

The aim: to learn topography and structure of the bones composing the skeleton of the foot; to name and show on the samples the anatomical structures of these bones; to learn how to identify the structure of bones on X-ray films.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, orthopedists, pediatritians and others.

The plan of the self-taught class:

A. Put the skeleton of the foot to the right position and learn what three parts it consists of.
B. Learn the structures of the bones of each part of the foot and identify them on the samples.
C. Learn how to identify general parts of bones (diaphysis, epiphyses, apophyses) on X-ray films.

D. Learn how to identify the bones of the upper and lower extremities on the X-ray films.
The skeleton of the human being may be studied with X-rays method. Compact bony tissue makes a dense shadow on X-ray film, which is visible as light stripes of different width, and cancellous bony tissue performs a retiform picture with dark spots. Bony cavities filled with soft tissues (e.g. orbit) or air (e.g. nasal cavity, paranasal sinuses) are seen as large dark formations, bounded with light lines correspond to their bony walls. Sulci on the bone surface and sinuses of dura mater encephali perform dark lines on roentgenogram.
In the place of junction of bones a dark stripe is observed, the width of that stripe depending on the thickness of the articular cartilage.
Points of ossification, visible on X-ray photograph, may serve to define the age of the patient or trace the  fusion of bone parts (appearance of synostosis).
Ossification of the Vertebral Column.–Each cartilaginous vertebra is ossified from three primary centers, two for the vertebral arch and one for the body. Ossification of the vertebral arches begins in the upper cervical vertebrae about the seventh or eighth week of fetal life, and gradually extends down the column. The ossific granules first appear in the situations where the transverse processes afterward project, and spread backward to the spinous process forward into the pedicles, and lateralward into the transverse and articular processes. Ossification of the bodies begins about the eighth week in the lower thoracic region, and subsequently extends upward and downward along the column. The center for the body does not give rise to the whole of the body of the adult vertebra, the postero-lateral portions of which are ossified by extensions from the vertebral arch centers. The body of the vertebra during the first few years of life shows, therefore, two synchondroses, neurocentral synchondroses, traversing it along the planes of junction of the three center. In the thoracic region, the facets for the heads of the ribs lie behind the neurocentral synchondroses and are ossified from the centers for the vertebral arch. At birth the vertebra consists of three pieces, the body and the halves of the vertebral arch. During the first year the halves of the arch unite behind, union taking place first in the lumbar region and then extending upward through the thoracic and cervical regions. About the third year the bodies of the upper cervical vertebrae are joined to the arches on either side; in the lower lumbar vertebrae the union is not completed until the sixth year. Before puberty, no other changes occur, excepting a gradual increase of these primary centers, the upper and under surfaces of the bodies and the ends of the transverse and spinous processes being cartilaginous. About the sixteenth year, five secondary centers appear, one for the tip of each transverse process, one for the extremity of the spinous process, one for the upper and one for the lower surface of the body. These fuse with the rest of the bone about the age of twenty-five.

Ossification of Ribs.–Each rib, with the exception of the last two, is ossified from four centers; a primary center for the body, and three epiphysial centers, one for the head and one each for the articular and non-articular parts of the tubercle. The eleventh and twelfth ribs have each only two centers, those for the tubercles being wanting. Ossification begins near the angle toward the end of the second month of fetal life, and is seen first in the sixth and seventh ribs. The epiphyses for the head and tubercle make their appearance between the sixteenth and twentieth years, and are united to the body about the twenty-fifth year. 
Ossification of Sternum.–The sternum originally consists of two cartilaginous bars, situated one on either side of the median plane and connected with the cartilages of the upper nine ribs of its own side. These two bars fuse with each other along the middle line to form the cartilaginous sternum which is ossified from six centers: one for the manubrium, four for the body, and one for the xiphoid process. The ossific centers appear in the intervals between the articular depressions for the costal cartilages, in the following order: in the manubrium and first piece of the body, during the sixth month; in the second and third pieces of the body, during the seventh month of fetal life; in its fourth piece, during the first year after birth; and in the xiphoid process, between the fifth and eighteenth years. The centers make their appearance at the upper parts of the segments, and proceed gradually downward. To these may be added the occasional existence of two small episternal centers, which make their appearance one on either side of the jugular notch; they are probably vestiges of the episternal bone of the monotremata and lizards. Occasionally some of the segments are formed from more than one center, the number and position of which vary. Thus, the first piece may have two, three, or even six centers. When two are present, they are generally situated one above the other, the upper being the larger; the second piece has seldom more than one; the third, fourth, and fifth pieces are often formed from two centers placed laterally, the irregular union of which explains the rare occurrence of the sternal foramen, or of the vertical fissure which occasionally intersects this part of the bone constituting the malformation known as fissura sterni; these conditions are further explained by the manner in which the cartilaginous sternum is formed. More rarely still the upper end of the sternum may be divided by a fissure. Union of the various centers of the body begins about puberty, and proceeds from below upward; by the age of twenty-five they are all united. The xiphoid process may become joined to the body before the age of thirty, but this occurs more frequently after forty; on the other hand, it sometimes remains ununited in old age. In advanced life the manubrium is occasionally joined to the body by bone. When this takes place, however, the bony tissue is generally only superficial, the central portion of the intervening cartilage remaining unossified.

Ossification of Humerus.–The humerus is ossified from eight centers, one for each of the following parts: the body, the head, the greater tubercle, the lesser tubercle, the capitulum, the trochlea, and one for each epicondyle. The center for the body appears near the middle of the bone in the eighth week of fetal life, and soon extends toward the extremities. At birth the humerus is ossified in nearly its whole length, only the extremities remaining cartilaginous. During the first year, sometimes before birth, ossification commences in the head of the bone, and during the third year the center for the greater tubercle, and during the fifth that for the lesser tubercle, make their appearance. By the sixth year the centers for the head and tubercles have joined, so as to form a single large epiphysis, which fuses with the body about the twentieth year. The lower end of the humerus is ossified as follows. At the end of the second year ossification begins in the capitulum, and extends medialward, to form the chief part of the articular end of the bone; the center for the medial part of the trochlea appears about the age of twelve. Ossification begins in the medial epicondyle about the fifth year, and in the lateral about the thirteenth or fourteenth year. About the sixteenth or seventeenth year, the lateral epicondyle and both portions of the articulating surface, having already joined, unite with the body, and at the eighteenth year the medial epicondyle becomes joined to it.

Ossification of Ulna–The ulna is ossified from three centers: one each for the body, the inferior extremity, and the top of the olecranon. Ossification begins near the middle of the body, about the eighth week of fetal life, and soon extends through the greater part of the bone. At birth the ends are cartilaginous. About the fourth year, a center appears in the middle of the head, and soon extends into the styloid process. About the tenth year, a center appears in the olecranon near its extremity, the chief part of this process being formed by an upward extension of the body. The upper epiphysis joins the body about the sixteenth, the lower about the twentieth year.

Ossification of Radius.–The radius is ossified from three centers: one for the body, and one for either extremity. That for the body makes its appearance near the center of the bone, during the eighth week of fetal life. About the end of the second year, ossification commences in the lower end; and at the fifth year, in the upper end. The upper epiphysis fuses with the body at the age of seventeen or eighteen years, the lower about the age of twenty. An additional center sometimes found in the radial tuberosity, appears about the fourteenth or fifteenth year.

Ossification of the Bones of the Hand.–The carpal bones are each ossified from a single center, and ossification proceeds in the following order in the capitate and hamate, during the first year, the former preceding the latter; in the triangular, during the third year; in the lunate and greater multangular, during the fifth year, the former preceding the latter; in the navicular, during the sixth year; in the lesser multangular, during the eighth year; and in the pisiform, about the twelfth year

Occasionally an additional bone, the os centrale, is found on the back of the carpus, lying between the navicular, lesser multangular, and capitate. During the second month of fetal life it is represented by a small cartilaginous nodule, which usually fuses with the cartilaginous navicular. Sometimes the styloid process of the third metacarpal is detached and forms an additional ossicle.

The metacarpal bones are each ossified from two centers: one for the body and one for the distal extremity of each of the second, third, fourth, and fifth bones; one for the body and one for the base of the first metacarpal bone. The first metacarpal bone is therefore ossified in the same manner as the phalanges, and this has led some anatomists to regard the thumb as being made up of three phalanges, and not of a metacarpal bone and two phalanges. Ossification commences in the middle of the body about the eighth or ninth week of fetal life, the centers for the second and third metacarpals being the first, and that for the first metacarpal, the last, to appear; about the third year the distal extremities of the metacarpals of the fingers, and the base of the metacarpal of the thumb, begin to ossify; they unite with the bodies about the twentieth year.

The phalanges are each ossified from two centers: one for the body, and one for the proximal extremity. Ossification begins in the body, about the eighth week of fetal life. Ossification of the proximal extremity commences in the bones of the first row between the third and fourth years, and a year later in those of the second and third rows. The two centers become united in each row between the eighteenth and twentieth years.

In the ungual phalanges the centers for the bodies appear at the distal extremities of the phalanges, instead of at the middle of the bodies, as in the other phalanges. Moreover, of all the bones of the hand, the ungual phalanges are the first to ossify.

Ossification of the Bones of the Foot–The tarsal bones are each ossified from a single center, excepting the calcaneus, which has an epiphysis for its posterior extremity. The centers make their appearance in the following order: calcaneus at the sixth month of fetal life; talus, about the seventh month; cuboid, at the ninth month; third cuneiform, during the first year; first cuneiform, in the third year; second cuneiform and navicular, in the fourth year. The epiphysis for the posterior extremity of the calcaneus appears at the tenth year, and unites with the rest of the bone soon after puberty. The posterior process of the talus is sometimes ossified from a separate center, and may remain distinct from the main mass of the bone, when it is named the os trigonum.
The metatarsal bones are each ossified from two centers: one for the body, and one for the head, of the second, third, fourth, and fifth metatarsals; one for the body, and one for the base, of the first metatarsal. Ossification commences in the center of the body about the ninth week, and extends toward either extremity. The center for the base of the first metatarsal appears about the third year; the centers for the heads of the other bones between the fifth and eighth years; they join the bodies between the eighteenth and twentieth years.

The phalanges are each ossified from two centers: one for the body, and one for the base. The center for the body appears about the tenth week, that for the base between the fourth and tenth years; it joins the body about the eighteenth year.
Practice skills

See practice class 6 – “Bones of the leg and food (tarsal, metatarsal, skeleton of fingers). X-ray-anatomy of bones.”

Written tests of skeleton of the trunk and extremities
I. Tests of basic theory
1. Contributing to the true pelvic wall is/are the 

A) ilium

B) ischium

C) pubis

D) b and c

E) *a, b and c 

2. Which bone does NOT articulate with the talus? 

A) calcaneus

B) *cuboid 

C) fibula 

D) tibia 

E) navicular 

3. Kyphosis of the vertebral column is: 

A) a lateral deviation of the column 

B) an accentuated lumbar curve 

C) an accentuated secondary curvature of the column 

D) an accentuated primary curvature of the column 

E) *none of the above 

4. All of the following are located in the proximal row of carpal bones EXCEPT: 

A) pisiform 

B) scaphoid 

C) triquetrium 

D) lunate 

E) *trapezium 

5. Which carpal bone articulates with the radius? 

A) trapezoid 

B) *scaphoid 

C) hamate 

D) capitate 

E) trapezium 

6. All of the following bony landmarks are visible on a humerus when viewed directly from behind (posterior view), EXCEPT: 

A) medial epicondyle 

B) *greater tubercle 

C) spiral groove 

D) lesser tubercle 

E) olecranon process 

7. Bones the shoulder girdle include: 

A) humerus, clavicle, scapula 

B) clavicle, scapula, sternum 

C) humerus, clavicle, sternum 

D) clavicle, scapula, first rib 

E) *clavicle, scapula 

8. Cervical vertebrae have all the following characteristics, EXCEPT: 

A) they allow extension, flexion and rotation of the neck 

B) *they all have prominent bifid spinous processes 

C) they have foramina transversarii 

D) they have facets that are oriented superior and inferiorly 

E) they have small bodies 

9. The lumbar vertebrae have all the following characteristics, EXCEPT: 

A) large articular processes with mamillary processes 

B) facets that face medially and laterally 

C) large bodies 

D) *spinous processes that slant inferiorly 

E) long, slender transverse processes 

10. All of the following statements concerning the superior and inferior articular facets of the vertebrae are true, EXCEPT: 

A) In the cervical region, they face inferiorly and superiorly. 

B) In the thoracic region, they face anteriorly and posteriorly. 

C) In the lumbar region, they face medially and laterally. 

D) *In the thoracic region, they articulate with the ribs. 

E) They allow rotation of the atlas on the axis (as when shaking the head  to indicate a negative response). 

II. Tests from “Step-1” database
1. A resident physician is demonstrating the correct technique for inserting a subclavian central venous line. He has a medical student palpate the clavicle, then the chest wall below it. The first bony structure that can be palpated below the inferior margin of the medial portion of the clavicle is the

A) acromion

B) atlas

C) first rib

D) manubrium

E) second rib

Explanation:

The correct answer is E. The palpable space immediately inferior to the clavicle is the first intercostal space, and the bone below it is the second rib.

The acromion (choice A) is the lateral extension of the scapular spine.

The atlas (choice B) is the first cervical vertebra, articulating with the occipital bone above

and the axis below.

The first rib (choice C) is hidden under the clavicle.

The manubrium (choice D) is the most superior portion of the sternum.

III. Tests from “Krok-1” database

1. An old woman was hospitalized with acute pain, edema in the right hip joint; the movements in the joint are limited. Which bone or part of it was broken? 
A) *The neck of the thigh 
B) Pubic bone 
C) The body of the thigh bone 
D) Condyle of the thigh 
E) Ischial bone

2. Three separate bones connected with cartilage in the area of pelvis cavity are noticed on the X-ray of the pelvis. What are these bones? 
A) *Iliac, pubic, sciatic 
B) Pubic, sciatic, femoral 
C) Sacral, pubic, coccyx 
D) Iliac, sacral, coccyx 
E) Sciatic, femoral, sacral 
3. Baby has a spinal cord and meninges gernia (meningocele). What anatomical structure is split?

A) *Vertebral arch

B) Vertebral body

C) Intervertebral disc

D) Articular processes

E) Spinal processes

4. The fracture of surgical neck is common in young and old persons. Which of bone has this structure?

A) *Humerus
B) Radius
C) Femur
D) Fibula
E) Talus
5. The player injured his knee joint playing football. X-raysfilm showed the fracture of the bone which is located in the tendon of quadriceps femoris muscle. What group of bones does this bone belongs to?

A) *Sesamoid
B) Flat

C) Tubular

D) Pneumatic

E) Mixed
6. Pediatrician has examined the healthy 11,5 months-old child. The child can keep his head, can sit down, stand up and stand holding on something. What curvatures of vertebral column were formed?

A) *Cervical lordosis, thoracic kiphosis, lumbar lordosis, sacral kiphosis.
B) Cervical lordosis, thoracic kiphosis, lumbar lordosis.
C) Thoracic lordosis, lumbar lordosis, sacral kiphosis 

D) Cervical lordosis, sacral kiphosis 

E) Cervical lordosis, thoracic kiphosis, sacral kiphosis
7. A child was diagnosed to have fracture of humerus. The broken arm began retarding in growth. What part of the bone was damaged?

A) Apophysis

B) Epiphysis

C) *Metaphysis

D) Marrow canal

E) Diaphysis

8. A 45-year-old man fell on the right knee and felt the acute pain in the joint. On examination: severe edema on the anterior surface of the knee joint. Crunching sounds are heard while moving the joint. Which bone is destroyed? 

A) Head of the thigh bone 

B) Right epicondyle of the thigh 

C) Neck of the thigh bone 

D) Left epicondyle of the thigh 

E) *Knee-cap 
9. After collision of two cars a driver got deformation of the middle third of the left crus, intensive pain, especially in attempt to move the left crus. Ends of the trihedral bone come out of the wound, hemorrhage is increasing. What bone can be injured?

A) *Tibia.

B) Fibula.

C) Femur.

D) Patella.

E) Talus.

10. Because of a fall a 70-year-old man had a femur fracture. In what part of femur do fractures happen the most often?

A) Middle.

B) *Neck.
C) The upper third.

D) The lower third.

E) Condylus.
11. To establish the border between cervical and thoracic spines a doctor must palpate the process C VII. What process is this?

A) Transverse.

B) *Spinous.

C) Superior articular.

D) Inferior articular.

E) Mastoid.

UNIT 2. SKULL

Practice class 7. Written tests and examination of practice skills of skeleton of the trunk and limbs.  Examination of self-taught tasks. Review of the skull. The frontal, parietal, occipital bones.
The aim: to view the main parts of the skull, its fossae and cavities; to learn the structure of the frontal, parietal and occipital bones.

Professional orientation: knowledge of this topic is essential for medical students of all the specialities because of its necessity for further study; it is especially important for surgeons, neurosurgeons, traumatologists, maxillofacial surgeons, neuropathologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) Review of the skull
b) The structure of the occipital bone
c) The structure of the parietal bone

d) The structure of the frontal bone
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

THE SKULL is supported on the summit of the vertebral column, and is of an oval shape, wider behind than in front. It is composed of a series of flattened or irregular bones which, with one exception (the mandible), are immovably jointed together. It is divisible into two parts: (1) the cranium, which lodges and protects the brain, consists of eight bones, and (2) the skeleton of the face, of fourteen, as follows:

Skull, 22 bones. Cranium, 8 bones: Occipital, two Parietals, Frontal, two Temporals, Sphenoidal, Ethmoidal. Face, 14 bones: two Nasals, two Maxillae, two Lacrimals, two Zygomatics, two Palatines, two Inferior Nasal Conchae, Vomer, Mandible. 

The hyoid bone, situated at the root of the tongue and attached to the base of the skull by ligaments, is described in this section.
THE OCCIPITAL BONE, situated at the back and lower part of the cranium, is trapezoid in shape and curved on itself. It is pierced by a large oval aperture, the foramen magnum, through which the cranial cavity communicates with the vertebral canal.

The curved, expanded plate behind the foramen magnum is named the squama; the thick, somewhat quadrilateral piece in front of the foramen is called the basilar part, whilst on either side of the foramen is the lateral portion.
The Squama (squama occipitalis).—The squama, situated above and behind the foramen magnum, is curved from above downward and from side to side.

Surfaces.—The external surface is convex and presents midway between the summit of the bone and the foramen magnum a prominence, the external occipital protuberance. Extending lateralward from this on either side are two curved lines, one a little above the other. The upper, often faintly marked, is named the highest nuchal line (linea nuchae suprema), and to it the galea aponeurotica is attached. The lower is termed the superior nuchal line and inferior nuchal line. 

The internal surface is deeply concave and divided into four fossae by a cruciate eminence (eminentia cruciata). The upper two fossae are triangular and lodge the occipital lobes of the cerebrum; the lower two are quadrilateral and accommodate the hemispheres of the cerebellum. At the point of intersection of the four divisions of the cruciate eminence is the internal occipital protuberance. From this protuberance the upper division of the cruciate eminence runs to the superior angle of the bone, and on one side of it (generally the right) is a deep groove, the sagittal sulcus (sulcus sinus sagittalis), which lodges the hinder part of the superior sagittal sinus; to the margins of this sulcus the falx cerebri is attached. The lower division of the cruciate eminence is prominent, and is named the internal occipital crest; it bifurcates near the foramen magnum and gives attachment to the falx cerebelli.

Lateral Parts (pars lateralis).—The lateral parts are situated at the sides of the foramen magnum; on their under surfaces are the condyles for articulation with the superior facets of the atlas. At the base of either condyle the bone is tunnelled by a short canal, the hypoglossal canal (canalis nervi hypoglossi). Behind either condyle is a depression, the condyloid fossa, which receives the posterior margin of the superior facet of the atlas when the head is bent backward; the floor of this fossa is sometimes perforated by the condyloid canal (canalis condylaris), through which an emissary vein passes from the transverse sinus. Extending lateralward from the posterior half of the condyle is a quadrilateral plate of bone, the jugular process, excavated in front by the jugular notch, which, in the articulated skull, forms the posterior part of the jugular foramen. 

Basilar Part (pars basilaris).—The basilar part extends forward and upward from the foramen magnum, and presents in front an area more or less quadrilateral in outline. In the young skull this area is rough and uneven, and is joined to the body of the sphenoid by a plate of cartilage. By the twenty-fifth year this cartilaginous plate is ossified, and the occipital and sphenoid form a continuous bone.

Surfaces.—On its lower surface, about 1 cm. in front of the foramen magnum, is the pharyngeal tubercle which gives attachment to the fibrous raphé of the pharynx. 

The upper surface presents a broad, shallow groove (clivus) which inclines upward and forward from the foramen magnum; it supports the medulla oblongata, and near the margin of the foramen magnum gives attachment to the membrana tectoria. On the lateral margins of this surface are faint grooves for the inferior petrosal sinuses.

Foramen Magnum.—The foramen magnum is a large oval aperture with its long diameter antero-posterior; it is wider behind than in front where it is encroached upon by the condyles. 

THE PARIETAL BONES form, by their union, the sides and roof of the cranium. Each bone is irregularly quadrilateral in form, and has two surfaces, four borders, and four angles.

Surfaces.—The external surface is convex, smooth, and marked near the center by an eminence, the parietal eminence (tuber parietale), which indicates the point where ossification commenced. Crossing the middle of the bone in an arched direction are two curved lines, the superior and inferior temporal lines; the former gives attachment to the temporal fascia, and the latter indicates the upper limit of the muscular origin of the Temporalis. At the back part and close to the upper or sagittal border is the parietal foramen, which transmits a vein to the superior sagittal sinus, and sometimes a small branch of the occipital artery; it is not constantly present.

The internal surface is concave; it presents depressions corresponding to the cerebral convolutions, and numerous furrows for the ramifications of the middle meningeal vessel; the latter run upward and backward from the sphenoidal angle, and from the central and posterior part of the squamous border. Along the upper margin is a shallow groove, which, together with that on the opposite parietal, forms a channel, the sagittal sulcus, for the superior sagittal sinus; the edges of the sulcus afford attachment to the falx cerebri. Near the groove are several depressions, best marked in the skulls of old persons, for the arachnoid granulations (foveolae granulares) (Pacchionian granulations). 

Borders.—The sagittal border, the longest and thickest, is dentated and articulates with its fellow of the opposite side, forming the sagittal suture. The squamous border is divided into three parts: of these, the anterior is thin and pointed, bevelled at the expense of the outer surface, and overlapped by the tip of the great wing of the sphenoid; the middle portion is arched, bevelled at the expense of the outer surface, and overlapped by the squama of the temporal; the posterior part is thick and serrated for articulation with the mastoid portion of the temporal. The frontal border is deeply serrated, and bevelled at the expense of the outer surface above and of the inner below; it articulates with the frontal bone, forming onehalf of the coronal suture. The occipital border, deeply denticulated, articulates with the occipital, forming one-half of the lambdoidal suture.
Angles.—The frontal angle is practically a right angle, and corresponds with the point of meeting of the sagittal and coronal sutures; this point is named the bregma; in the fetal skull and for about a year and a half after birth this region is membranous, and is called the anterior fontanelle. The sphenoidal angle, thin and acute, is received into the interval between the frontal bone and the great wing of the sphenoid. Its inner surface is marked by a deep groove, sometimes a canal, for the anterior divisions of the middle meningeal artery. The occipital angle is rounded and corresponds with the point of meeting of the sagittal and lambdoidal sutures—a point which is termed the lambda; in the fetus this part of the skull is membranous, and is called the posterior fontanelle. The mastoid angle is truncated; it articulates with the occipital bone and with the mastoid portion of the temporal, and presents on its inner surface a broad, shallow groove which lodges part of the transverse sinus. The point of meeting of this angle with the occipital and the mastoid part of the temporal is named the asterion.
THE FRONTAL BONE resembles a cockle-shell in form, and consists of two portions—a vertical portion, the squama, corresponding with the region of the forehead; and an orbital or horizontal portion, which enters into the formation of the roofs of the orbital and nasal cavities.

Squama (squama frontalis).—Surfaces.—The external surface of this portion is convex and usually exhibits, in the lower part of the middle line, the remains of the frontal or metopic suture; in infancy this suture divides the bone into two, a condition which may persist throughout life. On either side of this suture, about 3 cm. above the supraorbital margin, is a rounded elevation, the frontal eminence (tuber frontale). Below the frontal eminences, and separated from them by a shallow groove, are two arched elevations, the superciliary arches; these are prominent medially, and are joined to one another by a smooth elevation named the glabella. Beneath each superciliary arch is a curved and prominent margin, the supraorbital margin, which forms the upper boundary of the base of the orbit, and separates the squama from the orbital portion of the bone. At the junction of its medial and intermediate thirds is a notch, sometimes converted into a foramen, the supraorbital notch or foramen, which transmits the supraorbital vessels and nerve. The supraorbital margin ends laterally in the zygomatic process, which is strong and prominent, and articulates with the zygomatic bone. Running upward and backward from this process is a well-marked line, the temporal line. Between the supraorbital margins the squama projects downward to a level below that of the zygomatic processes; this portion is known as the nasal part and presents a rough, uneven interval, the nasal notch. From the center of the notch the nasal process projects downward and forward beneath the nasal bones and frontal processes of the maxillae, and supports the bridge of the nose. The nasal process ends below in a sharp spine, and on either side of this is a small grooved surface which enters into the formation of the roof of the corresponding nasal cavity. The spine forms part of the septum of the nose, articulating in front with the crest of the nasal bones and behind with the perpendicular plate of the ethmoid.

The internal surface of the squama is concave and presents in the upper part of the middle line a vertical groove, the sagittal sulcus, the edges of which unite below to form a ridge, the frontal crest; the sulcus lodges the superior sagittal sinus, while its margins and the crest afford attachment to the falx cerebri. The crest ends below in a small notch which is converted into a foramen, the foramen cecum, by articulation with the ethmoid. This foramen varies in size in different subjects, and is frequently impervious; when open, it transmits a vein from the nose to the superior sagittal sinus. 

Orbital or Horizontal Part (pars orbitalis).—This portion consists of two thin triangular plates, the orbital plates, which form the vaults of the orbits, and are separated from one another by a median gap, the ethmoidal notch. The inferior surface of each orbital plate is smooth and concave, and presents, laterally, under cover of the zygomatic process, a shallow depression, the lacrimal fossa, for the lacrimal gland; near the nasal part is a depression, the fovea trochlearis, or occasionally a small trochlear spine, for the attachment of the cartilaginous pulley of the Obliquus oculi superior. The superior surface is convex, and marked by depressions for the convolutions of the frontal lobes of the brain, and faint grooves for the meningeal branches of the ethmoidal vessels.

The ethmoidal notch separates the two orbital plates; it is quadrilateral, and filled, in the articulated skull, by the cribriform plate of the ethmoid. The margins of the notch present several half-cells which, when united with corresponding half-cells on the upper surface of the ethmoid, complete the ethmoidal air cells. In front of the ethmoidal notch, on either side of the frontal spine, are the openings of the frontal air sinuses. These are two irregular cavities, which extend backward, upward, and lateralward for a variable distance between the two tables of the skull; they are separated from one another by a thin bony septum. Absent at birth, they are usually fairly well-developed between the seventh and eighth years, but only reach their full size after puberty. 

Practice skills

Students are supposed to put each bone to right position and to identify the following anatomical structures on samples:
On frontal bone:

· parts: orbital, nasal, frontal squama

· supraorbital margin

· supraorbital notch (foramen)

· frontal tuber

· glabella

· temporal line

· zygomatic process

· trochlear spine

· trochlear fovea 

· fossa for lacrimal gland

· frontal crest

· foramen caecum

· frontal sinus

· groove for superior sagittal sinus

On parietal bone:

· margins: sagittal, frontal, squamous, occipital

· angles: frontal, sphenoid, mastoid, occipital

· parietal tuber

· temporal line

· groove for superior sagittal sinus

· groove for sigmoid sinus

· granular foveolae 

· arterial grooves

On occipital bone:

· parts: basilar part, lateral parts, occipital squama

· foramen magnum

· pharyngeal tubercle 

· clivus

· groove for sigmoid sinus

· groove for inferior petrosal sinus

· groove for occipital sinus

· groove for transverse sinus

· jugular notch

· internal occipital crest

· internal occipital protuberance

· condyle

· hypoglossal canal

· condylar fossa (and canal)

· external occipital crest

· external occipital protuberance

· inferior nuchal line 

· superior nuchal line 

Practice class 8. The ethmoid bone. The sphenoid bone.
The aim: to view the main parts of the skull, its fossae and cavities; to learn the structure of the frontal, parietal and occipital bones.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialties, especially otolaryngologists, neuropathologists, neurosurgeons, and stomatologists, to understand the development of the stages of pathogenesis in clinical practice.

The plan of the practice class:

A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The structure of the ethmoid bone
b) The structure of the sphenoid bone
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

THE ETHMOID BONE (OS ETHMOIDALE) is exceedingly light and spongy, and cubical in shape; it is situated at the anterior part of the base of the cranium, between the two orbits, at the roof of the nose, and contributes to each of these cavities. It consists of four parts: a horizontal or cribriform plate, forming part of the base of the cranium; a perpendicular plate, constituting part of the nasal septum; and two lateral masses or labyrinths.

Cribiform Plate (lamina cribrosa).—The cribriform plate is received into the ethmoidal notch of the frontal bone and roofs in the nasal cavities. Projecting upward from the middle line of this plate is a thick, smooth, triangular process, the crista galli, so called from its resemblance to a cock’s comb. The long thin posterior border of the crista galli serves for the attachment of the falx cerebri. Its anterior border, short and thick, articulates with the frontal bone, and presents two small projecting alae, which are received into corresponding depressions in the frontal bone and complete the foramen cecum. Its sides are smooth, and sometimes bulging from the presence of a small air sinus in the interior. 
Perpendicular Plate (lamina perpendicularis).—The perpendicular plate is a thin, flattened lamina, polygonal in form, which descends from the under surface of the cribriform plate, and assists in forming the septum of the nose; it is generally deflected a little to one or other side. The anterior border articulates with the spine of the frontal bone and the crest of the nasal bones. The posterior border articulates by its upper half with the sphenoidal crest, by its lower with the vomer. The inferior border is thicker than the posterior, and serves for the attachment of the septal cartilage of the nose. The surfaces of the plate are smooth, except above, where numerous grooves and canals are seen; these lead from the medial foramina on the cribriform plate and lodge filaments of the olfactory nerves.

The Labyrinth (labyrinthus ethmoidalis) consists of a number of thin-walled cellular cavities, the ethmoidal cells, arranged in three groups, anterior, middle, and posterior, and interposed between two vertical plates of bone; the lateral plate forms part of the orbit, the medial, part of the corresponding nasal cavity. In the disarticulated bone many of these cells are opened into, but when the bones are articulated, they are closed in at every part, except where they open into the nasal cavity.

The medial surface of the labyrinth forms part of the lateral wall of the corresponding nasal cavity. It consists of a thin lamella, which descends from the under surface of the cribriform plate, and ends below in a free, convoluted margin, the middle nasal concha. It is rough, and marked above by numerous grooves, directed nearly vertically downward from the cribriform plate; they lodge branches of the olfactory nerves, which are distributed to the mucous membrane covering the superior nasal concha. The back part of the surface is subdivided by a narrow oblique fissure, the superior meatus of the nose, bounded above by a thin, curved plate, the superior nasal concha; the posterior ethmoidal cells open into this meatus. Below, and in front of the superior meatus, is the convex surface of the middle nasal concha; it extends along the whole length of the medial surface of the labyrinth, and its lower margin is free and thick. The lateral surface of the middle concha is concave, and assists in forming the middle meatus of the nose. The middle ethmoidal cells open into the central part of this meatus, and a sinuous passage, termed the infundibulum, extends upward and forward through the labyrinth and communicates with the anterior ethmoidal cells, and in about 50 per cent. of skulls is continued upward as the frontonasal duct into the frontal sinus.

Articulations.—The ethmoid articulates with fifteen bones: four of the cranium—the frontal, the sphenoid, and the two sphenoidal conchae; and eleven of the face—the two nasals, two maxillae, two lacrimals, two palatines, two inferior nasal conchae, and the vomer.

THE SPHENOID BONE (OS SPHENOIDALE) is situated at the base of the skull in front of the temporals and basilar part of the occipital. It somewhat resembles a bat with its wings extended, and is divided into a median portion or body, two great and two small wings extending outward from the sides of the body, and two pterygoid processes which project from it below.

Body (corpus sphenoidale).—The body, more or less cubical in shape, is hollowed out in its interior to form two large cavities, the sphenoidal air sinuses, which are separated from each other by a septum.

Surfaces.—The superior surface has a narrow, transverse groove, the chiasmatic groove, above and behind which lies the optic chiasma; the groove ends on either side in the optic foramen (canalis opticus), which transmits the optic nerve and ophthalmic artery into the orbital cavity. Behind the chiasmatic groove is an elevation, the tuberculum sellae; and still more posteriorly, a deep depression, the sella turcica, the deepest part of which lodges the hypophysis cerebri and is known as the fossa hypophyseos. The anterior boundary of the sella turcica is completed by two small eminences, one on either side, called the middle clinoid processes, while the posterior boundary is formed by a square-shaped plate of bone, the dorsum sellae, ending at its superior angles in two tubercles, the posterior clinoid processes (processus clinoideus posterior). The posterior clinoid processes deepen the sella turcica.

The lateral surfaces of the body are united with the great wings and the medial pterygoid plates. Above the attachment of each great wing is a broad groove, curved something like the italic letter f; it lodges the internal carotid artery and the cavernous sinus, and is named the carotid groove. Along the posterior part of the lateral margin of this groove, in the angle between the body and great wing, is a ridge of bone, called the lingula.
The posterior surface, quadrilateral in form is joined, during infancy and adolescence, to the basilar part of the occipital bone by a plate of cartilage. Between the eighteenth and twenty-fifth years this becomes ossified, ossification commencing above and extending downward.

The anterior surface of the body presents, in the middle line, a vertical crest, the sphenoidal crest, which articulates with the perpendicular plate of the ethmoid, and forms part of the septum of the nose. On either side of the crest is an irregular opening leading into the corresponding sphenoidal air sinus. These sinuses are two large, irregular cavities hollowed out of the interior of the body of the bone, and separated from one another by a bony septum. They are partially closed, in front and below, by two thin, curved plates of bone, the sphenoidal conchae, leaving in the articulated skull a round opening at the upper part of each sinus by which it communicates with the upper and back part of the nasal cavity and occasionally with the posterior ethmoidal air cells. 

The inferior surface presents, in the middle line, a triangular spine, the sphenoidal rostrum, which is continuous with the sphenoidal crest on the anterior surface, and is received in a deep fissure between the alae of the vomer. 

The Great Wings (alae majores).—The great wings, or ali-sphenoids, are two strong processes of bone, which arise from the sides of the body, and are curved upward, lateralward, and backward; the posterior part of each projects as a triangular process which fits into the angle between the squama and the petrous portion of the temporal and presents at its apex a downwardly directed process, the spina angularis (sphenoidal spine).

Surfaces.—The superior or cerebral surface of each great wing forms part of the middle fossa of the skull; it is deeply concave, and presents depressions for the convolutions of the temporal lobe of the brain. At its anterior and medial part is a circular aperture, the foramen rotundum, for the transmission of the maxillary nerve. Behind and lateral to this is the foramen ovale, for the transmission of the mandibular nerve, the accessory meningeal artery, and sometimes the lesser superficial petrosal nerve. Lastly, in the posterior angle, near to and in front of the spine, is a short canal, the foramen spinosum, which transmits the middle meningeal vessels and a recurrent branch from the mandibular nerve.

The lateral surface is convex, and divided by a transverse ridge, the infratemporal crest, into two portions. The orbital surface of the great wing smooth, and quadrilateral in shape, is directed forward and medialward and forms the posterior part of the lateral wall of the orbit. Below the medial end of the superior orbital fissure is a grooved surface (facies maxillaris), which forms the posterior wall of the pterygopalatine fossa, and is pierced by the foramen rotundum.

The Small Wings (alae minores).—The small wings are two thin triangular plates, which arise from the upper and anterior parts of the body, and, projecting lateralward, end in sharp points.

Surfaces.—The superior surface of each is flat, and supports part of the frontal lobe of the brain. The inferior surface forms the back part of the roof of the orbit, and the upper boundary of the superior orbital fissure. This fissure is of a triangular form, and leads from the cavity of the cranium into that of the orbit: it is bounded medially by the body; above, by the small wing; below, by the medial margin of the orbital surface of the great wing; and is completed laterally by the frontal bone. It transmits the oculomotor, trochlear, and abducent nerves, the three branches of the ophthalmic division of the trigeminal nerve, some filaments from the cavernous plexus of the sympathetic, the orbital branch of the middle meningeal artery, a recurrent branch from the lacrimal artery to the dura mater, and the ophthalmic vein.

Borders.—The anterior border is serrated for articulation with the frontal bone. The posterior border, smooth and rounded, is received into the lateral fissure of the brain; the medial end of this border forms the anterior clinoid process; it is sometimes joined to the middle clinoid process by a spicule of bone, and when this occurs the termination of the groove for the internal carotid artery is converted into a foramen. The small wing is connected to the body by two roots, the upper thin and flat, the lower thick and triangular; between the two roots is the optic foramen, for the transmission of the optic nerve and ophthalmic artery.

Pterygoid Processes (processus pterygoidei).—The pterygoid processes, one on either side, descend perpendicularly from the regions where the body and great wings unite. Each process consists of a medial and a lateral plate, the upper parts of which are fused anteriorly; a vertical sulcus, the pterygopalatine groove, descends on the front of the line of fusion. The plates are separated below by an angular cleft, the pterygoid fissure, the margins of which are rough for articulation with the pyramidal process of the palatine bone. The two plates diverge behind and enclose between them a V-shaped fossa, the pterygoid fossa. Above this fossa is a small, oval, shallow depression, the scaphoid fossa. The anterior surface of the pterygoid process is broad and triangular near its root, where it forms the posterior wall of the pterygopalatine fossa and presents the anterior orifice of the pterygoid canal.

The medial pterygoid plate is narrower and longer than the lateral; it curves lateralward at its lower extremity into a hook-like process, the pterygoid hamulus, around which the tendon of the Tensor veli palatini glides. 

The Sphenoidal Conchae (conchae sphenoidales).—The sphenoidal conchae are two thin, curved plates, situated at the anterior and lower part of the body of the sphenoid. 
Practice skills

Students are supposed to put each bone to the right position and identify the following anatomical structures on samples:

On sphenoid bone:

· parts: body, lesser and greater wings, pterygoid processes 

· surfaces of the body: superior, anterior, inferior, posterior

· sella turcica

· chiasmatic groove

· tuberculum sellae

· hypophyseal fossa

· dorsum sellae

· posterior clinoid processes

· groove for internal carotid artery  

· opening of sphenoid sinus 

· lesser wings 

· anterior clinoid processes 

· optic canal 

· superior orbital fissure

· greater wings 

· surfaces of the greater wings: cerebral, temporal, maxillary, orbital

· infratemporal crest

· foramen rotundum  

· foramen ovale

· foramen spinosum

· pterygoid processes: lateral and medial plates 

· pterygoid canal

· pterygoid fossa

· hamulus

On ethmoid bone:

· parts: cribriform plate, perpendicular plate, labyrinth 

· crista galli 

· superior nasal concha 

· middle nasal concha

· orbital lamina 

Practice class 9. The temporal bone, its cavities and canals.
The aim: to learn the topography and structure of the temporal bones, the peculiarities of its cavities and canals.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialties, especially otolaryngologists, neuropathologists, neurosurgeons, and stomatologists, to understand the development of the stages of pathogenesis in clinical practice.
The plan of the practice class:
A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The parts of the temporal bone
b) The surfaces of the temporal bone

c) The canals of the temporal bone
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

THE TEMPORAL BONES are situated at the sides and base of the skull. Each consists of five parts, viz., the squama, the petrous, mastoid, and tympanic parts, and the styloid process.
The Squama (squama temporalis).—The squama forms the anterior and upper part of the bone, and is scale-like, thin, and translucent.

Surfaces.—Its outer surface is smooth and convex; it affords attachment to the Temporalis muscle, and forms part of the temporal fossa; on its hinder part is a vertical groove for the middle temporal artery. A curved line, the temporal line, runs backward and upward across its posterior part; it serves for the attachment of the temporal fascia, and limits the origin of the Temporalis muscle. Projecting from the lower part of the squama is a long, arched process, the zygomatic process. The articular tubercle forms the front boundary of the mandibular fossa. The mandibular fossa is bounded, in front, by the articular tubercle; behind, by the tympanic part of the bone, which separates it from the external acoustic meatus; it is divided into two parts by a narrow slit, the petrotympanic fissure. The petrotympanic fissure leads into the middle ear or tympanic cavity and transmits the tympanic branch of the maxillary artery. The chorda tympani nerve passes through a canal, separated from the anterior edge of the petrotympanic fissure by a thin scale of bone and situated on the lateral side of the auditory tube, in the retiring angle between the squama and the petrous portion of the temporal.

The superior border is thin, and bevelled at the expense of the internal table, so as to overlap the squamous border of the parietal bone, forming with it the squamosal suture. Posteriorly, the superior border forms an angle, the parietal notch, with the mastoid portion of the bone. 

Mastoid Portion (pars mastoidea).—The mastoid portion forms the posterior part of the bone.

Surfaces.—Its outer surface is rough, and gives attachment to the Occipitalis and Auricularis posterior. It is perforated by numerous foramina; one of these, of large size, situated near the posterior border, is termed the mastoid foramen; it transmits a vein to the transverse sinus and a small branch of the occipital artery to the dura mater. The position and size of this foramen are very variable; it is not always present; sometimes it is situated in the occipital bone, or in the suture between the temporal and the occipital. The mastoid portion is continued below into a conical projection, the mastoid process, the size and form of which very somewhat; it is larger in the male than in the female. This process serves for the attachment of the Sternocleidomastoideus, Splenius capitis, and Longissimus capitis. On the medial side of the process is a deep groove, the mastoid notch, for the attachment of the Digastricus; medial to this is a shallow furrow, the occipital groove, which lodges the occipital artery.

The inner surface of the mastoid portion presents a deep, curved groove, the sigmoid sulcus, which lodges part of the transverse sinus; in it may be seen the opening of the mastoid foramen. The groove for the transverse sinus is separated from the innermost of the mastoid air cells by a very thin lamina of bone, and even this may be partly deficient.

A section of the mastoid process shows it to be hollowed out into a number of spaces, the mastoid cells, which exhibit the greatest possible variety as to their size and number. In addition to these a large irregular cavity is situated at the upper and front part of the bone. It is called the tympanic antrum, and must be distinguished from the mastoid cells, though it communicates with them. Like the mastoid cells it is filled with air and lined by a prolongation of the mucous membrane of the tympanic cavity, with which it communicates. The tympanic antrum is bounded above by a thin plate of bone, the tegmen tympani, which separates it from the middle fossa of the base of the skull; below by the mastoid process; laterally by the squama just below the temporal line, and medially by the lateral semicircular canal of the internal ear which projects into its cavity. 

Petrous Portion (pars petrosa [pyramis]).—The petrous portion or pyramid is pyramidal and is wedged in at the base of the skull between the sphenoid and occipital. Directed medialward, forward, and a little upward, it presents for examination a base, an apex, three surfaces, and three angles, and contains, in its interior, the essential parts of the organ of hearing.

Base.—The base is fused with the internal surfaces of the squama and mastoid portion.

Apex.—The apex, rough and uneven, is received into the angular interval between the posterior border of the great wing of the sphenoid and the basilar part of the occipital; it presents the anterior or internal orifice of the carotid canal, and forms the postero-lateral boundary of the foramen lacerum.

Surfaces.—The anterior surface forms the posterior part of the middle fossa of the base of the skull, and is continuous with the inner surface of the squamous portion, to which it is united by the petrosquamous suture, remains of which are distinct even at a late period of life. It is marked by depressions for the convolutions of the brain, and presents six points for examination: (1) near the center, an eminence (eminentia arcuata) which indicates the situation of the superior semicircular canal; (2) in front of and a little lateral to this eminence, a depression indicating the position of the tympanic cavity: here the layer of bone which separates the tympanic from the cranial cavity is extremely thin, and is known as the tegmen tympani; (3) a shallow groove, sometimes double, leading lateralward and backward to an oblique opening, the hiatus of the greater petrosal nerve canal, for the passage of the greater petrosal nerve; (4) lateral to the hiatus, a smaller opening, occasionally seen, for the passage of the lesser  petrosal nerve; (5) near the apex of the bone, the termination of the carotid canal, the wall of which in this situation is deficient in front; (6) above this canal the shallow trigeminal impression for the reception of the semilunar ganglion.

The posterior surface forms the front part of the posterior fossa of the base of the skull, and is continuous with the inner surface of the mastoid portion. Near the center is a large orifice, the internal acoustic meatus, the size of which varies considerably; its margins are smooth and rounded, and it leads into a short canal, about 1 cm. in length, which runs lateralward. It transmits the facial and acoustic nerves and the internal auditory branch of the basilar artery. Behind the internal acoustic meatus is a small slit almost hidden by a thin plate of bone, leading to a canal, the aquaeductus vestibule (apertura externa aquaeductus vestibuli), which transmits the ductus endolymphaticus. Above and between these two openings is an irregular depression which lodges a process of the dura mater and transmits a small vein; in the infant this depression is represented by a large fossa, the subarcuate fossa.
The inferior surface is rough and irregular, and forms part of the exterior of the base of the skull. It presents eleven points for examination: (1) near the apex is a rough surface, quadrilateral in form, which serves partly for the attachment of the Levator veli palatini and the cartilaginous portion of the auditory tube, and partly for connection with the basilar part of the occipital bone through the intervention of some dense fibrous tissue; (2) behind this is the large circular aperture of the carotid canal, which ascends at first vertically, and then, making a bend, runs horizontally forward and medialward; it transmits into the cranium the internal carotid artery, and the carotid plexus of nerves; (3) medial to the opening for the carotid canal and close to its posterior border, in front of the jugular fossa, is a triangular depression; at the apex of this is a small opening, the aquaeductus cochleae (apertura externa canaliculi cochlei), which lodges a tubular prolongation of the dura mater establishing a communication between the perilymphatic space and the subarachnoid space; (4) behind these openings is a deep depression, the jugular fossa, of variable depth and size in different skulls; it lodges the bulb of the internal jugular vein; (5) in the bony ridge dividing the carotid canal from the jugular fossa is the small fossula petrosa leading to tympanic canaliculus for the passage of the tympanic branch of the glossopharyngeal nerve; (6) in the lateral part of the jugular fossa is the mastoid canaliculus for the entrance of the auricular branch of the vagus nerve; 7) extending backward from the carotid canal is the vaginal process, a sheath-like plate of bone, which divides behind into two laminae; the lateral lamina is continuous with the tympanic part of the bone, the medial with the lateral margin of the jugular surface; (8) between these laminae is the styloid process, a sharp spine, about 2.5 cm. in length; (9) between the styloid and mastoid processes is the stylomastoid foramen; it is the termination of the facial canal, and transmits the facial nerve and stylomastoid artery; (10) situated between the tympanic portion and the mastoid process is the tympanomastoid fissure, for the exit of the auricular branch of the vagus nerve.

Angles.—The superior angle, the longest, is grooved for the superior petrosal sinus, and gives attachment to the tentorium cerebelli; at its medial extremity is a notch, in which the trigeminal nerve lies. The posterior angle is intermediate in length between the superior and the anterior. Its medial half is marked by a sulcus, which forms, with a corresponding sulcus on the occipital bone, the channel for the inferior petrosal sinus. Its lateral half presents an excavation—the jugular fossa—which, with the jugular notch on the occipital, forms the jugular foramen; an eminence occasionally projects from the center of the fossa, and divides the foramen into two. The anterior angle is divided into two parts—a lateral joined to the squama by a suture (petrosquamous), the remains of which are more or less distinct; a medial, free, which articulates with the spinous process of the sphenoid.

At the angle of junction of the petrous part and the squama are two canals, one above the other, and separated by a thin plate of bone, the septum canalis musculotubarii (processus cochleariformis); both canals lead into the tympanic cavity. The upper one (semicanalis m. tensoris tympani) transmits the Tensor tympani, the lower one (semicanalis tubae auditivae) forms the bony part of the auditory tube.

Tympanic Part (pars tympanica).—The tympanic part is a curved plate of bone lying below the squama and in front of the mastoid process.

Styloid Procéss (processus styloideus).—The styloid process is slender, pointed, and of varying length; it projects downward and forward, from the under surface of the temporal bone. Its proximal part is ensheathed by the vaginal process of the tympanic portion, while its distal part gives attachment to the stylohyoid and stylomandibular ligaments, and to the Styloglossus, Stylohyoideus, and Stylopharyngeus muscles. The stylohyoid ligament extends from the apex of the process to the lesser cornu of the hyoid bone, and in some instances is partially, in others completely, ossified.

Table. Canals of temporal bone

	Canal
	Starts
	Ends

	Carotid canal 
	Inferior surface of pyramid 
	Apex of pyramid 

	Carotico-tympanic canaliculi (2)
	Carotid canal
	Tympanic cavity

	Muscular-tubular canal
	Apex of pyramid 
	Tympanic cavity

	Canal of facial nerve
	Internal acoustic meatus 
	Stylomastoid foramen

	Canal of chorda tympani nerve
	Canal of facial nerve just above of stylomastoid foramen
	Petrotympanic fissure

	Tympanic canaliculus
	Fossula petrosa
	Hiatus of lesser petrosal nerve  canal

	Mastoid canaliculus
	Jugular fossa
	Tympanomastoid fissure


Practice skills

Students are supposed to put temporal bone to the right position; to name the canals and show the places where each canal starts and ends; and to identify the following anatomical structures on sample:

Parts: squamous part, petrous part (pyramid) with mastoid processes, tympanic part 

Surfaces of the pyramid: anterior, inferior, posterior

Borders of the pyramid: anterior, superior, posterior

Structures of the anterior surface of pyramid: 

· arcuate eminence

· hiatus of canal and groove for lesser petrosal nerve  

· hiatus of canal and groove for greater  petrosal nerve  

· tegmen tympani

· trigeminal impression

· groove for superior petrosal sinus 

Structures of the posterior surface of pyramid: 

· internal acoustic meatus 

· external opening of vestibular aqueduct

· external opening of cochlear aqueduct

· groove for sigmoid sinus

· groove for inferior petrosal sinus 

Structures of the inferior surface of pyramid: 

· carotid canal 

· jugular fossa

· fossula petrosa

· styloid process 

· stylomastoid foramen

Structures of the tympanic part:

· external acoustic meatus 

· petrotympanic fissure

· tympanomastoid fissure

Structures of the squamous part:

· mastoid foramen

· zygomatic process

· mandibular fossa

· articular tubercle

· mastoid notch (groove)

· groove for occipital artery

Practice class 10. Anatomy of upper and lower jaws. The skull as a whole. The structures of the external and internal surface bases of skull.

The aim: to learn the topography and structure of the temporal bones, the peculiarities of its cavities and canals.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialties, especially otolaryngologists, neuropathologists, neurosurgeons, and stomatologists, to understand the development of the stages of pathogenesis in clinical practice.
The plan of the practice class:
A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The structure of the upper jaw.
b) The structure of the lower jaw.

c) The exterior of the skull.

d) The borders of the base of skull.

e) The cranial fosses.

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes
THE MAXILLAE are the largest bones of the face, excepting the mandible, and form, by their union, the whole of the upper jaw. Each assists in forming the boundaries of three cavities, viz., the roof of the mouth, the floor and lateral wall of the nose and the floor of the orbit; it also enters into the formation of two fossae, the infratemporal and pterygopalatine, and two fissures, the inferior orbital and pterygomaxillary. Each bone consists of a body and four processes—zygomatic, frontal, alveolar, and palatine.

The Body (corpus maxillae).—The body is somewhat pyramidal in shape, and contains a large cavity, the maxillary sinus (antrum of Highmore). It has four surfaces—an anterior, a posterior or infratemporal, a superior or orbital, and a medial or nasal.
Surfaces.—The anterior surface is directed forward and lateralward. It presents at its lower part a series of eminences corresponding to the positions of the roots of the teeth. Just above those of the incisor teeth is a depression, the incisive fossa, which gives origin to the Depressor alae nasi; to the alveolar border below the fossa is attached a slip of the Orbicularis oris; above and a little lateral to it, the Nasalis arises. Lateral to the incisive fossa is another depression, the canine fossa; it is larger and deeper than the incisive fossa, and is separated from it by a vertical ridge, the canine eminence, corresponding to the socket of the canine tooth; the canine fossa gives origin to the Caninus. Above the fossa is the infraorbital foramen, the end of the infraorbital canal; it transmits the infraorbital vessels and nerve. Above the foramen is the margin of the orbit, which affords attachment to part of the Quadratus labii superioris. Medially, the anterior surface is limited by a deep concavity, the nasal notch, the margin of which gives attachment to the Dilatator naris posterior and ends below in a pointed process, which with its fellow of the opposite side forms the anterior nasal spine.
The infratemporal surface is convex, directed backward and lateralward, and forms part of the infratemporal fossa. It is separated from the anterior surface by the zygomatic process and by a strong ridge, extending upward from the socket of the first molar tooth. It is pierced about its center by the apertures of the alveolar canals, which transmit the posterior superior alveolar vessels and nerves. At the lower part of this surface is a rounded eminence, the maxillary tuberosity, especially prominent after the growth of the wisdom tooth; it is rough on its lateral side for articulation with the pyramidal process of the palatine bone and in some cases articulates with the lateral pterygoid plate of the sphenoid. It gives origin to a few fibers of the Pterygoideus internus. Immediately above this is a smooth surface, which forms the anterior boundary of the pterygopalatine fossa, and presents a groove, for the maxillary nerve; this groove is directed lateralward and slightly upward, and is continuous with the infraorbital groove on the orbital surface.

The orbital surface is smooth and triangular, and forms the greater part of the floor of the orbit. It is limited in front by part of the circumference of the orbit, which is continuous medially with the frontal process, and laterally with the zyogmatic process. Near the middle of the posterior part of the orbital surface is the infraorbital groove, for the passage of the infraorbital vessels and nerve. The groove begins at the middle of the posterior border, where it is continuous with that near the upper edge of the infratemporal surface, and, passing forward, ends in a canal, which subdivides into two branches. One of the canals, the infraorbital canal, opens just below the margin of the orbit; the other, which is smaller, runs downward in the substance of the anterior wall of the maxillary sinus, and transmits the anterior superior alveolar vessels and nerve to the front teeth of the maxilla. 

The nasal surface presents a large, irregular opening leading into the maxillary sinus. At the upper border of this aperture are some broken air cells, which, in the articulated skull, are closed in by the ethmoid and lacrimal bones. Below the aperture is a smooth concavity which forms part of the inferior meatus of the nasal cavity, and behind it is a rough surface for articulation with the perpendicular part of the palatine bone; this surface is traversed by a groove, commencing near the middle of the posterior border and running obliquely downward and forward; the groove is converted into a canal, the pterygopalatine canal, by the palatine bone. In front of the opening of the sinus is a deep groove, the lacrimal groove, which is converted into the nasolacrimal canal, by the lacrimal bone and inferior nasal concha; this canal opens into the inferior meatus of the nose and transmits the nasolacrimal duct. More anteriorly is an oblique ridge, the conchal crest, for articulation with the inferior nasal concha. The shallow concavity above this ridge forms part of the atrium of the middle meatus of the nose, and that below it, part of the inferior meatus.

The Maxillary Sinus or Antrum of Highmore (sinus maxillaris).—The maxillary sinus is a large pyramidal cavity, within the body of the maxilla.

The Zygomatic Process (processus zygomaticus; malar process).—The zygomatic process is a rough triangular eminence, situated at the angle of separation of the anterior, zygomatic, and orbital surfaces.

The Frontal Process (processus frontalis; nasal process).—The frontal process is a strong plate, which projects upward, medialward, and backward, by the side of the nose, forming part of its lateral boundary.  Its medial surface forms part of the lateral wall of the nasal cavity; at its upper part is a rough, uneven area, which articulates with the ethmoid, closing in the anterior ethmoidal cells; below this is an oblique ridge, the ethmoidal crest, the posterior end of which articulates with the middle nasal concha. the posterior border is thick, and hollowed into a groove, which is continuous below with the lacrimal groove on the nasal surface of the body: by the articulation of the medial margin of the groove with the anterior border of the lacrimal a corresponding groove on the lacrimal is brought into continuity, and together they form the fossa sacci lacrimalis for the lodgement of the lacrimal sac. The lateral margin of the groove is named the anterior lacrimal crest.
The Alveolar Process (processus alveolaris).—The alveolar process is the thickest and most spongy part of the bone. When the maxillae are articulated with each other, their alveolar processes together form the alveolar arch.
The Palatine Process (processus palatinus; palatal process).—The palatine process, thick and strong, is horizontal and projects medialward from the nasal surface of the bone. When the two maxillae are articulated, a funnel-shaped opening, the incisive foramen, is seen in the middle line, immediately behind the incisor teeth. In this opening the orifices of two lateral canals are visible; they are named the incisive. 

THE MANDIBLE, the largest and strongest bone of the face, serves for the reception of the lower teeth. It consists of a curved, horizontal portion, the body, and two perpendicular portions, the rami, which unite with the ends of the body nearly at right angles.

The Body (corpus mandibulae).—The body is curved somewhat like a horseshoe and has two surfaces and two borders.

Surfaces.—The external surface is marked a triangular eminence, the mental protuberance. Below the second premolar tooth, on either side, midway between the upper and lower borders of the body, is the mental foramen, for the passage of the mental vessels and nerve. Running backward and upward from each mental tubercle is a faint ridge, the oblique line.
The internal surface is concave from side to side. Near the lower part of the symphysis is a pair of laterally placed spines, termed the mental spines, which give origin to the Genioglossi. Below the mental spines, on either side of the middle line, is an oval depression – fossa digastrica – for the attachment of the anterior belly of the Digastricus. Extending upward and backward on either side from the lower part of the symphysis is the mylohyoid line, which gives origin to the Mylohyoideus. Above the anterior part of this line is a smooth triangular area against which the sublingual gland rests, and below the hinder part, an oval fossa for the submaxillary gland.

The Ramus (ramus mandibulae).—The ramus is quadrilateral in shape, and has two surfaces, four borders, and two processes. Surfaces.—The lateral surface is flat and marked by oblique ridges at its lower part; it gives attachment throughout nearly the whole of its extent to the Masseter. The medial surface presents about its center the oblique mandibular foramen, for the entrance of the inferior alveolar vessels and nerve. The margin of this opening is irregular; it presents in front a prominent ridge, surmounted by a sharp spine, the lingula mandibulae, which gives attachment to the sphenomandibular ligament; at its lower and back part is a notch from which the mylohyoid groove runs obliquely downward and forward, and lodges the mylohyoid vessels and nerve. Behind this groove is a rough surface, for the insertion of the Pterygoideus internus. The mandibular canal runs obliquely downward and forward in the ramus, and then horizontally forward in the body. The lower border of the ramus is thick, straight, and continuous with the inferior border of the body of the bone. At its junction with the posterior border is the angle of the mandible, which may be either inverted or everted and is marked by rough, oblique ridges on each side, for the attachment of the Masseter laterally, and the Pterygoideus internus medially; the stylomandibular ligament is attached to the angle between these muscles. The upper border is thin, and is surmounted by two processes, the coronoid in front and the condyloid behind, separated by a deep concavity, the mandibular notch.

The Condyloid Process (processus condyloideus) is thicker than the coronoid, and consists of two portions: the condyle, and the constricted portion which supports it, the neck. 

THE EXTERIOR OF THE SKULL

The skull as a whole may be viewed from different points, and the views so obtained are termed the normae of the skull; thus, it may be examined from above (norma verticalis), from below (norma basalis), from the side (norma lateralis), from behind (norma occipitalis), or from the front (norma frontalis).

Norma Verticalis.—When viewed from above the outline presented varies greatly in different skulls; in some it is more or less oval, in others more nearly circular. The surface is traversed by three sutures, viz.: (1) the coronal sutures, nearly transverse is direction, between the frontal and parietals; (2) the sagittal sutures, medially placed, between the parietal bones, and deeply serrated in its anterior two-thirds; and (3) the upper part of the lambdoidal suture, between the parietals and the occipital. The point of junction of the sagittal and coronal suture is named the bregma, that of the sagittal and lambdoid sutures, the lambda; they indicate respectively the positions of the anterior and posterior fontanelles in the fetal skull. On either side of the sagittal suture are the parietal eminence and parietal foramen—the latter, however, is frequently absent on one or both sides. The skull is often somewhat flattened in the neighborhood of the parietal foramina, and the term obelion is applied to that point of the sagittal suture which is on a level with the foramina. In front is the glabella, and on its lateral aspects are the superciliary arches, and above these the frontal eminences. Immediately above the glabella may be seen the remains of the frontal suture; in a small percentage of skulls this suture persists and extends along the middle line to the bregma. Passing backward and upward from the zygomatic processes of the frontal bone are the temporal lines, which mark the upper limits of the temporal fossae. The zygomatic arches may or may not be seen projecting beyond the anterior portions of these lines.

Norma Basalis. The inferior surface of the base of the skull, exclusive of the mandible, is bounded in front by the incisor teeth in the maxillae; behind, by the superior nuchal lines of the occipital; and laterally by the alveolar arch, the lower border of the zygomatic bone, the zygomatic arch and an imaginary line extending from it to the mastoid process and extremity of the superior nuchal line of the occipital. It is formed by the palatine processes of the maxillae and palatine bones, the vomer, the pterygoid processes, the under surfaces of the great wings, spinous processes, and part of the body of the sphenoid, the under surfaces of the squamae and mastoid and petrous portions of the temporals, and the under surface of the occipital bone. The anterior part or hard palate projects below the level of the rest of the surface, and is bounded in front and laterally by the alveolar arch containing the sixteen teeth of the maxillae. Immediately behind the incisor teeth is the incisive foramen. In this foramen are two lateral apertures, the openings of the incisive canals (foramina of Stenson) which transmit the anterior branches of the descending palatine vessels, and the nasopalatine nerves. Occasionally two additional canals are present in the incisive foramen; they are termed the foramina of Scarpa and are situated in the middle line; when present they transmit the nasopalatine nerves. The vault of the hard palate is concave, uneven, perforated by numerous foramina, marked by depressions for the palatine glands, and traversed by a crucial suture formed by the junction of the four bones of which it is composed. In the young skull a suture may be seen extending on either side from the incisive foramen to the interval between the lateral incisor and canine teeth, and marking off the os incisivum or premaxillary bone. At either posterior angle of the hard palate is the greater palatine foramen, for the transmission of the descending palatine vessels and anterior palatine nerve; and running forward and medialward from it a groove, for the same vessels and nerve. Behind the posterior palatine foramen is the pyramidal process of the palatine bone, perforated by one or more lesser palatine foramina, and marked by the commencement of a transverse ridge, for the attachment of the tendinous expansion of the Tensor veli palatini. Projecting backward from the center of the posterior border of the hard palate is the posterior nasal spine, for the attachment of the Musculus uvulae. Behind and above the hard palate are the choanae, measuring about 2.5 cm. in their vertical and 1.25 cm. in their transverse diameters. They are separated from one another by the vomer, and each is bounded above by the body of the sphenoid, below by the horizontal part of the palatine bone, and laterally by the medial pterygoid plate of the sphenoid. At the superior border of the vomer may be seen the expanded alae of this bone, receiving between them the rostrum of the sphenoid. Near the lateral margins of the alae of the vomer, at the roots of the pterygoid processes, are the pharyngeal canals. The pterygoid process presents near its base the pterygoid canal, for the transmission of a nerve and artery. The medial pterygoid plate is long and narrow; on the lateral side of its base is the scaphoid fossa, for the origin of the Tensor veli palatini, and at its lower extremity the hamulus, around which the tendon of this muscle turns. The lateral pterygoid plate is broad; its lateral surface forms the medial boundary of the infratemporal fossa, and affords attachment to the Pterygoideus externus.

Behind the nasal cavities is the basilar portion of the occipital bone, presenting near its center the pharyngeal tubercle for the attachment of the fibrous raphé of the pharynx, with depressions on either side for the insertions of the Rectus capitis anterior and Longus capitis. At the base of the lateral pterygoid plate is the foramen ovale, for the transmission of the mandibular nerve, the accessory meningeal artery, and sometimes the lesser superficial petrosal nerve; behind this are the foramen spinosum which transmits the middle meningeal vessels, and the prominent spina angularis (sphenoidal spine), which gives attachment to the sphenomandibular ligament and the Tensor veli palatini. Lateral to the spina angularis is the mandibular fossa, divided into two parts by the petrotympanic fissure; the anterior portion, concave, smooth bounded in front by the articular tubercle, serves for the articulation of the condyle of the mandible; the posterior portion, rough and bounded behind by the tympanic part of the temporal, is sometimes occupied by a part of the parotid gland. Emerging from between the laminae of the vaginal process of the tympanic part is the styloid process; and at the base of this process is the stylomastoid foramen, for the exit of the facial nerve, and entrance of the stylomastoid artery. Lateral to the stylomastoid foramen, between the tympanic part and the mastoid process, is the tympanomastoid fissure, for the auricular branch of the vagus. Upon the medial side of the mastoid process is the mastoid notch for the posterior belly of the Digastricus, and medial to the notch, the occipital groove for the occipital artery. At the base of the medial pterygoid plate is a large and somewhat triangular aperture, the foramen lacerum, bounded in front by the great wing of the sphenoid, behind by the apex of the petrous portion of the temporal bone, and medially by the body of the sphenoid and basilar portion of the occipital bone; it presents in front the posterior orifice of the pterygoid canal; behind, the aperture of the carotid canal. The lower part of this opening is filled up in the fresh state by a fibrocartilaginous plate, across the upper or cerebral surface of which the internal carotid artery passes. Lateral to this aperture is a groove, the sulcus tubae auditivae, between the petrous part of the temporal and the great wing of the sphenoid. This sulcus is directed lateralward and backward from the root of the medial pterygoid plate and lodges the cartilaginous part of the auditory tube; it is continuous behind with the canal in the temporal bone which forms the bony part of the same tube. At the bottom of this sulcus is a narrow cleft, the petrosphenoidal fissure, which is occupied, in the fresh condition, by a plate of cartilage. Behind this fissure is the under surface of the petrous portion of the temporal bone, presenting, near its apex, the quadrilateral rough surface, part of which affords attachment to the Levator veli palatini; lateral to this surface is the orifice of the carotid canal, and medial to it, the depression leading to the aquaeductus cochleae, the former transmitting the internal carotid artery and the carotid plexus of the sympathetic, the latter serving for the passage of a vein from the cochlea. Behind the carotid canal is the jugular foramen, a large aperture, formed in front by the petrous portion of the temporal, and behind by the occipital; it is generally larger on the right than on the left side, and may be subdivided into three compartments. The anterior compartment transmits the inferior petrosal sinus; the intermediate, the glossopharyngeal, vagus, and accessory nerves; the posterior, the transverse sinus and some meningeal branches from the occipital and ascending pharyngeal arteries. On the ridge of bone dividing the carotid canal from the jugular foramen is the inferior tympanic canaliculus for the transmission of the tympanic branch of the glossopharyngeal nerve; and on the wall of the jugular foramen, near the root of the styloid process, is the mastoid canaliculus for the passage of the auricular branch of the vagus nerve. Extending forward from the jugular foramen to the foramen lacerum is the petroöccipital fissure occupied, in the fresh state, by a plate of cartilage. Behind the basilar portion of the occipital bone is the foramen magnum, bounded laterally by the occipital condyles, the medial sides of which are rough for the attachment of the alar ligaments. Lateral to each condyle is the jugular process which gives attachment to the Rectus capitis lateralis muscle and the lateral atlantoöccipital ligament. The foramen magnum transmits the medulla oblongata and its membranes, the accessory nerves, the vertebral arteries, the anterior and posterior spinal arteries, and the ligaments connecting the occipital bone with the axis. The mid-points on the anterior and posterior margins of the foramen magnum are respectively termed the basion and the opisthion. In front of each condyle is the canal for the passage of the hypoglossal nerve and a meningeal artery. Behind each condyle is the condyloid fossa, perforated on one or both sides by the condyloid canal, for the transmission of a vein from the transverse sinus. Behind the foramen magnum is the median nuchal line ending above at the external occipital protuberance, while on either side are the superior and inferior nuchal lines; these, as well as the surfaces of bone between them, are rough for the attachment of the muscles which are en

Norma Lateralis.—When viewed from the side the skull is seen to consist of the cranium above and behind, and of the face below and in front. The cranium is somewhat ovoid in shape, but its contour varies in different cases and depends largely on the length and height of the skull and on the degree of prominence of the superciliary arches and frontal eminences. Entering into its formation are the frontal, the parietal, the occipital, the temporal, and the great wing of the sphenoid. These bones are joined to one another and to the zygomatic by the following sutures: the zygomaticotemporal between the zygomatic process of the temporal and the temporal process of the zygomatic; the zygomaticofrontal uniting the zygomatic bone with the zygomatic process of the frontal; the sutures surrounding the great wing of the sphenoid, viz., the sphenozygomatic in front, the sphenofrontal and sphenoparietal above, and the sphenosquamosal behind. The sphenoparietal suture varies in length in different skulls, and is absent in those cases where the frontal articulates with the temporal squama. The point corresponding with the posterior end of the sphenoparietal suture is named the pterion; it is situated about 3 cm. behind, and a little above the level of the zygomatic process of the frontal bone.

The squamosal suture arches backward from the pterion and connects the temporal squama with the lower border of the parietal: this suture is continuous behind with the short, nearly horizontal parietomastoid suture, which unites the mastoid process of the temporal with the region of the mastoid angle of the parietal. Extending from above downward and forward across the cranium are the coronal and lambdoidal sutures; the former connects the parietals with the frontal, the latter, the parietals with the occipital. The lambdoidal suture is continuous below with the occipitomastoid suture between the occipital and the mastoid portion of the temporal. In or near the last suture is the mastoid foramen, for the transmission of an emissary vein. The point of meeting of the parietomastoid, occipitomastoid, and lambdoidal sutures is known as the asterion. Immediately above the orbital margin is the superciliary arch, and, at a higher level, the frontal eminence. Near the center of the parietal bone is the parietal eminence. Posteriorly is the external occipital protuberance, from which the superior nuchal line may be followed forward to the mastoid process. Arching across the side of the cranium are the temporal lines, which mark the upper limit of the temporal fossa.

Practice skills

Students are supposed to put the bones to the right position and to identify the following anatomical structures on samples:

On maxilla:

· parts: body, 4 processes: zygomatic, palatine, alveolar, frontal 

· surfaces of the body: anterior, infratemporal, nasal, infraorbital

· structures of the anterior surface of the body of maxilla: 

· infraorbital foramen

· nasal notch

· anterior nasal spine

· structures of the infratemporal surface of the body of maxilla: 

· tuberosity of maxilla

· alveolar foramina

· structures of the infraorbital surface of the body of maxilla: 

· infraorbital groove

· structures of the nasal surface of the body of maxilla: 

· ethmoid crest (for middle nasal concha)

· conchal crest (for inferior nasal concha)

· lacrimal groove (with lacrimal bone forms nasolacrimal canal)

· anterior lacrimal crest 

· aperture of maxillary sinus 

On mandible:

· parts: body, ramus, angle

· mental foramen 

· mental spines

· mental protuberance 

· digastric fossa

· sublingual fossa

· submandibular fossa

· mylohyoid line

· mandible foramen 

· oblique line

· interalveolar septa 

· alveolar celullae

· head 

· pterygoid fossa

· neck

· notch

· condylar process

· coronoid process

· masseter tuberosity

· pterygoid tuberosity

The structures of the external and internal surface bases of skull.

· jugular foramen 

· lacerum foramen

· incisive canal 

· all the structures of separated bones that can be seen on the whole skull  

Practice class 11. The cavities of skull (orbit, nasal cavity). The hard palate.

The aim: to learn the topography and structure of the temporal bones, the peculiarities of its cavities and canals.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialties, especially otolaryngologists, neuropathologists, neurosurgeons, and stomatologists, to understand the development of the stages of pathogenesis in clinical practice.
The plan of the practice class:
A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The nasal cavity.
b) The orbit.

c) The hard palate.

C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

THE NASAL CAVITY (CAVUM NASI)

The nasal chambers are situated one on either side of the median plane. The choanae are two oval openings each measuring 2.5 cm. in the vertical, and 1.25 cm. in the transverse direction in a well-developed adult skull.

Lateral Wall.— Lateral wall consists of nasal surface of body of maxilla, frontal process of maxilla, vertical plate of palatine bone, medial plate of pterigoid process, lacrimal bone, labyrinth of ethmoid. On the lateral wall are the superior, middle, and inferior nasal conchae, and below and lateral to each concha is the corresponding nasal passage or meatus. The sphenoidal sinus opens into the superior meatus; the posterior ethmoidal cells open into the front part of this meatus. The middle meatus is below and lateral to the middle concha. On raising or removing the middle concha the lateral wall of this meatus is fully displayed. On it is a rounded elevation, the bulla ethmoidalis, and below and in front of this is a curved cleft, the hiatus semilunaris.
The bulla ethmoidalis is caused by the bulging of the middle ethmoidal cells which open on or immediately above it, and the size of the bulla varies with that of its contained cells.

The hiatus semilunaris is bounded inferiorly by the sharp concave margin of the uncinate process of the ethmoid bone, and leads into a curved channel, the infundibulum, bounded above by the bulla ethmoidalis and below by the lateral surface of the uncinate process of the ethmoid. The anterior ethmoidal cells open into the front part of the infundibulum, and this in slightly over 50 per cent. of subjects is directly continuous with the frontonasal duct or passage leading from the frontal air sinus; but when the anterior end of the uncinate process fuses with the front part of the bulla, this continuity is interrupted and the frontonasal duct then opens directly into the anterior end of the middle meatus.

Below the bulla ethmoidalis, and partly hidden by the inferior end of the uncinate process, is the ostium maxillare, or opening from the maxillary sinus; in a frontal section this opening is seen to be placed near the roof of the sinus. An accessory opening from the sinus is frequently present below the posterior end of the middle nasal concha. The inferior meatus is below and lateral to the inferior nasal concha; the nasolacrimal duct opens into this meatus under cover of the anterior part of the inferior concha.

Medial Wall.—The medial wall or septum (forms by perpendicular plate of ethmoid and vomer) is frequently more or less deflected from the median plane, thus lessening the size of one nasal cavity and increasing that of the other.

Superior wall consists of nasal bones, cribroform plate of ethmoid bone, nasal part of frontal bone, body of sphenoid.

Inferior wall consists of palatine processes of maxilla and horizontal plates of palatine. 

THE ORBITS (ORBITAE)—The orbits are two quadrilateral pyramidal cavities, situated at the upper and anterior part of the face, their bases being directed forward and lateralward, and their apices backward and medialward, so that their long axes, if continued backward, would meet over the body of the sphenoid. Each presents for examination a roof, a floor, a medial and a lateral wall, a base, and an apex.
The roof is concave, directed downward, and slightly forward, and formed in front by the orbital plate of the frontal; behind by the small wing of the sphenoid. It presents medially the trochlear fovea for the attachment of the cartilaginous pulley of the Obliquus oculi superior; laterally, the lacrimal fossa for the lacrimal gland; and posteriorly, the suture between the frontal bone and the small wing of the sphenoid.

The floor is directed upward and lateralward, and is of less extent than the roof; it is formed chiefly by the orbital surface of the maxilla; in front and laterally, by the orbital process of the zygomatic bone, and behind and medially, to a small extent, by the orbital process of the palatine. At its medial angle is the upper opening of the nasolacrimal canal, immediately to the lateral side of which is a depression for the origin of the Obliquus oculi inferior. On its lateral part is the suture between the maxilla and zygomatic bone, and at its posterior part that between the maxilla and the orbital process of the palatine. Running forward near the middle of the floor is the infraorbital groove, ending in front in the infraorbital canal and transmitting the infraorbital nerve and vessels.

The medial wall is nearly vertical, and is formed from before backward by the frontal process of the maxilla, the lacrimal, the lamina papyracea of the ethmoid, and a small part of the body of the sphenoid in front of the optic foramen. Sometimes the sphenoidal concha forms a small part of this wall. It exhibits three vertical sutures, viz., the lacrimomaxillary, lacrimoethmoidal, and sphenoethmoidal. In front is seen the lacrimal groove, which lodges the lacrimal sac, and behind the groove is the posterior lacrimal crest, from which the lacrimal part of the Orbicularis oculi arises. At the junction of the medial wall and the roof are the frontomaxillary, frontolacrimal, frontoethmoidal, and sphenofrontal sutures. In the frontoethmoidal suture are the anterior and posterior ethmoidal foramina, the former transmitting the nasociliary nerve and anterior ethmoidal vessels, the latter the posterior ethmoidal nerve and vessels.

The lateral wall, directed medialward and forward, is formed by the orbital process of the zygomatic and the orbital surface of the great wing of the sphenoid; these are united by the sphenozygomatic suture which terminates below at the front end of the inferior orbital fissure. Between the roof and the lateral wall, near the apex of the orbit, is the superior orbital fissure. Through this fissure the oculomotor, the trochlear, the ophthalmic division of the trigeminal, and the abducent nerves enter the orbital cavity, also some filaments from the cavernous plexus of the sympathetic and the orbital branches of the middle meningeal artery. Passing backward through the fissure are the ophthalmic vein and the recurrent branch from the lacrimal artery to the dura mater. The lateral wall and the floor are separated posteriorly by the inferior orbital fissure which transmits the maxillary nerve and its zygomatic branch, the infraorbital vessels, and the ascending branches from the sphenopalatine ganglion.

The base of the orbit, quadrilateral in shape, is formed above by the supraorbital arch of the frontal bone, in which is the supraorbital notch or foramen for the passage of the supraorbital vessels and nerve; below by the zygomatic bone and maxilla, united by the zygomaticomaxillary suture; laterally by the zygomatic bone and the zygomatic process of the frontal joined by the zygomaticofrontal suture; medially by the frontal bone and the frontal process of the maxilla united by the frontomaxillary suture.

The apex, situated at the back of the orbit, corresponds to the optic foramen a short, cylindrical canal, which transmits the optic nerve and ophthalmic artery.

It will thus be seen that there are nine openings communicating with each orbit, viz., the optic foramen, superior and inferior orbital fissures, supraorbital foramen, infraorbital canal, anterior and posterior ethmoidal foramina, zygomatic foramen, and the canal for the nasolacrimal duct.

Practice skills

Students are supposed to show the cavities of skull, to identify the bones composing their walls on the samples.
Practice class 12. The fossae of the skull (temporal, infratemporal, pterygopalate). The age features of skull, its X-rays anatomy.
The aim: to learn the topography and structure of the temporal bones, the peculiarities of its cavities and canals.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialties, especially otolaryngologists, neuropathologists, neurosurgeons, and stomatologists, to understand the development of the stages of pathogenesis in clinical practice.
The plan of the practice class:
A. Checking of home assignment: oral quiz, written test control, control of practice skills – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The temporal fossa.
b) The infratemporal fossa.

c) The pterygopalatine fossa.

C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

The Temporal Fossa 

The temporal fossa is bounded

· above and behind by the temporal lines

· in front by the frontal and zygomatic bones, and opening on the back of the latter is the zygomaticotemporal foramen. 

· laterally the fossa is limited by the zygomatic arch, 

· below, it is separated from the infratemporal fossa by the infratemporal crest on the great wing of the sphenoid.

The zygomatic arch 

The Infratemporal Fossa 

It is bounded:

· in front, by the infratemporal surface of the maxilla and the ridge which descends from its zygomatic process; 

· behind, by the articular tubercle of the temporal;

·  above, by the great wing of the sphenoid below the infratemporal crest, and by the under surface of the temporal squama;

· below, by the alveolar border of the maxilla; 

· medially, by the lateral pterygoid plate.

The foramen ovale and foramen spinosum open on its roof, and the alveolar canals on its anterior wall. At its upper and medial part are two fissures:

· inferior orbital, 

· pterygomaxillary.

The Pterygopalatine Fossa 

It is bounded:

· above by the under surface of the body of the sphenoid and by the orbital process of the palatine bone;

· in front, by the infratemporal surface of the maxilla; 

· behind, by the base of the pterygoid process and lower part of the anterior surface of the great wing of the sphenoid; 

· medially, by the vertical part of the palatine bone with its orbital and sphenoidal processes. 

The Pterygopalatine Fossa has 6 communications:

This fossa communicates with the orbit by the inferior orbital fissure, with the nasal cavity by the sphenopalatine foramen, and with the infratemporal fossa by the pterygomaxillary fissure. 

Four foramina open into it. Of these, two are on the posterior wall, viz., the foramen rotundum (communication with the medial cranial fossa), the pterygoid canal (communication with the foramen lacerum). On the medial wall is the sphenopalatine foramen, and below is the superior orifice of the pterygopalatine canal (canalis palatinus major) (communication with the oral cavity). 

Practice skills

Students are supposed to name the fossae of the skull; to show the boundaries and the communications of the fossae on the samples.
Self-taught class 4. Review of the skull. The frontal, parietal, occipital bones.

The aim: to review the main parts of the skull, its fosses and cavities; to learn the topography and structure of frontal, occipital and parietal bones.
Professional orientation: knowledge of this topic is essential for medical students of all the specialities because of its necessity for further study; it is especially important for surgeons, neurosurgeons, traumatologists, maxillofacial surgeons, neuropathologists, pediatricians and others.
The plan of the self-taught class:

E. Put the skull to the right position and find out what parts it consists of.

F. Learn the functions of the skull.

G. Find out what cavities and fosses are in the skull.

H. Learn the development of the bones of cranium and face.

I. Learn the topography and structures of the frontal bone.

J. Learn the topography and structures of the parietal bone.

K. Learn the topography and structures of the occipital bone.
Practice skills

See practice class 7 “Review of the skull. The frontal, parietal, occipital bones”.

Self-taught class 5. The bones of the facial skull. The hyoid bone.

The aim: to learn the topography and structure of the bones of the facial skull and hyoid bone.
Professional orientation: knowledge of this topic is essential for medical students of all the specialities because of its necessity for further study; it is especially important for stomatologists, neurosurgeons, traumatologists, maxillofacial surgeons, neuropathologists, plastic surgeons and others.
The plan of the self-taught class:

A. Learn the topography and structures of the vomer

B. Learn the topography and structures of the palatine bone.

C. Learn the topography and structures of the zygomatic bone.

D. Learn the topography and structures of the inferior nasal concha.

E. Learn the topography and structures of the lacrimal bone.

F. Learn the topography and structures of the nasal.

G. Learn the topography and structures of the hyoid bone.
The skeleton of face consists of fourteen bones, Mandible, two Maxillae, Vomer, two Palatines, two Zygomatics, two Inferior Nasal Conchae, two Lacrimals, two Nasals.
THE VOMER is situated in the median plane, but its anterior portion is frequently bent to one or other side. It is thin, somewhat quadrilateral in shape, and forms the hinder and lower part of the nasal septum it has two surfaces and four borders. The superior border, the thickest, presents a deep furrow, bounded on either side by a horizontal projecting ala of bone; the furrow receives the rostrum of the sphenoid, while the margins of the alae articulate with the vaginal processes of the medial pterygoid plates of the sphenoid behind, and with the sphenoidal processes of the palatine bones in front. 

THE PALATINE BONE (OS PALATINUM) is situated at the back part of the nasal cavity between the maxilla and the pterygoid process of the sphenoid. It contributes to the walls of three cavities: the floor and lateral wall of the nasal cavity, the roof of the mouth, and the floor of the orbit; it enters into the formation of two fossae, the pterygopalatine and pterygoid fossae; and one fissure, the inferior orbital fissure. The palatine bone somewhat resembles the letter L, and consists of a horizontal and a vertical part and three outstanding processes—viz., the pyramidal process, which is directed backward and lateralward from the junction of the two parts, and the orbital and sphenoidal processes, which surmount the vertical part, and are separated by a deep notch, the sphenopalatine notch.

The Horizontal Part (pars horizontalis; horizontal plate).—The horizontal part is quadrilateral, and has two surfaces and four borders. The posterior border is concave, free, and serves for the attachment of the soft palate. Its medial end is sharp and pointed, and, when united with that of the opposite bone, forms a projecting process, the posterior nasal spine for the attachment of the Musculus uvulae. The lateral border is united with the lower margin of the perpendicular part, and is grooved by the lower end of the pterygopalatine canal. The medial border, the thickest, is serrated for articulation with its fellow of the opposite side; its superior edge is raised into a ridge, which, united with the ridge of the opposite bone, forms the nasal crest for articulation with the posterior part of the lower edge of the vomer.

The Vertical Part (pars perpendicularis; perpendicular plate).—The vertical part is thin, of an oblong form, and presents two surfaces and four borders. Surfaces.—The nasal surface exhibits at its lower part a broad, shallow depression, which forms part of the inferior meatus of the nose. Immediately above this is a well-marked horizontal ridge, the conchal crest, for articulation with the inferior nasal concha; still higher is a second broad, shallow depression, which forms part of the middle meatus, and is limited above by a horizontal crest less prominent than the inferior, the ethmoidal crest, for articulation with the middle nasal concha. Above the ethmoidal crest is a narrow, horizontal groove, which forms part of the superior meatus.

The maxillary surface is rough and irregular throughout the greater part of its extent, for articulation with the nasal surface of the maxilla; its upper and back part is smooth where it enters into the formation of the pterygopalatine fossa; it is also smooth in front, where it forms the posterior part of the medial wall of the maxillary sinus. On the posterior part of this surface is a deep vertical groove, converted into the pterygopalatine canal, by articulation with the maxilla; this canal transmits the descending palatine vessels, and the anterior palatine nerve.

The Pyramidal Process (processus pyramidalis).—The pyramidal process projects backward and lateralward from the junction of the horizontal and vertical parts, and is received into the angular interval between the lower extremities of the pterygoid plates. 

The Orbital Process (processus orbitalis).—The orbital process is placed on a higher level than the sphenoidal, and is directed upward and lateralward from the front of the vertical part, to which it is connected by a constricted neck.

The Sphenoidal Process (processus sphenoidalis).—The sphenoidal process is a thin, compressed plate, much smaller than the orbital, and directed upward and medialward. It presents three surfaces and two borders. The orbital and sphenoidal processes are separated from one another by the sphenopalatine notch. Sometimes the two processes are united above, and form between them a complete foramen, or the notch may be crossed by one or more spicules of bone, giving rise to two or more foramina.

THE ZYGOMATIC BONE (OS ZYGOMATICUM) is small and quadrangular, and is situated at the upper and lateral part of the face: it forms the prominence of the cheek, part of the lateral wall and floor of the orbit, and parts of the temporal and infratemporal fossae. It presents a malar and a temporal surface; four processes, the frontosphenoidal, orbital, maxillary, and temporal; and four borders.

Surfaces.—The malar surface is convex and perforated near its center by a small aperture, the zygomaticofacial foramen, for the passage of the zygomaticofacial nerve and vessels.

The temporal surface, directed backward and medialward, is concave, presenting medially a rough, triangular area, for articulation with the maxilla, and laterally a smooth, concave surface, the upper part of which forms the anterior boundary of the temporal fossa, the lower a part of the infratemporal fossa. Near the center of this surface is the zygomaticotemporal foramen for the transmission of the zygomaticotemporal nerve.

Processes.—The frontosphenoidal process is thick and serrated, and articulates with the zygomatic process of the frontal bone. On its orbital surface, just within the orbital margin and about 11 mm. below the zygomaticofrontal suture is a tubercle of varying size and form, but present in 95 per cent. of skulls. The orbital process is a thick, strong plate, projecting backward and medialward from the orbital margin. Its antero-medial surface forms, by its junction with the orbital surface of the maxilla and with the great wing of the sphenoid, part of the floor and lateral wall of the orbit. On it are seen the orifices of two canals, the zygomaticoörbital foramina.
THE INFERIOR NASAL CONCHA (CONCHA NASALIS INFERIOR) extends horizontally along the lateral wall of the nasal cavity and consists of a lamina of spongy bone, curled upon itself like a scroll. It has two surfaces, two borders, and two extremities.

The medial surface is convex, perforated by numerous apertures, and traversed by longitudinal grooves for the lodgement of vessels. The lateral surface is concave and forms part of the inferior meatus. Its upper border is thin, irregular, and connected to various bones along the lateral wall of the nasal cavity. It may be divided into three portions: of these, the anterior articulates with the conchal crest of the maxilla; the posterior with the conchal crest of the palatine; the middle portion presents three well-marked processes, which vary much in their size and form. Of these, the anterior or lacrimal process is small and pointed and is situated at the junction of the anterior fourth with the posterior three-fourths of the bone: it articulates, by its apex, with the descending process of the lacrimal bone, and, by its margins, with the groove on the back of the frontal process of the maxilla, and thus assists in forming the canal for the nasolacrimal duct. Behind this process a broad, thin plate, the ethmoidal process, ascends to join the uncinate process of the ethmoid; from its lower border a thin lamina, the maxillary process, curves downward and lateralward; it articulates with the maxilla and forms a part of the medial wall of the maxillary sinus. The inferior border is free, thick, and cellular in structure, more especially in the middle of the bone. Both extremities are more or less pointed, the posterior being the more tapering.

THE LACRIMAL BONE (OS LACRIMALE), the smallest and most fragile bone of the face, is situated at the front part of the medial wall of the orbit. It has two surfaces and four borders.

Surfaces.—The lateral or orbital surface is divided by a vertical ridge, the posterior lacrimal crest, into two parts. In front of this crest is a longitudinal groove, the lacrimal sulcus (sulcus lacrimalis), the inner margin of which unites with the frontal process of the maxilla, and the lacrimal fossa is thus completed. The upper part of this fossa lodges the lacrimal sac, the lower part, the naso-lacrimal duct. The portion behind the crest is smooth, and forms part of the medial wall of the orbit. The crest, with a part of the orbital surface immediately behind it, gives origin to the lacrimal part of the Orbicularis oculi and ends below in a small, hook-like projection, the lacrimal hamulus.
The medial or nasal surface presents a longitudinal furrow, corresponding to the crest on the lateral surface. The area in front of this furrow forms part of the middle meatus of the nose; that behind it articulates with the ethmoid, and completes some of the anterior ethmoidal cells. 
THE NASAL BONES (OSSA NASALIA) are two small oblong bones, varying in size and form in different individuals; they are placed side by side at the middle and upper part of the face, and form, by their junction, “the bridge” of the nose. Each has two surfaces and four borders.

THE HYOID BONE (OS HYOIDEUM) is shaped like a horseshoe, and is suspended from the tips of the styloid processes of the temporal bones by the stylohyoid ligaments. It consists of five segments, viz., a body, two greater cornua, and two lesser cornua.

Practice skills

Students are supposed to put each bone to the right position and to identify the following anatomical structures on samples:

On zygomatic bone:

· frontal process

· temporal process

· zygomaticofacial foramen

· zygomaticoorbital foramen

· zygomaticotemporal foramen

On palatine bone:

· perpendicular plate

· horizontal plate

· sphenoid process

· orbital process

· pyramidal process

· sphenopalatine notch

On lacrimal bone:

· posterior lacrimal crest 

· fossa for lacrimal sac

On hyoid bone:

· body

· greater horn
· lesser horn

Self-taught class 6. Communications of cavities and fossae of the skull.
The aim: to learn the structure of cavities and fosses of the skull and their communications.
Professional orientation: knowledge of this topic is essential for medical students of all the specialities because of its necessity for further study; it is especially important for stomatologists, neurosurgeons, traumatologists, maxillofacial surgeons, neuropathologists, plastic surgeons and others, because this knowledge allows to understand the passing and topography of nerves and vessels and the propagation of inflammation.

The plan of self-taught class:

A. Learn the structures of the orbit, define its bony walls.

B. Learn the structures of the nasal cavity, its bony walls and division in nasal meatus.

C. Learn the topography and structures of the hard palate.

D. Learn the structure of walls of the pterygopalatine fossa.

E. Learn the structure of temporal and infratemporal fosses.

F. Write down and learn the communications of orbit.

G. Write down and learn the communications of nasal meatus.

H. Write down and learn the communications of pterygopalatine fossa.

Practice skills

Students are supposed to show the structures of bony walls of the cavities and fossae of the skull; to name the communications of the cavities and fossae of the skull and show them on the samples.
Self-taught class 7. The age features of skull, its X-rays anatomy.
The aim: to learn the structure of the skull on X-rays films.
Professional orientation: knowledge of this topic is essential for medical students of all the specialities because of its necessity for further study; it is especially important for stomatologists, neurosurgeons, traumatologists, maxillofacial surgeons, neuropathologists, plastic surgeons and others, because this knowledge allows to understand the normal and abnormal structures of the skull.

The plan of self-taught class:

A. Learn the structures of the adult skull on X-rays films.

B. Find the differences between adult skull and newborn skull.

Find on skull the places where fontanelles are located in newborn child.

C. Written tests of skull

I. Tests of basic theory

1. The orbital septum is attached to all the following EXCEPT the:

A. anterior lacrimal crest

B. lateral palpebral ligament

C. posterior lacrimal crest

D. *superior fornix of the conjunctival sac

E. tarsal plate 

2. All the following paranasal sinuses drain into the middle meatus, EXCEPT: 

A. frontal 

B. maxillary 

C. *sphenoid 

D. anterior ethmoid 

E. middle ethmoid 

3. All of the following are associated with the occipital bone, EXCEPT: 

A. *exit of C.N. VII from the cranium 

B. hypoglossal canal 

C. exit of C.N. IX from the cranium 

D. pharyngobasilar fascia 

4. The sella turcica is a part of which bone: 

A. temporal 

B. *sphenoid 

C. ethmoid 

D. occipital 

E. lacrimal 

5. Arrange the following foramina from anterior to posterior: 

(I) internal auditory meatus

(II) jugular foramen

(III) foramen ovale

(IV) foramen rotundum

(V) foramen spinosum

A. 4 5 3 1 2 

B. *4 3 5 1 2 

C. 3 4 5 1 2 

D. 5 4 3 2 1 

E. 4 3 5 2 1 

6. Arrange the following from lateral to medial: 

(I) infratemporal fossa

(II) nasal cavity

(III) pterygo-maxillary fissure

(IV) pterygo-palatine fossa

(V) sphenopalatine foramen

A. 1 4 5 2 3 

B. 4 1 5 3 2 

C. 1 3 4 5 2 

D. 5 1 3 2 4 

E. *1 3 5 4 2 

7. The sagittal and coronal sutures meet at the: 

A. bregma 

B. *asterion 

C. pterion 

D. lambda 

E. glabella 

8. Bones involved in forming the anterial cranial fossa include all the following, EXCEPT: 

A. ethmoid 

B. frontal 

C. *parietal 

D. sphenoid 

E. all are involved 

9. Which of the following is NOT one of the ways in or out of the pterygopalatine fossa?

A. pterygoid canal

B. inferior orbital fissure

C. pterygopalatine canal

D. *foramen ovale

E. foramen rotundum 

10. A 2 year old child was seen in the ER after hitting his forehead on the bathtub. X-rays showed a faint line of separation between the two frontal bones. No other findings were noted and the child was discharged home after a few hours of observation. Why?

A. the family had no ability to pay and was without medical insurance 

B. a busy ER is no place for a 2 year old

C. a small fracture will heal without problems in a child of this age

D. *an interfrontal suture would be a normal finding in a 2 year old

E. skull fracture without neurologic signs/symptoms needs no treatment 

11. Which of the following are matches?

A. greater wing of the sphenoid - foramen ovale

B. petrous part of the temporal bone - carotid canal

C. maxilla - incisive foramen

D. ethmoid - crista galli

E. *all of the above are matches 

12. Which of the following is/are part/s of the occipital bone?

A. clivus

B. pharyngeal tubercle

C. hypoglossal canal

D. a and b

E. *a, b and c

13. A 48 year old man was hit in the head with a heavy blunt object breaking the orbital rim inferiorly, laterally and superiorly. Which of the following would you expect to see? 

A. fractured zygomatic bone

B. fractured frontal bone

C. fractured lacrimal bone

D. *a and b

E. a, b, and c 

14. All of the following are true concerning the sphenoid bone EXCEPT:

A. it is located in the base of the skull

B. *has consistently three large air cells

C. has wings that extend laterally from its body

D. articulates with eight bones

E. is part of the anterior, middle, and posterior fossae 

15. Which of the following are part of the ethmoid bone?

A. *crista galli

B. perpendicular plate of the septum

C. inferior concha

D. a and b

E. b and c

II. Tests from “Krok-1” database

1. A 5-year-old child was admitted to the otorhinolaryngological department with diagnosis - suppurative inflammation of the middle ear. Disease started from the inflammation of the nasopharynx. Through what canal of the temporal bone did the infection get into the tympanic cavity?

A. Tympanic (Canaliculus tympanicus)
B. Canaliculi caroticotympanici 
C. Carotid canal 
D. Canaliculus chordal tympani 
E. *Musculortubal canal 
2. Purulence of orbit soft tissues took place after an eye's trauma. Through what anatomical formation can the purulent process spread to the middle cranial fossa?

A. *Through the superior orbital fissure.

B. Through the anterior ethmoidal foramen.

C. Through the posterior ethmoidal foramen.

D. Through the inferior orbital fissure.

E. Through the zygomaticoorbital foramen.

3. A casualty has a trauma of soft tissues and parietal bones in the sagittal suture area with profuse bleeding. What formation is probably injured?

A. Sinus rectus.

B. Sinus petrosus superior.

C. *Sinus sagittalis superior.

D. Sinus sagittalis inferior.

E. Sinus transverses.

4. During a meal milk gets into the nasal cavity of a newborn child. What is the probable cause of this pathology?

A. Cleft clip.

B. Nasal septum deviation to the right.

C. Basal skull fracture.

D. *Cleft palate.

E. Nasal septum deviation to the left.

5. During the first days of a newborn child a pediatrician detected that milk gets into the child's nasal cavity. What malformation does this fact indicate?

A. *Non-closed palate.

B. Diverticulum of esophagus.

C. Esophageal atresia.

D. Cleft clip.

E. Esophagus constriction.

6. Purulence of orbit soft tissues took place after an eye's trauma. Through what anatomical formation can the purulent process spread to the pterygopalatine fossa?

A. Through the round foramen.

B. *Through the inferior orbital fissure.

C. Through the pterygoid canal.

D. Through the superior orbital fissure.

E. Through the zygomaticoorbital foramen.

7. A sick has an acute inflammation of nasolacrimal duct mucous membrane. It is known that after influenza nasal discharges had been observed for a long time. From what part of the nasal cavity could the infection get to the nasolacrimal duct?

A. Superior nasal meatus.

B. *Inferior nasal meatus.

C. Middle nasal meatus.

D. Common nasal meatus.

E. Sphenoethmoidal recess.

8. A child, 6 years old, has suppurative inflammation of the middle ear complicated with suppurative inflammation of mastoid cells. Mastoidotomy is necessary. About what venous sinus must a surgeon remember to avoid its traumatizing?

A. *Sigmoid.

B. Superior sagittal.

C. Inferior sagittal.

D. Transverse.

E. Cavernous.

9. An 8-year-old boy with purulent otitis has the infecion spread from the tympanic cavity into the bulb of internal jugular vein. Such complication develops in case of one of the tympanic cavity walls thinning. What wall is it?

A. Medial.

B. Superior.

C. *Inferior.

D. Lateral.

E. Anterior.

10. A patient has a suppurative inflammation of the sphenoidal sinus. What part of the nasal cavity does the pus flow out into?

A. *Meatus nasi superior.

B. Meatus nasi communis.

C. Meatus nasi medius.

D. Meatus nasi inferior.

E. Infundibulum.

11. A casualty has a trauma of soft tissues and parietal bones in the place of synostosis accompanied by profuse bleeding. What vessel formation has been injured?

A. *Sinus sagittalis superior.

B. Sinus transversus.

C. Sinus petrosus superior.

D. Sinus rectus.

E. Sinus sagittalis inferior.

12. The roof of tympanic cavity was damaged by purulent otitis. To what cranial fossa can the pus get through the roof from the tympanic cavity?

A. *Middle.

B. Posterior.

C. Anterior.

D. Orbit.

E. Pterygopalatine.

13. A patient has an inflammation of sphenoid sinus. Where does the aper​ture of this sinus open?

A. Infundibulum.

B. *Sphenoethmoidal recess.

C. Middle nasal meatus.

D. Inferior nasal meatus.

E. Common nasal meatus.

14. A 30-year-old patient with a second upper molar pulp inflammation appealed to a doctor with complaints of headache and nose rheum. After examination pulpitis complicated with sinusitis was diagnosed. Which sinus did the infection enter from this tooth root canal?

A. *Maxillary sinus.

B. Frontal sinus.

C. Sphenoidal sinus.

D. Ethmoid cells.

E. Mastoid cells.

15. Chronic rhinitis is complicated with the signs of maxillary sinus mucous tunic affection (maxillary sinusitis). Through what nasal cavity forma​tion has the infection spread?

A. Ethmoid cells.

B. Ethmoidal infundibulum.

C. Sphenopalatine foramen.

D. Sphenoethmoidal recess.

E. *Maxillary hiatus.

16. A patient complains of headache and heavy breathing. X-ray examination confirmed the diagnosis - frontitis (inflammation of the frontal sinus). In what nasal meatus may purulent discharge be observed during the examination of the nasal cavity?

A. Common.

B. Superior.

C. Inferior.

D. *Middle.

E. Above the superior nasal concha.

17. During examination an otolaryngologist diagnosed the inflammation of the maxillary sinus. In what nasal meatus did the rhinoscopy show pus?

A. *Middle.

B. Superior.

C. Inferior.

D. Common.

E. Supreme.

18. Acute inflammatory process of the nasolacrimal duct mucosa of a 28-year-old patient has been diagnosed. Influenza was followed by 10-days' discharge from the nose. From what part of the nasal cavity could the infection get into the nasolacrimal duct?

A. Vestibule of nose.

B. Middle nasal meatus.

C. Superior nasal meatus.

D. *Inferior nasal meatus.

E. Frontal sinus.

19. A patient has got a complication after rhinitis. X-ray examination showed pus accumulation in the maxillary sinus on the left. To what nasal meatus does the pus release?

A. Right nasopharyngeal.

B. Right inferior nasal.

C. Right superior nasal.

D. Right common nasal.

E. *Left middle nasal.

20. A 25-year-old patient appealed to a doctor with complains of coryza and headache lasting for 4 days. Examination diagnosed frontitis. Through which nasal meatus did the infection get into the frontal sinus?

A. Common.

B. Superior.

C. Inferior.

D. *Middle.

E. Nasopharyngeal.

UNIT 3. ARTHROLOGY

Practice class 13. Written tests and examination of practice skills of skull. Examination of self-taught tasks. Review of joints. The joints of the bones of skull. The temporo-mandibular joint.

The aim: to learn topography and structure of temporo-mandibular joint, the joints of the bones of skull; to name and show on the samples these joints and give their full classification characteristics.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 40 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The joints of the bones of the skull – cranial sutures, fontanels, dental impactions, synchondroses.

b) The characteristic of temporo-mandibular joint.

c) Movements in the temporo-mandibular joint.

C. Students’ self-taught time – 15 minutes

D. Home-task – 5 minutes

SUTURA is that form of articulation where the contiguous margins of the bones are united by a thin layer of fibrous tissue; it is met with only in the skull. When the margins of the bones are connected by a series of processes, and indentations interlocked together, the articulation is termed a true suture (sutura vera); and of this there are three varieties: sutura dentata, serrata, and limbosa. The margins of the bones are not in direct contact, being separated by a thin layer of fibrous tissue, continuous externally with the pericranium, internally with the dura mater. The sutura dentata is so called from the tooth-like form of the projecting processes, as in the suture between the parietal bones. In the sutura serrata the edges of the bones are serrated like the teeth of a fine saw, as between the two portions of the frontal bone. In the sutura limbosa, there is besides the interlocking, a certain degree of bevelling of the articular surfaces, so that the bones overlap one another, as in the suture between the parietal and frontal bones. When the articulation is formed by roughened surfaces placed in apposition with one another, it is termed a false suture (sutura notha), of which there are two kinds: the sutura squamosa, formed by the overlapping of contiguous bones by broad bevelled margins, as in the squamosal suture between the temporal and parietal, and the sutura harmonia, where there is simple apposition of contiguous rough surfaces, as in the articulation between the maxillae, or between the horizontal parts of the palatine bones.

GOMPHOSIS (DENTAL IMPACTION) is articulation by the insertion of a conical process into a socket; this is not illustrated by any articulation between bones, properly so called, but is seen in the articulations of the roots of the teeth with the alveoli of the mandible and maxillae.

SYNCHONDROSIS.—Where the connecting medium is cartilage the joint is termed a synchondrosis. This is a temporary form of joint, for the cartilage is converted into bone before adult life. Such joints are found between the occipital and the sphenoid at, and for some years after, birth, and between the petrous portion of the temporal and the jugular process of the occipital.

TEMPORO-MANDIBULAR JOINT (ARTICULATIO TEMPORO-MANDIBULARIS) is a ginglymo-arthrodial joint; the parts entering into its formation on either side are: the anterior part of the mandibular fossa of the temporal bone and the articular tubercle above; and the condyle of the mandible below. The ligaments of the joint are the following:

The Articular Capsule.

The Sphenomandibular.

The Temporomandibular.

The Articular Disk.

The Stylomandibular.

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule is a thin, loose envelope, attached above to the circumference of the mandibular fossa and the articular tubercle immediately in front; below, to the neck of the condyle of the mandible.

The Temporomandibular Ligament (ligamentum temporomandibulare; external lateral ligament).—The temporomandibular ligament consists of two short, narrow fasciculi, one in front of the other, attached, above, to the lateral surface of the zygomatic arch and to the tubercle on its lower border; below, to the lateral surface and posterior border of the neck of the mandible. It is broader above than below, and its fibers are directed obliquely downward and backward. It is covered by the parotid gland, and by the integument.

The Sphenomandibular Ligament (ligamentum sphenomandibulare; internal lateral ligament).—The sphenomandibular ligament is a flat, thin band which is attached above to the spina angularis of the sphenoid bone, and, becoming broader as it descends, is fixed to the lingula of the mandibular foramen. Its lateral surface is in relation, above, with the Pterygoideus externus; lower down, it is separated from the neck of the condyle by the internal maxillary vessels; still lower, the inferior alveolar vessels and nerve and a lobule of the parotid gland lie between it and the ramus of the mandible. Its medial surface is in relation with the Pterygoideus internus.

The Articular Disk (discus articularis; interarticular fibrocartilage; articular meniscus).—The articular disk is a thin, oval plate, placed between the condyle of the mandible and the mandibular fossa. Its upper surface is concavo-convex from before backward, to accommodate itself to the form of the mandibular fossa and the articular tubercle. Its under surface, in contact with the condyle, is concave. Its circumference is connected to the articular capsule; and in front to the tendon of the Pterygoideus externus. It is thicker at its periphery, especially behind, than at its center. The fibers of which it is composed have a concentric arrangement, more apparent at the circumference than at the center. It divides the joint into two cavities, each of which is furnished with a synovial membrane.

The Synovial Membranes.—The synovial membranes, two in number, are placed one above, and the other below, the articular disk. The upper one, the larger and looser of the two, is continued from the margin of the cartilage covering the mandibular fossa and articular tubercle on to the upper surface of the disk. The lower one passes from the under surface of the disk to the neck of the condyle, being prolonged a little farther downward behind than in front. The articular disk is sometimes perforated in its center, and the two cavities then communicate with each other.

The Stylomandibular Ligament (ligamentum stylomandibulare); stylomaxillary ligament.—The stylomandibular ligament is a specialized band of the cervical fascia, which extends from near the apex of the styloid process of the temporal bone to the angle and posterior border of the ramus of the mandible, between the Masseter and Pterygoideus internus. This ligament separates the parotid from the submaxillary gland, and from its deep surface some fibers of the Styloglossus take origin. Although classed among the ligaments of the temporomandibular joint, it can only be considered as accessory to it.

The nerves of the temporomandibular joint are derived from the auriculotemporal and masseteric branches of the mandibular nerve, the arteries from the superficial temporal branch of the external carotid.

Movements.—The movements permitted in this articulation are extensive. Thus, the mandible may be depressed or elevated, or carried forward or backward; a slight amount of side-to-side movement is also permitted. It must be borne in mind that there are two distinct joints in this articulation—one between the condyle and the articular disk, and another between the disk and the mandibular fossa. When the mouth is but slightly opened, as during ordinary conversation, the movement is confined to the lower of the two joints. On the other hand, when the mouth is opened more widely, both joints are concerned in the movement; in the lower joint the movement is of a hinge-like character, the condyle moving around a transverse axis on the disk, while in the upper joint the movement is of a gliding character, the disk, together with the condyle, gliding forward on to the articular tubercle, around an axis which passes through the mandibular foramina. These two movements take place simultaneously, the condyle and disk move forward on the eminence, and at the same time the condyle revolves on the disk. In shutting the mouth the reverse action takes place; the disk glides back, carrying the condyle with it, and this at the same time moves back to its former position. When the mandible is carried horizontally forward, as in protruding the lower incisor teeth in front of the upper, the movement takes place principally in the upper joint, the disk and the condyle gliding forward on the mandibular fossa and articular tubercle. The grinding or chewing movement is produced by one condyle, with its disk, gliding alternately forward and backward, while the other condyle moves simultaneously in the opposite direction; at the same time the condyle undergoes a vertical rotation on the disk. One condyle advances and rotates, the other condyle recedes and rotates, in alternate succession.

The mandible is depressed by its own weight, assisted by the Platysma, the Digastricus, the Mylohyoideus, and the Geniohyoideus. It is elevated by the Masseter, Pterygoideus internus, and the anterior part of the Temporalis. It is drawn forward by the simultaneous action of the Pterygoidei internus and externus, the superficial fibers of the Masseter and the anterior fibers of the Temporalis; and backward by the deep fibers of the Masseter and the posterior fibers of the Temporalis. The grinding movement is caused by the alternate action of the Pterygoidei of either side.

Practice skills

Students are supposed to name the joints of the bones of skull, give their full characteristic and identify the anatomical structures on the samples.

· coronal suture

· sagittal suture

· lambdoid suture

· fontanelles: occipital, frontal, sphenoidal, mastoid
· dental impaction

· temporomandibular joint

Practice class 14. The joints of the vertebral column. The joints of the vertebral column and skull.

The aim: to learn topography and structure of the joints of vertebral column and the joints of the skull and vertebrae; to name and show on the samples these joints and give their full classification characteristics.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The articulations of the vertebral column.

b) Articulations of the vertebral column with the cranium.

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

THE ARTICULATIONS OF THE VERTEBRAL COLUMN consist of (1) a series of amphiarthrodial joints between the vertebral bodies, and (2) a series of diathrodial joints between the vertebral arches.

1. Articulations of Vertebral Bodies (intercentral ligaments).—The articulations between the bodies of the vertebrae are amphiarthrodial joints, and the individual vertebrae move only slightly on each other. When, however, this slight degree of movement between the pairs of bones takes place in all the joints of the vertebral column, the total range of movement is very considerable. The ligaments of these articulations are the following:

The Anterior Longitudinal.

The Posterior Longitudinal.

The Intervertebral Fibrocartilages.

The Anterior Longitudinal Ligament (ligamentum longitudinale anterius; anterior common ligament).—The anterior longitudinal ligament is a broad and strong band of fibers, which extends along the anterior surfaces of the bodies of the vertebrae, from the axis to the sacrum. It is broader below than above, thicker in the thoracic than in the cervical and lumbar regions, and somewhat thicker opposite the bodies of the vertebrae than opposite the intervertebral fibrocartilages. It is attached, above, to the body of the axis, where it is continuous with the anterior atlantoaxial ligament, and extends down as far as the upper part of the front of the sacrum. It consists of dense longitudinal fibers, which are intimately adherent to the intervertebral fibrocartilages and the prominent margins of the vertebrae, but not to the middle parts of the bodies. In the latter situation the ligament is thick and serves to fill up the concavities on the anterior surfaces, and to make the front of the vertebral column more even. It is composed of several layers of fibers, which vary in length, but are closely interlaced with each other. The most superficial fibers are the longest and extend between four or five vertebrae. A second, subjacent set extends between two or three vertebrae while a third set, the shortest and deepest, reaches from one vertebra to the next. At the sides of the bodies the ligament consists of a few short fibers which pass from one vertebra to the next, separated from the concavities of the vertebral bodies by oval apertures for the passage of vessels.

The Posterior Longitudinal Ligament (ligamentum longitudinale posterius; posterior common ligament).—The posterior longitudinal ligament is situated within the vertebral canal, and extends along the posterior surfaces of the bodies of the vertebrae, from the body of the axis, where it is continuous with the membrana tectoria, to the sacrum. It is broader above than below, and thicker in the thoracic than in the cervical and lumbar regions. In the situation of the intervertebral fibrocartilages and contiguous margins of the vertebrae, where the ligament is more intimately adherent, it is broad, and in the thoracic and lumbar regions presents a series of dentations with intervening concave margins; but it is narrow and thick over the centers of the bodies, from which it is separated by the basivertebral veins. This ligament is composed of smooth, shining, longitudinal fibers, denser and more compact than those of the anterior ligament, and consists of superficial layers occupying the interval between three or four vertebrae, and deeper layers which extend between adjacent vertebrae.

The Intervertebral Fibrocartilages (fibrocartilagines intervertebrales; intervertebral disks).—The intervertebral fibrocartilages are interposed between the adjacent surfaces of the bodies of the vertebrae, from the axis to the sacrum, and form the chief bonds of connection between the vertebrae. They vary in shape, size, and thickness, in different parts of the vertebral column. In shape and size they correspond with the surfaces of the bodies between which they are placed, except in the cervical region, where they are slightly smaller from side to side than the corresponding bodies. In thickness they vary not only in the different regions of the column, but in different parts of the same fibrocartilage; they are thicker in front than behind in the cervical and lumbar regions, and thus contribute to the anterior convexities of these parts of the column; while they are of nearly uniform thickness in the thoracic region, the anterior concavity of this part of the column being almost entirely owing to the shape of the vertebral bodies. The intervertebral fibrocartilages constitute about one-fourth of the length of the vertebral column, exclusive of the first two vertebrae; but this amount is not equally distributed between the various bones, the cervical and lumbar portions having, in proportion to their length, a much greater amount than the thoracic region, with the result that these parts possess greater pliancy and freedom of movement. The intervertebral fibrocartilages are adherent, by their surfaces, to thin layers of hyaline cartilage which cover the upper and under surfaces of the bodies of the vertebrae; in the lower cervical vertebrae, however, small joints lined by synovial membrane are occasionally present between the upper surfaces of the bodies and the margins of the fibrocartilages on either side. By their circumferences the intervertebral fibrocartilages are closely connected in front to the anterior, and behind to the posterior, longitudinal ligaments. In the thoracic region they are joined laterally, by means of the interarticular ligaments, to the heads of those ribs which articulate with two vertebrae.

Structure of the Intervertebral Fibrocartilages.—Each is composed, at its circumference, of laminae of fibrous tissue and fibrocartilage, forming the annulus fibrosus; and, at its center, of a soft, pulpy, highly elastic substance, of a yellowish color, which projects considerably above the surrounding level when the disk is divided horizontally. This pulpy substance (nucleus pulposus), especially well-developed in the lumbar region, is the remains of the notochord. The laminae are arranged concentrically; the outermost consist of ordinary fibrous tissue, the others of white fibrocartilage. The laminae are not quite vertical in their direction, those near the circumference being curved outward and closely approximated; while those nearest the center curve in the opposite direction, and are somewhat more widely separated. The fibers of which each lamina is composed are directed, for the most part, obliquely from above downward, the fibers of adjacent laminae passing in opposite directions and varying in every layer; so that the fibers of one layer are directed across those of another, like the limbs of the letter X. This laminar arrangement belongs to about the outer half of each fibrocartilage. The pulpy substance presents no such arrangement, and consists of a fine fibrous matrix, containing angular cells united to form a reticular structure.

The intervertebral fibrocartilages are important shock absorbers. Under pressure the highly elastic nucleus pulposus becomes flatter and broader and pushes the more resistant fibrous laminae outward in all directions.

2. Articulations of Vertebral Arches.—The joints between the articular processes of the vertebrae belong to the arthrodial variety and are enveloped by capsules lined by synovial membranes; while the laminae, spinous and transverse processes are connected by the following ligaments:

TheLigamentaFlava.

TheLigamentumNuchae.

TheSupraspinal.

TheInterspinal.

The Intertransverse.

The Articular Capsules (capsulae articulares; capsular ligaments).—The articular capsules are thin and loose, and are attached to the margins of the articular processes of adjacent vertebrae. They are longer and looser in the cervical than in the thoracic and lumbar regions.

The Ligamenta Flava (ligamenta subflava).—The ligamenta flava connect the laminae of adjacent vertebrae, from the axis to the first segment of the sacrum. They are best seen from the interior of the vertebral canal; when looked at from the outer surface they appear short, being overlapped by the laminae. Each ligament consists of two lateral portions which commence one on either side of the roots of the articular processes, and extend backward to the point where the laminae meet to form the spinous process; the posterior margins of the two portions are in contact and to a certain extent united, slight intervals being left for the passage of small vessels. Each consists of yellow elastic tissue, the fibers of which, almost perpendicular in direction, are attached to the anterior surface of the lamina above, some distance from its inferior margin, and to the posterior surface and upper margin of the lamina below. In the cervical region the ligaments are thin, but broad and long; they are thicker in the thoracic region, and thickest in the lumbar region. Their marked elasticity serves to preserve the upright posture, and to assist the vertebral column in resuming it after flexion.

The Supraspinal Ligament (ligamentum supraspinale; supraspinous ligament).—The supraspinal ligament is a strong fibrous cord, which connects together the apices of the spinous processes from the seventh cervical vertebra to the sacrum; at the points of attachment to the tips of the spinous processes fibrocartilage is developed in the ligament. It is thicker and broader in the lumbar than in the thoracic region, and intimately blended, in both situations, with the neighboring fascia. The most superficial fibers of this ligament extend over three or four vertebrae; those more deeply seated pass between two or three vertebrae while the deepest connect the spinous processes of neighboring vertebrae. Between the spinous processes it is continuous with the interspinal ligaments. It is continued upward to the external occipital protuberance and median nuchal line, as the ligamentum nuchae.

The Ligamentum Nuchae.—The ligamentum nuchae is a fibrous membrane, which, in the neck, represents the supraspinal ligaments of the lower vertebrae. It extends from the external occipital protuberance and median nuchal line to the spinous process of the seventh cervical vertebra. From its anterior border a fibrous lamina is given off, which is attached to the posterior tubercle of the atlas, and to the spinous processes of the cervical vertebrae, and forms a septum between the muscles on either side of the neck. In man it is merely the rudiment of an important elastic ligament, which, in some of the lower animals, serves to sustain the weight of the head.

The Interspinal Ligaments (ligamenta interspinalia; interspinous ligaments).—The interspinal ligaments thin and membranous, connect adjoining spinous processes and extend from the root to the apex of each process. They meet the ligamenta flava in front and the supraspinal ligament behind. They are narrow and elongated in the thoracic region; broader, thicker, and quadrilateral in form in the lumbar region; and only slightly developed in the neck.

The Intertransverse Ligaments (ligamenta intertransversaria).—The intertransverse ligaments are interposed between the transverse processes. In the cervical region they consist of a few irregular, scattered fibers; in the thoracic region they are rounded cords intimately connected with the deep muscles of the back; in the lumbar region they are thin and membranous.

Movements.—The movements permitted in the vertebral column are: flexion, extension, lateral movement, circumduction, and rotation.
In flexion, or movement forward, the anterior longitudinal ligament is relaxed, and the intervertebral fibrocartilages are compressed in front; while the posterior longitudinal ligament, the ligamenta flava, and the inter- and supraspinal ligaments are stretched, as well as the posterior fibers of the intervertebral fibrocartilages. The interspaces between the laminae are widened, and the inferior articular processes glide upward, upon the superior articular processes of the subjacent vertebrae. Flexion is the most extensive of all the movements of the vertebral column, and is freest in the lumbar region.

In extension, or movement backward, an exactly opposite disposition of the parts takes place. This movement is limited by the anterior longitudinal ligament, and by the approximation of the spinous processes. It is freest in the cervical region.

In lateral movement, the sides of the intervertebral fibrocartilages are compressed, the extent of motion being limited by the resistance offered by the surrounding ligaments. This movement may take place in any part of the column, but is freest in the cervical and lumbar regions.

Circumduction is very limited, and is merely a succession of the preceding movements.

Rotation is produced by the twisting of the intervertebral fibrocartilages; this, although only slight between any two vertebrae, allows of a considerable extent of movement when it takes place in the whole length of the column, the front of the upper part of the column being turned to one or other side. This movement occurs to a slight extent in the cervical region, is freer in the upper part of the thoracic region, and absent in the lumbar region.

The extent and variety of the movements are influenced by the shape and direction of the articular surfaces. In the cervical region the upward inclination of the superior articular surfaces allows of free flexion and extension. Extension can be carried farther than flexion; at the upper end of the region it is checked by the locking of the posterior edges of the superior atlantal facets in the condyloid fossae of the occipital bone; at the lower end it is limited by a mechanism whereby the inferior articular processes of the seventh cervical vertebra slip into grooves behind and below the superior articular processes of the first thoracic. Flexion is arrested just beyond the point where the cervical convexity is straightened; the movement is checked by the apposition of the projecting lower lips of the bodies of the vertebrae with the shelving surfaces on the bodies of the subjacent vertebrae. Lateral flexion and rotation are free in the cervical region; they are, however, always combined. The upward and medial inclinations of the superior articular surfaces impart a rotary movement during lateral flexion, while pure rotation is prevented by the slight medial slope of these surfaces.

In the thoracic region, notably in its upper part, all the movements are limited in order to reduce interference with respiration to a minimum. The almost complete absence of an upward inclination of the superior articular surfaces prohibits any marked flexion, while extension is checked by the contact of the inferior articular margins with the laminae, and the contact of the spinous processes with one another. The mechanism between the seventh cervical and the first thoracic vertebrae, which limits extension of the cervical region, will also serve to limit flexion of the thoracic region when the neck is extended. Rotation is free in the thoracic region: the superior articular processes are segments of a cylinder whose axis is in the mid-ventral line of the vertebral bodies. The direction of the articular facets would allow of free lateral flexion, but this movement is considerably limited in the upper part of the region by the resistance of the ribs and sternum.

In the lumbar region flexion and extension are free. Flexion can be carried farther than extension, and is possible to just beyond the straightening of the lumbar curve; it is, therefore, greatest at the lowest part where the curve is sharpest. The inferior articular facets are not in close apposition with the superior facets of the subjacent vertebrae, and on this account a considerable amount of lateral flexion is permitted. For the same reason a slight amount of rotation can be carried out, but this is so soon checked by the interlocking of the articular surfaces that it is negligible.

The principal muscles which produce flexion are the Sternocleidomastoideus, Longus capitis, and Longus colli; the Scaleni; the abdominal muscles and the Psoas major. Extension is produced by the intrinsic muscles of the back, assisted in the neck by the Splenius, Semispinales dorsi and cervicis, and the Multifidus. Lateral motion is produced by the intrinsic muscles of the back by the Splenius, the Scaleni, the Quadratus lumborum, and the Psoas major, the muscles of one side only acting; and rotation by the action of the following muscles of one side only, viz., the Sternocleidomastoideus, the Longus capitis, the Scaleni, the Multifidus, the Semispinalis capitis, and the abdominal muscles.

ARTICULATIONS OF THE VERTEBRAL COLUMN WITH THE CRANIUM

The ligaments connecting the vertebral column with the cranium may be divided into two sets: those uniting the atlas with the occipital bone, and those connecting the axis with the occipital bone.

Articulation of the Atlas with the Occipital Bone (articulatio atlantoöccipitalis).—The articulation between the atlas and the occipital bone consists of a pair of condyloid joints. The ligaments connecting the bones are:

Two Articular Capsules.

The Posterior Atlantoöccipital membrane.

The Anterior Atlantoöccipital membrane.

Two Lateral Atlantoöccipital.

The Articular Capsules (capsulae articulares; capsular ligaments).—The articular capsules surround the condyles of the occipital bone, and connect them with the articular processes of the atlas: they are thin and loose.

The Anterior Atlantoöccipital Membrane (membrana atlantoöccipitalis anterior; anterior atlantoöccipital ligament).—The anterior atlantoöccipitalis membrane is broad and composed of densely woven fibers, which pass between the anterior margin of the foramen magnum above, and the upper border of the anterior arch of the atlas below; laterally, it is continuous with the articular capsules; in front, it is strengthened in the middle line by a strong, rounded cord, which connects the basilar part of the occipital bone to the tubercle on the anterior arch of the atlas. This membrane is in relation in front with the Recti capitis anteriores, behind with the alar ligaments.

The Posterior Atlantoöccipital Membrane (membrana atlantoöccipitalis posterior; posterior atlantoöccipital ligament).—The posterior atlantoöccipital membrane, broad but thin, is connected above, to the posterior margin of the foramen magnum; below, to the upper border of the posterior arch of the atlas. On either side this membrane is defective below, over the groove for the vertebral artery, and forms with this groove an opening for the entrance of the artery and the exit of the suboccipital nerve. The free border of the membrane, arching over the artery and nerve, is sometimes ossified. The membrane is in relation, behind, with the Recti capitis posteriores minores and Obliqui capitis superiores; in front, with the dura mater of the vertebral canal, to which it is intimately adherent.

The Lateral Ligaments.—The lateral ligaments are thickened portions of the articular capsules, reinforced by bundles of fibrous tissue, and are directed obliquely upward and medialward; they are attached above to the jugular processes of the occipital bone, and below, to the bases of the transverse processes of the atlas.

Synovial Membranes.—There are two synovial membranes: one lining each of the articular capsules. The joints frequently communicate with that between the posterior surface of the odontoid process and the transverse ligament of the atlas.

Movements.—The movements permitted in this joint are (a) flexion and extension, which give rise to the ordinary forward and backward nodding of the head, and (b) slight lateral motion to one or other side. Flexion is produced mainly by the action of the Longi capitis and Recti capitis anteriores; extension by the Recti capitis posteriores major and minor, the Obliquus superior, the Semispinalis capitis, Splenius capitis, Sternocleidomastoideus, and upper fibers of the Trapezius. The Recti laterales are concerned in the lateral movement, assisted by the Trapezius, Splenius capitis, Semispinalis capitis, and the Sternocleidomastoideus of the same side, all acting together.

Ligaments Connecting the Axis with the Occipital Bone.— 

The Membrana Tectoria.

Two Alar.

The Apical Odontoid.

The Membrana Tectoria (occipitoaxial ligament).—The membrana tectoria is situated within the vertebral canal. It is broad, strong bands which cover the odontoid process and its ligaments, and appears to be a prolongation upward of the posterior longitudinal ligament of the vertebral column. It is fixed, below, to the posterior surface of the body of the axis, and, expanding as it ascends, is attached to the basilar groove of the occipital bone, in front of the foramen magnum, where it blends with the cranial dura mater. Its anterior surface is in relation with the transverse ligament of the atlas, and its posterior surface with the dura mater.

The Alar Ligaments (ligamenta alaria; odontoid ligaments).—The alar ligaments are strong, rounded cords, which arise one on either side of the upper part of the odontoid process, and, passing obliquely upward and lateralward, are inserted into the rough depressions on the medial sides of the condyles of the occipital bone. In the triangular interval between these ligaments is another fibrous cord, the apical odontoid ligament, which extends from the tip of the odontoid process to the anterior margin of the foramen magnum, being intimately blended with the deep portion of the anterior atlantoöccipital membrane and superior crus of the transverse ligament of the atlas. It is regarded as a rudimentary intervertebral fibrocartilage, and in it traces of the notochord may persist. The alar ligaments limit rotation of the cranium and therefore receive the name of check ligaments.
In addition to the ligaments which unite the atlas and axis to the skull, the ligamentum nuchae must be regarded as one of the ligaments connecting the vertebral column with the cranium.

Articulation of the Atlas with the Epistropheus or Axis
(Articulatio Atlantoepistrophica)
The articulation of the atlas with the axis is of a complicated nature, comprising no fewer than four distinct joints. There is a pivot articulation between the odontoid process of the axis and the ring formed by the anterior arch and the transverse ligament of the atlas; here there are two joints: one between the posterior surface of the anterior arch of the atlas and the front of the odontoid process; the other between the anterior surface of the ligament and the back of the process. Between the articular processes of the two bones there is on either side an arthrodial or gliding joint. The ligaments connecting these bones are:

Two Articular Capsules.

The Posterior Atlantoaxial.

The Anterior Atlantoaxial.

The Transverse.

The Articular Capsules (capsulae articulares; capsular ligaments).—The articular capsules are thin and loose, and connect the margins of the lateral masses of the atlas with those of the posterior articular surfaces of the axis. Each is strengthened at its posterior and medial part by an accessory ligament, which is attached below to the body of the axis near the base of the odontoid process, and above to the lateral mass of the atlas near the transverse ligament.

The Anterior Atlantoaxial Ligament.—This ligament is a strong membrane, fixed, above, to the lower border of the anterior arch of the atlas; below, to the front of the body of the axis. It is strengthened in the middle line by a rounded cord, which connects the tubercle on the anterior arch of the atlas to the body of the axis, and is a continuation upward of the anterior longitudinal ligament. The ligament is in relation, in front, with the Longi capitis.

The Posterior Atlantoaxial Ligament.—This ligament is a broad, thin membrane attached, above, to the lower border of the posterior arch of the atlas; below, to the upper edges of the laminae of the axis. It supplies the place of the ligamenta flava, and is in relation, behind, with the Obliqui capitis inferiores.

The Transverse Ligament of the Atlas (ligamentum transversum atlantis).—The transverse ligament of the atlas is a thick, strong band, which arches across the ring of the atlas, and retains the odontoid process in contact with the anterior arch. It is concave in front, convex behind, broader and thicker in the middle than at the ends, and firmly attached on either side to a small tubercle on the medial surface of the lateral mass of the atlas. As it crosses the odontoid process, a small fasciculus (crus superius) is prolonged upward, and another (crus inferius) downward, from the superficial or posterior fibers of the ligament. The former is attached to the basilar part of the occipital bone, in close relation with the membrana tectoria; the latter is fixed to the posterior surface of the body of the axis; hence, the whole ligament is named the cruciate ligament of the atlas. The transverse ligament divides the ring of the atlas into two unequal parts: of these, the posterior and larger serves for the transmission of the medulla spinalis and its membranes and the accessory nerves; the anterior and smaller contains the odontoid process. The neck of the odontoid process is constricted where it is embraced posteriorly by the transverse ligament, so that this ligament suffices to retain the odontoid process in position after all the other ligaments have been divided.

Synovial Membranes.—There is a synovial membrane for each of the four joints; the joint cavity between the odontoid process and the transverse ligament is often continuous with those of the atlantoöccipital articulations.

Movements.—The opposed articular surfaces of the atlas and axis are not reciprocally curved; both surfaces are convex in their long axes. When, therefore, the upper facet glides forward on the lower it also descends; the fibers of the articular capsule are relaxed in a vertical direction, and will then permit of movement in an antero-posterior direction. By this means a shorter capsule suffices and the strength of the joint is materially increased.67
This joint allows the rotation of the atlas (and, with it, the skull) upon the axis, the extent of rotation being limited by the alar ligaments.

The principal muscles by which these movements are produced are the Sternocleidomastoideus and Semispinalis capitis of one side, acting with the Longus capitis, Splenius, Longissimus capitis, Rectus capitis posterior major, and Obliqui capitis superior and inferior of the other side.

Practice skills

Students are supposed to name the joints of the vertebral column and the joints of the skull with the vertebral column, give their full characteristic and identify the anatomical structures on the samples:
· intervertebral disk

· annulus fibrosus of intervertebral disk

· nucleus pulposus of intervertebral disk

· anterior longitudinal ligament of vertebral column

· posterior longitudinal ligament of vertebral column

· interspinous ligament of vertebral column

· ligament flavum of vertebral column

· supraspinous ligament of vertebral column

· transverse ligament of vertebral column

· zygapophyseal joint

· median atlantoaxial joint

· lateral  atlantoaxial joint

· sacrococcygeal joint

Practice class 15. The joints of shoulder girdle. The shoulder joint.

The aim: to learn topography and structure of the joints of shoulder girdle and the shoulder joint; to name and show on the samples these joints and their structures and give the full classification characteristics of these joints..

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The articulations of shoulder girdle – sternoclavicular and acromioclavicular.

b) The ligaments if the scapula.

c) The shoulder-joint.

C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

THE STERNOCLAVICULAR ARTICULATION (ARTICULATIO STERNOCLAVICULARIS) is a double arthrodial joint. The parts entering into its formation are the sternal end of the clavicle, the upper and lateral part of the manubrium sterni, and the cartilage of the first rib. The articular surface of the clavicle is much larger than that of the sternum, and is invested with a layer of cartilage which is considerably thicker than that on the latter bone. The ligaments of this joint are:
The Articular Capsule. 

The Anterior Sternoclavicular. 

The Posterior Sternoclavicular. 

The Interclavicular. 

The Costoclavicular. 

The Articular Disk.
The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule surrounds the articulation and varies in thickness and strength. In front and behind it is of considerable thickness, and forms the anterior and posterior sternoclavicular ligaments; but above, and especially below, it is thin and partakes more of the character of areolar than of true fibrous tissue.
The Anterior Sternoclavicular Ligament (ligamentum sternoclaviculare anterior).—The anterior sternoclavicular ligament is a broad band of fibers, covering the anterior surface of the articulation; it is attached above to the upper and front part of the sternal end of the clavicle, and, passing obliquely downward and medialward, is attached below to the front of the upper part of the manubrium sterni. This ligament is covered by the sternal portion of the Sternocleidomastoideus and the integument; behind, it is in relation with the capsule, the articular disk, and the two synovial membranes.

The Posterior Sternoclavicular Ligament (ligamentum sternoclaviculare posterius).—The posterior sternoclavicular ligament is a similar band of fibers, covering the posterior surface of the articulation; it is attached above to the upper and back part of the sternal end of the clavicle, and, passing obliquely downward and medialward, is fixed below to the back of the upper part of the manubrium sterni. It is in relation, in front, with the articular disk and synovial membranes; behind, with the Sternohyoideus and Sternothyreoideus.

The Interclavicular Ligament (ligamentum interclaviculare).—This ligament is a flattened band, which varies considerably in form and size in different individuals, it passes in a curved direction from the upper part of the sternal end of one clavicle to that of the other, and is also attached to the upper margin of the sternum. It is in relation, in front, with the integument and Sternocleidomastoidei; behind, with the Sternothyreoidei.

The Costoclavicular Ligament (ligamentum costoclaviculare; rhomboid ligament).—This ligament is short, flat, strong, and rhomboid in form. Attached below to the upper and medial part of the cartilage of the first rib, it ascends obliquely backward and lateralward, and is fixed above to the costal tuberosity on the under surface of the clavicle. It is in relation, in front, with the tendon of origin of the Subclavius; behind, with the subclavian vein.

The Articular Disk (discus articularis).—The articular disk is flat and nearly circular, interposed between the articulating surfaces of the sternum and clavicle. It is attached, above, to the upper and posterior border of the articular surface of the clavicle; below, to the cartilage of the first rib, near its junction with the sternum; and by its circumference to the interclavicular and anterior and posterior sternoclavicular ligaments. It is thicker at the circumference, especially its upper and back part, than at its center. It divides the joint into two cavities, each of which is furnished with a synovial membrane.
Synovial Membranes.—Of the two synovial membranes found in this articulation, the lateral is reflected from the sternal end of the clavicle, over the adjacent surface of the articular disk, and around the margin of the facet on the cartilage of the first rib; the medial is attached to the margin of the articular surface of the sternum and clothes the adjacent surface of the articular disk; the latter is the larger of the two.

Movements.—This articulation admits of a limited amount of motion in nearly every direction—upward, downward, backward, forward, as well as circumduction. When these movements take place in the joint, the clavicle in its motion carries the scapula with it, this bone gliding on the outer surface of the chest. This joint therefore forms the center from which all movements of the supporting arch of the shoulder originate, and is the only point of articulation of the shoulder girdle with the trunk. The movements attendant on elevation and depression of the shoulder take place between the clavicle and the articular disk, the bone rotating upon the ligament on an axis drawn from before backward through its own articular facet; when the shoulder is moved forward and backward, the clavicle, with the articular disk rolls to and fro on the articular surface of the sternum, revolving, with a sliding movement, around an axis drawn nearly vertically through the sternum; in the circumduction of the shoulder, which is compounded of these two movements, the clavicle revolves upon the articular disk and the latter, with the clavicle, rolls upon the sternum. Elevation of the shoulder is limited principally by the costoclavicular ligament; depression, by the interclavicular ligament and articular disk. The muscles which raise the shoulder are the upper fibers of the Trapezius, the Levator scapulae, and the clavicular head of the Sternocleidomastoideus, assisted to a certain extent by the Rhomboidei, which pull the vertebral border of the scapula backward and upward and so raise the shoulder. The depression of the shoulder is principally effected by gravity assisted by the Subclavius, Pectoralis minor and lower fibers of the Trapezius. The shoulder is drawn backward by the Rhomboidei and the middle and lower fibers of the Trapezius, and forward by the Serratus anterior and Pectoralis minor.
THE ACROMIOCLAVICULAR ARTICULATION (ARTICULATIO ACROMIOCLAVICULARIS; SCAPULOCLAVICULAR ARTICULATION) is an arthrodial joint between the acromial end of the clavicle and the medial margin of the acromion of the scapula. Its ligaments are:
The Articular Capsule
The Superior Acromioclavicular.
The Inferior Acromioclavicular
The Articular Disk.
The Coracoclavicular

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule completely surrounds the articular margins, and is strengthened above and below by the superior and inferior acromioclavicular ligaments.

The Superior Acromioclavicular Ligament (ligamentum acromioclaviculare).—This ligament is a quadrilateral band, covering the superior part of the articulation, and extending between the upper part of the acromial end of the clavicle and the adjoining part of the upper surface of the acromion. It is composed of parallel fibers, which interlace with the aponeuroses of the Trapezius and Deltoideus; below, it is in contact with the articular disk when this is present.

The Inferior Acromioclavicular Ligament.—This ligament is somewhat thinner than the preceding; it covers the under part of the articulation, and is attached to the adjoining surfaces of the two bones. It is in relation, above, in rare cases with the articular disk; below, with the tendon of the Supraspinatus.

The Articular Disk (discus articularis).—The articular disk is frequently absent in this articulation. When present, it generally only partially separates the articular surfaces, and occupies the upper part of the articulation. More rarely, it completely divides the joint into two cavities.

The Synovial Membrane.—There is usually only one synovial membrane in this articulation, but when a complete articular disk is present, there are two.

The Coracoclavicular Ligament (ligamentum coracoclaviculare).—This ligament serves to connect the clavicle with the coracoid process of the scapula. It does not properly belong to this articulation, but is usually described with it, since it forms a most efficient means of retaining the clavicle in contact with the acromion. It consists of two fasciculi, called the trapezoid and conoid ligaments.
The Trapezoid Ligament (ligamentum trapezoideum), the anterior and lateral fasciculus, is broad, thin, and quadrilateral: it is placed obliquely between the coracoid process and the clavicle. It is attached, below, to the upper surface of the coracoid process; above, to the oblique ridge on the under surface of the clavicle. Its anterior border is free; its posterior border is joined with the conoid ligament, the two forming, by their junction, an angle projecting backward.

The Conoid Ligament (ligamentum conoideum), the posterior and medial fasciculus, is a dense band of fibers, conical in form, with its base directed upward. It is attached by its apex to a rough impression at the base of the coracoid process, medial to the trapezoid ligament; above, by its expanded base, to the coracoid tuberosity on the under surface of the clavicle, and to a line proceeding medialward from it for 1.25 cm. These ligaments are in relation, in front, with the Subclavius and Deltoideus; behind, with the Trapezius.

Movements.—The movements of this articulation are of two kinds: (1) a gliding motion of the articular end of the clavicle on the acromion; (2) rotation of the scapula forward and backward upon the clavicle. The extent of this rotation is limited by the two portions of the coracoclavicular ligament, the trapezoid limiting rotation forward, and the conoid backward.

The acromioclavicular joint has important functions in the movements of the upper extremity. It has been well pointed out by Humphry, that if there had been no joint between the clavicle and scapula, the circular movement of the scapula on the ribs (as in throwing the shoulders backward or forward) would have been attended with a greater alteration in the direction of the shoulder than is consistent with the free use of the arm in such positions, and it would have been impossible to give a blow straight forward with the full force of the arm; that is to say, with the combined force of the scapula, arm, and forearm. “This joint,” as he happily says, “is so adjusted as to enable either bone to turn in a hinge-like manner upon a vertical axis drawn through the other, and it permits the surfaces of the scapula, like the baskets in a roundabout swing, to look the same way in every position, or nearly so.” Again, when the whole arch formed by the clavicle and scapula rises and falls (in elevation or depression of the shoulder), the joint between these two bones enables the scapula still to maintain its lower part in contact with the ribs.

THE LIGAMENTS OF THE SCAPULA are: Coracoacromial, Superior and Inferior Transverse.

The Coracoacromial Ligament (ligamentum coracoaromiale).—This ligament is a strong triangular band, extending between the coracoid process and the acromion. It is attached, by its apex, to the summit of the acromion just in front of the articular surface for the clavicle; and by its broad base to the whole length of the lateral border of the coracoid process. This ligament, together with the coracoid process and the acromion, forms a vault for the protection of the head of the humerus. It is in relation, above, with the clavicle and under surface of the Deltoideus; below, with the tendon of the Supraspinatus, a bursa being interposed. Its lateral border is continuous with a dense lamina that passes beneath the Deltoideus upon the tendons of the Supraspinatus and Infraspinatus. The ligament is sometimes described as consisting of two marginal bands and a thinner intervening portion, the two bands being attached respectively to the apex and the base of the coracoid process, and joining together at the acromion. When the Pectoralis minor is inserted, as occasionally is the case, into the capsule of the shoulder-joint instead of into the coracoid process, it passes between these two bands, and the intervening portion of the ligament is then deficient.

The Superior Transverse Ligament (ligamentum transversum scapulae superius; transverse or suprascapular ligament).—This ligament converts the scapular notch into a foramen. It is a thin and flat fasciculus, narrower at the middle than at the extremities, attached by one end to the base of the coracoid process, and by the other to the medial end of the scapular notch. The suprascapular nerve runs through the foramen; the transverse scapular vessels cross over the ligament. The ligament is sometimes ossified.

The Inferior Transverse Ligament (ligamentum transversum scapulae inferius; spinoglenoid ligament).—This ligament is a weak membranous band, situated behind the neck of the scapula and stretching from the lateral border of the spine to the margin of the glenoid cavity. It forms an arch under which the transverse scapular vessels and suprascapular nerve enter the infraspinatous fossa.
HUMERAL ARTICULATION OR SHOULDER-JOINT (ARTICULATIO HUMERI)

The shoulder-joint is an enarthrodial or ball-and-socket joint. The bones entering into its formation are the hemispherical head of the humerus and the shallow glenoid cavity of the scapula, an arrangement which permits of very considerable movement, while the joint itself is protected against displacement by the tendons which surround it. The ligaments do not maintain the joint surfaces in apposition, because when they alone remain the humerus can be separated to a considerable extent from the glenoid cavity; their use, therefore, is to limit the amount of movement. The joint is protected above by an arch, formed by the coracoid process, the acromion, and the coracoacromial ligament. The articular cartilage on the head of the humerus is thicker at the center than at the circumference, the reverse being the case with the articular cartilage of the glenoid cavity. The ligaments of the shoulder are:

The Articular Capsule.

The Glenohumeral.

The Coracohumeral.

The Transverse Humeral.

The Glenoidal Labrum.

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule completely encircles the joint, being attached, above, to the circumference of the glenoid cavity beyond the glenoidal labrum; below, to the anatomical neck of the humerus, approaching nearer to the articular cartilage above than in the rest of its extent. It is thicker above and below than elsewhere, and is so remarkably loose and lax, that it has no action in keeping the bones in contact, but allows them to be separated from each other more than 2.5 cm., an evident provision for that extreme freedom of movement which is peculiar to this articulation. It is strengthened, above, by the Supraspinatus; below, by the long head of the Triceps brachii; behind, by the tendons of the Infraspinatus and Teres minor; and in front, by the tendon of the Subscapularis. There are usually three openings in the capsule. One anteriorly, below the coracoid process, establishes a communication between the joint and a bursa beneath the tendon of the Subscapularis. The second, which is not constant, is at the posterior part, where an opening sometimes exists between the joint and a bursal sac under the tendon of the Infraspinatus. The third is between the tubercles of the humerus, for the passage of the long tendon of the Biceps brachii.

The Coracohumeral Ligament (ligamentum coracohumerale).—This ligament is a broad band which strengthens the upper part of the capsule. It arises from the lateral border of the coracoid process, and passes obliquely downward and lateralward to the front of the greater tubercle of the humerus, blending with the tendon of the Supraspinatus. This ligament is intimately united to the capsule by its hinder and lower border; but its anterior and upper border presents a free edge, which overlaps the capsule.

Glenohumeral Ligaments.—In addition to the coracohumeral ligament, three supplemental bands, which are named the glenohumeral ligaments, strengthen the capsule. These may be best seen by opening the capsule at the back of the joint and removing the head of the humerus. One on the medial side of the joint passes from the medial edge of the glenoid cavity to the lower part of the lesser tubercle of the humerus. A second at the lower part of the joint extends from the under edge of the glenoid cavity to the under part of the anatomical neck of the humerus. A third at the upper part of the joint is fixed above to the apex of the glenoid cavity close to the root of the coracoid process, and passing downward along the medial edge of the tendon of the Biceps brachii, is attached below to a small depression above the lesser tubercle of the humerus. In addition to these, the capsule is strengthened in front by two bands derived from the tendons of the Pectoralis major and Teres major respectively.

The Transverse Humeral Ligament is a broad band passing from the lesser to the greater tubercle of the humerus, and always limited to that portion of the bone which lies above the epiphysial line. It converts the intertubercular groove into a canal, and is the homologue of the strong process of bone which connects the summits of the two tubercles in the musk ox.

The Glenoidal Labrum (labrium glenoidale; glenoid ligament) is a fibrocartilaginous rim attached around the margin of the glenoid cavity. It is triangular on section, the base being fixed to the circumference of the cavity, while the free edge is thin and sharp. It is continuous above with the tendon of the long head of the Biceps brachii, which gives off two fasciculi to blend with the fibrous tissue of the labrum. It deepens the articular cavity, and protects the edges of the bone.

Synovial Membrane.—The synovial membrane is reflected from the margin of the glenoid cavity over the labrum; it is then reflected over the inner surface of the capsule, and covers the lower part and sides of the anatomical neck of the humerus as far as the articular cartilage on the head of the bone. The tendon of the long head of the Biceps brachii passes through the capsule and is enclosed in a tubular sheath of synovial membrane, which is reflected upon it from the summit of the glenoid cavity and is continued around the tendon into the intertubercular groove as far as the surgical neck of the humerus. The tendon thus traverses the articulation, but it is not contained within the synovial cavity.

Bursae.—The bursae in the neighborhood of the shoulder-joint are the following: (1) A constant bursa is situated between the tendon of the Subscapularis muscle and the capsule; it communicates with the synovial cavity through an opening in the front of the capsule; (2) a bursa which occasionally communicates with the joint is sometimes found between the tendon of the Infraspinatus and the capsule; (3) a large bursa exists between the under surface of the Deltoideus and the capsule, but does not communicate with the joint; this bursa is prolonged under the acromion and coraco-acromial ligament, and intervenes between these structures and the capsule; (4) a large bursa is situated on the summit of the acromion; (5) a bursa is frequently found between the coracoid process and the capsule; (6) a bursa exists beneath the Coracobrachialis; (7) one lies between the Teres major and the long head of the Triceps brachii; (8) one is placed in front of, and another behind, the tendon of the Latissimus dorsi.

The muscles in relation with the joint are, above, the Supraspinatus; below, the long head of the Triceps brachii; in front, the Subscapularis; behind, the Infraspinatus and Teres minor; within, the tendon of the long head of the Biceps brachii. The Deltoideus covers the articulation in front, behind, and laterally.

The arteries supplying the joint are articular branches of the anterior and posterior humeral circumflex, and transverse scapular.

The nerves are derived from the axillary and suprascapular.

Movements.—The shoulder-joint is capable of every variety of movement, flexion, extension, abduction, adduction, circumduction, and rotation. The humerus is flexed (drawn forward) by the Pectoralis major, anterior fibers of the Deltoideus, Coracobrachialis, and when the forearm is flexed, by the Biceps brachii; extended (drawn backward) by the Latissimus dorsi, Teres major, posterior fibers of the Deltoideus, and, when the forearm is extended, by the Triceps brachii; it is abducted by the Deltoideus and Supraspinatus; it is adducted by the Subscapularis, Pectoralis major, Latissimus dorsi, and Teres major, and by the weight of the limb; it is rotated outward by the Infraspinatus and Teres minor; and it is rotated inward by the Subscapularis, Latissimus dorsi, Teres major, Pectoralis major, and the anterior fibers of the Deltoideus.

The most striking peculiarities in this joint are: (1) The large size of the head of the humerus in comparison with the depth of the glenoid cavity, even when this latter is supplemented by the glenoidal labrum. (2) The looseness of the capsule of the joint. (3) The intimate connection of the capsule with the muscles attached to the head of the humerus. (4) The peculiar relation of the tendon of the long head of the Biceps brachii to the joint.

It is in consequence of the relative sizes of the two articular surfaces, and the looseness of the articular capsule, that the joint enjoys such free movement in all directions. When these movements of the arm are arrested in the shoulder-joint by the contact of the bony surfaces, and by the tension of the fibers of the capsule, together with that of the muscles acting as accessory ligaments, the arm can be carried considerably farther by the movements of the scapula, involving, of course, motion at the acromio- and sternoclavicular joints. These joints are therefore to be regarded as accessory structures to the shoulder-joint. The extent of the scapular movements is very considerable, especially in extreme elevation of the arm, a movement best accomplished when the arm is thrown somewhat forward and outward, because the margin of the head of the humerus is by no means a true circle; its greatest diameter is from the intertubercular groove, downward, medialward, and backward, and the greatest elevation of the arm can be obtained by rolling its articular surface in the direction of this measurement. The great width of the central portion of the humeral head also allows of very free horizontal movement when the arm is raised to a right angle, in which movement the arch formed by the acromion, the coracoid process and the coracoacromial ligament, constitutes a sort of supplemental articular cavity for the head of the bone.

The looseness of the capsule is so great that the arm will fall about 2.5 cm. from the scapula when the muscles are dissected from the capsule, and an opening made in it to counteract the atmospheric pressure. The movements of the joint, therefore, are not regulated by the capsule so much as by the surrounding muscles and by the pressure of the atmosphere, an arrangement which “renders the movements of the joint much more easy than they would otherwise have been, and permits a swinging, pendulum-like vibration of the limb when the muscles are at rest” (Humphry). The fact, also, that in all ordinary positions of the joint the capsule is not put on the stretch, enables the arm to move freely in all directions. Extreme movements are checked by the tension of appropriate portions of the capsule, as well as by the interlooking of the bones. Thus it is said that “abduction is checked by the contact of the great tuberosity with the upper edge of the glenoid cavity; adduction by the tension of the coracohumeral ligament” (Beaunis et Bouchard). Cleland maintains that the limitations of movement at the shoulder-joint are due to the structure of the joint itself, the glenoidal labrum fitting, in different positions of the elevated arm, into the anatomical neck of the humerus.

The scapula is capable of being moved upward and downward, forward and backward, or, by a combination of these movements, circumducted on the wall of the chest. The muscles which raise the scapula are the upper fibers of the Trapezius, the Levator scapulae, and the Rhomboidei; those which depress it are the lower fibers of the Trapezius, the Pectoralis minor, and, through the elavicle, the Subclavius. The scapula is drawn backward by the Rhomboidei and the middle and lower fibers of the Trapezius, and forward by the Serratus anterior and Pectoralis minor, assisted, when the arm is fixed, by the Pectoralis major. The mobility of the scapula is very considerable, and greatly assists the movements of the arm at the shoulder-joint. Thus, in raising the arm from the side, the Deltoideus and Supraspinatus can only lift it to a right angle with the trunk, the further elevation of the limb being effected by the Trapezius and Serratus anterior moving the scapula on the wall of the chest. This mobility is of special importance in ankylosis of the shoulder-joint, the movements of this bone compensating to a very great extent for the immobility of the joint.

Cathcart has pointed out that in abducting the arm and raising it above the head, the scapula rotates throughout the whole movement with the exception of a short space at the beginning and at the end; that the humerus moves on the scapula not only while passing from the hanging to the horizontal position, but also in travelling upward as it approaches the vertical above; that the clavicle moves not only during the second half of the movement but in the first as well, though to a less extent—i.e., the scapula and clavicle are concerned in the first stage as well as in the second; and that the humerus is partly involved in the second as well as chiefly in the first.

The intimate union of the tendons of the Supraspinatus, Infraspinatus, Teres minor and Subscapularis with the capsule, converts these muscles into elastic and spontaneously acting ligaments of the joint.

The peculiar relations of the tendon of the long head of the Biceps branchii to the shoulder-joint appear to subserve various purposes. In the first place, by its connection with both the shoulder and elbow the muscle harmonizes the action of the two joints, and acts as an elastic ligament in all positions, in the manner previously discussed. It strengthens the upper part of the articular cavity, and prevents the head of the humerus from being pressed up against the acromion, when the Deltoideus contracts; it thus fixes the head of the humerus as the center of motion in the glenoid cavity. By its passage along the intertubercular groove it assists in steadying the head of the humerus in the various movements of the arm. When the arm is raised from the side it assists the Supraspinatus and Infraspinatus in rotating the head of the humerus in the glenoid cavity. It also holds the head of the bone firmly in contact with the glenoid cavity, and prevents its slipping over its lower edge, or being displaced by the action of the Latissimus dorsi and Pectoralis major, as in climbing and many other movements.
Practice skills

Students are supposed to name the joints of the shoulder girdle and the shoulder joint, give their full characteristic and identify the anatomical structures on the samples:
· acromioclavicular joint

· sternoclavicular joint

· interclavicular ligament

· costoclavicular ligament

· anterior sternoclavicular ligament

· posterior sternoclavicular ligament

· shoulder joint

· glenoid joint labrum (shoulder joint)

· coracohumeral ligament

Practice class 16. The elbow joint. The connections of the bones of forearm and hand.

The aim: to learn topography and structure of the elbow joint and the joints of the bones of forearm and hand; to name and give the full classification characteristics of these joints and show their structures on the samples.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The elbow-joint

b) Radioulnar articulation.

c) Carpometacarpal articulations

d) Intercarpal articulations

e) Intermetacarpal articulations

f) Metacarpophalangeal articulations

g) The interphalangeal articulations
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

THE ELBOW-JOINT (ARTICULATIO CUBITI) is a ginglymus or hinge-joint. The trochlea of the humerus is received into the semilunar notch of the ulna, and the capitulum of the humerus articulates with the fovea on the head of the radius. The articular surfaces are connected together by a capsule, which is thickened medially and laterally, and, to a less extent, in front and behind. These thickened portions are usually described as distinct ligaments under the following names:

The Anterior.

The Posterior.

The Ulnar Collateral.

The Radial Collateral.

The Anterior Ligament—The anterior ligament is a broad and thin fibrous layer covering the anterior surface of the joint. It is attached to the front of the medial epicondyle and to the front of the humerus immediately above the coronoid and radial fossae below, to the anterior surface of the coronoid process of the ulna and to the annular ligament, being continuous on either side with the collateral ligaments. Its superficial fibers pass obliquely from the medial epicondyle of the humerus to the annular ligament. The middle fibers, vertical in direction, pass from the upper part of the coronoid depression and become partly blended with the preceding, but are inserted mainly into the anterior surface of the coronoid process. The deep or transverse set intersects these at right angles. This ligament is in relation, in front, with the Brachialis, except at its most lateral part.

The Posterior Ligament—This posterior ligament is thin and membranous, and consists of transverse and oblique fibers. Above, it is attached to the humerus immediately behind the capitulum and close to the medial margin of the trochlea, to the margins of the olecranon fossa, and to the back of the lateral epicondyle some little distance from the trochlea. Below, it is fixed to the upper and lateral margins of the olecranon, to the posterior part of the annular ligament, and to the ulna behind the radial notch. The transverse fibers form a strong band which bridges across the olecranon fossa; under cover of this band a pouch of synovial membrane and a pad of fat project into the upper part of the fossa when the joint is extended. In the fat are a few scattered fibrous bundles, which pass from the deep surface of the transverse band to the upper part of the fossa. This ligament is in relation, behind, with the tendon of the Triceps brachii and the Anconaeus.

The Ulnar Collateral Ligament (ligamentum collaterale ulnare; internal lateral ligament).—This ligament is a thick triangular band consisting of two portions, an anterior and posterior united by a thinner intermediate portion. The anterior portion, directed obliquely forward, is attached, above, by its apex, to the front part of the medial epicondyle of the humerus; and, below, by its broad base to the medial margin of the coronoid process. The posterior portion, also of triangular form, is attached, above, by its apex, to the lower and back part of the medial epicondyle; below, to the medial margin of the olecranon. Between these two bands a few intermediate fibers descend from the medial epicondyle to blend with a transverse band which bridges across the notch between the olecranon and the coronoid process. This ligament is in relation with the Triceps brachii and Flexor carpi ulnaris and the ulnar nerve, and gives origin to part of the Flexor digitorum sublimis.

The Radial Collateral Ligament (ligamentum collaterale radiale; external lateral ligament).—This ligament is a short and narrow fibrous band, less distinct than the ulnar collateral, attached, above, to a depression below the lateral epicondyle of the humerus; below, to the annular ligament, some of its most posterior fibers passing over that ligament, to be inserted into the lateral margin of the ulna. It is intimately blended with the tendon of origin of the Supinator.

Synovial Membrane.—The synovial membrane is very extensive. It extends from the margin of the articular surface of the humerus, and lines the coronoid, radial and olecranon fossae on that bone; it is reflected over the deep surface of the capsule and forms a pouch between the radial notch, the deep surface of the annular ligament, and the circumference of the head of the radius. Projecting between the radius and ulna into the cavity is a crescentic fold of synovial membrane, suggesting the division of the joint into two; one the humeroradial, the other the humeroulnar.

Between the capsule and the synovial membrane are three masses of fat: the largest, over the olecranon fossa, is pressed into the fossa by the Triceps brachii during the flexion; the second, over the coronoid fossa, and the third, over the radial fossa, are pressed by the Brachialis into their respective fossae during extension.

The muscles in relation with the joint are, in front, the Brachialis; behind, the Triceps brachii and Anconaeus; laterally, the Supinator, and the common tendon of origin of the Extensor muscles; medially, the common tendon of origin of the Flexor muscles, and the Flexor carpi ulnaris.

The arteries supplying the joint are derived from the anastomosis between the profunda and the superior and inferior ulnar collateral branches of the brachial, with the anterior, posterior, and interosseous recurrent branches of the ulnar, and the recurrent branch of the radial. These vessels form a complete anastomotic network around the joint.

The nerves of the joint are a twig from the ulnar, as it passes between the medial condyle and the olecranon; a filament from the musculocutaneous, and two from the median.

Movements.—The elbow-joint comprises three different portions—viz., the joint between the ulna and humerus, that between the head of the radius and the humerus, and the proximal radioulnar articulation, described below. All these articular surfaces are enveloped by a common synovial membrane, and the movements of the whole joint should be studied together. The combination of the movements of flexion and extension of the forearm with those of pronation and supination of the hand, which is ensured by the two being performed at the same joint, is essential to the accuracy of the various minute movements of the hand.

The portion of the joint between the ulna and humerus is a simple hinge-joint, and allows of movements of flexion and extension only. Owing to the obliquity of the trochlea of the humerus, this movement does not take place in the antero-posterior plane of the body of the humerus. When the forearm is extended and supinated, the axes of the arm and forearm are not in the same line; the arm forms an obtuse angle with the forearm, the hand and forearm being directed lateral-ward. During flexion, however, the forearm and the hand tend to approach the middle line of the body, and thus enable the hand to be easily carried to the face. The accurate adaptation of the trochlea of the humerus, with its prominences and depressions, to the semilunar notch of the ulna, prevents any lateral movement. Flexion is produced by the action of the Biceps brachii and Brachialis, assisted by the Brachioradialis and the muscles arising from the medial condyle of the humerus; extension, by the Triceps brachii and Anconaeus, assisted by the Extensors of the wrist, the Extensor digitorum communis, and the Extensor digiti quinti proprius.

The joint between the head of the radius and the capitulum of the humerus is an arthrodial joint. The bony surfaces would of themselves constitute an enarthrosis and allow of movement in all directions, were it not for the annular ligament, by which the head of the radius is bound to the radial notch of the ulna, and which prevents any separation of the two bones laterally. It is to the same ligament that the head of the radius owes its security from dislocation, which would otherwise tend to occur, from the shallowness of the cup-like surface on the head of the radius. In fact, but for this ligament, the tendon of the Biceps brachii would be liable to pull the head of the radius out of the joint. The head of the radius is not in complete contact with the capitulum of the humerus in all positions of the joint. The capitulum occupies only the anterior and inferior surfaces of the lower end of the humerus, so that in complete extension a part of the radial head can be plainly felt projecting at the back of the articulation. In full flexion the movement of the radial head is hampered by the compression of the surrounding soft parts, so that the freest rotatory movement of the radius on the humerus (pronation and supination) takes place in semiflexion, in which position the two articular surfaces are in most intimate contact. Flexion and extension of the elbow-joint are limited by the tension of the structures on the front and back of the joint; the limitation of flexion is also aided by the soft structures of the arm and forearm coming into contact.

In any position of flexion or extension, the radius, carrying the hand with it, can be rotated in the proximal radioulnar joint. The hand is directly articulated to the lower surface of the radius only, and the ulnar notch on the lower end of the radius travels around the lower end of the ulna. The latter bone is excluded from the wrist-joint by the articular disk. Thus, rotation of the head of the radius around an axis passing through the center of the radial head of the humerus imparts circular movement to the hand through a very considerable arc.

RADIOULNAR ARTICULATION (ARTICULATIO RADIOULNARIS)

The articulation of the radius with the ulna is effected by ligaments which connect together the extremities as well as the bodies of these bones. The ligaments may, consequently, be subdivided into three sets: 1, those of the proximal radioulnar articulation; 2, the middle radioulnar ligaments; 3, those of the distal radioulnar articulation.

Proximal Radioulnar Articulation (articulatio radioulnaris proximalis; superior radioulnar joint).—This articulation is a trochoid or pivot-joint between the circumference of the head of the radius and the ring formed by the radial notch of the ulna and the annular ligament.
The Annular Ligament (ligamentum annulare radii; orbicular ligament).—This ligament is a strong band of fibers, which encircles the head of the radius, and retains it in contact with the radial notch of the ulna. It forms about four-fifths of the osseo-fibrous ring, and is attached to the anterior and posterior margins of the radial notch; a few of its lower fibers are continued around below the cavity and form at this level a complete fibrous ring. Its upper border blends with the anterior and posterior ligaments of the elbow, while from its lower border a thin loose membrane passes to be attached to the neck of the radius; a thickened band which extends from the inferior border of the annular ligament below the radial notch to the neck of the radius is known as the quadrate ligament. The superficial surface of the annular ligament is strengthened by the radial collateral ligament of the elbow, and affords origin to part of the Supinator. Its deep surface is smooth, and lined by synovial membrane, which is continuous with that of the elbow-joint.

Movements.—The movements allowed in this articulation are limited to rotatory movements of the head of the radius within the ring formed by the annular ligament and the radial notch of the ulna; rotation forward being called pronation; rotation backward, supination. Supination is performed by the Biceps brachii and Supinator, assisted to a slight extent by the Extensor muscles of the thumb. Pronation is performed by the Pronator teres and Pronator quadratus.

Middle Radioulnar Union.—The shafts of the radius and ulna are connected by the Oblique Cord and the Interosseous Membrane.

The Oblique Cord (chorda obliqua; oblique ligament).—The oblique cord is a small, flattened band, extending downward and lateralward, from the lateral side of the tubercle of the ulna at the base of the coronoid process to the radius a little below the radial tuberosity. Its fibers run in the opposite direction to those of the interosseous membrane. It is sometimes wanting.

The Interosseous Membrane (membrana interossea antebrachii).—The interosseous membrane is a broad and thin plane of fibrous tissue descending obliquely downward and medialward, from the interosseous crest of the radius to that of the ulna; the lower part of the membrane is attached to the posterior of the two lines into which the interosseous crest of the radius divides. It is deficient above, commencing about 2.5 cm. beneath the tuberosity of the radius; is broader in the middle than at either end; and presents an oval aperture a little above its lower margin for the passage of the volar interosseous vessels to the back of the forearm. This membrane serves to connect the bones, and to increase the extent of surface for the attachment of the deep muscles. Between its upper border and the oblique cord is a gap, through which the dorsal interosseous vessels pass. Two or three fibrous bands are occasionally found on the dorsal surface of this membrane; they descend obliquely from the ulna toward the radius, and have consequently a direction contrary to that of the other fibers. The membrane is in relation, in front, by its upper three-fourths, with the Flexor pollicis longus on the radial side, and with the Flexor digitorum profundus on the ulnar, lying in the interval between which are the volar interosseous vessels and nerve; by its lower fourth with the Pronator quadratus; behind, with the Supinator, Abductor pollicis longus, Extensor pollicis brevis, Extensor pollicis longus, Extensor indicis proprius; and, near the wrist, with the volar interosseous artery and dorsal interosseous nerve.

Distal Radioulnar Articulation (articulatio radioulnaris distalis; inferior radioulnar joint).—This is a pivot-joint formed between the head of the ulna and the ulnar notch on the lower end of the radius. The articular surfaces are connected together by the following ligaments:

The Volar Radioulnar.

The Dorsal Radioulnar.

The Articular Disk.

The Volar Radioulnar Ligament (anterior radioulnar ligament).—This ligament is a narrow band of fibers extending from the anterior margin of the ulnar notch of the radius to the front of the head of the ulna.

The Dorsal Radioulnar Ligament (posterior radioulnar ligament).—This ligament extends between corresponding surfaces on the dorsal aspect of the articulation.

The Articular Disk (discus articularis; triangular fibrocartilage).—The articular disk is triangular in shape, and is placed transversely beneath the head of the ulna, binding the lower ends of the ulna and radius firmly together. Its periphery is thicker than its center, which is occasionally perforated. It is attached by its apex to a depression between the styloid process and the head of the ulna; and by its base, which is thin, to the prominent edge of the radius, which separates the ulnar notch from the carpal articular surface. Its margins are united to the ligaments of the wrist-joint. Its upper surface, smooth and concave, articulates with the head of the ulna, forming an arthrodial joint; its under surface, also concave and smooth, forms part of the wrist-joint and articulates with the triangular bone and medial part of the lunate. Both surfaces are clothed by synovial membrane; the upper, by that of the distal radioulnar articulation, the under, by that of the wrist.

Synovial Membrane.—The synovial membrane of this articulation is extremely loose, and extends upward as a recess (recessus sacciformis) between the radius and the ulna.

Movements.—The movements in the distal radioulnar articulation consist of rotation of the lower end of the radius around an axis which passes through the center of the head of the ulna. When the radius rotates forward, pronation of the forearm and hand is the result; and when backward, supination. It will thus be seen that in pronation and supination the radius describes the segment of a cone, the axis of which extends from the center of the head of the radius to the middle of the head of the ulna. In this movement the head of the ulna is not stationary, but describes a curve in a direction opposite to that taken by the head of the radius. This, however, is not to be regarded as a rotation of the ulna—the curve which the head of this bone describes is due to a combined antero-posterior and rotatory movement, the former taking place almost entirely at the elbow-joint, the latter at the shoulder-joint.

CARPOMETACARPAL ARTICULATIONS (ARTICULATIONES CARPOMETACARPEAE)

Carpometacarpal Articulation of the Thumb (articulatio carpometacarpea pollicis).—This is a joint of reciprocal reception between the first metacarpal and the greater multangular; it enjoys great freedom of movement on account of the configuration of its articular surfaces, which are saddle-shaped. The joint is surrounded by a capsule, which is thick but loose, and passes from the circumference of the base of the metacarpal bone to the rough edge bounding the articular surface of the greater multangular; it is thickest laterally and dorsally, and is lined by synovial membrane.

Movements.—In this articulation the movements permitted are flexion and extension in the plane of the palm of the hand, abduction and adduction in a plane at right angles to the palm, circumduction, and opposition. It is by the movement of opposition that the tip of the thumb is brought into contact with the volar surfaces of the slightly flexed fingers. This movement is effected through the medium of a small sloping facet on the anterior lip of the saddle-shaped articular surface of the greater multangular. The Flexor muscles pull the corresponding part of the articular surface of the metacarpal bone on to this facet, and the movement of opposition is then carried out by the Adductors.

Flexion of this joint is produced by the Flexores pollicis longus and brevis, assisted by the Opponens pollicis and the Adductor pollicis. Extension is effected mainly by the abductor pollicis longus, assisted by the Extensores pollicis longus and brevis. Adduction is carried out by the Adductor; abduction mainly by the Abductores pollicis longus and brevis, assisted by the Extensors.

Articulations of the Other Four Metacarpal Bones with the Carpus (articulationes carpometacarpeae).—The joints between the carpus and the second, third, fourth, and fifth metacarpal bones are arthrodial. The bones are united by dorsal, volar, and interosseous ligaments.

The Dorsal Ligaments (ligamenta carpometacarpea dorsalia).—The dorsalligaments, the strongest and most distinct, connect the carpal and metacarpal bones on their dorsal surfaces. The second metacarpal bone receives two fasciculi, one from the greater, the other from the lesser multangular; the third metacarpal receives two, one each from the lesser multangular and capitate; the fourth two, one each from the capitate and hamate; the fifth receives a single fasciculus from the hamate, and this is continuous with a similar ligament on the volar surface, forming an incomplete capsule.

The Volar Ligaments (ligamenta carpometacarpea volaria; palmar ligaments).—The volar ligaments have a somewhat similar arrangement, with the exception of those of the third metacarpal, which are three in number: a lateral one from the greater multangular, situated superficial to the sheath of the tendon of the Flexor carpi radialis; and intermediate one from the capitate; and a medial one from the hamate.

The Interosseous Ligaments.—The interosseous ligaments consist of short, thick fibers, and are limited to one part of the carpometacarpal articulation; they connect the contiguous inferior angles of the capitate and hamate with the adjacent surfaces of the third and fourth metacarpal bones.

Synovial Membrane.—The synovial membrane is a continuation of that of the intercarpal joints. Occasionally, the joint between the hamate and the fourth and fifth metacarpal bones has a separate synovial membrane.

The synovial membranes of the wrist and carpus are thus seen to be five in number. The first passes from the lower end of the ulnar to the ulnar notch of the radius, and lines the upper surface of the articular disk. The second passes from the articular disk and the lower end of the radius above, to the bones of the first row below. The third, the most extensive, passes between the contiguous margins of the two rows of carpal bones, and sometimes, in the event of one of the interosseous ligaments being absent, between the bones of the second row to the carpal extremities of the second, third, fourth, and fifth metacarpal bones. The fourth extends from the margin of the greater multangular to the metacarpal bone of the thumb. The fifth runs between the adjacent margins of the triangular and pisiform bones. Occasionally the fourth and fifth carpometacarpal joints have a separate synovial membrane.

Movements.—The movements permitted in the carpometacarpal articulations of the fingers are limited to slight gliding of the articular surfaces upon each other, the extent of which varies in the different joints. The metacarpal bone of the little finger is most movable, then that of the ring finger; the metacarpal bones of the index and middle fingers are almost immovable.

INTERCARPAL ARTICULATIONS (ARTICULATIONES INTERCARPEAE; ARTICULATIONS OF THE CARPUS)

These articulations may be subdivided into three sets:

1. The Articulations of the Proximal Row of Carpal Bones.

2. The Articulations of the Distal Row of Carpal Bones.

3. The Articulations of the Two Rows with each Other.

Articulations of the Proximal Row of Carpal Bones.—These are arthrodial joints. The navicular, lunate, and triangular are connected by dorsal, volar, and interosseous ligaments.

The Dorsal Ligaments (ligamenta intercarpea dorsalia).—The dorsal ligaments, two in number, are placed transversely behind the bones of the first row; they connect the navicular and lunate, and the lunate and triangular.

The Volar ligaments (ligamenta intercarpea volaria; palmar ligaments).—The volar ligaments, also two, connect the navicular and lunate, and the lunate and triangular; they are less strong than the dorsal, and placed very deeply behind the Flexor tendons and the volar radiocarpal ligament.

The Interosseous Ligaments (ligamenta intercarpea interossea).—The interosseous ligaments are two narrow bundles, one connecting the lunate with the navicular, the other joining it to the triangular. They are on a level with the superior surfaces of these bones, and their upper surfaces are smooth, and form part of the convex articular surface of the wrist-joint.

The ligaments connecting the pisiform bone are the articular capsule and the two volar ligaments.

The articular capsule is a thin membrane which connects the pisiform to the triangular; it is lined by synovial membrane.

The two volar ligaments are strong fibrous bands; one, the pisohamate ligament, connects the pisiform to the hamate, the other, the pisometacarpal ligament, joins the pisiform to the base of the fifth metacarpal bone. These ligaments are, in reality, prolongations of the tendon of the Flexor carpi ulnaris.

Articulations of the Distal Row of Carpal Bones.—These also are arthrodial joints; the bones are connected by dorsal, volar, and interosseous ligaments.

The Dorsal Ligaments (ligamenta intercarpea dorsalia).—The dorsal ligaments, three in number, extend transversely from one bone to another on the dorsal surface, connecting the greater with the lesser multangular, the lesser multangular with the capitate, and the capitate with the hamate.

The Volar Ligaments (ligamenta intercarpea volaria; palmar ligaments).—The volar ligaments, also three, have a similar arrangement on the volar surface.

The Interosseous Ligaments (ligamenta intercarpea interossea).—The three interosseous ligaments are much thicker than those of the first row; one is placed between the capitate and the hamate, a second between the capitate and the lesser multangular, and a third between the greater and lesser multangulars. The first is much the strongest, and the third is sometimes wanting.

Articulations of the Two Rows of Carpal Bones with Each Other.—The joint between the navicular, lunate, and triangular on the one hand, and the second row of carpal bones on the other, is named the midcarpal joint, and is made up of three distinct portions: in the center the head of the capitate and the superior surface of the hamate articulate with the deep cup-shaped cavity formed by the navicular and lunate, and constitute a sort of ball-and-socket joint. On the radial side the greater and lesser multangulars articulate with the navicular, and on the ulnar side the hamate articulates with the triangular, forming gliding joints.

The ligaments are: volar, dorsal, ulnar and radial collateral.

The Volar Ligaments (ligamenta intercarpea volaria; anterior or palmar ligaments).—The volar ligaments consist of short fibers, which pass, for the most part, from the volar surfaces of the bones of the first row to the front of the capitate.

The Dorsal Ligaments (ligamenta intercarpea dorsalia; posterior ligaments).—The dorsal ligaments consist of short, irregular bundles passing between the dorsal surfaces of the bones of the first and second rows.

The Collateral Ligaments (lateral ligaments).—The collateral ligaments are very short; one is placed on the radial, the other on the ulnar side of the carpus; the former, the stronger and more distinct, connects the navicular and greater multangular, the latter the triangular and hamate; they are continuous with the collateral ligaments of the wrist-joint. In addition to these ligaments, a slender interosseous band sometimes connects the capitate and the navicular.

Synovial Membrane.—The synovial membrane of the carpus is very extensive, and bounds a synovial cavity of very irregular shape. The upper portion of the cavity intervenes between the under surfaces of the navicular, lunate, and triangular bones and the upper surfaces of the bones of the second row. It sends two prolongations upward—between the navicular and lunate, and the lunate and triangular—and three prolongations downward between the four bones of the second row. The prolongation between the greater and lesser multangulars, or that between the lesser multangular and capitate, is, owing to the absence of the interosseous ligament, often continuous with the cavity of the carpometacarpal joints, sometimes of the second, third, fourth, and fifth metacarpal bones, sometimes of the second and third only. In the latter condition the joint between the hamate and the fourth and fifth metacarpal bones has a separate synovial membrane. The synovial cavities of these joints are prolonged for a short distance between the bases of the metacarpal bones. There is a separate synovial membrane between the pisiform and triangular.

Movements.—The articulation of the hand and wrist considered as a whole involves four articular surfaces: (a) the inferior surfaces of the radius and articular disk; (b) the superior surfaces of the navicular, lunate, and triangular, the pisiform having no essential part in the movement of the hand; (c) the S-shaped surface formed by the inferior surfaces of the navicular, lunate, and triangular; (d) the reciprocal surface formed by the upper surfaces of the bones of the second row. These four surfaces form two joints: (1) a proximal, the wrist-joint proper; and (2) a distal, the mid-carpal joint.

1. The wrist-joint proper is a true condyloid articulation, and therefore all movements but rotation are permitted. Flexion and extension are the most free, and of these a greater amount of extension than of flexion is permitted, since the articulating surfaces extend farther on the dorsal than on the volar surfaces of the carpal bones. In this movement the carpal bones rotate on a transverse axis drawn between the tips of the styloid processes of the radius and ulna. A certain amount of adduction (or ulnar flexion) and abduction (or radial flexion) is also permitted. The former is considerably greater in extent than the latter on account of the shortness of the styloid process of the ulna, abduction being soon limited by the contact of the styloid process of the radius with the greater multangular. In this movement the carpus revolves upon an antero-posterior axis drawn through the center of the wrist. Finally, circumduction is permitted by the combined and consecutive movements of adduction, extension, abduction, and flexion. No rotation is possible, but the effect of rotation is obtained by the pronation and supination of the radius on the ulna. The movement of flexion is performed by the Flexor carpi radialis, the Flexor carpi ulnaris, and the Palmaris longus; extension by the Extensores carpi radiales longus and brevis and the Extensor carpi ulnaris; adduction (ulnar flexion) by the Flexor carpi ulnaris and the Extensor carpi ulnaris; and abduction (radial flexion) by the Abductor pollicis longus, the Extensors of the thumb, and the Extensores carpi radiales longus and brevis and the Flexor carpi radialis. When the fingers are extended, flexion of the wrist is performed by the Flexor carpi radialis and ulnaris and extension is aided by the Extensor digitorum communis. When the fingers are flexed, flexion of the wrist is aided by the Flexores digitorum sublimis and profundus, and extension is performed by the Extensores carpi radiales and ulnaris.

2. The chief movements permitted in the mid-carpal joint are flexion and extension and a slight amount of rotation. In flexion and extension, which are the movements most freely enjoyed, the greater and lesser multangulars on the radial side and the hamate on the ulnar side glide forward and backward on the navicular and triangular respectively, while the head of the capitate and the superior surface of the hamate rotate in the cup-shaped cavity of the navicular and lunate. Flexion at this joint is freer than extension. A very trifling amount of rotation is also permitted, the head of the capitate rotating around a vertical axis drawn through its own center, while at the same time a slight gliding movement takes place in the lateral and medial portions of the joint.

INTERMETACARPAL ARTICULATIONS (ARTICULATIONES INTERMETACARPEAE; ARTICULATIONS OF THE METACARPAL BONES WITH EACH OTHER)

The bases of the second, third, fourth and fifth metacarpal bones articulate with one another by small surfaces covered with cartilage, and are connected together by dorsal, volar, and interosseous ligaments.

The dorsal (ligamenta basium oss. metacarp. dorsalia) and volar ligaments (ligamenta basium oss. metacarp. volaria; palmar ligaments) pass transversely from one bone to another on the dorsal and volar surfaces. The interosseous ligaments (ligamenta basium oss. metacarp. interossea) connect their contiguous surfaces, just distal to their collateral articular facets.

The synovial membrane for these joints is continuous with that of the carpometacarpal articulations.

The Transverse Metacarpal Ligament (ligamentum capitulorum [oss. metacarpalium] transversum).—This ligament is a narrow fibrous band, which runs across the volar surfaces of the heads of the second, third, fourth and fifth metacarpal bones, connecting them together. It is blended with the volar (glenoid) ligaments of the metacarpophalangeal articulations. Its volar surface is concave where the Flexor tendons pass over it; behind it the tendons of the Interossei pass to their insertions.

METACARPOPHALANGEAL ARTICULATIONS (ARTICULATIONES METACARPOPHALANGEAE; METACARPOPHALANGEAL JOINTS)

These articulations are of the condyloid kind, formed by the reception of the rounded heads of the metacarpal bones into shallow cavities on the proximal ends of the first phalanges, with the exception of that of the thumb, which presents more of the characters of a ginglymoid joint. Each joint has a volar and two collateral ligaments.

The Volar Ligaments (glenoid ligaments of Cruveilhier; palmar or vaginal ligaments).—The volar ligaments are thick, dense, fibrocartilaginous structures, placed upon the volar surfaces of the joints in the intervals between the collateral ligaments, to which they are connected; they are loosely united to the metacarpal bones, but are very firmly attached to the bases of the first phalanges. Their volar surfaces are intimately blended with the transverse metacarpal ligament, and present grooves for the passage of the Flexor tendons, the sheaths surrounding which are connected to the sides of the grooves. Their deep surfaces form parts of the articular facets for the heads of the metacarpal bones, and are lined by synovial membranes.

The Collateral Ligaments (ligamenta collateralia; lateral ligaments).—The collateral ligaments are strong, rounded cords, placed on the sides of the joints; each is attached by one extremity to the posterior tubercle and adjacent depression on the side of the head of the metacarpal bone, and by the other to the contiguous extremity of the phalanx.

The dorsal surfaces of these joints are covered by the expansions of the Extensor tendons, together with some loose areolar tissue which connects the deep surfaces of the tendons to the bones.

Movements.—The movements which occur in these joints are flexion, extension, adduction, abduction, and circumduction; the movements of abduction and adduction are very limited, and cannot be performed when the fingers are flexed.

THE INTERPHALANGEAL ARTICULATIONS are hinge-joints; each has a volar and two collateral ligaments. The arrangement of these ligaments is similar to those in the metacarpophalangeal articulations. The Extensor tendons supply the place of posterior ligaments.
Movements.—The only movements permitted in the interphalangeal joints are flexion and extension; these movements are more extensive between the first and second phalanges than between the second and third. The amount of flexion is very considerable, but extension is limited by the volar and collateral ligaments.
Muscles Acting on the Joints of the Digits.—Flexion of the metacarpophalangeal joints of the fingers is effected by the Flexores digitorum sublimis and profundus, Lumbricales, and Interossei, assisted in the case of the little finger by the Flexor digiti quinti brevis. Extension is produced by the Extensor digitorum communis, Extensor indicis proprius, and Extensor digiti quinti proprius.
Flexion of the interphalangeal joints of the fingers is accomplished by the Flexor digitorum profundus acting on the proximal and distal joints and by the Flexor digitorum sublimis acting on the proximal joints. Extension is effected mainly by the Lumbricales and Interossei, the long Extensors having little or no action upon these joints.
Flexion of the metacarpophalangeal joint of the thumb is effected by the Flexores pollicis longus and brevis; extension by the Extensores pollicis longus and brevis. Flexion of the interphalangeal joint is accomplished by the Flexor pollicis longus, and extension by the Extensor pollicis longus.
Practice skills

Students are supposed to name the elbow joint and the joints of the bones of forearm and hand, give their full characteristic and identify the anatomical structures on the samples:

· elbow joint

· humeroulnar joint

· humeroradial joint

· proximal radioulnar joint

· ulnar collateral ligament

· radial collateral ligament

· interosseous membrane

· distal radioulnar joint

· wrist (radiocarpal) joint

· dorsum radiocarpal ligament

· palmar radiocarpal ligament

· ulnar collateral ligament

· radial collateral ligament

· intercarpal joints

· midcarpal joint

· articulation of pisiform bone

· carpal canal

· carpometacarpal joint

· intermetacarpal joints

· metacarpophalangeal joints

· interphalangeal joint

· collateral ligament

Practice class 17. The hip joint. The knee-joint.

The aim: to learn topography and structure of the hip-joint and knee-joint; to name and give the full classification characteristics of these joints and show their structures on the samples.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) Hip-joint

b) Knee-joint

C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

COXAL ARTICULATION OR HIP-JOINT (ARTICULATIO COXAE) is socket joint, formed by the reception of the head of the femur into the cup-shaped cavity of the acetabulum. The articular cartilage on the head of the femur, thicker at the center than at the circumference, covers the entire surface with the exception of the fovea capitis femoris, to which the ligamentum teres is attached; that on the acetabulum forms an incomplete marginal ring, the lunate surface. Within the lunate surface there is a circular depression devoid of cartilage, occupied in the fresh state by a mass of fat, covered by synovial membrane. The ligaments of the joint are: the Pubocapsular, the Iliofemoral, the Ligamentum Capitis Femoris, the Ischiocapsular, the Transverse Acetabular.

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule is strong and dense. Above, it is attached to the margin of the acetabulum 5 to 6 mm. Beyond the glenoidal labrum behind; but in front, it is attached to the outer margin of the labrum, and, opposite to the notch where the margin of the cavity is deficient, it is connected to the transverse ligament, and by a few fibers to the edge of the obturator foramen. It surrounds the neck of the femur, and is attached, in front, to the intertrochanteric line; above, to the base of the neck; behind, to the neck, about 1.25 cm. above the intertrochanteric crest; below, to the lower part of the neck, close to the lesser trochanter. From its femoral attachment some of the fibers are reflected upward along the neck as longitudinal bands, termed retinacula. The capsule is much thicker at the upper and forepart of the joint, where the greatest amount of resistance is required; behind and below, it is thin and loose. It consists of two sets of fibers, circular and longitudinal. The circular fibers, zona orbicularis, are most abundant at the lower and back part of the capsule, and form a sling or collar around the neck of the femur. Anteriorly they blend with the deep surface of the iliofemoral ligament, and gain an attachment to the anterior inferior iliac spine. The longitudinal fibers are greatest in amount at the upper and front part of the capsule, where they are reinforced by distinct bands, or accessory ligaments, of which the most important is the iliofemoral ligament. The other accessory bands are known as the pubocapsular and the ischiocapsular ligaments. 

Movements.—The movements of the hip are very extensive, and consist of flexion, extension, adduction, abduction, circumduction, and rotation.

THE KNEE-JOINT (ARTICULATIO GENU) was formerly described as a condyloid joint. It must be regarded as consisting of three articulations in one: two condyloid joints, one between each condyle of the femur and the corresponding meniscus and condyle of the tibia; and a third between the patella and the femur, since the articular surfaces are not mutually adapted to each other, so that the movement is not a simple gliding one. This view of the construction of the knee-joint receives confirmation from the study of the articulation in some of the lower mammals, where, corresponding to these three subdivisions, three synovial cavities are sometimes found, either entirely distinct or only connected together by small communications. This view is further rendered probable by the existence in the middle of the joint of the two cruciate ligaments, which must be regarded as the collateral ligaments of the medial and lateral joints. The existence of the patellar fold of synovial membrane would further indicate a tendency to separation of the synovial cavity into two minor sacs, one corresponding to the lateral and the other to the medial joint. The bones are connected together by the following ligaments: the Anterior Cruciate, the Ligamentum Patellae, the Posterior Cruciate, the Oblique Popliteal, the Tibial Collateral, the Transverse, the Fibular Collateral.

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule consists of a thin, but strong, fibrous membrane which is strengthened in almost its entire extent by bands inseparably connected with it. Above and in front, beneath the tendon of the Quadriceps femoris, it is represented only by the synovial membrane. Its chief strengthening bands are derived from the fascia lata and from the tendons surrounding the joint. In front, expansions from the Vasti and from the fascia lata and its iliotibial band fill in the intervals between the anterior and collateral ligaments, constituting the medial and lateral patellar retinacula. Behind the capsule consists of vertical fibers which arise from the condyles and from the sides of the intercondyloid fossa of the femur; the posterior part of the capsule is therefore situated on the sides of and in front of the cruciate ligaments, which are thus excluded from the joint cavity. Behind the cruciate ligaments is the oblique popliteal ligament which is augmented by fibers derived from the tendon of the Semimembranosus. Laterally, a prolongation from the iliotibial band fills in the interval between the oblique popliteal and the fibular collateral ligaments, and partly covers the latter. Medially, expansions from the Sartorius and Semimembranosus pass upward to the tibial collateral ligament and strengthen the capsule.

Synovial Membrane.—The synovial membrane of the knee-joint is the largest and most extensive in the body. Commencing at the upper border of the patella, it forms a large cul-de-sac beneath the Quadriceps femoris on the lower part of the front of the femur, and frequently communicates with a bursa interposed between the tendon and the front of the femur. The pouch of synovial membrane between the Quadriceps and front of the femur is supported, during the movements of the knee, by a small muscle, the Articularis genu, which is inserted into it. On either side of the patella, the synovial membrane extends beneath the aponeuroses of the Vasti, and more especially beneath that of the Vastus medialis. Below the patella it is separated from the ligamentum patellae by a considerable quantity of fat, known as the infrapatellar pad. From the medial and lateral borders of the articular surface of the patella, reduplications of the synovial membrane project into the interior of the joint. These form two fringe-like folds termed the alar folds; below, these folds converge and are continued as a single band, the patellar fold (ligamentum mucosum), to the front of the intercondyloid fossa of the femur. On either side of the joint, the synovial membrane passes downward from the femur, lining the capsule to its point of attachment to the menisci; it may then be traced over the upper surfaces of these to their free borders, and thence along their under surfaces to the tibia. At the back part of the lateral meniscus it forms a cul-de-sac between the groove on its surface and the tendon of the Popliteus; it is reflected across the front of the cruciate ligaments, which are therefore situated outside the synovial cavity.

Bursae.—The bursae near the knee-joint are the following: In front there are four bursae: a large one is interposed between the patella and the skin, a small one between the upper part of the tibia and the ligamentum patellae, a third between the lower part of the tuberosity of the tibia and the skin, and a fourth between the anterior surface of the lower part of the femur and the deep surface of the Quadriceps femoris, usually communicating with the knee-joint. Laterally there are four bursae: (1) one (which sometimes communicates with the joint) between the lateral head of the Gastrocnemius and the capsule; (2) one between the fibular collateral ligament and the tendon of the Biceps; (3) one between the fibular collateral ligament and the tendon of the Popliteus (this is sometimes only an expansion from the next bursa); (4) one between the tendon of the Popliteus and the lateral condyle of the femur, usually an extension from the synovial membrane of the joint. Medially, there are five bursae: (1) one between the medial head of the Gastrocnemius and the capsule; this sends a prolongation between the tendon of the medial head of the Gastrocnemius and the tendon of the Semimembranosus and often communicates with the joint; (2) one superficial to the tibial collateral ligament, between it and the tendons of the Sartorius, Gracilis, and Semitendinosus; (3) one deep to the tibial collateral ligament, between it and the tendon of the Semimembranosus (this is sometimes only an expansion from the next bursa); (4) one between the tendon of the Semimembranosus and the head of the tibia; (5) occasionally there is a bursa between the tendons of the Semimembranosus and Semitendinosus.

Movements.—The movements which take place at the knee-joint are flexion and extension, and, in certain positions of the joint, internal and external rotation. The movements of flexion and extension and rotatory movements associated with the fixation of the limb in a position of great stability. 

Practice skills

Students are supposed to name the hip-joint and knee-joint, give their full characteristic and identify the anatomical structures on the samples:

· hip joint

· acetabular labrum

· ligament of head of femur

· iliofemoral ligament

· ischiofemoral ligament

· pubofemoral ligament

· knee-joint

· transverse ligament of knee

· lateral meniscus

· medial meniscus

· anterior cruciate ligament

· posterior cruciate ligament

· tibial collateral ligament

· fibular collateral ligament

· patellar ligament 

Practice class 18. The connections of the bones of leg and foot.

The aim: to learn topography and structure of the joints of the bones of leg and foot; to name and give the full classification characteristics of these joints and show their structures on the samples.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially for neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) Articulations between the tibia and fibula

b) Ankle-joint

c) Intertarsal articulations

d) Tarsometatarsal articulations

e) Metatarsophalangeal articulations

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

THE ARTICULATIONS BETWEEN THE TIBIA AND FIBULA are effected by ligaments which connect the extremities and bodies of the bones. The ligaments may consequently be subdivided into three sets: (1) those of the Tibiofibular articulation; (2) the interosseous membrane; (3) those of the Tibiofibular syndesmosis.

Tibiofibular Articulation (articulatio tibiofibularis; superior tibiofibular articulation).—This articulation is an arthrodial joint between the lateral condyle of the tibia and the head of the fibula. The contiguous surfaces of the bones present flat, oval facets covered with cartilage and connected together by an articular capsule and by anterior and posterior ligaments.

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule surrounds the articulation, being attached around the margins of the articular facets on the tibia and fibula; it is much thicker in front than behind.

The Anterior Ligament (anterior superior ligament).—The anterior ligament of the head of the fibula consists of two or three broad and flat bands, which pass obliquely upward from the front of the head of the fibula to the front of the lateral condyle of the tibia.

The Posterior Ligament (posterior superior ligament).—The posterior ligament of the head of the fibula is a single thick and broad band, which passes obliquely upward from the back of the head of the fibula to the back of the lateral condyle of the tibia. It is covered by the tendon of the Popliteus.

Synovial Membrane.—A synovial membrane lines the capsule; it is continuous with that of the knee-joint in occasional cases when the two joints communicate.

Interosseous Membrane (membrana interossea cruris; middle tibiofibular ligament).—An interosseous membrane extends between the interosseous crests of the tibia and fibula, and separates the muscles on the front from those on the back of the leg. It consists of a thin, aponeurotic lamina composed of oblique fibers, which for the most part run downward and lateralward; some few fibers, however, pass in the opposite direction. It is broader above than below. Its upper margin does not quite reach the tibiofibular joint, but presents a free concave border, above which is a large, oval aperture for the passage of the anterior tibial vessels to the front of the leg. In its lower part is an opening for the passage of the anterior peroneal vessels. It is continuous below with the interosseous ligament of the tibiofibular syndesmosis, and presents numerous perforations for the passage of small vessels. It is in relation, in front, with the Tibialis anterior, Extensor digitorum longus, Extensor hallucis proprius, Peronaeus tertius, and the anterior tibial vessels and deep peroneal nerve; behind, with the Tibialis posterior and Flexor hallucis longus.

Tibiofibular Syndesmosis (syndesmosis tibiofibularis; inferior tibiofibular articulation).—This syndesmosis is formed by the rough, convex surface of the medial side of the lower end of the fibula, and a rough concave surface on the lateral side of the tibia. Below, to the extent of about 4 mm. these surfaces are smooth, and covered with cartilage, which is continuous with that of the ankle-joint. The ligaments are: anterior, posterior, inferior transverse, and interosseous.

The Anterior Ligament (ligamentum malleoli lateralis anterius; anterior inferior ligament).—The anterior ligament of the lateral malleolus is a flat, triangular band of fibers, broader below than above, which extends obliquely downward and lateralward between the adjacent margins of the tibia and fibula, on the front aspect of the syndesmosis. It is in relation, in front, with the Peronaeus tertius, the aponeurosis of the leg, and the integument; behind, with the interosseous ligament; and lies in contact with the cartilage covering the talus.

The Posterior Ligament (ligamentum malleoli lateralis posterius; posterior inferior ligament).—The posterior ligament of the lateral malleolus, smaller than the preceding, is disposed in a similar manner on the posterior surface of the syndesmosis.

The Inferior Transverse Ligament.—The inferior transverse ligament lies in front of the posterior ligament, and is a strong, thick band, of yellowish fibers which passes transversely across the back of the joint, from the lateral malleolus to the posterior border of the articular surface of the tibia, almost as far as its malleolar process. This ligament projects below the margin of the bones, and forms part of the articulating surface for the talus.

The Interosseous Ligament.—The interosseous ligament consists of numerous short, strong, fibrous bands, which pass between the contiguous rough surfaces of the tibia and fibula, and constitute the chief bond of union between the bones. It is continuous, above, with the interosseous membrane.

Synovial Membrane.—The synovial membrane associated with the small arthrodial part of this joint is continuous with that of the ankle-joint.

TALOCRURAL ARTICULATION OR (ARTICULATIO TALOCRURALIS; TIBIOTARSAL ARTICULATION) is a ginglymus, or hinge-joint. The structures entering into its formation are the lower end of the tibia and its malleolus, the malleolus of the fibula, and the transverse ligament, which together form a mortise for the reception of the upper convex surface of the talus and its medial and lateral facets. The bones are connected by the following ligaments:

The Articular Capsule.

The Anterior Talofibular.

The Deltoid.

The Posterior Talofibular.

The Calcaneofibular.

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule surrounds the joints, and is attached, above, to the borders of the articular surfaces of the tibia and malleoli; and below, to the talus around its upper articular surface. The anterior part of the capsule (anterior ligament) is a broad, thin, membranous layer, attached, above, to the anterior margin of the lower end of the tibia; below, to the talus, in front of its superior articular surface. It is in relation, in front, with the Extensor tendons of the toes, the tendons of the Tibialis anterior and Peronaeus tertius, and the anterior tibial vessels and deep peroneal nerve. The posterior part of the capsule (posterior ligament) is very thin, and consists principally of transverse fibers. It is attached, above, to the margin of the articular surface of the tibia, blending with the transverse ligament; below, to the talus behind its superior articular facet. Laterally, it is somewhat thickened, and is attached to the hollow on the medial surface of the lateral malleolus.

The Deltoid Ligament (ligamentum deltoideum; internal lateral ligament).—The deltoid ligament is a strong, flat, triangular band, attached, above, to the apex and anterior and posterior borders of the medial malleolus. It consists of two sets of fibers, superficial and deep. Of the superficial fibers the most anterior (tibionavicular) pass forward to be inserted into the tuberosity of the navicular bone, and immediately behind this they blend with the medial margin of the plantar calcaneonavicular ligament; the middle (calcaneotibial) descend almost perpendicularly to be inserted into the whole length of the sustentaculum tali of the calcaneus; the posterior fibers (posterior talotibial) pass backward and lateralward to be attached to the inner side of the talus, and to the prominent tubercle on its posterior surface, medial to the groove for the tendon of the Flexor hallucis longus. The deep fibers (anterior talotibial) are attached, above, to the tip of the medial malleolus, and, below, to the medial surface of the talus. The deltoid ligament is covered by the tendons of the Tibialis posterior and Flexor digitorum longus.

The anterior and posterior talofibular and the calcaneofibular ligaments were formerly described as the three fasciculi of the external lateral ligament of the ankle-joint.

The Anterior Talofibular Ligament. (ligamentum talofibulare anterius).—The anterior talofibular ligament, the shortest of the three, passes from the anterior margin of the fibular malleolus, forward and medially, to the talus, in front of its lateral articular facet.

The Posterior Talofibular Ligament (ligamentum talofibulare posterius).—The posterior talofibular ligament, the strongest and most deeply seated, runs almost horizontally from the depression at the medial and back part of the fibular malleolus to a prominent tubercle on the posterior surface of the talus immediately lateral to the groove for the tendon of the Flexor hallucis longus.

The Calcaneofibular Ligament (ligamentum calcaneofibulare).—The calcaneofibular ligament, the longest of the three, is a narrow, rounded cord, running from the apex of the fibular malleolus downward and slightly backward to a tubercle on the lateral surface of the calcaneus. It is covered by the tendons of the Peronaei longus and brevis.

Synovial Membrane.—The synovial membrane invests the deep surfaces of the ligaments, and sends a small process upward between the lower ends of the tibia and fibula.

Relations.—The tendons, vessels, and nerves in connection with the joint are, in front, from the medial side, the Tibialis anterior, Extensor hallucis proprius, anterior tibial vessels, deep peroneal nerve, Extensor digitorum longus, and Peronaeus tertius; behind, from the medial side, the Tibialis posterior, Flexor digitorum longus, posterior tibial vessels, tibial nerve, Flexor hallucis longus; and, in the groove behind the fibular malleolus, the tendons of the Peronaei longus and brevis.

The arteries supplying the joint are derived from the malleolar branches of the anterior tibial and the peroneal.

The nerves are derived from the deep peroneal and tibial.

Movements.—When the body is in the erect position, the foot is at right angles to the leg. The movements of the joint are those of dorsiflexion and extension; dorsiflexion consists in the approximation of the dorsum of the foot to the front of the leg, while in extension the heel is drawn up and the toes pointed downward. The range of movement varies in different individuals from about 50° to 90°. The transverse axis about which movement takes place is slightly oblique. The malleoli tightly embrace the talus in all positions of the joint, so that any slight degree of side-to-side movement which may exist is simply due to stretching of the ligaments of the talofibular syndesmosis, and slight bending of the body of the fibula. The superior articular surface of the talus is broader in front than behind. In dorsiflexion, herefore, greater space is required between the two malleoli. This is obtained by a slight outward rotatory movement of the lower end of the fibula and a stretching of the ligaments of the syndesmosis; this lateral movement is facilitated by a slight gliding at the tibiofibular articulation, and possibly also by the bending of the body of the fibula. Of the ligaments, the deltoid is of very great power—so much so, that it usually resists a force which fractures the process of bone to which it is attached. Its middle portion, together with the calcaneofibular ligament, binds the bones of the leg firmly to the foot, and resists displacement in every direction. Its anterior and posterior fibers limit extension and flexion of the foot respectively, and the anterior fibers also limit abduction. The posterior talofibular ligament assists the calcaneofibular in resisting the displacement of the foot backward, and deepens the cavity for the reception of the talus. The anterior talofibular is a security against the displacement of the foot forward, and limits extension of the joint.

The movements of inversion and eversion of the foot, together with the minute changes in form by which it is applied to the ground or takes hold of an object in climbing, etc., are mainly effected in the tarsal joints; the joint which enjoys the greatest amount of motion being that between the talus and calcaneus behind and the navicular and cuboid in front. This is often called the transverse tarsal joint, and it can, with the subordinate joints of the tarsus, replace the ankle-joint in a great measure when the latter has become ankylosed.

Extension of the foot upon the tibia and fibula is produced by the Gastrocnemius, Soleus, Plantaris, Tibialis posterior, Peronaei longus and brevis, Flexor digitorum longus, and Flexor hallucis longus; dorsiflexion, by the Tibialis anterior, Peronaeus tertius, Extensor digitorum longus, and Extensor hallucis proprius.

Note. The student must bear in mind that the Extensor digitorum longus and Extensor hallucis proprius are extensors of the toes, but flexors of the ankle; and that the Flexor digitorum longus and Flexor hallucis longus are flexors of the toes, but extensors of the ankle.

INTERTARSAL ARTICULATIONS (ARTICULATIONES INTERTARSEAE; ARTICULATIONS OF THE TARSUS)

Talocalcaneal Articulation (articulatio talocalcanea; articulation of the calcaneus and astragalus; calcaneo-astragaloid articulation).—The articulations between the calcaneus and talus are two in number—anterior and posterior. Of these, the anterior forms part of the talocalcaneonavicular joint, and will be described with that articulation. The posterior or talocalcaneal articulation is formed between the posterior calcaneal facet on the inferior surface of the talus, and the posterior facet on the superior surface of the calcaneus. It is an arthrodial joint, and the two bones are connected by an articular capsule and by anterior, posterior, lateral, medial, and interosseous talocalcaneal ligaments.

The Articular Capsule (capsula articularis).—The articular capsule envelops the joint, and consists for the most part of the short fibers, which are split up into distinct slips; between these there is only a weak fibrous investment.

The Anterior Talocalcaneal Ligament (ligamentum talocalcaneum anterius; anterior calcaneo-astragaloid ligament).—The anterior talocalcaneal ligament extends from the front and lateral surface of the neck of the talus to the superior surface of the calcaneus. It forms the posterior boundary of the talocalcaneonavicular joint, and is sometimes described as the anterior interosseous ligament.
The Posterior Talocalcaneal Ligament (ligamentum talocalcaneum posterius; posterior calcaneo-astragaloid ligament).—The posterior talocalcaneal ligament connects the lateral tubercle of the talus with the upper and medial part of the calcaneus; it is a short band, and its fibers radiate from their narrow attachment to the talus.

The Lateral Talocalcaneal Ligament (ligamentum talocalcaneum laterale; external calcaneo-astragaloid ligament).—The lateral talocalcaneal ligament is a short, strong fasciculus, passing from the lateral surface of the talus, immediately beneath its fibular facet to the lateral surface of the calcaneus. It is placed in front of, but on a deeper plane than, the calcaneofibular ligament, with the fibers of which it is parallel.

The Medial Talocalcaneal Ligament (ligamentum talocalcaneum mediale; internal calcaneo-astragaloid ligament).—The medial talocalcaneal ligament connects the medial tubercle of the back of the talus with the back of the sustentaculum tali. Its fibers blend with those of the plantar calcaneonavicular ligament.

The Interosseous Talocalcaneal Ligament (ligamentum talocalcaneum interosseum).—The interosseous talocalcaneal ligament forms the chief bond of union between the bones. It is, in fact, a portion of the united capsules of the talocalcaneonavicular and the talocalcaneal joints, and consists of two partially united layers of fibers, one belonging to the former and the other to the latter joint. It is attached, above, to the groove between the articular facets of the under surface of the talus; below, to a corresponding depression on the upper surface of the calcaneus. It is very thick and strong, being at least 2.5 cm. in breadth from side to side, and serves to bind the calcaneus and talus firmly together.

Synovial Membrane.—The synovial membrane lines the capsule of the joint, and is distinct from the other synovial membranes of the tarsus.

Movements.—The movements permitted between the talus and calcaneus are limited to gliding of the one bone on the other backward and forward and from side to side.

Talocalcaneonavicular Articulation (articulatio talocalcaneonavicularis).—This articulation is an arthrodial joint: the rounded head of the talus being received into the concavity formed by the posterior surface of the navicular, the anterior articular surface of the calcaneus, and the upper surface of the planter calcaneonavicular ligament. There are two ligaments in this joint: the articular capsule and the dorsal talonavicular.

The Articular Capsule (capsula articularis).—The articular capsule is imperfectly developed except posteriorly, where it is considerably thickened and forms, with a part of the capsule of the talocalcaneal joint, the strong interosseous ligament which fills in the canal formed by the opposing grooves on the calcaneus and talus, as above mentioned.

The Dorsal Talonavicular Ligament (ligamentum talonaviculare dorsale; superior astragalonavicular ligament).—This ligament is a broad, thin band, which connects the neck of the talus to the dorsal surface of the navicular bone; it is covered by the Extensor tendons. The plantar calcaneonavicular supplies the place of a plantar ligament for this joint.

Synovial Membrane.—The synovial membrane lines all parts of the capsule of the joint.

Movements.—This articulation permits of a considerable range of gliding movements, and some rotation; its feeble construction allows occasionally of dislocation of the other bones of the tarsus from the talus.

Calcaneocuboid Articulation (articulatio calcaneocuboidea; articulation of the calcaneus with the cuboid).—The ligaments connecting the calcaneus with the cuboid are five in number, viz., the articular capsule, the dorsal calcaneocuboid, part of the bifurcated, the long plantar, and the plantar calcaneocuboid.

The Articular Capsule (capsula articularis).—The articular capsule is an imperfectly developed investment, containing certain strengthened bands, which form the other ligaments of the joint.

The Dorsal Calcaneocuboid Ligament (ligamentum calcaneocuboideum dorsale; superior calcaneocuboid ligament).—The dorsal calcaneocuboid ligament is a thin but broad fasciculus, which passes between the contiguous surfaces of the calcaneus and cuboid, on the dorsal surface of the joint.

The Bifurcated Ligament (ligamentum bifurcatum; internal calcaneocuboid; interosseous ligament).—The bifurcated ligament is a strong band, attached behind to the deep hollow on the upper surface of the calcaneus and dividing in front in a Y-shaped manner into a calcaneocuboid and a calcaneonavicular part. The calcaneocuboid part is fixed to the medial side of the cuboid and forms one of the principal bonds between the first and second rows of the tarsal bones. The calcaneonavicular part is attached to the lateral side of the navicular.

The Long Plantar Ligament (ligamentum plantare longum; long calcaneocuboid ligament; superficial long plantar ligament).—The long plantar ligament is the longest of all the ligaments of the tarsus: it is attached behind to the plantar surface of the calcaneus in front of the tuberosity, and in front to the tuberosity on the plantar surface of the cuboid bone, the more superficial fibers being continued forward to the bases of the second, third, and fourth metatarsal bones. This ligament converts the groove on the plantar surface of the cuboid into a canal for the tendon of the Peronaeus longus.

The Plantar Calcaneocuboid Ligament (ligamentum calcaneocuboideum plantare; short calcaneocuboid ligament; short plantar ligament).—The plantar calcaneocuboid ligament lies nearer to the bones than the preceding, from which it is separated by a little areolar tissue. It is a short but wide band of great strength, and extends from the tubercle and the depression in front of it, on the forepart of the plantar surface of the calcaneus, to the plantar surface of the cuboid behind the peroneal groove.

Synovial Membrane.—The synovial membrane lines the inner surface of the capsule and is distinct from that of the other tarsal articulations.

Movements.—The movements permitted between the calcaneus and cuboid are limited to slight gliding movements of the bones upon each other.

The transverse tarsal joint is formed by the articulation of the calcaneus with the cuboid, and the articulation of the talus with the navicular. The movement which takes place in this joint is more extensive than that in the other tarsal joints, and consists of a sort of rotation by means of which the foot may be slightly flexed or extended, the sole being at the same time carried medially (inverted) or laterally (everted).

The Ligaments Connecting the Calcaneus and Navicular.—Though the calcaneus and navicular do not directly articulate, they are connected by two ligaments: the calcaneonavicular part of the bifurcated, and the plantar calcaneonavicular.

The Plantar Calcaneonavicular Ligament (ligamentum calcaneonaviculare plantare; inferior or internal calcaneonavicular ligament; calcaneonavicular ligament).—The plantar calcaneonavicular ligament is a broad and thick band of fibers, which connects the anterior margin of the sustentaculum tali of the calcaneus to the plantar surface of the navicular. This ligament not only serves to connect the calcaneus and navicular, but supports the head of the talus, forming part of the articular cavity in which it is received. The dorsal surface of the ligament presents a fibrocartilaginous facet, lined by the synovial membrane, and upon this a portion of the head of the talus rests. Its plantar surface is supported by the tendon of the Tibialis posterior; its medial border is blended with the forepart of the deltoid ligament of the ankle-joint.

The plantar calcaneonavicular ligament, by supporting the head of the talus, is principally concerned in maintaining the arch of the foot. When it yields, the head of the talus is pressed downward, medialward, and forward by the weight of the body, and the foot becomes flattened, expanded, and turned lateralward, and exhibits the condition known as flat-foot. This ligament contains a considerable amount of elastic fibers, so as to give elasticity to the arch and spring to the foot; hence it is sometimes called the “spring” ligament. It is supported, on its plantar surface, by the tendon of the Tibialis posterior, which spreads out at its insertion into a number of fasciculi, to be attached to most of the tarsal and metatarsal bones. This prevents undue stretching of the ligament, and is a protection against the occurrence of flat-foot; hence muscular weakness is, in most cases, the primary cause of the deformity.

Cuneonavicular Articulation (articulatio cuneonavicularis; articulation of the navicular with the cuneiform bones).—The navicular is connected to the three cuneiform bones by dorsal and plantar ligaments.

The Dorsal Ligaments (ligamenta navicularicuneiformia dorsalia).—The dorsal ligaments are three small bundles, one attached to each of the cuneiform bones. The bundle connecting the navicular with the first cuneiform is continuous around the medial side of the articulation with the plantar ligament which unites these two bones.

The Plantar Ligaments (ligamenta navicularicuneiformia plantaria).—The plantar ligaments have a similar arrangement to the dorsal, and are strengthened by slips from the tendon of the Tibialis posterior.

Synovial Membrane.—The synovial membrane of these joints is part of the great tarsal synovial membrane.

Movements.—Mere gliding movements are permitted between the navicular and cuneiform bones.

Cuboideonavicular Articulation.—The navicular bone is connected with the cuboid by dorsal, plantar, and interosseous ligaments.

The Dorsal Ligament (ligamentum cuboideonaviculare dorsale).—The dorsal ligament extends obliquely forward and lateralward from the navicular to the cuboid bone.

The Plantar Ligament (ligamentum cuboideonaviculare plantare).—The plantar ligament passes nearly transversely between these two bones.

The Interosseous Ligament.—The interosseous ligament consists of strong transverse fibers, and connects the rough non-articular portions of the adjacent surfaces of the two bones.

Synovial Membrane.—The synovial membrane of this joint is part of the great tarsal synovial membrane.

Movements.—The movements permitted between the navicular and cuboid bones are limited to a slight gliding upon each other.

Intercuneiform and Cuneocuboid Articulations.—The three cuneiform bones and the cuboid are connected together by dorsal, plantar, and interosseous ligaments.

The Dorsal Ligaments (ligamenta intercuneiformia dorsalia).—The dorsal ligaments consist of three transverse bands: one connects the first with the second cuneiform, another the second with the third cuneiform, and another the third cuneiform with the cuboid.

The Plantar Ligaments (ligamenta intercuneiformia plantaria).—The plantar ligaments have a similar arrangement to the dorsal, and are strengthened by slips from the tendon of the Tibialis posterior.

The Interosseous Ligaments (ligamenta intercuneiformia interossea).—The interosseous ligaments consist of strong transverse fibers which pass between the rough non-articular portions of the adjacent surfaces of the bones.

Synovial Membrane.—The synovial membrane of these joints is part of the great tarsal synovial membrane.

Movements.—The movements permitted between these bones are limited to a slight gliding upon each other.

TARSOMETATARSAL ARTICULATIONS (ARTICULATIONES TARSOMETATARSEAE) are arthrodial joints. The bones entering into their formation are the first, second, and third cuneiforms, and the cuboid, which articulate with the bases of the metatarsal bones. The first metatarsal bone articulates with the first cuneiform; the second is deeply wedged in between the first and third cuneiforms articulating by its base with the second cuneiform; the third articulates with the third cuneiform; the fourth, with the cuboid and third cuneiform; and the fifth, with the cuboid. The bones are connected by dorsal, plantar, and interosseous ligaments.

The Dorsal Ligaments (ligamenta tarsometatarsea dorsalia).—The dorsal ligaments are strong, flat bands. The first metatarsal is joined to the first cuneiform by a broad, thin band; the second has three, one from each cuneiform bone; the third has one from the third cuneiform; the fourth has one from the third cuneiform and one from the cuboid; and the fifth, one from the cuboid.

The Plantar Ligaments (ligamenta tarsometatarsea plantaria).—The plantar ligaments consist of longitudinal and oblique bands, disposed with less regularity than the dorsal ligaments. Those for the first and second metatarsals are the strongest; the second and third metatarsals are joined by oblique bands to the first cuneiform; the fourth and fifth metatarsals are connected by a few fibers to the cuboid.

The Interosseous Ligaments (ligamenta cuneometatarsea interossia).
The interosseous ligaments are three in number. The first is the strongest, and passes from the lateral surface of the first cuneiform to the adjacent angle of the second metatarsal. The second connects the third cuneiform with the adjacent angle of the second metatarsal. The third connects the lateral angle of the third cuneiform with the adjacent side of the base of the third metatarsal.

Synovial Membrane.—The synovial membrane between the first cuneiform and the first metatarsal forms a distinct sac. The synovial membrane between the second and third cuneiforms behind, and the second and third metatarsal bones in front, is part of the great tarsal synovial membrane. Two prolongations are sent forward from it, one between the adjacent sides of the second and third, and another between those of the third and fourth metatarsal bones. The synovial membrane between the cuboid and the fourth and fifth metatarsal bones forms a distinct sac. From it a prolongation is sent forward between the fourth and fifth metatarsal bones.

Movements.—The movements permitted between the tarsal and metatarsal bones are limited to slight gliding of the bones upon each other.

Nerve Supply.—The intertarsal and tarsometatarsal joints are supplied by the deep peroneal nerve.

METATARSOPHALANGEAL ARTICULATIONS (ARTICULATIONES METATARSOPHALANGEAE)

The metatarsophalangeal articulations are of the condyloid kind, formed by the reception of the rounded heads of the metatarsal bones in shallow cavities on the ends of the first phalanges.

The ligaments are the plantar and two collateral.

The Plantar Ligaments (ligamenta accessoria plantaria; glenoid ligaments of Cruveilhier).—The plantar ligaments are thick, dense, fibrous structures. They are placed on the plantar surfaces of the joints in the intervals between the collateral ligaments, to which they are connected; they are loosely united to the metatarsal bones, but very firmly to the bases of the first phalanges. Their plantar surfaces are intimately blended with the transverse metatarsal ligament, and grooved for the passage of the Flexor tendons, the sheaths surrounding which are connected to the sides of the grooves. Their deep surfaces form part of the articular facets for the heads of the metatarsal bones, and are lined by synovial membrane.

The Collateral Ligaments (ligamenta collateralia; lateral ligaments).—The collateral ligaments are strong, rounded cords, placed one on either side of each joint, and attached, by one end, to the posterior tubercle on the side of the head of the metatarsal bone, and, by the other, to the contiguous extremity of the phalanx.

The place of dorsal ligaments is supplied by the Extensor tendons on the dorsal surfaces of the joints.

Movements.—The movements permitted in the metatarsophalangeal articulations are flexion, extension, abduction, and adduction.

Practice skills

Students are supposed to name the joints of the bones of leg and foot, give their full characteristic and identify the anatomical structures on the samples:
· interosseous membrane

· tibiofibular articulation

· ankle-joint

· medial ligament of ankle

· lateral ligament of ankle

· subtalar articulation

· talocalcaneonavicular articulation

· transverse tarsal joint

· bifurcate ligament

· calcaneocuboid articulation

· cuneonavicular articulation

· long plantar ligament

· tarsometatarsal articulations

· intermetatarsal joints

· metatarsophalangeal articulations

· interphalangeal joints

Self-taught class 8. The types of the connection of bones. The biomechanics of joints.

The aim: to learn the peculiarities of the connections of bones; to define the main features of the joints and give the classification of the joints according to these characteristics; to find out the dependence of the mobility of joint from its shape; to learn the kinds of movements and the axes, around which the motions are accomplished.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows to master the anatomical basis of the diagnostic technique and carry out the operations on the internal organs and extremities.

The plan of the self-taught class:

A. Define the types of the connections of bones.

B. Learn the features of the joints.

C. Learn the accessory structures of the joints.

D. Learn the classification of the kinds of movements admitted in joints.

THE BONES of the skeleton are joined to one another at different parts of their surfaces, and such connections are termed Joints or Articulations. Where the joints are immovable, as in the articulations between practically all the bones of the skull, the adjacent margins of the bones are almost in contact, being separated merely by a thin layer of fibrous membrane, named the sutural ligament. In certain regions at the base of the skull this fibrous membrane is replaced by a layer of cartilage. Where slight movement combined with great strength is required, the osseous surfaces are united by tough and elastic fibrocartilages, as in the joints between the vertebral bodies, and in the interpubic articulation. In the freely movable joints the surfaces are completely separated; the bones forming the articulation are expanded for greater convenience of mutual connection, covered by cartilage and enveloped by capsules of fibrous tissue. The cells lining the interior of the fibrous capsule form an imperfect membrane—the synovial membrane—which secretes a lubricating fluid. The joints are strengthened by strong fibrous bands called ligaments, which extend between the bones forming the joint.

Bone.—Bone constitutes the fundamental element of all the joints. In the long bones, the extremities are the parts which form the articulations; they are generally somewhat enlarged; and consist of spongy cancellous tissue with a thin coating of compact substance. In the flat bones, the articulations usually take place at the edges; and in the short bones at various parts of their surfaces. The layer of compact bone which forms the joint surface, and to which the articular cartilage is attached, is called the articular lamella. It differs from ordinary bone tissue in that it contains no Haversian canals, and its lacunae are larger and have no canaliculi. The vessels of the cancellous tissue, as they approach the articular lamella, turn back in loops, and do not perforate it; this layer is consequently denser and firmer than ordinary bone, and is evidently designed to form an unyielding support for the articular cartilage.

Cartilage.—Cartilage is a non-vascular structure which is found in various parts of the body—in adult life chiefly in the joints, in the parietes of the thorax, and in various tubes, such as the trachea and bronchi, nose, and ears, which require to be kept permanently open. In the fetus, at an early period, the greater part of the skeleton is cartilaginous; as this cartilage is afterward replaced by bone, it is called temporary, in contradistinction to that which remains unossified during the whole of life, and is called permanent.
Cartilage is divided, according to its minute structure, into hyaline cartilage, white fibrocartilage, and yellow or elastic fibrocartilage.
Hyaline Cartilage.—Hyaline cartilage consists of a gristly mass of a firm consistence, but of considerable elasticity and pearly bluish color. Except where it coats the articular ends of bones, it is covered externally by a fibrous membrane, the perichondrium, from the vessels of which it imbibes its nutritive fluids, being itself destitute of bloodvessels. It contains no nerves. Its intimate structure is very simple. If a thin slice be examined under the microscope, it will be found to consist of cells of a rounded or bluntly angular form, lying in groups of two or more in a granular or almost homogeneous matrix. The cells, when arranged in groups of two or more, have generally straight outlines where they are in contact with each other, and in the rest of their circumference are rounded. They consist of clear translucent protoplasm in which fine interlacing filaments and minute granules are sometimes present; imbedded in this are one or two round nuclei, having the usual intranuclear network. The cells are contained in cavities in the matrix, called cartilage lacunae; around these the matrix is arranged in concentric lines, as if it had been formed in sucessive portions around the cartilage cells. This constitutes the so-called capsule of the space. Each lacuna is generally occupied by a single cell, but during the division of the cells it may contain two, four, or eight cells.

The matrix is transparent and apparently without structure, or else presents a dimly granular appearance, like ground glass. Some observers have shown that the matrix of hyaline cartilage, and especially of the articular variety, after prolonged maceration, can be broken up into fine fibrils. These fibrils are probably of the same nature, chemically, as the white fibers of connective tissue. It is believed by some histologists that the matrix is permeated by a number of fine channels, which connect the lacunae with each other, and that these canals communicate with the lymphatics of the perichondrium, and thus the structure is permeated by a current of nutrient fluid.

Articular cartilage, costal cartilage, and temporary cartilage are all of the hyaline variety. They present differences in the size, shape, and arrangement of their cells.

In Articular Cartilage, which shows no tendency to ossification, the matrix is finely granular; the cells and nuclei are small, and are disposed parallel to the surface in the superficial part, while nearer to the bone they are arranged in vertical rows. Articular cartilages have a tendency to split in a vertical direction; in disease this tendency becomes very manifest. The free surface of articular cartilage, where it is exposed to friction, is not covered by perichondrium, although a layer of connective tissue continuous with that of the synovial membrane can be traced in the adult over a small part of its circumference, and here the cartilage cells are more or less branched and pass insensibly into the branched connective tissue corpuscles of the synovial membrane. Articular cartilage forms a thin incrustation upon the joint surfaces of the bones, and its elasticity enables it to break the force of concussions, while its smoothness affords ease and freedom of movement. It varies in thickness according to the shape of the articular surface on which it lies; where this is convex the cartilage is thickest at the center, the reverse being the case on concave articular surfaces. It appears to derive its nutriment partly from the vessels of the neighboring synovial membrane and partly from those of the bone upon which it is implanted. Toynbee has shown that the minute vessels of the cancellous tissue as they approach the articular lamella dilate and form arches, and then return into the substance of the bone.

In Costal Cartilage the cells and nuclei are large, and the matrix has a tendency to fibrous striation, especially in old age. In the thickest parts of the costal cartilages a few large vascular channels may be detected. This appears, at first sight, to be an exception to the statement that cartilage is a non-vascular tissue, but is not so really, for the vessels give no branches to the cartilage substance itself, and the channels may rather be looked upon as involutions of the perichondrium. The xiphoid process and the cartilages of the nose, larynx, and trachea (except the epiglottis and corniculate cartilages of the larynx, which are composed of elastic fibrocartilage) resemble the costal cartilages in microscopic characteristics. The arytenoid cartilage of the larynx shows a transition from hyaline cartilage at its base to elastic cartilage at the apex.

The hyaline cartilages, especially in adult and advanced life, are prone to calcify—that is to say, to have their matrix permeated by calcium salts without any appearance of true bone. The process of calcification occurs frequently, in such cartilages as those of the trachea and in the costal cartilages, where it may be succeeded by conversion into true bone.

White Fibrocartilage.—White fibrocartilage consists of a mixture of white fibrous tissue and cartilaginous tissue in various proportions; to the former of these constituents it owes its flexibility and toughness, and to the latter its elasticity. When examined under the microscope it is found to be made up of fibrous connective tissue arranged in bundles, with cartilage cells between the bundles; the cells to a certain extent resemble tendon cells, but may be distinguished from them by being surrounded by a concentrically striated area of cartilage matrix and by being less flattened. The white fibrocartilages admit of arrangement into four groups—interarticular, connecting, circumferential, and stratiform.
1. The Interarticular Fibrocartilages (menisci) are flattened fibrocartilaginous plates, of a round, oval, triangular, or sickle-like form, interposed between the articular cartilages of certain joints. They are free on both surfaces, usually thinner toward the center than at the circumference, and held in position by the attachment of their margins and extremities to the surrounding ligaments. The synovial membranes of the joints are prolonged over them. They are found in the temporomandibular, sternoclavicular, acromioclavicular, wrist, and knee joints—i.e., in those joints which are most exposed to violent concussion and subject to frequent movement. Their uses are to obliterate the intervals between opposed surfaces in their various motions; to increase the depths of the articular surfaces and give ease to the gliding movements; to moderate the effects of great pressure and deaden the intensity of the shocks to which the parts may be subjected. Humphry has pointed out that these interarticular fibrocartilages serve an important purpose in increasing the varieties of movement in a joint. Thus in the knee joint there are two kinds of motion, viz., angular movement and rotation, although it is a hinge joint, in which, as a rule, only one variety of motion is permitted; the former movement takes place between the condyles of the femur and the interarticular cartilages, the latter between the cartilages and the head of the tibia. So, also, in the temporomandibular joint, the movements of opening and shutting the mouth take place between the fibrocartilage and the mandible, the grinding movement between the mandibular fossa and the fibrocartilage, the latter moving with the mandible.

2. The Connecting Fibrocartilages are interposed between the bony surfaces of those joints which admit of only slight mobility, as between the bodies of the vertebrae. They form disks which are closely adherent to the opposed surfaces. Each disk is composed of concentric rings of fibrous tissue, with cartilaginous laminae interposed, the former tissue predominating toward the circumference, the latter toward the center.

3. The Circumferential Fibrocartilages consist of rims of fibrocartilage, which surround the margins of some of the articular cavities, e. g., the glenoidal labrum of the hip, and of the shoulder; they serve to deepen the articular cavities and to protect their edges.

4. The Stratiform Fibrocartilages are those which form a thin coating to osseous grooves through which the tendons of certain muscles glide. Small masses of fibrocartilage are also developed in the tendons of some muscles, where they glide over bones, as in the tendons of the Peronaeus longus and Tibialis posterior.

The distinguishing feature of cartilage chemically is that it yields on boiling a substance called chondrin, very similar to gelatin, but differing from it in several of its reactions. It is now believed that chondrin is not a simple body, but a mixture of gelatin with mucinoid substances, chief among which, perhaps, is a compound termed chondro-mucoid.
Ligaments.—Ligaments are composed mainly of bundles of white fibrous tissue placed parallel with, or closely interlaced with one another, and present a white, shining, silvery appearance. They are pliant and flexible, so as to allow perfect freedom of movement, but strong, tough, and inextensible, so as not to yield readily to applied force. Some ligaments consist entirely of yellow elastic tissue, as the ligamenta flava which connect together the laminae of adjacent vertebrae, and the ligamentum nuchae in the lower animals. In these cases the elasticity of the ligament is intended to act as a substitute for muscular power.

The Articular Capsules.—The articular capsules form complete envelopes for the freely movable joints. Each capsule consists of two strata—an external (stratum fibrosum) composed of white fibrous tissue, and an internal (stratum synoviale) which is a secreting layer, and is usually described separately as the synovial membrane.

The fibrous capsule is attached to the whole circumference of the articular end of each bone entering into the joint, and thus entirely surrounds the articulation.

The synovial membrane invests the inner surface of the fibrous capsule, and is reflected over any tendons passing through the joint cavity, as the tendon of the Popliteus in the knee, and the tendon of the Biceps brachii in the shoulder. It is composed of a thin, delicate, connective tissue, with branched connective-tissue corpuscles. Its secretion is thick, viscid, and glairy, like the white of an egg, and is hence termed synovia. In the fetus this membrane is said, by Toynbee, to be continued over the surfaces of the cartilages; but in the adult such a continuation is wanting, excepting at the circumference of the cartilage, upon which it encroaches for a short distance and to which it is firmly attached. In some of the joints the synovial membrane is thrown into folds which pass across the cavity; they are especially distinct in the knee. In other joints there are flattened folds, subdivided at their margins into fringe-like processes which contain convoluted vessels. These folds generally project from the synovial membrane near the margin of the cartilage, and lie flat upon its surface. They consist of connective tissue, covered with endothelium, and contain fat cells in variable quantities, and, more rarely, isolated cartilage cells; the larger folds often contain considerable quantities of fat.

Closely associated with synovial membrane, and therefore conveniently described in this section, are the mucous sheaths of tendons and the mucous bursae.

Mucous sheaths (vaginae mucosae) serve to facilitate the gliding of tendons in fibroösseous canals. Each sheath is arranged in the form of an elongated closed sac, one layer of which adheres to the wall of the canal, and the other is reflected upon the surface of the enclosed tendon. These sheaths are chiefly found surrounding the tendons of the Flexor and Extensor muscles of the fingers and toes as they pass through fibroösseous canals in or near the hand and foot.

Bursae mucosae are interposed between surfaces which glide upon each other. They consist of closed sacs containing a minute quantity of clear viscid fluid, and may be grouped, according to their situations, under the headings subcutaneous, submuscular, subfacial, and subtendinous
THE KIND OF MOVEMENT ADMITTED IN JOINTS
The movements admissible in joints may be divided into four kinds: gliding and angular movements, circumduction, and rotation. These movements are often, however, more or less combined in the various joints, so as to produce an infinite variety, and it is seldom that only one kind of motion is found in any particular joint.

Gliding Movement.—Gliding movement is the simplest kind of motion that can take place in a joint, one surface gliding or moving over another without any angular or rotatory movement. It is common to all movable joints; but in some, as in most of the articulations of the carpus and tarsus, it is the only motion permitted. This movement is not confined to plane surfaces, but may exist between any two contiguous surfaces, of whatever form.

Angular Movement.—Angular movement occurs only between the long bones, and by it the angle between the two bones is increased or diminished. It may take place: (1) forward and backward, constituting flexion and extension; or (2) toward and from the median plane of the body, or, in the case of the fingers or toes, from the middle line of the hand or foot, constituting adduction and abduction. The strictly ginglymoid or hinge-joints admit of flexion and extension only. Abduction and adduction, combined with flexion and extension, are met with in the more movable joints; as in the hip, the shoulder, the wrist, and the carpometacarpal joint of the thumb.

Circumduction.—Circumduction is that form of motion which takes place between the head of a bone and its articular cavity, when the bone is made to circumscribe a conical space; the base of the cone is described by the distal end of the bone, the apex is in the articular cavity; this kind of motion is best seen in the shoulder and hip-joints.

Rotation.—Rotation is a form of movement in which a bone moves around a central axis without undergoing any displacement from this axis; the axis of rotation may lie in a separate bone, as in the case of the pivot formed by the odontoid process of the axis vertebrae around which the atlas turns; or a bone may rotate around its own longitudinal axis, as in the rotation of the humerus at the shoulder-joint; or the axis of rotation may not be quite parallel to the long axis of the bone, as in the movement of the radius on the ulna during pronation and supination of the hand, where it is represented by a line connecting the center of the head of the radius above with the center of the head of the ulna below.

Ligamentous Action of Muscles.—The movements of the different joints of a limb are combined by means of the long muscles passing over more than one joint. These, when relaxed and stretched to their greatest extent, act as elastic ligaments in restraining certain movements of one joint, except when combined with corresponding movements of the other—the latter movements being usually in the opposite direction. Thus the shortness of the hamstring muscles prevents complete flexion of the hip, unless the knee-joint is also flexed so as to bring their attachments nearer together. The uses of this arrangement are threefold: (1) It coördinates the kinds of movements which are the most habitual and necessary, and enables them to be performed with the least expenditure of power. (2) It enables the short muscles which pass over only one joint to act upon more than one. (3) It provides the joints with ligaments which, while they are of very great power in resisting movements to an extent incompatible with the mechanism of the joint, at the same time spontaneously yield when necessary.

The articulations may be grouped into those of the trunk, and those of the upper and lower extremities.

Practice skills

Students are supposed to identify the type of the joint according to its form; to prognose the joint range of motions reasoning from the difference of angular values of joining bones; to identify the accessory structures of the joints on the schemes and samples.

Self-taught class 9. The connections of the ribs with vertebrae and sternum. Thorax as a whole.

The aim: to learn the peculiarities of the connections of vertebrae, ribs and sternum; to give the classification of these joints.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows to master the anatomical basis of the diagnostic technique and carry out the operations on the internal organs of the thoracic cavity.

The plan of the self-taught class:

A. To define the types of joints between vertebrae and ribs.

B. To learn the structure and classification of the articulation of the head of the rib and costotransverse articulation.

C. To learn articulations of the ribs and sternum.

D. To learn the structure of the chest walls and the types of joints between the bones composing the walls.

COSTOVERTEBRAL ARTICULATIONS (ARTICULATIONES COSTOVERTEBRALES)

The articulations of the ribs with the vertebral column may be divided into two sets, one connecting the heads of the ribs with the bodies of the vertebrae, another uniting the necks and tubercles of the ribs with the transverse processes.

1. Articulations of the Heads of the Ribs (articulationes capitulorum; costocentral articulations)—These constitute a series of gliding or arthrodial joints, and are formed by the articulation of the heads of the typical ribs with the facets on the contiguous margins of the bodies of the thoracic vertebrae and with the intervertebral fibrocartilages between them; the first, tenth, eleventh, and twelfth ribs each articulate with a single vertebra. The ligaments of the joints are:

The Articular Capsule.

The Radiate.

The Interarticular.

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule surrounds the joint, being composed of short, strong fibers, connecting the head of the rib with the circumference of the articular cavity formed by the intervertebral fibrocartilage and the adjacent vertebrae. It is most distinct at the upper and lower parts of the articulation; some of its upper fibers pass through the intervertebral foramen to the back of the intervertebral fibrocartilage, while its posterior fibers are continuous with the ligament of the neck of the rib.

The Radiate Ligament (ligamentum capituli costae radiatum; anterior costovertebral or stellate ligament).—The radiate ligament connects the anterior part of the head of each rib with the side of the bodies of two vertebrae, and the intervertebral fibrocartilage between them. It consists of three flat fasciculi, which are attached to the anterior part of the head of the rib, just beyond the articular surface. The superior fasciculus ascends and is connected with the body of the vertebra above; the inferior one descends to the body of the vertebra below; the middle one, the smallest and least distinct, is horizontal and is attached to the intervertebral fibrocartilage. The radiate ligament is in relation, in front, with the thoracic ganglia of the sympathetic trunk, the pleura, and, on the right side, with the azygos vein; behind, with the interarticular ligament and synovial membranes.

In the case of the first rib, this ligament is not divided into three fasciculi, but its fibers are attached to the body of the last cervical vertebra, as well as to that of the first thoracic. In the articulations of the heads of the tenth, eleventh, and twelfth ribs, each of which articulates with a single vertebra, the triradiate arrangement does not exist; but the fibers of the ligament in each case are connected to the vertebra above, as well as to that with which the rib articulates.

The Interarticular Ligament (ligamentum capituli costae interarticulare).—The interarticular ligament is situated in the interior of the joint. It consists of a short band of fibers, flattened from above downward, attached by one extremity to the crest separating the two articular facets on the head of the rib, and by the other to the intervertebral fibrocartilage; it divides the joint into two cavities. In the joints of the first, tenth, eleventh, and twelfth ribs, the interarticular ligament does not exist; consequently, there is but one cavity in each of these articulations. This ligament is the homologue of the ligamentum conjugale present in some mammals, and uniting the heads of opposite ribs, across the back of the intervertebral fibrocartilage.

Synovial Membranes.—There are two synovial membranes in each of the articulations where an interarticular ligament exists, one above and one below this structure; but only one in those joints where there are single cavities.

2. Costotransverse Articulations (articulationes costotransversariae).—The articular portion of the tubercle of the rib forms with the articular surface on the adjacent transverse process an arthrodial joint.

In the eleventh and twelfth ribs this articulation is wanting.

The ligaments of the joint are:

The Articular Capsule.

The Posterior Costotransverse.

The Anterior Costotransverse.

The Ligament of the Neck of the Rib.

The Ligament of the Tubercle of the Rib.

The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule is a thin membrane attached to the circumferences of the articular surfaces, and lined by a synovial membrane.

The Anterior Costotransverse Ligament (ligamentum costotransversarium anterius; anterior superior ligament).—The anterior costotransverse ligament is attached below to the sharp crest on the upper border of the neck of the rib, and passes obliquely upward and lateralward to the lower border of the transverse process immediately above. It is in relation, in front, with the intercostal vessels and nerves; its medial border is thickened and free, and bounds an aperture which transmits the posterior branches of the intercostal vessels and nerves; its lateral border is continuous with a thin aponeurosis, which covers the Intercostalis externus.

The first rib has no anterior costotransverse ligament. A band of fibers, the lumbocostal ligament, in series with the anterior costotransverse ligaments, connects the neck of the twelfth rib to the base of the transverse process of the first lumbar vertebra; it is merely a thickened portion of the posterior layer of the lumbodorsal fascia.

The Posterior Costotransverse Ligament (ligamentum costotransversarium posterius).—The posterior costotransverse ligament is a feeble band which is attached below to the neck of the rib and passes upward and medialward to the base of the transverse process and lateral border of the inferior articular process of the vertebra above.

The Ligament of the Neck of the Rib (ligamentum colli costae middle costotransverse or interosseous ligament).—The ligament of the neck of the rib consists of short but strong fibers, connecting the rough surface on the back of the neck of the rib with the anterior surface of the adjacent transverse process. A rudimentary ligament may be present in the case of the eleventh and twelfth ribs.

The Ligament of the Tubercle of the Rib (ligamentum tuberculi costae posterior costotransverse ligament).—The ligament of the tubercle of the rib is a short but thick and strong fasciculus, which passes obliquely from the apex of the transverse process to the rough non-articular portion of the tubercle of the rib. The ligaments attached to the upper ribs ascend from the transverse processes; they are shorter and more oblique than those attached to the inferior ribs, which descend slightly.

Movements.—The heads of the ribs are so closely connected to the bodies of the vertebrae by the radiate and interarticular ligaments that only slight gliding movements of the articular surfaces on one another can take place. Similarly, the strong ligaments binding the necks and tubercles of the ribs to the transverse processes limit the movements of the costotransverse joints to slight gliding, the nature of which is determined by the shape and direction of the articular surfaces. In the upper six ribs the articular surfaces on the tubercles are oval in shape and convex from above downward; they fit into corresponding concavities on the anterior surfaces of the transverse processes, so that upward and downward movements of the tubercles are associated with rotation of the rib neck on its long axis. In the seventh, eighth, ninth, and tenth ribs the articular surfaces on the tubercles are flat, and are directed obliquely downward, medialward, and backward. The surfaces with which they articulate are placed on the upper margins of the transverse processes; when, therefore, the tubercles are drawn up they are at the same time carried backward and medialward. The two joints, costocentral and costotransverse, move simultaneously and in the same directions, the total effect being that the neck of the rib moves as if on a single joint, of which the costocentral and costotransverse articulations form the ends. In the upper six ribs the neck of the rib moves but slightly upward and downward; its chief movement is one of rotation around its own long axis, rotation backward being associated with depression, rotation forward with elevation. In the seventh, eighth, ninth, and tenth ribs the neck of the rib moves upward, backward, and medialward, or downward, forward, and lateralward; very slight rotation accompanies these movements.

STERNOCOSTAL ARTICULATIONS (ARTICULATIONES STERNOCOTALES; COSTOSTERNAL ARTICULATIONS)

The articulations of the cartilages of the true ribs with the sternum are arthrodial joints, with the exception of the first, in which the cartilage is directly united with the sternum, and which is, therefore, a synarthrodial articulation. The ligaments connecting them are:

The Articular Capsules.

The Interarticular Sternocostal.

The Radiate Sternocostal.

The Costoxiphoid.

The Articular Capsules (capsulae articulares; capsular ligaments).—The articular capsules surround the joints between the cartilages of the true ribs and the sternum. They are very thin, intimately blended with the radiate sternocostal ligaments, and strengthened at the upper and lower parts of the articulations by a few fibers, which connect the cartilages to the side of the sternum.

The Radiate Sternocostal Ligaments (ligamenta sternocostalia radiata; chondrosternal or sternocostal ligaments).—These ligaments consist of broad and thin membranous bands that radiate from the front and back of the sternal ends of the cartilages of the true ribs to the anterior and posterior surfaces of the sternum. They are composed of fasciculi which pass in different directions. The superior fasciculi ascend obliquely, the inferior fasciculi descend obliquely, and the middle fasciculi run horizontally. The superficial fibers are the longest; they intermingle with the fibers of the ligaments above and below them, with those of the opposite side, and in front with the tendinous fibers of origin of the Pectoralis major, forming a thick fibrous membrane (membrana sterni) which envelopes the sternum. This is more distinct at the lower than at the upper part of the bone.

The Interarticular Sternocostal Ligament (ligamentum sternocostale interarticulare; interarticular chondrosternal ligament).—This ligament is found constantly only between the second costal cartilages and the sternum. The cartilage of the second rib is connected with the sternum by means of an interarticular ligament, attached by one end to the cartilage of the rib, and by the other to the fibrocartilage which unites the manubrium and body of the sternum. This articulation is provided with two synovial membranes. Occasionally the cartilage of the third rib is connected with the first and second pieces of the body of the sternum by an interarticular ligament. Still more rarely, similar ligaments are found in the other four joints of the series. In the lower two the ligament sometimes completely obliterates the cavity, so as to convert the articulation into an amphiarthrosis.

The Costoxiphoid Ligaments (ligamenta costoxiphoidea; chondroxiphoid ligaments).—These ligaments connect the anterior and posterior surfaces of the seventh costal cartilage, and sometimes those of the sixth, to the front and back of the xiphoid process. They vary in length and breadth in different subjects; those on the back of the joint are less distinct than those in front.

Synovial Membranes.—There is no synovial membrane between the first costal cartilage and the sternum, as this cartilage is directly continuous with the manubrium. There are two in the articulation of the second costal cartilage and generally one in each of the other joints; but those of the sixth and seventh sternocostal joints are sometimes absent; where an interarticular ligament is present, there are two synovial cavities. After middle life the articular surfaces lose their polish, become roughened, and the synovial membranes apparently disappear. In old age, the cartilages of most of the ribs become continuous with the sternum, and the joint cavities are consequently obliterated.

Movements.—Slight gliding movements are permitted in the sternocostal articulations.

Interchondral Articulations (articulationes interchondrales; articulations of the cartilages of the ribs with each other)—The contiguous borders of the sixth, seventh, and eighth, and sometimes those of the ninth and tenth, costal cartilages articulate with each other by small, smooth, oblong facets. Each articulation is enclosed in a thin articular capsule, lined by synovial membrane and strengthened laterally and medially by ligamentous fibers (interchondral ligaments) which pass from one cartilage to the other. Sometimes the fifth costal cartilages, more rarely the ninth and tenth, articulate by their lower borders with the adjoining cartilages by small oval facets; more frequently the connection is by a few ligamentous fibers.

Costochondral Articulations.—The lateral end of each costal cartilage is received into a depression in the sternal end of the rib, and the two are held together by the periosteum.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· sternocostal articulation

· articulatio capitis costae

· costotransverse articulation

· sternoclavicular joint

· interclavicular ligament

· costoclavicular ligament

Self-taught class 10. The connections of the pelvic bones. The diameters, distances and sexual features of the pelvis. X-rays anatomy of the joints.

The aim: to learn the peculiarities of the connections of the pelvic bones; to learn the measures of greater and lesser pelvis; to learn the differences between male and female pelvis.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and understanding the development of the stages of disease pathogenesis in clinical practice, especially in gynecology and obstetrics.

The plan of the self-taught class:

A. Define the morphological and biomechanical classification of the connections of the pelvic bones, the types of joints and admitted movements.

B. Learn the structure of the articulations of pelvis.

C. Find out the age and sexual features of pelvis.

D. Write down and learn the diameters and distances of the pelvis, find out their clinical importance.
ARTICULATIONS OF THE PELVIS

The ligaments connecting the bones of the pelvis with each other may be divided into four groups: 1. Those connecting the sacrum and ilium. 2. Those passing between the sacrum and ischium. 3. Those uniting the sacrum and coccyx. 4. Those between the two public bones.

1. Sacroiliac Articulation (articulatio sacroiliaca).—The sacroiliac articulation is an amphiarthrodial joint, formed between the auricular surfaces of the sacrum and the ilium. The articular surface of each bone is covered with a thin plate of cartilage, thicker on the sacrum than on the ilium. These cartilaginous plates are in close contact with each other, and to a certain extent are united together by irregular patches of softer fibrocartilage, and at their upper and posterior part by fine interosseous fibers. In a considerable part of their extent, especially in advanced life, they are separated by a space containing a synovia-like fluid, and hence the joint presents the characteristics of a diarthrosis. The ligaments of the joint are:

The Anterior Sacroiliac.

The Posterior Sacroiliac.

The Interosseous.

The Anterior Sacroiliac Ligament (ligamentum sacroiliacum anterius).—The anterior sacroiliac ligament consists of numerous thin bands, which connect the anterior surface of the lateral part of the sacrum to the margin of the auricular surface of the ilium and to the preauricular sulcus.

The Posterior Sacroiliac Ligament (ligamentum sacroiliacum posterius).—The posterior sacroiliac ligament is situated in a deep depression between the sacrum and ilium behind; it is strong and forms the chief bond of union between the bones. It consists of numerous fasciculi, which pass between the bones in various directions. The upper part (short posterior sacroiliac ligament) is nearly horizontal in direction, and passs from the first and second transverse tubercles on the back of the sacrum to the tuberosity of the ilium. The lower part (long posterior sacroiliac ligament) is obique in direction; it is attached by one extremity to the third transverse tubercle of he back of the sacrum, and by the other to the posterior superior spine of the ilium.

The Interosseous Sacroiliac Ligament (ligamentum sacroiliacum interosseum).—This ligament lies deep to the poserior ligament, and consists of a series of short, strong fibers connecting the tubeosities of the sacrum and ilium.

2. Ligaments Connecting the Sacrum and Ischium.

The Sacrotuberous.

The Sacrospinous.

The Sacrotuberous Ligament (ligamentum sacrotuberosum; great or posterior sacrosciatic ligament).—The sacrotuberous ligament is situated at the lower and back part of the pelvis. It is flat, and triangular in form; narrower in the middle than at the ends; attached by its broad base to the posterior inferior spine of the ilium, to the fourth and fifth transverse tubercles of the sacrum, and to the lower part of the lateral margin of that bone and the coccyx. Passing obliquely downward, forward, and lateralward, it becomes narrow and thick, but at its insertion into the inner margin of the tuberosity of the ischium, it increases in breadth, and is prolonged forward along the inner margin of the ramus, as the falciform process, the free concave edge of which gives attachment to the obturator fascia; one of its surfaces is turned toward the perineum, the other toward the Obturator internus. The lower border of the ligament is directly continuous with the tendon of origin of the long head of the Biceps femoris, and by many is believed to be the proximal end of this tendon, cut off by the projection of the tuberosity of the ischium.

Relations.—The posterior surface of this ligament gives origin, by its whole extent, to the Glutaeus maximus. Its anterior surface is in part united to the sacrospinous ligament. Its upper border forms, above, the posterior boundary of the greater sciatic foramen, and, below, the posterior boundary of the lesser sciatic foramen. Its lower border forms part of the boundary of the perineum. It is pierced by the coccygeal nerve and the coccygeal branch of the inferior gluteal artery.

The Sacrospinous Ligament (ligamentum sacrospinosum; small or anterior sacrosciatic ligament).—The sacrospinous ligament is thin, and triangular in form; it is attached by its apex to the spine of the ischium, and medially, by its broad base, to the lateral margins of the sacrum and coccyx, in front of the sacrotuberous ligament with which its fibers are intermingled.

Relations.—It is in relation, anteriorly, with the Coccygeus muscle, to which it is closely connected; posteriorly, it is covered by the sacrotuberous ligament, and crossed by the internal pudendal vessels and nerve. Its upper border forms the lower boundary of the greater sciatic foramen; its lower border, part of the margin of the lesser sciatic foramen.

These two ligaments convert the sciatic notches into foramina. The greater sciatic foramen is bounded, in front and above, by the posterior border of the hip bone; behind, by the sacrotuberous ligament; and below, by the sacrospinous ligament. It is partially filled up, in the recent state, by the Piriformis which leaves the pelvis through it. Above this muscle, the superior gluteal vessels and nerve emerge from the pelvis; and below it, the inferior gluteal vessels and nerve, the internal pudendal vessels and nerve, the sciatic and posterior femoral cutaneous nerves, and the nerves to the Obturator internus and Quadratus femoris make their exit from the pelvis. The lesser sciatic foramen is bounded, in front, by the tuberosity of the ischium; above, by the spine of the ischium and sacrospinous ligament; behind, by the sacrotuberous ligament. It transmits the tendon of the Obturator internus, its nerve, and the internal pudendal vessels and nerve.

3. Sacrococcygeal Symphysis (symphysis sacrococcygea; articulation of the sacrum and coccyx).—This articulation is an amphiarthrodial joint, formed between the oval surface at the apex of the sacrum, and the base of the coccyx. It is homologous with the joints between the bodies of the vertebrae, and is connected by similar ligaments. They are:

The Anterior Sacrococcygeal. The Posterior Sacrococcygeal. The Lateral Sacrococcygeal. The Interposed Fibrocartilage. The Interarticular

The Anterior Sacrococcygeal Ligament (ligamentum sacrococcygeum anterius).—This consists of a few irregular fibers, which descend from the anterior surface of the sacrum to the front of the coccyx, blending with the periosteum.

The Posterior Sacrococcygeal Ligament (ligamentum sacrococcygeum posterius).—This is a flat band, which arises from the margin of the lower orifice of the sacral canal, and descends to be inserted into the posterior surface of the coccyx. This ligament completes the lower and back part of the sacral canal, and is divisible into a short deep portion and a longer superficial part. It is in relation, behind, with the Glutaeus maximus.

The Lateral Sacrococcygeal Ligament (ligamentum sacrococcygeum laterale; intertransverse ligament).—The lateral sacrococcygeal ligament exists on either side and connects the transverse process of the coccyx to the lower lateral angle of the sacrum; it completes the foramen for the fifth sacral nerve.

A disk of fibrocartilage is interposed between the contiguous surfaces of the sacrum and coccyx; it differs from those between the bodies of the vertebrae in that it is thinner, and its central part is firmer in texture. It is somewhat thicker in front and behind than at the sides. Occasionally the coccyx is freely movable on the sacrum, most notably during pregnancy; in such cases a synovial membrane is present.

The Interarticular Ligaments are thin bands, which unite the cornua of the two bones.

The different segments of the coccyx are connected together by the extension downward of the anterior and posterior sacrococcygeal ligaments, thin annular disks of fibrocartilage being interposed between the segments. In the adult male, all the pieces become ossified together at a comparatively early period; but in the female, this does not commonly occur until a later period of life. At more advanced age the joint between the sacrum and coccyx is obliterated.

Movements.—The movements which take place between the sacrum and coccyx, and between the different pieces of the latter bone, are forward and backward; they are very limited. Their extent increases during pregnancy.

4. The Pubic Symphysis (symphysis ossium pubis; articulation of the pubic bones).—The articulation between the pubic bones is an amphiarthrodial joint, formed between the two oval articular surfaces of the bones. The ligaments of this articulation are:

The Anterior Pubic. The Posterior Pubic. The Superior Pubic. The Arcuate Pubic. The Interpubic Fibrocartilaginous Lamina.

The Anterior Pubic Ligament.—The anterior pubic ligament consists of several superimposed layers, which pass across the front of the articulation. The superficial fibers pass obliquely from one bone to the other, decussating and forming an interlacement with the fibers of the aponeuroses of the Obliqui externi and the medial tendons of origin of the Recti abdominis. The deep fibers pass transversely across the symphysis, and are blended with the fibrocartilaginous lamina.

The Posterior Pubic Ligament.—The posterior pubic ligament consists of a few thin, scattered fibers, which unite the two pubic bones posteriorly.

The Superior Pubic Ligament (ligamentum pubicum superius).—The superior pubic ligament connects together the two pubic bones superiorly, extending laterally as far as the pubic tubercles.

The Arcuate Pubic Ligament (ligamentum arcuatum pubis; inferior pubic or subpubic ligament).—The arcuate pubic ligament is a thick, triangular arch of ligamentous fibers, connecting together the two pubic bones below, and forming the upper boundary of the pubic arch. Above, it is blended with the interpubic fibrocartilaginous lamina; laterally, it is attached to the inferior rami of the pubic bones; below, it is free, and is separated from the fascia of the urogenital diaphragm by an opening through which the deep dorsal vein of the penis passes into the pelvis.

The Interpubic Fibrocartilaginous Lamina (lamina fibrocartilaginea interpubica; interpubic disk).—The interpubic fibrocartilaginous lamina connects the opposed surfaces of the pubic bones. Each of these surfaces is covered by a thin layer of hyaline cartilage firmly joined to the bone by a series of nipple-like processes which accurately fit into corresponding depressions on the osseous surfaces. These opposed cartilaginous surfaces are connected together by an intermediate lamina of fibrocartilage which varies in thickness in different subjects. It often contains a cavity in its interior, probably formed by the softening and absorption of the fibrocartilage, since it rarely appears before the tenth year of life and is not lined by synovial membrane. This cavity is larger in the female than in the male, but it is very doubtful whether it enlarges, as was formerly supposed, during pregnancy. It is most frequently limited to the upper and back part of the joint; it occasionally reaches to the front, and may extend the entire length of the cartilage. It may be easily demonstrated when present by making a coronal section of the symphysis pubis near its posterior surface.

Mechanism of the Pelvis.—The pelvic girdle supports and protects the contained viscera and affords surfaces for the attachments of the trunk and lower limb muscles. Its most important mechanical function, however, is to transmit the weight of the trunk and upper limbs to the lower extremities.

It may be divided into two arches by a vertical plane passing through the acetabular cavities; the posterior of these arches is the one chiefly concerned in the function of transmitting the weight. Its essential parts are the upper three sacral vertebrae and two strong pillars of bone running from the sacroiliac articulations to the acetabular cavities. For the reception and diffusion of the weight each acetabular cavity is strengthened by two additional bars running toward the pubis and ischium. In order to lessen concussion in rapid changes of distribution of the weight, joints (sacroiliac articulations) are interposed between the sacrum and the iliac bones; an accessory joint (pubic symphysis) exists in the middle of the anterior arch. The sacrum forms the summit of the posterior arch; the weight transmitted falls on it at the lumbosacral articulation and, theoretically, has a component in each of two directions. One component of the force is expended in driving the sacrum downward and backward between the iliac bones, while the other thrusts the upper end of the sacrum downward and forward toward the pelvic cavity.

The movements of the sacrum are regulated by its form. Viewed as a whole, it presents the shape of a wedge with its base upward and forward. The first component of the force is therefore acting against the resistance of the wedge, and its tendency to separate the iliac bones is resisted by the sacroiliac and iliolumbar ligaments and by the ligaments of the pubic symphysis.

If a series of coronal sections of the sacroiliac joints be made, it will be found possible to divide the articular portion of the sacrum into three segments: anterior, middle, and posterior. In the anterior segment, which involves the first sacral vertebra, the articular surfaces show slight sinuosities and are almost parallel to one another; the distance between their dorsal margins is, however, slightly greater than that between their ventral margins. This segment therefore presents a slight wedge shape with the truncated apex downward. The middle segment is a narrow band across the centers of the articulations. Its dorsal width is distinctly greater than its ventral, so that the segment is more definitely wedge-shaped, the truncated apex being again directed downward. Each articular surface presents in the center a marked concavity from above downward, and into this a corresponding convexity of the iliac articular surface fits, forming an interlocking mechanism. In the posterior segment the ventral width is greater than the dorsal, so that the wedge form is the reverse of those of the other segments—i. e., the truncated apex is directed upward. The articular surfaces are only slightly concave.

Dislocation downward and forward of the sacrum by the second component of the force applied to it is prevented therefore by the middle segment, which interposes the resistance of its wedge shape and that of the interlocking mechanism on its surfaces; a rotatory movement, however, is produced by which the anterior segment is tilted downward and the posterior upward; the axis of this rotation passes through the dorsal part of the middle segment. The movement of the anterior segment is slightly limited by its wedge form, but chiefly by the posterior and interosseous sacroiliac ligaments; that of the posterior segment is checked to a slight extent by its wedge form, but the chief limiting factors are the sacrotuberous and sacrospinous ligaments. In all these movements the effect of the sacroiliac and iliolumbar ligaments and the ligaments of the symphysis pubis in resisting the separation of the iliac bones must be recognized.

During pregnancy the pelvic joints and ligaments are relaxed, and capable therefore of more extensive movements. When the fetus is being expelled the force is applied to the front of the sacrum. Upward dislocation is again prevented by the interlocking mechanism of the middle segment. As the fetal head passes the anterior segment the latter is carried upward, enlarging the antero-posterior diameter of the pelvic inlet; when the head reaches the posterior segment this also is pressed upward against the resistance of its wedge, the movement only being possible by the laxity of the joints and the stretching of the sacrotuberous and sacrospinous ligaments
Practice skills

Students are supposed to name and show on the samples the diameters and distances of pelvis; to identify the joints and their structures on X-ray films; to identify the anatomical structures on the samples:

· obturator membrane

· obturator canal

· greater sciatic foramen

· lesser sciatic foramen

· pubic symphysis

· sacroiliac joint

Written tests on arthrology

I. Tests of basic theory

Exercises:

1. An inexperienced resident examines the x-ray of the arm of a child after a fall. There appears to be a fracture near, but not at, the distal end of the ulna. Before diagnosing a fracture, the resident should also consider the possibility that this is actually which of the following?

A. Articular cartilage

B. Epiphyseal plate

C. Perichondrium

D. Primary ossification center

E. Secondary ossification center

Explanation:

The correct answer is B. The epiphyseal plate of the bone contains cartilage that is radiolucent. The plate in a bone that is not yet fully ossified can produce a "line" crossing the bone near the end. This may be easily mistaken for a fracture by the inexperienced.

Articular cartilage (choice A) is radiolucent, but occurs at the very tip of the long bones.

Perichondrium (choice C) is usually difficult to see on x-ray.

Primary (choice D) and secondary (choice E) ossification centers are radiopaque.

2. Which of the following prevents hyperextension of the knee?

A. Anterior cruciate ligament

B. Lateral semilunar cartilage

C. Medial semilunar cartilage

D. Posterior cruciate ligament

E. Transverse ligament

Explanation:

The correct answer is A. The anterior cruciate ligament passes from its anterior attachment on the anterior aspect of the intercondylar eminence upward and laterally and posteriorly to attach to the medial side of the lateral condyle of the femur. Thus, in normal movement, as the condyles of the femur rotate backward on the head of the tibia, the anterior cruciate  ligament is put under stretch and comes to arrest rotation at full extension.

The lateral (choice B) and medial (choice C) semilunar cartilages (the menisci) function to aid in rotation of the condyles; they do so by moving on the tibia. The medial cartilage is attached to the tibial collateral ligament and the lateral one has the meniscofemoral ligament and the popliteus muscle attached to it. During rotation of the condyles of the femur, these various attachments pull on the menisci, causing them to move in concert. Being thicker at their peripheral margins and by conforming to the tibial surface of the associated condyles, these two cartilages also aid in joint stability.

The posterior cruciate ligament (choice D), which extends between the dorsal aspect of the posterior intercondylar fossa of the tibia and the lateral surface of the medial condyle, comes under full tension during flexion of the knee joint. Actually, both the anterior and posterior cruciate ligaments, in all joint positions, are under some degree of tension. This provides stability to the full range of movements of the knee.

The transverse ligament (transverse genicular ligament; choice E) is a fibrous band of connective tissue that connects the anterior end of the lateral meniscus to the anterior end of the medial meniscus of the knee. By the nature of its attachments, it would not contribute to the control of knee extension, and, in fact, this ligament is often absent.

1. A line drawn directly backwards from the jugular notch in expiration would intersect the intervertebral disc between TV2 and TV3. In deep inspiration a similar line drawn backwards would intersect:

A. the same disc (between TV2 and TV3)

B. disc between TV3 and TV4

C. *disc between TV1 and TV2

D. CV8 body

E. none of the above are correct 

2. Inferiorly, the radial collateral ligament of the elbow joint is attached to the:

A. biceps tendon

B. *annular ligament of the radius

C. lateral epicondyle of the humerus

D. coronoid process of the ulna

E. olecranon process of the ulna 

3. Which of the following statements is TRUE?

A. the trapezium articulates with the first metacarpal 

B. the scaphoid articulates with the third metacarpal 

C. the first carpo-metacarpal joint is a saddle joint 

D. *a and c

E. a, b and c 

4. Which of the following statements is TRUE?

A. the annulus fibrosis is the gelatinous part of an intervertebral disc

B. *laminae of vertebrae are joined together by the ligamentum flavum

C. the posterior longitudinal ligament is stronger than the anterior longitudinal ligament

D. the denticulate ligaments are derived from dura mater

E. the first cervical vertebrae has a bifid spinous process

5. Which one of the following statements concerning the talus is FALSE?

A. it articulates with the fibula

B. *one of its processes is the sustentaculum tali

C. it is attached to other bones by the deltoid ligament

D. it articulates with the navicular bone

E. all the above are true 

6. The interval between the navicular and calcaneus is maintained primarily by the:

A. long plantar ligament

B. short plantar ligament

C. *spring ligament

D. tendon of the peroneus longus

E. plantar aponeurosis 

7. Of the following structures, which has the most anterior attachment on the tibia:

A. anterior cruciate ligament

B. posterior cruciate ligament 

C. anterior horn of the lateral meniscus

D. *anterior horn of the medial meniscus 

8. When inserting a needle through an intercostal space the best entry point is:

A. through the external intercostal membrane

B. through the internal intercostal membrane 

C. along the inferior border of a rib

D. *along the superior border of a rib

E. any of the above is safe 

9. Which of the following are involved in the shoulder joint and its movement?

A. tendon of the long head of the biceps brachii tendon

B. subscapularis muscle

C. coracohumeral ligament

D. infraspinatus muscle

E. *all of the above 

10. The pisohamate and pisometacarpal ligaments represent the original insertion of :

A. extensor carpi radialis longus

B. palmaris longus

C. *flexor carpi ulnaris

D. flexor carpi radialis

E. extensor carpi ulnaris 

11. If the mid-carpal joint space became infected, the infection would involve

A. 2 bones 

B. 3 bones 

C. 5 bones 

D. *7 bones 

E. 8 bones 

12. The ligaments of the vertebral column include 

A. anterior longitudinal ligament

B. ligamentum flavum

C. supraspinous ligament

D. posterior longitudinal ligament 

E. *all of the above 

13. The ligament which limits the movement of the distal end of the femur toward the popliteal fossa is the:

A. medial collateral

B. lateral collateral

C. *anterior cruciate posterior cruciate

D. patellar 

14. A bursa separates the pes anserinus from the 

A. lateral collateral ligament

B. *medial collateral ligament

C. patellar ligament

D. b and c

E. none of the above

15. The anterior cruciate ligament

A. attaches to the femur more posteriorly than the posterior cruciate ligament 

B. is outside of the synovial cavity of the knee joint

C. passes medial to the posterior cruciate ligament

D. *a and b

E. a , b and c 

16. Which ligament/s attach/es to the sustentaculum tali?

A. calcaneocuboid

B. calcaneonavicular

C. deltoid

D. *b and c

E. a, b, and c.

17. Matching Type 

a) fibrous joints

b) cartilagenous joints

c) synovial joints

1. a  b  c --glenohumeral joint 

2. a  b  c --sutures of the skull 

3. a  b  c --epiphyseal plates 

4. a  b  c --surrounded by an articular capsule 

5. a  b  c --synarthrosi 

18. Abduction of the thumb is when it is moved: 

A. * laterally from the palm 

B. b.at right angles to the palmar plane 

C. c.along side the index finger 

D. d.straight across the palm 

E. e.none of the above 

19. The two radioulnar joints are maintained by the interosseous membrane in which most of the fibers from the radius to the ulna run: 

A. inferiorly and laterally 

B. superiorly and laterally 

C. superiorly and medially 

D. *inferiorly and medially 

E. horizontally

20. All are true statements regarding scoliosis EXCEPT: 

A. Congenital scoliosis is usually idiopathic 

B. Scoliosis is more likely to manifest itself in adolescence than early childhood. 

C. Scoliosis is a word of Greek derivation meaning "curvature". 

D. Scoliosis may be asymptomatic and diagnosed incidentally on x-ray examination. 

E. *Most scoliosis is caused by a hemi-vertebra 

21. All of the following are examples of uniaxial joints, EXCEPT: 

A. ulna-humeral joint 

B. atlanto-axial joint 

C. all interphalangeal joints 

D. *second metacarpophalangeal joint 

E. proximal radio-ulnar joint 

22. An accessory ligament of the shoulder joint that forms- a protective arch for that joint by protecting against upward displacement of the humeral head is the: 

A. *coracoacromial ligament 

B. coracohumeral ligament 

C. coracoclavicular ligament 

D. acromioclavicular ligament 

E. glenohumeral ligament 

23. The following statements are true EXCEPT: 

A. The elbow joint is an articulation principally between the humerus and  the ulna. 

B. The wrist joint is an articulation principally between the radius and  carpus bone. 

C. The metacarpophalangeal joints do not permit rotation. 

D. *The inferior radioulnar joint consists of the articulation between the  heads of the radius and ulna. 

E. The interphalangeal joints permit only flexion and extension. 

24. The anterior wall of the vertebral canal is formed by: 

A. ligamenta flava 

B. interspinal ligaments 

C. * posterior longitudinal ligament 

D. anterior longitudinal ligament 

E. ligamentum nuchae 

25. Which of the following ligaments prevents hyperextension of the knee and may be involved in locking of this joint? 

A. oblique 

B. transverse 

C. lateral (fibular) collateral 

D. *anterior cruciate 

E. posterior cruciate 

26. Fracture "of the hip" usually occurs at: 

A. intertrochanteric line of the femur 

B. *neck of the femur 

C. acetabulum of the coxal bone 

D. shaft of the femur 

E. inferior ramus of pubis 
II. Tests of “Krok-1” database

1. During the operation on the hip joint of a 5-year-old child her ligament was damaged which caused bleeding.What ligament was damaged?
A. *The head of the thigh 

B. Pubofemoral 

C. Ischiofemoral 

D. Iliofemoral 

E. Perpendicular of the acetabule 
2. After a fall from a height a casualty is diagnosed a compression fracture of lumbar vertebra. The curvature of lumbar lordosis has sharply increased. Injury of what ligaments can cause such change of vertebral column curvature?

A. Intertraverse.

B. Posterior longitudinal.

C. Yellow.

D. Supraspinal.

E. *Anterior longitudinal.
3. A 25-year-old man appealed to a doctor with complaints of movements damage in the knee joint - anteroposterior displacement of the crus about the femur (so-called drawer sign) – that appeared after a trauma. What ligaments of the knee joint are injured?

A. Collateral.

B. Arcuate popliteal.

C. Oblique popliteal.

D. Interosseous membrane of leg.

E. *Cruciate.

4. X-ray examination of a patient has shown a thoracic spine disk herniation. What kind of vertebrae conjugation has undergone pathological changes?

A. Syndesmosis.

B. Diarthrosis.

C. *Synchondrosis.

D. Articulation.

E. Synostosis.

5. A gynecologist dimensioned the pelvis of a 29-year-old pregnant wo​man. The distance between two anterior superior iliac spines was measured with the help of a pelvimeter. What size of the large pelvis was dimensioned?

A. *Interspinous distance.

B. Intercristal distance.
C. Intertrochanteric distance.
D. True conjugate.

E. Anatomical conjugate.

UNIT 4. MYOLOGY

Practice class 19. Written tests and examination of practice skills of joints. Examination of self-taught tasks. Review of myology. The muscles and fasciae of the head.

The aim: to learn the classification, topography and structure of muscles and fasciae of the head; to show the points of origin and insertion of different groups of muscles of the head; to find out the functions of these muscles.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.
a) Epicranius

b) The muscles of the eyelids

c) The muscles of the nose

d) The muscles of the mouth

e) The muscles of mastication
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

EPICRANIUS 

The Skin of the Scalp.—This is thicker than in any other part of the body. It is intimately adherent to the superficial fascia, which attaches it firmly to the underlying aponeurosis and muscle. Movements of the muscle move the skin. The hair follicles are very closely set together, and extend throughout the whole thickness of the skin. It also contains a number of sebaceous glands.

The superficial fascia in the cranial region is a firm, dense, fibro-fatty layer, intimately adherent to the integument, and to the Epicranius and its tendinous aponeurosis; it is continuous, behind, with the superficial fascia at the back of the neck; and, laterally, is continued over the temporal fascia. It contains between its layers the superficial vessels and nerves and much granular fat.

The Epicranius (Occipitofrontalis) is a broad, musculofibrous layer, which covers the whole of one side of the vertex of the skull, from the occipital bone to the eyebrow. It consists of two parts, the Occipitalis and the Frontalis, connected by an intervening tendinous aponeurosis, the galea aponeurotica.
The Occipitalis, thin and quadrilateral in form, arises by tendinous fibers from the lateral two-thirds of the superior nuchal line of the occipital bone, and from the mastoid part of the temporal. It ends in the galea aponeurotica.

The Frontalis is thin, of a quadrilateral form, and intimately adherent to the superficial fascia. It is broader than the Occipitalis and its fibers are longer and paler in color. It has no bony attachments. Its medial fibers are continuous with those of the Procerus; its immediate fibers blend with the Corrugator and Orbicularis oculi; and its lateral fibers are also blended with the latter muscle over the zygomatic process of the frontal bone. From these attachments the fibers are directed upward, and join the galea aponeurotica below the coronal suture. The medial margins of the Frontales are joined together for some distance above the root of the nose; but between the Occipitales there is a considerable, though variable, interval, occupied by the galea aponeurotica.

The galea aponeurotica (epicranial aponeurosis) covers the upper part of the cranium; behind, it is attached, in the interval between its union with the Occipitales, to the external occipital protuberance and highest nuchal lines of the occipital bone; in front, it forms a short and narrow prolongation between its union with the Frontales. On either side it gives origin to the Auriculares anterior and superior; in this situation it loses its aponeurotic character, and is continued over the temporal fascia to the zygomatic arch as a layer of laminated areolar tissue. It is closely connected to the integument by the firm, dense, fibro-fatty layer which forms the superficial fascia of the scalp: it is attached to the pericranium by loose cellular tissue, which allows the aponeurosis, carrying with it the integument to move through a considerable distance.

Variations.—Both Frontalis and Occipitalis vary considerably in size and in extent of attachment; either may be absent; fusion of Frontalis to skin has been noted.

Nerves.—The Frontalis is supplied by the temporal branches of the facial nerve, and the Occipitalis by the posterior auricular branch of the same nerve.

Actions.—The Frontales raise the eyebrows and the skin over the root of the nose, and at the same time draw the scalp forward, throwing the integument of the forehead into transverse wrinkles. The Occipitales draw the scalp backward. By bringing alternately into action the Frontales and Occipitales the entire scalp may be moved forward and backward. In the ordinary action of the muscles, the eyebrows are elevated, and at the same time the aponeurosis is fixed by the Occipitales, thus giving to the face the expression of surprise; if the action be exaggerated, the eyebrows are still further raised, and the skin of the forehead thrown into transverse wrinkles, as in the expression of fright or horror.

A thin muscular slip, the Transversus nuchae, is present in a considerable proportion (25 per cent.) of cases; it arises from the external occipital protuberance or from the superior nuchal line, either superficial or deep to the Trapezius; it is frequently inserted with the Auricularis posterior, but may join the posterior edge of the Sternocleidomastoideus.

THE MUSCLES OF THE EYELIDS are:

Levator palpebrae superioris (is usually described with the organ of vision).

Orbicularis oculi. 

Corrugator.
The Orbicularis oculi (Orbicularis palpebrarum) arises from the nasal part of the frontal bone, from the frontal process of the maxilla in front of the lacrimal groove, and from the anterior surface and borders of a short fibrous band, the medial palpebral ligament. From this origin, the fibers are directed lateralward, forming a broad and thin layer, which occupies the eyelids or palpebrae, surrounds the circumference of the orbit, and spreads over the temple, and downward on the cheek. The palpebral portion of the muscle is thin and pale; it arises from the bifurcation of the medial palpebral ligament, forms a series of concentric curves, and is inserted into the lateral palpebral raphé. The orbital portion is thicker and of a reddish color; its fibers form a complete ellipse without interruption at the lateral palpebral commissure; the upper fibers of this portion blend with the Frontalis and Corrugator. The lacrimal part (Tensor tarsi) is a small, thin muscle, about 6 mm. in breadth and 12 mm. in length, situated behind the medial palpebral ligament and lacrimal sac. It arises from the posterior crest and adjacent part of the orbital surface of the lacrimal bone, and passing behind the lacrimal sac, divides into two slips, upper and lower, which are inserted into the superior and inferior tarsi medial to the puncta lacrimalia; occasionally it is very indistinct.
The medial palpebral ligament (tendo oculi), about 4 mm. in length and 2 mm. in breadth, is attached to the frontal process of the maxilla in front of the lacrimal groove. Crossing the lacrimal sac, it divides into two parts, upper and lower, each attached to the medial end of the corresponding tarsus. As the ligament crosses the lacrimal sac, a strong aponeurotic lamina is given off from its posterior surface; this expands over the sac, and is attached to the posterior lacrimal crest.

The lateral palpebral raphé is a much weaker structure than the medial palpebral ligament. It is attached to the margin of the frontosphenoidal process of the zygomatic bone, and passes medialward to the lateral commissure of the eyelids, where it divides into two slips, which are attached to the margins of the respective tarsi.

The Corrugator  (Corrugator supercilii) is a small, narrow, pyramidal muscle, placed at the medial end of the eyebrow, beneath the Frontalis and Orbicularis oculi. It arises from the medial end of the superciliary arch; and its fibers pass upward and lateralward, between the palpebral and orbital portions of the Orbicularis oculi, and are inserted into the deep surface of the skin, above the middle of the orbital arch.

Nerves.—The Orbicularis oculi and Corrugator are supplied by the facial nerve.

Actions.—The Orbicularis oculi is the sphincter muscle of the eyelids. The palpebral portion acts involuntarily, closing the lids gently, as in sleep or in blinking; the orbital portion is subject to the will. When the entire muscle is brought into action, the skin of the forehead, temple, and cheek is drawn toward the medial angle of the orbit, and the eyelids are firmly closed, as in photophobia. The skin thus drawn upon is thrown into folds, especially radiating from the lateral angle of the eyelids; these folds become permanent in old age, and form the so-called “crows’ feet.” The Levator palpebrae superioris is the direct antagonist of this muscle; it raises the upper eyelid and exposes the front of the bulb of the eye. Each time the eyelids are closed through the action of the Orbicularis, the medial palpebral ligament is tightened, the wall of the lacrimal sac is thus drawn lateralward and forward, so that a vacuum is made in it and the tears are sucked along the lacrimal canals into it. The lacrimal part of the Orbicularis oculi draws the eyelids and the ends of the lacrimal canals medialward and compresses them against the surface of the globe of the eye, thus placing them in the most favorable situation for receiving the tears; it also compresses the lacrimal sac. The Corrugator draws the eyebrow downward and medialward, producing the vertical wrinkles of the forehead. It is the “frowning” muscle, and may be regarded as the principal muscle in the expression of suffering.
THE MUSCLES OF THE NOSE comprise
Procerus.
Nasalis.
Depressor septi.

Dilatator naris posterior

Dilatator naris anterior.

The Procerus (Pyramidalis nasi) is a small pyramidal slip arising by tendinous fibers from the fascia covering the lower part of the nasal bone and upper part of the lateral nasal cartilage; it is inserted into the skin over the lower part of the forehead between the two eyebrows, its fibers decussating with those of the Frontalis.

The Nasalis (Compressor naris) consists of two parts, transverse and alar. The transverse part arises from the maxilla, above and lateral to the incisive fossa; its fibers proceed upward and medialward, expanding into a thin aponeurosis which is continuous on the bridge of the nose with that of the muscle of the opposite side, and with the aponeurosis of the Procerus. The alar part is attached by one end to the greater alar cartilage, and by the other to the integument at the point of the nose.

The Depressor septi (Depressor alœ nasi) arises from the incisive fossa of the maxilla; its fibers ascend to be inserted into the septum and back part of the ala of the nose. It lies between the mucous membrane and muscular structure of the lip.

The Dilatator naris posterior is placed partly beneath the Quadratus labii superioris. It arises from the margin of the nasal notch of the maxilla, and from the lesser alar cartilages, and is inserted into the skin near the margin of the nostril.

The Dilatator naris anterior is a delicate fasciculus, passing from the greater alar cartilage to the integument near the margin of the nostril; it is situated in front of the preceding.

Variations.—These muscles vary in size and strength or may be absent.

Nerves.—All the muscles of this group are supplied by the facial nerve.

Actions.—The Procerus draws down the medial angle of the eyebrows and produces transverse wrinkles over the bridge of the nose. The two Dilatatores enlarge the aperture of the nares. Their action in ordinary breathing is to resist the tendency of the nostrils to close from atmospheric pressure, but in difficult breathing, as well as in some emotions, such as anger, they contract strongly. The Depressor septi is a direct antagonist of the other muscles of the nose, drawing the ala of the nose downward, and thereby constricting the aperture of the nares. The Nasalis depresses the cartilaginous part of the nose and draws the ala toward the septum.

THE MUSCLES OF THE MOUTH are:

Quadratus labii superioris

Caninus.

Zygomaticus.

Mentalis.

Quadratus labii inferioris

Triangularis.

Buccinator.

Orbicularis oris.

Risorius.

The Quadratus labii superioris is a broad sheet, the origin of which extends from the side of the nose to the zygomatic bone. Its medial fibers form the angular head, which arises by a pointed extremity from the upper part of the frontal process of the maxilla and passing obliquely downward and lateralward divides into two slips. One of these is inserted into the greater alar cartilage and skin of the nose; the other is prolonged into the lateral part of the upper lip, blending with the infraorbital head and with the Orbicularis oris. The intermediate portion or infraorbital head arises from the lower margin of the orbit immediately above the infraorbital foramen, some of its fibers being attached to the maxilla, others to the zygomatic bone. Its fibers converge, to be inserted into the muscular substance of the upper lip between the angular head and the Caninus. The lateral fibers, forming the zygomatic head, arise from the malar surface of the zygomatic bone immediately behind the zygomaticomaxillary suture and pass downward and medialward to the upper lip.

The Caninus (Levator anguli oris) arises from the canine fossa, immediately below the infraorbital foramen; its fibers are inserted into the angle of the mouth, intermingling with those of the Zygomaticus, Triangularis, and Orbicularis oris.

The Zygomaticus (Zygomaticus major) arises from the zygomatic bone, in front of the zygomaticotemporal suture, and descending obliquely with a medial inclination, is inserted into the angle of the mouth, where it blends with the fibers of the Caninus, Orbicularis oris, and Triangularis.

Nerves.—This group of muscles is supplied by the facial nerve.

Actions.—The Quadratus labii superioris is the proper elevator of the upper lip, carrying it at the same time a little forward. Its angular head acts as a dilator of the naris; the infraorbital and zygomatic heads assist in forming the nasolabial furrow, which passes from the side of the nose to the upper lip and gives to the face an expression of sadness. When the whole muscle is in action it gives to the countenance an expression of contempt and disdain. The Quadratus labii superioris raises the angle of the mouth and assists the Caninus in producing the nasolabial furrow. The Zygomaticus draws the angle of the mouth backward and upward, as in laughing.

The Mentalis (Levator menti) is a small conical fasciculus, situated at the side of the frenulum of the lower lip. It arises from the incisive fossa of the mandible, and descends to be inserted into the integument of the chin

The Quadratus labii inferioris (Depressor labii inferioris; Quadratus menti) is a small quadrilateral muscle. It arises from the oblique line of the mandible, between the symphysis and the mental foramen, and passes upward and medialward, to be inserted into the integument of the lower lip, its fibers blending with the Orbicularis oris, and with those of its fellow of the opposite side. At its origin it is continuous with the fibers of the Platysma. Much yellow fat is intermingled with the fibers of this muscle.

The Triangularis (Depressor anguli oris) arises from the oblique line of the mandible, whence its fibers converge, to be inserted, by a narrow fasciculus, into the angle of the mouth. At its origin it is continuous with the Platysma, and at its insertion with the Orbicularis oris and Risorius; some of its. 

Nerves.—This group of muscles is supplied by the facial nerve.fibers are directly continuous with those of the Caninus, and others are occasionally found crossing from the muscle of one side to that of the other; these latter fibers constitute the Transversus menti.
Actions.—The Mentalis raises and protrudes the lower lip, and at the same time wrinkles the skin of the chin, expressing doubt or disdain. The Quadratus labii inferioris draws the lower lip directly downward and a little lateralward, as in the expression of irony. The Triangularis depresses the angle of the mouth, being the antagonist of the Caninus and Zygomaticus; acting with the Caninus, it will draw the angle of the mouth medialward. The Platysma which retracts and depresses the angle of the mouth belongs with this group

The Buccinator  is a thin quadrilateral muscle, occupying the interval between the maxilla and the mandible at the side of the face. It arises from the outer surfaces of the alveolar processes of the maxilla and mandible, corresponding to the three molar teeth; and behind, from the anterior border of the pterygomandibular raphé which separates it from the Constrictor pharyngis superior. The fibers converge toward the angle of the mouth, where the central fibers intersect each other, those from below being continuous with the upper segment of the Orbicularis oris, and those from above with the lower segment; the upper and lower fibers are continued forward into the corresponding lip without decussation.

Relations.—The Buccinator is covered by the buccopharyngeal fascia, and is in relation by its superficial surface, behind, with a large mass of fat, which separates it from the ramus of the mandible, the Masseter, and a small portion of the Temporalis; this fat has been named the suctorial pad, because it is supposed to assist in the act of sucking. The parotid duct pierces the Buccinator opposite the second molar tooth of the maxilla. The deep surface is in relation with the buccal glands and mucous membrane of the mouth.

The pterygomandibular raphé (pterygomandibular ligament) is a tendinous band of the buccopharyngeal fascia, attached by one extremity to the hamulus of the medial pterygoid plate, and by the other to the posterior end of the mylohyoid line of the mandible. Its medial surface is covered by the mucous membrane of the mouth. Its lateral surface is separated from the ramus of the mandible by a quantity of adipose tissue. Its posterior border gives attachment to the Constrictor pharyngis superior; its anterior border, to part of the Buccinator.

The Orbicularis oris is not a simple sphincter muscle like the Orbicularis oculi; it consists of numerous strata of muscular fibers surrounding the orifice of the mouth but having different direction. It consists partly of fibers derived from the other facial muscles which are inserted into the lips, and partly of fibers proper to the lips. Of the former, a considerable number are derived from the Buccinator and form the deeper stratum of the Orbicularis. Some of the Buccinator fibers—namely, those near the middle of the muscle—decussate at the angle of the mouth, those arising from the maxilla passing to the lower lip, and those from the mandible to the upper lip. The uppermost and lowermost fibers of the Buccinator pass across the lips from side to side without decussation. Superficial to this stratum is a second, formed on either side by the Caninus and Triangularis, which cross each other at the angle of the mouth; those from the Caninus passing to the lower lip, and those from the Triangularis to the upper lip, along which they run, to be inserted into the skin near the median line. In addition to these there are fibers from the Quadratus labii superioris, the Zygomaticus, and the Quadratus labii inferioris; these intermingle with the transverse fibers above described, and have principally an oblique direction. The proper fibers of the lips are oblique, and pass from the under surface of the skin to the mucous membrane, through the thickness of the lip. Finally there are fibers by which the muscle is connected with the maxillae and the septum of the nose above and with the mandible below. In the upper lip these consist of two bands, lateral and medial, on either side of the middle line; the lateral band (m. incisivus labii superioris) arises from the alveolar border of the maxilla, opposite the lateral incisor tooth, and arching lateralward is continuous with the other muscles at the angle of the mouth; the medial band (m. nasolabialis) connects the upper lip to the back of the septum of the nose. The interval between the two medial bands corresponds with the depression, called the philtrum, seen on the lip beneath the septum of the nose. The additional fibers for the lower lip constitute a slip (m. incisivus labii inferioris) on either side of the middle line; this arises from the mandible, lateral to the Mentalis, and intermingles with the other muscles at the angle of the mouth.

The Risorius arises in the fascia over the Masseter and, passing horizontally forward, superficial to the Platysma, is inserted into the skin at the angle of the mouth It is a narrow bundle of fibers, broadest at its origin, but varies much in its size and form.

Actions.—The Orbicularis oris in its ordinary action effects the direct closure of the lips; by its deep fibers, assisted by the oblique ones, it closely applies the lips to the alveolar arch. The superficial part, consisting principally of the decussating fibers, brings the lips together and also protrudes them forward. The Buccinators compress the cheeks, so that, during the process of mastication, the food is kept under the immediate pressure of the teeth. When the cheeks have been previously distended with air, the Buccinator muscles expel it from between the lips, as in blowing a trumpet; hence the name (buccina, a trumpet). The Risorius retracts the angle of the mouth, and produces an unpleasant grinning expression.

The chief MUSCLES OF MASTICATION are

Masseter.

Temporalis.

Pterygoideus externus.

Pterygoideus internus.

Parotideomasseteric Fascia (masseteric fascia).—Covering the Masseter, and firmly connected with it, is a strong layer of fascia derived from the deep cervical fascia. Above, this fascia is attached to the lower border of the zygomatic arch, and behind, it invests the parotid gland.

The Masseter  is a thick, somewhat quadrilateral muscle, consisting of two portions, superficial and deep. The superficial portion, the larger, arises by a thick, tendinous aponeurosis from the zygomatic process of the maxilla, and from the anterior two-thirds of the lower border of the zygomatic arch; its fibers pass downward and backward, to be inserted into the angle and lower half of the lateral surface of the ramus of the mandible. The deep portion is much smaller, and more muscular in texture; it arises from the posterior third of the lower border and from the whole of the medial surface of the zygomatic arch; its fibers pass downward and forward, to be inserted into the upper half of the ramus and the lateral surface of the coronoid process of the mandible. The deep portion of the muscle is partly concealed, in front, by the superficial portion; behind, it is covered by the parotid gland. The fibers of the two portions are continuous at their insertion.

Temporal Fascia.—The temporal fascia covers the Temporalis muscle. It is a strong, fibrous investment, covered, laterally, by the Auricularis anterior and superior, by the galea aponeurotica, and by part of the Orbicularis oculi. The superficial temporal vessels and the auriculotemporal nerve cross it from below upward. Above, it is a single layer, attached to the entire extent of the superior temporal line; but below, where it is fixed to the zygomatic arch, it consists of two layers, one of which is inserted into the lateral, and the other into the medial border of the arch. A small quantity of fat, the orbital branch of the superficial temporal artery, and a filament from the zygomatic branch of the maxillary nerve, are contained between these two layers. It affords attachment by its deep surface to the superficial fibers of the Temporalis.

The Temporalis (Temporal muscle) is a broad, radiating muscle, situated at the side of the head. It arises from the whole of the temporal fossa (except that portion of it which is formed by the zygomatic bone) and from the deep surface of the temporal fascia. Its fibers converge as they descend, and end in a tendon, which passes deep to the zygomatic arch and is inserted into the medial surface, apex, and anterior border of the coronoid process, and the anterior border of the ramus of the mandible nearly as far forward as the last molar tooth.

The Pterygoideus externus (External pterygoid muscle) is a short, thick muscle, somewhat conical in form, which extends almost horizontally between the infratemporal fossa and the condyle of the mandible. It arises by two heads; an upper from the lower part of the lateral surface of the great wing of the sphenoid and from the infratemporal crest; a lower from the lateral surface of the lateral pterygoid plate. Its fibers pass horizontally backward and lateralward, to be inserted into a depression in front of the neck of the condyle of the mandible, and into the front margin of the articular disk of the temporomandibular articulation.

The Pterygoideus internus (Internal pterygoid muscle) is a thick, quadrilateral muscle. It arises from the medial surface of the lateral pterygoid plate and the grooved surface of the pyramidal process of the palatine bone; it has a second slip of origin from the lateral surfaces of the pyramidal process of the palatine and tuberosity of the maxilla. Its fibers pass downward, lateralward, and backward, and are inserted, by a strong tendinous lamina, into the lower and back part of the medial surface of the ramus and angle of the mandible, as high as the mandibular foramen.

Nerves.—The muscles of mastication are supplied by the mandibular nerve.

Actions.—The Temporalis, Masseter, and Pterygoideus internus raise the mandible against the maxillae with great force. The Pterygoideus externus assists in opening the mouth, but its main action is to draw forward the condyle and articular disk so that the mandible is protruded and the inferior incisors projected in front of the upper; in this action it is assisted by the Pterygoideus internus. The mandible is retracted by the posterior fibers of the Temporalis. If the Pterygoidei internus and externus of one side act, the corresponding side of the mandible is drawn forward while the opposite condyle remains comparatively fixed, and side-to-side movements. Such as occur during the trituration of food, take place.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· epicranius muscle

· frontal belly of epicranius muscle

· occipital belly of epicranius muscle

· epicranial aponeurosis

· orbicularis oculi muscle

· zygomaticus major  muscle

· levator labii superioris muscle

· buccinator muscle

· depressor anguli oris muscle

· depressor labii inferioris muscle

· orbicularis oris muscle

· masseter muscle

· temporal muscle

· mastication muscle

· lateral pterygoid muscle

· medial pterygoid muscle

Practice class 20. The muscles of the cervical region. The fasciae and spaces of the neck.

The aim: to learn the classification, topography and structure of muscles and fasciae of the neck; to show the points of origin and insertion of different groups of muscles of the neck; to find out the functions of these muscles; to understand the clinical importance of the trigones of neck.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The superficial cervical muscles

b) Suprahyoid muscles

c) Infrahyoid muscles

d) Deep Muscles of the Neck

e) Triangles of the Neck

f) Fasciae and spaces of the neck

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

Neck: muscles, fasciae, triangles, spaces

Superfical mm. of the Neck

A. Platysma m.

1. origin: skin over pectoral region 

2. insertion: mandible, skin of lower face, decussating fibers from opposite side 

3. action: tenses skin of neck, pulls corners of mouth inferiorly 

B. Sternocleidomastoid m.

1. origin: manubrium of sternum, medial 1/3rd of clavicle 

2. insertion: mastoid process of temporal bone, superior nuchal line (occipital bone) 

3. actions: acting bilaterally, "flexes" neck, acting unilaterally, laterally flexes neck and points chin superiorly accessory muscle of inspiration

4. Injury: wryneck 

Suprahyoid muscles

(Netter plate 24)

· Digastric 

· Stylohyoid 

· Mylohyoid 

· Geniohyoid: deeper 

. mylohyoid m. 

. origin: mylohyoid line on mandible 

. insertion: midline raphe and body of hyoid bone 

. actions: elevates hyoid bone, floor of mouth and tongue 

a. geniohyoid m. 

a. origin: inferior mental spine 

a. insertion: body of hyoid bone 

a. actions: moves hyoid bone anteriosuperiorly, opening the pharynx, shortens floor of mouth 

b. stylohyoid m. 

b. origin: styloid process of temporal bone 

b. insertion: body of hyoid bone 

b. actions: elevates and retracts the hyoid bone, elongating the floor of the mouth 

c.  digastric m.

. anterior belly of the digastric m. 

. origin: digastric fossa on mandible 

. insertion: intermediate tendon 

. actions: elevates hyoid , holds hyoid steady while speaking and swallowing 

a.  posterior belly of the digastric m. 

1. origin: mastoid notch 

2. insertion: intermediate tendon 

3. actions: elevates hyoid , holds hyoid steady while speaking and swallowing, opens mouth 

Infrahyoid muscles

a. sternohyoid m. 

1.  origin: manubrium of sternum 

2. insertion: hyoid bone 

3. actions: depresses the hyoid bone during swallowing and speaking 

b. sternothyroid m. 

. origin: manubrium of sternum 

. insertion: oblique line of thyroid cartilage 

. actions: depresses larynx during swallowing and speaking, opens the laryngeal orifice 

c. thyrohyoid m.

1. origin: oblique line of thyroid cartilage 

2. insertion: hyoid bone 

3. actions: elevates thyroid cartilage, depresses hyoid bone, assists in closure of the laryngeal orifice 

d. omohyoid m.

1. origin: inferior belly, superior border of scapula superior belly, intermediate tendon 

2. insertion: inferior belly, intermediate tendon superior belly, hyoid bone

3. actions: depresses, retracts, and steadies the hyoid bone in speaking and swallowing 

Deep Muscles of the Neck

· Scalenes 

· Anterior (to anterior first rib) 

· Middle (to middle first rib) 

· Posterior (to posterior second rib) 

· Longus Capitus 

· Longus Colli (Longus cervicalis) 

· Scalenes raise ribs; all 5 flex neck 

· Rectus Capitis Anterior flexes the head; Rectus Capitis Lateralis abducts the head: both act on atlanto-occipital joint.  

· Anterior Scalene 

· Origin: Transverse processes C3-C6 

· Insertion: inner surface of first rib, to the tubercle of  Anterior Scalene 

· Function: bend neck forward and (slightly) to side; acting together, they fix the neck (e.g., when carrying weight with head); with neck fixed they elevate ribs (e.g., for inspiration); fix ribs in quiet inspiration 

· Middle Scalene 

· Origin: Transverse processes C1-C7 

· Insertion: upper surface of first rib, behind subclavian groove 

· Function: Same as anterior scalene
· Posterior Scalene 

· Origin: Transverse processes of C5-C6 

· Insertion: Lateral surface of second rib 

· Function: Same as anterior scalene 

· Innervation: C7-C8 

Triangles of the Neck

Anterior Triangle

(Netter plate 23)

· Boundaries: 

· Sternocleidomastoid 

· Anterior midline of neck 

· Inferior edge of mandible 

· Landmarks 

· Omohyoid m. 

· Digastric m. 

· Hyoid bone 

· Sub-Triangles of Anterior T. (Netter plate 23)

· Submandibular T. 
·  Boundaries: Mandible (sup.); Digastric (ant.-inf.and post.-inf.) 

·  Lingual (Pirigov’s)
· Boundaries: Mylohyiod (ant.), Posterior belly of digastric (post.); hypoglossal nerve (sup.) 

· Contents: Lingual a., Lingual v.

· Sub-mental T. (unpaired) – between anterior bellies of digastric

· Omotracheal 

· Boundaries: sterocleidomastoid (post.); sup. belly of omohyoid (post.-sup.); midline; hyoid bone (superior.) Separated from Carotid T. by superior belly of omohyoid 

· Carotid T. 

· Boundaries: posterior belly of digastric (ant.-sup.); sternocleidomastoid (post.); sup. belly of omohyoid (ant.-inf.). 

· Contents: Within Carotid sheath: 

· Common Carotid A. 

· Internal Jugular V. 

· Vagus N. 

Lateral Triangle

borders: sternocleidomastoid m., trapezius m., clavicle 

· Sub-Triangles of Lateral T.

· Omo-clavicular

· Omo-trapezoid 

Fasciae and spaces of the neck

	Name according to PNA (Paris Nomenclatura Anatomica)
	Name according to Netter’s Atlas
	Structures which are surrounded by fascia

	Superfacial lamina
	Superfacial (investing) fascia
	. surrounds entire neck and encapsulates sternocleidomastoid, trapezius m., parotid gland, submandibular gland 

attachments: superior nuchal line (occipital bone), mastoid processes (temporal bone), zygomatic arches, hyoid bone, mandible, spinous processes of cervical vertebrae, manubrium, clavicles, acromion processes and spines of scapulae 

	Between these laminas – suprasternal interaponeurotic space – close sac, contents jugular arch which joins anterior jugular arteries

	Pretracheal lamina 


	Fascia of infrahyoid muscles
	. surrounds infrahyoid mm. 

a. blends with buccopharyngeal fascia superiorly 

b. blends with carotid sheaths laterally 

forms "slings" for digastric mm. and omohyoid mm.

	Between these laminas – previsceral (pretracheal) space which communicates with mediastinum 

	-
	Visceral 

(Pre-tracheal fascia and buccopharyngeal fascia)
	surrounds thyroid, trachea, and esophagus and merges with carotid sheath 

	Between these laminas – retrovisceral (retrotracheal) space which communicates with mediastinum

	Prevertebral lamina 
	Pre-vertebral fascia
	surrounds vertebral column, including prevertebral muscles 


Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· platysma muscle

· sternocleidomastoid muscle

· digastric muscle

· posterior belly

· superior belly

· stylohyoid muscle

· mylohyoid muscle

· sternovertebral muscle

· omohyoid muscle

· sternothyroid muscle

· thyrohyoid muscle

· anterior scalene muscle

· middle scalene muscle

· posterior scalene muscle

· anterior neck part

· mandibular triangle

· carotid triangle

· scapulotracheal triangle

· sternocleidomastoid part

· lateral neck part

· scapuloclavicular triangle

· lateral neck part

· nucha (posterior neck part)

Practice class 21. The muscles and fasciae of the abdomen. The inguinal canal.

The aim: to learn the classification, topography and structure of muscles and fasciae of the abdomen; to show the points of origin and insertion of different groups of muscles of the abdomen; to find out the functions of these muscles; to learn the structure of the inguinal canal and find out its contents.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially surgeons, traumatologists, angiosurgeons, urologists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The antero-lateral muscles of the abdomen

b) The subcutaneous inguinal ring

c) The linea alba

d) The abdominal inguinal ring
e) The inguinal canal

f) The posterior muscles of the abdomen

C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

The muscles of the abdomen may be divided into two groups: (1) the anterolateral muscles; (2) the posterior muscles.
1. THE ANTERO-LATERAL MUSCLES OF THE ABDOMEN—The muscles of this group are:

Obliquus externus.

Transversus.

Obliquus internus.

Rectus.

Pyramidalis.

The Superficial Fascia.—The superficial fascia of the abdomen consists, over the greater part of the abdominal wall, of a single layer containing a variable amount of fat; but near the groin it is easily divisible into two layers, between which are found the superficial vessels and nerves and the superficial inguinal lymph glands.

The superficial layer (fascia of Camper) is thick, areolar in texture, and contains in its meshes a varying quantity of adipose tissue. Below, it passes over the inguinal ligament, and is continuous with the superficial fascia of the thigh. In the male, Camper’s fascia is continued over the penis and outer surface of the spermatic cord to the scrotum, where it helps to form the dartos. As it passes to the scrotum it changes its characteristics, becoming thin, destitute of adipose tissue, and of a pale reddish color, and in the scrotum it acquires some involuntary muscular fibers. From the scrotum it may be traced backward into continuity with the superficial fascia of the perineum. In the female, Camper’s fascia is continued from the abdomen into the labia majora.

The deep layer (fascia of Scarpa) is thinner and more membranous in character than the superficial, and contains a considerable quantity of yellow elastic fibers. It is loosely connected by areolar tissue to the aponeurosis of the Obliquus externus abdominis, but in the middle line it is more intimately adherent to the linea alba and to the symphysis pubis, and is prolonged on to the dorsum of the penis, forming the fundiform ligament; above, it is continuous with the superficial fascia over the rest of the trunk; below and laterally, it blends with the fascia lata of the thigh a little below the inguinal ligament; medially and below, it is continued over the penis and spermatic cord to the scrotum, where it helps to form the dartos. From the scrotum it may be traced backward into continuity with the deep layer of the superficial fascia of the perineum (fascia of Colles). In the female, it is continued into the labia majora and thence to the fascia of Colles.

The Obliquus externus abdominis (External or descending oblique muscle) situated on the lateral and anterior parts of the abdomen, is the largest and the most superficial of the three flat muscles in this region. It is broad, thin, and irregularly quadrilateral, its muscular portion occupying the side, its aponeurosis the anterior wall of the abdomen. It arises, by eight fleshy digitations, from the external surfaces and inferior borders of the lower eight ribs; these digitations are arranged in an oblique line which runs downward and backward, the upper ones being attached close to the cartilages of the corresponding ribs, the lowest to the apex of the cartilage of the last rib, the intermediate ones to the ribs at some distance from their cartilages. The five superior serrations increase in size from above downward, and are received between corresponding processes of the Serratus anterior; the three lower ones diminish in size from above downward and receive between them corresponding processes from the Latissimus dorsi. From these attachments the fleshy fibers proceed in various directions. Those from the lowest ribs pass nearly vertically downward, and are inserted into the anterior half of the outer lip of the iliac crest; the middle and upper fibers, directed downward and forward, end in an aponeurosis, opposite a line drawn from the prominence of the ninth costal cartilage to the anterior superior iliac spine.

The aponeurosis of the Obliquus externus abdominis is a thin but strong membranous structure, the fibers of which are directed downward and medialward. It is joined with that of the opposite muscle along the middle line, and covers the whole of the front of the abdomen; above, it is covered by and gives origin to the lower fibers of the Pectoralis major; below, its fibers are closely aggregated together, and extend obliquely across from the anterior superior iliac spine to the public tubercle and the pectineal line. In the middle line, it interlaces with the aponeurosis of the opposite muscle, forming the linea alba, which extends from the xiphoid process to the symphysis pubis.

That portion of the aponeurosis which extends between the anterior superior iliac spine and the pubic tubercle is a thick band, folded inward, and continuous below with the fascia lata; it is called the inguinal ligament. The portion which is reflected from the inguinal ligament at the pubic tubercle is attached to the pectineal line and is called the lacunar ligament. From the point of attachment of the latter to the pectineal line, a few fibers pass upward and medialward, behind the medial crus of the subcutaneous inguinal ring, to the linea alba; they diverge as they ascend, and form a thin triangular fibrous band which is called the reflected inguinal ligament.
In the aponeurosis of the Obliquus externus, immediately above the crest of the pubis, is a triangular opening, the subcutaneous inguinal ring, formed by a separation of the fibers of the aponeurosis in this situation.

The following structures require further description, viz., the subcutaneous inguinal ring, the intercrural fibers and fascia, and the inguinal, lacunar, and reflected inguinal ligaments.
THE SUBCUTANEOUS INGUINAL RING (annulus inguinalis subcutaneus; external abdominal ring)—The subcutaneous inguinal ring is an interval in the aponeurosis of the Obliquus externus, just above and lateral to the crest of the pubis. The aperture is oblique in direction, somewhat triangular in form, and corresponds with the course of the fibers of the aponeurosis. It usually measures from base to apex about 2.5 cm., and transversely about 1.25 cm. It is bounded below by the crest of the pubis; on either side by the margins of the opening in the aponeurosis, which are called the crura of the ring; and above, by a series of curved intercrural fibers. The inferior crus (external pillar) is the stronger and is formed by that portion of the inguinal ligament which is inserted into the pubic tubercle; it is curved so as to form a kind of groove, upon which, in the male, the spermatic cord rests. The superior crus (internal pillar) is a broad, thin, flat band, attached to the front of the symphysis pubis and interlacing with its fellow of the opposite side.

The subcutaneous inguinal ring gives passage to the spermatic cord and ilioinguinal nerve in the male, and to the round ligament of the uterus and the ilioinguinal nerve in the female; it is much larger in men than in women, on account of the large size of the spermatic cord.

The Intercrural Fibers (fibrae intercrurales; intercolumnar fibers).—The intercrural fibers are a series of curved tendinous fibers, which arch across the lower part of the aponeurosis of the Obliquus externus, describing curves with the convexities downward. They have received their name from stretching across between the two crura of the subcutaneous inguinal ring, and they are much thicker and stronger at the inferior crus, where they are connected to the inguinal ligament, than superiorly, where they are inserted into the linea alba. The intercrural fibers increase the strength of the lower part of the aponeurosis, and prevent the divergence of the crura from one another; they are more strongly developed in the male than in the female.

As they pass across the subcutaneous inguinal ring, they are connected together by delicate fibrous tissue, forming a fascia, called the intercrural fascia. This intercrural fascia is continued down as a tubular prolongation around the spermatic cord and testis, and encloses them in a sheath; hence it is also called the external spermatic fascia. The subcutaneous inguinal ring is seen as a distinct aperture only after the intercrural fascia has been removed.

The Inguinal Ligament (ligamentum inguinale [Pouparti]; Poupart’s ligament)—The inguinal ligament is the lower border of the aponeurosis of the Obliquus externus, and extends from the anterior superior iliac spine to the pubic tubercle. From this latter point it is reflected backward and lateralward to be attached to the pectineal line for about 1.25 cm., forming the lacunar ligament. Its general direction is convex downward toward the thigh, where it is continuous with the fascia lata. Its lateral half is rounded, and oblique in direction; its medial half gradually widens at its attachment to the pubis, is more horizontal in direction, and lies beneath the spermatic cord.

The Lacunar Ligament (ligamentum lacunare [Gimbernati]; Gimbernat’s ligament)—The lacunar ligament is that part of the aponeurosis of the Obliquus externus which is reflected backward and lateralward, and is attached to the pectineal line. It is about 1.25 cm. long, larger in the male than in the female, almost horizontal in direction in the erect posture, and of a triangular form with the base directed lateralward. Its base is concave, thin, and sharp, and forms the medial boundary of the femoral ring. Its apex corresponds to the pubic tubercle. Its posterior margin is attached to the pectineal line, and is continuous with the pectineal fascia. Its anterior margin is attached to the inguinal ligament. Its surfaces are directed upward and downward

The Reflected Inguinal Ligament (ligamentum inguinale reflexum [Collesi]; triangular fascia).—The reflected inguinal ligament is a layer of tendinous fibers of a triangular shape, formed by an expansion from the lacunar ligament and the inferior crus of the subcutaneous inguinal ring. It passes medialward behind the spermatic cord, and expands into a somewhat fan-shaped band, lying behind the superior crus of the subcutaneous inguinal ring, and in front of the inguinal aponeurotic falx, and interlaces with the ligament of the other side of the linea alba

Ligament of Cooper.—This is a strong fibrous band, which was first described by Sir Astley Cooper. It extends lateralward from the base of the lacunar ligament along the pectineal line, to which it is attached. It is strengthened by the pectineal fascia, and by a lateral expansion from the lower attachment of the linea alba (adminiculum lineae albae).

Variations.—The Obliquus externus may show decrease or doubling of its attachments to the ribs; addition slips from lumbar aponeurosis; doubling between lower ribs and ilium or inguinal ligament. Rarely tendinous inscriptions occur.

The Obliquus internus abdominis (Internal or ascending oblique muscle) thinner and smaller than the Obliquus externus, beneath which it lies, is of an irregularly quadrilateral form, and situated at the lateral and anterior parts of the abdomen. It arises, by fleshy fibers, from the lateral half of the grooved upper surface of the inguinal ligament, from the anterior two-thirds of the middle lip of the iliac crest, and from the posterior lamella of the lumbodorsal fascia. From this origin the fibers diverge; those from the inguinal ligament, few in number and paler in color than the rest, arch downward and medialward across the spermatic cord in the male and the round ligament of the uterus in the female, and, becoming tendinous, are inserted, conjointly with those of the Transversus, into the crest of the pubis and medial part of the pectineal line behind the lacunar ligament, forming what is known as the inguinal aponeurotic falx. Those from the anterior third of the iliac origin are horizontal in their direction, and, becoming tendinous along the lower fourth of the linea semilunaris, pass in front of the Rectus abdominis to be inserted into the linea alba. Those arising from the middle third of the iliac origin run obliquely upward and medialward, and end in an aponeurosis; this divides at the lateral border of the Rectus into two lamellae, which are continued forward, one in front of and the other behind this muscle, to the linea alba: the posterior lamella has an attachment to the cartilages of the seventh, eighth, and ninth ribs. The most posterior fibers pass almost vertically upward, to be inserted into the inferior borders of the cartilages of the three lower ribs, being continuous with the Intercostales interni.

Variations.—Occasionally, tendinous inscriptions occur from the tips of the tenth or eleventh cartilages or even from the ninth; an additional slip to the ninth cartilage is sometimes found; separation between iliac and inguinal parts may occur.

The Cremaster is a thin muscular layer, composed of a number of fasciculi which arise from the middle of the inguinal ligament where its fibers are continuous with those of the Obliquus internus and also occasionally with the Transversus. It passes along the lateral side of the spermatic cord, descends with it through the subcutaneous inguinal ring upon the front and sides of the cord, and forms a series of loops which differ in thickness and length in different subjects. At the upper part of the cord the loops are short, but they become in succession longer and longer, the longest reaching down as low as the testis, where a few are inserted into the tunica vaginalis. These loops are united together by areolar tissue, and form a thin covering over the cord and testis, the cremasteric fascia. The fibers ascend along the medial side of the cord, and are inserted by a small pointed tendon into the tubercle and crest of the pubis and into the front of the sheath of the Rectus abdominis.

The Transversus abdominis (Transversalis muscle) so called from the direction of its fibers, is the most internal of the flat muscles of the abdomen, being placed immediately beneath the Obliquus internus. It arises, by fleshy fibers, from the lateral third of the inguinal ligament, from the anterior three-fourths of the inner lip of the iliac crest, from the inner surfaces of the cartilages of the lower six ribs, interdigitating with the diaphragm, and from the lumbodorsal fascia. The muscle ends in front in a broad aponeurosis, the lower fibers of which curve downward and medialward, and are inserted, together with those of the Obliquus internus, into the crest of the pubis and pectineal line, forming the inguinal aponeurotic falx. Throughout the rest of its extent the aponeurosis passes horizontally to the middle line, and is inserted into the linea alba; its upper three-fourths lie behind the Rectus and blend with the posterior lamella of the aponeurosis of the Obliquus internus; its lower fourth is in front of the Rectus.

Variations.—It may be more or less fused with the Obliquus internus or absent. The spermatic cord may pierce its lower border. Slender muscle slips from the ileopectineal line to transversalis fascia, the aponeurosis of the Transversus abdominis or the outer end of the linea semicircularis and other slender slips are occasionally found.

The inguinal aponeurotic falx (falx aponeurotica inguinalis; conjoined tendon of Internal oblique and Transversalis muscle) of the Obliquus internus and Transversus is mainly formed by the lower part of the tendon of the Transversus, and is inserted into the crest of the pubis and pectineal line immediately behind the subcutaneous inguinal ring, serving to protect what would otherwise be aweak point in the abdominal wall. Lateral to the falx is a ligamentous band connected with the lower margin of the Transversus and extending down in front of the inferior epigastric artery to the superior ramus of the pubis; it is termed the interfoveolar ligament of Hesselbach and sometimes contains a few muscular fibers.

The Rectus abdominis is a long flat muscle, which extends along the whole length of the front of the abdomen, and is separated from its fellow of the opposite side by the linea alba. It is much broader, but thinner, above than below, and arises by two tendons; the lateral or larger is attached to the crest of the pubis, the medial interlaces with its fellow of the opposite side, and is connected with the ligaments covering the front of the symphysis pubis. The muscle is inserted by three portions of unequal size into the cartilages of the fifth, sixth, and seventh ribs. The upper portion, attached principally to the cartilage of the fifth rib, usually has some fibers of insertion into the anterior extremity of the rib itself. Some fibers are occasionally connected with the costoxiphoid ligaments, and the side of the xiphoid process.

The Rectus is crossed by fibrous bands, three in number, which are named the tendinous inscriptions; one is usually situated opposite the umbilicus, one at the extremity of the xiphoid process, and the third about midway between the xiphoid process and the umbilicus. These inscriptions pass transversely or obliquely across the muscle in a zigzag course; they rarely extend completely through its substance and may pass only halfway across it; they are intimately adherent in front to the sheath of the muscle. Sometimes one or two additional inscriptions, generally incomplete, are present below the umbilicus.

The Rectus is enclosed in a sheath formed by the aponeuroses of the Obliqui and Transversus, which are arranged in the following manner. At the lateral margin of the Rectus, the aponeurosis of the Obliquus internus divides into two lamellae, one of which passes in front of the Rectus, blending with the aponeurosis of the Obliquus externus, the other, behind it, blending with the aponeurosis of the Transversus, and these, joining again at the medial border of the Rectus, are inserted into the linea alba. This arrangement of the aponeurosis exists from the costal margin to midway between the umbilicus and symphysis pubis, where the posterior wall of the sheath ends in a thin curved margin, the linea semicircularis, the concavity of which is directed downward: below this level the aponeuroses of all three muscles pass in front of the Rectus. The Rectus, in the situation where its sheath is deficient below, is separated from the peritoneum by the transversalis fascia Since the tendons of the Obliquus internus and Transversus only reach as high as the costal margin, it follows that above this level the sheath of the Rectus is deficient behind, the muscle resting directly on the cartilages of the ribs, and being covered merely by the tendon of the Obliquus externus.

The Pyramidalis is a small triangular muscle, placed at the lower part of the abdomen, in front of the Rectus, and contained in the sheath of that muscle. It arises by tendinous fibers from the front of the pubis and the anterior pubic ligament; the fleshy portion of the muscle passes upward, diminishing in size as it ascends, and ends by a pointed extremity which is inserted into the linea alba, midway between the umbilicus and pubis. This muscle may be wanting on one or both sides; the lower end of the Rectus then becomes proportionately increased in size. Occasionally it is double on one side, and the muscles of the two sides are sometimes of unequal size. It may extend higher than the level stated.

Besides the Rectus and Pyramidalis, the sheath of the Rectus contains the superior and inferior epigastric arteries, and the lower intercostal nerves.

Variations.—The Rectus may insert as high as the fourth or third rib or may fail to reach the fifth. Fibers may spring from the lower part of the linea alba.

Nerves.—The abdominal muscles are supplied by the lower intercostal nerves. The Obliquus internus and Transversus also receive filaments from the anterior branch of the iliohypogastric and sometimes from the ilioinguinal. The Cremaster is supplied by the external spermatic branch of the genitofemoral and the Pyramidalis usually by the twelfth thoracic.

THE LINEA ALBA is a tendinous raphé in the middle line of the abdomen, stretching between the xiphoid process and the symphysis pubis. It is placed between the medial borders of the Recti, and is formed by the blending of the aponeuroses of the Obliqui and Transversi. It is narrow below, corresponding to the linear interval existing between the Recti; but broader above, where these muscles diverge from one another. At its lower end the linea alba has a double attachment—its superficial fibers passing in front of the medial heads of the Recti to the symphysis pubis, while its deeper fibers form a triangular lamella, attached behind the Recti to the posterior lip of the crest of the pubis, and named the adminiculum lineae albae. It presents apertures for the passage of vessels and nerves; the umbilicus, which in the fetus exists as an aperture and transmits the umbilical vessels, is closed in the adult.

The Lineae Semilunares.—The lineae semilunares are two curved tendinous lines placed one on either side of the linea alba. Each corresponds with the lateral border of the Rectus, extends from the cartilage of the ninth rib to the pubic tubercle, and is formed by the aponeurosis of the Obliquus internus at its line of division to enclose the Rectus, reinforced in front by that of the Obliquus externus, and behind by that of the Transversus.

Actions.—When the pelvis and thorax are fixed, the abdominal muscles compress the abdominal viscera by constricting the cavity of the abdomen, in which action they are materially assisted by the descent of the diaphragm. By these means assistance is given in expelling the feces from the rectum, the urine from the bladder, the fetus from the uterus, and the contents of the stomach in vomiting.

If the pelvis and vertebral column be fixed, these muscles compress the lower part of the thorax, materially assisting expiration. If the pelvis alone be fixed, the thorax is bent directly forward, when the muscles of both sides act; when the muscles of only one side contract, the trunk is bent toward that side and rotated toward the opposite side.

If the thorax be fixed, the muscles, acting together, draw the pelvis upward, as in climbing; or, acting singly, they draw the pelvis upward, and bend the vertebral column to one side or the other. The Recti, acting from below, depress the thorax, and consequently flex the vertebral column; when acting from above, they flex the pelvis upon the vertebral column. The Pyramidales are tensors of the linea alba.

The Transversalis Fascia.—The transversalis fascia is a thin aponeurotic membrane which lies between the inner surface of the Transversus and the extraperitoneal fat. It forms part of the general layer of fascia lining the abdominal parietes, and is directly continuous with the iliac and pelvic fasciae. In the inguinal region, the transversalis fascia is thick and dense in structure and is joined by fibers from the aponeurosis of the Transversus, but it becomes thin as it ascends to the diaphragm, and blends with the fascia covering the under surface of this muscle. Behind, it is lost in the fat which covers the posterior surfaces of the kidneys. Below, it has the following attachments: posteriorly, to the whole length of the iliac crest, between the attachments of the Transversus and Iliacus; between the anterior superior iliac spine and the femoral vessels it is connected to the posterior margin of the inguinal ligament, and is there continuous with the iliac fascia. Medial to the femoral vessels it is thin and attached to the pubis and pectineal line, behind the inguinal aponeurotic falx, with which it is united; it descends in front of the femoral vessels to form the anterior wall of the femoral sheath. Beneath the inguinal ligament it is strengthened by a band of fibrous tissue, which is only loosely connected to the ligament, and is specialized as the deep crural arch. The spermatic cord in the male and the round ligament of the uterus in the female pass through the transversalis fascia at a spot called the abdominal inguinal ring. This opening is not visible externally, since the transversalis fascia is prolonged on these structures as the infundibuliform fascia.

THE ABDOMINAL INGUINAL RING (annulus inguinalis abdominis; internal or deep abdominal ring).—The abdominal inguinal ring is situated in the transversalis fascia, midway between the anterior superior iliac spine and the symphysis pubis, and about 1.25 cm. above the inguinal ligament It is of an oval form, the long axis of the oval being vertical; it varies in size in different subjects, and is much larger in the male than in the female. It is bounded, above and laterally, by the arched lower margin of the Transversus; below and medially, by the inferior epigastric vessels. It transmits the spermatic cord in the male and the round ligament of the uterus in the female. From its circumference a thin funnel-shaped membrane, the infundibuliform fascia, is continued around the cord and testis, enclosing them in a distinct covering.

THE INGUINAL CANAL (canalis inguinalis; spermatic canal).—The inguinal canal contains the spermatic cord and the ilioinguinal nerve in the male, and the round ligament of the uterus and the ilioinguinal nerve in the female. It is an oblique canal about 4 cm. long, slanting downward and medialward, and placed parallel with and a little above the inguinal ligament; it extends from the abdominal inguinal ring to the subcutaneous inguinal ring. It is bounded, in front, by the integument and superficial fascia, by the aponeurosis of the Obliquus externus throughout its whole length, and by the Obliquus internus in its lateral third; behind, by the reflected inguinal ligament, the inguinal aponeurotic falx, the transversalis fascia, the extraperitoneal connective tissue and the peritoneum; above, by the arched fibers of Obliquus internus and Transversus abdominis; below, by the union of the transversalis fascia with the inguinal ligament, and at its medial end by the lacunar ligament.

Extraperitoneal Connective Tissue.—Between the inner surface of the general layer of the fascia which lines the interior of the abdominal and pelvic cavities, and the peritoneum, there is a considerable amount of connective tissue, termed the extraperitoneal or subperitoneal connective tissue.

The parietal portion lines the cavity in varying quantities in different situations. It is especially abundant on the posterior wall of the abdomen, and particularly around the kidneys, where it contains much fat. On the anterior wall of the abdomen, except in the public region, and on the lateral wall above the iliac crest, it is scanty, and here the transversalis fascia is more closely connected with the peritoneum. There is a considerable amount of extraperitoneal connective tissue in the pelvis.

The visceral portion follows the course of the branches of the abdominal aorta between the layers of the mesenterics and other folds of peritoneum which connect the various viscera to the abdominal wall. The two portions are directly continuous with each other.

The Deep Crural Arch.—Curving over the external iliac vessels, at the spot where they become femoral, on the abdominal side of the inguinal ligaments and loosely connected with it, is a thickened band of fibers called the deep crural arch. It is apparently a thickening of the transversalis fascia joined laterally to the center of the lower margin of the inguinal ligament, and arching across the front of the femoral sheath to be inserted by a broad attachment into the pubic tubercle and pectineal line, behind the inguinal aponeurotic falx. In some subjects this structure is not very prominently marked, and not infrequently it is altogether wanting.

2. THE POSTERIOR MUSCLES OF THE ABDOMEN 

Psoas major.

Iliacus.

Psoas minor.

Quadratus lumborum.

The Psoas major, the Psoas minor, and the Iliacus, with the fasciae covering them, will be described with the muscles of the lower extremity.

The Fascia Covering the Quadratus Lumborum.—This is a thin layer attached, medially, to the bases of the transverse processes of the lumbar vertebrae; below, to the iliolumbar ligament; above, to the apex and lower border of the last rib. The upper margin of this fascia, which extends from the transverse process of the first lumbar vertebra to the apex and lower border of the last rib, constitutes the lateral lumbocostal arch. Laterally, it blends with the lumbodorsal fascia, the anterior layer of which intervenes between the Quadratus lumborum and the Sacrospinalis.

The Quadratus lumborum is irregularly quadrilateral in shape, and broader below than above. It arises by aponeurotic fibers from the iliolumbar ligament and the adjacent portion of the iliac crest for about 5 cm., and is inserted into the lower border of the last rib for about half its length, and by four small tendons into the apices of the transverse processes of the upper four lumbar vertebrae. Occasionally a second portion of this muscle is found in front of the preceding. It arises from the upper borders of the transverse processes of the lower three or four lumbar vertebrae, and is inserted into the lower margin of the last rib. In front of the Quadratus lumborum are the colon, the kidney, the Psoas major and minor, and the diaphragm; between the fascia and the muscle are the twelfth thoracic, ilioinguinal, and iliohypogastric nerves.

Variations.—The number of attachments to the vertebrae and the extent of its attachment to the last rib vary.

Nerve Supply.—The twelfth thoracic and first and second lumbar nerves supply this muscle.

Actions.—The Quadratus lumborum draws down the last rib, and acts as a muscle of inspiration by helping to fix the origin of the diaphragm. If the thorax and vertebral column are fixed, it may act upon the pelvis, raising it toward its own side when only one muscle is put in action; and when both muscles act together, either from below or above, they flex the trunk.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· rectus abdominis muscle

· tendinous intersection

· rectus sheath 

· external oblique muscle

· inguinal ligament 

· internal oblique muscle

· transversus abdominis muscle

· linea alba

· \umbilical ring 

· inguinal canal

· wall of inguinal canal

· superficial inguinal ring

· medial crus

· lateral crus

· quadratus lumborum muscle

Practice class 22. The muscles and fasciae of the thorax. The diaphragm.

The aim: to learn the classification, topography and structure of muscles and fasciae of the thorax; to learn the topography and structure of the diaphragm; to show the points of origin and insertion of the diaphragm and different groups of muscles of the thorax ; to find out the functions of these muscles; to learn the topography and clinical importance of the weak points of the thorax and diaphragm.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially surgeons, traumatologists, orthopedists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) Intercostales externi and interni.
b) Subcostales 
c) Transversus thoracis.
d) Levatores costarum.
e) Serratus posterior superior et inferior
f) Diaphragm.
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

Intercostal Fasciae.—In each intercostal space thin but firm layers of fascia cover the outer surface of the Intercostalis externus and the inner surface of the Intercostalis internus; and a third, more delicate layer, is interposed between the two planes of muscular fibers. They are best marked in those situations where the muscular fibers are deficient, as between the Intercostales externi and sternum in front, and between the Intercostales interni and vertebral column behind.
THE INTERCOSTALES (Intercostal muscles) are two thin planes of muscular and tendinous fibers occupying each of the intercostal spaces. They are named external and internal from their surface relations—the external being superficial to the internal.
The Intercostales externi (External intercostals) are eleven in number on either side. They extend from the tubercles of the ribs behind, to the cartilages of the ribs in front, where they end in thin membranes, the anterior intercostal membranes, which are continued forward to the sternum. Each arises from the lower border of a rib, and is inserted into the upper border of the rib below. In the two lower spaces they extend to the ends of the cartilages, and in the upper two or three spaces they do not quite reach the ends of the ribs. They are thicker than the Intercostales interni, and their fibers are directed obliquely downward and lateralward on the back of the thorax, and downward, forward, and medialward on the front.
Variations.—Continuation with the Obliquus externus or Serratus anterior: A Supracostalis muscle, from the anterior end of the first rib down to the second, third or fourth ribs occasionally occurs.
  THE SUBCOSTALES (Infracostales) consist of muscular and aponeurotic fasciculi, which are usually well-developed only in the lower part of the thorax; each arises from the inner surface of one rib near its angle, and is inserted into the inner surface of the second or third rib below. Their fibers run in the same direction as those of the Intercostales interni.
THE TRANSVERSUS THORACIS (Triangularis sterni) is a thin plane of muscular and tendinous fibers, situated upon the inner surface of the front wall of the chest It arises on either side from the lower third of the posterior surface of the body of the sternum, from the posterior surface of the xiphoid process, and from the sternal ends of the costal cartilages of the lower three or four true ribs. Its fibers diverge upward and lateralward, to be inserted by slips into the lower borders and inner surfaces of the costal cartilages of the second, third, fourth, fifth, and sixth ribs. The lowest fibers of this muscle are horizontal in their direction, and are continuous with those of the Transversus abdominis; the intermediate fibers are oblique, while the highest are almost vertical. This muscle varies in its attachments, not only in different subjects, but on opposite sides of the same subject.
THE LEVATORES COSTARUM, twelve in number on either side, are small tendinous and fleshy bundles, which arise from the ends of the transverse processes of the seventh cervical and upper eleven thoracic vertebrae; they pass obliquely downward and lateralward, like the fibers of the Intercostales externi, and each is inserted into the outer surface of the rib immediately below the vertebra from which it takes origin, between the tubercle and the angle (Levatores costarum breves). Each of the four lower muscles divides into two fasciculi, one of which is inserted as above described; the other passes down to the second rib below its origin (Levatores costarum longi).
THE SERRATUS POSTERIOR SUPERIOR (Serratus posticus superior) is a thin, quadrilateral muscle, situated at the upper and back part of the thorax. It arises by a thin and broad aponeurosis from the lower part of the ligamentum nuchae, from the spinous processes of the seventh cervical and upper two or three thoracic vertebrae and from the supraspinal ligament. Inclining downward and lateralward it becomes muscular, and is inserted, by four fleshy digitations, into the upper borders of the second, third, fourth, and fifth ribs, a little beyond their angles.
Variations.—Increase or decrease in size and number of slips or entire absence.
THE SERRATUS POSTERIOR INFERIOR (Serratus posticus inferior) is situated at the junction of the thoracic and lumbar regions: it is of an irregularly quadrilateral form, broader than the preceding, and separated from it by a wide interval. It arises by a thin aponeurosis from the spinous processes of the lower two thoracic and upper two or three lumbar vertebrae, and from the supraspinal ligament. Passing obliquely upward and lateralward, it becomes fleshy, and divides into four flat digitations, which are inserted into the inferior borders of the lower four ribs, a little beyond their angles. The thin aponeurosis of origin is intimately blended with the lumbodorsal fascia, and aponeurosis of the Latissimus dorsi.
Variations.—Increase or decrease in size and number of slips or entire absence.
Nerves.—The muscles of this group are supplied by the intercostal nerves.
THE DIAPHRAGM is a dome-shaped musculofibrous septum which separates the thoracic from the abdominal cavity, its convex upper surface forming the floor of the former, and its concave under surface the roof of the latter. Its peripheral part consists of muscular fibers which take origin from the circumference of the thoracic outlet and converge to be inserted into a central tendon.
The muscular fibers may be grouped according to their origins into three parts—sternal, costal, and lumbar. The sternal part arises by two fleshy slips from the back of the xiphoid process; the costal part from the inner surfaces of the cartilages and adjacent portions of the lower six ribs on either side, interdigitating with the Transversus abdominis; and the lumbar part from aponeurotic arches, named the lumbocostal arches, and from the lumbar vertebrae by two pillars or crura. There are two lumbocostal arches, a medial and a lateral, on either side.
The Medial Lumbocostal Arch (arcus lumbocostalis medialis [Halleri]; internal arcuate ligament) is a tendinous arch in the fascia covering the upper part of the Psoas major; medially, it is continuous with the lateral tendinous margin of the corresponding crus, and is attached to the side of the body of the first or second lumbar vertebra; laterally, it is fixed to the front of the transverse process of the first and, sometimes also, to that of the second lumbar vertebra.
The Lateral Lumbocostal Arch (arcus lumbocostalis lateralis [Halleri]; external arcuate ligament) arches across the upper part of the Quadratus lumborum, and is attached, medially, to the front of the transverse process of the first lumbar vertebra, and, laterally, to the tip and lower margin of the twelfth rib.

The Crura.—At their origins the crura are tendinous in structure, and blend with the anterior longitudinal ligament of the vertebral column. The right crus, larger and longer than the left, arises from the anterior surfaces of the bodies and intervertebral fibrocartilages of the upper three lumbar vertebrae, while the left crus arises from the corresponding parts of the upper two only. The medial tendinous margins of the crura pass forward and medialward, and meet in the middle line to form an arch across the front of the aorta; this arch is often poorly defined.

From this series of origins the fibers of the diaphragm converge to be inserted into the central tendon. The fibers arising from the xiphoid process are very short, and occasionally aponeurotic; those from the medial and lateral lumbocostal arches, and more especially those from the ribs and their cartilages, are longer, and describe marked curves as they ascend and converge to their insertion. The fibers of the crura diverge as they ascend, the most lateral being directed upward and lateralward to the central tendon. The medial fibers of the right crus ascend on the left side of the esophageal hiatus, and occasionally a fasciculus of the left crus crosses the aorta and runs obliquely through the fibers of the right crus toward the vena caval foramen.

The Central Tendon.—The central tendon of the diaphragm is a thin but strong aponeurosis situated near the center of the vault formed by the muscle, but somewhat closer to the front than to the back of the thorax, so that the posterior muscular fibers are the longer. It is situated immediately below the pericardium, with which it is partially blended. It is shaped somewhat like a trefoil leaf, consisting of three divisions or leaflets separated from one another by slight indentations. The right leaflet is the largest, the middle, directed toward the xiphoid process, the next in size, and the left the smallest. In structure the tendon is composed of several planes of fibers, which intersect one another at various angles and unite into straight or curved bundles—an arrangement which gives it additional strength.

Openings in the Diaphragm.—The diaphragm is pierced by a series of apertures to permit of the passage of structures between the thorax and abdomen. Three large openings—the aortic, the esophageal, and the vena caval—and a series of smaller ones are described.
The aortic hiatus is the lowest and most posterior of the large apertures; it lies at the level of the twelfth thoracic vertebra. Strictly speaking, it is not an aperture in the diaphragm but an osseoaponeurotic opening between it and the vertebral column, and therefore behind the diaphragm; occasionally some tendinous fibers prolonged across the bodies of the vertebrae from the medial parts of the lower ends of the crura pass behind the aorta, and thus convert the hiatus into a fibrous ring. The hiatus is situated slightly to the left of the middle line, and is bounded in front by the crura, and behind by the body of the first lumbar vertebra. Through it pass the aorta, the azygos vein, and the thoracic duct; occasionally the azygos vein is transmitted through the right crus.
The esophageal hiatus is situated in the muscular part of the diaphragm at the level of the tenth thoracic vertebra, and is elliptical in shape. It is placed above, in front, and a little to the left of the aortic hiatus, and transmits the esophagus, the vagus nerves, and some small esophageal arteries.

Of the lesser apertures, two in the right crus transmit the greater and lesser right splanchnic nerves; three in the left crus give passage to the greater and lesser left splanchnic nerves and the hemiazygos vein. The gangliated trunks of the sympathetic usually enter the abdominal cavity behind the diaphragm, under the medial lumbocostal arches.

On either side two small intervals exist at which the muscular fibers of the diaphragm are deficient and are replaced by areolar tissue. One between the sternal and costal parts transmits the superior epigastric branch of the internal mammary artery and some lymphatics from the abdominal wall and convex surface of the liver. The other, between the fibers springing from the medial and lateral lumbocostal arches, is less constant; when this interval exists, the upper and back part of the kidney is separated from the pleura by areolar tissue only.

Variations.—The sternal portion of the muscle is sometimes wanting and more rarely defects occur in the lateral part of the central tendon or adjoining muscle fibers.

Nerves.—The diaphragm is supplied by the phrenic and lower intercostal nerves.

Actions.—The diaphragm is the principal muscle of inspiration, and presents the form of a dome concave toward the abdomen. The central part of the dome is tendinous, and the pericardium is attached to its upper surface; the circumference is muscular. During inspiration the lowest ribs are fixed, and from these and the crura the muscular fibers contract and draw downward and forward the central tendon with the attached pericardium. In this movement the curvature of the diaphragm is scarcely altered, the dome moving downward nearly parallel to its original position and pushing before it the abdominal viscera. The descent of the abdominal viscera is permitted by the elasticity of the abdominal wall, but the limit of this is soon reached. The central tendon applied to the abdominal viscera then becomes a fixed point for the action of the diaphragm, the effect of which is to elevate the lower ribs and through them to push forward the body of the sternum and the upper ribs. The right cupola of the diaphragm, lying on the liver, has a greater resistance to overcome than the left, which lies over the stomach, but to compensate for this the right crus and the fibers of the right side generally are stronger than those of the left.

  In all expulsive acts the diaphragm is called into action to give additional power to each expulsive effort. Thus, before sneezing, coughing, laughing, crying, or vomiting, and previous to the expulsion of urine or feces, or of the fetus from the uterus, a deep inspiration takes place. The height of the diaphragm is constantly varying during respiration; it also varies with the degree of distension of the stomach and intestines and with the size of the liver. After a forced expiration the right cupola is on a level in front with the fourth costal cartilage, at the side with the fifth, sixth, and seventh ribs, and behind with the eighth rib; the left cupola is a little lower than the right. Halls Dally states that the absolute range of movement between deep inspiration and deep expiration averages in the male and female 30 mm. on the right side and 28 mm. on the left; in quiet respiration the average movement is 12.5 mm. on the right side and 12 mm. on the left.

Skiagraphy shows that the height of the diaphragm in the thorax varies considerably with the position of the body. It stands highest when the body is horizontal and the patient on his back, and in this position it performs the largest respiratory excursions with normal breathing. When the body is erect the dome of the diaphragm falls, and its respiratory movements become smaller. The dome falls still lower when the sitting posture is assumed, and in this position its respiratory excursions are smallest. These facts may, perhaps, explain why it is that patients suffering from severe dyspnœa are most comfortable and least short of breath when they sit up. When the body is horizontal and the patient on his side, the two halves of the diaphragm do not behave alike. The uppermost half sinks to a level lower even than when the patient sits, and moves little with respiration; the lower half rises higher in the thorax than it does when the patient is supine, and its respiratory excursions are much increased. In unilateral disease of the pleura or lungs analogous interference with the position or movement of the diaphragm can generally be observed skiagraphically.

It appears that the position of the diaphragm in the thorax depends upon three main factors, viz.: (1) the elastic retraction of the lung tissue, tending to pull it upward; (2) the pressure exerted on its under surface by the viscera; this naturally tends to be a negative pressure, or downward suction, when the patient sits or stands, and positive, or an upward pressure, when he lies; (3) the intra-abdominal tension due to the abdominal muscles. These are in a state of contraction in the standing position and not in the sitting; hence the diaphragm, when the patient stands, is pushed up higher than when he sits.

The Intercostales interni and externi have probably no action in moving the ribs. They contract simultaneously and form strong elastic supports which prevent the intercostal spaces being pushed out or drawn in during respiration. The anterior portions of the Intercostales interni probably have an additional function in keeping the sternocostal and interchondral joint surfaces in apposition, the posterior parts of the Intercostales externi performing a similar function for the costovertebral articulations. The Levatores costarum being inserted near the fulcra of the ribs can have little action on the ribs; they act as rotators and lateral flexors of the vertebral column. The Transversus thoracis draws down the costal cartilages, and is therefore a muscle of expiration.

The Serrati are respiratory muscles. The Serratus posterior superior elevates the ribs and is therefore an inspiratory muscle. The Serratus posterior inferior draws the lower ribs downward and backward, and thus elongates the thorax; it also fixes the lower ribs, thus assisting the inspiratory action of the diaphragm and resisting the tendency it has to draw the lower ribs upward and forward. It must therefore be regarded as a muscle of inspiration.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· pectoralis major muscle

· pectoralis minor muscle

· subclavius muscle

· serratus anterior muscle

· internal intercostal muscle

· external intercostal muscle

· diaphragm

· sternal part of diaphragm

· aortic hiatus

· esophagus hiatus

· lumbar part of diaphragm

· costal part of diaphragm 

· central tendon of diaphragm

· caval opening

· sternocostal triangle

· lumbocostal triangle

Practice class 23. The muscles and fasciae of the shoulder girdle and arm.

The aim: to learn the classification, topography and structure of muscles and fasciae of the shoulder girdle and arm; to show the points of origin and insertion of these muscles; to find out the functions of these muscles.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially surgeons, traumatologists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The muscles of the shoulder girdle.

b) Flexor muscles of the arm.

c) Extensor muscles of the arm.
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

1. Learn the origin (O), insertion (I) and function of the muscles of the shoulder girdle, using samples

Deltoid
O - lateral 1/3 of clavicle, acromion and spine of scapula

I - deltoid tuberosity of humerus

A - abducts arm, flexes, extends, medially and laterally rotates arm

Teres major
O - dorsal surface of inferior angle of scapula

I - lesser tubercle of humerus

A - adducts and medially rotates arm

Teres minor*
O - superior part of lateral border of scapula

I - greater tubercle (inferior part) of humerus

A - laterally rotates arm

Infraspinatus*
O - infraspinus fossa

I - greater tubercle (middle part) of humerus

A - laterally rotates arm

Supraspinatus*
O - supraspinus fossa

I - greater tubercle (superior part) of humerus

A - abducts (initiates) arm

Subscapularis*
O - subscapular fossa

I - lesser tubercle of humerus

A - medially rotates arm

*Teres minor, infraspinatus, supraspinatus and subscapularis are the muscles of the rotator cuff. Together they serve to hold the head of the humerus in the glenoid cavity. 

Important Relationships
Quadrangular Space
borders: teres minor superiorly, teres major inferiorly, triceps long head medially, humerus (triceps lateral head) laterally

The axillary n. and the posterior humeral circumflex a. pass together through this space
Triangular Space
borders: teres minor superiorly, teres major inferiorly, triceps long head laterally

The circumflex scapular a. is often seen in this space

2. Learn the origin (O), insertion (I) and function of the muscles of the arm, using samples

Flexor Muscles of the Arm
Biceps Brachii
O - scapula: short head – coracoid process; long head – supraglenoid tubercle

I - tuberocity of radius and deep fascia of forearm via bicipital aponeurosis

N - musculocutaneous n.

B - brachial a.

A - supination of forearm and flexion of supine forearm

Brachialis
O - anterior surface of distal ½ of humerus

I - tuberocity of ulna

A - flexion of forearm

Coracobrachialis
O - coracoid process of scapula

I - middle 1/3 of medial surface of humerus

A - flexion and adduction of arm 

Extensor Muscles of the Arm
Triceps brachii
O - long head – infraglenoid tubercle; lateral head – posterior surface of humerus superior and lateral to radial groove; medial head – posterior surface of humerus medial and inferior to radial groove

I - olecranon of ulna

A - extends forearm

Anconeus
O - lateral epicondyle of humerus

I - olecranon and posterior proximal ulna

A - weak extensor of forearm, stabilizes elbow joint 

Cubital Fossa
Boundaries
Medial: pronator teres

Lateral: brachioradialis

Superior: line between medial and lateral epicondyles of humerus

Floor: brachialis and supinator mm.

Contents
Brachial a.; median n.; biceps brachii tendon; median cubital v.

Superficial Veins
The cephalic vein courses laterally through cubital fossa and basilic vein laterally. The median cubital vein is a communicating branch between these two veins and in most cases crosses the cubital fossa. Median cubital 

Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· deltoid muscle

· supraspinous muscle

· infraspinatus muscle

· teres minor muscle 

· teres major muscle

· subscapular muscle

· biceps brachii  muscle

· long head of the biceps brachii  muscle

· short head of the biceps brachii  muscle

· coracobrachial muscle

· brachial muscle

· triceps brachii muscle

· long head of the triceps brachii muscle

· medial head of the triceps brachii muscle

· lateral head of the triceps brachii muscle
Practice class 24. The muscles of forearm.

The aim: to learn the classification, topography and structure of muscles and fasciae of the forearm; to show the points of origin and insertion of these muscles; to find out the functions of these muscles.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially surgeons, traumatologists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) Flexor muscles of the forearm.

b) Extensor muscles of the forearm.
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

1. Learn the origin (O), insertion (I) and function of the muscles flexors of the forearm, using samples

Flexor Muscles of the Forearm
There are 8 flexor muscles in the forearm. The superficial group of five flexors (*below) have at least partial origin from the common extensor tendon on the medial epicondyle of the humerus.

Pronator Teres*
O - medical epicondyle of humerus and coronoid process of ulna

I - lateral side of middle radius

A - pronates the forearm, with some flexion at elbow

Flexor carpi radialis*
O - medical epicondyle of humerus

I - proximal 2nd metacarpal

A - flexion and radial deviation (abduction) at wrist

Palmaris longus*
O - medical epicondyle of humerus

I - palmar aponeurosis and distal flexor retinaculum

A - flexion at wrist, tightens palmar aponeurosis

Flexor carpi ulnaris*
O - medical epicondyle of humerus, olecranaon and posterior aspect of ulna

I - proximal 5th metacarpal, pisiform bone and hamate

A - flexion and ulnar deviation (adduction) of hand at wrist

Flexor digitorum superficialis* (acutally an intermediate muscle)

O - medical epicondyle of humerus, coronoid process of ulna, and anterior superior radius

I - middle phalanges of 4 fingers

A - flexes fingers are PIP, and MP joint and wrist

Flexor digitorum profundus
O - proximal ¾ of ulna and interosseous membrane

I - distal phalanges of 4 fingers

A - flexes fingers at DIP joints and helps flex wrist

Flexor pollicis longus
O - middle part of radius and interosseous membrane

I - distal phalanx of thumb

A - flexes phalanges of thumb

Pronator quadratus
O - distal anterior ulna

I - distal anterior radius

A - pronates forearm 

Tips for Remembering 

There are 8 muscles in flexor compartment, five superficial and three deep. Or, 4 superficial, 1 intermediate, and 3 deep. The superficial muscles all have at least part of their origin from the medial epicondyle of the humerus. 

2. The Dorsal Antibrachial Muscles—These muscles are divided for convenience of description into two groups, superficial and deep.

The Superficial Group 
Brachioradialis.

Extensor digitorum communis.

Extensor carpi radialis longus.

Extensor digiti quinti proprius.

Extensor carpi radialis brevis.

Extensor carpi ulnaris.

Anconaeus.

The Brachioradialis (Supinator longus) is the most superficial muscle on the radial side of the forearm. It arises from the upper two-thirds of the lateral supracondylar ridge of the humerus, and from the lateral intermuscular septum, being limited above by the groove for the radial nerve. Interposed between it and the Brachialis are the radial nerve and the anastomosis between the anterior branch of the profunda artery and the radial recurrent. The fibers end above the middle of the forearm in a flat tendon, which is inserted into the lateral side of the base of the styloid process of the radius. The tendon is crossed near its insertion by the tendons of the Abductor pollicis longus and Extensor pollicis brevis; on its ulnar side is the radial artery.

Variations.—Fusion with the Brachialis; tendon of insertion may be divided into two or three slips; insertion partial or complete into the middle of the radius, fasciculi to the tendon of the Biceps, the tuberosity or oblique line of the radius; slips to the Extensor carpi radialis longus or Abductor pollicis longus; absence; rarely doubled.

The Extensor carpi radialis longus (Extensor carpi radialis longior) is placed partly beneath the Brachioradialis. It arises from the lower third of the lateral supracondylar ridge of the humerus, from the lateral intermuscular septum, and by a few fibers from the common tendon of origin of the Extensor muscles of the forearm. The fibers end at the upper third of the forearm in a flat tendon, which runs along the lateral border of the radius, beneath the Abductor pollicis longus and Extensor pollicis brevis; it then passes beneath the dorsal carpal ligament, where it lies in a groove on the back of the radius common to it and the Extensor carpi radialis brevis, immediately behind the styloid process. It is inserted into the dorsal surface of the base of the second metacarpal bone, on its radial side.

The Extensor carpi radialis brevis (Extensor carpi radialis brevior) is shorter and thicker than the preceding muscle, beneath which it is placed. It arises from the lateral epicondyle of the humerus, by a tendon common to it and the three following muscles; from the radial collateral ligament of the elbow-joint; from a strong aponeurosis which covers its surface; and from the intermuscular septa between it and the adjacent muscles. The fibers end about the middle of the forearm in a flat tendon, which is closely connected with that of the preceding muscle, and accompanies it to the wrist; it passes beneath the Abductor pollicis longus and Extensor pollicis brevis, then beneath the dorsal carpal ligament, and is inserted into the dorsal surface of the base of the third metacarpal bone on its radial side. Under the dorsal carpal ligament the tendon lies on the back of the radius in a shallow groove, to the ulnar side of that which lodges the tendon of the Extensor carpi radialis, longus, and separated from it by a faint ridge.

The tendons of the two preceding muscles pass through the same compartment of the dorsal carpal ligament in a single mucous sheath.

Variations.—Either muscle may split into two or three tendons of insertion to the second and third or even the fourth metacarpal. The two muscles may unite into a single belly with two tendons. Cross slips between the two muscles may occur. The Extensor carpi radialis intermedius rarely arises as a distinct muscle from the humerus, but is not uncommon as an accessory slip from one or both muscles to the second or third or both metacarpals. The Extensor carpi radialis accessorius is occasionally found arising from the humerus with or below the Extensor carpi radialis longus and inserted into the first metacarpal, the Abductor pollicis brevis, the First dorsal interosseous, or elsewhere.

The Extensor digitorum communis arises from the lateral epicondyle of the humerus, by the common tendon; from the intermuscular septa between it and the adjacent muscles, and from the antibrachial fascia. It divides below into four tendons, which pass, together with that of the Extensor indicis proprius, through a separate compartment of the dorsal carpal ligament, within a mucous sheath. The tendons then diverge on the back of the hand, and are inserted into the second and third phalanges of the fingers in the following manner. Opposite the metacarpophalangeal articulation each tendon is bound by fasciculi to the collateral ligaments and serves as the dorsal ligament of this joint; after having crossed the joint, it spreads out into a broad aponeurosis, which covers the dorsal surface of the first phalanx and is reinforced, in this situation, by the tendons of the Interossei and Lumbricalis. Opposite the first interphalangeal joint this aponeurosis divides into three slips; an intermediate and two collateral: the former is inserted into the base of the second phalanx; and the two collateral, which are continued onward along the sides of the second phalanx, unite by their contiguous margins, and are inserted into the dorsal surface of the last phalanx. As the tendons cross the interphalangeal joints, they furnish them with dorsal ligaments. The tendon to the index finger is accompanied by the Extensor indicis proprius, which lies on its ulnar side. On the back of the hand, the tendons to the middle, ring, and little fingers are connected by two obliquely placed bands, one from the third tendon passing downward and lateralward to the second tendon, and the other passing from the same tendon downward and medialward to the fourth. Occasionally the first tendon is connected to the second by a thin transverse band.

Variations.—An increase or decrease in the number of tendons is common; an additional slip to the thumb is sometimes present.

The Extensor digiti quinti proprius (Extensor minimi digiti) is a slender muscle placed on the medial side of the Extensor digitorum communis, with which it is generally connected. It arises from the common Extensor tendon by a thin tendinous slip, from the intermuscular septa between it and the adjacent muscles. Its tendon runs through a compartment of the dorsal carpal ligament behind the distal radio-ulnar joint, then divides into two as it crosses the hand, and finally joins the expansion of the Extensor digitorum communis tendon on the dorsum of the first phalanx of the little finger.

Variations.—An additional fibrous slip from the lateral epicondyle; the tendon of insertion may not divide or may send a slip to the ring finger. Absence of muscle rare; fusion of the belly with the Extensor digitorum communis not uncommon.

The Extensor carpi ulnaris lies on the ulnar side of the forearm. It arises from the lateral epicondyle of the humerus, by the common tendon; by an aponeurosis from the dorsal border of the ulna in common with the Flexor carpi ulnaris and the Flexor digitorum profundus; and from the deep fascia of the forearm. It ends in a tendon, which runs in a groove between the head and the styloid process of the ulna, passing through a separate compartment of the dorsal carpal ligament, and is inserted into the prominent tubercle on the ulnar side of the base of the fifth metacarpal bone.

Variations.—Doubling; reduction to tendinous band; insertion partially into fourth metacarpal. In many cases (52 per cent.) a slip is continued from the insertion of the tendon anteriorly over the Opponens digiti quinti, to the fascia covering that muscle, the metacarpal bone, the capsule of the metacarpophalangeal articulation, or the first phalanx of the little finger. This slip may be replaced by a muscular fasciculus arising from or near the pisiform.

The Anconaeus is a small triangular muscle which is placed on the back of the elbow-joint, and appears to be a continuation of the Triceps brachii. It arises by a separate tendon from the back part of the lateral epicondyle of the humerus; its fibers diverge and are inserted into the side of the olecranon, and upper fourth of the dorsal surface of the body of the ulna.

The Deep Group
Supinator.

Extensor pollicis brevis.

Abductor pollicis longus.

Extensor pollicis longus.

Extensor indicis proprius.

The Supinator (Supinator brevis) is a broad muscle, curved around the upper third of the radius. It consists of two planes of fibers, between which the deep branch of the radial nerve lies. The two planes arise in common—the superficial one by tendinous and the deeper by muscular fibers—from the lateral epicondyle of the humerus; from the radial collateral ligament of the elbow-joint, and the annular ligament; from the ridge on the ulna, which runs obliquely downward from the dorsal end of the radial notch; from the triangular depression below the notch; and from a tendinous expansion which covers the surface of the muscle. The superficial fibers surround the upper part of the radius, and are inserted into the lateral edge of the radial tuberosity and the oblique line of the radius, as low down as the insertion of the Pronator teres. The upper fibers of the deeper plane form a sling-like fasciculus, which encircles the neck of the radius above the tuberosity and is attached to the back part of its medial surface; the greater part of this portion of the muscle is inserted into the dorsal and lateral surfaces of the body of the radius, midway between the oblique line and the head of the bone.

The Abductor pollicis longus (Extensor oss. metacarpi pollicis) lies immediately below the Supinator and is sometimes united with it. It arises from the lateral part of the dorsal surface of the body of the ulna below the insertion of the Anconaeus, from the interosseous membrane, and from the middle third of the dorsal surface of the body of the radius. Passing obliquely downward and lateralward, it ends in a tendon, which runs through a groove on the lateral side of the lower end of the radius, accompanied by the tendon of the Extensor pollicis brevis, and is inserted into the radial side of the base of the first metacarpal bone. It occasionally gives off two slips near its insertion: one to the greater multangular bone and the other to blend with the origin of the Abductor pollicis brevis.

Variations.—More or less doubling of muscle and tendon with insertion of the extra tendon into the first metacarpal, the greater multangular, or into the Abductor pollicis brevis or Opponens pollicis.

The Extensor pollicis brevis (Extensor primi internodii pollicis) lies on the medial side of, and is closely connected with, the Abductor pollicis longus. It arises from the dorsal surface of the body of the radius below that muscle, and from the interosseous membrane. Its direction is similar to that of the Abductor pollicis longus, its tendon passing the same groove on the lateral side of the lower end of the radius, to be inserted into the base of the first phalanx of the thumb.

Variations.—Absence; fusion of tendon with that of the Extensor pollicis longus.

The Extensor pollicis longus (Extensor secundi internodii pollicis) is much larger than the preceding muscle, the origin of which it partly covers. It arises from the lateral part of the middle third of the dorsal surface of the body of the ulna below the origin of the Abductor pollicis longus, and from the interosseous membrane. It ends in a tendon, which passes through a separate compartment in the dorsal carpal ligament, lying in a narrow, oblique groove on the back of the lower end of the radius. It then crosses obliquely the tendons of the Extensores carpi radialis longus and brevis, and is separated from the Extensor brevis pollicis by a triangular interval, in which the radial artery is found; and is finally inserted into the base of the last phalanx of the thumb. The radial artery is crossed by the tendons of the Abductor pollicis longus and of the Extensores pollicis longus and brevis.

The Extensor indicis proprius (Extensor indicis) is a narrow, elongated muscle, placed medial to, and parallel with, the preceding. It arises, from the dorsal surface of the body of the ulna below the origin of the Extensor pollicis longus, and from the interosseous membrane. Its tendon passes under the dorsal carpal ligament in the same compartment as that which transmits the tendons of the Extensor digitorum communis, and opposite the head of the second metacarpal bone, joins the ulnar side of the tendon of the Extensor digitorum communis which belongs to the index finger.

Variations.—Doubling; the ulnar part may pass beneath the dorsal carpal ligament with the Extensor digitorum communis; a slip from the tendon may pass to the index finger.

Nerves.—The Brachioradialis is supplied by the fifth and sixth, the Extensores carpi radialis longus and brevis by the sixth and seventh, and the Anconaeus by the seventh and eighth cervical nerves, through the radial nerve; the remaining muscles are innervated through the deep radial nerve, the Supinator being supplied by the sixth, and all the other muscles by the seventh cervical.

Actions.—The muscles of the lateral and dorsal aspects of the forearm, which comprise all the Extensor muscles and the Supinator, act upon the forearm, wrist, and hand; they are the direct antagonists of the Pronator and Flexor muscles. The Anconaeus assists the Triceps in extending the forearm. The Brachioradialis is a flexor of the elbow-joint, but only acts as such when the movement of flexion has been initiated by the Biceps brachii and Brachialis. The action of the Supinator is suggested by its name; it assists the Biceps in bringing the hand into the supine position. The Extensor carpi radialis longus extends the wrist and abducts the hand. It may also assist in bending the elbow-joint; at all events it serves to fix or steady this articulation. The Extensor carpi radialis brevis extends the wrist, and may also act slightly as an abductor of the hand. The Extensor carpi ulnaris extends the wrist, but when acting alone inclines the hand toward the ulnar side; by its continued action it extends the elbow-joint. The Extensor digitorum communis extends the phalanges, then the wrist, and finally the elbow. It acts principally on the proximal phalanges, the middle and terminal phalanges being extended mainly by the Interossei and Lumbricales. It tends to separate the fingers as it extends them. The Extensor digiti quinti proprius extends the little finger, and by its continued action assists in extending the wrist. It is owing to this muscle that the little finger can be extended or pointed while the others are flexed. The chief action of the Abductor pollicis longus is to carry the thumb laterally from the palm of the hand. By its continued action it helps to extend and abduct the wrist. The Extensor pollicis brevis extends the proximal phalanx, and the Extensor pollicis longus the terminal phalanx of the thumb; by their continued action they help to extend and abduct the wrist. The Extensor indicis proprius extends the index finger, and by its continued action assists in extending the wrist.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· flexor carpi radialis

· pronator teres

· flexor carpi ulnaris 

· flexor digitorum superficialis

· palmaris longus

· flexor pollicis longus

· flexor digitorum profundus

· pronator quadratus muscle

· brachioradial muscle

· extensor carpi radialis longus

· extensor carpi radialis brevis

· extensor digitorum

· extensor digiti minimi

· extensor carpi ulnaris muscle

· supinator

· abductor pollicis longus muscle

· extensor pollicis longus muscle

Practice class 25. The muscles of hand. The synovial vaginas of the hand. The topography of the upper extremity.

The aim: to learn the classification, topography and structure of muscles and fasciae of the hand; to show the points of origin and insertion of these muscles; to find out the functions of these muscles.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially surgeons, traumatologists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The fasciae of the hand

b) The lateral volar muscles

c) The medial volar muscles

d) The intermediate muscles

e) The topography of the upper extremity

C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

The muscles of the hand are subdivided into three groups: (1) those of the thumb, which occupy the radial side and produce the thenar eminence; (2) those of the little finger, which occupy the ulnar side and give rise to the hypothenar eminence; (3) those in the middle of the palm and between the metacarpal bones.

Volar Carpal Ligament (ligamentum carpi volare).—The volar carpal ligament is the thickened band of antibrachial fascia which extends from the radius to the ulna over the Flexor tendons as they enter the wrist.

Transverse Carpal Ligament (ligamentum carpi transversum; anterior annular ligament).—The transverse carpal ligament is a strong, fibrous band, which arches over the carpus, converting the deep groove on the front of the carpal bones into a tunnel, through which the Flexor tendons of the digits and the median nerve pass. It is attached, medially, to the pisiform and the hamulus of the hamate bone; laterally, to the tuberosity of the navicular, and to the medial part of the volar surface and the ridge of the greater multangular. It is continuous, above, with the volar carpal ligament; and below, with the palmar aponeurosis. It is crossed by the ulnar vessels and nerve, and the cutaneous branches of the median and ulnar nerves. At its lateral end is the tendon of theFlexor carpi radialis, which lies in the groove on the greater multangular between the attachments of the ligament to the bone. On its volar surface the tendons of the Palmaris longus and Flexor carpi ulnaris are partly inserted; below, it gives origin to the short muscles of the thumb and little finger

The Mucous Sheaths of the Tendons on the Front of the Wrist.—Two sheaths envelop the tendons as they pass beneath the transverse carpal ligament, one for the Flexores digitorum sublimis and profundus, the other for the Flexor pollicis longus They extend into the forearm for about 2.5 cm. above the transverse carpal ligament, and occasionally communicate with each other under the ligament. The sheath which surrounds the Flexores digitorum extends downward about half-way along the metacarpal bones, where it ends in blind diverticula around the tendons to the index, middle, and ring fingers. It is prolonged on the tendons to the little finger and usually communicates with the mucous sheath of these tendons. The sheath of the tendon of the Flexor pollicis longus is continued along the thumb as far as the insertion of the tendon. The mucous sheaths enveloping the terminal parts of the tendons of the Flexores digitorum have been described on page 

Dorsal Carpal Ligament (ligamentum carpi dorsale; posterior annular ligament)—The dorsal carpal ligament is a strong, fibrous band, extending obliquely downward and medialward across the back of the wrist, and consisting of part of the deep fascia of the back of the forearm, strengthened by the addition of some transverse fibers. It is attached, medially, to the styloid process of the ulna and to the triangular and pisiform bones; laterally, to the lateral margin of the radius; and, in its passage across the wrist, to the ridges on the dorsal surface of the radius.

The Mucous Sheaths of the Tendons on the Back of the Wrist.—Between the dorsal carpal ligament and the bones six compartments are formed for the passage of tendons, each compartment having a separate mucous sheath. One is found in each of the following positions (1) on the lateral side of the styloid process, for the tendons of the Abductor pollicis longus and Extensor pollicis brevis; (2) behind the styloid process, for the tendons of the Extensores carpi radialis longus and brevis; (3) about the middle of the dorsal surface of the radius, for the tendon of the Extensor pollicis longus; (4) to the medial side of the latter, for the tendons of the Extensor digitorum communis and Extensor indicis proprius; (5) opposite the interval between the radius and ulna, for the Extensor digiti quinti proprius; (6) between the head and styloid process of the ulna, for the tendon of the Extensor carpi ulnaris. The sheaths lining these compartments extends from above the dorsal carpal ligament; those for the tendons of Abductor pollicis longus, Extensor brevis pollicis, Extensores carpi radialis, and Extensor carpi ulnaris stop immediately proximal to the bases of the metacarpal bones, while the sheaths for Extensor communis digitorum, Extensor indicis proprius, and Extensor digiti quinti proprius are prolonged to the junction of the proximal and intermediate thirds of the metacarpus.

Palmar Aponeurosis (aponeurosis palmaris; palmar fascia) The palmar aponeurosis invests the muscles of the palm, and consists of central, lateral, and medial portions.

The central portion occupies the middle of the palm, is triangular in shape, and of great strength and thickness. Its apex is continuous with the lower margin of the transverse carpal ligament, and receives the expanded tendon of the Palmaris longus. Its base divides below into four slips, one for each finger. Each slip gives off superficial fibers to the skin of the palm and finger, those to the palm joining the skin at the furrow corresponding to the metacarpophalangeal articulations, and those to the fingers passing into the skin at the transverse fold at the bases of the fingers. The deeper part of each slip subdivides into two processes, which are inserted into the fibrous sheaths of the Flexor tendons. From the sides of these processes offsets are attached to the transverse metacarpal ligament. By this arrangement short channels are formed on the front of the heads of the metacarpal bones; through these the Flexor tendons pass. The intervals between the four slips transmit the digital vessels and nerves, and the tendons of the Lumbricales. At the points of division into the slips mentioned, numerous strong, transverse fasciculi bind the separate processes together. The central part of the palmar aponeurosis is intimately bound to the integument by dense fibroareolar tissue forming the superficial palmar fascia, and gives origin by its medial margin to the Palmaris brevis. It covers the superficial volar arch, the tendons of the Flexor muscles, and the branches of the median and ulnar nerves; and on either side it gives off a septum, which is continuous with the interosseous aponeurosis, and separates the intermediate from the collateral groups of muscles.

The lateral and medial portions of the palmar aponeurosis are thin, fibrous layers, which cover, on the radial side, the muscles of the ball of the thumb, and, on the ulnar side, the muscles of the little finger; they are continuous with the central portion and with the fascia on the dorsum of the hand.

The Superficial Transverse Ligament of the Fingers is a thin band of transverse fasciculi it stretches across the roots of the four fingers, and is closely attached to the skin of the clefts, and medially to the fifth metacarpal bone, forming a sort of rudimentary web. Beneath it the digital vessels and nerves pass to their destinations.

1. THE LATERAL VOLAR MUSCLES

Abductor pollicis brevis.

Flexor pollicis brevis.

Opponens pollicis.

Adductor pollicis (obliquus).

Adductor pollicis (transversus).

The Abductor pollicis brevis (Abductor pollicis) is a thin, flat muscle, placed immediately beneath the integument. It arises from the transverse carpal ligament, the tuberosity of the navicular, and the ridge of the greater multangular, frequently by two distinct slips. Running lateralward and downward, it is inserted by a thin, flat tendon into the radial side of the base of the first phalanx of the thumb and the capsule of the metacarpophalangeal articulation.

The Opponens pollicis is a small, triangular muscle, placed beneath the preceding. It arises from the ridge on the greater multangular and from the transverse carpal ligament, passes downward and lateralward, and is inserted into the whole length of the metacarpal bone of the thumb on its radial side.

The Flexor pollicis brevis consists of two portions, lateral and medial. The lateral and more superficial portion arises from the lower border of the transverse carpal ligament and the lower part of the ridge on the greater multangular bone; it passes along the radial side of the tendon of the Flexor pollicis longus, and, becoming tendinous, is inserted into the radial side of the base of the first phalanx of the thumb; in its tendon of insertion there is a sesamoid bone. The medial and deeper portion of the muscle is very small, and arises from the ulnar side of the first metacarpal bone between the Adductor pollicis (obliquus) and the lateral head of the first Interosseous dorsalis, and is inserted into the ulnar side of the base of the first phalanx with the Adductor pollicis (obliquus). The medial part of the Flexor brevis pollicis is sometimes described as the first Interosseous volaris.
The Adductor pollicis (obliquus) (Adductor obliquus pollicis) arises by several slips from the capitate bone, the bases of the second and third metacarpals, the intercarpal ligaments, and the sheath of the tendon of the Flexor carpi radialis. From this origin the greater number of fibers pass obliquely downward and converge to a tendon, which, uniting with the tendons of the medial portion of the Flexor pollicis brevis and the transverse part of the Adductor, is inserted into the ulnar side of the base of the first phalanx of the thumb, a sesamoid bone being present in the tendon. A considerable fasciculus, however, passes more obliquely beneath the tendon of the Flexor pollicis longus to join the lateral portion of the Flexor brevis and the Abductor pollicis brevis.

The Adductor pollicis (transversus) (Adductor transversus pollicis) is the most deeply seated of this group of muscles. It is of a triangular form arising by a broad base from the lower two-thirds of the volar surface of the third metacarpal bone; the fibers converge, to be inserted with the medial part of the Flexor pollicis brevis and the Adductor pollicis (obliquus) into the ulnar side of the base of the first phalanx of the thumb.

Variations.—The Abductor pollicis brevis is often divided into an outer and an inner part; accessory slips from the tendon of the Abductor pollicis longus or Palmaris longus, more rarely from the Extensor carpi radialis longus, from the styloid process or Opponens pollicis or from the skin over the thenar eminence. The deep head of the Flexor pollicis brevis may be absent or enlarged. The two adductors vary in their relative extent and in the closeness of their connection. The Adductor obliquus may receive a slip from the transverse metacarpal ligament.

Nerves.—The Abductor brevis, Opponens, and lateral head of the Flexor pollicis brevis are supplied by the sixth and seventh cervical nerves through the median nerve; the medial head of the Flexor brevis, and the Adductor, by the eighth cervical through the ulnar nerve.

Actions.—The Abductor pollicis brevis draws the thumb forward in a plane at right angles to that of the palm of the hand. The Adductor pollicis is the opponent of this muscle, and approximates the thumb to the palm. The Opponens pollicis flexes the metacarpal bone, i.e., draws it medialward over the palm; the Flexor pollicis brevis flexes and adducts the proximal phalanx.

2. THE MEDIAL VOLAR MUSCLES

Palmaris brevis.

Flexor digiti quinti brevis.

Abductor digiti quinti.

Opponens digiti quinti.

The Palmaris brevis is a thin, quadrilateral muscle, placed beneath the integument of the ulnar side of the hand. It arises by tendinous fasciculi from the transverse carpal ligament and palmar aponeurosis; the fleshy fibers are inserted into the skin on the ulnar border of the palm of the hand.

The Abductor digiti quinti (Abductor minimi digiti) is situated on the ulnar border of the palm of the hand. It arises from the pisiform bone and from the tendon of the Flexor carpi ulnaris, and ends in a flat tendon, which divides into two slips; one is inserted into the ulnar side of the base of the first phalanx of the little finger; the other into the ulnar border of the aponeurosis of the Extensor digiti quinti proprius.

The Flexor digiti quinti brevis (Flexor brevis minimi digiti) lies on the same plane as the preceding muscle, on its radial side. It arises from the convex surface of the hamulus of the hamate bone, and the volar surface of the transverse carpal ligament, and is inserted into the ulnar side of the base of the first phalanx of the little finger. It is separated from the Abductor, at its origin, by the deep branches of the ulnar artery and nerve. This muscle is sometimes wanting; the Abductor is then, usually, of large size.

The Opponens digiti quinti (Opponens minimi digiti) is of a triangular form, and placed immediately beneath the preceding muscles. It arises from the convexity of the hamulus of the hamate bone, and contiguous portion of the transverse carpal ligament; it is inserted into the whole length of the metacarpal bone of the little finger, along its ulnar margin.

Variations.—The Palmaris brevis varies greatly in size. The Abductor digiti quinti may be divided into two or three slips or united with the Flexor digiti quinti brevis. Accessory head from the tendon of the Flexor carpi ulnaris, the transverse carpal ligament, the fascia of the forearm or the tendon of the Palmaris longus. A portion of the muscle may insert into the metacarpal, or separate slips the Pisimetacarpus, Pisiuncinatus or the Pisiannularis muscle may exist.

Nerves.—All the muscles of this group are supplied by the eighth cervical nerve through the ulnar nerve.

Actions.—The Abductor and Flexor digiti quinti brevis abduct the little finger from the ring finger and assist in flexing the proximal phalanx. The Opponens digiti quinti draws forward the fifth metacarpal bone, so as to deepen the hollow of the palm. The Palmaris brevis corrugates the skin on the ulnar side of the palm.

3. THE INTERMEDIATE MUSCLES

Lumbricales.

Interossei.

The Lumbricales are four small fleshy fasciculi, associated with the tendons of the Flexor digitorum profundus. The first and second arise from the radial sides and volar surfaces of the tendons of the index and middle fingers respectively; the third, from the contiguous sides of the tendons of the middle and ring fingers; and the fourth, from the contiguous sides of the tendons of the ring and little fingers. Each passes to the radial side of the corresponding finger, and opposite the metacarpophalangeal articulation is inserted into the tendinous expansion of the Extensor digitorum communis covering the dorsal aspect of the finger.

Variations.—The Lumbricales vary in number from two to five or six and there is considerable variation in insertions.

The Interossei are so named from occupying the intervals between the metacarpal bones, and are divided into two sets, a dorsal and a volar.

The Interossei dorsales (Dorsal interossei) are four in number, and occupy the intervals between the metacarpal bones. They are bipenniform muscles, each arising by two heads from the adjacent sides of the metacarpal bones, but more extensively from the metacarpal bone of the finger into which the muscle is inserted. They are inserted into the bases of the first phalanges and into the aponeuroses of the tendons of the Extensor digitorum communis. Between the double origin of each of these muscles is a narrow triangular interval; through the first of these the radial artery passes; through each of the other three a perforating branch from the deep volar arch is transmitted.

The first or Abductor indicis is larger than the others. It is flat, triangular in form, and arises by two heads, separated by a fibrous arch for the passage of the radial artery from the dorsum to the palm of the hand. The lateral head arises from the proximal half of the ulnar border of the first metacarpal bone; the medial head, from almost the entire length of the radial border of the second metacarpal bone; the tendon is inserted into the radial side of the index finger. The second and third are inserted into the middle finger, the former into its radial, the latter into its ulnar side. The fourth is inserted into the ulnar side of the ring finger.

The Interossei volares (Palmar interossei), three in number, are smaller than the Interossei dorsales, and placed upon the volar surfaces of the metacarpal bones, rather than between them. Each arises from the entire length of the metacarpal bone of one finger, and is inserted into the side of the base of the first phalanx and aponeurotic expansion of the Extensor communis tendon to the same finger.

The first arises from the ulnar side of the second metacarpal bone, and is inserted into the same side of the first phalanx of the index finger. The second arises from the radial side of the fourth metacarpal bone, and is inserted into the same side of the ring finger. The third arises from the radial side of the fifth metacarpal bone, and is inserted into the same side of the little finger. From this account it may be seen that each finger is provided with two Interossei, with the exception of the little finger, in which the Abductor takes the place of one of the pair.

As already mentioned, the medial head of the Flexor pollicis brevis is sometimes described as the Interosseus volaris primus.
Nerves.—The two lateral Lumbricales are supplied by the sixth and seventh cervical nerves, through the third and fourth digital branches of the median nerve; the two medial Lumbricales and all the Interossei are supplied by the eighth cervical nerve, through the deep palmar branch of the ulnar nerve. The third Lumbricalis frequently receives a twig from the median.

Actions.—The Interossei volares adduct the fingers to an imaginary line drawn longitudinally through the center of the middle finger; and the Interossei dorsales abduct the fingers from that line. In addition to this the Interossei, in conjunction with the Lumbricales, flex the first phalanges at the metacarpophalangeal joints, and extend the second and third phalanges in consequence of their insertions into the expansions of the Extensor tendons. The Extensor digitorum communis is believed to act almost entirely on the first phalanges.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· extensor pollicis brevis muscle

· abductor pollicis brevis muscle

· flexor pollicis brevis muscle

· opponens pollicis muscle

· adductor pollicis muscle

· abductor digiti minimi muscle

· flexor digiti minimi brevis muscle

· opponens digiti minimi muscle

· lumbrical muscles
· quadrangular space

· triangular space

· olecranon fossa

· extensor retinaculum

· palmar carpal ligament

· palmar aponeurosis

· carpal canal

Practice class 26. The muscles and fasciae of the pelvic region and thigh. The femoral canal

The aim: to learn the classification, topography and structure of muscles and fasciae of the pelvic region and thigh; to show the points of origin and insertion of these muscles; to find out the functions of these muscles.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially surgeons, traumatologists, neurosurgeons, urologists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The muscles of the pelvic region

b) The anterior femoral muscles

c) The medial femoral muscles

d) The muscles of the gluteal region

e) The posterior femoral muscles

f) The femoral canal

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

The muscles within the pelvis may be divided into two groups: (1) the Obturator internus and the Piriformis, which are muscles of the lower extremity, and will be described with these; (2) the Levator ani and the Coccygeus, which together form the pelvic diaphragm and are associated with the pelvic viscera. The classification of the two groups under a common heading is convenient in connection with the fasciae investing the muscles. These fasciae are closely related to one another and to the deep fascia of the perineum, and in addition have special connections with the fibrous coverings of the pelvic viscera; it is customary therefore to describe them together under the term pelvic fascia.
Pelvic Fascia.—The fascia of the pelvis may be resolved into: (a) the fascial sheaths of the Obturator internus, Piriformis, and pelvic diaphragm; (b) the fascia associated with the pelvic viscera.

The fascia of the Obturator internus covers the pelvic surface of, and is attached around the margin of the origin of, the muscle. Above, it is loosely connected to the back part of the arcuate line, and here it is continuous with the iliac fascia. In front of this, as it follows the line of origin of the Obturator internus, it gradually separates from the iliac fascia and the continuity between the two is retained only through the periosteum. It arches beneath the obturator vessels and nerve, completing the obturator canal, and at the front of the pelvis is attached to the back of the superior ramus of the pubis. Below, the obturator fascia is attached to the falciform process of the sacrotuberous ligament and to the pubic arch, where it becomes continuous with the superior fascia of the urogenital diaphragm. Behind, it is prolonged into the gluteal region.

The internal pudendal vessels and pudendal nerve cross the pelvic surface of the Obturator internus and are enclosed in a special canal—Alcock’s canal—formed by the obturator fascia.

The fascia of the Piriformis is very thin and is attached to the front of the sacrum and the sides of the greater sciatic foramen; it is prolonged on the muscle into the gluteal region. At its sacral attachment around the margins of the anterior sacral foramina it comes into intimate association with and ensheathes the nerves emerging from these foramina. Hence the sacral nerves are frequently described as lying behind the fascia. The internal iliac vessels and their branches, on the other hand, lie in the subperitoneal tissue in front of the fascia, and the branches to the gluteal region emerge in special sheaths of this tissue, above and below the Piriformis muscle.

The diaphragmatic part of the pelvic fascia covers both surfaces of the Levatores ani. The inferior layer is known as the anal fascia; it is attached above to the obturator fascia along the line of origin of the Levator ani, while below it is continuous with the superior fascia of the urogenital diaphragm, and with the fascia on the Sphincter ani internus. The layer covering the upper surface of the pelvic diaphragm follows, above, the line of origin of the Levator ani and is therefore somewhat variable. In front it is attached to the back of the symphysis pubis about 2 cm. above its lower border. It can then be traced laterally across the back of the superior ramus of the pubis for a distance of about 1.25 cm., when it reaches the obturator fascia. It is attached to this fascia along a line which pursues a somewhat irregular course to the spine of the ischium. The irregularity of this line is due to the fact that the origin of the Levator ani, which in lower forms is from the pelvic brim, is in man lower down, on the obturator fascia. Tendinous fibers of origin of the muscle are therefore often found extending up toward, and in some cases reaching, the pelvic brim, and on these the fascia is carried.

It will be evident that the fascia covering that part of the Obturator internus which lies above the origin of the Levator ani is a composite fascia and includes the following: (a) the obturator fascia; (b) the fascia of the Levator ani; (c) degenerated fibers of origin of the Levator ani.

The lower margin of the fascia covering the upper surface of the pelvic diaphragm is attached along the line of insertion of the Levator ani.

At the level of a line extending from the lower part of the symphysis pubis to the spine of the ischium is a thickened whitish band in this upper layer of the diaphragmatic part of the pelvic fascia. It is termed the tendinous arch or white line of the pelvic fascia, and marks the line of attachment of the special fascia (pars endopelvina fasciae pelvis) which is associated with the pelvic viscera.

The endopelvic part of the pelvic fascia is continued over the various pelvic viscera to form for them fibrous coverings which will be described later (see section on Splanchnology). It is attached to the diaphragmatic part of the pelvic fascia along the tendinous arch, and has been subdivided in accordance with the viscera to which it is related. Thus its anterior part, known as the vesical layer, forms the anterior and lateral ligaments of the bladder. Its middle part crosses the floor of the pelvis between the rectum and vesiculae seminales as the rectovesical layer; in the female this is perforated by the vagina. Its posterior portion passes to the side of the rectum; it forms a loose sheath for the rectum, but is firmly attached around the anal canal; this portion is known as the rectal layer.
The Levator ani is a broad, thin muscle, situated on the side of the pelvis. It is attached to the inner surface of the side of the lesser pelvis, and unites with its fellow of the opposite side to form the greater part of the floor of the pelvic cavity. It supports the viscera in this cavity, and surrounds the various structures which pass through it. It arises, in front, from the posterior surface of the superior ramus of the pubis lateral to the symphysis; behind, from the inner surface of the spine of the ischium; and between these two points, from the obturator fascia. Posteriorly, this fascial origin corresponds, more or less closely, with the tendinous arch of the pelvic fascia, but in front, the muscle arises from the fascia at a varying distance above the arch, in some cases reaching nearly as high as the canal for the obturator vessels and nerve. The fibers pass downward and backward to the middle line of the floor of the pelvis; the most posterior are inserted into the side of the last two segments of the coccyx; those placed more anteriorly unite with the muscle of the opposite side, in a median fibrous raphé (anococcygeal raphé), which extends between the coccyx and the margin of the anus. The middle fibers are inserted into the side of the rectum, blending with the fibers of the Sphincter muscles; lastly, the anterior fibers descend upon the side of the prostate to unite beneath it with the muscle of the opposite side, joining with the fibers of the Sphincter ani externus and Transversus perinaei, at the central tendinous point of the perineum.

The anterior portion is occasionally separated from the rest of the muscle by connective tissue. From this circumstance, as well as from its peculiar relation with the prostate, which it supports as in a sling, it has been described as a distinct muscle, under the name of Levator prostatae. In the female the anterior fibers of the Levator ani descend upon the side of the vagina.

The Levator ani may be divided into iliococcygeal and pubococcygeal parts.

The Iliococcygeus arises from the ischial spine and from the posterior part of the tendinous arch of the pelvic fascia, and is attached to the coccyx and anococcygeal raphé; it is usually thin, and may fail entirely, or be largely replaced by fibrous tissue. An accessory slip at its posterior part is sometimes named the Iliosacralis. The Pubococcygeus arises from the back of the pubis and from the anterior part of the obturator fascia, and “is directed backward almost horizontally along the side of the anal canal toward the coccyx and sacrum, to which it finds attachment. Between the termination of the vertebral column and the anus, the two Pubococcygei muscles come together and form a thick, fibromuscular layer lying on the raphé formed by the Iliococcygei” (Peter Thompson). The greater part of this muscle is inserted into the coccyx and into the last one or two pieces of the sacrum. This insertion into the vertebral column is, however, not admitted by all observers. The fibers which form a sling for the rectum are named the Puborectalis or Sphincter recti. They arise from the lower part of the symphysis pubis, and from the superior fascia of the urogenital diaphragm. They meet with the corresponding fibers of the opposite side around the lower part of the rectum, and form for it a strong sling.

Nerve Supply.—The Levator ani is supplied by a branch from the fourth sacral nerve and by a branch which is sometimes derived from the perineal, sometimes from the inferior hemorrhoidal division of the pudendal nerve.

The Coccygeus is situated behind the preceding. It is a triangular plane of muscular and tendinous fibers, arising by its apex from the spine of the ischium and sacrospinous ligament, and inserted by its base into the margin of the coccyx and into the side of the lowest piece of the sacrum. It assists the Levator ani and Piriformis in closing in the back part of the outlet of the pelvis.

Nerve Supply.—The Coccygeus is supplied by a branch from the fourth and fifth sacral nerves.

Actions.—The Levatores ani constrict the lower end of the rectum and vagina. They elevate and invert the lower end of the rectum after it has been protruded and everted during the expulsion of the feces. They are also muscles of forced expiration. The Coccygei pull forward and support the coccyx, after it has been pressed backward during defecation or parturition. The Levatores ani and Coccygei together form a muscular diaphragm which supports the pelvic viscera

The Fascia Covering the Psoas and Iliacus is thin above, and becomes gradually thicker below as it approaches the inguinal ligament.

The portion covering the Psoas is thickened above to form the medial lumbocostal arch, which stretches from the transverse process of the first lumbar vertebra to the body of the second. Medially, it is attached by a series of arched processes to the intervertebral fibrocartilages, and prominent margins of the bodies of the vertebrae, and to the upper part of the sacrum; the intervals left, opposite the constricted portions of the bodies, transmit the lumbar arteries and veins and filaments of the sympathetic trunk. Laterally, above the crest of the ilium, it is continuous with the fascia covering the front of the Quadratus lumborum, while below the crest of the ilium it is continuous with the fascia covering the Iliacus.

The portions investing the Iliacus (fascia iliaca; iliac fascia) is connected, laterally to the whole length of the inner lip of the iliac crest; and medially, to the linea terminalis of the lesser pelvis, where it is continuous with the periosteum. At the iliopectineal eminence it receives the tendon of insertion of the Psoas minor, when that muscle exists. Lateral to the femoral vessels it is intimately connected to the posterior margin of the inguinal ligament, and is continuous with the transversalis fascia. Immediately lateral to the femoral vessels the iliac fascia is prolonged backward and medialward from the inguinal ligament as a band, the iliopectineal fascia, which is attached to the iliopectineal eminence. This fascia divides the space between the inguinal ligament and the hip bone into two lacunae or compartments, the medial of which transmits the femoral vessels, the lateral the Psoas major and Iliacus and the femoral nerve. Medial to the vessels the iliac fascia is attached to the pectineal line behind the inguinal aponeurotic falx, where it is again continuous with the transversalis fascia. On the thigh the fasciae of the Iliacus and Psoas form a single sheet termed the iliopectineal fascia. Where the external iliac vessels pass into the thigh, the fascia descends behind them, forming the posterior wall of the femoral sheath. The portion of the iliopectineal fascia which passes behind the femoral vessels is also attached to the pectineal line beyond the limits of the attachment of the inguinal aponeurotic falx; at this part it is continuous with the pectineal fascia. The external iliac vessels lie in front of the iliac fascia, but all the branches of the lumbar plexus are behind it; it is separated from the peritoneum by a quantity of loose areolar tissue.

The Psoas major (Psoas magnus) is a long fusiform muscle placed on the side of the lumbar region of the vertebral column and brim of the lesser pelvis. It arises (1) from the anterior surfaces of the bases and lower borders of the transverse processes of all the lumbar vertebrae (2) from the sides of the bodies and the corresponding intervertebral fibrocartilages of the last thoracic and all the lumbar vertebrae by five slips, each of which is attached to the adjacent upper and lower margins of two vertebrae, and to the intervertebral fibrocartilage; (3) from a series of tendinous arches which extend across the constricted parts of the bodies of the lumbar vertebrae between the previous slips; the lumbar arteries and veins, and filaments from the sympathetic trunk pass beneath these tendinous arches. The muscle proceeds downward across the brim of the lesser pelvis, and diminishing gradually in size, passes beneath the inguinal ligament and in front of the capsule of the hip-joint and ends in a tendon; the tendon receives nearly the whole of the fibers of the Iliacus and is inserted into the lesser trochanter of the femur. A large bursa which may communicate with the cavity of the hip-joint, separates the tendon from the pubis and the capsule of the joint.

The Psoas minor (Psoas parvus) is a long slender muscle, placed in front of the Psoas major. It arises from the sides of the bodies of the twelfth thoracic and first lumbar vertebrae and from the fibrocartilage between them. It ends in a long flat tendon which is inserted into the pectineal line and iliopectineal eminence, and, by its lateral border, into the iliac fascia. This muscle is often absent.

The Iliacus is a flat, triangular muscle, which fills the iliac fossa. It arises from the upper two-thirds of this fossa, and from the inner lip of the iliac crest; behind, from the anterior sacroiliac and the iliolumbar ligaments, and base of the sacrum; in front, it reaches as far as the anterior superior and anterior inferior iliac spines, and the notch between them. The fibers converge to be inserted into the lateral side of the tendon of the Psoas major, some of them being prolonged on to the body of the femur for about 2.5 cm. below and in front of the lesser trochanter.

Variations.—The Iliacus minor or Iliocapsularis, a small detached part of the Iliacus is frequently present. It arises from the anterior inferior spine of the ilium and is inserted into the lower part of the intertrochanteric line of the femur or into the iliofemoral ligament.

Nerves.—The Psoas major is supplied by branches of the second and third lumbar nerve; the Psoas minor by a branch of the first lumbar nerve; and the Iliacus by branches of the second and third lumbar nerves through the femoral nerve.

Actions.—The Psoas major, acting from above, flexes the thigh upon the pelvis, being assisted by the Iliacus; acting from below, with the femur fixed, it bends the lumbar portion of the vertebral column forward and to its own side, and then, in conjunction with the Iliacus, tilts the pelvis forward. When the muscles of both sides are acting from below, they serve to maintain the erect posture by supporting the vertebral column and pelvis upon the femora, or in continued action bend the trunk and pelvis forward, as in raising the trunk from the recumbent posture.

The Psoas minor is a tensor of the iliac fascia.

Note The Psoas major and iliacus are sometimes regarded as a single muscle named the Iliopsoas.
THE ANTERIOR FEMORAL MUSCLES
Sartorius
Quadriceps femoris
Superficial Fascia.—The superficial fascia forms a continuous layer over the whole of the thigh; it consists of areolar tissue containing in its meshes much fat, and may be separated into two or more layers, between which are found the superficial vessels and nerves. It varies in thickness in different parts of the limb; in the groin it is thick, and the two layers are separated from one another by the superficial inguinal lymph glands, the great saphenous vein, and several smaller vessels. The superficial layer is continuous above with the superficial fascia of the abdomen. The deep layer of the superficial fascia is a very thin, fibrous stratum, best marked on the medial side of the great saphenous vein and below the inguinal ligament. It is placed beneath the subcutaneous vessels and nerves and upon the surface of the fascia lata. It is intimately adherent to the fascia lata a little below the inguinal ligament. It covers the fossa ovalis (saphenous opening), being closely united to its circumference, and is connected to the sheath of the femoral vessels. The portion of fascia covering this fossa is perforated by the great saphenous vein and by numerous blood and lymphatic vessels, hence it has been termed the fascia cribrosa, the openings for these vessels having been likened to the holes in a sieve. A large subcutaneous bursa is found in the superficial fascia over the patella.
Deep Fascia.—The deep fascia of the thigh is named, from its great extent, the fascia lata; it constitutes an investment for the whole of this region of the limb, but varies in thickness in different parts. Thus, it is thicker in the upper and lateral part of the thigh, where it receives a fibrous expansion from the Glutaeus maximus, and where the Tensor fasciae latae is inserted between its layers; it is very thin behind and at the upper and medial part, where it covers the Adductor muscles, and again becomes stronger around the knee, receiving fibrous expansions from the tendon of the Biceps femoris laterally, from the Sartorius medially, and from the Quadriceps femoris in front. The fascia lata is attached, above and behind, to the back of the sacrum and coccyx; laterally, to the iliac crest; in front, to the inguinal ligament, and to the superior ramus of the pubis; and medially, to the inferior ramus of the pubis, to the inferior ramus and tuberosity of the ischium, and to the lower border of the sacrotuberous ligament. From its attachment to the iliac crest it passes down over the Glutaeus medius to the upper border of the Glutaeus maximus, where it splits into two layers, one passing superficial to and the other beneath this muscle; at the lower border of the muscle the two layers reunite. Laterally, the fascia lata receives the greater part of the tendon of insertion of the Glutaeus maximus, and becomes proportionately thickened. The portion of the fascia lata attached to the front part of the iliac crest, and corresponding to the origin of the Tensor fasciae latae, extends down the lateral side of the thigh as two layers, one superficial to and the other beneath this muscle; at the lower end of the muscle these two layers unite and form a strong band, having first received the insertion of the muscle. This band is continued downward, under the name of the iliotibial band (tractus iliotibialis) and is attached to the lateral condyle of the tibia. The part of the iliotibial band which lies beneath the Tensor fasciae latae is prolonged upward to join the lateral part of the capsule of the hip-joint. Below, the fasciae lata is attached to all the prominent points around the knee-joint, viz., the condyles of the femur and tibia, and the head of the fibula. On either side of the patella it is strengthened by transverse fibers from the lower parts of the Vasti, which are attached to and support this bone. Of these the lateral are the stronger, and are continuous with the iliotibial band. The deep surface of the fascia lata gives off two strong intermuscular septa, which are attached to the whole length of the linea aspera and its prolongations above and below; the lateral and stronger one, which extends from the insertion of the Glutaeus maximus to the lateral condyle, separates the Vastus lateralis in front from the short head of the Biceps femoris behind, and gives partial origin to these muscles; the medial and thinner one separates the Vastus medialis from the Adductores and Pectineus. Besides these there are numerous smaller septa, separating the individual muscles, and enclosing each in a distinct sheath.
The Fossa Ovalis (saphenous opening)—At the upper and medial part of the thigh, a little below the medial end of the inguinal ligament, is a large oval-shaped aperture in the fascia lata; it transmits the great saphenous vein, and other, smaller vessels, and is termed the fossa ovalis. The fascia cribrosa, which is pierced by the structures passing through the opening, closes the aperture and must be removed to expose it. The fascia lata in this part of the thigh is described as consisting of a superficial and a deep portion.
The superficial portion of the fascia lata is the part on the lateral side of the fossa ovalis. It is attached, laterally, to the crest and anterior superior spine of the ilium, to the whole length of the inguinal ligament, and to the pectineal line in conjunction with the lacunar ligament. From the tubercle of the pubis it is reflected downward and lateralward, as an arched margin, the falciform margin, forming the lateral boundary of the fossa ovalis; this margin overlies and is adherent to the anterior layer of the sheath of the femoral vessels: to its edge is attached the fascia cribrosa. The upward and medial prolongation of the falciform margin is named the superior cornu; its downward and medial prolongation, the inferior cornu. The latter is well-defined, and is continuous behind the great saphenous vein with the pectineal fascia.
The deep portion is situated on the medial side of the fossa ovalis, and at the lower margin of the fossa is continuous with the superficial portion; traced upward, it covers the Pectineus, Adductor longus, and Gracilis, and, passing behind the sheath of the femoral vessels, to which it is closely united, is continuous with the iliopectineal fascia, and is attached to the pectineal line.
From this description it may be observed that the superficial portion of the fascia lata lies in front of the femoral vessels, and the deep portion behind them, so that an apparent aperture exists between the two, through which the great saphenous passes to join the femoral vein.
The Sartorius, the longest muscle in the body, is narrow and ribbon-like; it arises by tendinous fibers from the anterior superior iliac spine and the upper half of the notch below it. It passes obliquely across the upper and anterior part of the thigh, from the lateral to the medial side of the limb, then descends vertically, as far as the medial side of the knee, passing behind the medial condyle of the femur to end in a tendon. This curves obliquely forward and expands into a broad aponeurosis, which is inserted, in front of the Gracilis and Semitendinous, into the upper part of the medial surface of the body of the tibia, nearly as far forward as the anterior crest. The upper part of the aponeurosis is curved backward over the upper edge of the tendon of the Gracilis so as to be inserted behind it. An offset, from its upper margin, blends with the capsule of the knee-joint, and another from its lower border, with the fascia on the medial side of the leg.
Variations.—Slips of origin from the outer end of the inguinal ligament, the notch of the ilium, the ilio-pectineal line or the pubis occur. The muscle may be split into two parts, and one part may be inserted into the fascia lata, the femur, the ligament of the patella or the tendon of the Semitendinosus. The tendon of insertion may end in the fascia lata, the capsule of the knee-joint, or the fascia of the leg. The muscle may be absent.
The Quadriceps femoris (Quadriceps extensor) includes the four remaining muscles on the front of the thigh. It is the great extensor muscle of the leg, forming a large fleshy mass which covers the front and sides of the femur. It is subdivided into separate portions, which have received distinctive names. One occupying the middle of the thigh, and connected above with the ilium, is called from its straight course the Rectus femoris. The other three lie in immediate connection with the body of the femur, which they cover from the trochanters to the condyles. The portion on the lateral side of the femur is termed the Vastus lateralis; that covering the medial side, the Vastus medialis; and that in front, the Vastus intermedius.
The Rectus femoris is situated in the middle of the front of the thigh; it is fusiform in shape, and its superficial fibers are arranged in a bipenniform manner, the deep fibers running straight down to the deep aponeurosis. It arises by two tendons: one, the anterior or straight, from the anterior inferior iliac spine; the other, the posterior or reflected, from a groove above the brim of the acetabulum. The two unite at an acute angle, and spread into an aponeurosis which is prolonged downward on the anterior surface of the muscle, and from this the muscular fibers arise. The muscle ends in a broad and thick aponeurosis which occupies the lower two-thirds of its posterior surface, and, gradually becoming narrowed into a flattened tendon, is inserted into the base of the patella.
The Vastus lateralis (Vastus externus) is the largest part of the Quadriceps femoris. It arises by a broad aponeurosis, which is attached to the upper part of the intertrochanteric line, to the anterior and inferior borders of the greater trochanter, to the lateral lip of the gluteal tuberosity, and to the upper half of the lateral lip of the linea aspera; this aponeurosis covers the upper three-fourths of the muscle, and from its deep surface many fibers take origin. A few additional fibers arise from the tendon of the Glutaeus maximus, and from the lateral intermuscular septum between the Vastus lateralis and short head of the Biceps femoris. The fibers form a large fleshy mass, which is attached to a strong aponeurosis, placed on the deep surface of the lower part of the muscle: this aponeurosis becomes contracted and thickened into a flat tendon inserted into the lateral border of the patella, blending with the Quadriceps femoris tendon, and giving an expansion to the capsule of the knee-joint.
The Vastus medialis and Vastus intermedius appear to be inseparably united, but when the Rectus femoris has been reflected a narrow interval will be observed extending upward from the medial border of the patella between the two muscles, and the separation may be continued as far as the lower part of the intertrochanteric line, where, however, the two muscles are frequently continuous.
The Vastus medialis (Vastus internus) arises from the lower half of the intertrochanteric line, the medial lip of the linea aspera, the upper part of the medial supracondylar line, the tendons of the Adductor longus and the Adductor magnus and the medial intermuscular septum. Its fibers are directed downward and forward, and are chiefly attached to an aponeurosis which lies on the deep surface of the muscle and is inserted into the medial border of the patella and the Quadriceps femoris tendon, an expansion being sent to the capsule of the knee-joint.
The Vastus intermedius (Crureus) arises from the front and lateral surfaces of the body of the femur in its upper two-thirds and from the lower part of the lateral intermuscular septum. Its fibers end in a superficial aponeurosis, which forms the deep part of the Quadriceps femoris tendon.
The tendons of the different portions of the Quadriceps unite at the lower part of the thigh, so as to form a single strong tendon, which is inserted into the base of the patella, some few fibers passing over it to blend with the ligamentum patellae. More properly, the patella may be regarded as a sesamoid bone, developed in the tendon of the Quadriceps; and the ligamentum patellae, which is continued from the apex of the patella to the tuberosity of the tibia, as the proper tendon of insertion of the muscle, the medial and lateral patellar retinacula (see p. 338) being expansions from its borders. A bursa, which usually communicates with the cavity of the knee-joint, is situated between the femur and the portion of the Quadriceps tendon above the patella; another is interposed between the tendon and the upper part of the front of the tibia; and a third, the prepatellar bursa, is placed over the patella itself.
The Articularis genu (Subcrureus) is a small muscle, usually distinct from the Vastus intermedius, but occasionally blended with it; it arises from the anterior surface of the lower part of the body of the femur, and is inserted into the upper part of the synovial membrane of the knee-joint. It sometimes consists of several separate muscular bundles.
Nerves.—The muscles of this region are supplied by the second, third, and fourth lumbar nerves, through the femoral nerve.
Actions.—The Sartorius flexes the leg upon the thigh, and, continuing to act, flexes the thigh upon the pelvis; it next abducts and rotates the thigh outward. When the knee is bent, the Sartorius assists the Semitendinosus, Semimembranosus, and Popliteus in rotating the tibia inward. Taking its fixed point from the leg, it flexes the pelvis upon the thigh, and, if one muscle acts, assists in rotating the pelvis. The Quadriceps femoris extends the leg upon the thigh. The Rectus femoris assists the Psoas major and Iliacus in supporting the pelvis and trunk upon the femur. It also assists in flexing the thigh on the pelvis, or if the thigh be fixed it will flex the pelvis. The Vastus medialis draws the patella medialward as well as upward.
THE MEDIAL FEMORAL MUSCLES
Gracilis.
Pectineus.
Adductor longus.
Adductor brevis.
Adductor magnus.
The Gracilis is the most superficial muscle on the medial side of the thigh. It is thin and flattened, broad above, narrow and tapering below. It arises by a thin aponeurosis from the anterior margins of the lower half of the symphysis pubis and the upper half of the pubic arch. The fibers run vertically downward, and end in a rounded tendon, which passes behind the medial condyle of the femur, curves around the medial condyle of the tibia, where it becomes flattened, and is inserted into the upper part of the medial surface of the body of the tibia, below the condyle. A few of the fibers of the lower part of the tendon are prolonged into the deep fascia of the leg. At its insertion the tendon is situated immediately above that of the Semitendinosus, and its upper edge is overlapped by the tendon of the Sartorius, with which it is in part blended. It is separated from the tibial collateral ligament of the knee-joint, by a bursa common to it and the tendon of the Semitendinosus.
The Pectineus is a flat, quadrangular muscle, situated at the anterior part of the upper and medial aspect of the thigh. It arises from the pectineal line, and to a slight extent from the surface of bone in front of it, between the iliopectineal eminence and tubercle of the pubis, and from the fascia covering the anterior surface of the muscle; the fibers pass downward, backward, and lateralward, to be inserted into a rough line leading from the lesser trochanter to the linea aspera.
The Adductor longus the most superficial of the three Adductores, is a triangular muscle, lying in the same plane as the Pectineus. It arises by a flat, narrow tendon, from the front of the pubis, at the angle of junction of the crest with the symphysis; and soon expands into a broad fleshy belly. This passes downward, backward, and lateralward, and is inserted, by an aponeurosis, into the linea aspera, between the Vastus medialis and the Adductor magnus, with both of which it is usually blended.
The Adductor brevis  is situated immediately behind the two preceding muscles. It is somewhat triangular in form, and arises by a narrow origin from the outer surfaces of the superior and inferior rami of the pubis, between the Gracilis and Obturator externus. Its fibers, passing backward, lateralward, and downward, are inserted, by an aponeurosis, into the line leading from the lesser trochanter to the linea aspera and into the upper part of the linea aspera, immediately behind the Pectineus and upper part of the Adductor longus.
The Adductor magnus  is a large triangular muscle, situated on the medial side of the thigh. It arises from a small part of the inferior ramus of the pubis, from the inferior ramus of the ischium, and from the outer margin of the inferior part of the tuberosity of the ischium. Those fibers which arise from the ramus of the pubis are short, horizontal in direction, and are inserted into the rough line leading from the greater trochanter to the linea aspera, medial to the Glutaeus maximus; those from the ramus of the ischium are directed downward and lateralward with different degrees of obliquity, to be inserted, by means of a broad aponeurosis, into the linea aspera and the upper part of its medial prolongation below. The medial portion of the muscle, composed principally of the fibers arising from the tuberosity of the ischium, forms a thick fleshy mass consisting of coarse bundles which descend almost vertically, and end about the lower third of the thigh in a rounded tendon which is inserted into the adductor tubercle on the medial condyle of the femur, and is connected by a fibrous expansion to the line leading upward from the tubercle to the linea aspera. At the insertion of the muscle, there is a series of osseoaponeurotic openings, formed by tendinous arches attached to the bone. The upper four openings are small, and give passage to the perforating branches of the profunda femoris artery. The lowest is of large size, and transmits the femoral vessels to the popliteal fossa.
Variations.—The Pectineus is sometimes divided into an outer part supplied by the femoral nerve and an inner part supplied by the obturator nerve. The muscle may be attached to or inserted into the capsule of the hip-joint. The Adductor longus may be double, may extend to the knee, or be more or less united with the Pectineus. The Adductor brevis may be divided into two or three parts, or it may be united to the Adductor magnus. The Adductor magnus may be more or less segmented, the anterior and superior portion is often described as a separate muscle, the Adductor minimus. The muscle may be fused with the Quadratus femoris.
Nerves.—The three Adductores and the Gracilis are supplied by the third and fourth lumbar nerves through the obturator nerve; the Adductor magnus receiving an additional branch from the sacral plexus through the sciatic. The Pectineus is supplied by the second, third, and fourth lumbar nerves through the femoral nerve, and by the third lumbar through the accessory obturator when this latter exists. Occasionally it receives a branch from the obturator nerve. 
Actions.—The Pectineus and three Adductores adduct the thigh powerfully; they are especially used in horse exercise, the sides of the saddle being grasped between the knees by the contraction of these muscles. In consequence of the obliquity of their insertions into the linea aspera, they rotate the thigh outward, assisting the external Rotators, and when the limb has been abducted, they draw it medialward, carrying the thigh across that of the opposite side. The Pectineus and Adductores brevis and longus assist the Psoas major and Iliacus in flexing the thigh upon the pelvis. In progression, all these muscles assist in drawing forward the lower limb. The Gracilis assists the Sartorius in flexing the leg and rotating it inward; it is also an adductor of the thigh. If the lower extremities be fixed, these muscles, taking their fixed points below, may act upon the pelvis, serving to maintain the body in an erect posture; or, if their action be continued, flex the pelvis forward upon the femur.
THE MUSCLES OF THE GLUTEAL REGION
Glutaeus maximus.
Glutaeus medius
Glutaeus minimus
Tensor fasciae latae
Piriformis.
Obturator internus.
Gemellus superior
Gemellus inferior
Quadratus femoris
Obturator externus
The Glutaeus maximus, the most superficial muscle in the gluteal region, is a broad and thick fleshy mass of a quadrilateral shape, and forms the prominence of the nates. Its large size is one of the most characteristic features of the muscular system in man, connected as it is with the power he has of maintaining the trunk in the erect posture. The muscle is remarkably coarse in structure, being made up of fasciculi lying parallel with one another and collected together into large bundles separated by fibrous septa. It arises from the posterior gluteal line of the ilium, and the rough portion of bone including the crest, immediately above and behind it; from the posterior surface of the lower part of the sacrum and the side of the coccyx; from the aponeurosis of the Sacrospinalis, the sacrotuberous ligament, and the fascia (gluteal aponeurosis) covering the Glutaeus medius. The fibers are directed obliquely downward and lateralward; those forming the upper and larger portion of the muscle, together with the superficial fibers of the lower portion, end in a thick tendinous lamina, which passes across the greater trochanter, and is inserted into the iliotibial band of the fascia lata; the deeper fibers of the lower portion of the muscle are inserted into the gluteal tuberosity between the Vastus lateralis and Adductor magnus.
Bursae—Three bursae are usually found in relation with the deep surface of this muscle. One of these, of large size, and generally multilocular, separates it from the greater trochanter; a second, often wanting, is situated on the tuberosity of the ischium; a third is found between the tendon of the muscle and that of the Vastus lateralis.
The Glutaeus medius is a broad, thick, radiating muscle, situated on the outer surface of the pelvis. Its posterior third is covered by the Glutaeus maximus, its anterior two-thirds by the gluteal aponeurosis, which separates it from the superficial fascia and integument. It arises from the outer surface of the ilium between the iliac crest and posterior gluteal line above, and the anterior gluteal line below; it also arises from the gluteal aponeurosis covering its outer surface. The fibers converge to a strong flattened tendon, which is inserted into the oblique ridge which runs downward and forward on the lateral surface of the greater trochanter. A bursa separates the tendon of the muscle from the surface of the trochanter over which it glides.
Variations.—The posterior border may be more or less closely united to the Piriformis, or some of the fibers end on its tendon.
The Glutaeus minimus, the smallest of the three Glutaei, is placed immediately beneath the preceding. It is fan-shaped, arising from the outer surface of the ilium, between the anterior and inferior gluteal lines, and behind, from the margin of the greater sciatic notch. The fibers converge to the deep surface of a radiated aponeurosis, and this ends in a tendon which is inserted into an impression on the anterior border of the greater trochanter, and gives an expansion to the capsule of the hip-joint. A bursa is interposed between the tendon and the greater trochanter. Between the Glutaeus medius and Glutaeus minimus are the deep branches of the superior gluteal vessels and the superior gluteal nerve. The deep surface of the Glutaeus minimus is in relation with the reflected tendon of the Rectus femoris and the capsule of the hip-joint.
Variations.—The muscle may be divided into an anterior and a posterior part, or it may send slips to the Piriformis, the Gemellus superior or the outer part of the origin of the Vastus lateralis.
The Tensor fasciae latae (Tensor fasciae femoris) arises from the anterior part of the outer lip of the iliac crest; from the outer surface of the anterior superior iliac spine, and part of the outer border of the notch below it, between the Glutaeus medius and Sartorius; and from the deep surface of the fascia lata. It is inserted between the two layers of the iliotibial band of the fascia lata about the junction of the middle and upper thirds of the thigh.
The Piriformis is a flat muscle, pyramidal in shape, lying almost parallel with the posterior margin of the Glutaeus medius. It is situated partly within the pelvis against its posterior wall, and partly at the back of the hip-joint. It arises from the front of the sacrum by three fleshy digitations, attached to the portions of bone between the first, second, third, and fourth anterior sacral foramina, and to the grooves leading from the foramina: a few fibers also arise from the margin of the greater sciatic foramen, and from the anterior surface of the sacrotuberous ligament. The muscle passes out of the pelvis through the greater sciatic foramen, the upper part of which it fills, and is inserted by a rounded tendon into the upper border of the greater trochanter behind, but often partly blended with, the common tendon of the Obturator internus and Gemelli.
Variations.—It is frequently pierced by the common peroneal nerve and thus divided more or less into two parts. It may be united with the Glutaeus medius, or send fibers to the Glutaeus minimus or receive fibers from the Gemellus superior. It may have only one or two sacral attachments or be inserted in to the capsule of the hip-joint. It may be absent.
Obturator Membrane—The obturator membrane is a thin fibrous sheet, which almost completely closes the obturator foramen. Its fibers are arranged in interlacing bundles mainly transverse in direction; the uppermost bundle is attached to the obturator tubercles and completes the obturator canal for the passage of the obturator vessels and nerve. The membrane is attached to the sharp margin of the obturator foramen except at its lower lateral angle, where it is fixed to the pelvic surface of the inferior ramus of the ischium, i. e., within the margin. Both obturator muscles are connected with this membrane.
The Obturator internus is situated partly within the lesser pelvis, and partly at the back of the hip-joint. It arises from the inner surface of the antero-lateral wall of the pelvis, where it surrounds the greater part of the obturator foramen, being attached to the inferior rami of the pubis and ischium, and at the side to the inner surface of the hip bone below and behind the pelvic brim, reaching from the upper part of the greater sciatic foramen above and behind to the obturator foramen below and in front. It also arises from the pelvic surface of the obturator membrane except in the posterior part, from the tendinous arch which completes the canal for the passage of the obturator vessels and nerve, and to a slight extent from the obturator fascia, which covers the muscle. The fibers converge rapidly toward the lesser sciatic foramen, and end in four or five tendinous bands, which are found on the deep surface of the muscle; these bands are reflected at a right angle over the grooved surface of the ischium between its spine and tuberosity. This bony surface is covered by smooth cartilage, which is separated from the tendon by a bursa, and presents one or more ridges corresponding with the furrows between the tendinous bands. These bands leave the pelvis through the lesser sciatic foramen and unite into a single flattened tendon, which passes horizontally across the capsule of the hip-joint, and, after receiving the attachments of the Gemelli, is inserted into the forepart of the medial surface of the greater trochanter above the trochanteric fossa. A bursa, narrow and elongated in form, is usually found between the tendon and the capsule of the hip-joint; it occasionally communicates with the bursa The Gemelli are two small muscular fasciculi, accessories to the tendon of the Obturator internus which is received into a groove between them.between the tendon and the ischium.
The Gemellus superior, the smaller of the two, arises from the outer surface of the spine of the ischium, blends with the upper part of the tendon of the Obturator internus, and is inserted with it into the medial surface of the greater trochanter. It is sometimes wanting.
The Gemellus inferior arises from the upper part of the tuberosity of the ischium, immediately below the groove for the Obturator internus tendon. It blends with the lower part of the tendon of the Obturator internus, and is inserted with it it into the medial surface of the greater trochanter. Rarely absent.
The Quadratus femoris is a flat, quadrilateral muscle, between the Gemellus inferior and the upper margin of the Adductor magnus; it is separated from the latter by the terminal branches of the medial femoral circumflex vessels. It arises from the upper part of the external border of the tuberosity of the ischium, and is inserted into the upper part of the linea quadrata—that is, the line which extends vertically downward from the intertrochanteric crest. A bursa is often found between the front of this muscle and the lesser trochanter. Sometimes absent.
The Obturator externus  is a flat, triangular muscle, which covers the outer surface of the anterior wall of the pelvis. It arises from the margin of bone immediately around the medial side of the obturator foramen, viz., from the rami of the pubis, and the inferior ramus of the ischium; it also arises from the medial two-thirds of the outer surface of the obturator membrane, and from the tendinous arch which completes the canal for the passage of the obturator vessels and nerves. The fibers springing from the pubic arch extend on to the inner surface of the bone, where they obtain a narrow origin between the margin of the foramen and the attachment of the obturator membrane. The fibers converge and pass backward, lateralward, and upward, and end in a tendon which runs across the back of the neck of the femur and lower part of the capsule of the hipjoint and is inserted into the trochanteric fossa of the femur. The obturator vessels lie between the muscle and the obturator membrane; the anterior branch of the obturator nerve reaches the thigh by passing in front of the muscle, and the posterior branch by piercing it.
Nerves.—The Glutaeus maximus is supplied by the fifth lumbar and first and second sacra nerves through the inferior gluteal nerve; the Glutaei medius and minimus and the Tensor fasciae latae by the fourth and fifth lumbar and first sacral nerves through the superior gluteal; the Piriformis is supplied by the first and second sacral nerves; the Gemellus inferior and Quadratus femoris by the last lumbar and first sacral nerves; the Gemellus superior and Obturator internus by the first, second, and third sacral nerves, and the Obturator externus by the third and fourth lumbar nerves through the obturator.
Actions.—When the Glutaeus maximus takes its fixed point from the pelvis, it extends the femur and brings the bent thigh into a line with the body. Taking its fixed point from below, it acts upon the pelvis, supporting it and the trunk upon the head of the femur; this is especially obvious in standing on one leg. Its most powerful action is to cause the body to regain the erect position after stooping, by drawing the pelvis backward, being assisted in this action by the Biceps femoris, Semitendinosus, and Semimembranosus. The Glutaeus maximus is a tensor of the fascia lata, and by its connection with the iliotibial band steadies the femur on the articular surfaces of the tibia during standing, when the Extensor muscles are relaxed. The lower part of the muscle also acts as an adductor and external rotator of the limb. The Glutaei medius and minimus abduct the thigh, when the limb is extended, and are principally called into action in supporting the body on one limb, in conjunction with the Tensor fasciae latae. Their anterior fibers, by drawing the greater trochanter forward, rotate the thigh inward, in which action they are also assisted by the Tensor fasciae latae. The Tensor fasciae latae is a tensor of the fascia lata; continuing its action, the oblique direction of its fibers enables it to abduct the thigh and to rotate it inward. In the erect posture, acting from below, it will serve to steady the pelvis upon the head of the femur; and by means of the iliotibial band it steadies the condyles of the femur on the articular surfaces of the tibia, and assists the Glutaeus maximus in supporting the knee in the extended position. The remaining muscles are powerful external rotators of the thigh. In the sitting posture, when the thigh is flexed upon the pelvis, their action as rotators ceases, and they become abductors, with the exception of the Obturator externus, which still rotates the femur outward.
THE POSTERIOR FEMORAL MUSCLES (HAMSTRING MUSCLES)

Biceps femoris.
Semitendinosus.
Semimembranosus.
The Biceps femoris (Biceps) is situated on the posterior and lateral aspect of the thigh. It has two heads of origin; one, the long head, arises from the lower and inner impression on the back part of the tuberosity of the ischium, by a tendon common to it and the Semitendinosus, and from the lower part of the sacrotuberous ligament; the other, the short head, arises from the lateral lip of the linea aspera, between the Adductor magnus and Vastus lateralis, extending up almost as high as the insertion of the Glutaeus maximus; from the lateral prolongation of the linea aspera to within 5 cm. of the lateral condyle; and from the lateral intermuscular septum. The fibers of the long head form a fusiform belly, which passes obliquely downward and lateralward across the sciatic nerve to end in an aponeurosis which covers the posterior surface of the muscle, and receives the fibers of the short head; this aponeurosis becomes gradually contracted into a tendon, which is inserted into the lateral side of the head of the fibula, and by a small slip into the lateral condyle of the tibia. At its insertion the tendon divides into two portions, which embrace the fibular collateral ligament of the knee-joint. From the posterior border of the tendon a thin expansion is given off to the fascia of the leg. The tendon of insertion of this muscle forms the lateral hamstring; the common personeal nerve descends along its medial border.
Variations.—The short head may be absent; additional heads may arise from the ischial tuberosity, the linea aspera, the medial supracondylar ridge of the femur or from various other parts. A slip may pass to the Gastrocnemius.
The Semitendinosus, remarkable for the great length of its tendon of insertion, is situated at the posterior and medial aspect of the thigh. It arises from the lower and medial impression on the tuberosity of the ischium, by a tendon common to it and the long head of the Biceps femoris; it also arises from an aponeurosis which connects the adjacent surfaces of the two muscles to the extent of about 7.5 cm. from their origin. The muscle is fusiform and ends a little below the middle of the thigh in a long round tendon which lies along the medial side of the popliteal fossa; it then curves around the medial condyle of the tibia and passes over the tibial collateral ligament of the knee-joint, from which it is separated by a bursa, and is inserted into the upper part of the medial surface of the body of the tibia, nearly as far forward as its anterior crest. At its insertion it gives off from its lower border a prolongation to the deep fascia of the leg and lies behind the tendon of the Sartorius, and below that of the Gracilis, to which it is united. A tendinous intersection is usually observed about the middle of the muscle.
The Semimembranosus, so called from its membranous tendon of origin, is situated at the back and medial side of the thigh. It arises by a thick tendon from the upper and outer impression on the tuberosity of the ischium, above and lateral to the Biceps femoris and Semitendinosus. The tendon of origin expands into an aponeurosis, which covers the upper part of the anterior surface of the muscle; from this aponeurosis muscular fibers arise, and converge to another aponeurosis which covers the lower part of the posterior surface of the muscle and contracts into the tendon of insertion. It is inserted mainly into the horizontal groove on the posterior medial aspect of the medial condyle of the tibia. The tendon of insertion gives off certain fibrous expansions: one, of considerable size, passes upward and lateralward to be inserted into the back part of the lateral condyle of the femur, forming part of the oblique popliteal ligament of the knee-joint; a second is continued downward to the fascia which covers the Popliteus muscle; while a few fibers join the tibial collateral ligament of the joint and the fascia of the leg. The muscle overlaps the upper part of the popliteal vessels.
Variations.—It may be reduced or absent, or double, arising mainly from the sacrotuberous ligament and giving a slip to the femur or Adductor magnus.
The tendons of insertion of the two preceding muscles form the medial hamstrings.
Nerves.—The muscles of this region are supplied by the fourth and fifth lumbar and the first, second, and third sacral nerves; the nerve to the short head of the Biceps femoris is derived from the common peroneal, the other muscles are supplied through the tibial nerve.
Actions.—The hamstring muscles flex the leg upon the thigh. When the knee is semiflexed, the Biceps femoris in consequence of its oblique direction rotates the leg slightly outward; and the Semitendinosus, and to a slight extent the Semimembranosus, rotate the leg inward, assisting the Popliteus. Taking their fixed point from below, these muscles serve to support the pelvis upon the head of the femur, and to draw the trunk directly backward, as in raising it from the stooping position or in feats of strength, when the body is thrown backward in the form of an arch. As already indicated on page 285, complete flexion of the hip cannot be effected unless the knee-joint is also flexed, on account of the shortness of the hamstring muscles.
Note The Pectineus may consist of two incompletely separated strata; the lateral or dorsal stratum, which is constant, is supplied by a branch from the femoral nerve, or in the absence of this branch by the accessory obturator nerve; the medial or ventral stratum, when present, is supplied by the obturator nerve.
Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· illiopsoas muscle

· psoas major muscle

· iliacus muscle

· gluteus maximus muscle

· gluteus medius muscle

· gluteus minimus muscle

· piriform muscle

· obturator internus muscle

· superior gemellus muscle

· inferior gemellus muscle

· quadratus lumborum muscle

· external obturator muscle

· tailor's muscle

· quadriceps femoris muscle

· rectus femoris muscle

· vastus lateralis muscle

· vastus intermedius muscle

· vastus medialis muscle

· pectineus muscle

· gracilis muscle

· adductor longus muscle

· adductor brevis muscle

· semimembranosus muscle

· semitendinosus muscle

Practice class 27. The muscles and fasciae on the leg and foot. The topography of lower extremity.

The aim: to learn the classification, topography and structure of muscles and fasciae of the leg and foot; to show the points of origin and insertion of these muscles; to find out the functions of these muscles; to learn the topography of the lower extremity.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially surgeons, traumatologists, neurosurgeons, urologists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The anterior crural muscles

b) The posterior crural muscles

c) The lateral crural muscles

d) The dorsal muscles of the foot

e) The plantar muscles of the foot

f) The topography of the lower extremity

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

The muscles of the leg may be divided into three groups: anterior, posterior, and lateral.

1. THE ANTERIOR CRURAL MUSCLES

Tibialis anterior.

Extensor digitorum longus.

Extensor hallucis longus.

Peronaeus tertius.

Deep Fascia (fascia cruris).—The deep fascia of the leg forms a complete investment to the muscles, and is fused with the periosteum over the subcutaneous surfaces of the bones. It is continuous above with the fascia lata, and is attached around the knee to the patella, the ligamentum patellae, the tuberosity and condyles of the tibia, and the head of the tibula. Behind, it forms the popliteal fascia, covering in the popliteal fossa; here it is strengthened by transverse fibers, and perforated by the small saphenous vein. It receives an expansion from the tendon of the Biceps femoris laterally, and from the tendons of the Sartorius, Gracilis, Semitendinosus, and Semimembranosus medially; in front, it blends with the periosteum covering the subcutaneous surface of the tibia, and with that covering the head and malleolus of the fibula; below, it is continuous with the transverse crural and laciniate ligaments. It is thick and dense in the upper and anterior part of the leg, and gives attachment, by its deep surface, to the Tibialis anterior and Extensor digitorum longus; but thinner behind, where it covers the Gastrocnemius and Soleus. It gives off from its deep surface, on the lateral side of the leg, two strong intermuscular septa, the anterior and posterior peroneal septa, which enclose the Peronaei longus and brevis, and separate them from the muscles of the anterior and posterior crural regions, and several more slender processes which enclose the individual muscles in each region. A broad transverse intermuscular septum, called the deep transverse fascia of the leg, intervenes between the superficial and deep posterior crural muscles.

The Tibialis anterior (Tibialis anticus) is situated on the lateral side of the tibia; it is thick and fleshy above, tendinous below. It arises from the lateral condyle and upper half or two-thirds of the lateral surface of the body of the tibia; from the adjoining part of the interosseous membrane; from the deep surface of the fascia; and from the intermuscular septum between it and the Extensor digitorum longus. The fibers run vertically downward, and end in a tendon, which is apparent on the anterior surface of the muscle at the lower third of the leg. After passing through the most medial compartments of the transverse and cruciate crural ligaments, it is inserted into the medial and under surface of the first cuneiform bone, and the base of the first metatarsal bone. This muscle overlaps the anterior tibial vessels and deep peroneal nerve in the upper part of the leg.

Variations.—A deep portion of the muscle is rarely inserted into the talus, or a tendinous slip may pass to the head of the first metatarsal bone or the base of the first phalanx of the great toe. The Tibiofascialis anterior, a small muscle from the lower part of the tibia to the transverse or cruciate crural ligaments or deep fascia.

The Extensor hallucis longus (Extensor proprius hallucis) is a thin muscle, situated between the Tibialis anterior and the Extensor digitorum longus. It arises from the anterior surface of the fibula for about the middle two-fourths of its extent, medial to the origin of the Extensor digitorum longus; it also arises from the interosseous membrane to a similar extent. The anterior tibial vessels and deep peroneal nerve lie between it and the Tibialis anterior. The fibers pass downward, and end in a tendon, which occupies the anterior border of the muscle, passes through a distinct compartment in the cruciate crural ligament, crosses from the lateral to the medial side of the anterior tibial vessels near the bend of the ankle, and is inserted into the base of the distal phalanx of the great toe. Opposite the metatarsophalangeal articulation, the tendon gives off a thin prolongation on either side, to cover the surface of the joint. An expansion from the medial side of the tendon is usually inserted into the base of the proximal phalanx.

Variations.—Occasionally united at its origin with the Extensor digitorum longus. Extensor ossis metatarsi hallucis, a small muscle, sometimes found as a slip from the Extensor hallucis longus, or from the Tibialis anterior, or from the Extensor digitorum longus, or as a distinct muscle; it traverses the same compartment of the transverse ligament with the Extensor hallucis longus.

The Extensor digitorum longus is a penniform muscle, situated at the lateral part of the front of the leg. It arises from the lateral condyle of the tibia; from the upper three-fourths of the anterior surface of the body of the fibula; from the upper part of the interosseous membrane; from the deep surface of the fascia; and from the intermuscular septa between it and the Tibialis anterior on the medial, and the Peronaei on the lateral side. Between it and the Tibialis anterior are the upper portions of the anterior tibial vessels and deep peroneal nerve. The tendon passes under the transverse and cruciate crural ligaments in company with the Peronaeus tertius, and divides into four slips, which run forward on the dorsum of the foot, and are inserted into the second and third phalanges of the four lesser toes. The tendons to the second, third, and fourth toes are each joined, opposite the metatarsophalangeal articulation, on the lateral side by a tendon of the Extensor digitorum brevis. The tendons are inserted in the following manner: each receives a fibrous expansion from the Interossei and Lumbricalis, and then spreads out into a broad aponeurosis, which covers the dorsal surface of the first phalanx: this aponeurosis, at the articulation of the first with the second phalanx, divides into three slips—an intermediate, which is inserted into the base of the second phalanx; and two collateral slips, which, after uniting on the dorsal surface of the second phalanx, are continued onward, to be inserted into the base of the third phalanx.

Variations.—This muscle varies considerably in the modes of origin and the arrangement of its various tendons. The tendons to the second and fifth toes may be found doubled, or extra slips are given off from one or more tendons to their corresponding metatarsal bones, or to the short extensor, or to one of the interosseous muscles. A slip to the great toe from the innermost tendon has been found.

The Peronaeus tertius is a part of the Extensor digitorum longus, and might be described as its fifth tendon. The fibers belonging to this tendon arise from the lower third or more of the anterior surface of the fibula; from the lower part of the interosseous membrane; and from an intermuscular septum between it and the Peronaeus brevis. The tendon, after passing under the transverse and cruciate crural ligaments in the same canal as the Extensor digitorum longus, is inserted into the dorsal surface of the base of the metatarsal bone of the little toe. This muscle is sometimes wanting.

Nerves.—These muscles are supplied by the fourth and fifth lumbar and first sacral nerves through the deep peroneal nerve.

Actions.—The Tibialis anterior and Peronaeus tertius are the direct flexors of the foot at the ankle-joint; the former muscle, when acting in conjunction with the Tibialis posterior, raises the medial border of the foot, i. e., inverts the foot; and the latter, acting with the Peronaei brevis and longus, raises the lateral border of the foot, i. e., everts the foot. The Extensor digitorum longus and Extensor hallucis longus extend the phalanges of the toes, and, continuing their action, flex the foot upon the leg. Taking their fixed points from below, in the erect posture, all these muscles serve to fix the bones of the leg in the perpendicular position, and give increased strength to the ankle-joint.

2. THE POSTERIOR CRURAL MUSCLES—The muscles of the back of the leg are subdivided into two groups—superficial and deep. Those of the superficial group constitute a powerful muscular mass, forming the calf of the leg. Their large size is one of the most characteristic features of the muscular apparatus in man, and bears a direct relation to his erect attitude and his mode of progression.
The Superficial Group
Gastrocnemius.

Soleus.

Plantaris.

The Gastrocnemius is the most superficial muscle, and forms the greater part of the calf. It arises by two heads, which are connected to the condyles of the femur by strong, flat tendons. The medial and larger head takes its origin from a depression at the upper and back part of the medial condyle and from the adjacent part of the femur. The lateral head arises from an impression on the side of the lateral condyle and from the posterior surface of the femur immediately above the lateral part of the condyle. Both heads, also, arise from the subjacent part of the capsule of the knee. Each tendon spreads out into an aponeurosis, which covers the posterior surface of that portion of the muscle to which it belongs. From the anterior surfaces of these tendinous expansions, muscular fibers are given off; those of the medial head being thicker and extending lower than those of the lateral. The fibers unite at an angle in the middle line of the muscle in a tendinous raphé, which expands into a broad aponeurosis on the anterior surface of the muscle, and into this the remaining fibers are inserted. The aponeurosis, gradually contracting, unites with the tendon of the Soleus, and forms with it the tendo calcaneus.

Variations.—Absence of the outer head or of the entire muscle. Extra slips from the popliteal surface of the femur.

The Soleus is a broad flat muscle situated immediately in front of the Gastrocnemius. It arises by tendinous fibers from the back of the head of the fibula, and from the upper third of the posterior surface of the body of the bone; from the popliteal line, and the middle third of the medial border of the tibia; some fibers also arise from a tendinous arch placed between the tibial and fibular origins of the muscle, in front of which the popliteal vessels and tibial nerve run. The fibers end in an aponeurosis which covers the posterior surface of the muscle, and, gradually becoming thicker and narrower, joins with the tendon of the Gastrocnemius, and forms with it the tendo calcaneus.

Variations.—Accessory head to its lower and inner part usually ending in the tendocalcaneus, or the calcaneus, or the laciniate ligament.

The Gastrocnemius and Soleus together form a muscular mass which is occasionally described as the Triceps surae; its tendon of insertion is the tendo calcaneus.

Tendo Calcaneus (tendo Achillis).—The tendo calcaneus, the common tendon of the Gastrocnemius and Soleus, is the thickest and strongest in the body. It is about 15 cm. long, and begins near the middle of the leg, but receives fleshy fibers on its anterior surface, almost to its lower end. Gradually becoming contracted below, it is inserted into the middle part of the posterior surface of the calcaneus, a bursa being interposed between the tendon and the upper part of this surface. The tendon spreads out somewhat at its lower end, so that its narrowest part is about 4 cm. above its insertion. It is covered by the fascia and the integument, and is separated from the deep muscles and vessels by a considerable interval filled up with areolar and adipose tissue. Along its lateral side, but superficial to it, is the small saphenous vein.

The Plantaris is placed between the Gastrocnemius and Soleus. It arises from the lower part of the lateral prolongation of the linea aspera, and from the oblique popliteal ligament of the knee-joint. It forms a small fusiform belly, from 7 to 10 cm. long, ending in a long slender tendon which crosses obliquely between the two muscles of the calf, and runs along the medial border of the tendo calcaneus, to be inserted with it into the posterior part of the calcaneus. This muscle is sometimes double, and at other times wanting. Occasionally, its tendon is lost in the laciniate ligament, or in the fascia of the leg.

Nerves.—The Gastrocnemius and Soleus are supplied by the first and second sacral nerves, and the Plantaris by the fourth and fifth lumbar and first sacral nerves, through the tibial nerve.

Actions.—The muscles of the calf are the chief extensors of the foot at the ankle-joint. They possess considerable power, and are constantly called into use in standing, walking, dancing, and leaping; hence the large size they usually present. In walking, these muscles raise the heel from the ground; the body being thus supported on the raised foot, the opposite limb can be carried forward. In standing, the Soleus, taking its fixed point from below, steadies the leg upon the foot and prevents the body from falling forward. The Gastrocnemius, acting from below, serves to flex the femur upon the tibia, assisted by the Popliteus. The Plantaris is the rudiment of a large muscle which in some of the lower animals is continued over the calcaneus to be inserted into the plantar aponeurosis. In man it is an accessory to the Gastrocnemius, extending the ankle if the foot be free, or bending the knee if the foot be fixed.

The Deep Group
Popliteus.

Flexor digitorum longus.

Flexor hallucis longus.

Tibialis posterior.

Deep Transverse Fascia.—The deep transverse fascia of the leg is a transversely placed, intermuscular septum, between the superficial and deep muscles of the back of the leg. At the sides it is connected to the margins of the tibia and fibula. Above, where it covers the Popliteus, it is thick and dense, and receives an expansion from the tendon of the Semimembranosus; it is thinner in the middle of the leg; but below, where it covers the tendons passing behind the malleoli, it is thickened and continuous with the laciniate ligament.

The Popliteus is a thin, flat, triangular muscle, which forms the lower part of the floor of the popliteal fossa. It arises by a strong tendon about 2.5 cm. long, from a depression at the anterior part of the groove on the lateral condyle of the femur, and to a small extent from the oblique popliteal ligament of the knee-joint; and is inserted into the medial two-thirds of the triangular surface above the popliteal line on the posterior surface of the body of the tibia, and into the tendinous expansion covering the surface of the muscle.

Variations.—Additional head from the sesamoid bone in the outer head of the Gastrocnemius. Popliteus minor, rare, origin from femur on the inner side of the Plantaris, insertion into the posterior ligament of the knee-joint. Peroneotibialis, 14 per cent., origin inner side of the head of the fibula, insertion into the upper end of the oblique line of the tibia, it lies beneath the Popliteus.

The Flexor hallucis longus is situated on the fibular side of the leg. It arises from the inferior two-thirds of the posterior surface of the body of the fibula, with the exception of 2.5 cm. at its lowest part; from the lower part of the interosseous membrane; from an intermuscular septum between it and the Peronaei, laterally, and from the fascia covering the Tibialis posterior, medially. The fibers pass obliquely downward and backward, and end in a tendon which occupies nearly the whole length of the posterior surface of the muscle. This tendon lies in a groove which crosses the posterior surface of the lower end of the tibia, the posterior surface of the talus, and the under surface of the sustentaculum tali of the calcaneus; in the sole of the foot it runs forward between the two heads of the Flexor hallucis brevis, and is inserted into the base of the last phalanx of the great toe. The grooves on the talus and calcaneus, which contain the tendon of the muscle, are converted by tendinous fibers into distinct canals, lined by a mucous sheath. As the tendon passes forward in the sole of the foot, it is situated above, and crosses from the lateral to the medial side of the tendon of the Flexor digitorum longus, to which it is connected by a fibrous slip.

Variations.—Usually a slip runs to the Flexor digitorum and frequently an additional slip runs from the Flexor digitorum to the Flexor hallucis. Peroneocalcaneus internus, rare, origin below or outside the Flexor hallucis from the back of the fibula, passes over the sustentaculum tali with the Flexor hallucis and is inserted into the calcaneum.

The Flexor digitorum longus is situated on the tibial side of the leg. At its origin it is thin and pointed, but it gradually increases in size as it descends. It arises from the posterior surface of the body of the tibia, from immediately below the popliteal line to within 7 or 8 cm. of its lower extremity, medial to the tibial origin of the Tibialis posterior; it also arises from the fascia covering the Tibialis posterior. The fibers end in a tendon, which runs nearly the whole length of the posterior surface of the muscle. This tendon passes behind the medial malleolus, in a groove, common to it and the Tibialis posterior, but separated from the latter by a fibrous septum, each tendon being contained in a special compartment lined by a separate mucous sheath. It passes obliquely forward and lateralward, superficial to the deltoid ligament of the ankle-joint, into the sole of the foot where it crosses below the tendon of the Flexor hallucis longus, and receives from it a strong tendinous slip. It then expands and is joined by the Quadratus plantae, and finally divides into four tendons, which are inserted into the bases of the last phalanges of the second, third, fourth, and fifth toes, each tendon passing through an opening in the corresponding tendon of the Flexor digitorum brevis opposite the base of the first phalanx.

Variations.—Flexor accessorius longus digitorum, not infrequent, origin from fibula, or tibia, or the deep fascia and ending in a tendon which, after passing beneath the laciniate ligament, joins the tendon of the long flexor or the Quadratus plantae.

The Tibialis posterior (Tibialis posticus) lies between the two preceding muscles, and is the most deeply seated of the muscles on the back of the leg. It begins above by two pointed processes, separated by an angular interval through which the anterior tibial vessels pass forward to the front of the leg. It arises from the whole of the posterior surface of the interosseous membrane, excepting its lowest part; from the lateral portion of the posterior surface of the body of the tibia, between the commencement of the popliteal line above and the junction of the middle and lower thirds of the body below; and from the upper two-thirds of the medial surface of the fibula; some fibers also arise from the deep transverse fascia, and from the intermuscular septa separating it from the adjacent muscles. In the lower fourth of the leg its tendon passes in front of that of the Flexor digitorum longus and lies with it in a groove behind the medial malleolus, but enclosed in a separate sheath; it next passes under the laciniate and over the deltoid ligament into the foot, and then beneath the plantar calcaneonavicular ligament. The tendon contains a sesamoid fibrocartilage, as it runs under the plantar calcaneonavicular ligament. It is inserted into the tuberosity of the navicular bone, and gives off fibrous expansions, one of which passes backward to the sustentaculum tali of the calcaneus, others forward and lateralward to the three cuneiforms, the cuboid, and the bases of the second, third, and fourth metatarsal bones.

Nerves.—The Popliteus is supplied by the fourth and fifth lumbar and first sacral nerves, the Flexor digitorum longus and Tibialis posterior by the fifth lumbar and first sacral, and the Flexor hallucis longus by the fifth lumbar and the first and second sacral nerves, through the tibial nerve.

Actions.—The Popliteus assists in flexing the leg upon the thigh; when the leg is flexed, it will rotate the tibia inward. It is especially called into action at the beginning of the act of bending the knee, inasmuch as it produces the slight inward rotation of the tibia which is essential in the early stage of this movement. The Tibialis posterior is a direct extensor of the foot at the ankle-joint; acting in conjunction with the Tibialis anterior, it turns the sole of the foot upward and medialward, i.e., inverts the foot, antagonizing the Peronaei, which turn it upward and lateralward (evert it). In the sole of the foot the tendon of the Tibialis posterior lies directly below the plantar calcaneonavicular ligament, and is therefore an important factor in maintaining the arch of the foot. The Flexor digitorum longus and Flexor hallucis longus are the direct flexors of the phalanges, and, continuing their action, extend the foot upon the leg; they assist the Gastrocnemius and Soleus in extending the foot, as in the act of walking, or in standing on tiptoe. In consequence of the oblique direction of its tendons the Flexor digitorum longus would draw the toes medialward, were it not for the Quadratus plantae, which is inserted into the lateral side of the tendon, and draws it to the middle line of the foot. Taking their fixed point from the foot, these muscles serve to maintain the upright posture by steadying the tibia and fibula perpendicularly upon the talus.

3. THE LATERAL CRURAL MUSCLES

Peronaeus longus.

Peronaeus brevis.

The Peronaeus longus is situated at the upper part of the lateral side of the leg, and is the more superficial of the two muscles. It arises from the head and upper two-thirds of the lateral surface of the body of the fibula, from the deep surface of the fascia, and from the intermuscular septa between it and the muscles on the front and back of the leg; occasionally also by a few fibers from the lateral condyle of the tibia. Between its attachments to the head and to the body of the fibula there is a gap through which the common peroneal nerve passes to the front of the leg. It ends in a long tendon, which runs behind the lateral malleolus, in a groove common to it and the tendon of the Peronaeus brevis, behind which it lies; the groove is converted into a canal by the superior peroneal retinaculum, and the tendons in it are contained in a common mucous sheath. The tendon then extends obliquely forward across the lateral side of the calcaneus, below the trochlear process, and the tendon of the Peronaeus brevis, and under cover of the inferior peroneal retinaculum. It crosses the lateral side of the cuboid, and then runs on the under surface of that bone in a groove which is converted into a canal by the long plantar ligament; the tendon then crosses the sole of the foot obliquely, and is inserted into the lateral side of the base of the first metatarsal bone and the lateral side of the first cuneiform. Occasionally it sends a slip to the base of the second metatarsal bone. The tendon changes its direction at two points: first, behind the lateral malleolus; secondly, on the cuboid bone; in both of these situations the tendon is thickened, and, in the latter, a sesamoid fibrocartilage (sometimes a bone), is usually developed in its substance.

The Peronaeus brevis lies under cover of the Peronaeus longus, and is a shorter and smaller muscle. It arises from the lower two-thirds of the lateral surface of the body of the fibula; medial to the Peronaeus longus; and from the intermuscular septa separating it from the adjacent muscles on the front and back of the leg. The fibers pass vertically downward, and end in a tendon which runs behind the lateral malleolus along with but in front of that of the preceding muscle, the two tendons being enclosed in the same compartment, and lubricated by a common mucous sheath. It then runs forward on the lateral side of the calcaneus, above the trochlear process and the tendon of the Peronaeus longus, and is inserted into the tuberosity at the base of the fifth metatarsal bone, on its lateral side.

On the lateral surface of the calcaneus the tendons of the Peronaei longus and brevis occupy separate osseoaponeurotic canals formed by the calcaneus and the perineal retinacula; each tendon is enveloped by a forward prolongation of the common mucous sheath.

Variations.—Fusion of the two peronaei is rare. A slip from the Peronaeus longus to the base of the third, fourth or fifth metatarsal bone, or to the Adductor hallucis is occasionally seen.

Peronaeus accessorius, origin from the fibula between the longus and brevis, joins the tendon of the longus in the sole of the foot.

Peronaeus quinti digiti, rare, origin lower fourth of the fibula under the brevis, insertion into the Extensor aponeurosis of the little toe. More common as a slip of the tendon of the Peronaeus brevis.

Peronaeus quartus, 13 per cent. (Gruber), origin back of fibula between the brevis and the Flexor hallucis, insertion into the peroneal spine of the calcaneum, (peroneocalcaneus externum), or less frequently into the tuberosity of the cuboid (peroneocuboideus).

Nerves.—The Peronaei longus and brevis are supplied by the fourth and fifth lumbar and first sacral nerves through the superficial peroneal nerve.

Actions.—The Peronaei longus and brevis extend the foot upon the leg, in conjunction with the Tibialis posterior, antagonizing the Tibialis anterior and Peronaeus tertius, which are flexors of the foot. The Peronaeus longus also everts the sole of the foot, and from the oblique direction of the tendon across the sole of the foot is an important agent in the maintenance of the transverse arch. Taking their fixed points below, the Peronaei serve to steady the leg upon the foot. This is especially the case in standing upon one leg, when the tendency of the superincumbent weight is to throw the leg medialward; the Peronaeus longus overcomes this tendency by drawing on the lateral side of the leg.
4. THE DORSAL MUSCLE OF THE FOOT

Extensor digitorum brevis—The fascia on the dorsum of the foot is a thin membranous layer, continuous above with the transverse and cruciate crural ligaments; on either side it blends with the plantar aponeurosis; anteriorly it forms a sheath for the tendons on the dorsum of the foot.
The Extensor digitorum brevis  is a broad, thin muscle, which arises from the forepart of the upper and lateral surfaces of the calcaneus, in front of the groove for the Peronaeus brevis; from the lateral talocalcanean ligament; and from the common limb of the cruciate crural ligament. It passes obliquely across the dorsum of the foot, and ends in four tendons. The most medial, which is the largest, is inserted into the dorsal surface of the base of the first phalanx of the great toe, crossing the dorsalis pedis artery; it is frequently described as a separate muscle—the Extensor hallucis brevis. The other three are inserted into the lateral sides of the tendons of the Extensor digitorum longus of the second, third, and fourth toes.
Variations.—Accessory slips of origin from the talus and navicular, or from the external cunei-form and third metatarsal bones to the second slip of the muscle, and one from the cuboid to the third slip have been observed. The tendons vary in number and position; they may be reduced to two, or one of them may be doubled, or an additional slip may pass to the little toe. A supernumerary slip ending on one of the metatarsophalangeal articulations, or joining a dorsal interosseous muscle is not uncommon. Deep slips between this muscle and the Dorsal interossei occur.
Nerves.—It is supplied by the deep peroneal nerve.
Actions.—The Extensor digitorum brevis extends the phalanges of the four toes into which it is inserted, but in the great toe acts only on the first phalanx. The obliquity of its direction counteracts the oblique movement given to the toes by the long Extensor, so that when both muscles act, the toes are evenly extended.
5. THE PLANTAR MUSCLES OF THE FOOT
Plantar Aponeurosis (aponeurosis plantaris; plantar fascia).—The plantar aponeurosis is of great strength, and consists of pearly white glistening fibers, disposed, for the most part, longitudinally: it is divided into central, lateral, and medial portions.
The central portion, the thickest, is narrow behind and attached to the medial process of the tuberosity of the calcaneus, posterior to the origin of the Flexor digitorum brevis; and becoming broader and thinner in front, divides near the heads of the metatarsal bones into five processes, one for each of the toes. Each of these processes divides opposite the metatarsophalangeal articulation into two strata, superficial and deep. The superficial stratum is inserted into the skin of the transverse sulcus which separates the toes from the sole. The deeper stratum divides into two slips which embrace the side of the Flexor tendons of the toes, and blend with the sheaths of the tendons, and with the transverse metatarsal ligament, thus forming a series of arches through which the tendons of the short and long Flexors pass to the toes. The intervals left between the five processes allow the digital vessels and nerves and the tendons of the Lumbricales to become superficial. At the point of division of the aponeurosis, numerous transverse fasciculi are superadded; these serve to increase the strength of the aponeurosis at this part by binding the processes together, and connecting them with the integument. The central portion of the plantar aponeurosis is continuous with the lateral and medial portions and sends upward into the foot, at the lines of junction, two strong vertical intermuscular septa, broader in front than behind, which separate the intermediate from the lateral and medial plantar groups of muscles; from these again are derived thinner transverse septa which separate the various layers of muscles in this region. The upper surface of this aponeurosis gives origin behind to the Flexor digitorum brevis.
The lateral and medial portions of the plantar aponeurosis are thinner than the central piece, and cover the sides of the sole of the foot.
The lateral portion covers the under surface of the Abductor digiti quinti; it is thin in front and thick behind, where it forms a strong band between the lateral process of the tuberosity of the calcaneus and the base of the fifth metatarsal bone; it is continuous medially with the central portion of the plantar aponeurosis, and laterally with the dorsal fascia.
The medial portion is thin, and covers the under surface of the Abductor hallucis; it is attached behind to the laciniate ligament, and is continuous around the side of the foot with the dorsal fascia, and laterally with the central portion of the plantar aponeurosis.
The muscles in the plantar region of the foot may be divided into three groups, in a similar manner to those in the hand. Those of the medial plantar region are connected with the great toe, and corrrespond with those of the thumb; those of the lateral plantar region are connected with the little toe, and correspond with those of the little finger; and those of the intermediate plantar region are connected with the tendons intervening between the two former groups. But in order to facilitate the description of these muscles, it is more convenient to divide them into four layers, in the order in which they are successively exposed.
The First Layer
Abductor hallucis.
Flexor digitorum brevis
Abductor digiti quinti.
The Abductor hallucis lies along the medial border of the foot and covers the origins of the plantar vessels and nerves. It arises from the medial process of the tuberosity of the calcaneus, from the laciniate ligament, from the plantar aponeurosis, and from the intermuscular septum between it and the Flexor digitorum brevis. The fibers end in a tendon, which is inserted, together with the medial tendon of the Flexor hallucis brevis, into the tibial side of the base of the first phalanx of the great toe.
Variations.—Slip to the base of the first phalanx of the second toe.
The Flexor digitorum brevis lies in the middle of the sole of the foot, immediately above the central part of the plantar aponeurosis, with which it is firmly united. Its deep surface is separated from the lateral plantar vessels and nerves by a thin layer of fascia. It arises by a narrow tendon, from the medial process of the tuberosity of the calcaneus, from the central part of the plantar aponeurosis, and from the intermuscular septa between it and the adjacent muscles. It passes forward, and divides into four tendons, one for each of the four lesser toes. Opposite the bases of the first phalanges, each tendon divides into two slips, to allow of the passage of the corresponding tendon of the Flexor digitorum longus; the two portions of the tendon then unite and form a grooved channel for the reception of the accompanying long Flexor tendon. Finally, it divides a second time, and is inserted into the sides of the second phalanx about its middle. The mode of division of the tendons of the Flexor digitorum brevis, and of their insertion into the phalanges, is analogous to that of the tendons of the Flexor digitorum sublimis in the hand.
Variations.—Slip to the little toe frequently wanting, 23 per cent.; or it may be replaced by a small fusiform muscle arising from the long flexor tendon or from the Quadratus plantae.
Fibrous Sheaths of the Flexor Tendons.—The terminal portions of the tendons of the long and short Flexor muscles are contained in osseoaponeurotic canals similar in their arrangement to those in the fingers. These canals are formed above by the phalanges and below by fibrous bands, which arch across the tendons, and are attached on either side to the margins of the phalanges. Opposite the bodies of the proximal and second phalanges the fibrous bands are strong, and the fibers are transverse; but opposite the joints they are much thinner, and the fibers are directed obliquely. Each canal contains a mucous sheath, which is reflected on the contained tendons.
The Abductor digiti quinti (Abductor minimi digiti) lies along the lateral border of the foot, and is in relation by its medial margin with the lateral plantar vessels and nerves. It arises, by a broad origin, from the lateral process of the tuberosity of the calcaneus, from the under surface of the calcaneus between the two processes of the tuberosity, from the forepart of the medial process, from the plantar aponeurosis, and from the intermuscular septum between it and the Flexor digitorum brevis. Its tendon, after gliding over a smooth facet on the under surface of the base of the fifth metatarsal bone, is inserted, with the Flexor digiti quinti brevis, into the fibular side of the base of the first phalanx of the fifth toe. 
Variations.—Slips of origin from the tuberosity at the base of the fifth metatarsal. Abductor ossis metatarsi quinti, origin external tubercle of the calcaneus, insertion into tuberosity of the fifth metatarsal bone in common with or beneath the outer margin of the plantar fascia.
The Second Layer
Quadratus plantae
Lumbricales
The Quadratus plantae (Flexor accessorius) is separated from the muscles of the first layer by the lateral plantar vessels and nerve. It arises by two heads, which are separated from each other by the long plantar ligament: the medial or larger head is muscular, and is attached to the medial concave surface of the calcaneus, below the groove which lodges the tendon of the Flexor hallucis longus; the lateral head, flat and tendinous, arises from the lateral border of the inferior surface of the calcaneus, in front of the lateral process of its tuberosity, and from the long plantar ligament. The two portions join at an acute angle, and end in a flattened band which is inserted into the lateral margin and upper and under surfaces of the tendon of the Flexor digitorum longus, forming a kind of groove, in which the tendon is lodged. It usually sends slips to those tendons of the Flexor digitorum longus which pass to the second, third, and fourth toes.
Variations.—Lateral head often wanting; entire muscle absent. Variation in the number of digital tendons to which fibers can be traced. Most frequent offsets are sent to the second, third and fourth toes; in many cases to the fifth as well; occasionally to two toes only.
The Lumbricales are four small muscles, accessory to the tendons of the Flexor digitorum longus and numbered from the medial side of the foot; they arise from these tendons, as far back as their angles of division, each springing from two tendons, except the first. The muscles end in tendons, which pass forward on the medial sides of the four lesser toes, and are inserted into the expansions of the tendons of the Extensor digitorum longus on the dorsal surfaces of the first phalanges.
Variations.—Absence of one or more; doubling of the third or fourth. Insertion partly or wholly into the first phalanges.
The Third Layer
Flexor hallucis brevis.
Adductor hallucis
Flexor digiti quinti brevis
The Flexor hallucis brevis arises, by a pointed tendinous process, from the medial part of the under surface of the cuboid bone, from the contiguous portion of the third cuneiform, and from the prolongation of the tendon of the Tibialis posterior which is attached to that bone. It divides in front into two portions, which are inserted into the medial and lateral sides of the base of the first phalanx of the great toe, a sesamoid bone being present in each tendon at its insertion. The medial portion is blended with the Abductor hallucis previous to its insertion; the lateral portion with the Adductor hallucis; the tendon of the Flexor hallucis longus lies in a groove between them; the lateral portion is sometimes described as the first Interosseous plantaris.
Variations.—Origin subject to considerable variation; it often receives fibers from the calcaneus or long plantar ligament. Attachment to the cuboid sometimes wanting. Slip to first phalanx of the second toe.
The Adductor hallucis (Adductor obliquus hallucis) arises by two heads—oblique and transverse. The oblique head is a large, thick, fleshy mass, crossing the foot obliquely and occupying the hollow space under the first second, third, and fourth metatarsal bones. It arises from the bases of the second, third, and fourth metatarsal bones, and from the sheath of the tendon of the Peronaeus longus, and is inserted, together with the lateral portion of the Flexor hallucis brevis, into the lateral side of the base of the first phalanx of the great toe. The transverse head (Transversus pedis) is a narrow, flat fasciculus which arises from the plantar metatarsophalangeal ligaments of the third, fourth, and fifth toes (sometimes only from the third and fourth), and from the transverse ligament of the metatarsus. It is inserted into the lateral side of the base of the first phalanx of the great toe, its fibers blending with the tendon of insertion of the oblique head.
Variations.—Slips to the base of the first phalanx of the second toe. Opponens hallucis, occasional slips from the adductor to the metatarsal bone of the great toe.
The Abductor, Flexor brevis, and Adductor of the great toe, like the similar muscles of the thumb, give off, at their insertions, fibrous expansions to blend with the tendons of the Extensor digitorum longus.
  The Flexor digiti quinti brevis (Flexor brevis minimi digiti) lies under the metatarsal bone of the little toe, and resembles one of the Interossei. It arises from the base of the fifth metatarsal bone, and from the sheath of the Peronaeus longus; its tendon is inserted into the lateral side of the base of the first phalanx of the fifth toe. Occasionally a few of the deeper fibers are inserted into the lateral part of the distal half of the fifth metatarsal bone; these are described by some as a distinct muscle, the Opponens digiti quinti.
The Fourth Layer
Interossei—The Interossei in the foot are similar to those in the hand, with this exception, that they are grouped around the middle line of the second digit, instead of that of the third. They are seven in number, and consist of two groups, dorsal and plantar.
The Interossei dorsales (Dorsal interossei) four in number, are situated between the metatarsal bones. They are bipenniform muscles, each arising by two heads from the adjacent sides of the metatarsal bones between which it is placed; their tendons are inserted into the bases of the first phalanges, and into the aponeurosis of the tendons of the Extensor digitorum longus. In the angular interval left between the heads of each of the three lateral muscles, one of the perforating arteries passes to the dorsum of the foot; through the space between the heads of the first muscle the deep plantar branch of the dorsalis pedis artery enters the sole of the foot. The first is inserted into the medial side of the second toe; the other three are inserted into the lateral sides of the second, third, and fourth toes.
The Interossei plantares (Plantar interossei)  three in number, lie beneath rather than between the metatarsal bones, and each is connected with but one metatarsal bone. They arise from the bases and medial sides of the bodies of the third, fourth, and fifth metatarsal bones, and are inserted into the medial sides of the bases of the first phalanges of the same toes, and into the aponeuroses of the tendons of the Extensor digitorum longus.
Nerves.—The Flexor digitorum brevis, the Flexor hallucis brevis, the Abductor hallucis, and the first Lumbricalis are supplied by the medial plantar nerve; all the other muscles in the sole of the foot by the lateral plantar. The first Interosseous dorsalis frequently receives an extra filament from the medial branch of the deep peroneal nerve on the dorsum of the foot, and the second Interosseous dorsalis a twig from the lateral branch of the same nerve.
Actions.—All the muscles of the foot act upon the toes, and may be grouped as abductors, adductors, flexors, or extensors. The abductors are the Interossei dorsales, the Abductor hallucis, and the Abductor digiti quinti. The Interossei dorsales are abductors from an imaginary line passing through the axis of the second toe, so that the first muscle draws the second toe medialward, toward the great toe, the second muscle draws the same toe lateralward, and the third and fourth draw the third and fourth toes in the same direction. Like the Interossei in the hand, each assists in flexing the first phalanx and extending the second and third phalanges. The Abductor hallucis abducts the great toe from the second, and also flexes its proximal phalanx. In the same way the action of the Abductor digiti quinti is twofold, as an abductor of this toe from the fourth, and also as a flexor of its proximal phalanx. The adductors are the Interossei plantares and the Adductor hallucis. The Interossei plantares adduct the third, fourth, and fifth toes toward the imaginary line passing through the second toe, and by means of their insertions into the aponeuroses of the Extensor tendons they assist in flexing the proximal phalanges and extending the middle and terminal phalanges. The oblique head of the Adductor hallucis is chiefly concerned in adducting the great toe toward the second one, but also assists in flexing this toe; the transverse head approximates all the toes and thus increases the curve of the transverse arch of the metatarsus. The flexors are the Flexor digitorum brevis, the Quadratus plantae, the Flexor hallucis brevis, the Flexor digiti quinti brevis, and the Lumbricales. The Flexor digitorum brevis flexes the second phalanges upon the first, and, continuing its action, flexes the first phalanges also, and brings the toes together. The Quadratus plantae assists the Flexor digitorum longus and converts the oblique pull of the tendons of that muscle into a direct backward pull upon the toes. The Flexor digiti quinti brevis flexes the little toe and draws its metatarsal bone downward and medialward. The Lumbricales, like the corresponding muscles in the hand, assist in flexing the proximal phalanges, and by their insertions into the tendons of the Extensor digitorum longus aid that muscle in straightening the middle and terminal phalanges. The Extensor digitorum brevis extends the first phalanx of the great toe and assists the long Extensor in extending the next three toes, and at the same time gives to the toes a lateral direction when they are extended.
Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· extensor digitorum longus muscle

· tibialis anterior muscle

· extensor hallucis brevis muscle

· fibularis longus muscle

· fibularis brevis muscle 

· gastrocnemius muscle

· soleus muscle

· flexor digitorum longus muscle

· tibialis posterior muscle

· flexor hallucis longus muscle

· extensor digitorum brevis muscle

· flexor hallucis brevis muscle

· plantar quadrate muscle

· flexor digitorum brevis muscle

· lumbrical muscles

· abductor hallucis muscle

· adductor hallucis muscle

· abductor digiti minimi muscle

· flexor digiti minimi brevis muscle

· fascia lata

· adductor canal

· popliteal space

· superior extensor retinaculum

· superior extensor retinaculum

· flexor retinaculum

· superior fibular retinakulum

· inferior extensor retinaculum

· plantar aponeurosis

Self-taught class 11. The general myology. The muscles and fasciae of the head.

The aim: to learn the peculiarities, classification, accessory structures of muscles; to learn the muscles and fasciae of the head.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations on the internal organs and extremities.
The plan of the self-taught class:

A. Revise the evolution of the muscular system.
B. Learn the structure of striated, non-striated and cardiac muscular tissues.

C. Learn the structure, blood- and nerve-supply of the muscles.

D. Learn the classification of the accessory apparatus of muscles.

E. View the embryonic development of the muscular system.

F. Learn the classification, structure and functions of the muscles of head.

G. Learn the fasciae of the head.

See also practice class “Review of myology. The muscles and fasciae of the head.”

Self-taught class 12. The muscles and fasciae of the back.

The aim: to learn the peculiarities, classification, accessory structures of muscles of the back.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations on the internal organs and extremities.
The plan of the self-taught class:
A. Learn the concept of autochtonous muscles.

B. Learn the suboccipital muscles, their origin, insertion and action.

C. Learn the structure of the muscles of the back; their origin, insertion and action.

D. Learn the formation of the auscultative, upper and lower lumbar trigones, find out their clinical importance.
The Deep Muscles of the Back
The deep or intrinsic muscles of the back  consist of a complex group of muscles extending from the pelvis to the skull. They are:

Splenius capitis.

Multifidus.

Splenius cervicis.

Rotatores.

Sacrospinalis.

Interspinales.

Semispinalis.

Intertransversarii.

The Lumbodorsal Fascia (fascia lumbodorsalis; lumbar aponeurosis and vertebral fascia).—The lumbodorsal fascia is a deep investing membrane which covers the deep muscles of the back of the trunk. Above, it passes in front of the Serratus posterior superior and is continuous with a similar investing layer on the back of the neck—the nuchal fascia.
In the thoracic region the lumbodorsal fascia is a thin fibrous lamina which serves to bind down the Extensor muscles of the vertebral column and to separate them from the muscles connecting the vertebral column to the upper extremity. It contains both longitudinal and transverse fibers, and is attached, medially, to the spinous processes of the thoracic vertebrae; laterally to the angles of the ribs.

In the lumbar region the fascia (lumbar aponeurosis) is in two layers, anterior and posterior. The posterior layer is attached to the spinous processes of the lumbar and sacral vertebrae and to the supraspinal ligament; the anterior layer is attached, medially, to the tips of the transverse processes of the lumbar vertebrae and to the intertransverse ligaments, below, to the iliolumbar ligament, and above, to the lumbocostal ligament. The two layers unite at the lateral margin of the Sacrospinalis, to form the tendon of origin of the Transversus abdominis. The aponeurosis of origin of the Serratus posterior inferior and the Latissimus dorsi are intimately blended with the lumbodorsal fascia.

The Splenius capitis arises from the lower half of the ligamentum nuchae, from the spinous process of the seventh cervical vertebra, and from the spinous processes of the upper three or four thoracic vertebrae. The fibers of the muscle are directed upward and lateralward and are inserted, under cover of the Sternocleidomastoideus, into the mastoid process of the temporal bone, and into the rough surface on the occipital bone just below the lateral third of the superior nuchal line.

The Splenius cervicis (Splenius colli) arises by a narrow tendinous band from the spinous processes of the third to the sixth thoracic vertebrae; it is inserted, by tendinous fasciculi, into the posterior tubercles of the transverse processes of the upper two or three cervical vertebrae.

Variations.—The origin is frequently moved up or down one or two vertebrae. Accessory slips are occasionally found.

Nerves.—The Splenii are supplied by the lateral branches of the posterior divisions of the middle and lower cervical nerves.

Actions.—The Splenii of the two sides, acting together, draw the head directly backward, assisting the Trapezius and Semispinalis capitis; acting separately, they draw the head to one side, and slightly rotate it, turning the face to the same side. They also assist in supporting the head in the erect position.

The Sacrospinalis (Erector spinae) and its prolongations in the thoracic and cervical regions, lie in the groove on the side of the vertebral column. They are covered in the lumbar and thoracic regions by the lumbodorsal fascia, and in the cervical region by the nuchal fascia. This large muscular and tendinous mass varies in size and structure at different parts of the vertebral column. In the sacral region it is narrow and pointed, and at its origin chiefly tendinous in structure. In the lumbar region it is larger, and forms a thick fleshy mass which, on being followed upward, is subdivided into three columns; these gradually diminish in size as they ascend to be inserted into the vertebrae and ribs.

The Sacrospinalis arises from the anterior surface of a broad and thick tendon, which is attached to the medial crest of the sacrum, to the spinous processes of the lumbar and the eleventh and twelfth thoracic vertebrae, and the supraspinal ligament, to the back part of the inner lip of the iliac crests and to the lateral crests of the sacrum, where it blends with the sacrotuberous and posterior sacroiliac ligaments. Some of its fibers are continuous with the fibers of origin of the Glutaeus maximus. The muscular fibers form a large fleshy mass which splits, in the upper lumbar region into three columns, viz., a lateral, the Iliocostalis, an intermediate, the Longissimus, and a medial, the Spinalis. Each of these consists from below upward, of three parts, as follows:

Lateral Column.
Intermediate Column.
Medial Column.
Iliocostalis.

Longissimus.

Spinalis.

(a) I. lumborum.

(a) L. dorsi.

(a) S. dorsi.

(b) I. dorsi.

(b) L. cervicis.

(b) S. cervicis.

(c) I. cervicis.

(c) L. capitis.

(c) S. capitis.

The Iliocostalis lumborum (Iliocostalis muscle; Sacrolumbalis muscle) is inserted, by six or seven flattened tendons, into the inferior borders of the angles of the lower six or seven ribs.

The Iliocostalis dorsi (Musculus accessorius) arises by flattened tendons from the upper borders of the angles of the lower six ribs medial to the tendons of insertion of the Iliocostalis lumborum; these become muscular, and are inserted into the upper borders of the angles of the upper six ribs and into the back of the transverse process of the seventh cervical vertebra.

The Iliocostalis cervicis (Cervicalis ascendens) arises from the angles of the third, fourth, fifth, and sixth ribs, and is inserted into the posterior tubercles of the transverse processes of the fourth, fifth, and sixth cervical vertebrae.

The Longissimus dorsi is the intermediate and largest of the continuations of the Sacrospinalis. In the lumbar region, where it is as yet blended with the Iliocostalis lumborum, some of its fibers are attached to the whole length of the posterior surfaces of the transverse processes and the accessory processes of the lumbar vertebrae, and to the anterior layer of the lumbodorsal fascia. In the thoracic region it is inserted, by rounded tendons, into the tips of the transverse processes of all the thoracic vertebrae, and by fleshy processes into the lower nine or ten ribs between their tubercles and angles.

The Longissimus cervicis (Transversalis cervicis), situated medial to the Longissimus dorsi, arises by long thin tendons from the summits of the transverse processes of the upper four or five thoracic vertebrae, and is inserted by similar tendons into the posterior tubercles of the transverse processes of the cervical vertebrae from the second to the sixth inclusive.

The Longissimus capitis (Trachelomastoid muscle) lies medial to the Longissimus cervicis, between it and the Semispinalis capitis. It arises by tendons from the transverse processes of the upper four or five thoracic vertebrae, and the articular processes of the lower three or four cervical vertebrae, and is inserted into the posterior margin of the masto

id process, beneath the Splenius capitis and Sternocleidomastoideus. It is almost always crossed by a tendinous intersection near its insertion.

The Spinalis dorsi, the medial continuation of the Sacrospinalis, is scarcely separable as a distinct muscle. It is situated at the medial side of the Longissimus dorsi, and is intimately blended with it; it arises by three or four tendons from the spinous processes of the first two lumbar and the last two thoracic vertebrae: these, uniting, form a small muscle which is inserted by separate tendons into the spinous processes of the upper thoracic vertebrae, the number varying from four to eight. It is intimately united with the Semispinalis dorsi, situated beneath it.

The Spinalis cervicis (Spinalis colli) is an inconstant muscle, which arises from the lower part of the ligamentum nuchae, the spinous process of the seventh cervical, and sometimes from the spinous processes of the first and second thoracic vertebrae, and is inserted into the spinous process of the axis, and occasionally into the spinous processes of the two vertebrae below it.

The Spinalis capitis (Biventer cervicis) is usually inseparably connected with the Semispinalis capitis (see below).

The Semispinalis dorsi consists of thin, narrow, fleshy fasciculi, interposed between tendons of considerable length. It arises by a series of small tendons from the transverse processes of the sixth to the tenth thoracic vertebrae, and is inserted.
The suboccipital group comprises

Rectus capitis posterior major
Rectus capitis posterior minor
Obliquus capitis inferior.
Obliquus capitis superior
The Rectus capitis posterior major (Rectus capitis posticus major) arises by a pointed tendon from the spinous process of the axis, and, becoming broader as it ascends, is inserted into the lateral part of the inferior nuchal line of the occipital bone and the surface of the bone immediately below the line. As the muscles of the two sides pass upward and lateralward, they leave between them a triangular space, in which the Recti capitis posteriores minores are seen.
The Rectus capitis posterior minor (Rectus capitis posticus minor) arises by a narrow pointed tendon from the tubercle on the posterior arch of the atlas, and, widening as it ascends, is inserted into the medial part of the inferior nuchal line of the occipital bone and the surface between it and the foramen magnum.
The Obliquus capitis inferior (Obliquus inferior), the larger of the two Oblique muscles, arises from the apex of the spinous process of the axis, and passes lateralward and slightly upward, to be inserted into the lower and back part of the transverse process of the atlas.
The Obliquus capitis superior (Obliquus superior), narrow below, wide and expanded above, arises by tendinous fibers from the upper surface of the transverse process of the atlas, joining with the insertion of the preceding. It passes upward and medialward, and is inserted into the occipital bone, between the superior and inferior nuchal lines, lateral to the Semispinalis capitis.
The Suboccipital Triangle.—Between the Obliqui and the Rectus capitis posterior major is the suboccipital triangle. It is bounded, above and medially, by the Rectus capitis posterior major; above and laterally, by the Obliquus capitis superior; below and laterally, by the Obliquus capitis inferior. It is covered by a layer of dense fibro-fatty tissue, situated beneath the Semispinalis capitis. The floor is formed by the posterior occipito-atlantal membrane, and the posterior arch of the atlas. In the deep groove on the upper surface of the posterior arch of the atlas are the vertebral artery and the first cervical or suboccipital nerve.
Nerves.—The deep muscles of the back and the suboccipital muscles are supplied by the posterior primary divisions of the spinal nerves.
Actions.—The Sacrospinalis and its upward continuations and the Spinales serve to maintain the vertebral column in the erect posture; they also serve to bend the trunk backward when it is required to counterbalance the influence of any weight at the front of the body—as, for instance, when a heavy weight is suspended from the neck, or when there is any great abdominal distension, as in pregnancy or dropsy; the peculiar gait under such circumstances depends upon the vertebral column being drawn backward, by the counterbalancing action of the Sacrospinales. The muscles which form the continuation of the Sacrospinales on to the head and neck steady those parts and fix them in the upright position. If the Iliocostalis lumborum and Longissimus dorsi of one side act, they serve to draw down the chest and vertebral column to the corresponding side. The Iliocostales cervicis, taking their fixed points from the cervical vertebrae, elevate those ribs to which they are attached; taking their fixed points from the ribs, both muscles help to extend the neck; while one muscle bends the neck to its own side. When both Longissimi cervicis act from below, they bend the neck backward. When both Longissimi capitis act from below, they bend the head backward; while, if only one muscle acts, the face is turned to the side on which the muscle is acting, and then the head is bent to the shoulder. The two Recti draw the head backward. The Rectus capitis posterior major, owing to its obliquity, rotates the skull, with the atlas, around the odontoid process, turning the face to the same side. The Multifidus acts successively upon the different parts of the column; thus, the sacrum furnishes a fixed point from which the fasciculi of this muscle acts upon the lumbar region; which in turn becomes the fixed point for the fasciculi moving the thoracic region, and so on throughout the entire length of the column. The Multifidus also serves to rotate the column, so that the front of the trunk is turned to the side opposite to that from which the muscle acts, this muscle being assisted in its action by the Obliquus externus abdominis. The Obliquus capitis superior draws the head backward and to its own side. The Obliquus inferior rotates the atlas, and with it the skull, around the odontoid process, turning the face to the same side. When the Semispinales of the two sides act together, they help to extend the vertebral column; when the muscles of only one side act, they rotate the thoracic and cervical parts of the column, turning the body to the opposite side. The Semispinales capitis draw the head directly backward; if one muscle acts, it draws the head to one side, and rotates it so that the face is turned to the opposite side. The Interspinales by approximating the spinous processes help to extend the column. The Intertransversarii approximate the transverse processes, and help to bend the column to one side. The Rotatores assist the Multifidus to rotate the vertebral column, so that the front of the trunk is turned to the side opposite to that from which the muscles act.
Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· trapezius muscle

· latissimus dorsi muscle

· rhomboid major muscle

· levator scapulae muscle

· serratus posterior interior muscle

· serratus posterior superior muscle

· erector spinae muscle

Self-taught class 13. The topography of the upper and lower extremity.
The aim: to learn the peculiarities of topographic structures of upper and lower extremities; to learn what are the boundaries of the fosses, canals, trigones, foramina, lacunae and other topographic structures where vessels and nerves of the extremities pass.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations on the extremities.
The plan of the self-taught class:
A. Revise the classification and structure of the muscles of upper and lower extremities.

B. Learn the axillary fossa.

C. Learn the formation of the trilateral and quadrilateral foramina, the humeromuscular canal.

D. Learn the cubital fossa.

E. Learn the ulnar, radial and median sulci of the forearm.

F. Learn the structure and topography of flexor and extensor retinaculum

G. Learn the structure of the carpal canal, find out its clinical importance.

H. Learn the structure of topographic foramina of pelvis.

I. Learn the topographic structures of thigh (vvascular and muscular lacunae, femoral trigone and canal, adductor canal, popliteal fossa).

J. Learn the topographic structures of leg and foot (cruropopliteal, superior and inferior musculoperoneous canals, medial and lateral plantar sulci).

See also practice classes “The muscles and fasciae of the shoulder girdle and arm”, “The muscles of forearm”, “The muscles of hand. The synovial vaginas of the hand. The topography of the upper extremity”, “The muscles and fasciae of the pelviс region and thigh. The femoral canal”, “The muscles and fasciae on the leg and foot. The topography of lower extremity.”

Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· adductor canal

· popliteal space

· superior extensor retinaculum

· superior extensor retinaculum

· flexor retinaculum

· superior fibular retinakulum

· inferior extensor retinaculum

· plantar aponevrosis

Self-taught class 14. The auxiliary apparatus of the muscles. The synovial vaginas of the extremities.

The aim: to learn the structural peculiarities of fasciae of arm, forearm, thigh, leg; to define the auxillary apparatus of muscles of the extremities; to find out the clinical importance of fascial spaces and compartments of extremities.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations on the extremities.
The plan of the self-taught class:
A. Learn the classification of the fasciae of the arm.

B. Learn the classification of the fasciae of the forearm.

C. Learn the classification of the fasciae of the hand.

D. Learn the structure of the synovial vagina of the long head of the biceps muscle of arm.

E. Learn the structure of the synovial vaginas of the hand, find out their clinical importance.

F. Learn the classification of the fasciae of the thigh.

G. Learn the classification of the fasciae of the leg.

H. Learn the classification of the fasciae of the foot.

I. Learn the structure of the synovial vaginas of muscles of the lower extremity.

Written tests on myology

I. Questions for self-check

Muscles of the Torso 

____________ -> prime mover of back extension; consists of 3 muscle columns 

____________ -> the major spine flexor; runs vertically in front of the abdomen 

____________ -> prime mover for shoulder abduction 

____________ -> a single muscle below the lungs that assists with breathing 

____________ -> insertion point for the pectoralis major and latissimus dorsi 

____________ -> kite-shaped muscle of the upper back that raises the shoulder 

____________ -> pair of deep muscles that pull the scapula to the vertebrae 

____________ -> origin of both the trapezius and the latissimus dorsi 

____________ -> the most external muscle on the lateral wall of the abdomen 

____________ -> prime mover for shoulder flexion and adduction 

Arm Muscles 

____________ -> attaches to the anterior side of the hand 

____________ -> twists the forearm bones so that the palm is face down 

____________ -> muscle on the upper arm beneath the biceps 

____________ -> prime movers when you bend the fingers to make a fist 

____________ -> twists the forearm bones so that the palm is face up 

____________ -> straightens out the index finger 

____________ -> flexes the elbow 

____________ -> extends the elbow 

____________ -> found on the anterior side of the forearm 

____________ -> pulls the thumb back 

Leg Muscles 

The ________ is superior to the gluteus maximus and is used as an injection site. 

________________ is the group of 4 muscles on the anterior portion of the thigh. 

________________ is the group of 3 muscles on the posterior portion of the thigh. 

The __________________ is a thin, superficial muscle of the medial thigh. 

The _______________ is located deep with respect to the rectus femoris. 

The ____________ is located on the back of the lower leg.

II. Tests on basic theory

Exercises:

1. A thyroid mass usually moves with swallowing because the thyroid gland is enclosed by which of the following fascia?

A. Carotid sheath

B. Investing layer of the deep cervical fascia

C. Pretracheal fascia

D. Prevertebral fascia

E. Superficial fascia

Explanation:

The correct answer is C. The pretracheal layer of the cervical fascia runs from the investing layers in both sides of the lateral neck and splits to enclose the thyroid gland. Superiorly, it attaches to the laryngeal cartilages; inferiorly, it fuses with the pericardium. As a result of these connections, the thyroid gland moves with laryngeal movements.

The carotid sheath (choice A) contains the vagus nerve, internal jugular vein, carotid artery, and lymph nodes.

The investing layer of the deep cervical fascia (choice B) splits to enclose the trapezius and sternocleidomastoid muscles.

The prevertebral fascia (choice D) covers muscles arising from the vertebrae.

The superficial fascia (choice E) is immediately deep to the platysma muscle.

2. A 61-year-old Cambodian immigrant is diagnosed with spinal tuberculosis. The man develops a flocculent, red, tender bulge on one flank, with a similar bulge in the groin on the same side. This presentation is likely due to spread of infection along the fascia of a muscle with which of the following actions at the hip?

A. Abduction

B. Adduction

C. Extension

D. Flexion

E. Internal rotation

Explanation:

The correct answer is D. The muscle involved is the psoas major. The abscess in the groin is called a "psoas abscess," because it occurs after a spinal infection (classically tuberculosis) spreads along the psoas sheath. The principal action of the psoas muscle is to flex the thigh at the hip. It also has minimal action in external rotation of the hip.

Abductors (choice A) of the hip include the gluteus medius and gluteus maximus.

Adductors (choice B) of the hip include the adductors longus, brevis, and magnus.

Extensors (choice C) of the hip include gluteus maximus.

Internal (medial) rotators (choice E) of the hip include gluteus minimus, pectineus, and gracilis.

3. A physician asks a patient to hold her right upper arm close to her lateral chest wall, and bend the arm at the elbow so that the palm is facing upward. The physician then directs the patient to turn her hand so that the palm faces downward, without bending her wrist. This maneuver causes discomfort to the patient, which the physician notes as pain on

A. abduction of the forearm

B. adduction of the forearm

C. flexion of the forearm

D. pronation of the forearm

E. supination of the forearm

Explanation:

The correct answer is D. When the forearm is rotated from anatomic position so that the palm faces posteriorly, the forearm is said to be pronated.

Abduction (choice A) raises the arm to a horizontal position away from the body; adduction (choice B) is the reverse.

Flexion (choice C) brings the arm or forearm forward, in front of the plane of the body.

Rotation of the forearm so that the palm faces forward (i.e., into anatomic position) is

referred to as supination (choice E).

4. A 43-year-old man presents complaining of pain in the groin. On examination, his physician palpates a bulge in the region of the superficial inguinal ring, which he diagnoses as a direct inguinal hernia. The hernial sac most likely 

A. is covered by all three layers of the spermatic fascia

B. passes medial to the inferior epigastric artery

C. passes medial to the lateral border of the rectus abdominis muscle

D. passes posterior to the inguinal ligament

E. passes through the deep inguinal ring

Explanation:

The correct answer is B. Direct inguinal hernias enter the inguinal canal by tearing through the posterior wall of that structure. The typical location for this type of hernia is through the inguinal triangle, bounded laterally by the inferior epigastric artery, medially by the lateral border of the rectus abdominis, and inferiorly by the inguinal ligament. Direct inguinal hernias pass medial to the inferior epigastric artery, whereas indirect inguinal hernias pass lateral to the inferior epigastric artery because the deep inguinal ring is lateral to the artery.

Indirect inguinal hernias are covered by all three layers of the spermatic fascia (choice A). Direct inguinal hernias are covered by fewer than all three layers because the direct inguinal hernia tears through one or more layers of fascia as it emerges though the abdominal wall.

The lateral border of the rectus abdominis muscle (choice C) forms the medial border of the inguinal triangle. All inguinal hernias pass lateral to the rectus abdominis.

Femoral hernias pass posterior to the inguinal ligament (choice D). Inguinal hernias emerge through the superficial inguinal ring, which is superior to the inguinal ligament. Inguina hernias that descend below the inguinal ligament pass anterior to the ligament.

Indirect inguinal hernias pass through the deep inguinal ring (choice E); direct inguinal hernias do not. Both types of inguinal hernias pass through the superficial inguinal ring.

5. To evaluate hypoglossal nerve function, a neurologist asks her patient to protrude his tongue. On doing so, his tongue deviates to the right side. This finding results from paralysis of which of the following muscles?

A. Left genioglossus

B. Left hyoglossus

C. Left palatoglossus

D. Right genioglossus

E. Right hyoglossus

F. Right palatoglossus

Explanation:

The correct answer is D. The genioglossus muscle is innervated by the hypoglossal nerve. The function of the genioglossus muscle is to pull the tongue forward (protrude) and toward the opposite side. When the right genioglossus muscle is paralyzed, the left genioglossus muscle pulls the tongue forward and to the right.

If the left genioglossus muscle were paralyzed (choice A), the tongue would deviate toward the left on protrusion because of the unopposed action of the right genioglossus muscle. The left genioglossus muscle is innervated by the left hypoglossal nerve.

The hyoglossus muscles (choices B and E) are innervated by the hypoglossal nerves. The function of these muscles is to retract the tongue. These muscles are not active during protrusion of the tongue.

The palatoglossus muscles (choices C and F) are innervated by the vagus nerves, rather than the hypoglossal nerves. Their function is to pull the tongue back (retract) and upward toward the palate.

6. A 51-year-old supermarket cashier begins to have difficulty working, sometimes ringing up the wrong amount because her right hand feels "weak." She also notes that her right hand sometimes feels numb after working for long periods of time. Physical examination reveals loss of sensation on the palmar aspect of her thumb and first two fingers, as well as atrophy of the thenar eminence on her right hand. The nerve most likely injured in this patient also innervates which of the following muscles?

A. Adductor pollicis

B. Extensor digitorum

C. Extensor pollicis longus

D. Flexor carpi ulnaris

E. Flexor digitorum superficialis

Explanation:

The correct answer is E. The nerve is the median nerve, which can be damaged by repetitive minor trauma (e.g., typing or using a cash register) as it passes under the flexor retinaculum. Inflammation causes tissue swelling, producing "carpal tunnel syndrome," and entrapping the nerve. The median nerve supplies sensation to the anterior forearm and the palmar aspect of the thumb and adjacent 2-and-one-half fingers. It supplies motor function to all of the anterior forearm muscles (including the flexor digitorum superficialis) except the flexor carpi ulnaris (supplied by the ulnar nerve) and one half of the flexor digitorum profundus (supplied by the ulnar nerve). The median nerve also supplies the thenar muscles and the lateral lumbricals.

The adductor pollicis (choice A) is supplied by the ulnar nerve.

The extensors digitorum (choice B) are supplied by the radial nerve.

The extensor pollicis longus (choice C) is supplied by the radial nerve.

The flexor carpi ulnaris (choice D) is supplied by the ulnar nerve.

7. A hunter got his foot caught in a bear trap. The emergency room physician evaluating the patient notes that a tendon that inserts onto the plantar surface of the base of the distal 3rd phalanx has been severed. The patient is no longer able to plantar flex that toe. This tendon arises from a muscle that originates from which of the following structures?

A. Distal 1/3 of the anterior surface of the fibula

B. Distal 2/3 of the lateral surface of the fibula

C. Head and proximal 2/3 of the lateral surface of the fibula

D. Middle 1/2 of the anterior surface of the fibula

E. Posterior surface of the middle 3/5 of tibia

Explanation:

The correct answer is E. The muscle is the flexor digitorum longus. This muscle arises from the posterior surface of the middle 3/5 of the tibia, passes under the medial aspect of the ankle, and forms four tendons in the sole of the foot that insert into the bases of the distal phalanges of the 2nd-5th toes. This muscle acts to flex the toes and foot, and to invert the foot at the ankle.

Choice A describes the origin of peroneus tertius. This muscle acts to extend the foot at the ankle joint, and evert the foot at the subtalar and transverse tarsal joints.

Choice B describes the origin of peroneus brevis. This muscle acts to plantar flex the foot at the ankle joint, and evert the foot at the subtalar and transverse tarsal joints.

Choice C describes the origin of peroneus longus. This muscle acts to plantar flex the foot at the ankle joint, and evert the foot at the subtalar and transverse tarsal joints.

Choice D describes the origin of extensor hallucis longus. This muscle acts to extend the great toe and extend the foot at the ankle.

8. One week following a sexual encounter at a ski resort in Colorado, a young woman develops a painful, swollen knee joint. The emergency room doctor suspects gonococcal arthritis and wants to confirm this by sending joint fluid for bacterial culture. He uses the standard suprapatellar approach and passes a needle from the lateral aspect of the thigh into the region immediately proximal to the patella. Through which of the following muscles does the needle pass?

A. Adductor magnus

B. Gracilis

C. Iliacus

D. Sartorius

E. Vastus lateralis

Explanation:

The correct answer is E. This route passes through the vastus lateralis to penetrate the knee joint via the suprapatellar bursa, allowing aspiration of joint fluid for culture. The vastus lateralis, together with the vastus medialis, vastus intermedius and rectus femoris, form the quadriceps muscle.

The adductor magnus (choice A) is on the inner and anterior aspect of the upper thigh.

The gracilis (choice B) is on the inner aspect of the thigh.

The iliacus (choice C) is on the lateral, proximal aspect of the thigh.

The sartorius (choice D) passes diagonally from the lateral hip to the medial knee.

9. An inflammatory process in the temporal bone has resulted in a swelling of the facial nerve within the facial canal. Which muscle may be paralyzed as a result of this compression?

A. Anterior belly of the digastric

B. Geniohyoid

C. Stapedius

D. Stylopharyngeus

E. Masseter

Explanation:

The correct answer is C. The stapedius muscle is innervated by the facial nerve. This muscle is located in the middle ear and attaches to the neck of the stapes. Contraction of the stapedius reduces the amplitude of oscillation of the stapes and thus reduces the perceived loudness of a sound. Paralysis of this muscle may result in hyperacusis.

The anterior belly of the digastric muscle (choice A) is a muscle in the floor of the mouth that is innervated by the mandibular division of the trigeminal nerve.

The geniohyoid muscle (choice B) is one of the suprahyoid muscles in the neck. This muscle is innervated by C1 spinal nerve fibers that travel for a short distance with the hypoglossal nerve.

The stylopharyngeus muscle (choice D) is one of the longitudinal muscles of the pharynx that acts to elevate the pharynx. It is innervated by the glossopharyngeal nerve.

The masseter muscle (choice E) is one of the muscles of mastication. All of the muscles of mastication are innervated by the mandibular division of the trigeminal nerve.

10. A 68-year-old hypertensive man suffers a small stroke and is hospitalized. After discharge, he is seen by a neurologist. On physical examination, the man is unable to touch the tip of his tongue to the roof of his mouth. Dysfunction of which of the following muscles would be most likely to produce this result?

A. Buccinator

B. Geniohyoid

C. Palatoglossus

D. Palatopharyngeus

E. Tensor palati

Explanation:

The correct answer is C. Elevation of the tongue is carried out by the styloglossus (innervated by the hypoglossal nerve, CN XII) and the palatoglossus (innervated by the pharyngeal plexus).

The buccinator (choice A) functions in storing, filling, and emptying the vestibule.

The geniohyoid (choice B) moves the hyoid anteriorly to open the pharynx.

The palatopharyngeus (choice D) produces a "stripping wave" on the posterior pharyngeal wall.

The tensor palati (choice E) tenses the soft palate.

11. A 24-year-old construction worker presents to his physician after an injury on the job. Physical examination is remarkable for marked flexion of the ring and little fingers of the left hand. Which of the following additional findings would most likely be found on physical examination?

A. Loss of sensation on the back of the thumb

B. Loss of sensation on the palmar side of the forefinger

C. Wasting of the dorsal interosseous muscles

D. Wasting of the thenar eminence

E. Wrist drop

Explanation:

The correct answer is C. Clawing of the ring, forefinger and little fingers is characteristic of an ulnar nerve lesion. Ulnar nerve lesions can also produce wasting of the hypothenar eminence and dorsal interosseous muscles. The latter causes "guttering" between the extensor tendons on the back of the hand. Ulnar lesions also cause loss of sensation to the back of the little finger and half of the ring finger.

Sensation on the back of the thumb (choice A) is provided by the radial nerve.

Sensation on the palmar side of the forefinger (choice B) is provided by the median nerve.

Wasting of the thenar eminence (choice D) is associated with lesions of the median nerve.

"Wrist drop" (choice E) is associated with lesions of the radial nerve.

1. All of the following muscles take origin from the lateral epicondyle of the humerus, EXCEPT: 

A. extensor digitorum 

B. *extensor digiti minimi 

C. extensor carpi ulnaris 

D. extensor carpi radialis brevis 

E. extensor carpi radialis longus 

2. The following muscles originate within the pelvis, EXCEPT: 

A. piriformis 

B. obturator internus 

C. iliacus 

D. *sphincter urethrae 

E. coccygeus 

3. Structures contained within the submandibular triangle include all of the following, EXCEPT:

A. lingual N 

B. *common carotid A 

C. facial A 

D. submandibular gland 

E. hypoglossal N 

4. All of the following attach to the atlas, EXCEPT: 

A. levator scapulae M 

B. obliquus capitis inferior M 

C. rectus capitis posterior minor M 

D. rectus capitis anterior M 

E. *scalenus posterior M 

5. Which muscle is not a medial rotator of the arm? 

A. pectoralis major 

B. latissimus dorsi 

C. subscapularis 

D. deltoid 

E. *supraspinatus 

6. Which of the following statements is true for the pectoralis major muscle? 

A. arises from the humerus 

B. inserts into the bony ribs 

C. abducts the arm 

D. innervated by the median nerve 

E. *none of the above 

7. All of the following muscles extend the wrist, EXCEPT: 

A. extensor carpi radialis longus 

B. extensor carpi radialis brevis 

C. extensor carpi ulnaris 

D. extensor digitorum 

E. *brachioradialis 

8. A radiograph of a young child shows a fracture of the clavicle at the junction of the lateral and middle thirds. The medial and lateral fragments are tilted upward and downward, respectively. Upward displacement of the medial half is caused by which of the following muscles? 

A. deltoid 

B. trapezius 

C. subclavius 

D. *sternocleidomastoid 

E. pectoralis major 

9. All the following are true concerning the adductor canal, EXCEPT: 

A. it begins at the apex of the femoral triangle 

B. it is bounded by the sartorius M. anteriorly 

C. it is bounded by the vastus medialis M. laterally 

D. it is bounded by the adductor longus M. medially 

E. *it transmits only structures found within the femoral sheath 

10. Arrange the following structures of the plantar surface of the foot from superficial to deep. 

(i) adductor hallucis M. (transverse head)

(ii) plantar aponeurosis

(iii) interossei muscles

(iv) abductor hallucis M.

(v) quadratus plantae M.

A. 2-5-4-3-1 

B. *2-4-5-1-3 

C. 5-2-4-1-3 

D. 4-2-5-3-1 

E. 5-2-4-3-2 

11. All the following muscles have an insertion on the radius, EXCEPT: 

A. supinator 

B. pronator quadratus 

C. pronator teres 

D. biceps brachii 

E. *brachialis 

12. A patient is found to have pus in the midpalmar space. The space is 

A. the space around the hypothenar muscles 

B. the space around the thenar muscles 

C. the synovial sheath for the flexor pollicis longus tendon 

D. the ulnar bursa 

E. *a space lying medial to a fibrous septum attaching the palmar 

F. aponeurosis to the third metacarpal bone 

13. All of the following muscles are attached to the medial border of the scapula,EXCEPT: 

A. *levator scapulae 

B. rhomboideus major 

C. teres major 

D. serratus anterior 

E. rhomboideus minor 

14. Based on their bony attachments, all the following back muscles are part of a transverse-spinalis group, EXCEPT: 

A. multifidi 

B. rotatores 

C. semispinalis cervicis 

D. obliquus capitis inferior 

E. *splenius capitis 

15. Which statement is true about the scapula? 

A. The root of the spine (spina scapulae) is located at T-5 vertebral level. 

B. The superior angle is located at T-1 vertebral level. 

C. *The suprascapular artery passes through the scapular notch below the superior transverse scapular ligament. 

D. The infraglenoid tubercle is a point of attachment for the long head of the biceps M. 

E. The subscapular fossa is on the dorsal surface. 

16. Which muscle is not a contributor to the "rotator" cuff of the shoulder? 

A. teres major 

B. teres minor 

C. infraspinatus 

D. *supraspinatus 

E. subscapularis 

17. The distal phalanx of the middle finger is flexed by: 

A. lumbrical 

B. dorsal interosseous 

C. flexor digitorum superficialis 

D. *flexor digitorum profundus 

E. palmar interosseous 

18. All the following muscles have their origin from the spinous processes of the cervical vertebrae, EXCEPT: 

A. rectus capitis posterior major 

B. splenius capitis 

C. *obliquus capitis superior 

D. obliquus capitis inferior 

E. splenius cervicis

19. The muscle attached to the whole length of the caudal (inferior) lip of the scapular spine is the: 

A. trapezius 

B. serratus anterior 

C. rhomboideus major 

D. *deltoid 

E. infraspinatus

20. All of the following muscles act across two or more joints EXCEPT: 

A. long head of triceps brachii 

B. biceps brachii 

C. flexor carpi radialis 

D. *brachioradialis 

E. flexor carpi ulnaris   

21. All of the following muscles originate, at least in part, from the medial epicondyle of the humerus, EXCEPT: 

A. flexor carpi ulnaris 

B. flexor digitorum superficialis 

C. *flexor pollicis longus 

D. pronator teres 

E. flexor carpi radalis 

22. All of the following statements about the diaphragm are correct EXCEPT: 

A. The crura attach to bodies of lumbar vertebrae. 

B. *The azygos vein passes through the esophageal opening. 

C. The medial arcuate ligament bridges the psoas major M. 

D. The inferior phrenic arteries are branches of the abdominal aorta. 

E. Venous drainage is into the inferior vena cava, internal thoracic, and azygos veins. 

23. All of the following muscle(s) attach to the calcaneus, EXCEPT: 

A. extensor digitorium brevis M. 

B. flexor digitorium brevis M. 

C. *flexor hallucis brevis M. 

D. quadratus plantae M. 

E. abductor hallicus M. 

24. The most anterior of the tendons passing behind the medial malleolus at the ankle is the: 

A. tibialis anterior 

B. *tibialis posterior 

C. flexor digitorum longus 

D. flexor hallucis longus 

E. extensor hallucis longus 

25. Agenesis of which muscle is often associated with major clinical anomalies: 

A. plantaris 

B. psoas minor 

C. *pectoralis major 

D. palmaris longus 

E. adductor minimus (thigh) 

26. Which of the following is TRUE of the flexor reticulum?

A. it is attached to the medial malleolus and the calcaneus

B. the deep peroneal nerve travels deep to the reticulum and posterior to the tendon of the flexor hallicus longus muscle

C. the tendon of the tibialis posterior lies deep to it

D. *a and c

E. a, b, and c 

27. The tendon of the peroneus longus muscle lies between bone and

A. transverse head of the adductor hallucis muscle

B. flexor digitorum brevis muscle .

C. long plantar ligament

D. short plantar ligament

E. *b and c 

28. All of the following muscles insert on the humerus EXCEPT:

A. pectoralis major muscle

B. latissimus dorsi muscle 

C. *c. brachialis muscle

D. deltoid muscle

E. supraspinatus muscle 

29. Which of the following are involved in the shoulder joint and its movement?

A. tendon of the long head of the biceps brachii tendon

B. subscapularis muscle

C. C. coracohumeral ligament

D. infraspinatus muscle

E. *all of the above 

30. The digastric muscle:

A. *has a dual innervation

B. bounds the muscular triangle in the neck

C. arises from the mastoid process and the mandible

D. is attached to the thyroid cartilage via an intermediate tendon 

E. none of the above 

31. The buccinator muscle:

A. is pierced by the buccal nerve

B. is supplied by the facial nerve

C. is covered by mucosa innervated by branches of the mandibular nerve

D. has origin from the pterygomandibular raphe

E. *all of the above are true 

32. Which of the following muscles does NOT contribute directly to the stability of the knee joint?

A. *soleus muscle

B. semimembranosus muscle

C. sartorius muscle

D. biceps femoris muscle

E. gastrocnemius muscle 

33. The quadratus plantae and the lumbrical muscles are associated with the:

A. abductor hallucis

B. flexor digitorum brevis

C. *c. flexor digitorum longus

D. flexor hallucis longus

E. flexor hallucis brevis 

34. The first plantar interosseous muscle acts on the:

A. 1 st toe

B. 2nd toe 

C. *3rd toe

D. 4th toe

E. 5th toe 

35. The deep muscles of the back:

(i) are innervated segmentally by dorsal primary rami

(ii) extend, laterally flex and rotate the spine

(iii) vary in length from one to many spinal segments

(iv) have some attachments to the scapula 

A. *1, 2 and 3 are correct

B. 1 and 3 are correct

C. 2 and 4 are correct

D. 4 is correct

E. all are correct

36. The scalenus anterior muscle:

A. lies anterior to the roots of the brachial plexus

B. lies anterior to the subclavian artery

C. is located immediately posterior to the phrenic nerve

D. separates the subclavian artery from the subclavian vein 

E. *all of the above are correct 

37. Although most dislocations of the shoulder joint are inferior, the muscle in the best position to protect against inferior dislocation is the

A. coracobrachiali

B. infraspinatus

C. *long head of the triceps

D. pectoralis minor

E. teres minor 

38. The anterolateral muscles of the abdominal wall are NOT prime movers during

A. defecation

B. expiration 

C. *inspiration 

D. micturition 

E. parturition 

39. Choose the most appropriate answer concerning statements I and 2.

A. *statement I is true only

B. statement 2 is true only

C. statement I and 2 are true

D. statement I and 2 are false 

Statement 1: An indirect hernia emerges through the deep inguinal ring lateral to the inferior epigastric vessels 

Statement 2: Layers of a direct hernia include peritoneum, internal spermatic fascia, cremaster muscle 

40. All the following pass through the-pelvic inlet EXCEPT the

A. abnormal obturator artery

B. ductus deferens

C. obturator nerve

D. round ligament of the uterus

E. *e. psoas major muscle 

41. The most powerful flexor of the thigh is 

A. sartorius

B. pectineus

C. *iliopsoas

D. rectus femoris

E. tensor fascia lata 

42. The safest place to give an intramuscular injection into the gluteal region is in the

A. inferolateral quadrant

B. inferomedial quadrant 

C. *superolateral quadrant 

D. superomedial quadrant 

43. Which of the following muscles does NOT contribute directly to the stability of the knee joint?

A. *soleus muscle

B. semimembranosus muscle

C. sartorius muscle

D. biceps femoris muscle

E. gastrocnemius muscle 

44. Posterior percutaneous renal biopsy is an accepted method to obtain renal tissue for diagnosis. On the posterior surface of either kidney choose the correct structural relationships from lateral to medial edges:

A. quadratus lumborum > psoas major> transversus abdominus 

B. psoas major > transversus abdominus > quadratus lumborum 

C. transversus abdominus > psoas major > quadratus lumborum 

D. *transversus abdominus > quadratus lumborum > psoas major 

E. none of the above relationship sequences are correct 

45. The trapezius muscle

A. *a. originates from the occipital bone and spinous processes

B. b. is innervated by the thoracodorsal nerve

C. inserts on the ligamentum nuchae

D. is supplied by the ascending cervical artery

E. all of the above are true 

46. The tibialis anterior muscle

A. *arises from the anterolateral aspect of the tibia 

B. is innervated by the superficial peroneal nerve

C. everts the foot

D. a and b

E. a, b, and c 

47. Forming the musculotendinous "sling" of the arch are the:

A. tendons of peroneus brevis and tertius and tibialis anterior and posterior

B. b tendons of tibialis anterior and peroneus longus

C. *c tendons of tibialis posterior and peroneus brevis

D. tendon of tibialis anterior, the "spring" ligament and quadratus plantae 

E. long plantar ligament and the anterior and posterior tibialis tendons 

48. AU of the following muscles insert on the humerus EXCEPT:

A. pectoralis major muscle

B. latissimus dorsi muscle 

C. *brachialis muscle

D. deltoid muscle

E. supraspinatus muscle 

49. In a patient with no palmaris longus muscle, the median nerve can be located just above the wrist by palpating the area between the flexor carpi radialis and the tendon of the flexor digitorum superficialis muscle to the:

A. index finger

B. little finger

C. *middle finger

D. ring finger 

50. An infection deep to the dorsal tendon plate of the extensor digitorum will spread to the dorsal antebrachial osteofascial compartment through the:

A. 1st compartment of the extensor retinaculum

B. 2nd compartment of the extensor retinaculum

C. 3rd compartment of the extensor retinaculum

D. *4th compartment of the extensor retinaculum

E. 5th compartment of the extensor retinaculum 

51. Depression of the jaw (opening the mouth) is accomplished by contraction of which of the following muscles? 

A. lateral pterygoids 

B. *geniohyoids 

C. mylohyoid 

D. digastrics 

E. all of the above

III. Tests from “Krok-1” database

1. Young man felt sharp pain in the back during active tightening on the horizontal bar. Objectively: pain while moving of upper extremity, limited pronation and adduction functions. Sprain of what muscle is presented? 
A. *М. latissimus dorsi 
B. М. romboideus major 
C. М. levator scapulae 
D. М. trapezius 
E. М. subscapularis 
2. A 45-year-old man applied to the trauma unit because of domestic shoulder trauma. Objectively: flexibility, reduction and pronation functions of the shoulder are absent. What muscle was injured? 
A. *Teres major muscle 
B. Supraspinous muscle 
C. Infraspinous muscle 
D. Teres minor muscle 
E. Subscapular muscle 
3. A 7-year-old child can't abduct the arm, raise it to the horizontal level. He can raise the hand to the face only with dorsal side with abduction of the arm (with help of supraspinous muscle ) - "bugler" arm. Active function of what muscle is absent? 
A. Teres major 
B. *Deltoid 
C. Infraspinous 
D. Teres minor 
E. Pectoral major 
4. A 45-year-old man with domestic apper arm injuiry applied to the trauma unit. The objective data are: no extension, adduction and pronation functions of the arm. What muscle damage caused this condition?

A. Teres minor

B. Subspinous

C. Subscapular

D. Supraspinous

E. *Teres major

5. A 55-year-old patien was hospitalized in result of the trauma of the medial group of femoral muscles. What kind of movements is the patient unable to do? 

A. Flexion of femur 

B. Abduction of femur 

C. Extension of femur 

D. Suppination of femur 

E. *Adduction of femur 
6. A physician examined a patient and found inguinal hernia. Through what anatomic formation does it penetrate into the skin? 
A. Anulus femoralis 
B. Canalis adductorius 
C. Lacuna musculorum 
D. Hiatus saphenus 
E. *Anulus inguinalis superficialis 
7. A patient was admitted to an intensive therapy department with heavy poisoning. To provide holiatry it is necessary to catheterize the patient and inject medicines into subclavian vein. In what topographical place is it localized?

A. Spatium interscalenum.

B. *Spatium anterscalenum.

C. Spatium retrosternocleidomastoideus.

D. Spatium interaponeuroticum suprasternale.

E. Trigonum omotrapezoideum.

8. Little finger felon was complicated by the phlegmon of hand and forearm. Purulent process has spread over: 

A. *Vagina communis tendinum mus culorum flexorum.

B. Vagina tendinis musculi flexoris pollicis longi.

C. Canalis carpalis.

D. Vagina tendinis musculi flexoris carpi radialis.

E. Interfascial compartments.

9. During physical training a 15-year-old pupil felt pain in the hip joint area after the lower extremity internal rotation. Traumatologist detected an injury of a muscle tendon. What muscle is it?

A. M. piriformis.

B. M. obturatorius internus.

C. M. obturatorius externus.
D. *M. gluteus medius.

E. M. quadratus femoris.

10. A man, 30 years old, appealed to a dentist complaining of mastication disorder: painful backward movement of the mandible. The doctor detected the inflammation of a masticatory muscle. Which muscle exactly is it?

A. *Temporal (posterior fibres).

B. Temporal (anterior fibres).

C. Medial pterygoid.

E. Lateral pterygoid.

F. Masticatory.

11. A mother appealed to a pediatriacian complaining of her 1-year-old child's neck always turned to the left. What neck muscle is underdeveloped?

A. *Sternocleidomastoid.

B. Platysma.

C. Digastric.

D. Long muscle of neck.

E. Thyrohyoid.

12. During a game a basketball-player injured his right leg in consequence of which he couldn't bend the right foot. A doctor detected that tendons were injured. The tendon of what muscle was injured?

A. *Triceps surae.

B. Extensor hallucis longus.

C. Tibialis anterior.

D. Biceps femoris.

E. Sartorius.

13. A man, 30 years old, appealed to a traumatologist with an incised wound of the left foot plantar region. The injured had problems with lifting the lateral border of the foot. What muscle function was affected?

A. Triceps surae.

B. Tibialis anterior.

C. Flexor hallucis longus.
D. *Peroneus longus.

E. Soleus.

14. A 45-year-old man was admitted to a traumatology center after a shoulder home accident. Examination has shown the absence of extension, adduction and pronation functions of the shoulder. What muscle has been injured?

A. Supraspinatus.

B. Subscapularis.

C. Teres minor.

D. Infraspinatus.

E. *Teres major.

15. A child, 8 years old, was admitted to a clinic with an incised wound of the right leg sole. Debridement has shown a deep wound with tendon tear in the plantar region near the lateral border of the foot. Lifting of the lateral border of the foot is limited. The function of what muscle has been affected?

A. M. tibialis anterior.

B. *M. peroneus longus.

C. M. extensor digitorum longus.
D. M. quadriceps femoris.

E. M. triceps surae.

16. A boy, 8 years old, cannot put lips round,the angles of the mouth are pulled out and up, and oral fissure is stretched aside. What muscle is injured?

A. Risorius.

B. Greater zygomatic.

C. Buccinator.

D. *Orbicular muscle of mouth.

E. Masticatory.

17. Examination of a patient's facial expression has shown that he can not put his lips, round, whistle, the oral fissure is stretched to sides. What muscle's atrophy do these symptoms indicate?

A. Risorius muscles.

B. Greater zygomatic.

C. Cheek muscle.

D. *Orbicular muscle of mouth.

E. Masticatory.

18. During an operation on crural hernia the lateral wall of the internal crural ring was touched. What anatomic formation was damaged?

A. Inguinal ligament.

B. Femoral vein.

C. *Femoral artery.
D. Iliopectineal arch.
E. Pectineal ligament.

19. An X-ray examination has shown a comminuted fracture of the infraglenoid tubercle of a patient with a trauma in the shoulder joint area. Tendon of what muscle head beginning in this place has been damaged?

A. *A long head of m. tricepitis brachii.

B. A long head of m. bicepitis brachii.

C. A medial head of m. tricepitis brachii.

D. A lateral head of m. tricepitis brachii.

E. A short head of m. bicepitis brachii.

20. A 38-year-old man with a right hand trauma has been taken to a traumatology center. Examination has shown an incised wound in the region of the right hand thumb eminence; the distal phalanx of the I finger does not bend. What muscle has been damaged?

A. *Long flexor of thumb.

B. Short flexor of thumb.

C. Short abductor muscle of thumb.
D. Opposer muscle of thumb.

E. Adductor of thumb.

21. A 39-year-old man has been taken to a traumatology center with a left hand trauma. Examination has shown an incised wound in the region of the left hand thumb eminence; the proximal phalanx of the I finger does not bend. What muscle has been damaged?

A. Adductor of thumb.

B. Long flexor of thumb.

C. Short abductor muscle of thumb.
D. Opposer muscle of thumb.

E. *Short flexor of thumb.

22. As a result of tibia fracture the anterior muscle of leg was injured. The function of what muscle is affected?

A. *Extensor hallucis longus.

B. Flexor digitorum longus.

C. Peroneus longus.
D. Soleus.

E. Extensor digitorum brevis.

23. A patient complains of pain in the left part of the neck while moving. The best painless position is bending the neck to the left with simultaneous rais​ing of the chin and rotation of the face to the opposite side. What muscle is injured?

A. Right trapezius.

B. Right sternocleidomastoid.

C. Left trapezius.

D. *Left sternocleidomastoid. 

E. Sternohyoid.

24. A patient complains of impossible external rotation caused by a shoulder trauma in the great tubercle of humeri area. What muscles are injured?

A. Supraspinatus and teres major.

B. *Infraspinatus and teres minor.

C. Subscapular and coracobrachial.

D. Deltoid and supraspinatus.

E. Teres major and teres minor.

25. A man can not bend his arm in the elbow joint because of a wound of anterior shoulder surface. Which muscle is injured?

A. Anconeus.

B. Deltoid.

C. Pectoral major.
D. Triceps brachial.
E. *Biceps brachial.

26. A basketball-player complains of pain in the calcaneal region, which intensifies while walking. What muscle tendon is injured?

A. Long peroneal muscle.

B. Posterior tibial muscle.

C. Long flexor muscle of toes.

D. *Triceps muscle of calf.

E. Short peroneal muscle.

27. A patient has complications of hand movements. Inflammation of common synovial sheath for flexor tendons has been diagnosed. According to anamnesis, a week before the patient got a punctured wound of a finger. Which finger is injured?

A. *Little finger.

B. Thumb.

C. Middle finger.

D. Index finger.

E. Ring finger.

28. After an injury a patient can not raise his hand to the horizontal level. Which muscle is injured?

A. Triceps muscle of arm.

B. Biceps muscle of arm.

C. *Deltoid.

D. Trapezius.

E. Broadest muscle of back.

29. During a traffic accident a driver got multiple injuries of the lateral face area including jugal bridge fracture. Which muscle function is affected?

A. *Masseter.

B. Orbicular muscle of mouth.

C. Buccinator.

D. Procerus.

E. Risorius.

30. After an accident a patient has severe painfullness and anterior leg surface edema, dorsal flexion of the foot is difficult. Which muscle functions are damaged?

A. Long peroneal muscle.

B. Long flexor muscle of toes.

C. Long flexor muscle of great toe.

D. *Anterior tibial.

E. Short peroneal muscle.

31. Right palpebral fissure of a patient is noticeably bigger than the left one. Which facial muscle function is damaged?

A. *Orbicular muscle of eye.

B. Procerus.

C. Corrugator.

D. Occipitofrontal (frontal belly). 

E. Greater zygomatic.

32. A 37-year-old patient had a cough, then asphyxia because a foreign body got into the respiratory tracts. Tracheotomy was made in the neck region limited by the superior belly of omo​hyoid muscle, sternocleidomastoid muscle and the median neck line. In what triangle of neck was the operation performed?

A. Carotid.

B. *Omotracheal.

C. Submandibular.
D. Omotraperoid.
E. Omoclavicular.

33. A patient complains of pain in the left part of the neck, which intensifies with head movements. The best position is bending the neck to the left and rotating the face to the right. Which muscle is injured?

A. *Left sternocleidomastoid.

B. Right sternocleidomastoid.

C. Right platysma.
D. Left platysma.

E. Long muscle of neck.

34. A patient has a fissure of the shaft of humerus posterior surface diagnosed. Symptoms of the radial nerve injury in the region of canal is hume-romuscularis are observed. What is this canal limited by?

A. *Posterior surface of humerus and triceps muscle of arm.

B. Anterior surface of humerus and biceps muscle of arm.

C. Anterior surface of humerus and coracobrachial.

D. Anterior surface of humerus and brachial.

E. Posterior surface of humerus and anconeus.

35. Usually the intravenous injection is done into median cubital vein because it is slightly movable due to fixation by the soft tissues. What is it fixed in the cubital fossa by? 

A. Anconeus muscle 
B. Brachioradial muscle 
C. *Aponeurosis of biceps muscle 
D. Brachial muscle 
E. Tendon of the triceps muscle 
UNIT 5. SPINAL NERVES

Practice class 28. Written tests and examination of practice skills of myology. Examination of self-taught tasks. Review of neurology. The reflex arch.

The aim: to learn the classification of the nervous system, general principles of its structure and functions.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially neuropathologists, neurosurgeons, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 40 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The classification of the nervous system.

b) The classification of the nervous cells.

c) The principle of reflex arch function.

d) Development of the spinal cord.

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

THE NERVOUS SYSTEM is the most complicated and highly organized of the various systems which make up the human body. It is the mechanism concerned with the correlation and integration of various bodily processes and the reactions and adjustments of the organism to its environment. In addition the cerebral cortex is concerned with conscious life. It may be divided into two parts, central and peripheral.
The central nervous system consists of the encephalon or brain, contained within the cranium, and the medulla spinalis or spinal cord, lodged in the vertebral canal; the two portions are continuous with one another at the level of the upper border of the atlas vertebra.

The peripheral nervous system consists of a series of nerves by which the central nervous system is connected with the various tissues of the body. For descriptive purposes these nerves may be arranged in two groups, cerebrospinal and sympathetic, the arrangement, however, being an arbitrary one, since the two groups are intimately connected and closely intermingled. Both the cerebrospinal and sympathetic nerves have nuclei of origin (the somatic efferent and sympathetic efferent) as well as nuclei of termination (somatic afferent and sympathetic afferent) in the central nervous system. The cerebrospinal nerves are forty-three in number on either side—twelve cranial, attached to the brain, and thirty-one spinal, to the medulla spinalis. They are associated with the functions of the special and general senses and with the voluntary movements of the body. The sympathetic nerves transmit the impulses which regulate the movements of the viscera, determine the caliber of the blood vessels, and control the phenomena of secretion. In relation with them are two rows of central ganglia, situated one on either side of the middle line in front of the vertebral column; these ganglia are intimately connected with the medulla spinalis and the spinal nerves, and are also joined to each other by vertical strands of nerve fibers so as to constitute a pair of knotted cords, the sympathetic trunks, which reach from the base of the skull to the coccyx. The sympathetic nerves issuing from the ganglia form three great prevertebral plexuses which supply the thoracic, abdominal, and pelvic viscera; in relation to the walls of these viscera intricate nerve plexuses and numerous peripheral ganglia are found.

STRUCTURE OF THE NERVOUS SYSTEM

The nervous tissues are composed of nerve cells and their various processes, together with a supporting tissue called neuroglia, which, however, is found only in the brain and medulla spinalis. Certain long processes of the nerve cells are of special importance, and it is convenient to consider them apart from the cells; they are known as nerve fibers.
To the naked eye a difference is obvious between certain portions of the brain and medulla spinalis, viz., the gray substance and the white substance. The gray substance is largely composed of nerve cells, while the white substance contains only their long processes, the nerve fibers. It is in the former that nervous impressions are received, stored, and transformed into efferent impulses, and by the latter that they are conducted. Hence the gray substance forms the essential constituent of all the ganglionic centers, both those in the isolated ganglia and those aggregated in the brain and medulla spinalis; while the white substance forms the bulk of the commissural portions of the nerve centers and the peripheral nerves.

NEUROGLIA.—Neuroglia, the peculiar ground substance in which are imbedded the true nervous constituents of the brain and medulla spinalis, consists of cells and fibers. Some of the cells are stellate in shape, with ill-defined cell body, and their fine processes become neuroglia fibers, which extend radially and unbranched among the nerve cells and fibers which they aid in supporting. Other cells give off fibers which branch repeatedly. Some of the fibers start from the epithelial cells lining the ventricles of the brain and central canal of the medulla spinalis, and pass through the nervous tissue, branching repeatedly to end in slight enlargements on the pia mater. Thus, neuroglia is evidently a connective tissue in function but is not so in development; it is ectodermal in origin, whereas all connective tissues are mesodermal.

NERVE CELLS.—Nerve cells are largely aggregated in the gray substance of the brain and medulla spinalis, but smaller collections of these cells also form the swellings, called ganglia, seen on many nerves. These latter are found chiefly upon the spinal and cranial nerve roots and in connection with the sympathetic nerves.

The nerve cells vary in shape and size, and have one or more processes. They may be divided for purposes of description into three groups, according to the number of processes which they possess: (1) Unipolar cells, which are found in the spinal ganglia; the single process, after a short course, divides in a T-shaped manner. (2) Bipolar cells, also found in the spinal ganglia, when the cells are in an embryonic condition. They are best demonstrated in the spinal ganglia of fish. Sometimes the processes come off from opposite poles of the cell, and the cell then assumes a spindle shape; in other cells both processes emerge at the same point. In some cases where two fibers are apparently connected with a cell, one of the fibers is really derived from an adjoining nerve cell and is passing to end in a ramification around the ganglion cell, or, again, it may be coiled spirally around the nerve process which is issuing from the cell. (3) Multipolar cells, which are pyramidal or stellate in shape, and characterized by their large size and by the numerous processes which issue from them. The processes are of two kinds: one of them is termed the axis-cylinder process or axon because it becomes the axis-cylinder of a nerve fiber. The others are termed the protoplasmic processes or dendrons; they begin to divide and subdivide soon after they emerge from the cell, and finally end in minute twigs and become lost among the other elements of the nervous tissue.

The body of the nerve cell, known as the cyton, consists of a finely fibrillated protoplasmic material, of a reddish or yellowish brown color, which occasionally presents patches of a deeper tint, caused by the aggregation of pigment granules at one side of the nucleus, as in the substantia nigra and locus caeruleus of the brain. The protoplasm also contains peculiar angular granules, which stain deeply with basic dyes, such as methylene blue; these are known as Nissl’s granules. They extend into the dendritic processes but not into the axis-cylinder; the small clear area at the point of exit of the axon in some cell types is termed the cone of origin. These granules disappear (chromatolysis) during fatigue or after prolonged stimulation of the nerve fibers connected with the cells. They are supposed to represent a store of nervous energy, and in various mental diseases are deficient or absent. The nucleus is, as a rule, a large, well-defined, spherical body, often presenting an intranuclear network, and containing a well-marked nucleolus.

In addition to the protoplasmic network described above, each nerve cell may be shown to have delicate neurofibrils running through its substance these fibrils are continuous with the fibrils of the axon, and are believed to convey nerve impulses. Golgi has also described an extracellular network, which is probably a supporting structure.

Nerve Fibers.—Nerve fibers are found universally in the peripheral nerves and in the white substance of the brain and medulla spinalis. They are of two kinds—viz., medullated or white fibers, and non-medullated or gray fibers.
The medullated fibers form the white part of the brain and medulla spinalis, and also the greater part of every cranial and spinal nerve, and give to these structures their opaque, white aspect. When perfectly fresh they appear to be homogeneous; but soon after removal from the body each fiber presents, when examined by transmitted light, a double outline or contour, as if consisting of two parts. The central portion is named the axis-cylinder; around this is a sheath of fatty material, staining black with osmic acid, named the white substance of Schwann or medullary sheath, which gives to the fiber its double contour, and the whole is enclosed in a delicate membrane, the neurolemma, primitive sheath, or nucleated sheath of Schwann.

The axis-cylinder is the essential part of the nerve fiber, and is always present; the medullary sheath and the neurolemma are occasionally absent, expecially at the origin and termination of the nerve fiber. The axis-cylinder undergoes no interruption from its origin in the nerve center to its peripheral termination, and must be regarded as a direct prolongation of a nerve cell. It constitutes about one-half or one-third of the nerve fiber, being greater in proportion in the fibers of the central organs than in those of the nerves. It is quite transparent, and is therefore indistinguishable in a perfectly fresh and natural state of the nerve. It is made up of exceedingly fine fibrils, which stain darkly with gold chloride, and at its termination may be seen to break up into these fibrillae. The fibrillae have been termed the primitive fibrillae of Schultze. The axis-cylinder is said by some to be enveloped in a special reticular sheath, which separates it from the medullary sheath, and is composed of a substance called neurokeratin. The more common opinion is that this network or reticulum is contained in the white matter of Schwann, and by some it is believed to be produced by the action of the reagents employed to show it.

The medullary sheath, or white matter of Schwann is regarded as being a fatty matter in a fluid state, which insulates and protects the essential part of the nerve—the axis-cylinder. It varies in thickness, in some forming a layer of extreme thinness, so as to be scarcely distinguishable, in others forming about one-half the nerve fiber. The variation in diameter of the nerve fibers (from 2 to 16μ) depends mainly upon the amount of the white substance, though the axis cylinder also varies within certain limits. The medullary sheath undergoes interruptions in its continuity at regular intervals, giving to the fiber the appearance of constriction at these points: these are known as the nodes of Ranvier. The portion of nerve fiber between two nodes is called an internodal segment. The neurolemma or primitive sheath is not interrupted at the nodes, but passes over them as a continuous membrane. If the fiber be treated with silver nitrate the reagent penetrates the neurolemma at the nodes, and on exposure to light reduction takes place, giving rise to the appearance of black crosses, Ranvier’s crosses, on the axis-cylinder. There may also be seen transverse lines beyond the nodes termed Frommann’s lines the significance of these is not understood. In addition to these interruptions oblique clefts may be seen in the medullary sheath, subdividing it into irregular portions, which are termed medullary segments, or segments of Lantermann, there is reason to believe that these clefts are artificially produced in the preparation of the specimens. Medullated nerve fibers, when examined in the fresh condition, frequently present a beaded or varicose appearance: this is due to manipulation and pressure causing the oily matter to collect into drops, and in consequence of the extreme delicacy of the primitive sheath, even slight pressure will cause the transudation of the fatty matter, which collects as drops of oil outside the membrane.

The neurolemma or primitive sheath presents the appearance of a delicate, structureless membrane. Here and there beneath it, and situated in depressions in the white matter of Schwann, are nuclei surrounded by a small amount of protoplasm. The nuclei are oval and somewhat flattened, and bear a definite relation to the nodes of Ranvier, one nucleus generally lying in the center of each internode. The primitive sheath is not present in all medullated nerve fibers, being absent in those fibers which are found in the brain and medulla spinalis.

Wallerian Degeneration.—When nerve fibers are cut across, the central ends of the fibers degenerate as far as the first node of Ranvier; but the peripheral ends degenerate simultaneously throughout their whole length. The axons break up into fragments and become surrounded by drops of fatty substance which are formed from the breaking down of the medullary sheath. The nuclei of the primitive sheath proliferate, and finally absorption of the axons and fatty substance occurs. If the cut ends of the nerve be sutured together regeneration of the nerve fibers takes place by the downgrowth of axons from the central end of the nerve. At one time it was believed that the regeneration was peripheral in origin, but this has been disproved, the proliferated nuclei in the peripheral portions taking part merely in the formation of the so-called scaffolding along which the new axons pass.

Non-medullated Fibers.—Most of the fibers of the sympathetic system, and some of the cerebrospinal, consist of the gray or gelatinous nerve fibers (fibers of Remak). Each of these consists of an axis-cylinder to which nuclei are applied at intervals. These nuclei are believed to be in connection with a delicate sheath corresponding with the neurolemma of the medullated nerve fiber. In external appearance the non-medullated nerve fibers are semitransparent and gray or yellowish gray. The individual fibers vary in size, generally averaging about half the size of the medullated fibers.

STRUCTURE OF THE PERIPHERAL NERVES AND GANGLIA.—The cerebrospinal nerves consist of numerous nerve fibers collected together and enclosed in membranous sheaths. A small bundle of fibers, enclosed in a tubular sheath, is called a funiculus; if the nerve is of small size, it may consist only of a single funiculus; but if large, the funiculi are collected together into larger bundles or fasciculi, which are bound together in a common membranous investment. In structure the common membranous investment, or sheath of the whole nerve (epineurium), as well as the septa given off from it to separate the fasciculi, consist of connective tissue, composed of white and yellow elastic fibers, the latter existing in great abundance. The tubular sheath of the funiculi (perineurium) is a fine, smooth, transparent membrane, which may be easily separated, in the form of a tube, from the fibers it encloses; in structure it is made up of connective tissue, which has a distinctly lamellar arrangement. The nerve fibers are held together and supported within the funiculus by delicate connective tissue, called the endoneurium. It is continuous with septa which pass inward from the innermost layer of the perineurium, and shows a ground substance in which are imbedded fine bundles of fibrous connective tissue running for the most part longitudinally. It serves to support capillary vessels, arranged so as to form a net-work with elongated meshes. The cerebrospinal nerves consist almost exclusively of medullated nerve fibers, only a very small proportion of non-medullated being present.

The bloodvessels supplying a nerve end in a minute capillary plexus, the vessels composing which pierce the perineurium, and run, for the most part, parallel with the fibers; they are connected together by short, transverse vessels, forming narrow, oblong meshes, similar to the capillary system of muscle. Fine non-medullated nerve fibers, vasomotor fibers, accompany these capillary vessels, and break up into elementary fibrils, which form a network around the vessels. Horsley has demonstrated certain medullated fibers running in the epineurium and terminating in small spheroidal tactile corpuscles or end bulbs of Krause. These nerve fibers, which Marshall believes to be sensory, and which he has termed nervi nervorum, are considered by him to have an important bearing upon certain neuralgic pains.

The nerve fibers, so far as is at present known, do not coalesce, but pursue an uninterrupted course from the center to the periphery. In separating a nerve, however, into its component funiculi, it may be seen that these do not pursue a perfectly insulated course, but occasionally join at a very acute angle with other funiculi proceeding in the same direction; from this, branches are given off, to joint again in like manner with other funiculi. It must be distinctly understood, however, that in these communications the individual nerve fibers do not coalesce, but merely pass into the sheath of the adjacent nerve, become intermixed with its nerve fibers, and again pass on to intermingle with the nerve fibers in some adjoining funiculus.

Nerves, in their course, subdivide into branches, and these frequently communicate with branches of a neighboring nerve. The communications which thus take place form what is called a plexus. Sometimes a plexus is formed by the primary branches of the trunks of the nerves—as the cervical, brachial, lumbar, and sacral plexuses—and occasionally by the terminal funiculi, as in the plexuses formed at the periphery of the body. In the formation of a plexus, the component nerves divide, then join, and again subdivide in such a complex manner that the individual funiculi become interlaced most intricate’y; so that each branch leaving a plexus may contain filaments from all the primary nervous trunks which form the plexus. In the formation also of smaller plexuses at the periphery of the body there is a free interchange of the funiculi and primitive fibers. In each case, however, the individual fibers remain separate and distinct.

It is probable that through this interchange of fibers, every branch passing off from a plexus has a more extensive connection with the spinal cord than if it had proceeded to its distribution without forming connections with other nerves. Consequently the parts supplied by these nerves have more extended relations with the nervous centers; by this means, also, groups of muscles may be associated for combined action.

The sympathetic nerves are constructed in the same manner as the cerebrospinal nerves, but consist mainly of non-medullated fibers, collected in funiculi and enclosed in sheaths of connective tissue. There is, however, in these nerves a certain admixture of medullated fibers. The number of the latter varies in different nerves, and may be estimated by the color of the nerve. Those branches of the sympathetic, which present a well-marked gray color, are composed chiefly of non-medullated nerve fibers, intermixed with a few medullated fibers; while those of a white color contain many of the latter fibers, and few of the former.

The cerebrospinal and sympathetic nerve fibers convey various impressions. The sensory nerves, called also centripetal or afferent nerves, transmit to the nervous centers impressions made upon the peripheral extremities of the nerves, and in this way the mind, through the medium of the brain, becomes conscious of external objects. The centrifugal or efferent nerves transmit impressions from the nervous centers to the parts to which the nerves are distributed, these impressions either exciting muscular contraction or influencing the processes of nutrition, growth, and secretion.

Origins and Terminations of Nerves.—By the expression “the terminations of nerve fibers” is signified their connections with the nerve centers and with the parts they supply. The former are sometimes called their origins or central terminations; the latter their peripheral terminations.
Origins of Nerves.—The origin in some cases is single—that is to say, the whole nerve emerges from the nervous center by a single root; in other instances the nerve arises by two or more roots which come off from different parts of the nerve center, sometimes widely apart from each other, and it often happens, when a nerve arises in this way by two roots, that the functions of these two roots are different; as, for example, in the spinal nerves, each of which arises by two roots, the anterior of which is motor, and the posterior sensory. The point where the nerve root or roots emerge from the surface of the nervous center is named the superficial or apparent origin, but the fibers of the nerve can be traced for a certain distance into the substance of the nervous center to some portion of the gray matter, which constitutes the deep or real origin of the nerve. The centrifugal or efferent nerve fibers originate in the nerve cells of the gray substance, the axis-cylinder processes of these cells being prolonged to form the fibers. In the case of the centripetal or afferent nerves the fibers grow inward either from nerve cells in the organs of special sense, e. g., the retina, or from nerve cells in the ganglia. Having entered the nerve center they branch and send their ultimate twigs among the cells, without, however, uniting with them.

Peripheral Terminations of Nerves.—Nerve fibers terminate peripherally in various ways, and these may be conveniently studied in the sensory and motor nerves respectively. The terminations of the sensory nerves are dealt with in the section on Sense Organs.

Motor nerves can be traced into either unstriped or striped muscular fibers. In the unstriped or involuntary muscles the nerves are derived from the sympathetic, and are composed mainly of non-medullated fibers. Near their terminations they divide into numerous branches, which communicate and form intimate plexuses. At the junction of the branches small triangular nuclear bodies (ganglion cells) are situated. From these plexuses minute branches are given off which divide and break up into the ultimate fibrillae of which the nerves are composed. These fibrillae course between the involuntary muscle cells, and, according to Elischer, terminate on the surfaces of the cells, opposite the nuclei, in minute swellings.

In the striped or voluntary muscle the nerves supplying the muscular fibers are derived from the cerebrospinal nerves, and are composed mainly of medullated fibers. The nerve, after entering the sheath of the muscle, breaks up into fibers or bundles of fibers, which form plexuses, and gradually divide until, as a rule, a single nerve fiber enters a single muscular fiber. Sometimes, however, if the muscular fiber be long, more than one nerve fiber enters it. Within the muscular fiber the nerve terminates in a special expansion, called by Kühne, who first accurately described it, a motor end-plate. The nerve fiber, on approaching the muscular fiber, suddenly loses its medullary sheath, the neurolemma becomes continuous with the sarcolemma of the muscle, and only the axis-cylinder enters the muscular fiber. There it at once spreads out, ramifying like the roots of a tree, immediately beneath the sarcolemma, and becomes imbedded in a layer of granular matter, containing a number of clear, oblong nuclei, the whole constituting an end-plate from which the contractile wave of the muscular fiber is said to start.

GANGLIA are small aggregations of nerve cells. They are found on the posterior roots of the spinal nerves; on the sensory roots of the trigeminal, facial, glossopharyngeal, and vagus nerves, and on the acoustic nerves. They are also found in connection with the sympathetic nerves. On section they are seen to consist of a reddish-gray substance, traversed by numerous white nerve fibers; they vary considerably in form and size; the largest are found in the cavity of the abdomen; the smallest, not visible to the naked eye, exist in considerable numbers upon the nerves distributed to the different viscera. Each ganglion is invested by a smooth and firm, closely adhering, membranous envelope, consisting of dense areolar tissue; this sheath is continuous with the perineurium of the nerves, and sends numerous processes into the interior to support the bloodvessels supplying the substance of the ganglion.

P, P. The nerve end-plates. S, S. The base of the plate, consisting of a granular mass with nuclei. b. The same as seen in looking at a perfectly fresh fiber, the nervous ends being probably still excitable. (The forms of the variously divided plate can hardly be represented in a woodcut by sufficiently delicate and pale contours to reproduce correctly what is seen in nature.) c. The same as seen two hours after death from poisoning by curare.

In structure all ganglia are essentially similar, consisting of the same structural elements—viz., nerve cells and nerve fibers. Each nerve cell has a nucleated sheath which is continuous with the neurolemma of the nerve fiber with which the cell is connected. The nerve cells in the ganglia of the spinal nerves are pyriform in shape, and have each a single process. A short distance from the cell and while still within the ganglion this process divides in a T-shaped manner, one limb of the cross-bar turning into the medulla spinalis, the other limb passing outward to the periphery. In the sympathetic ganglia the nerve cells are multipolar and each has one axis-cylinder process and several dendrons; the axon emerges from the ganglion as a non-medullated nerve fiber. Similar cells are found in the ganglia connected with the trigeminal nerve, and these ganglia are therefore regarded as the cranial portions of the sympathetic system. The sympathetic nervous system includes those portions of the nervous mechanism in which a medullated nerve fiber from the central system passes to a ganglion, sympathetic or peripheral, from which fibers, usually non-medullated, are distributed to such structures, e. g., bloodvessels, as are not under voluntary control. The spinal and sympathetic ganglia differ somewhat in the size and disposition of the cells and in the number of nerve fibers entering and leaving them. In the spinal ganglia the nerve cells are much larger and for the most part collected in groups near the periphery, while the fibers, which are mostly medullated, traverse the central portion of the ganglion; whereas in the sympathetic ganglia the cells are smaller and distributed in irregular groups throughout the whole ganglion; the fibers also are irregularly scattered; some of the entering ones are medullated, while many of those leaving the ganglion are non-medullated.

NEURON THEORY.—The nerve cell and its processes collectively constitute what is termed a neuron, and Waldeyer formulated the theory that the nervous system is built up of numerous neurons, “anatomically and genetically independent of one another.” According to this theory (neuron theory) the processes of one neuron only come into contact, and are never in direct continuity, with those of other neurons; while impulses are transmitted from one nerve cell to another through these points of contact, the synapses. The synapse or synaptic membrane seems to allow nervous impulses to pass in one direction only, namely, from the terminals of the axis-cylinder to the dendrons. This theory is based on the following facts, viz.: (1) embryonic nerve cells or neuroblasts are entirely distinct from one another; (2) when nervous tissues are stained by the Golgi method no continuity is seen even between neighboring neurons; and (3) when degenerative changes occur in nervous tissue, either as the result of disease or experiment, they never spread from one neuron to another, but are limited to the individual neurons, or groups of neurons, primarily affected. It must, however, be added that within the past few years the validity of the neuron theory has been called in question by certain eminent histologists, who maintain that by the employment of more delicate histological methods, minute fibrils can be followed from one nerve cell into another. Their existence, however, in the living is open to question. Mott and Marinesco made careful examinations of living cells, using even the ultramicroscope and agree that neither Nissl bodies nor neurofibrils are present in the living state.

For the present we may look upon the neurons as the units or structural elements of the nervous system. All the neurons are present at birth which are present in the adult, their division ceases before birth; they are not all functionally active at birth, but gradually assume functional activity. There is no indication of any regeneration after the destruction of the cell-body of any individual neuron.

Fasciculi, tracts or fiber systems are groups of axons having homologous origin and homologous distribution (as regards their collaterals, subdivisions and terminals) and are often named in accordance with their origin and termination, the name of the nucleus or the location of the cell body from which the axon or fiber arises preceding that of the nucleus or location of its termination. A given topographical area seldom represents a pure tract, as in most cases fibers of different systems are mixed.

DEVELOPMENT OF THE SPINAL CORD

The entire nervous system is of ectodermal origin, and its first rudiment is seen in the neural groove which extends along the dorsal aspect of the embryo. By the elevation and ultimate fusion of the neural folds, the groove is converted into the neural tube. The anterior end of the neural tube becomes expanded to form the three primary brain-vesicles; the cavity of the tube is subsequently modified to form the ventricular cavities of the brain, and the central canal of the medulla spinalis; from the wall the nervous elements and the neuroglia of the brain and medulla spinalis are developed.
The Medulla Spinalis.—At first the wall of the neural tube is composed of a single layer of columnar ectodermal cells. Soon the side-walls become thickened, while the dorsal and ventral parts remain thin, and are named the roof- and floor-plates. A transverse section of the tube at this stage presents an oval outline, while its lumen has the appearance of a slit. The cells which constitute the wall of the tube proliferate rapidly, lose their cell-boundaries and form a syncytium. This syncytium consists at first of dense protoplasm with closely packed nuclei, but later it opens out and forms a looser meshwork with the cellular strands arranged in a radiating manner from the central canal. Three layers may now be defined—an internal or ependymal, an intermediate or mantle, and an external or marginal. The ependymal layer is ultimately converted into the ependyma of the central canal; the processes of its cells pass outward toward the periphery of the medulla spinalis. The marginal layer is devoid of nuclei, and later forms the supporting framework for the white funiculi of the medulla spinalis. The mantle layer represents the whole of the future gray columns of the medulla spinalis; in it the cells are differentiated into two sets, viz., (a) spongioblasts or young neuroglia cells, and (b) germinal cells, which are the parents of the neuroblasts or young nerve cells. The spongioblasts are at first connected to one another by filaments of the syncytium; in these, fibrils are developed, so that as the neuroglial cells become defined they exhibit their characteristic mature appearance with multiple processes proceeding from each cell. The germinal cells are large, round or oval, and first make their appearance between the ependymal cells on the sides of the central canal. They increase rapidly in number, so that by the fourth week they form an almost continuous layer on each side of the tube. No germinal cells are found in the roof- or floor-plates; the roof-plate retains, in certain regions of the brain, its epithelial character; elsewhere, its cells become spongioblasts. By subdivision the germinal cells give rise to the neuroblasts or young nerve cells, which migrate outward from the sides of the central canal into the mantle layer and neural crest, and at the same time become pear-shaped; the tapering part of the cell undergoes still further elongation, and forms the axiscylinder of the cell.
The lateral walls of the medulla spinalis continue to increase in thickness, and the canal widens out near its dorsal extremity, and assumes a somewhat lozengeshaped appearance. The widest part of the canal serves to subdivide the lateral wall of the neural tube into a dorsal or alar, and a ventral or basal lamina, a subdivision which extends forward into the brain. At a later stage the ventral part of the canal widens out, while the dorsal part is first reduced to a mere slit and then becomes obliterated by the approximation and fusion of its walls; the ventral part of the canal persists and forms the central canal of the adult medulla spinalis. The caudal end of the canal exhibits a conical expansion which is known as the terminal ventricle.

The ventral part of the mantle layer becomes thickened, and on cross-section appears as a triangular patch between the marginal and ependymal layers. This thickening is the rudiment of the anterior column of gray substance, and contains many neuroblasts, the axis-cylinders of which pass out through the marginal layer and form the anterior roots of the spinal nerves. The thickening of the mantle layer gradually extends in a dorsal direction, and forms the posterior column of gray substance. The axons of many of the neuroblasts in the alar lamina run forward, and cross in the floor-plate to the opposite side of the medulla spinalis; these form the rudiment of the anterior white commissure.
About the end of the fourth week nerve fibers begin to appear in the marginal layer. The first to develop are the short intersegmental fibers from the neuroblasts in the mantle zone, and the fibers of the dorsal nerve roots which grow into the medulla spinalis from the cells of the spinal ganglia. By the sixth week these dorsal root fibers form a well-defined oval bundle in the peripheral part of the alar lamina; this \??\ gradually increases in size, and spreading toward the middle line forms the rudiment of the posterior funiculus. The long intersegmental fibers begin to appear about the third month and the cerebrospinal fibers about the fifth month. All nerve fibers are at first destitute of medullary sheaths. Different groups of fibers receive their sheaths at different times—the dorsal and ventral nerve roots about the fifth month, the cerebrospinal fibers after the ninth month.
By the growth of the anterior columns of gray substance, and by the increase in size of the anterior funiculi, a furrow is formed between the lateral halves of the cord anteriorly; this gradually deepens to form the anterior median fissure. The mode of formation of the posterior septum is somewhat uncertain. Many believe that it is produced by the growing together of the walls of the posterior part of the central canal and by the development from its ependymal cells of a septum of fibrillated tissue which separates the future funiculi graciles.
Up to the third month of fetal life the medulla spinalis occupies the entire length of the vertebral canal, and the spinal nerves pass outward at right angles to the medulla spinalis. From this time onward, the vertebral column grows more rapidly than the medulla spinalis, and the latter, being fixed above through its continuity with the brain, gradually assumes a higher position within the canal. By the sixth month its lower end reaches only as far as the upper end of the sacrum; at birth it is on a level with the third lumbar vertebra, and in the adult with the lower border of the first or upper border of the second lumbar vertebra. A delicate filament, the filum terminale, extends from its lower end as far as the coccyx.
The Spinal Nerves.—Each spinal nerve is attached to the medulla spinalis by an anterior or ventral and a posterior or dorsal root.
The fibers of the anterior roots are formed by the axons of the neuroblasts which lie in the ventral part of the mantle layer; these axons grow out through the overlying marginal layer and become grouped to form the anterior nerve root.

The fibers of the posterior roots are developed from the cells of the spinal ganglia. Before the neural groove is closed to form the neural tube a ridge of ectodermal cells, the ganglion ridge or neural crest, appears along the prominent margin of each neural fold. When the folds meet in the middle line the two ganglion ridges fuse and form a wedge-shaped area along the line of closure of the tube. The cells of this area proliferate rapidly opposite the primitive segments and then migrate in a lateral and ventral direction to the sides of the neural tube, where they ultimately form a series of oval-shaped masses, the future spinal ganglia. These ganglia are arranged symmetrically on the two sides of the neural tube and, except in the region of the tail, are equal in number to the primitive segments. The cells of the ganglia, like the cells of the mantle layer, are of two kinds, viz., spongioblasts and neuroblasts. The spongioblasts develop into the neuroglial cells of the ganglia. The neuroblasts are at first round or oval in shape, but soon assume the form of spindles the extremities of which gradually elongate into central and peripheral processes. The central processes grow medialward and, becoming connected with the neural tube, constitute the fibers of the posterior nerve roots, while the peripheral processes grow lateralward to mingle with the fibers of the anterior root in the spinal nerve. As development proceeds the original bipolar form of the cells changes; the two processes become approximated until they ultimately arise from a single stem in a T-shaped manner. Only in the ganglia of the acoustic nerve is the bipolar form retained. More recent observers hold, however, that the T-form is derived from the branching of a single process which grows out from the cell.

The anterior or ventral and the posterior or dorsal nerve roots join immediately beyond the spinal ganglion to form the spinal nerve, which then divides into anterior, posterior, and visceral divisions. The anterior and posterior divisions proceed directly to their areas of distribution without further association with ganglion cells. The visceral divisions are distributed to the thoracic, abdominal, and pelvic viscera, to reach which they pass through the sympathetic trunk, and many of the fibers form arborizations around the ganglion cells of this trunk. Visceral branches are not given off from all the spinal nerves; they form two groups, viz., (a) thoracico-lumbar, from the first or second thoracic, to the second or third lumbar nerves; and (b) pelvic, from the second and third, or third and fourth sacral nerves.

Practice class 29. Structural and functional characteristic spinal cord and its meninges

The aim: to learn the structure of the spinal cord; to define the topography of the spinal cord and find out its practical importance; to learn the peculiarities of structure of the meninges and intermeningeal spaces of the spinal cord.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially neuropathologists, neurosurgeons, traumatologists, psychiatrists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The general characteristic of the medulla spinalis.

b) The meninges and intermeningeal spaces of the spinal cord.

c) The structure of gray substance of the spinal cord.

d) White substance of the spinal cord.

e) Roots of the spinal nerves.

C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

THE MEDULLA SPINALIS OR SPINAL CORD forms the elongated, nearly cylindrical, part of the central nervous system which occupies the upper two-thirds of the vertebral canal. Its average length in the male is about 45 cm., in the female from 42 to 43 cm., while its weight amounts to about 30 gms. It extends from the level of the upper border of the atlas to that of the lower border of the first, or upper border of the second, lumbar vertebra. Above, it is continuous with the brain; below, it ends in a conical extremity, the conus medullaris, from the apex of which a delicate filament, the filum terminale, descends as far as the first segment of the coccyx.

The position of the medulla spinalis varies with the movements of the vertebral column, its lower extremity being drawn slightly upward when the column is flexed. It also varies at different periods of life; up to the third month of fetal life the medulla spinalis is as long as the vertebral canal, but from this stage onward the vertebral column elongates more rapidly than the medulla spinalis, so that by the end of the fifth month the medulla spinalis terminates at the base of the sacrum, and at birth about the third lumbar vertebra.

The medulla spinalis does not fill the part of the vertebral canal in which it lies; it is ensheathed by three PROTECTIVE MEMBRANES, separated from each other by two concentric spaces. The three membranes are named from without inward, the dura mater, the arachnoid, and the pia mater. The dura mater is a strong, fibrous membrane which forms a wide, tubular sheath; this sheath extends below the termination of the medulla spinalis and ends in a pointed cul-de-sac at the level of the lower border of the second sacral vertebra. The dura mater is separated from the wall of the vertebral canal by the epidural cavity, which contains a quantity of loose areolar tissue and a plexus of veins; between the dura mater and the subjacent arachnoid is a capillary interval, the subdural cavity, which contains a small quantity of fluid, probably of the nature of lymph. The arachnoid is a thin, transparent sheath, separated from the pia mater by a comparatively wide interval, the subarachnoid cavity, which is filled with cerebrospinal fluid. The pia mater closely invests the medulla spinalis and sends delicate septa into its substance; a narrow band, the ligamentum denticulatum, extends along each of its lateral surfaces and is attached by a series of pointed processes to the inner surface of the dura mater.

Thirty-one pairs of spinal nerves spring from the medulla spinalis, each nerve having an anterior or ventral, and a posterior or dorsal root, the latter being distinguished by the presence of an oval swelling, the spinal ganglion, which contains numerous nerve cells. Each root consists of several bundles of nerve fibers, and at its attachment extends for some distance along the side of the medulla spinalis. The pairs of spinal nerves are grouped as follows: cervical 8, thoracic 12, lumbar 5, sacral 5, coccygeal 1, and, for convenience of description, the medulla spinalis is divided into cervical, thoracic, lumbar and sacral regions, corresponding with the attachments of the different groups of nerves.

Although no trace of transverse segmentation is visible on the surface of the medulla spinalis, it is convenient to regard it as being built up of a series of superimposed spinal segments or neuromeres, each of which has a length equivalent to the extent of attachment of a pair of spinal nerves. Since the extent of attachment of the successive pairs of nerves varies in different parts, it follows that the spinal segments are of varying lengths; thus, in the cervical region they average about 13 mm., in the mid-thoracic region about 26 mm., while in the lumbar and sacral regions they diminish rapidly from about 15 mm. at the level of the first pair of lumbar nerves to about 4 mm. opposite the attachments of the lower sacral nerves.

As a consequence of the relative inequality in the rates of growth of the medulla spinalis and vertebral column, the nerve roots, which in the early embryo passed transversely outward to reach their respective intervertebral foramina, become more and more oblique in direction from above downward, so that the lumbar and sacral nerves descend almost vertically to reach their points of exit. From the appearance these nerves present at their attachment to the medulla spinalis and from their great length they are collectively termed the cauda equina.

The filum terminale is a delicate filament, about 20 cm. in length, prolonged downward from the apex of the conus medullaris. It consists of two parts, an upper and a lower. The upper part, or filum terminale internum, measures about 15 cm. in length and reaches as far as the lower border of the second sacral vertebra. It is contained within the tubular sheath of dura mater, and is surrounded by the nerves forming the cauda equina, from which it can be readily recognized by its bluish-white color. The lower part, or filum terminale externum, is closely invested by, and is adherent to, the dura mater; it extends downward from the apex of the tubular sheath and is attached to the back of the first segment of the coccyx. The filum terminale consists mainly of fibrous tissue, continuous above with that of the pia mater. Adhering to its outer surface, however, are a few strands of nerve fibers which probably represent rudimentary second and third coccygeal nerves; further, the central canal of the medulla spinalis extends downward into it for 5 or 6 cm.

Enlargements.—The medulla spinalis is not quite cylindrical, being slightly flattened from before backward; it also presents two swellings or enlargements, an upper or cervical, and a lower or lumbar.

The cervical enlargement is the more pronounced, and corresponds with the attachments of the large nerves which supply the upper limbs. It extends from about the third cervical to the second thoracic vertebra, its maximum circumference (about 38 mm.) being on a level with the attachment of the sixth pair of cervical nerves.

The lumbar enlargement gives attachment to the nerves which supply the lower limbs. It commences about the level of the ninth thoracic vertebra, and reaches its maximum circumference, of about 33 mm., opposite the last thoracic vertebra, below which it tapers rapidly into the conus medullaris.

Fissures and Sulci.—An anterior median fissure and a posterior median sulcus incompletely divide the medulla spinalis into two symmetrical parts, which are joined across the middle line by a commissural band of nervous matter.

The Anterior Median Fissure (fissura mediana anterior) has an average depth of about 3 mm., but this is increased in the lower part of the medulla spinalis. It contains a double fold of pia mater, and its floor is formed by a transverse band of white substance, the anterior white commissure, which is perforated by bloodvessels on their way to or from the central part of the medulla spinalis.

The Posterior Median Sulcus (sulcus medianus posterior) is very shallow; from it a septum of neuroglia reaches rather more than half-way into the substance of the medulla spinalis; this septum varies in depth from 4 to 6 mm., but diminishes considerably in the lower part of the medulla spinalis.

On either side of the posterior median sulcus, and at a short distance from it, the posterior nerve roots are attached along a vertical furrow named the posterolateral sulcus. The portion of the medulla spinalis which lies between this and the posterior median sulcus is named the posterior funiculus. In the cervical and upper thoracic regions this funiculus presents a longitudinal furrow, the postero-intermediate sulcus; this marks the position of a septum which extends into the posterior funiculus and subdivides it into two fasciculi—a medial, named the fasciculus gracilis (tract of Goll); and a lateral, the fasciculus cuneatus (tract of Burdach). The portion of the medulla spinalis which lies in front of the posterolateral sulcus is termed the antero-lateral region. The anterior nerve roots, unlike the posterior, are not attached in linear series, and their position of exit is not marked by a sulcus. They arise by separate bundles which spring from the anterior column of gray substance and, passing forward through the white substance, emerge over an area of some slight width. The most lateral of these bundles is generally taken as a dividing line which separates the antero-lateral region into two parts, viz., an anterior funiculus, between the anterior median fissure and the most lateral of the anterior nerve roots; and a lateral funiculus, between the exit of these roots and the postero-lateral sulcus. In the upper part of the cervical region a series of nerve roots passes outward through the lateral funiculus of the medulla spinalis; these unite to form the spinal portion of the accessory nerve, which runs upward and enters the cranial cavity through the foramen magnum.

The Internal Structure of the Medulla Spinalis.—On examining a transverse section of the medulla spinalis it is seen to consist of gray and white nervous substance, the former being enclosed within the latter.

Gray Substance (substantia grisea centralis).—The gray substance consists of two symmetrical portions, one in each half of the medulla spinalis: these are joined across the middle line by a transverse commissure of gray substance, through which runs a minute canal, the central canal, just visible to the naked eye. In a transverse section each half of the gray substance is shaped like a comma or crescent, the concavity of which is directed laterally; and these, together with the intervening gray commissure, present the appearance of the letter H. An imaginary coronal plane through the central canal serves to divide each crescent into an anterior or ventral, and a posterior or dorsal column.
The Anterior Column (columna anterior; anterior cornu), directed forward, is broad and of a rounded or quadrangular shape. Its posterior part is termed the base, and its anterior part the head, but these are not differentiated from each other by any well-defined constriction. It is separated from the surface of the medulla spinalis by a layer of white substance which is traversed by the bundles of the anterior nerve roots. In the thoracic region, the postero-lateral part of the anterior column projects lateralward as a triangular field, which is named the lateral column (columna lateralis; lateral cornu).

The Posterior Column (columna posterior; posterior cornu) is long and slender, and is directed backward and lateralward: it reaches almost as far as the posterolateral sulcus, from which it is separated by a thin layer of white substance, the tract of Lissauer. It consists of a base, directly continuous with the base of the anterior horn, and a neck or slightly constricted portion, which is succeeded by an oval or fusiform area, termed the head, of which the apex approaches the posterolateral sulcus. The apex is capped by a V-shaped or crescentic mass of translucent, gelatinous neuroglia, termed the substantia gelatinosa of Rolando, which contains both neuroglia cells, and small nerve cells. Between the anterior and posterior columns the gray substance extends as a series of processes into the lateral funiculus, to form a net-work called the formatio reticularis.
The quantity of gray substance, as well as the form which it presents on transverse section, varies markedly at different levels. In the thoracic region it is small, not only in amount but relatively to the surrounding white substance. In the cervical and lumbar enlargements it is greatly increased: in the latter, and especially in the conus medullaris, its proportion to the white substance is greatest. In the cervical region its posterior column is comparatively narrow, while its anterior is broad and expanded; in the thoracic region, both columns are attenuated, and the lateral column is evident; in the lumbar enlargement, both are expanded; while in the conus medullaris the gray substance assumes the form of two oval masses, one in each half of the cord, connected together by a broad gray commissure.

The Central Canal (canalis centralis) runs throughout the entire length of the medulla spinalis. The portion of gray substance in front of the canal is named the anterior gray commissure; that behind it, the posterior gray commissure. The former is thin, and is in contact anteriorly with the anterior white commissure: it contains a couple of longitudinal veins, one on either side of the middle line. The posterior gray commissure reaches from the central canal to the posterior median septum, and is thinnest in the thoracic region, and thickest in the conus medullaris. The central canal is continued upward through the lower part of the medulla oblongata, and opens into the fourth ventricle of the brain; below, it reaches for a short distance into the filum terminale. In the lower part of the conus medullaris it exhibits a fusiform dilatation, the terminal ventricle; this has a vertical measurement of from 8 to 10 mm., is triangular on cross-section with its base directed forward, and tends to undergo obliteration after the age of forty years.

Throughout the cervical and thoracic regions the central canal is situated in the anterior third of the medulla spinalis; in the lumbar enlargement it is near the middle, and in the conus medullaris it approaches the posterior surface. It is filled with cerebrospinal fluid, and lined by ciliated, columnar epithelium, outside of which is an encircling band of gelatinous substance, the substantia gelatinosa centralis. This gelatinous substance consists mainly of neuroglia, but contains a few nerve cells and fibers; it is traversed by processes from the deep ends of the columnar ciliated cells which line the central canal.

STRUCTURE OF THE GRAY SUBSTANCE.—The gray substance consists of numerous nerve cells and nerve fibers held together by neuroglia. Throughout the greater part of the gray substance the neuroglia presents the appearance of a sponge-like network, but around the central canal and on the apices of the posterior columns it consists of the gelatinous substance already referred to. The nerve cells are multipolar, and vary greatly in size and shape. They consist of (1) motor cells of large size, which are situated in the anterior horn, and are especially numerous in the cervical and lumbar enlargements; the axons of most of these cells pass out to form the anterior nerve roots, but before leaving the white substance they frequently give off collaterals, which reënter and ramify in the gray substance. (2) Cells of small or medium size, whose axons pass into the white matter, where some pursue an ascending, and others a descending course, but most of them divide in a T-shape manner into descending and ascending processes. They give off collaterals which enter and ramify in the gray substance, and the terminations of the axons behave in a similar manner. The lengths of these axons vary greatly: some are short and pass only between adjoining spinal segments, while others are longer and connect more distant segments. These cells and their processes constitute a series of association or intersegmental neurons, which link together the different parts of the medulla spinalis. The axons of most of these cells are confined to that side of the medulla spinalis in which the nerve cells are situated, but some cross to the opposite side through the anterior commissure, and are termed crossed commissural fibers. Some of these latter end directly in the gray substance, while others enter the white substance, and ascend or descend in it for varying distances, before finally terminating in the gray substance. (3) Cells of the type II of Golgi, limited for the most part to the posterior column, are found also in the substantia gelatinosa of Rolando; their axons are short and entirely confined to the gray substance, in which they break up into numerous fine filaments. Most of the nerve cells are arranged in longitudinal columns, and appear as groups on transverse section.

Nerve Cells in the Anterior Column.—The nerve cells in the anterior column are arranged in columns of varying length. The longest occupies the medial part of the anterior column, and is named the antero-medial column: it is well marked in C4, C5, again from C8 to L4, it disappears in L5 and S1 but is well marked in S2, S3 and S4 (Bruce). Behind it is a dorso-medial column of small cells, which is not represented in L5, S1, S2 nor below S4. Its axons probably pass into the dorsal rami of the spinal nerves to supply the dorsal musculature of the spinal column. In the cervical and lumbar enlargements, where the anterior column is expanded in a lateral direction, the following additional columns are present, viz.: (a) antero-lateral, which consists of two groups, one in C4, C5, C6 the other in C6, C7, C8 in the cervical enlargement and of a group from L2 to S2 in the lumbo-sacral enlargement; (b) postero-lateral, in the lower five cervical, lower four lumbar, and upper three sacral segments; (c) post-postero-lateral, in the last cervical, first thoracic, and upper three sacral segments; and (d) a central, in the lower four lumbar and upper two sacral segments. These cell groups are evidently related to the nerve roots of the brachial and sacral plexuses and supply fibers to the muscles of the arm and leg. Throughout the base of the anterior column are scattered solitary cells, the axons of some of which form crossed commissural fibers, while others constitute the motor fibers of the posterior nerve roots.

Nerve Cells in the Lateral Column.—These form a column which is best marked where the lateral gray column is differentiated, viz., in the thoracic region; but it can be traced throughout the entire length of the medulla spinalis in the form of groups of small cells which are situated in the anterior part of the formatio reticularis. In the upper part of the cervical region and lower part of the medulla oblongata as well as in the third and fourth sacral segments this column is again differentiated. In the medulla it is known as the lateral nucleus. The cells of this column are fusiform or star-shaped, and of a medium size: the axons of some of them pass into the anterior nerve roots, by which they are carried to the sympathetic nerves: they constitute the white rami and are sympathetic or visceral efferent fibers; they are also known as preganglionic fibers of the sympathetic system; the axons of others pass into the anterior and lateral funiculi, where they become longitudinal.

Nerve Cells in the Posterior Column.—1. The dorsal nucleus (nucleus dorsalis; column of Clarke) occupies the medial part of the base of the posterior column, and appears on the transverse section as a well-defined oval area. It begins below at the level of the second or third lumbar nerve, and reaches its maximum size opposite the twelfth thoracic nerve. Above the level of the ninth thoracic nerve its size diminishes, and the column ends opposite the last cervical or first thoracic nerve. It is represented, however, in the other regions by scattered cells, which become aggregated to form a cervical nucleus opposite the third cervical nerve, and a sacral nucleus in the middle and lower part of the sacral region. Its cells are of medium size, and of an oval or pyriform shape; their axons pass into the peripheral part of the lateral funiculus of the same side, and there ascend, probably in dorsal spinocerebellar (direct cerebellar) fasciculus. 2. The nerve cells in the substantia gelatinosa of Rolando are arranged in three zones: a posterior or marginal, of large angular or fusiform cells; an intermediate, of small fusiform cells; and an anterior, of star-shaped cells. The axons of these cells pass into the lateral and posterior funiculi, and there assume a vertical course. In the anterior zone some Golgi cells are found whose short axons ramify in the gray substance. 3. Solitary cells of varying form and size are scattered throughout the posterior column. Some of these are grouped to form the posterior basal column in the base of the posterior column, lateral to the dorsal nucleus; the posterior basal column is well-marked in the gorilla (Waldeyer), but is ill-defined in man. The axons of its cells pass partly to the posterior and lateral funiculi of the same side, and partly through the anterior white commissure to the lateral funiculus of the opposite side. Golgi cells, type II, located in this region send axons to the lateral and ventral columns.

A few star-shaped or fusiform nerve cells of varying size are found in the substantia gelatinosa centralis. Their axons pass into the lateral funiculus of the same, or of the opposite side.

The nerve fibers in the gray substance form a dense interlacement of minute fibrils among the nerve cells. This interlacement is formed partly of axons which pass from the cells in the gray substance to enter the white funiculi or nerve roots; partly of the axons of Golgi’s cells which ramify only in the gray substance; and partly of collaterals from the nerve fibers in the white funiculi which, as already stated, enter the gray substance and ramify within it.

WHITE SUBSTANCE (substantia alba).—The white substance of the medulla spinalis consists of medullated nerve fibers imbedded in a spongelike net-work of neuroglia, and is arranged in three funiculi: anterior, lateral, and posterior. The anterior funiculus lies between the anterior median fissure and the most lateral of the anterior nerve roots: the lateral funiculus between these nerve roots and the postero-lateral sulcus; and the posterior funiculus between the postero-lateral and the posterior median sulci. The fibers vary greatly in thickness, the smallest being found in the fasciculus gracilis, the tract of Lissauer, and inner part of the lateral funiculus; while the largest are situated in the anterior funiculus, and in the peripheral part of the lateral funiculus. Some of the nerve fibers assume a more or less transverse direction, as for example those which cross from side to side in the anterior white commissure, but the majority pursue a longitudinal course and are divisible into (1) those connecting the medulla spinalis with the brain and conveying impulses to or from the latter, and (2) those which are confined to the medulla spinalis and link together its different segments, i. e., intersegmental or association fibers.

Nerve Fasciculi.—The longitudinal fibers are grouped into more or less definite bundles or fasciculi. These are not recognizable from each other in the normal state, and their existence has been determined by the following methods: (1) A. Waller discovered that if a bundle of nerve fibers be cut, the portions of the fibers which are separated from their cells rapidly degenerate and become atrophied, while the cells and the parts of the fibers connected with them undergo little alteration. This is known as Wallerian degeneration. Similarly, if a group of nerve cells be destroyed, the fibers arising from them undergo degeneration. Thus, if the motor cells of the cerebral cortex be destroyed, or if the fibers arising from these cells be severed, a descending degeneration from the seat of injury takes place in the fibers. In the same manner, if a spinal ganglion be destroyed, or the fibers which pass from it into the medulla spinalis be cut, an ascending degeneration will extend along these fibers. (2) Pathological changes, especially in man, have given important information by causing ascending and descending degenerations. (3) By tracing the development of the nervous system, it has been observed that at first the nerve fibers are merely naked axis-cylinders, and that they do not all acquire their medullary sheaths at the same time; hence the fibers can be grouped into different bundles according to the dates at which they receive their medullary sheaths. (4) Various methods of staining nervous tissue are of great value in tracing the course and mode of termination of the axis-cylinder processes.

Fasciculi in the Anterior Funiculus.—Descending Fasciculi.—The anterior cerebrospinal (fasciculus cerebrospinalis anterior; direct pyramidal tract), which is usually small, but varies inversely in size with the lateral cerebrospinal fasciculus. It lies close to the anterior median fissure, and is present only in the upper part of the medulla spinalis; gradually diminishing in size as it descends, it ends about the middle of the thoracic region. It consists of descending fibers which arise from cells in the motor area of the cerebral hemisphere of the same side, and which, as they run downward in the medulla spinalis, cross in succession through the anterior white commissure to the opposite side, where they end, either directly or indirectly, by arborizing around the motor cells in the anterior column. A few of its fibers are said to pass to the lateral column of the same side and to the gray matter at the base of the posterior column. They conduct voluntary motor impulses from the precentral gyrus to the motor centers of the cord.

The vestibulospinal fasciculus, situated chiefly in the marginal part of the funiculus and mainly derived from the cells of Deiters’ nucleus, of the same and the opposite side, i. e., the chief terminal nucleus of the vestibular nerve. Fibers are also contributed to this fasciculus from scattered cells of the articular formation of the medulla oblongata, the pons and the mid-brain (tegmentum). The other terminal nuclei of the vestibular nerve also contribute fibers. In the brain stem these fibers form part of the median longitudinal bundle. The fasciculus can be traced to the sacral region. Its terminals and collaterals end either directly or indirectly among the motor cells of the anterior column. This fasciculus is probably concerned with equilibratory reflexes.

The tectospinal fasciculus, situated partly in the anterior and partly in the lateral funiculus, is mainly derived from the opposite superior colliculus of the mid-brain. The fibers from the superior colliculus cross the median raphé in the fountain decussation of Meynert and descend as the ventral longitudinal bundle in the reticular formation of the brain-stem. Its collaterals and terminals end either directly or indirectly among the motor cells of the anterior column of the same side. Since the superior colliculus is an important visual reflex center, the tectospinal fasciculus is probably concerned with visual reflexes.

Ascending Fasciculi.—The ventral spinothalamic fasciculus, situated in the marginal part of the funiculus and intermingled more or less with the vestibulo-spinal fasciculus, is derived from cells in the posterior column or intermediate gray matter of the opposite side. Their axons cross in the anterior commissure. This is a somewhat doubtful fasciculus and its fibers are supposed to end in the thalamus and to conduct certain of the touch impulses.

The remaining fibers of the anterior funiculus constitute what is termed the anterior proper fasciculus (fasciculus anterior proprius; anterior basis bundle). It consists of (a) longitudinal intersegmental fibers which arise from cells in the gray substance, more especially from those of the medial group of the anterior column, and, after a longer or shorter course, reënter the gray substance; (b) fibers which cross in the anterior white commissure from the gray substance of the opposite side.

Fasciculi in the Lateral Funiculus.—1. Descending Fasciculi.—(a) The lateral cerebrospinal fasciculus (fasciculus cerebrospinalis lateralis; crossed pyramidal tract) extends throughout the entire length of the medulla spinalis, and on transverse section appears as an oval area in front of the posterior column and medial to the cerebellospinal. Its fibers arise from cells in the motor area of the cerebral hemisphere of the opposite side. They pass downward in company with those of the anterior cerebrospinal fasciculus through the same side of the brain as that from which they originate, but they cross to the opposite side in the medulla oblongata and descend in the lateral funiculus of the medulla spinalis.

It is probable that the fibers of the anterior and lateral cerebrospinal fasciculi are not related in this direct manner with the cells of the anterior column, but terminate by arborizing around the cells at the base of the posterior column and the cells of Clarke’s column, which in turn link them to the motor cells in the anterior column, usually of several segments of the cord. In consequence of these interposed neurons the fibers of the cerebrospinal fasciculi correspond not to individual muscles, but to associated groups of muscles.

The anterior and lateral cerebrospinal fasciculi constitute the motor fasciculi of the medulla spinalis and have their origins in the motor cells of the cerebral cortex. They descend through the internal capsule of the cerebrum, traverse the cerebral peduncles and pons and enter the pyramid of the medulla oblongata. In the lower part of the latter about two-thirds of them cross the middle line and run downward in the lateral funiculus as the lateral cerebrospinal fasciculus, while the remaining fibers do not cross the middle line, but are continued into the same side of the medulla spinalis, where they form the anterior cerebrospinal fasciculus. The fibers of the latter, however, cross the middle line in the anterior white commissure, and thus all the motor fibers from one side of the brain ultimately reach the opposite side of the medulla spinalis. The proportion of fibers which cross in the medulla oblongata is not a constant one, and thus the anterior and lateral cerebrospinal fasciculi vary inversely in size. Sometimes the former is absent, and in such cases it may be presumed that the decussation of the motor fibers in the medulla oblongata has been complete. The fibers of these two fasciculi do not acquire their medullary sheaths until after birth. In some animals the motor fibers are situated in the posterior funiculus.

(b) The rubrospinal fasciculus (Monakow) (prepyramidal tract), lies on the ventral aspect of the lateral cerebrospinal fasciculus and on transverse section appears as a somewhat triangular area. Its fibers descend from the mid-brain, where they have their origin in the red nucleus of the tegmentum of the opposite side. Its terminals and collaterals end either directly or indirectly in relation with the motor cells of the anterior column. The rubrospinal fasciculus is supposed to be concerned with cerebellar reflexes since fibers which pass from the cerebellum through the superior peduncle send many collaterals and terminals to the red nucleus.

(c) The olivospinal fasciculus (Helweg) arises in the vicinity of the inferior olivary nucleus in the medulla oblongata, and is seen only in the cervical region of the medulla spinalis, where it forms a small triangular area at the periphery, close to the most lateral of the anterior nerve roots. Its exact origin and its mode of ending have not yet been definitely made out.

2. Ascending Fasciculi.—(a) The dorsal spinocerebellar fasciculus (fasciculus cerebellospinalis; direct cerebellar tract of Flechsig) is situated at the periphery of the posterior part of the lateral funiculus, and on transverse section appears as a flattened band reaching as far forward as a line drawn transversely through the central canal. Medially, it is in contact with the lateral cerebrospinal fasciculus, behind, with the fasciculus of Lissauer. It begins about the level of the second or third lumbar nerve, and increasing in size as it ascends, passes to the vermis of the cerebellum through the inferior peduncle. Its fibers are generally regarded as being formed by the axons of the cells of the dorsal nucleus (Clarke’s column); they receive their medullary sheaths about the sixth or seventh month of fetal life. Its fibers are supposed to conduct impulses of unconscious muscle sense.

The superficial antero-lateral fasciculus (tract of Gowers) consists of four fasciculi, the ventral spinocerebellar, the lateral spinothalamic, the spinotectal and the ventral spinothalamic.

(b) The ventral spinocerebellar fasciculus (Gowers) skirts the periphery of the lateral funiculus in front of the dorsal spinocerebellar fasciculus. In transverse section it is shaped somewhat like a comma, the expanded end of which lies in front of the dorsal spinocerebellar fasciculus while the tail reaches forward into the anterior funiculus. Its fibers come from the same but mostly from the opposite side of the medulla spinalis and cross both in the anterior white commissure and in the gray commissure; they are probably derived from the cells of the dorsal nucleus and from other cells of the posterior column and the intermediate portion of the gray matter. The ventral spinocerebellar fasciculus begins about the level of the third pair of lumbar nerves, and can be followed into the medulla oblongata and pons almost to the level of the inferior colliculus where it crosses over the superior peduncle and then passes backward along its medial border to reach the vermis of the cerebellum. In the pons it lies along the lateral edge of the lateral lemniscus. Some of its fibers join the dorsal spinocerebellar fasciculus at the level of the inferior peduncle and pass with them into the cerebellum. Other fibers are said to continue upward in the dorso-lateral part of the tegmentum of the mid-brain probably as far as the thalamus.

(c) The lateral spinothalamic fasciculus is supposed to come from cells in the dorsal column and the intermediate gray matter whose axons cross in the anterior commissure to the opposite lateral funiculus where they pass upward on the medial side of the ventral spinocerebellar fasciculus; on reaching the medulla oblongata they continue in the formatio reticularis near the median fillet and probably terminate in the ventro-lateral region of the thalamus. It is supposed to conduct impulses of pain and temperature. The lateral and ventral spinothalamic fasciculi are sometimes termed the secondary sensory fasciculus or spinal lemniscus.
(d) The spinotectal fasciculus is supposed to arise in the dorsal column and terminate in the (inferior ?) and superior colliculi. It is situated ventral to the lateral spinothalamic fasciculus, but its fibers are more or less intermingled with it. It is also known as the spino-quadrigeminal system of Mott. In the brain-stem the fibers run lateral from the inferior olive, ventro-lateral from the superior olive, then ventro-medial from the spinal tract of the trigeminal; the fibers come to lie in the medial portion of the lateral lemniscus.

(e) The fasciculus of Lissauer is a small strand situated in relation to the tip of the posterior column close to the entrance of the posterior nerve roots. It consists of fine fibers which do not receive their medullary sheaths until toward the close of fetal life. It is usually regarded as being formed by some of the fibers of the posterior nerve roots, which ascend for a short distance in the tract and then enter the posterior column, but since its fibers are myelinated later than those of the posterior nerve roots, and do not undergo degeneration in locomotor ataxia, they are probably intersegmental in character.

In addition the fasciculus or tract of Lissauer contains great numbers of fine non-medullated fibers derived mostly from the dorsal roots but partly endogenous in origin. These fibers are intimately related to the substantia gelatinosa which is probably the terminal nucleus. The non-medullated fibers ascend or descend for short distances not exceeding one or two segments, but most of them enter the substantia gelatinosa at or near the level of their origin. Ransom suggests that these non-medullated fibers and the substantia gelatinosa are concerned with the reflexes associated with pain impulses.

(f) The lateral proper fasciculus (fasciculus lateralis proprius; lateral basis bundle) constitutes the remainder of the lateral column, and is continuous in front with the anterior proper fasciculus. It consists chiefly of intersegmental fibers which arise from cells in the gray substance, and, after a longer or shorter course, reënter the gray substance and ramify in it. Some of its fibers are, however, continued upward into the brain under the name of the medial longitudinal fasciculus.
Fasciculi in the Posterior Funiculus.—This funiculus comprises two main fasciculi, viz., the fasciculus gracilis, and the fasciculus cuneatus. These are separated from each other in the cervical and upper thoracic regions by the postero-intermediate septum, and consist mainly of ascending fibers derived from the posterior nerve roots.

The fasciculus gracilis (tract of Goll) is wedge-shaped on transverse section, and lies next the posterior median septum, its base being at the surface of the medulla spinalis, and its apex directed toward the posterior gray commissure. It increases in size from below upward, and consists of long thin fibers which are derived from the posterior nerve roots, and ascend as far as the medulla oblongata, where they end in the nucleus gracilis.

The fasciculus cuneatus (tract of Burdach) is triangular on transverse section, and lies between the fasciculus gracilis and the posterior column, its base corresponding with the surface of the medulla spinalis. Its fibers, larger than those of the fasciculus gracilis, are mostly derived from the same source, viz., the posterior nerve roots. Some ascend for only a short distance in the tract, and, entering the gray matter, come into close relationship with the cells of the dorsal nucleus; while others can be traced as far as the medulla oblongata, where they end in the gracile and cuneate nuclei.

The fasciculus gracilis and fasciculus cuneatus conduct (1) impulses of conscious muscle sense, neurons of the second order from the nucleus gracilis and nucleus cuneatus, pass in the median lemniscus to the thalamus and neurons of the third order from the thalamus to the cerebral cortex; (2) impulses of unconscious muscle sense, via neurons of the second order from the nucleus gracilis and nucleus cuneatus pass in the internal and external arcuate fibers of the medulla oblongata to the inferior peduncle and through it to the cerebellum; (3) impulses of tactile discrimination, via neurons of the second order from the nucleus cuneatus and nucleus gracilis pass in the median lemniscus to the thalamus, neurons of the third order pass from the thalamus to the cortex.

The Posterior Proper Fasciculus (posterior ground bundle; posterior basis bundle) arises from cells in the posterior column; their axons bifurcate into ascending and descending branches which occupy the ventral part of the funiculus close to the gray column. They are intersegmental and run for varying distances sending off collaterals and terminals to the gray matter.

Some descending fibers occupy different parts at different levels. In the cervical and upper thoracic regions they appear as a comma-shaped fasciculus in the lateral part of the fasciculus cuneatus, the blunt end of the comma being directed toward the posterior gray commissure; in the lower thoracic region they form a dorsal peripheral band on the posterior surface of the funiculus; in the lumbar region, they are situated by the side of the posterior median septum, and appear on section as a semi-elliptical bundle, which, together with the corresponding bundle of the opposite side, forms the oval area of Flechsig; while in the conus medullaris they assume the form of a triangular strand in the postero-medial part of the fasciculus gracilis. These descending fibers are mainly intersegmental in character and derived from cells in the posterior column, but some consist of the descending branches of the posterior nerve roots. The comma-shaped fasciculus was supposed to belong to the second category, but against this view is the fact that it does not undergo descending degeneration when the posterior nerve roots are destroyed.

ROOTS OF THE SPINAL NERVES.—As already stated, each spinal nerve possesses two roots, an anterior and a posterior, which are attached to the surface of the medulla spinalis opposite the corresponding column of gray substance; their fibers become medullated about the fifth month of fetal life.

The Anterior Nerve Root (radix anterior) consists of efferent fibers, which are the axons of the nerve cells in the ventral part of the anterior and lateral columns. A short distance from their origins, these axons are invested by medullary sheaths and, passing forward, emerge in two or three irregular rows over an area which measures about 3 mm. in width.

The Posterior Root (radix posterior) comprises some six or eight fasciculi, attached in linear series along the postero-lateral sulcus. It consists of afferent fibers which arise from the nerve cells in a spinal ganglion. Each ganglion cell gives off a single fiber which divides in a T-shaped manner into two processes, medial and lateral. The lateral processes extend to the sensory end-organs of the skin, muscles, tendons, joints, etc. (somatic receptors), and to the sensory end-organs of the viscera (visceral receptors). The medial processes of the ganglion cells grow into the medulla spinalis as the posterior roots of the spinal nerves.

The posterior nerve root enters the medulla spinalis in three chief bundles, medial, intermediate, and lateral. The medial strand passes directly into the fasciculus cuneatus: it consists of coarse fibers, which acquire their medullary sheaths about the fifth month of intrauterine life; the intermediate strand consists of coarse fibers, which enter the gelatinous substance of Rolando; the lateral is composed of fine fibers, which assume a longitudinal direction in the tract of Lissauer, and do not acquire their medullary sheaths until after birth. In addition to these medullated fibers there are great numbers of non-medullated fibers which enter with the lateral bundle. They are more numerous than the myelinated fibers. They arise from the small cells of the spinal ganglia by T-shaped axons similar to the myelinated. They are distributed with the peripheral nerves chiefly to the skin, only a few are found in the nerves to the muscles.

Having entered the medulla spinalis, all the fibers of the posterior nerve roots divide into ascending and descending branches, and these in their turn give off collaterals which enter the gray substance. The descending fibers are short, and soon enter the gray substance. The ascending fibers are grouped into long, short, and intermediate: the long fibers ascend in the fasciculus cuneatus and fasciculus gracilis as far as the medulla oblongata, where they end by arborizing around the cells of the cuneate and gracile nuclei; the short fibers run upward for a distance of only 5 or 6 mm. and enter the gray substance; while the intermediate fibers, after a somewhat longer course, have a similar destination. All fibers entering the gray substance end by arborizing around its nerve cells or the dendrites of cells, those of intermediate length being especially associated with the cells of the dorsal nucleus.

The long fibers of the posterior nerve roots pursue an oblique course upward, being situated at first in the lateral part of the fasciculus cuneatus: higher up, they occupy the middle of this fasciculus, having been displaced by the accession of other entering fibers; while still higher, they ascend in the fasciculus gracilis. The upper cervical fibers do not reach this fasciculus, but are entirely confined to the fasciculus cuneatus. The localization of these fibers is very precise: the sacral nerves lie in the medial part of the fasciculus gracilis and near its periphery, the lumbar nerves lateral to them, the thoracic nerves still more laterally; while the cervical nerves are confined to the fasciculus cuneatus.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· cervical enlargement 

· lumbar enlargement

· conus medullaris

· external terminal filum

· ventral median fissure

· dorsal median sulcus

· ventral lateral sulcus

· dorsal lateral sulcus

funiculus of spinal cord:

· anterior funiculus of spinal cord

· lateral funiculus of spinal cord

· posterior funiculus of spinal cord

· central canal of spinal cord

· grey matter

· anterior horn

· posterior horn

· white substance

Practice class 30. The cervical plexus, branches. The short branches of brachial plexus.

The aim: to learn the classification, structure and functions of spinal nerves; to learn the topography of the cervical and brachial plexus; to define structures innervated by the nerves of the cervical plexus and the short branches of the brachial plexus.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially neuropathologists, neurosurgeons, traumatologists, therapeutists and pediatricians.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The cervical plexus.

b) Superficial branches of the cervical plexus

c) The supraclavicular nerves.

d) The muscular branches.

e) The brachial plexus.

f) The suprascapular nerve.

g) The long thoracic nerve.

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

THE CERVICAL PLEXUS (PLEXUS CERVICALIS) is formed by the anterior divisions of the upper four cervical nerves; each nerve, except the first, divides into an upper and a lower branch, and the branches unite to form three loops. The plexus is situated opposite the upper four cervical vertebrae, in front of the Levator scapulae and Scalenus medius, and covered by the Sternocleidomastoideus.

Its branches are divided into two groups, superficial and deep, and are here given in tabular form; the figures following the names indicate the nerves from which the different branches take origin:

Superficial
Smaller occipital–2, C.

Great auricular–2, 3, C.

Cutaneous cervical–2, 3, C.

Supraclavicular–3, 4, C.

Deep
Internal

Communicating

With hypoglossal–1, 2, C.

With vagus–1, 2, C.

With sympathetic–1, 2, 3, 4, C.

Muscular

Rectus capitis lateralis–1, C.

Rectus capitis anterior–1, 2, C.

Longus capitis–1, 2, 3, C.

Communicantes cervicales–2, 3, C.

Phrenic–3, 4, 5, C.

External

Communicating with accessory–2, 3, 4, C.

Muscular

Sternocleidomastoideus–2, C.

Trapezius–3, 4, C.

Levator scapulae–3, 4, C.

Scalenus medius–3, 4, C.

Superficial Branches of the Cervical Plexus.—The Smaller Occipital Nerve (n. occipitalïs minor; small occipital nerve) arises from the second cervical nerve, sometimes also from the third; it curves around and ascends along the posterior border of the Sternocleidomastoideus. Near the cranium it perforates the deep fascia, and is continued upward along the side of the head behind the auricula, supplying the skin and communicating with the greater occipital, the great auricular, and the posterior auricular branch of the facial. The smaller occipital varies in size, and is sometimes duplicated.

It gives off an auricular branch, which supplies the skin of the upper and back part of the auricula, communicating with the mastoid branch of the great auricular. This branch is occasionally derived from the greater occipital nerve.

The Great Auricular Nerve (n. auricularis magnus) is the largest of the ascending branches. It arises from the second and third cervical nerves, winds around the posterior border of the Sternocleidomastoideus, and, after perforating the deep fascia, ascends upon that muscle beneath the Platysma to the parotid gland, where it divides into an anterior and a posterior branch.

The anterior branch (ramus anterior; facial branch) is distributed to the skin of the face over the parotid gland, and communicates in the substance of the gland with the facial nerve.

The posterior branch (ramus posterior; mastoid branch) supplies the skin over the mastoid process and on the back of the auricula, except at its upper part; a filament pierces the auricula to reach its lateral surface, where it is distributed to the lobule and lower part of the concha. The posterior branch communicates with the smaller occipital, the auricular branch of the vagus, and the posterior auricular branch of the facial.

The Cutaneous Cervical (n. cutaneus colli; superficial or transverse cervical nerve) arises from the second and third cervical nerves, turns around the posterior border of the Sternocleidomastoideus about its middle, and, passing obliquely forward beneath the external jugular vein to the anterior border of the muscle, it perforates the deep cervical fascia, and divides beneath the Platysma into ascending and descending branches, which are distributed to the antero-lateral parts of the neck.

The ascending branches (rami superiores) pass upward to the submaxillary region, and form a plexus with the cervical branch of the facial nerve beneath the Platysma; others pierce that muscle, and are distributed to the skin of the upper and front part of the neck.

The descending branches (rami inferiores) pierce the Platysma, and are distributed to the skin of the side and front of the neck, as low as the sternum.

The Supraclavicular Nerves (nn. supraclaviculares; descending branches) arise from the third and fourth cervical nerves; they emerge beneath the posterior border of the Sternocleidomastoideus, and descend in the posterior triangle of the neck beneath the Platysma and deep cervical fascia. Near the clavicle they perforate the fascia and Platysma to become cutaneous, and are arranged, according to their position, into three groups—anterior, middle and posterior.
The anterior supraclavicular nerves (nn. supraclaviculares anteriores; suprasternal nerves) cross obliquely over the external jugular vein and the clavicular and sternal heads of the Sternocleidomastoideus, and supply the skin as far as the middle line. They furnish one or two filaments to the sternoclavicular joint.

The middle supraclavicular nerves (nn. supraclaviculares medii; supraclavicular nerves) cross the clavicle, and supply the skin over the Pectoralis major and Deltoideus, communicating with the cutaneous branches of the upper intercostal nerves.

The posterior supraclavicular nerves (nn. supraclaviculares posteriores; supra-acromial nerves) pass obliquely across the outer surface of the Trapezius and the acromion, and supply the skin of the upper and posterior parts of the shoulder.

Deep Branches of the Cervical Plexus. INTERNAL SERIES.—The Communicating Branches consist of several filaments, which pass from the loop between the first and second cervical nerves to the vagus, hypoglossal, and sympathetic. The branch to the hypoglossal ultimately leaves that nerve as a series of branches, viz., the descending ramus, the nerve to the Thyreohyoideus and the nerve, to the Geniohyoideus (see page 916). A communicating branch also passes from the fourth to the fifth cervical, while each of the first four cervical nerves receives a gray ramus communicans from the superior cervical ganglion of the sympathetic.

Muscular Branches supply the Longus capitis, Rectus capitis anterior, and Rectus capitis lateralis.

The Communicantes Cervicales (communicantes hypoglossi) consist usually of two filaments, one derived from the second, and the other from the third cervical. These filaments join to form the descendens cervicalis, which passes downward on the lateral side of the internal jugular vein, crosses in front of the vein a little below the middle of the neck, and forms a loop (ansa hypoglossi) with the descending ramus of the hypoglossal in front of the sheath of the carotid vessels. Occasionally, the loop is formed within the sheath.

The Phrenic Nerve (n. phrenicus; internal respiratory nerve of Bell) contains motor and sensory fibers in the proportion of about two to one. It arises chiefly from the fourth cervical nerve, but receives a branch from the third and another from the fifth; (the fibers from the fifth occasionally come through the nerve to the Subclavius.) It descends to the root of the neck, running obliquely across the front of the Scalenus anterior, and beneath the Sternocleidomastoideus, the inferior belly of the Omohyoideus, and the transverse cervical and transverse scapular vessels. It next passes in front of the first part of the subclavian artery, between it and the subclavian vein, and, as it enters the thorax, crosses the internal mammary artery near its origin. Within the thorax, it descends nearly vertically in front of the root of the lung, and then between the pericardium and the mediastinal pleura, to the diaphragm, where it divides into branches, which pierce that muscle, and are distributed to its under surface. In the thorax it is accompanied by the pericardiacophrenic branch of the internal mammary artery.

The two phrenic nerves differ in their length, and also in their relations at the upper part of the thorax.

The right nerve is situated more deeply, and is shorter and more vertical in direction than the left; it lies lateral to the right innominate vein and superior vena cava.

The left nerve is rather longer than the right, from the inclination of the heart to the left side, and from the diaphragm being lower on this than on the right side. At the root of the neck it is crossed by the thoracic duct; in the superior mediastinal cavity it lies between the left common carotid and left subclavian arteries, and crosses superficial to the vagus on the left side of the arch of the aorta.

Each nerve supplies filaments to the pericardium and pleura, and at the root of the neck is joined by a filament from the sympathetic, and, occasionally, by one from the ansa hypoglossi. Branches have been described as passing to the peritoneum.

From the right nerve, one or two filaments pass to join in a small phrenic ganglion with phrenic branches of the celiac plexus; and branches from this ganglion are distributed to the falciform and coronary ligaments of the liver, the suprarenal gland, inferior vena cava, and right atrium. From the left nerve, filaments pass to join the phrenic branches of the celiac plexus, but without any ganglionic enlargement; and a twig is distributed to the left suprarenal gland.

Deep Branches of the Cervical Plexus. EXTERNAL SERIES.—Communicating Branches.—The external series of deep branches of the cervical plexus communicates with the accessory nerve, in the substance of the Sternocleidomastoideus, in the posterior triangle, and beneath the Trapezius.

Muscular Branches are distributed to the Sternocleidomastoideus, Trapezius, Levator scapulae, and Scalenus medius.

The branch for the Sternocleidomastoideus is derived from the second cervical; the Trapezius and Levator scapulae receive branches from the third and fourth. The Scalenus medius receives twigs either from the third or fourth, or occasionally from both.

THE BRANCHIAL PLEXUS (PLEXUS BRACHIALIS).—The brachial plexus is formed by the union of the anterior divisions of the lower four cervical nerves and the greater part of the anterior division of the first thoracic nerve; the fourth cervical usually gives a branch to the fifth cervical, and the first thoracic frequently receives one from the second thoracic. The plexus extends from the lower part of the side of the neck to the axilla. The nerves which form it are nearly equal in size, but their mode of communication is subject to some variation. The following is, however, the most constant arrangement. The fifth and sixth cervical unite soon after their exit from the intervertebral foramina to form a trunk. The eighth cervical and first thoracic also unite to form one trunk, while the seventh cervical runs out alone. Three trunks—upper, middle, and lower—are thus formed, and, as they pass beneath the clavicle, each splits into an anterior and a posterior division. The anterior divisions of the upper and middle trunks unite to form a cord, which is situated on the lateral side of the second part of the axillary artery, and is called the lateral cord or fasciculus of the plexus. The anterior division of the lower trunk passes down on the medial side of the axillary artery, and forms the medial cord or fasciculus of the brachial plexus. The posterior divisions of all three trunks unite to form the posterior cord or fasciculus of the plexus, which is situated behind the second portion of the axillary artery.

Relations.—In the neck, the brachial plexus lies in the posterior triangle, being covered by the skin, Platysma, and deep fascia; it is crossed by the supraclavicular nerves, the inferior belly of the Omohyoideus, the external jugular vein, and the transverse cervical artery. It emerges between the Scaleni anterior and medius; its upper part lies above the third part of the subclavian artery, while the trunk formed by the union of the eighth cervical and first thoracic is placed behind the artery; the plexus next passes behind the clavicle, the Subclavius, and the transverse scapular vessels, and lies upon the first digitation of the Serratus anterior, and the Subscapularis. In the axilla it is placed lateral to the first portion of the axillary artery; it surrounds the second part of the artery, one cord lying medial to it, one lateral to it, and one behind it; at the lower part of the axilla it gives off its terminal branches to the upper limb.

Branches of Communication.—Close to their exit from the intervertebral foramina the fifth and sixth cervical nerves each receive a gray ramus communicans from the middle cervical ganglion of the sympathetic trunk, and the seventh and eighth cervical similar twigs from the inferior ganglion. The first thoracic nerve receives a gray ramus from, and contributes a white ramus to, the first thoracic ganglion. On the Scalenus anterior the phrenic nerve is joined by a branch from the fifth cervical.

Branches of Distribution.—The branches of distribution of the brachial plexus may be arranged into two groups, viz., those given off above and those below the clavicle.

The Dorsal Scapular Nerve (n. dorsalis scapulae; nerve to the Rhomboidei; posterior scapular nerve) arises from the fifth cervical, pierces the Scalenus medius, passes beneath the Levator scapulae, to which it occasionally gives a twig, and ends in the Rhomboidei.

The Suprascapular (n. suprascapularis) arises from the trunk formed by the union of the fifth and sixth cervical nerves. It runs lateralward beneath the Trapezius and the Omohyoideus, and enters the supraspinatous fossa through the suprascapular notch, below, the superior transverse scapular ligament; it then passes beneath the Supraspinatus, and curves around the lateral border of the spine of the scapula to the infraspinatous fossa. In the supraspinatous fossa it gives off two branches to the Supraspinatus muscle, and an articular filament to the shoulder-joint; and in the infraspinatous fossa it gives off two branches to the Infraspinatous muscle, besides some filaments to the shoulder-joint and scapula.

The Nerve to the Subclavius (n. subclavius) is a small filament, which arises from the point of junction of the fifth and sixth cervical nerves; it descends to the muscle in front of the third part of the subclavian artery and the lower trunk of the plexus, and is usually connected by a filament with the phrenic nerve.

The Long Thoracic Nerve (n. thoracalis longus; external respiratory nerve of Bell; posterior thoracic nerve) supplies the Serratus anterior. It usually arises by three roots from the fifth, sixth, and seventh cervical nerves; but the root from the seventh nerve may be absent. The roots from the fifth and sixth nerves pierce the Scalenus medius, while that from the seventh passes in front of the muscle. The nerve descends behind the brachial plexus and the axillary vessels, resting on the outer surface of the Serratus anterior. It extends along the side of the thorax to the lower border of that muscle, supplying filaments to each of its digitations.

The branches for the Longus colli and Scaleni arise from the lower four cervical nerves at their exit from the intervertebral foramina.

The Subscapular Nerves (nn. subscapulares), two in number, spring from the posterior cord of the plexus and through it from the fifth and sixth cervical nerves.

The upper subscapular (short subscapular), the smaller enters the upper part of the Subscapularis, and is frequently represented by two branches.

The lower subscapular supplies the lower part of the Subscapularis, and ends in the Teres major; the latter muscle is sometimes supplied by a separate branch.

The Thoracodorsal Nerve (n. thoracodorsalis; middle or long subscapular nerve), a branch of the posterior cord of the plexus, derives its fibers from the fifth, sixth, and seventh cervical nerves; it follows the course of the subscapular artery, along the posterior wall of the axilla to the Latissimus dorsi, in which it may be traced as far as the lower border of the muscle.

The Axillary Nerve (n. axillaris; circumflex nerve) arises from the posterior cord of the brachial plexus, and its fibers are derived from the fifth and sixth cervical nerves. It lies at first behind the axillary artery, and in front of the Subscapularis, and passes downward to the lower border of that muscle. It then winds backward, in company with the posterior humeral circumflex artery, through a quadrilateral space bounded above by the Subscapularis, below by the Teres major, medially by the long head of the Triceps brachii, and laterally by the surgical neck of the humerus, and divides into an anterior and a posterior branch.

The anterior branch (upper branch) winds around the surgical neck of the humerus, beneath the Deltoideus, with the posterior humeral circumflex vessels, as far as the anterior border of that muscle, supplying it, and giving off a few small cutaneous branches, which pierce the muscle and ramify in the skin covering its lower part.

The posterior branch (lower branch) supplies the Teres minor and the posterior part of the Deltoideus; upon the branch to the Teres minor an oval enlargement (pseudoganglion) usually exists. The posterior branch then pierces the deep fascia and is continued as the lateral brachial cutaneous nerve, which sweeps around the posterior border of the Deltoideus and supplies the skin over the lower two-thirds of the posterior part of this muscle, as well as that covering the long head of the Triceps brachii.

The trunk of the axillary nerve gives off an articular filament which enters the shoulder-joint below the Subscapularis.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· cervical plexus

· cervical ansa

· lesser occipital nerve

· great auricular nerve

· transverse nerve of neck

· phrenic nerve

· supraclavicular nerves

· suprascapular nerve

· subclavian nerve

· long thoracic nerve

· thoracodorsal nerve

· median thoracic nerve

· lateral thoracic nerve

· axillary nerve

Practice class 31. The long branches of brachial plexus.

The aim: to learn the topography of the brachial plexus, its trunks and nerves; to define structures innervated by the long branches of the brachial plexus.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially neuropathologists, neurosurgeons, surgeons, traumatologists, therapeutists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The musculocutaneous nerve.
b) The median nerve.
c) The ulnar nerve.
d) The radial nerve.

e) The medial antibrachial cutaneous nerve.

C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

The Musculocutaneous Nerve (n. musculocutaneus) arises from the lateral cord of the brachial plexus, opposite the lower border of the Pectoralis minor, its fibers being derived from the fifth, sixth, and seventh cervical nerves. It pierces the Coracobrachialis muscle and passes obliquely between the Biceps brachii and the Brachialis, to the lateral side of the arm; a little above the elbow it pierces the deep fascia lateral to the tendon of the Biceps brachii and is continued into the forearm as the lateral antibrachial cutaneous nerve. In its course through the arm it supplies the Coracobrachialis, Biceps brachii, and the greater part of the Brachialis. The branch to the Coracobrachialis is given off from the nerve close to its origin, and in some instances as a separate filament from the lateral cord of the plexus; it is derived from the seventh, cervical nerve. The branches to the Biceps brachii and Brachialis are given off after the musculocutaneous has pierced the Coracobrachialis; that supplying the Brachialis gives a filament to the elbow-joint. The nerve also sends a small branch to the bone, which enters the nutrient foramen with the accompanying artery.

The Median Nerve (n. medianus) extends along the middle of the arm and forearm to the hand. It arises by two roots, one from the lateral and one from the medial cord of the brachial plexus; these embrace the lower part of the axillary artery, uniting either in front of or lateral to that vessel. Its fibers are derived from the sixth, seventh, and eighth cervical and first thoracic nerves. As it descends through the arm, it lies at first lateral to the brachial artery; about the level of the insertion of the Coracobrachialis it crosses the artery, usually in front of, but occasionally behind it, and lies on its medial side at the bend of the elbow, where it is situated behind the lacertus fibrosus (bicipital fascia), and is separated from the elbow-joint by the Brachialis. In the forearm it passes between the two heads of the Pronator teres and crosses the ulnar artery, but is separated from this vessel by the deep head of the Pronator teres. It descends beneath the Flexor digitorum sublimis, lying on the Flexor digitorum profundus, to within 5 cm. of the transverse carpal ligament; here it becomes more superficial, and is situated between the tendons of the Flexor digitorum sublimis and Flexor carpi radialis. In this situation it lies behind, and rather to the radial side of, the tendon of the Palmaris longus, and is covered by the skin and fascia. It then passes behind the transverse carpal ligament into the palm of the hand. In its course through the forearm it is accompanied by the median artery, a branch of the volar interroseous artery.

Branches.—With the exception of the nerve to the Pronator teres, which sometimes arises above the elbow-joint, the median nerve gives off no branches in the arm. As it passes in front of the elbow, it supplies one or two twigs to the joint.

In the forearm its branches are: muscular, volar interosseous, and palmar.
The muscular branches (rami musculares) are derived from the nerve near the elbow and supply all the superficial muscles on the front of the forearm, except the Flexor carpi ulnaris.

The volar interosseous nerve (n. interosseus [antibrachii] volaris; anterior interosseous nerve) supplies the deep muscles on the front of the forearm, except the ulnar half of the Flexor digitorum profundus. It accompanies the volar interosseous artery along the front of the interosseous membrane, in the interval between the Flexor pollicis longus and Flexor digitorum profundus, supplying the whole of the former and the radial half of the latter, and ending below in the Pronator quadratus and wrist-joint.

The palmar branch (ramus cutaneus palmaris n. mediani) of the median nerve arises at the lower part of the forearm. It pierces the volar carpal ligament, and divides into a lateral and a medial branch; the lateral branch supplies the skin over the ball of the thumb, and communicates with the volar branch of the lateral antibrachial cutaneous nerve; the medial branch supplies the skin of the palm and communicates with the palmar cutaneous branch of the ulnar.

In the palm of the hand the median nerve is covered by the skin and the palmar aponeurosis, and rests on the tendons of the Flexor muscles. Immediately after emerging from under the transverse carpal ligament the nerve becomes enlarged and flattened and splits into a smaller, lateral, and a larger, medial portion. The lateral portion supplies a short, stout branch to certain of the muscles of the ball of the thumb, viz., the Abductor brevis, the Opponens, and the superficial head of the Flexor brevis, and then divides into three proper volar digital nerves; two of these supply the sides of the thumb, while the third gives a twig to the first Lumbricalis and is distributed to the radial side of the index finger. The medial portion of the nerve divides into two common volar digital nerves. The first of these gives a twig to the second Lumbricalis and runs toward the cleft between the index and middle fingers, where it divides into two proper digital nerves for the adjoining sides of these digits; the second runs toward the cleft between the middle and ring fingers, and splits into two proper digital nerves for the adjoining sides of these digits; it communicates with a branch from the ulnar nerve and sometimes sends a twig to the third Lumbricalis.

Each proper digital nerve, opposite the base of the first phalanx, gives off a dorsal branch which joins the dorsal digital nerve from the superficial branch of the radial nerve, and supplies the integument on the dorsal aspect of the last phalanx. At the end of the digit, the proper digital nerve divides into two branches, one of which supplies the pulp of the finger, the other ramifies around and beneath the nail. The proper digital nerves, as they run along the fingers, are placed superficial to the corresponding arteries.

The Ulnar Nerve (n. ulnaris) is placed along the medial side of the limb, and is distributed to the muscles and skin of the forearm and hand. It arises from the medial cord of the brachial plexus, and derives its fibers from the eighth cervical and first thoracic nerves. It is smaller than the median, and lies at first behind it, but diverges from it in its course down the arm. At its origin it lies medial to the axillary artery, and bears the same relation to the brachial artery as far as the middle of the arm. Here it pierces the medial intermuscular septum, runs obliquely across the medial head of the Triceps brachii, and descends to the groove between the medial epicondyle and the olecranon, accompanied by the superior ulnar collateral artery. At the elbow, it rests upon the back of the medial epicondyle, and enters the forearm between the two heads of the Flexor carpi ulnaris. In the forearm, it descends along the ulnar side lying upon the Flexor digitorum profundus; its upper half is covered by the Flexor carpi ulnaris, its lower half lies on the lateral side of the muscle, covered by the integument and fascia. In the upper third of the forearm, it is separated from the ulnar artery by a considerable interval, but in the rest of its extent lies close to the medial side of the artery. About 5 cm. above the wrist it ends by dividing into a dorsal and a volar branch.

The branches of the ulnar nerve are: articular to the elbow-joint, muscular, palmar cutaneous, dorsal, and volar.
The articular branches to the elbow-joint are several small filaments which arise from the nerve as it lies in the groove between the medial epicondyle and olecranon.

The muscular branches (rami musculares) two in number, arise near the elbow: one supplies the Flexor carpi ulnaris; the other, the ulnar half of the Flexor digitorum profundus.

The palmar cutaneous branch (ramus cutaneus palmaris) arises about the middle of the forearm, and descends on the ulnar artery, giving off some filaments to the vessel. It perforates the volar carpal ligament and ends in the skin of the palm, communicating with the palmar branch of the median nerve.

The dorsal branch (ramus dorsalis manus) arises about 5 cm. above the wrist; it passes backward beneath the Flexor carpi ulnaris, perforates the deep fascia, and, running along the ulnar side of the back of the wrist and hand, divides into two dorsal digital branches; one supplies the ulnar side of the little finger; the other, the adjacent sides of the little and ring fingers. It also sends a twig to join that given by the superficial branch of the radial nerve for the adjoining sides of the middle and ring fingers, and assists in supplying them. A branch is distributed to the metacarpal region of the hand, communicating with a twig of the superficial branch of the radial nerve.

On the little finger the dorsal digital branches extend only as far as the base of the terminal phalanx, and on the ring finger as far as the base of the second phalanx; the more distal parts of these digits are supplied by dorsal branches derived from the proper volar digital branches of the ulnar nerve.

The volar branch (ramus volaris manus) crosses the transverse carpal ligament on the lateral side of the pisiform bone, medial to and a little behind the ulnar artery. It ends by dividing into a superficial and a deep branch.

The superficial branch (ramus superficialis [n. ulnaris] supplies the Palmaris brevis, and the skin on the ulnar side of the hand, and divides into a proper volar digital branch for the ulnar side of the little finger, and a common volar digital branch which gives a communicating twig to the median nerve and divides into two proper digital nerves for the adjoining sides of the little and ring fingers. The proper digital branches are distributed to the fingers in the same manner as those of the median.

The deep branch (ramus profundus) accompanied by the deep branch of the ulnar artery, passes between the Abductor digiti quinti and Flexor digiti quinti brevis; it then perforates the Opponens digiti quinti and follows the course of the deep volar arch beneath the Flexor tendons. At its origin it supplies the three short muscles of the little finger. As it crosses the deep part of the hand, it supplies all the Interossei and the third and fourth Lumbricales; it ends by supplying the Adductores pollicis and the medial head of the Flexor pollicis brevis. It also sends articular filaments to the wrist-joint.

It has been pointed out that the ulnar part of the Flexor digitorum profundus is supplied by the ulnar nerve; the third and fourth Lumbricales, which are connected with the tendons of this part of the muscle, are supplied by the same nerve. In like manner the lateral part of the Flexor digitorum profundus and the first and second Lumbricales are supplied by the median nerve; the third Lumbricalis frequently receives an additional twig from the median nerve.

The Radial Nerve (n. radialis; musculospiral nerve) the largest branch of the brachial plexus, is the continuation of the posterior cord of the plexus. Its fibres are derived from the fifth, sixth, seventh, and eighth cervical and first thoracic nerves. It descends behind the first part of the axillary artery and the upper part of the brachial artery, and in front of the tendons of the Latissimus dorsi and Teres major. It then winds around from the medial to the lateral side of the humerus in a groove with the a. profunda brachii, between the medial and lateral heads of the Triceps brachii. It pierces the lateral intermuscular septum, and passes between the Brachialis and Brachioradialis to the front of the lateral epicondyle, where it divides into a superficial and a deep branch.

The branches of the musculospiral nerve are:

Muscular.

Superficial.

Cutaneous.

Deep.

The muscular branches (rami musculares) supply the Triceps brachii, Anconaeus, Brachioradialis, Extensor carpi radialis longus, and Brachialis, and are grouped as medial, posterior, and lateral.

The medial muscular branches supply the medial and long heads of the Triceps brachii. That to the medial head is a long, slender filament, which lies close to the ulnar nerve as far as the lower third of the arm, and is therefore frequently spoken of as the ulnar collateral nerve.
The posterior muscular branch, of large size, arises from the nerve in the groove between the Triceps brachii and the humerus. It divides into filaments, which supply the medial and lateral heads of the Triceps brachii and the Anconaeus muscles. The branch for the latter muscle is a long, slender filament, which descends in the substance of the medial head of the Triceps brachii.

The lateral muscular branches supply the Brachioradialis, Extensor carpi radialis longus, and the lateral part of the Brachialis.

The cutaneous branches are two in number, the posterior brachial cutaneous and the dorsal antibrachial cutaneous.

The posterior brachial cutaneous nerve (n. cutaneus brachii posterior; internal cutaneous branch of musculospiral) arises in the axilla, with the medial muscular branch. It is of small size, and passes through the axilla to the medial side of the area supplying the skin on its dorsal surface nearly as far as the olecranon. In its course it crosses behind, and communicates with, the intercostobrachial.

The dorsal antibrachial cutaneous nerve (n. cutaneus antibrachii dorsalis; external cutaneous branch of musculospiral) perforates the lateral head of the Triceps brachii at its attachment to the humerus. The upper and smaller branch of the nerve passes to the front of the elbow, lying close to the cephalic vein, and supplies the skin of the lower half of the arm. The lower branch pierces the deep fascia below the insertion of the Deltoideus, and descends along the lateral side of the arm and elbow, and then along the back of the forearm to the wrist, supplying the skin in its course, and joining, near its termination, with the dorsal branch of the lateral antibrachial cutaneous nerve.

The Superficial Branch of the Radial Nerve (ramus superficialis radial nerve) passes along the front of the radial side of the forearm to the commencement of its lower third. It lies at first slightly lateral to the radial artery, concealed beneath the Brachioradialis. In the middle third of the forearm, it lies behind the same muscle, close to the lateral side of the artery. It quits the artery about 7 cm. above the wrist, passes beneath the tendon of the Brachioradialis, and, piercing the deep fascia, divides into two branches.

The lateral branch, the smaller, supplies the skin of the radial side and ball of the thumb, joining with the volar branch of the lateral antibrachial cutaneous nerve.

The medial branch communicates, above the wrist, with the dorsal branch of the lateral antibrachial cutaneous, and, on the back of the hand, with the dorsal branch of the ulnar nerve. It then divides into four digital nerves, which are distributed as follows: the first supplies the ulnar side of the thumb; the second, the radial side of the index finger; the third, the adjoining sides of the index and middle fingers; the fourth communicates with a filament from the dorsal branch of the ulnar nerve, and supplies the adjacent sides of the middle and ring fingers.

The Deep Branch of the Radial Nerve (n. interosseus dorsalis; dorsal or posterior interosseous nerve) winds to the back of the forearm around the lateral side of the radius between the two planes of fibers of the Supinator, and is prolonged downward between the superficial and deep layers of muscles, to the middle of the forearm. Considerably diminished in size, it descends, as the dorsal interosseous nerve, on the interosseous membrane, in front of the Extensor pollicis longus, to the back of the carpus, where it presents a gangliform enlargement from which filaments are distributed to the ligaments and articulations of the carpus. It supplies all the muscles on the radial side and dorsal surface of the forearm, excepting the Anconaeus, Brachioradialis, and Extenosr carpi radialis longus.

Note. The posterior division of the lower trunk is very much smaller than the others, and is frequently derived entirely from the eighth cervical nerve.

The lateral antibrachial cutaneous nerve (n. cutaneus antibrachii cutaneous lateralis; branch of musculocutaneous nerve) passes behind the cephalic vein, and divides, opposite the elbow-joint, into a volar and a dorsal branch.

The volar branch (ramus volaris; anterior branch) descends along the radial border of the forearm to the wrist, and supplies the skin over the lateral half of its volar surface. At the wrist-joint it is placed in front of the radial artery, and some filaments, piercing the deep fascia, accompany that vessel to the dorsal surface of the carpus. The nerve then passes downward to the ball of the thumb, where it ends in cutaneous filaments. It communicates with the superficial branch of the radial nerve, and with the palmar cutaneous branch of the median nerve.

The dorsal branch (ramus dorsalis; posterior branch) descends, along the dorsal surface of the radial side of the forearm to the wrist. It supplies the skin of the lower two-thirds of the dorso-lateral surface of the forearm, communicating with the superficial branch of the radial nerve and the dorsal antibrachial cutaneous branch of the radial.

The musculocutaneous nerve presents frequent irregularities. It may adhere for some distance to the median and then pass outward, beneath the Biceps brachii, instead of through the Coracobrachialis. Some of the fibers of the median may run for some distance in the musculocutaneous and then leave it to join their proper trunk; less frequently the reverse is the case, and the median sends a branch to join the musculocutaneous. The nerve may pass under the Coracobrachialis or through the Biceps brachii. Occasionally it gives a filament to the Pronator teres, and it supplies the dorsal surface of the thumb when the superficial branch of the radial nerve is absent.

The Medial Antibrachial Cutaneous Nerve (n. cutaneus antibrachii medialis; internal cutaneous nerve) arises from the medial cord of the brachial plexus. It derives its fibers from the eighth cervical and first thoracic nerves, and at its commencement is placed medial to the axillary artery. It gives off, near the axilla, a filament, which pierces the fascia and supplies the integument covering the Biceps brachii, nearly as far as the elbow. The nerve then runs down the ulnar side of the arm medial to the brachial artery, pierces the deep fascia with the basilic vein, about the middle of the arm, and divides into a volar and an ulnar branch.

The volar branch (ramus volaris; anterior branch), the larger, passes usually in front of, but occasionally behind, the vena mediana cubiti (median basilic vein). It then descends on the front of the ulnar side of the forearm, distributing filaments to the skin as far as the wrist, and communicating with the palmar cutaneous branch of the ulnar nerve.

The ulnar branch (ramus ulnaris; posterior branch) passes obliquely downward on the medial side of the basilic vein, in front of the medial epicondyle of the humerus, to the back of the forearm, and descends on its ulnar side as far as the wrist, distributing filaments to the skin. It communicates with the medial brachial cutaneous, the dorsal antibrachial cutaneous branch of the radial, and the dorsal branch of the ulnar.

The Medial Brachial Cutaneous Nerve (n. cutaneus brachii medialis; lesser internal cutaneous nerve; nerve of Wrisberg) is distributed to the skin on the ulnar side of the arm. It is the smallest branch of the brachial plexus, and arising from the medial cord receives its fibers from the eighth cervical and first thoracic nerves. It passes through the axilla, at first lying behind, and then medial to the axillary vein, and communicates with the intercostobrachial nerve. It descends along the medial side of the brachial artery to the middle of the arm, where it pierces the deep fascia, and is distributed to the skin of the back of the lower third of the arm, extending as far as the elbow, where some filaments are lost in the skin in front of the medial epicondyle, and others over the olecranon. It communicates with the ulnar branch of the medial antibrachial cutaneous nerve.

In some cases the medial brachial cutaneous and intercostobrachial are connected by two or three filaments, which form a plexus in the axilla. In other cases the intercostobrachial is of large size, and takes the place of the medial brachial cutaneous, receiving merely a filament of communication from the brachial plexus, which represents the latter nerve; in a few cases, this filament is wanting.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· brachial plexus

· trunks (supraclavicular part):

· superior trunks

· middle trunks

· inferior trunks

· cords: (subclavicular part):

· lateral

· medial

· posterior

· musculocutaneous nerve

· median nerve

· ulnar nerve

· radial nerve

· medial cutaneous nerve of arm

· medial cutaneous nerve of forearm

Practice class 32. The lumbar plexus, branches. The sacral plexus, branches.

The aim: to learn the topography of the lumbar and sacral plexuses; to define structures innervated by the branches of these plexuses.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially neuropathologists, neurosurgeons, surgeons, traumatologists, therapeutists, urologists.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The lumbar plexus, its branches;
b) The iliohypogastric nerve;
c) The ilioinguinal nerve;
d) The genitofemoral nerve;

e) The obturator nerve;
f) The sacral plexus
g) The nerve to the piriformis;
h) The gluteals nerves;
i) The posterior femoral cutaneous nerve;
j) The gluteal branches

k) The tibial nerve;

C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

THE LUMBAR PLEXUS (PLEXUS LUMBALIS).—The lumbar plexus is formed by the loops of communication between the anterior divisions of the first three and the greater part of the fourth lumbar nerves; the first lumbar often receives a branch from the last thoracic nerve. It is situated in the posterior part of the Psoas major, in front of the transverse processes of the lumbar vertebrae.

The mode in which the plexus is arranged varies in different subjects. It differs from the brachial plexus in not forming an intricate interlacement, but the several nerves of distribution arise from one or more of the spinal nerves, in the following manner: the first lumbar nerve, frequently supplemented by a twig from the last thoracic, splits into an upper and lower branch; the upper and larger branch divides into the iliohypogastric and ilioinguinal nerves; the lower and smaller branch unites with a branch of the second lumbar to form the genitofemoral nerve. The remainder of the second nerve, and the third and fourth nerves, divide into ventral and dorsal divisions. The ventral division of the second unites with the ventral divisions of the third and fourth nerves to form the obturator nerve. The dorsal divisions of the second and third nerves divide into two branches, a smaller branch from each uniting to form the lateral femoral cutaneous nerve, and a larger branch from each joining with the dorsal division of the fourth nerve to form the femoral nerve. The accessory obturator, when it exists, is formed by the union of two small branches given off from the third and fourth nerves.

The branches of the lumbar plexus may therefore be arranged as follows:

Iliohypogastric

1 L.

Ilioinguinal

1 L.

Genitofemoral

1, 2 L.

Dorsal divisions.

Lateral femoral cutaneous

2, 3 L.

Femoral

2, 3, 4 L.

Ventral divisions.

Obturator

2, 3, 4 L.

Accessory obturator

3, 4 L.

The Iliohypogastric Nerve (n. iliohypogastricus) arises from the first lumbar nerve. It emerges from the upper part of the lateral border of the Psoas major, and crosses obliquely in front of the Quadratus lumborum to the iliac crest. It then perforates the posterior part of the Transversus abdominis, near the crest of the ilium, and divides between that muscle and the Obliquus internus abdominis into a lateral and an anterior cutaneous branch.
The lateral cutaneous branch (ramus cutaneus lateralis; iliac branch) pierces the Obliqui internus and externus immediately above the iliac crest, and is distributed to the skin of the gluteal region, behind the lateral cutaneous branch of the last thoracic nerve the size of this branch bears an inverse proportion to that of the lateral cutaneous branch of the last thoracic nerve.

The anterior cutaneous branch (ramus cutaneus anterior; hypogastric branch) continues onward between the Obliquus internus and Transversus. It then pierces the Obliquus internus, becomes cutaneous by perforating the aponeurosis of the Obliquus externus about 2.5 cm. above the subcutaneous inguinal ring, and is distributed to the skin of the hypogastric region.

The iliohypogastric nerve communicates with the last thoracic and ilioinguinal nerves.

The Ilioinguinal Nerve (n. ilioinguinalis), smaller than the preceding, arises with it from the first lumbar nerve. It emerges from the lateral border of the Psoas major just below the iliohypogastric, and, passing obliquely across the Quadratus lumborum and Iliacus, perforates the Transversus abdominis, near the anterior part of the iliac crest, and communicates with the iliohypogastric nerve between the Transversus and the Obliquus internus. The nerve then pierces the Obliquus internus, distributing filaments to it, and, accompanying the spermatic cord through the subcutaneous inguinal ring, is distributed to the skin of the upper and medial part of the thigh, to the skin over the root of the penis and upper part of the scrotum in the male, and to the skin covering the mons pubis and labium majus in the female. The size of this nerve is in inverse proportion to that of the iliohypogastric. Occasionally it is very small, and ends by joining the iliohypogastric; in such cases, a branch from the iliohypogastric takes the place of the ilioinguinal, or the latter nerve may be altogether absent.

The Genitofemoral Nerve (n. genitofemoralis; genitocrural nerve) arises from the first and second lumbar nerves. It passes obliquely through the substance of the Psoas major, and emerges from its medial border, close to the vertebral column, opposite the fibrocartilage between the third and fourth lumbar vertebrae; it then descends on the surface of the Psoas major, under cover of the peritoneum, and divides into the external spermatic and lumboinguinal nerves. Occasionally these two nerves emerge separately through the substance of the Psoas.

The external spermatic nerve (n. spermaticus externus; genital branch of genitofemoral) passes outward on the Psoas major, and pierces the fascia transversalis, or passes through the abdominal inguinal ring; it then descends behind the spermatic cord to the scrotum, supplies the Cremaster, and gives a few filaments to the skin of the scrotum. In the female, it accompanies the round ligament of the uterus, and is lost upon it.

The lumboinguinal nerve (n. lumboinguinalis; femoral or crural branch of genitofemoral) descends on the external iliac artery, sending a few filaments around it, and, passing beneath the inguinal ligament, enters the sheath of the femoral vessels, lying superficial and lateral to the femoral artery. It pierces the anterior layer of the sheath of the vessels and the fascia lata, and supplies the skin of the anterior surface of the upper part of the thigh. On the front of the thigh it communicates with the anterior cutaneous branches of the femoral nerve. A few filaments from the lumboinguinal nerve may be traced to the femoral artery.

The Lateral Femoral Cutaneous Nerve (n. cutaneus femoralis lateralis; external cutaneous nerve) arises from the dorsal divisions of the second and third lumbar nerves. It emerges from the lateral border of the Psoas major about its middle, and crosses the Iliacus obliquely, toward the anterior superior iliac spine. It then passes under the inguinal ligament and over the Sartorius muscle into the thigh, where it divides into two branches, and anterior and a posterior.

The anterior branch becomes superficial about 10 cm. below the inguinal ligament, and divides into branches which are distributed to the skin of the anterior and lateral parts of the thigh, as far as the knee. The terminal filaments of this nerve frequently communicate with the anterior cutaneous branches of the femoral nerve, and with the infrapatellar branch of the saphenous nerve, forming with them the patellar plexus.
The posterior branch pierces the fascia lata, and subdivides into filaments which pass backward across the lateral and posterior surfaces of the thigh, supplying the skin from the level of the greater trochanter to the middle of the thigh.

The Obturator Nerve (n. obturatorius) arises from the ventral divisions of the second, third, and fourth lumbar nerves; the branch from the third is the largest, while that from the second is often very small. It descends through the fibers of the Psoas major, and emerges from its medial border near the brim of the pelvis; it then passes behind the common iliac vessels, and on the lateral side of the hypogastric vessels and ureter, which separate it from the ureter, and runs along the lateral wall of the lesser pelvis, above and in front of the obturator vessels, to the upper part of the obturator foramen. Here it enters the thigh, and divides into an anterior and a posterior branch, which are separated at first by some of the fibers of the Obturator externus, and lower down by the Adductor brevis.

The anterior branch (ramus anterior) leaves the pelvis in front of the Obturator externus and descends in front of the Adductor brevis, and behind the Pectineus and Adductor longus; at the lower border of the latter muscle it communicates with the anterior cutaneous and saphenous branches of the femoral nerve, forming a kind of plexus. It then descends upon the femoral artery, to which it is finally distributed. Near the obturator foramen the nerve gives off an articular branch to the hipjoint. Behind the Pectineus, it distributes branches to the Adductor longus and Gracilis, and usually to the Adductor brevis, and in rare cases to the Pectineus; it receives a communicating branch from the accessory obturator nerve when that nerve is present.

Occasionally the communicating branch to the anterior cutaneous and saphenous branches of the femoral is continued down, as a cutaneous branch, to the thigh and leg. When this is so, it emerges from beneath the lower border of the Adductor longus, descends along the posterior margin of the Sartorius to the medial side of the knee, where it pierces the deep fascia, communicates with the saphenous nerve, and is distributed to the skin of the tibial side of the leg as low down as its middle.

The posterior branch (ramus posterior) pierces the anterior part of the Obturator externus, and supplies this muscle; it then passes behind the Adductor brevis on the front of the Adductor magnus, where it divides into numerous muscular branches which are distributed to the Adductor magnus and the Adductor brevis when the latter does not receive a branch from the anterior division of the nerve. It usually gives off an articular filament to the knee-joint.

The articular branch for the knee-joint is sometimes absent; it either perforates the lower part of the Adductor magnus, or passes through the opening which transmits the femoral artery, and enters the popliteal fossa; it then descends upon the popliteal artery, as far as the back part of the knee-joint, where it perforates the oblique popliteal ligament, and is distributed to the synovial membrane. It gives filaments to the popliteal artery.

The Accessory Obturator Nerve (n. obturatorius accessorius) is present in about 29 per cent. of cases. It is of small size, and arises from the ventral divisions of the third and fourth lumbar nerves. It descends along the medial border of the Psoas major, crosses the superior ramus of the pubis, and passes under the Pectineus, where it divides into numerous branches. One of these supplies the Pectineus, penetrating its deep surface, another is distributed to the hip-joint; while a third communicates with the anterior branch of the obturator nerve. Occasionally the accessory obturator nerve is very small and is lost in the capsule of the hip-joint. When it is absent, the hip-joint receives two branches from the obturator nerve.

The Femoral Nerve (n. femoralis; anterior crural nerve), the largest branch of the lumbar plexus, arises from the dorsal divisions of the second, third, and fourth lumbar nerves. It descends through the fibers of the Psoas major, emerging from the muscle at the lower part of its lateral border, and passes down between it and the Iliacus, behind the iliac fascia; it then runs beneath the inguinal ligament, into the thigh, and splits into an anterior and a posterior division. Under the inguinal ligament, it is separated from the femoral artery by a portion of the Psoas major.

Within the abdomen the femoral nerve gives off small branches to the Iliacus, and a branch which is distributed upon the upper part of the femoral artery; the latter branch may arise in the thigh.

In the thigh the anterior division of the femoral nerve gives off anterior cutaneous and muscular branches. The anterior cutaneous branches comprise the intermediate and medial cutaneous nerves.

The intermediate cutaneous nerve (ramus cutaneus anterior; middle cutaneous nerve) pierces the fascia lata (and generally the Sartorius) about 7.5 cm. below the inguinal ligament, and divides into two branches which descend in immediate proximity along the forepart of the thigh, to supply the skin as low as the front of the knee. Here they communicate with the medial cutaneous nerve and the infrapatellar branch of the saphenous, to form the patellar plexus. In the upper part of the thigh the lateral branch of the intermediate cutaneous communicates with the lumboinguinal branch of the genitofemoral nerve.

The medial cutaneous nerve (ramus cutaneus anterior; internal cutaneous nerve) passes obliquely across the upper part of the sheath of the femoral artery, and divides in front, or at the medial side of that vessel, into two branches, an anterior and a posterior. The anterior branch runs downward on the Sartorius, perforates the fascia lata at the lower third of the thigh, and divides into two branches: one supplies the integument as low down as the medial side of the knee; the other crosses to the lateral side of the patella, communicating in its course with the infrapatellar branch of the saphenous nerve. The posterior branch descends along the medial border of the Sartorius muscle to the knee, where it pierces the fascia lata, communicates with the saphenous nerve, and gives off several cutaneous branches. It then passes down to supply the integument of the medial side of the leg. Beneath the fascia lata, at the lower border of the Adductor longus, it joins to form a plexiform net-work (subsartorial plexus) with branches of the saphenous and obturator nerves. When the communicating branch from the obturator nerve is large and continued to the integument of the leg, the posterior branch of the medial cutaneous is small, and terminates in the plexus, occasionally giving off a few cutaneous filaments. The medial cutaneous nerve, before dividing, gives off a few filaments, which pierce the fascia lata, to supply the integument of the medial side of the thigh, accompanying the long saphenous vein. One of these filaments passes through the saphenous opening; a second becomes subcutaneous about the middle of the thigh; a third pierces the fascia at its lower third.

MUSCULAR BRANCHES (rami musculares).—The nerve to the Pectineus arises immediately below the inguinal ligament, and passes behind the femoral sheath to enter the anterior surface of the muscle; it is often duplicated. The nerve to the Sartorius arises in common with the intermediate cutaneous.

The posterior division of the femoral nerve gives off the saphenous nerve, and muscular and articular branches.

The Saphenous Nerve (n. saphenus; long or internal saphenous nerve) is the largest cutaneous branch of the femoral nerve. It approaches the femoral artery where this vessel passes beneath the Sartorius, and lies in front of it, behind the aponeurotic covering of the adductor canal, as far as the opening in the lower part of the Adductor magnus. Here it quits the artery, and emerges from behind the lower edge of the aponeurotic covering of the canal; it descends vertically along the medial side of the knee behind the Sartorius, pierces the fascia lata, between the tendons of the Sartorius and Gracilis, and becomes subcutaneous. The nerve then passes along the tibial side of the leg, accompanied by the great saphenous vein, descends behind the medial border of the tibia, and, at the lower third of the leg, divides into two branches: one continues its course along the margin of the tibia, and ends at the ankle; the other passes in front of the ankle, and is distributed to the skin on the medial side of the foot, as far as the ball of the great toe, communicating with the medial branch of the superficial peroneal nerve.

BRANCHES.
The saphenous nerve, about the middle of the thigh, gives off a branch which joins the subsartorial plexus.

At the medial side of the knee it gives off a large infrapatellar branch, which pierces the Sartorius and fascia lata, and is distributed to the skin in front of the patella. This nerve communicates above the knee with the anterior cutaneous branches of the femoral nerve; below the knee, with other branches of the saphenous; and, on the lateral side of the joint, with branches of the lateral femoral cutaneous nerve, forming a plexiform net-work, the plexus patellae. The infrapatellar branch is occasionally small, and ends by joining the anterior cutaneous branches of the femoral, which supply its place in front of the knee.

Below the knee, the branches of the saphenous nerve are distributed to the skin of the front and medial side of the leg, communicating with the cutaneous branches of the femoral, or with filaments from the obturator nerve.

The muscular branches supply the four parts of the Quadriceps femoris. The branch to the Rectus femoris enters the upper part of the deep surface of the muscle, and supplies a filament to the hip-joint. The branch to the Vastus lateralis, of large size, accompanies the descending branch of the lateral femoral circumflex artery to the lower part of the muscle. It gives off an articular filament to the knee-joint. The branch to the Vastus medialis descends lateral to the femoral vessels in company with the saphenous nerve. It enters the muscle about its middle, and gives off a filament, which can usually be traced downward, on the surface of the muscle, to the knee-joint. The branches to the Vastus intermedius, two or three in number, enter the anterior surface of the muscle about the middle of the thigh; a filament from one of these descends through the muscle to the Articularis genu and the knee-joint. The articular branch to the hip-joint is derived from the nerve to the Rectus femoris.

The articular branches to the knee-joint are three in number. One, a long slender filament, is derived from the nerve to the Vastus lateralis; it penetrates the capsule of the joint on its anterior aspect. Another, derived from the nerve to the Vastus medialis, can usually be traced downward on the surface of this muscle to near the joint; it then penetrates the muscular fibers, and accompanies the articular branch of the highest genicular artery, pierces the medial side of the articular capsule, and supplies the synovial membrane. The third branch is derived from the nerve to the Vastus intermedius.

Note. In most cases the fourth lumbar is the nervus furcalis; but this arrangement is frequently departed from. The third is occasionally the lowest nerve which enters the lumbar plexus, giving at the same time some fibers to the sacral plexus, and thus forming the nervus furcalis; or both the third and fourth may be furcal nerves. When this occurs, the plexus is termed high or prefixed. More frequently the fifth nerve is divided between the lumbar and sacral plexuses, and constitutes the nervus furcalis; and when this takes place, the plexus is distinguished as a low or postfixed plexus. These variations necessarily produce corresponding modifications in the sacral plexus.

THE SACRAL PLEXUS (PLEXUS SACRALIS). The sacral plexus is formed by the lumbosacral trunk, the anterior division of the first, and portions of the anterior divisions of the second and third sacral nerves.

The lumbosacral trunk comprises the whole of the anterior division of the fifth and a part of that of the fourth lumbar nerve; it appears at the medial margin of the Psoas major and runs downward over the pelvic brim to join the first sacral nerve. The anterior division of the third sacral nerve divides into an upper and a lower branch, the former entering the sacral and the latter the pudendal plexus.

The nerves forming the sacral plexus converge toward the lower part of the greater sciatic foramen, and unite to form a flattened band, from the anterior and posterior surfaces of which several branches arise. The band itself is continued as the sciatic nerve. which splits on the back of the thigh into the tibial and common peroneal nerves; these two nerves sometimes arise separately from the plexus, and in all cases their independence can be shown by dissection.

Relation.—The sacral plexus lies on the back of the pelvis between the Piriformis and the pelvic fascia, in front of it are the hypogastric vessels, the ureter and the sigmoid colon. The superior gluteal vessels run between the lumbosacral trunk and the first sacral nerve, and the inferior gluteal vessels between the second and third sacral nerves.

All the nerves entering the plexus, with the exception of the third sacral, split into ventral and dorsal divisions, and the nerves arising from these are as follows:

Ventral divisions.

Dorsal divisions.

Nerve to Quadratus femoris and Gemellus inferior

4, 5 L, 1 S.

Nerve to Obturator internus and Gemellus superior

5 L, 1, 2 S.

Nerve to Piriformis

(1) 2 S.

Superior gluteal

4, 5 L, 1 S.

Inferior gluteal

5 L, 1, 2 S.

Posterior femoral cutaneous

2, 3 S

1, 2 S.

Sciatic

Tibial

4, 5 L, 1, 2, 3 S.

Common peroneal

4, 5 L, 1, 2 S.

The Nerve to the Quadratus Femoris and Gemellus Inferior arises from the ventral divisions of the fourth and fifth lumbar and first sacral nerves: it leaves the pelvis through the greater sciatic foramen, below the Piriformis, and runs down in front of the sciatic nerve, the Gemelli, and the tendon of the Obturator internus, and enters the anterior surfaces of the muscles; it gives an articular branch to the hip-joint.

The Nerve to the Obturator Internus and Gemellus Superior arises from the ventral divisions of the fifth lumbar and first and second sacral nerves. It leaves the pelvis through the greater sciatic foramen below the Piriformis, and gives off the branch to the Gemellus superior, which enters the upper part of the posterior surface of the muscle. It then crosses the ischial spine, reënters the pelvis through the lesser sciatic foramen, and pierces the pelvic surface of the Obturator internus.

The Nerve to the Piriformis arises from the dorsal division of the second sacral nerve, or the dorsal divisions of the first and second sacral nerves, and enters the anterior surface of the muscle; this nerve may be double.

The Superior Gluteal Nerve (n. glutaeus superior) arises from the dorsal divisions of the fourth and fifth lumbar and first sacral nerves: it leaves the pelvis through the greater sciatic foramen above the Piriformis, accompanied by the superior gluteal vessels, and divides into a superior and an inferior branch. The superior branch accompanies the upper branch of the deep division of the superior gluteal artery and ends in the Glutaeus minimus. The inferior branch runs with the lower branch of the deep division of the superior gluteal artery across the Glutaeus minimus; it gives filaments to the Glutaei medius and minimus, and ends in the Tensor fasciae latae.

The Inferior Gluteal Nerve (n. glutaeus inferior) arises from the dorsal divisions of the fifth lumbar and first and second sacral nerves: it leaves the pelvis through the greater sciatic foramen, below the Piriformis, and divides into branches which enter the deep surface of the Glutaeus maximus.

The Posterior Femoral Cutaneous Nerve (n. cutaneus femoralis posterior; small sciatic nerve) is distributed to the skin of the perineum and posterior surface of the thigh and leg. It arises partly from the dorsal divisions of the first and second, and from the ventral divisions of the second and third sacral nerves, and issues from the pelvis through the greater sciatic foramen below the Piriformis. It then descends beneath the Glutaeus maximus with the inferior gluteal artery, and runs down the back of the thigh beneath the fascia lata, and over the long head of the Biceps femoris to the back of the knee; here it pierces the deep fascia and accompanies the small saphenous vein to about the middle of the back of the leg, its terminal twigs communicating with the sural nerve.

Its branches are all cutaneous, and are distributed to the gluteal region, the perineum, and the back of the thigh and leg.

The gluteal branches (nn. clunium inferiores), three or four in number, turn upward around the lower border of the Glutaeus maximus, and supply the skin covering the lower and lateral part of that muscle.

The perineal branches (rami perineales) are distributed to the skin at the upper and medial side of the thigh. One long perineal branch, inferior pudendal (long scrotal nerve), curves forward below and in front of the ischial tuberosity, pierces the fascia lata, and runs forward beneath the superficial fascia of the perineum to the skin of the scrotum in the male, and of the labium majus in the female. It communicates with the inferior hemorrhoidal and posterior scrotal nerves.

The branches to the back of the thigh and leg consist of numerous filaments derived from both sides of the nerve, and distributed to the skin covering the back and medial side of the thigh, the popliteal fossa, and the upper part of the back of the leg.

The Sciatic (n. ischiadicus; great sciatic nerve) supplies nearly the whole of the skin of the leg, the muscles of the back of the thigh, and those of the leg and foot. It is the largest nerve in the body, measuring 2 cm. in breadth, and is the continuation of the flattened band of the sacral plexus. It passes out of the pelvis through the greater sciatic foramen, below the Piriformis muscle. It descends between the greater trochanter of the femur and the tuberosity of the ischium, and along the back of the thigh to about its lower third, where it divides into two large branches, the tibial and common peroneal nerves. This division may take place at any point between the sacral plexus and the lower third of the thigh. When it occurs at the plexus, the common peroneal nerve usually pierces the Piriformis.

In the upper part of its course the nerve rests upon the posterior surface of the ischium, the nerve to the Quadratus femoris, the Obturator internus and Gemelli, and the Quadratus femoris; it is accompanied by the posterior femoral cutaneous nerve and the inferior gluteal artery, and is covered by the Glutaeus maximus. Lower down, it lies upon the Adductor magnus, and is crossed obliquely by the long head of the Biceps femoris.

The nerve gives off articular and muscular branches.

The articular branches (rami articulares) arise from the upper part of the nerve and supply the hip-joint, perforating the posterior part of its capsule; they are sometimes derived from the sacral plexus.

The muscular branches (rami musculares) are distributed to the Biceps femoris, Semitendinosus, Semimembranosus, and Adductor magnus. The nerve to the short head of the Biceps femoris comes from the common peroneal part of the sciatic, while the other muscular branches arise from the tibial portion, as may be seen in those cases where there is a high division of the sciatic nerve.

The Tibial Nerve (n. tibialis; internal popliteal nerve) the larger of the two terminal branches of the sciatic, arises from the anterior branches of the fourth and fifth lumbar and first, second, and third sacral nerves. It descends along the back of the thigh and through the middle of the popliteal fossa, to the lower part of the Popliteus muscle, where it passes with the popliteal artery beneath the arch of the Soleus. It then runs along the back of the leg with the posterior tibial vessels to the interval between the medial malleolus and the heel, where it divides beneath the laciniate ligament into the medial and lateral plantar nerves. In the thigh it is overlapped by the hamstring muscles above, and then becomes more superficial, and lies lateral to, and some distance from, the popliteal vessels;opposite the knee-joint, it is in close relation with these vessels, and crosses to the medial side of the artery. In the leg it is covered in the upper part of its course by the muscles of the calf; lower down by the skin, the superficial and deep fasciae. It is placed on the deep muscles, and lies at first to the medial side of the posterior tibial artery, but soon crosses that vessel and descends on its lateral side as far as the ankle. In the lower third of the leg it runs parallel with the medial margin of the tendo calcaneus.

The branches of this nerve are: articular, muscular, medial sural cutaneous, medial calcaneal, medial and lateral plantar.
Articular branches (rami articulares), usually three in number, supply the knee-joint; two of these accompany the superior and inferior medial genicular arteries; and a third, the middle genicular artery. Just above the bifurcation of the nerve an articular branch is given off to the ankle-joint.

Muscular branches (rami musculares), four or five in number, arise from the nerve as it lies between the two heads of the Gastrocnemius muscle; they supply that muscle, and the Plantaris, Soleus, and Popliteus. The branch for the Popliteus turns around the lower border and is distributed to the deep surface of the muscle. Lower down, muscular branches arise separately or by a common trunk and supply the Soleus, Tibialis posterior, Flexor digitorum longus, and Flexor hallucis longus; the branch to the last muscle accompanies the peroneal artery; that to the Soleus enters the deep surface of the muscle.

The medial sural cutaneous nerve (n. cutaneus surae medialis; n. communicans tibialis) descends between the two heads of the Gastrocnemius, and, about the middle of the back of the leg, pierces the deep fascia, and unites with the anastomotic ramus of the common peroneal to form the sural nerve.

The sural nerve (n. suralis; short saphenous nerve), formed by the junction of the medial sural cutaneous with the peroneal anastomotic branch, passes downward near the lateral margin of the tendo calcaneus, lying close to the small saphenous vein, to the interval between the lateral malleolus and the calcaneus. It runs forward below the lateral malleolus, and is continued as the lateral dorsal cutaneous nerve along the lateral side of the foot and little toe, communicating on the dorsum of the foot with the intermediate dorsal cutaneous nerve, a branch of the superficial peroneal. In the leg, its branches communicate with those of the posterior femoral cutaneous.

The medial calcaneal branches (rami calcanei mediales; internal calcaneal branches) perforate the laciniate ligament, and supply the skin of the heel and medial side of the sole of the foot.

The medial plantar nerve (n. plantaris medialis; internal plantar nerve) the larger of the two terminal divisions of the tibial nerve, accompanies the medial plantar artery. From its origin under the laciniate ligament it passes under cover of the Abductor hallucis, and, appearing between this muscle and the Flexor digitorum brevis, gives off a proper digital plantar nerve and finally divides opposite the bases of the metatarsal bones into three common digital plantar nerves.

BRANCHES.—The branches of the medial plantar nerve are: (1) cutaneous, (2) muscular, (3) articular, (4) a proper digital nerve to the medial side of the great toe, and (5) three common digital nerves.
The cutaneous branches pierce the plantar aponeurosis between the Abductor hallucis and the Flexor digitorum brevis and are distributed to the skin of the sole of the foot.

The muscular branches supply the Abductor hallucis, the Flexor digitorum brevis, the Flexor hallucis brevis, and the first Lumbricalis; those for the Abductor hallucis and Flexor digitorum brevis arise from the trunk of the nerve near its origin and enter the deep surfaces of the muscles; the branch of the Flexor hallucis brevis springs from the proper digital nerve to the medial side of the great toe, and that for the first Lumbricalis from the first common digital nerve.

The articular branches supply the articulations of the tarsus and metatarsus.

The proper digital nerve of the great toe (nn. digitales plantares proprii; plantar digital branches) supplies the Flexor hallucis brevis and the skin on the medial side of the great toe.

The three common digital nerves (nn. digitales plantares communes) pass between the divisions of the plantar aponeurosis, and each splits into two proper digital nerves—those of the first common digital nerve supply the adjacent sides of the great and second toes; those of the second, the adjacent sides of the second and third toes; and those of the third, the adjacent sides of the third and fourth toes. The third common digital nerve receives a communicating branch from the lateral plantar nerve; the first gives a twig to the first Lumbricalis. Each proper digital nerve gives off cutaneous and articular filaments; and opposite the last phalanx sends upward a dorsal branch, which supplies the structures around the nail, the continuation of the nerve being distributed to the ball of the toe. It will be observed that these digital nerves are similar in their distribution to those of the median nerve in the hand.

The Lateral Plantar Nerve (n. plantaris lateralis; external plantar nerve) supplies the skin of the fifth toe and lateral half of the fourth, as well as most of the deep muscles, its distribution being similar to that of the ulnar nerve in the hand. It passes obliquely forward with the lateral plantar artery to the lateral side of the foot, lying between the Flexor digitorum brevis and Quadratus plantae and, in the interval between the former muscle and the Abductor digiti quinti, divides into a superficial and a deep branch. Before its division, it supplies the Quadratus plantae and Abductor digiti quinti.

The superficial branch (ramus superficialis) splits into a proper and a common digital nerve; the proper digital nerve supplies the lateral side of the little toe, the Flexor digiti quinti brevis, and the two Interossei of the fourth intermetatarsal space; the common digital nerve communicates with the third common digital branch of the medial plantar nerve and divides into two proper digital nerves which supply the adjoining sides of the fourth and fifth toes.

The deep branch (ramus profundus; muscular branch) accompanies the lateral plantar artery on the deep surface of the tendons of the Flexor muscles and the Adductor hallucis, and supplies all the Interossei (except those in the fourth metatarsal space), the second, third, and fourth Lumbricales, and the Adductor hallucis.

The Common Peroneal Nerve (n. peronaeus communis; external popliteal nerve; peroneal nerve) about one-half the size of the tibial, is derived from the dorsal branches of the fourth and fifth lumbar and the first and second sacral nerves. It descends obliquely along the lateral side of the popliteal fossa to the head of the fibula, close to the medial margin of the Biceps femoris muscle. It lies between the tendon of the Biceps femoris and lateral head of the Gastrocnemius muscle, winds around the neck of the fibula, between the Peronaeus longus and the bone, and divides beneath the muscle into the superficial and deep peroneal nerves. Previous to its division it gives off articular and lateral sural cutaneous nerves.

The articular branches (rami articulares) are three in number; two of these accompany the superior and inferior lateral genicular arteries to the knee; the upper one occasionally arises from the trunk of the sciatic nerve. The third (recurrent) articular nerve is given off at the point of division of the common peroneal nerve; it ascends with the anterior recurrent tibial artery through the Tibialis anterior to the front of the knee.

The lateral sural cutaneous nerve (n. cutaneus surae lateralis; lateral cutaneous branch) supplies the skin on the posterior and lateral surfaces of the leg; one branch, the peroneal anastomotic (n. communicans fibularis), arises near the head of the fibula, crosses the lateral head of the Gastrocnemius to the middle of the leg, and joins with the medial sural cutaneous to form the sural nerve. The peroneal anastomotic is occasionally continued down as a separate branch as far as the heel.

The Deep Peroneal Nerve (n. peronaeus profundus; anterior tibial nerve) begins at the bifurcation of the common peroneal nerve, between the fibula and upper part of the Peronaeus longus, passes obliquely forward beneath the Extensor digitorum longus to the front of the interosseous membrane, and comes into relation with the anterior tibial artery above the middle of the leg; it then descends with the artery to the front of the ankle-joint, where it divides into a lateral and a medial terminal branch. It lies at first on the lateral side of the anterior tibial artery, then in front of it, and again on its lateral side at the ankle-joint.

In the leg, the deep peroneal nerve supplies muscular branches to the Tibialis anterior, Extensor digitorum longus, Peronaeus tertius, and Extensor hallucis prop ius, and an articular branch to the ankle-joint.

The lateral terminal branch (external or tarsal branch) passes across the tarsus, beneath the Extensor digitorum brevis, and, having become enlarged like the dorsal interosseous nerve at the wrist, supplies the Extensor digitorumbrevis. From the enlargement three minute interosseous branches are given off, which supply the tarsal joints and the metatarsophalangeal joints of the second, third, and fourth toes. The first of these sends a filament to the second Interosseus dorsalis muscle.

The medial terminal branch (internal branch) accompanies the dorsalis pedis artery along the dorsum of the foot, and, at the first interosseous space, divides into two dorsal digital nerves (nn. digitales dorsales hallucis lateralis et digiti secundi medialis) which supply the adjacent sides of the great and second toes, communicating with the medial dorsal cutaneous branch of the superficial peroneal nerve. Before it divides it gives off to the first space an interosseous branch which supplies the metatarsophalangeal joint of the great toe and sends a filament to the first Interosseous dorsalis muscle.

The Superficial Peroneal Nerve (n. peronaeus superficialis; musculocutaneous nerve) supplies the Peronei longus and brevis and the skin over the greater part of the dorsum of the foot. It passes forward between the Peronaei and the Extensor digitorum longus, pierces the deep fascia at the lower third of the leg, and divides into a medial and an intermediate dorsal cutaneous nerve. In its course between the muscles, the nerve gives off muscular branches to the Peronaei longus and brevis, and cutaneous filaments to the integument of the lower part of the leg.

The medial dorsal cutaneous nerve (n. cutaneus dorsalis medialis; internal dorsal cutaneous branch) passes in front of the ankle-joint, and divides into two dorsal digital branches, one of which supplies the medial side of the great toe, the other, the adjacent side of the second and third toes. It also supplies the integument of the medial side of the foot and ankle, and communicates with the saphenous nerve, and with the deep peroneal nerve.

The intermediate dorsal cutaneous nerve (n. cutaneus dorsalis intermedius; external dorsal cutaneous branch), the smaller, passes along the lateral part of the dorsum of the foot, and divides into dorsal digital branches, which supply the contiguous sides of the third and fourth, and of the fourth and fifth toes. It also supplies the skin of the lateral side of the foot and ankle, and communicates with the sural nerve. The branches of the superficial peroneal nerve supply the skin of the dorsal surfaces of all the toes excepting the lateral side of the little toe, and the adjoining sides of the great and second toes, the former being supplied by the lateral dorsal cutaneous nerve from the sural nerve, and the latter by the medial branch of the deep peroneal nerve. Frequently some of the lateral branches of the superficial peroneal are absent, and their places are then taken by branches of the sural nerve.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:

· lumbar plexus

· iliohypogastric nerve

· ilioinguinal nerve

· genitofemoral nerve

· lateral cutaneous nerve of thigh

· femoral nerve

· obturator nerve

· sacral plexuses

· sciatic nerve

· common fibular nerve

· superficial fibular nerve

· deep fibular nerve

· tibial nerve

· medial plantar nerve

· lateral plantar nerve

Self-taught class 15. The anatomic characteristic of the spinal nerves. The forming of the spinal nerve and its branches. The posterior branches of spinal nerves.

The aim: to learn the peculiarities of the spinal nerve structure (its formation and division); to find out the function of the posterior branches of spinal nerves, their topography and objects of innervation.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations.

The plan of the self-taught class:

A. Learn the topography, structure and functions of the anterior and posterior roots of the spinal nerves, spinal ganglia.

B. Learn the division of the spinal nerve to three main branches – meningeal, posterior and anterior, and find out their composition. Learn the additional branch of the spinal nerve and find out its function.

C. Learn and identify on the samples the objects of innervation of the posterior branches of spinal nerves.

D. Find out the difference in functions of the posterior branches of the 1st cervical nerve and 1st-3rd lumbar nerves.

The spinal nerves spring from the medulla spinalis, and are transmitted through the intervertebral foramina. They number thirty-one pairs, which are grouped as follows: Cervical, 8; Thoracic, 12; Lumbar, 5; Sacral, 5; Coccygeal, 1.

The typical spinal nerve consists of at least four types of fibers, the somatic sensory, sympathetic afferent or sensory, somatic motor and sympathetic efferent or preganglionic. The somatic sensory fibers, afferent fibers, arise from cells in the spinal ganglia and are found in all the spinal nerves, except occasionally the first cervical, and conduct impulses of pain, touch and temperature from the surface of the body through the posterior roots to the spinal cord and impulses of muscle sense, tendon sense and joint sense from the deeper structures. The sympathetic afferent fibers, conduct sensory impulses from the viscera through the rami communicantes and posterior roots to the spinal cord. They are probably limited to the white rami connected with the spinal nerves in two groups, viz., the first thoracic to the second lumbar and the second sacral to the fourth sacral nerves. The somatic motor fibers, efferent fibers, arise from cells in the anterior column of the spinal cord and pass out through the anterior roots to the voluntary muscles. The sympathetic efferent fibers, probably arise from cells in the lateral column or the base of the anterior column and emerge through the anterior roots and white rami communicantes. These are preganglionic fibers which end in various sympathetic ganglia from which postganglionic fibers conduct the motor impulses to the smooth muscles of the viscera and vessels and secretory impulses to the glands. These fibers are also limited to two regions, the first thoracic to the second lumbar and the second sacral to the fourth sacral nerves.

The first cervical nerve emerges from the vertebral canal between the occipital bone and the atlas, and is therefore called the suboccipital nerve; the eighth issues between the seventh cervical and first thoracic vertebrae.

Nerve Roots.—Each nerve is attached to the medulla spinalis by two roots, an anterior or ventral, and a posterior or dorsal, the latter being characterized by the presence of a ganglion, the spinal ganglion.
The Anterior Root (radix anterior; ventral root) emerges from the anterior surface of the medulla spinalis as a number of rootlets or filaments (fila radicularia), which coalesce to form two bundles near the intervertebral foramen.

The Posterior Root (radix posterior; dorsal root) is larger than the anterior owing to the greater size and number of its rootlets; these are attached along the posterolateral furrow of the medulla spinalis and unite to form two bundles which join the spinal ganglion. The posterior root of the first cervical nerve is exceptional in that it is smaller than the anterior; it is occasionally wanting.

The Spinal Ganglia (ganglion spinale) are collections of nerve cells on the posterior roots of the spinal nerves. Each ganglion is oval in shape, reddish in color, and its size bears a proportion to that of the nerve root on which it is situated; it is bifid medially where it is joined by the two bundles of the posterior nerve root. The ganglia are usually placed in the intervertebral foramina, immediately outside the points where the nerve roots perforate the dura mater, but there are exceptions to this rule; thus the ganglia of the first and second cervical nerves lie on the vertebral arches of the atlas and axis respectively, those of the sacral nerves are inside the vertebral canal, while that on the posterior root of the coccygeal nerve is placed within the sheath of dura mater.

Structure—The ganglia consist chiefly of unipolar nerve cells, and from these the fibers of the posterior root take origin—the single process of each cell dividing after a short course into a central fiber which enters the medulla spinalis and a peripheral fiber which runs into the spinal nerve. Two other forms of cells are, however, present, viz.: (a) the cells of Dogiel, whose axons ramify close to the cell (type II, of Golgi), and are distributed entirely within the ganglion; and (b) multipolar cells similar to those found in the sympathetic ganglia.

The ganglia of the first cervical nerve may be absent, while small aberrant ganglia consisting of groups of nerve cells are sometimes found on the posterior roots between the spinal ganglia and the medulla spinalis

Each nerve root receives a covering from the pia mater, and is loosely invested by the arachnoid, the latter being prolonged as far as the points where the roots pierce the dura mater. The two roots pierce the dura mater separately, each receiving a sheath from this membrane; where the roots join to form the spinal nerve this sheath is continuous with the epineurium of the nerve.

Size and Direction.—The roots of the upper four cervical nerves are small, those of the lower four are large. The posterior roots of the cervical nerves bear a proportion to the anterior of three to one, which is greater than in the other regions; their individual filaments are also larger than those of the anterior roots. The posterior root of the first cervical is an exception to this rule, being smaller than the anterior root; in eight per cent. of cases it is wanting. The roots of the first and second cervical nerves are short, and run nearly horizontally to their points of exit from the vertebral canal. From the second to the eighth cervical they are directed obliquely downward, the obliquity and length of the roots successively increasing; the distance, however, between the level of attachment of any of these roots to the medulla spinalis and the points of exit of the corresponding nerves never exceeds the depth of one vertebra.

The roots of the thoracic nerves, with the exception of the first, are of small size, and the posterior only slightly exceed the anterior in thickness. They increase successively in length, from above downward, and in the lower part of the thoracic region descend in contact with the medulla spinalis for a distance equal to the height of at least two vertebrae before they emerge from the vertebral canal.

The roots of the lower lumbar and upper sacral nerves are the largest, and their individual filaments the most numerous of all the spinal nerves, while the roots of the coccygeal nerve are the smallest.

The roots of the lumbar, sacral, and coccygeal nerves run vertically downward to their respective exits, and as the medulla spinalis ends near the lower border of the first lumbar vertebra it follows that the length of the successive roots must rapidly increase. As already mentioned (page 750), the term cauda equina is applied to this collection of nerve roots.

From the description given it will be seen that the largest nerve roots, and consequently the largest spinal nerves, are attached to the cervical and lumbar swellings of the medulla spinalis; these nerves are distributed to the upper and lower limbs.

Connections with Sympathetic.—Immediately beyond the spinal ganglion, the anterior and posterior nerve roots unite to form the spinal nerve which emerges through the intervertebral foramen. Each spinal nerve receives a branch (gray ramus communicans) from the adjacent ganglion of the sympathetic trunk, while the thoracic, and the first and second lumbar nerves each contribute a branch (white ramus communicans) to the adjoining sympathetic ganglion. The second, third, and fourth sacral nerves also supply white rami; these, however, are not connected with the ganglia of the sympathetic trunk, but run directly into the pelvic plexuses of the sympathetic.

Structure.—Each typical spinal nerve contains fibers belonging to two systems, viz., the somatic, and the sympathetic or splanchnic, as well as fibers connecting these systems with each other.

1. The somatic fibers are efferent and afferent. The efferent fibers originate in the cells of the anterior column of the medulla spinalis, and run outward through the anterior nerve roots to the spinal nerve. They convey impulses to the voluntary muscles, and are continuous from their origin to their peripheral distribution. The afferent fibers convey impressions inward from the skin, etc., and originate in the unipolar nerve cells of the spinal ganglia. The single processes of these cells divide into peripheral and central fibers, and the latter enter the medulla spinalis through the posterior nerve roots.

2. The sympathetic fibers are also efferent and afferent. The efferent fibers, preganglionic fibers, originate in the lateral column of the medulla spinalis, and are conveyed through the anterior nerve root and the white ramus communicans to the corresponding ganglion of the sympathetic trunk; here they may end by forming synapses around its cells, or may run through the ganglion to end in another of the ganglia of the sympathetic trunk, or in a more distally placed ganglion in one of the sympathetic plexuses. In all cases they end by forming synapses around other nerve cells. From the cells of the ganglia of the sympathetic trunk other fibers, postganglionic fibers, take origin; some of these run through the gray rami communicantes to join the spinal nerves, along which they are carried to the bloodvessels of the trunk and limbs, while others pass to the viscera, either directly or after interruption in one of the distal ganglia. The afferent fibers are derived partly from the unipolar cells and partly from the multipolar cells of the spinal ganglia. Their peripheral processes are carred through the white rami communicantes, and after passing through one or more sympathetic ganglia (but always without interruption in them) finally end in the tissues of the viscera. The central processes of the unipolar cells enter the medulla spinalis through the posterior nerve root and form synapses around either somatic or sympathetic efferent neurons, thus completing reflex arcs. The dendrites of the multipolar nerve cells form synapses around the cells of type II (cells of Dogiel) in the spinal ganglia, and by this path the original impulse is transferred from the sympathetic to the somatic system, through which it is conveyed to the sensorium.
Divisions.—After emerging from the intervertebral foramen, each spinal nerve gives off a small meningeal branch which reënters the vertebral canal through the intervertebral foramen and supplies the vertebrae and their ligaments, and the bloodvessels of the medulla spinalis and its membranes. The spinal nerve then splits into a posterior or dorsal, and an anterior or ventral division, each receiving fibres from both nerve roots.
Self-taught class 16. The thoracic spinal nerves.

The aim: to learn the peculiarities of the thoracic spinal nerves; to find out their topography and objects of innervation.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations.

The plan of the self-taught class:

A. View the general characteristic of the thoracic spinal nerves.

B. Learn the anterior divisions of the thoracic nerves
C. Learn the First Thoracic Nerve.
D. Learn the Upper Thoracic Nerves
E. Learn the Lower Thoracic Nerves.
The anterior divisions of the thoracic nerves (rami anteriores; ventral divisions) are twelve in number on either side. Eleven of them are situated between the ribs, and are therefore termed intercostal; the twelfth lies below the last rib. Each nerve is connected with the adjoining ganglion of the sympathetic trunk by a gray and a white ramus communicans. The intercostal nerves are distributed chiefly to the parietes of the thorax and abdomen, and differ from the anterior divisions of the other spinal nerves, in that each pursues an independent course, i. e., there is no plexus formation. The first two nerves supply fibers to the upper limb in addition to their thoracic branches; the next four are limited in their distribution to the parietes of the thorax; the lower five supply the parietes of the thorax and abdomen. The twelfth thoracic is distributed to the abdominal wall and the skin of the buttock.

The First Thoracic Nerve.—The anterior division of the first thoracic nerve divides into two branches: one, the larger, leaves the thorax in front of the neck of the first rib, and enters the brachial plexus; the other and smaller branch, the first intercostal nerve, runs along the first intercostal space, and ends on the front of the chest as the first anterior cutaneous branch of the thorax. Occasionally this anterior cutaneous branch is wanting. The first intercostal nerve as a rule gives off no lateral cutaneous branch; but sometimes it sends a small branch to communicate with the intercostobrachial. From the second thoracic nerve it frequently receives a connecting twig, which ascends over the neck of the second rib.

The Upper Thoracic Nerves (nn. intercostales).—The anterior divisions of the second, third, fourth, fifth, and sixth thoracic nerves, and the small branch from the first thoracic, are confined to the parietes of the thorax, and are named thoracic intercostal nerves. They pass forward in the intercostal spaces below the intercostal vessels. At the back of the chest they lie between the pleura and the posterior intercostal membranes, but soon pierce the latter and run between the two planes of Intercostal muscles as far as the middle of the rib. They then enter the substance of the Intercostales interni, and, running amidst their fibers as far as the costal cartilages, they gain the inner surfaces of the muscles and lie between them and the pleura. Near the sternum, they cross in front of the internal mammary artery and Transversus thoracis muscle, pierce the Intercostales interni, the anterior intercostal membranes, and Pectoralis major, and supply the integument of the front of the thorax and over the mamma, forming the anterior cutaneous branches of the thorax; the branch from the second nerve unites with the anterior supraclavicular nerves of the cervical plexus.

Branches.—Numerous slender muscular filaments supply the Intercostales, the Subcostales, the Levatores costarum, the Serratus posterior superior, and the Transversus thoracis. At the front of the thorax some of these branches cross the costal cartilages from one intercostal space to another.

Lateral cutaneous branches (rami cutanei laterales) are derived from the intercostal nerves, about midway between the vertebrae and sternum; they pierce the Intercostales externi and Serratus anterior, and divide into anterior and posterior branches. The anterior branches run forward to the side and the forepart of the chest, supplying the skin and the mamma; those of the fifth and sixth nerves supply the upper digitations of the Obliquus externus abdominis. The posterior branches run backward, and supply the skin over the scapula and Latissimus dorsi.

The lateral cutaneous branch of the second intercostal nerve does not divide, like the others, into an anterior and a posterior branch; it is named the intercostobrachial nerve. It pierces the Intercostalis externus and the Serratus anterior, crosses the axilla to the medial side of the arm, and joins with a filament from the medial brachial cutaneous nerve. It then pierces the fascia, and supplies the skin of the upper half of the medial and posterior part of the arm, communicating with the posterior brachial cutaneous branch of the radial nerve. The size of the intercostobrachial nerve is in inverse proportion to that of the medial brachial cutaneous nerve. A second intercostobrachial nerve is frequently given off from the lateral cutaneous branch of the third intercostal; it supplies filaments to the axilla and medial side of the arm.

The Lower Thoracic Nerves.—The anterior divisions of the seventh, eighth, ninth, tenth, and eleventh thoracic nerves are continued anteriorly from the intercostal spaces into the abdominal wall; hence they are named thoracicoabdominal intercostal nerves. They have the same arrangement as the upper ones as far as the anterior ends of the intercostal spaces, where they pass behind the costal cartilages, and between the Obliquus internus and Transversus abdominis, to the sheath of the Rectus abdominis, which they perforate. They supply the Rectus abdominis and end as the anterior cutaneous branches of the abdomen; they supply the skin of the front of the abdomen. The lower intercostal nerves supply the Intercostales and abdominal muscles; the last three send branches to the Serratus posterior inferior. About the middle of their course they give off lateral cutaneous branches. These pierce the Intercostales externi and the Obliquus externus abdominis, in the same line as the lateral cutaneous branches of the upper thoracic nerves, and divide into anterior and posterior branches, which are distributed to the skin of the abdomen and back; the anterior branches supply the digitations of the Obliquus externus abdominis, and extend downward and forward nearly as far as the margin of the Rectus abdominis; the posterior branches pass backward to supply the skin over the Latissimus dorsi.

 The anterior division of the twelfth thoracic nerve is larger than the others; it runs along the lower border of the twelfth rib, often gives a communicating branch to the first lumbar nerve, and passes under the lateral lumbocostal arch. It then runs in front of the Quadratus lumborum, perforates the Transversus, and passes forward between it and the Obliquus internus to be distributed in the same manner as the lower intercostal nerves. It communicates with the iliohypogastric nerve of the lumbar plexus, and gives a branch to the Pyramidalis. The lateral cutaneous branch of the last thoracic nerve is large, and does not divide into an anterior and a posterior branch. It perforates the Obliqui internus and externus, descends over the iliac crest in front of the lateral cutaneous branch of the iliohypogastric, and is distributed to the skin of the front part of the gluteal region, some of its filaments extending as low as the greater trochanter.

Self-taught class 17. The nerves for muscles of the extremities.

The aim: to learn the innervation of muscles of the upper and lower extremities; to learn the topography of the spinal nerves passing in extremities.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations.

The plan of the self-taught class:

A. Revise the composition and division of the brachial plexus.

B. Learn the innervation of the muscles of shoulder girdle.

C. Learn the innervation of the anterior and posterior muscles of the arm.

D. Learn the innervation of the anterior and posterior muscles of the forearm.

E. Learn the innervation of the muscles of the thenar eminence, hypothenar eminence and intermediate group of the muscles of the hand.

F. Learn the innervation of the skin of the upper limb.

G. Revise the composition and division of the lumbar plexus.

H. Learn the innervation of the muscles of pelvic girdle.

I. Learn the innervation of the anterior, medial and posterior muscles of the thigh.

J. Learn the innervation of the anterior, lateral and posterior muscles of the leg.

K. Learn the innervation of the muscles of the foot.

L. Learn the innervation of the skin of the lower limb.

Written tests on spinal nerves

I. Tests of basic theory

1. A 42-year-old man visits his doctor after his cousin, who has not seen him for years, notices a change in his appearance. Overgrowth of his frontal bones and enlargement of his hands and feet have occurred. The patient complains of a tingling sensation in the 1st, 2nd, and 3rd digits of the right hand and loss of coordination and strength of the right thumb. Which of the following nerves has most likely been affected?

A. Anterior interosseous nerve

B. Median nerve

C. Musculocutaneous nerve

D. Radial nerve

E. Ulnar nerve.

Explanation:

The correct answer is B. This patient has acromegaly, which is characterized by overgrowth of the face, jaws, hands, and feet, enlargement of internal organs,; hyperglycemia,; hypertension, and osteoporosis. It is caused by hypersecretion of growth hormone, often attributed to an adenohypophyseal tumor. Complications include degenerative joint disease, muscular weakness, neuropathies, and diabetes mellitus. In this question, though the patient's sensory symptoms may be caused by a neuropathy, it is very likely that overgrowth in the wrist area has compressed the carpal tunnel, thereby impinging on the median nerve. Note that the median nerve (root C5-T1) provides motor innervation to the forearm flexors, thenar muscles, and radial lumbricals. It provides sensory innervation to the radial 2/3 of the palm, volar surfaces of the thumb, 2nd and 3rd digits, and radial 1/2 of the 4th digit.

Damage to the anterior interosseus nerve (choice A), also known as the deep branch of the median nerve, results in the inability to form a round "O" with the thumb and forefinger. This is due to impaired function of the flexor pollicis longus. Damage to the anterior interosseus nerve could explain the patient's thumb dysfunction, but it would not account for the patient's paresthesias in the first three digits of the hand.

The musculocutaneous nerve (choice C) innervates the arm flexors and provides sensory information to the anterolateral forearm. It is composed of contributions from C5-7.

The radial nerve (choice D) innervates the extensors of the arm and forearm and skin of the posterior arm, forearm, and radial half of the dorsum of the hand (not including the fingertips). It is composed of contributions from C6-8.

The ulnar nerve (choice E) provides motor innervation to the ulnar flexors, adductor pollicis, hypothenar muscles, interosseus muscles, and lumbricals 4 and 5. It provides sensory innervation to the ulnar half of the wrist, palm, and 4th and 5th digits. It is composed of contributions from C8-T1.

2. A patient complains to his physician that his thumb "doesn't work right." The physician notes weakness of the thumb in extension, although rotation, flexion, abduction, adduction, and opposition are normal. Which of the following nerves is most likely involved?

A. Median and radial

B. Median and ulnar

C. Median only

D. Radial only

E. Ulnar only

Explanation:

The correct answer is D. All three of the nerves listed innervate muscles that supply the thumb. Extension is provided by the extensors pollicis longus and brevis, which are innervated by the radial nerve.

The median nerve (choices A, B, and C) supplies the thenar group, which allows the thumb to oppose, flex, abduct, and rotate.

The ulnar nerve (choices E and B) supplies the adductor pollicis, which adducts the thumb.

3. A patient has a herniated intervertebral disc impinging on the right C5 nerve roots. Which of the following movements would most likely be affected?

A. Extension of the fingers

B. Extension of the shoulder

C. Flexion of the elbow

D. Flexion of the wrist

E. Pronation of the elbow

Explanation:

The correct answer is C. C5 helps mediate flexion, abduction, and lateral rotation of the shoulder, and flexion of the elbow. Both C5 and C6 mediate extension of the elbow.

Extension of the fingers (choice A) is mediated by C7 and 8.

Extension of the shoulder (choice B) is mediated by C7 and 8.

Flexion of the wrist (choice D) is mediated by C6 and 7.

Pronation of the elbow (choice E) is mediated by C7 and 8.

4. A 29-year-old man presents with a chief complaint of difficulty with fine motor control in his hand. Physical examination reveals a deficit in his ability to abduct and adduct his digits, and inability to oppose his thumb on his right hand. The patient reports that a few weeks ago he had been on a ladder trimming the branches of a tree outside his home. The ladder slid out from under him, and as he was falling he reached out and grabbed onto a limb of the tree to break his fall. Which of the following neural structures was most likely injured?

A. Lower trunk of the brachial plexus

B. Median nerve

C. Musculocutaneous nerve

D. Upper trunk of the brachial plexus

E. Ulnar nerve

Explanation:

The correct answer is A. The lower trunk of the brachial plexus contains nerve fibers from the eighth cervical and first thoracic spinal nerves. These nerve fibers innervate the intrinsic muscles of the hand, including the interosseous muscles, responsible for abduction and adduction of the digits, and the opponens muscle, responsible for opposition of the thumb. The lower trunk ascends from the lower neck and upper thorax to reach the axilla. Upward traction on the upper limb, such as that which occurred in grabbing onto the tree limb to break the fall, may stretch the lower trunk and injure these nerve fibers.

The median nerve (choice B) innervates many muscles of the anterior compartment of the forearm and some muscles in the hand, including the opponens muscle. The median nerve, however, does not innervate the interosseous muscles, responsible for abduction and adduction of the digits.

The musculocutaneous nerve (choice C) innervates the muscle of the anterior compartment of the arm. It does not innervate any muscles in the hand.

The upper trunk of the brachial plexus (choice D) contains nerve fibers from the fifth and sixth cervical spinal nerves. The nerve fibers innervate muscles in the proximal part of the upper limb, including muscles around the shoulder and axilla. No muscles in the hand are innervated by these nerve fibers.

The ulnar nerve (choice E) innervates many muscles in the hand, including the interosseous muscles, which are responsible for abduction and adduction of the digits. However, it does not innervate the opponens muscle, which is responsible for opposition of the thumb.

5. A patient loses the ability to flex his forefinger. The nerve that supplies the muscles that cause this action is formed from which of the following cord(s) of the brachial plexus?

A. Lateral only

B. Medial and lateral

C. Medial only

D. Medial and posterior

E. Posterior only

Explanation:

The correct answer is B. The muscles involved are the flexor digitorum superficialis and the flexor digitorum profundus. The flexor digitorum superficialis is completely supplied by the median nerve. The flexor digitorum profundus is supplied by both the ulnar (little finger side) and median (thumb side) nerves. Flexion of the forefinger is consequently dependent on the median nerve, which is formed by part of both the medial and lateral cords of the brachial plexus.

The lateral cord (choice A) alone supplies the musculocutaneous nerve.

The medial cord alone (choice C) supplies the ulnar nerve.

No nerve is supplied by both the medial and posterior cords (choice D).

The posterior cord alone (choice E) supplies the radial nerve.

6. A patient arrives at the emergency department with a knife blade embedded in his gluteal region. Radiographic examination reveals that the tip of the knife is against the upper border of the greater sciatic foramen. Which of the following nerves is most likely to have been injured?

A. Inferior gluteal

B. Obturator

C. Pudendal

D. Sciatic

E. Superior gluteal

Explanation:

The correct answer is E. Most of the greater sciatic foramen is occupied by the piriformis muscle. The superior gluteal nerve, artery, and vein exit through the greater sciatic foramen above the piriformis and lie against the upper border of the foramen. This nerve innervates the gluteus medius, gluteus minimus, and tensor fasciae latae muscles.

The inferior gluteal nerve (choice A) exits through the greater sciatic foramen below the piriformis muscle and lies against the inferior border of the foramen. This nerve innervates the gluteus maximus muscle.

The obturator nerve (choice B) exits through the obturator canal, an opening in the obturator membrane. This nerve innervates the muscles of the medial compartment of the thigh, the adductor longus, adductor brevis, part of the adductor magnus and the gracilis, and part of the pectineus muscle.

The pudendal nerve (choice C) exits through the greater sciatic foramen below the piriformis and lies against the lower border of the foramen. After entering the gluteal region briefly, the nerve passes through the lesser sciatic foramen to enter the perineum. It provides sensory and motor innervation to structures in the perineum. 

The sciatic nerve (choice D) exits through the greater sciatic foramen below the piriformis muscle. This nerve is composed of the tibial nerve and the common peroneal nerve; it innervates muscles in the posterior compartment of the thigh and all of the muscles in the leg and foot.

7. A patient has a tiny (0.2 cm), but exquisitely painful tumor under the nail of her index finger. Prior to surgery to remove it, local anesthetic block to a branch of which of the following nerves would be most likely to achieve adequate anesthesia?

A. Axillary nerve

B. Median nerve

C. Musculocutaneous nerve

D. Radial nerve

E. Ulnar nerve

Explanation:

The correct answer is B. The tumor in question is probably a glomus tumor, which is a benign tumor notorious for producing pain far out of proportion to its small size. The question is a little tricky (but important clinically for obvious reasons) because it turns out that the most distal aspect of the dorsal skin of the fingers, including the nail beds, is innervated by the palmar digital nerves rather than the dorsal digital nerves. Specifically, the median nerve through its palmar digital nerves supplies the nail beds of the thumb, index finger, middle finger, and half of the ring finger.

The axillary nerve (choice A), musculocutaneous nerve (choice C), and radial nerves (choice D) do not supply the nail beds.

The radial nerve does supply the more proximal skin of the back of the index finger. The ulnar nerve (choice E) supplies the nail beds of the small and half of the ring finger.

8. A 30-year-old female presents for a check-up. She jogs 2-3 miles daily but states that recently she has had vague lower back pain that radiates down her leg to her foot. During examination her gait is found to be normal. Skin testing reveals sensation of her foot to be decreased laterally. Her patellar reflex is normal but her Achilles (ankle jerk) reflex is decreased. Muscle strength testing shows slight hamstring weakness. Which of the following nerve roots is most likely affected?

A. L2

B. L3

C. L4

D. L5

E. S1

Explanation:

The correct answer is E. The S1 nerve root innervates the peroneus longus and brevis via the superficial peroneal nerve. The peronei can be tested by having the patient flex and evert the foot against opposition. S1 also innervates part of the hamstring (biceps femoris) via the tibial portion of the sciatic nerve. This accounts for the slight hamstring weakness. The S1 reflex, the Achilles tendon reflex, is mediated through the gastrocnemius muscle. It is tested by stretching the tendon and eliciting an involuntary plantar reflex. The S1 dermatome is on the lateral foot.

L2 (choice A) and L3 (choice B) are not associated with individual reflexes and so their integrity can be evaluated only by muscle and sensory tests. L2, L3, and L4 form the femoral nerve. This innervates the quadriceps muscles and is responsible for hip flexion. The hip adductors are also L2, L3, and L4. The L2 and L3 dermatomes are on the anterior thigh.

L4 (choice C) is tested with the patellar reflex. Although L2, L3, and L4 contribute, it is primarily L4. The L4 dermatome is on the medial aspect of the foot. Muscle testing is done through the deep peroneal nerve (L4). This innervates the tibialis anterior and can be tested by resistance to dorsiflexion and inversion.

L5 (choice D) cannot be tested easily via a reflex response. The tibialis posterior reflex is mediated by L5, but this reflex is difficult to elicit and to interpret. Motor testing is via the peroneus longus and brevis muscles, which are innervated by the superficial peroneal nerve. To test this, the patient plantar flexes and everts the foot against opposition. The dermatome for L5 is the central dorsum of the foot.

9. A 26-year-old male is stabbed in the left chest during a bar brawl. Several days after he is treated, he returns to the doctor complaining of decreased function in his left arm. Physical exam reveals a winged left scapula and an inability to raise his left arm above the horizontal. Which of the following nerves is most likely affected?

A. Axillary nerve

B. Long thoracic nerve

C. Lower subscapular

D. Suprascapular nerve

E. Thoracodorsal nerve

Explanation:

The correct answer is B. The serratus anterior, innervated by the long thoracic nerve, is responsible for stabilization of the scapula during abduction of the arm from 90 to 180 degrees. When the long thoracic nerve is damaged, it is difficult to elevate the arm above the horizontal. This nerve arises from C5, 6, and 7. Remember: "winged scapula" is a classic clue for long thoracic nerve injury.

Note that the supraspinatus muscle, innervated by the suprascapular nerve (choice D), is responsible for abducting the arm from 0 degrees to about 30 degrees. The rest of the motion to 180 degrees is performed by the deltoid muscle, which is innervated by the axillary nerve (choice A). However, the motion from 90 degrees to 180 degrees also requires a stable scapula and therefore depends on the long thoracic nerve.

The axillary nerve (choice A) is a branch of the posterior cord of the brachial plexus (C5, C6). It is particularly susceptible to injury in shoulder dislocations that displace the humeral head or in fracture of the surgical neck of the humerus. A poorly placed crutch may also damage this nerve, causing paralysis of the teres minor and deltoid muscles. Arm abduction is impaired and there is associated loss of sensation over the lower half of the deltoid.

The lower subscapular nerve (choice C) innervates the teres major, which is responsible for adducting and medially rotating the arm. It is a branch of the posterior cord (C5, C6) of the brachial plexus.

The suprascapular nerve (choice D) innervates the supraspinatus and infraspinatus muscles, which are responsible for abduction and lateral rotation of the arm. The nerve is derived from the C5 and C6 nerve roots.

The thoracodorsal nerve (choice E) innervates the latissimus dorsi muscle, which is responsible for adduction and extension of the arm. The nerve arises from the posterior cord (C7, C8) of the brachial plexus.

10. A 15-year-old girl is brought to the emergency room after attempting suicide following a fight with her parents. She has cut her wrist with a razor blade, and severed the flexor carpi radialis and palmaris longus tendons. The nerve most at risk from her injury arises from which part(s) of the brachial plexus?

A. Lateral and medial cords

B. Lateral cord

C. Middle and lower trunks

D. Posterior cord

E. Upper and middle trunks

Explanation:

The correct answer is A. The nerve in question is the median nerve, which lies between the palmaris longus and flexor carpi radialis tendons on the anterior aspect of the forearm. The median nerve is formed from both the lateral and medial cords of the brachial plexus.

The musculocutaneous nerve is the nerve formed from the lateral cord alone (choice B).

The middle and lower trunks (choices C and E) of the brachial plexus do not give rise to any nerves. The upper trunk (choice E) gives rise to the nerve to subclavius and the suprascapular nerve.

The axillary and radial nerves are formed from the posterior cord (choice D).

11. An aneurysm of the axillary artery within the axilla is most likely to compress which of the following neural structures?

A. Axillary nerve

B. Long thoracic nerve

C. Lower trunk of the brachial plexus

D. Medial cord of the brachial plexus

E. Musculocutaneous nerve

Explanation:

The correct answer is D. Within the axilla, the axillary artery is within the axillary sheath and is surrounded by the three cords of the brachial plexus, which are also within the axillary sheath. An aneurysm of the axillary artery may compress any of the three cords.

The axillary nerve (choice A) is a branch of the posterior cord that leaves the axillary sheath, then exits the axilla through the quadrangular space to innervate the deltoid muscle.

The long thoracic nerve (choice B) is not within the axillary sheath. It arises from the anterior rami of the fifth, sixth, and seventh cervical nerves in the neck and courses along the chest wall to innervate the serratus anterior muscle.

The lower trunk of the brachial plexus (choice C) is not in the axilla. It is formed in the neck from the anterior rami of the eighth cervical and first thoracic spinal nerves.

The musculocutaneous nerve (choice E) is not within the axillary sheath. It arises as a branch of the lateral cord of the brachial plexus and enters the arm to innervate the muscles of the anterior compartment of the arm.

1. The muscle typically pierced by the radial nerve is the

A. brachioradialis

B. extensor carpi radialis brevis

C. extensor carpi radialis longus

D. extensor digitorum

E. *supinator 

2. While repairing a flat tire, a woman had the fingernail of her middle digit tom off. Which nerve or its branches should you block in the emergency room to be able to examine the wound and also relieve her discomfort?

A. radial

B. *median

C. ulnar

D. all of the nerves should be blocked

E. none of the above are correct 

3. Which of the following is correct regarding cutaneous innervation?

A. *radial nerve - dorsal surface of the hand on lateral side and dorsal surface of thumb (not distal end) and lateral surface of the 2d and 3d fingers except at their distal ends

B. ulnar nerve - lateral two and one half digits on the palmar side

C. median nerve - complete palmar aspect of the thumb, complete palmar surface of the hand, palmar aspect of the index and half of the middle finger

D. a and b 

E. a, b, and c 

4. Which dermatome pattern is correct?

A. C6 - thumb on both sides

B. C7 - middle finger and ring finger on both sides

C. C8 - ring finger and little finger on both sides

D. *a and c

E. b and c 

5. Immediately before entering the carpal tunnel, the median nerve is:

A. lateral to the tubercle of the scaphoid bone

B. *medial to the flexor carpi radialis

C. medial to the flexor carpi ulnaris

D. medial to the palmaris longus

E. medial to the pisiform bone 

6. Following a dislocation of the humerus, your patient reports some loss of sensation over the outer aspect of the shoulder. Upon further examination, you discover a weakness in abduction of the injured shoulder when the arm is positioned at an angle between 15' and 90' from the side of the chest. All other sensory and motor functions in the limb appear to be intact. Which of the following is the most likely to have been damaged? 

A. medial cord of the brachial plexus

B. lateral cord of the brachial plexus

C. upper roots of the brachial plexus

D. suprascapular nerve 

E. *axillary nerve 

7. When bones are broken, nerves can be cut by the sharp bone fragments. Which of the following has the least relationship to the humerus?

A. *median nerve

B. radial nerve

C. ulnar nerve

D.  all are in contact with the humerus

E.  none are in contact with the humerus 

8. Which of the following would be expected to be observed if the upper trunk of the brachial plexus was injured? 

A. *impaired flexion of the forearm

B. inability to extend the forearm

C. inability to adduct the shoulder

D. loss of medial rotation of the arm

E. inability to pronate the forearm 

9. The dorsal root ganglion of the S1 nerve would be located at the level of vertebra

A. TV10

B. TV12

C. LV2

D. LV4

E. *SV1 

10. An injury crushing C4 spinal nerve proper would be expected to cause some weakness to all the following muscles EXCEPT:

A. levator scapulae 

B. *rhomboideus major

C. scalenus medius

D. splenius capitis

E. no correct answer

11. The lateral plantar nerve crosses the foot: 

A. between superficial fascia and plantar aponeurosis

B. between plantar aponeurosis and flexor digitorum brevis

C. *between flexor digitorum brevis and flexor digitorum longus 

D. between flexor digitorum longus and adductor interosseous compartment 

E. does not cross foot 

12. Cutting the tibial nerve in the popliteal fossa would cause:

A. partially everted foot

B. loss of plantar flexion

C. dorsiflexion of the foot

D. sensory loss on the sole of the foot

E. *all of the above 

13. Which dermatome pattern is correct?

A. L4 - all of the big toe on both sides and medial aspect of plantar and dorsal surface of the foot

B. L5 - middle three toes on both sides and lateral half of big toe on both sides (31/2 toes) 

C. Sl - little toe on both sides and lateral aspect of the plantar and dorsal surface of the foot

D. a and b

E. *b and c 

14. A patient who exhibits a slight weakness inverting the foot and cannot dorsiflex the foot probably has damage to the:

A. superficial peroneal nerve

B. lateral plantar nerve

C. sural nerve

D. *deep peroneal nerve
E. tibial nerve 

15. The safest place to give an intramuscular injection into the gluteal region is in the

A. inferolateral quadrant

B. inferomedial quadrant 

C. *superolateral quadrant 

D. superomedial quadrant 

16. In surgery of the upper thigh the lateral femoral cutaneous was inadvertently cut. What area would be expected to lose its cutaneous innervation?

A. skin over the whole surface of the anterior and lateral thigh 

B. *skin over the tensor fascia lata and iliotibial tract 

C. skin over the sartorius muscle throughout its length 

D. skin over the patella

E. none of the above areas would be effected 

17. All the following statements concerning the innervation of muscles that move the thigh are true EXCEPT:

A. all of the extensors of the thigh are innervated by nerves derived from the sacral plexus.

B. the chief abductors of the thigh are innervated by a nerve which runs in between them.

C. *all the adductors of the thigh are innervated by nerves derived from the posterior divisions of the lumbar plexus.

D. the main flexors of the thigh are innervated by nerves from the lumbar plexus.

E. the lateral rotators of the thigh are innervated by nerves from the sacral plexus. 

18. Nerve impulses causing vaso-congestion in the bulb of the vestibule would pass through

A. pelvic splanchnic nerves

B. sacral splanchnic nerves 

C. *both

D. neither 

19. Blood flow in the corpora cavernosum is controlled through the

A. dorsal nerve of the penis/clitoris

B. inferior rectal nerve

C. perineal nerve

D. *prostatic plexus of nerves

E. none of the above 

20. The fourth lumbar nerve contributes fibers to all the following EXCEPT:

A. femoral nerve

B. *lumbar splanchnic nerves

C. lumbosacral trunk

D. obturator nerve

E. all of the above 

21. Cutting the median nerve in the distal forearm will cause:

A. thenar atrophy

B. inability to abduct the thumb

C. sensory loss to the palmar surface of the first three fingers 

D. a and b

E. *a and c 

22. Cutting the ulnar nerve at the wrist would cause: 

A. loss of sensation in all digits of the hand

B. inability to flex the proximal phalanx of the four fingers 

C. inability to oppose the thumb

D. *inability to hold a piece of paper between the index and middle fingers

E. all of the above 

23. Sensory innervation of the nail bed of the index finger is supplied by

A. *median nerve

B. ulnar nerve

C. superficial radial nerve

D. lateral antebrachial cutaneous nerve

E. posterior antebrachial cutaneous nerve 

24. Motor fibers within the posterior cord of the brachial plexus innervate all of the following EXCEPT?

A. *supraspinatus

B. subscapularis 

C. triceps brachii 

D. brachioradialis

E. teres minor 

25. Damage to the posterior cord of the brachial plexus will cause:

A. difficulty in extending the forearm

B. loss of sensation over the lateral aspect of the arm

C. difficulty in extending the arm

D. loss of sensation over the dorsal aspect of the lateral two fingers

E. *all of the above 

26. The axillary sheath surrounding the brachial plexus and subclavian vessels in the posterior triangle of the neck is continuous with:

A. the investing layer of deep cervical fascia

B. the middle cervical fascia 

C. *the prevertebral fascia

D. the visceral fascia

E. the superficial cervical fascia 

27. After a husband beat up his wife, she grabbed a knife and stabbed him in the neck, completely cutting the upper trunk of his brachial plexus (Erb's palsy). The loss of function would include all the following EXCEPT:

A. denervation of the biceps brachii

B. *loss of parasympathetic innervation to some sweat glands of the forearm

C. loss of sympathetic innervation to some erector pili muscles of the forearm

D. sensory loss to the radial side of the forearm

E. no exceptions, all would be lost 

28. The ansa cervicalis supplies the:

A. *sternothyroid muscle

B. thyrohyoid muscle

C. skin over the anterior aspect of the neck 

D. geniohyoid muscle

E. skin over the margin of the mandible 

29. A meningioma (tumor) at the level of the LVl pedicles destroying the conus medullaris and everything else within the neural canal at that level would affect:

A. all sympathetic nerves above that level

B. all sympathetic nerves below that level

C. *L1 and L2 sympathetic nerves only

D. no sympathetic nerves 

30. A typical spinal nerve contains:

A. sensory fibers, motor fibers, preganglionic sympathetic fibers 

B. sensory fibers, motor fibers, postganglionic parasympathetic fibers

C. *sensory fibers, motor fibers, postganglionic sympathetic fibers 

D. sensory fibers, motor fibers, preganglionic parasympathetic fibers

E. sensory fibers, motor fibers, postganglionic sympathetic fibers , 

31. A patient reports to his doctor that when his left heel strikes the ground while walking, he doesn't get the same feeling he used to. Also, the back of his thigh and leg don't feel like they should. The spinal nerve most likely affected is

A. L3

B. L5

C. *c. S2

D. S4 

32. Innervated by the medial plantar nerve is/are: 

A. first lumbrical

B. flexor digitorum brevis

C. quadratus plantae

D. *a and b

E. a, b and c. 

33. The lateral plantar nerve crosses the foot from medial to lateral

A. in the superficial fascia

B. between the plantar aponeurosis and the flexor digitorum brevis 

C. between the flexor digitorum brevis and the quadratus plantae 

D. between the quadratus plantae and the long plantar ligament 

E. between the tendons of flexor digitorum longus and flexor hallucis longus 

34. The common peroneal nerve innervates which of the following?

A. skin of all of the dorsum of the foot

B. tibialis anterior muscle

C. peroneus longus muscle

D. a and c

E. *a, b and c 

35. Muscles of the thigh which have dual innervation are:

A. biceps femoris muscle

B. adductor magnus muscle

C. rectus femoris muscle

D. *a and b

E. a, b, and c 

36. All of the following are TRUE of the sciatic nerve EXCEPT:

A. it arises from ventral rami of L4 - S3

B. it leaves the pelvis at the lower border of the piriformis muscle

C. it passes superficial to the quadratus muscle

D. it is crossed superficially by the long head of the biceps femoris muscle

E. *all of the above 

37. All of the following are TRUE concerning the superior gluteal nerve EXCEPT:

A. it exits the greater sciatic foramen above the piriformis muscle 

B. it innervates two muscles

C. it arises from L4, L5, and S1

D. muscle/s innervated by it abduct and support the pelvis

E. *fall of the above are true 

38. Anterior and posterior divisions of -the obturator nerve are separated by the

A. *adductor brevis

B. adductor longus

C. adductor magnus

D. pectineus

E. medial femoral circumflex artery 

39. The principal motor nerve to the anterior compartment of the thigh

A. *is of preaxial origin

B. b is of postaxial origin

C. comprises principally ventral primary rami

D. comprises principally dorsal primary rami

E. b and c

40. Compression of L4 would result in a paraesthesia (pins and needles sensation) in the skin over the:

A. upper anterior thigh 

B. *patella

C. lateral foot

D. popliteal fossa

E. posterior thigh 

41. Which is NOT a branch of the femoral nerve?

A. anterior femoral cutaneous nerve

B. nerve to the sartorius muscle 

C. *nerve to the gracilis muscle 

D. nerve to the pectineus muscle 

E. saphenous nerve 

42. Which of the following nerves contributes fibers from L4 to the dermatome on the medial aspect of the foot?

A. medial plantar nerve

B. saphenous nerve

C. superficial peroneal nerve

D. a and c

E. *a, b and c 

43. A dermatome located one inch inferior to the lateral malleolus is supplied mostly through the

A. saphenous nerve

B. superficial peroneal nerve

C. deep peroneal nerve

D. *sural nerve

E. none of the above

44. Which of the following is/are CORRECT for the prostatic plexus of nerves?

A. it contains both sympathetic and parasympathetic fibers

B. it has fibers involved in erection of the penis,

C. it is efferent to the glands and smooth muscle of the prostate 

D. a and b 

E. *a, b and c 

45. The following statements about the phrenic nerve are correct, EXCEPT: 

A. it passes anterior to the hilum of the lung 

B. it gives motor supply to the diaphragm 

C. *it is a branch of the brachial plexus 

D. it gives sensory supply to the pericardium 

E. it gives sensory supply to the diaphragm 

46. All of the following are branches of the pudendal nerve, EXCEPT: 

A. perineal N. 

B. inferior rectal N. 

C. *inferior gluteal N. 

D. dorsal nerve of the penis 

E. dorsal nerve of the clitoris 

47. Which of the following is TRUE concerning a "claw hand"?

A. it is caused by the unopposed flexors and extensors of the fingers

B. *the metacarpophalangeal joints are flexed because of loss of innervation to the lumbrical and interossei muscles

C. an injury which smashes the medial epicondyle of the humerus and its surrounding structures can cause claw hand signs and symptoms 

D. a and c

E. a, b and c 

48. Which of the following nerves sends branches to the muscles of the arm? 

A. *median 

B. *ulnar 

C. dorsal scapular 

D. musculocutaneous 

E. long thoracic 

49. Which muscle is innervated by both the ulnar and median nerves? 

A. flexor digitorum superficialis 

B. pronator quadratus 

C. *flexor digitorum profundus 

D. supinator 

E. none of the above 

50. The pelvic splanchnic nerves from S2, S3 and S4 can, on stimulation: 

A. empty the seminal vesicles 

B. empty the vas deferens 

C. cause ejaculation 

D. *cause erection 

E. reduce peristalsis in the sigmoid colon 

51. A patient whose toes hit the floor first followed by a hard slap of the heel has an injury to the: 

A. femoral N 

B. obturator N 

C. common peroneal N 

D. *tibial N 

E. none of the above 

52. All of the following nerves arise from cords of the brachial plexus, EXCEPT: 

A. *dorsal scapular 

B. lateral pectoral 

C. thoracodorsal 

D. median 

E. ulnar 

53. The greater splanchnic nerve usually synapses in the: 

A. superior mesenteric ganglion 

B. *celiac ganglion 

C. aorticorenal ganglion 

D. inferior mesenteric ganglion 

E. ganglia of the lower thoracic sympathetic trunk 

54. Loss of opposition of the thumb is a symptom associated with lesion of the: 

A. radial N 

B. ulnar N 

C. musculocutaneous N 

D. *median 

E. posterior interosseous N 

55. All of the following are innervated by the ulnar nerve, EXCEPT: 

A. *extensor carpi ulnaris 

B. dorsal interossei 

C. adductor pollicis 

D. flexor digitorum profundus 

E. abductor digiti minimi 

56. All the following are innervated by dorsal rami, EXCEPT: 

A. *splenius capitis 

B. rectus capitis posterior minor 

C. longissimus 

D. semispinalis capitis 

E. posterior inferior serratus 

57. All of the following statements concerning the erector spinae muscles are true, EXCEPT: 

A. divided into the spinalis, longissimus and iliocostal groups 

B. *collectively insert on the occipital bone 

C. collectively extend the vertebral column 

D. are enclosed by the anterior and posterior lamellae of the thoracolumbar fascia 

E. innervated by dorsal rami 

58. The following muscles are innervated by the radial nerve or one of its branches, EXCEPT: 

A. long head of triceps 

B. supinator 

C. *abductor pollicis brevis 

D. abductor pollicis longus 

E. extensor pollicis brevis 

59. Following a cervical injury, the patient is unable to abduct the arm above the horizontal plane. This could be the result of a lesion of the: 

A. spinal accessory N 

B. *long thoracic N 

C. axillary N 

D. all of the above 

E. none of the above 

60. Bones can fracture or be displaced from their normal anatomical position at any of several locations. Each of these injuries may traumatize a nerve passing close to the bone in question at that location. Match the nerve most likely to be injured with the problem 

(a) radial N

(b) axillary N

(c) ulnar N

(d) median N

(e) medial brachial cutaneous N

A. a b c d e --Fracture of the medial epicondyle of the humerus 

B. a b c d e --Fracture of the surgical neck of the humerus 

C. a b c d e --Mid-shaft humeral fracture 

D. a b c d e --Anterior dislocation of the lunate

61. Match the following muscles with their appropriate innervation. 

(a) lower subscapular nerve

(b) axillary nerve

(c) thoracodorsal nerve

(d) long thoracic nerve

(e) suprascapular nerve

A. a b c d e --supraspinatus M 

B. a b c d e --latissimus dorsi M 

C. a b c d e --teres minor M 

D. a b c d e --serratus anterior M 

62. The only forearm muscle arising from the common flexor tendon that does not receive motor innervation from the median nerve is the: 

A. palmar longis 

B. supinator 

C. *flexor carpi ulnaris 

D. flexor digitorum superficialis 

E. flexor carpi radialis 

63. Herniation of the intervertebral disc between the fifth and sixth cervical vertebrae will compress the: 

A. fourth cervical nerve root 

B. fifth cervical nerve root 

C. *sixth cervical nerve root 

D. seventh and eighth cervical nerve roots 

E. seventh cervical nerve root 

64. A fall on the elbow fractures the medial epicondyle and damages important adjacent structures. Among the deficits listed below, select the one most likely to be encountered in this patient: 

A. *inability to flex the wrist 

B. inability to extend the wrist 

C. inability to oppose the thumb 

D. inability to grasp a piece of paper tightly between the extended 2nd and 3rd finger. 

E. inability to abduct the wrist

65. All the following dermatomes are correctly paired with anatomical structures, except: 

A. T-5 (4)dermatome nipple in the male 

B. C-7 dermatome index and middle finger 

C. C-5 dermatome shoulder 

D. C-8 dermatome little finger 

E. *C-1 dermatome occiput 

66. Which statement is CORRECT concerning the latissimus dorsi muscle? 

A. it extends, adducts, and medially rotates the arm

B. it is innervated by the thoracodorsal nerve

C. it arises from the posterior lamella of thoradorsal fascia

D. b and c

E. *a, b and c 

67. During surgery of the right neck the accessory nerve was cut. The ends were brought together and sutured. The surgery was completed. What signs and symptoms would be expected to be observed following the surgery but prior to regeneration of the nerve?

A. difficulty in elevating the right shoulder

B. difficulty in abduction of the right arm

C. difficulty in turning the head to the left

D. a and c

E. *a, b, and c

68. Which of the following is correct regarding cutaneous innervation?

A. *radial nerve - dorsal surface of the hand on lateral side and dorsal surface of thumb (not distal end) and lateral 2Y2 fingers except at their distal ends

B. ulnar nerve - lateral two and one half digits on the palmar side

C. median nerve - complete palmar aspect of the thumb, complete palmar surface of the hand, palmar aspect of the index and half of the middle finger

D. a and b 

E. a, b, and c 

69. While repairing a flat tire, a woman had the fingernail of her middle digit tom off. Which nerve or its branches should you block in the emergency room to be able to examine the wound and also relieve her discomfort?

A. radial

B. *median

C. ulnar

D. all of the nerves should be blocked

E. none of the above are correct 

70. A patient was incorrectly shown crutch gait and put too much weight on his axillary area. This resulted in: 

A. loss of forearm extension

B. loss of wrist extension

C. weakening of supination

D. sensory loss on dorsum of hand

71. The nerve injured was:

A. axillary nerve 

B. *radial nerve

C. median nerve 
II. Tests of “Krok-1” database
1. The ventral roots of 5 frontal segment of spinal cord were cut during experiment in the animal. What changes will take place in the innervation region? 
A. Loss of temperature sensitivity 
B. Loss of touch sensitivity 
C. *Loss of movements 
D. Loss of proprioceptive sensitivity 
E. Hypersensitivity
2. Victim has elbow joint trauma with avulsion of medial epicondyle of humerus. What nerve can be damaged in this trauma? 
A. Cardiac cutaneous nerve 
B. Radial 
C. *Ulnar 
D. Medial cutaneous nerve of forearm 
E. Musculocutaneous nerve 
3. In the microspacemen of spinal medulla it is necessary to analyse the condition of the nucleus, neurons of which form the motor endings in the skeletal musculature. What nucleus of the spinal medulla is it about?

A. Posterior horn proper nucleus

B. Gray substance proper nucleus

C. Nucleus thoracicus (Clarke'snucleus)

D. Nucleus intermediolaterallis

E. *Disseminate nucleus

4. A 30-year-old man with cutting wound of his forearm has got an impairment of his fingers extension. What nerve is damaged?

A. Ulnar

B. *Radial

C. Middle

D. Medial antebrachial cutaneous nerve

E. Muscularcutaneous

5. A patient has elbow joint trauma with avulsion of medial epicondyle of humerus. What nerve can be damaged in this trauma? 
A. Medial cutaneous nerve of forearm 
B. Cardiac cutaneous nerve 
C. Musculocutaneous nerve 
D. *Ulnar 
E. Radial 
6. A 40-year-old woman was admitted to the infectious diseases department with high body temperature. Objectively: marked meningeal symptoms. A spinal cord punction was made. What anatomic formation was puncturated? 
A. Spatium epidurale 
B. *Spatium subarachnoideum 
C. Cisterna cerebellomedullaris posterior 
D. Spatium subdurale 
E. Cavum trigeminale

7. A patient has elbow joint trauma with avulsion of medial epicondyle of humerus. What nerve can be damaged in this trauma? 
A. Radial 
B. Cardiac cutaneous nerve 
C. Musculocutaneous nerve 
D. Medial cutaneous nerve of forearm 
E. *Ulnar 
8. After a fracture of the upper third of the humerus the paralysis of the posterior group of muscles of the shoulder and forearm developed. Which nerve was damaged?

A. Ulnar.

B. *Radial.

C. Median.

D. Musculocutaneous.

E. Axillary.

9. Examination of a patient with a knife right hand wound has shown skin sensitivity loss of the lateral part of the hand dorsal surface and proxi​mal phalanxes of the I, II and partial​ly III fingers. Which nerve has been damaged?

A. Ulnar.

B. Median.

C. *Radial.

D. Musculocutaneous.

E. Lateral  cutaneous nerve of forearm.

10. Having hurt the elbow against a table a patient felt burning and pricking on the internal surface of the forearm. Which nerve was traumatized in this case?

A. *Ulnar.

B. Radial.

C. Median.
D. Axillary.

E. Musculocutaneous.

11. A patient was admitted to a traumatology center with the greater psoas muscle damage. The patient lost possibility to straighten his leg in the knee joint. Which nerve is damaged?

A. *Femoral.

B. Iliohypogastric.

C. Ilioinguinal.

D. Genitofemoral.

E. Obturator.

12. A patient after a trauma has decreased painful and temperature sensitivity in the site of 1.5 fingers on the palmar surface and 2.5 fingers on the dorsal surface from the side of the little finger. Which nerve was injured as a result of the trauma?

A. *Ulnar.

B. Radial.

C. Median.

D. Musculocutaneous.

E. Medial cutaneous nerve of forearm.

13. After an inflammatory process a patient complains of feeling weakness when bending a hand in the site of the I, II, III, and IV fingers, volume reduction of thenar muscles. Examination has shown disorders of pain and temperature sensitivity on palmary surface of the I, II, III fingers and radial surface of the IV finger. Which nerve has been injured?

A. Musculocutaneous.

B. Radial.

C. Ulnar.

D. *Median.

E. Medial cutaneous nerve of forearm.

14. Examining a patient a neuropathologist detected the following symptom complex: cremasteric reflex extinction (reduction of m. cremaster), disorder of skin sensitivity on the anterior and internal surface of the superior third of the thigh and scrotum. Which nerve was injured?

A. Ilioinguinal.

B. Genitofemoral.

C. Sciatic.

D. *Femoral.

E. Obturator.

15. A patient has characteristic gait changes, so-called waddling gait, observed: during walking the patient sways. Besides, hip reduction is impossible. Which nerve has been injured?

A. Femoral.

B. Sciatic.

C. *Obturator.

D. Tibial.

E. Superior gluteal.

16. A patient appealed to a doctor with complaints of impossibility to abduce the right hand after a trauma. Examination has shown that passive movements are not limited. Deltoid muscle atrophy has been detected. Which nerve has been injured?

A. Suprascapular.

B. Radial.

C. Ulnar.

D. Median.

E. *Axillary.

17. Examination of a patient with a cut wound in the inferior third of the right leg anterior area has shown the absence of extension movements in the right ankle joint. Muscles are not injured. Which nerve integrity has been affected?

A. Saphenous. 
B. Common peroneal. 

C. Superficial fibular.

D. *Deep fibular. 

E. Femoral.

18. After a trauma in the site of a shoulder a patient can not extend a hand. Examination has also shown a decrease of pain and temperature sensitivity in the site of 2.5 fingers of the hand's dorsal surface from the side of the thumb. Which nerve has been injured as a result of the trauma?

A. *Radial.

B. Median.

C. Ulnar.
D. Axillary.

E. Musculocutaneous.

19. Examining a patient a neuropathologist detected increased pain skin sensitivity on the palmary surface of the I,II,III and the radial surface of the IV fingers, middle part of the palm and thenar. Which nerve was injured?

A. *Median.

B. Medial cutaneous nerve of forearm.

C. Ulnar.

D. Radial.

E. Musculocutaneous.

20. To a traumatology center there was taken a teenager who pinched his arm in a door above the elbow joint during a game. Examination has shown the loss of skin sensitivity on the anteromedial shoulder surface. Indicate with what nerve damage the loss of skin sensitivity of the mentioned site is connected.

A. Axillary.

B. Radial.

C. Musculocutaneous.

D. Ulnar.

E. *Medial cutaneous nerve of arm.

21. A 30-year-old patient appealed to a neuropathologist complaining of skin sensitivity loss of the middle and inferior third of the posterior region of the leg on the right. Which nerve is damaged?

A. *Sural.

B. Posterior cutaneous  nerve  of thigh.

C. Genitofemoral.

D. Branches of obturator nerve.

E. Tibial.

22. A patient lost skin sensitivity of the little finger. Which nerve is damaged?

A. Median.

B. *Ulnar.

C. Radial.

D. Musculocutaneous.

E. Medial cutaneous nerve of forearm.

23. A patient can not extend a knee joint, knee reflex is not observed, skin sensitivity of the anterior surface of the thigh is damaged. Which nerve is damaged?

A. Obturator.

B. Superior gluteal.

C. Common peroneal.

D. *Femoral.

E. Inferior gluteal nerve.

UNIT 6. VESSELS OF EXTREMITIES

Practice class 33. Written tests and examination of practice skills of spinal nerves. Examination of self-taught tasks. Review of angiology. Aorta: topography, parts.

The aim: to learn the classification of the vascular system, the topography and structure of the aorta.

Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially therapeutisis, traumatologists, pediatricians and others.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) Review of the vascular system.

b) The aorta, its branches.
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

THE VASCULAR SYSTEM is divided for descriptive purposes into the blood vascular system, which comprises the heart and bloodvessels for the circulation of the blood; and the lymph vascular system, consisting of lymph glands and lymphatic vessels, through which a colorless fluid, the lymph, circulates. It must be noted, however, that the two systems communicate with each other and are intimately associated developmentally.
The heart is the central organ of the blood vascular system, and consists of a hollow muscle; by its contraction the blood is pumped to all parts of the body through a complicated series of tubes, termed arteries. The arteries undergo enormous ramification in their course throughout the body, and end in minute vessels, called arterioles, which in their turn open into a close-meshed network of microscopic vessels, termed capillaries. After the blood has passed through the capillaries it is collected into a series of larger vessels, called veins, by which it is returned to the heart. The passage of the blood through the heart and blood-vessels constitutes what is termed the circulation of the blood, of which the following is an outline
The human heart is divided by septa into right and left halves, and each half is further divided into two cavities, an upper termed the atrium and a lower the ventricle. The heart therefore consists of four chambers, two, the right atrium and right ventricle, forming the right half, and two, the left atrium and left ventricle the left half. The right half of the heart contains venous or impure blood; the left, arterial or pure blood. The atria are receiving chambers, and the ventricles distributing ones. From the cavity of the left ventricle the pure blood is carried into a large artery, the aorta, through the numerous branches of which it is distributed to all parts of the body, with the exception of the lungs. In its passage through the capillaries of the body the blood gives up to the tissues the materials necessary for their growth and nourishment, and at the same time receives from the tissues the waste products resulting from their metabolism. In doing so it is changed from arterial into venous blood, which is collected by the veins and through them returned to the right atrium of the heart. From this cavity the impure blood passes into the right ventricle, and is thence conveyed through the pulmonary arteries to the lungs. In the capillaries of the lungs it again becomes arterialized, and is then carried to the left atrium by the pulmonary veins. From the left atrium it passes into the left ventricle, from which the cycle once more begins.
  The course of the blood from the left ventricle through the body generally to the right side of the heart constitutes the greater or systemic circulation, while its passage from the right ventricle through the lungs to the left side of the heart is termed the lesser or pulmonary circulation.
It is necessary, however, to state that the blood which circulates through the spleen, pancreas, stomach, small intestine, and the greater part of the large intestine is not returned directly from these organs to the heart, but is conveyed by the portal vein to the liver. In the liver this vein divides, like an artery, and ultimately ends in capillary-like vessels (sinusoids), from which the rootlets of a series of veins, called the hepatic veins, arise; these carry the blood into the inferior vena cava, whence it is conveyed to the right atrium. From this it will be seen that the blood contained in the portal vein passes through two sets of vessels: the capillaries in the spleen, pancreas, stomach, etc., and  the sinusoids in the liver. The blood in the portal vein carries certain of the products of digestion: the carbohydrates, which are mostly taken up by the liver cells and stored as glycogen, and the protein products which remain in solution and are carried into the general circulation to the various tissues and organs of the body.

Speaking generally, the arteries may be said to contain pure and the veins impure blood. This is true of the systemic, but not of the pulmonary vessels, since it has been seen that the impure blood is conveyed from the heart to the lungs by the pulmonary arteries, and the pure blood returned from the lungs to the heart by the pulmonary veins. Arteries, therefore, must be defined as vessels which convey blood from the heart, and veins as vessels which return blood to the heart
The arteries, in their distribution throughout the body, are included in thin fibro-areolar investments, which form their sheaths. The vessel is loosely connected with its sheath by delicate areolar tissue; and the sheath usually encloses the accompanying veins, and sometimes a nerve. Some arteries, as those in the cranium, are not included in sheaths.
The Capillaries.—The smaller arterial branches (excepting those of the cavernous structure of the sexual organs, of the splenic pulp, and of the placenta) terminate in net-works of vessels which pervade nearly every tissue of the body. These vessels, from their minute size, are termed capillaries. They are interposed between the smallest branches of the arteries and the commencing veins, constituting a net-work, the branches of which maintain the same diameter throughout; the meshes of the net-work are more uniform in shape and size than those formed by the anastomoses of the small arteries and veins.

Sinusoids.—In certain organs, viz., the heart, the liver, the suprarenal and parathyroid glands, the glomus caroticum and glomus coccygeum, the smallest bloodvessels present various differences from true capillaries. They are wider, with an irregular lumen, and have no connective tissue covering, their endothelial cells being in direct contact with the cells of the organ. Moreover, they are either arterial or venous and not intermediate as are the true capillaries. These vessels have been called sinusoids by Minot. They are formed by columns of cells or trabeculae pushing their way into a large bloodvessel or blood space and carrying its endothelium before them; at the same time the wall of the vessel or space grows out between the cell columns.
Structure of Veins.—The veins, like the arteries, are composed of three coats: internal, middle, and external; and these coats are, with the necessary modifications, analogous to the coats of the arteries; the internal being the endothelial, the middle the muscular, and the external the connective tissue or areolar. The main difference between the veins and the arteries is in the comparative weakness of the middle coat in the former.
Most veins are provided with valves which serve to prevent the reflux of the blood. Each valve is formed by a reduplication of the inner coat, strengthened by connective tissue and elastic fibers, and is covered on both surfaces with endothelium, the arrangement of which differs on the two surfaces. On the surface of the valve next the wall of the vein the cells are arranged transversely; while on the other surface, over which the current of blood flows, the cells are arranged longitudinally in the direction of the current. Most commonly two such valves are found placed opposite one another, more especially in the smaller veins or in the larger trunks at the point where they are joined by smaller branches; occasionally there are three and sometimes only one. The valves are semilunar. They are attached by their convex edges to the wall of the vein; the concave margins are free, directed in the course of the venous current, and lie in close apposition with the wall of the vein as long as the current of blood takes its natural course; if, however, any regurgitation takes place, the valves become distended, their opposed edges are brought into contact, and the current is interrupted. The wall of the vein on the cardiac side of the point of attachment of each valve is expanded into a pouch or sinus, which gives to the vessel, when injected or distended with blood, a knotted appearance. The valves are very numerous in the veins of the extremities, especially of the lower extremities, these vessels having to conduct the blood against the force of gravity. They are absent in the very small veins, i. e., those less than 2 mm. in diameter, also in the venae cavae, hepatic, renal, uterine, and ovarian veins. A few valves are found in each spermatic vein, and one also at its point of junction with the renal vein or inferior vena cava respectively. The cerebral and spinal veins, the veins of the cancellated tissue of bone, the pulmonary veins, and the umbilical vein and its branches, are also destitute of valves. A few valves are occasionally found in the azygos and intercostal veins. Rudimentary valves are found in the tributaries of the portal venous system.

The veins, like the arteries, are supplied with nutrient vessels, vasa vasorum. Nerves also are distributed to them in the same manner as to the arteries, but in much less abundance.
THE AORTA is the main trunk of a series of vessels which convey the oxygenated blood to the tissues of the body for their nutrition. It commences at the upper part of the left ventricle, where it is about 3 cm. in diameter, and after ascending for a short distance, arches backward and to the left side, over the root of the left lung; it then descends within the thorax on the left side of the vertebral column, passes into the abdominal cavity through the aortic hiatus in the diaphragm, and ends, considerably diminished in size (about 1.75 cm. in diameter), opposite the lower border of the fourth lumbar vertebra, by dividing into the right and left common iliac arteries. Hence it is described in several portions, viz., the ascending aorta, the arch of the aorta, and the descending aorta, which last is again divided into the thoracic and abdominal aortae.
The Ascending Aorta (Aorta Ascendens)—The ascending aorta is about 5 cm. in length. It commences at the upper part of the base of the left ventricle, on a level with the lower border of the third costal cartilage behind the left half of the sternum; it passes obliquely upward, forward, and to the right, in the direction of the heart’s axis, as high as the upper border of the second right costal cartilage, describing a slight curve in its course, and being situated, about 6 cm. behind the posterior surface of the sternum. At its origin it presents, opposite the segments of the aortic valve, three small dilatations called the aortic sinuses. At the union of the ascending aorta with the aortic arch the caliber of the vessel is increased, owing to a bulging of its right wall. This dilatation is termed the bulb of the aorta, and on transverse section presents a somewhat oval figure. The ascending aorta is contained within the pericardium, and is enclosed in a tube of the serous pericardium, common to it and the pulmonary artery.

Relations.—The ascending aorta is covered at its commencement by the trunk of the pulmonary artery and the right auricula, and, higher up, is separated from the sternum by the pericardium, the right pleura, the anterior margin of the right lung, some loose areolar tissue, and the remains of the thymus; posteriorly, it rests upon the left atrium and right pulmonary artery. On the right side, it is in relation with the superior vena cava and right atrium, the former lying partly behind it; on the left side, with the pulmonary artery.

 Branches.—The only branches of the ascending aorta are the two coronary arteries which supply the heart; they arise near the commencement of the aorta immediately above the attached margins of the semilunar valves.

The Arch of the Aorta (Arcus AortAE; Transverse Aorta)—The arch of the aorta begins at the level of the upper border of the second sternocostal articulation of the right side, and runs at first upward, backward, and to the left in front of the trachea; it is then directed backward on the left side of the trachea and finally passes downward on the left side of the body of the fourth thoracic vertebra, at the lower border of which it becomes continuous with the descending aorta. It thus forms two curvatures: one with its convexity upward, the other with its convexity forward and to the left. Its upper border is usually about 2.5 cm. below the superior border to the manubrium sterni.

Relations.—The arch of the aorta is covered anteriorly by the pleurae and anterior margins of the lungs, and by the remains of the thymus. As the vessel runs backward its left side is in contact with the left lung and pleura. Passing downward on the left side of this part of the arch are four nerves; in order from before backward these are, the left phrenic, the lower of the superior cardiac branches of the left vagus, the superior cardiac branch of the left sympathetic, and the trunk of the left vagus. As the last nerve crosses the arch it gives off its recurrent branch, which hooks around below the vessel and then passes upward on its right side. The highest left intercostal vein runs obliquely upward and forward on the left side of the arch, between the phrenic and vagus nerves. On the right are the deep part of the cardiac plexus, the left recurrent nerve, the esophagus, and the thoracic duct; the trachea lies behind and to the right of the vessel. Above are the innominate, left common carotid, and left subclavian arteries, which arise from the convexity of the arch and are crossed close to their origins by the left innominate vein. Below are the bifurcation of the pulmonary artery, the left bronchus, the ligamentum arteriosum, the superficial part of the cardiac plexus, and the left recurrent nerve. As already stated, the ligamentum arteriosum connects the commencement of the left pulmonary artery to the aortic arch.

  Between the origin of the left subclavian artery and the attachment of the ductus arteriosus the lumen of the fetal aorta is considerably narrowed, forming what is termed the aortic isthmus, while immediately beyond the ductus arteriosus the vessel presents a fusiform dilation which His has named the aortic spindle—the point of junction of the two parts being marked in the concavity of the arch by an indentation or angle. These conditions persist, to some extent, in the adult, where His found that the average diameter of the spindle exceeded that of the isthmus by 3 mm.

  Distinct from this diffuse and moderate stenosis at the isthmus is the condition known as coarctation of the aorta, or marked stenosis often amounting to complete obliteration of its lumen, seen in adults and occuring at or near, oftenest a little below, the insertion of the ligamentum arteriosum into the aorta. According to Bonnet this coarctation is never found in the fetus or at birth, and is due to an abnormal extension of the peculiar tissue of the ductus into the aortic wall, which gives rise to a simultaneous stenosis of both vessels as it contracts after birth—the ductus is usually obliterated in these cases. An extensive collateral circulation is set up, by the costocervicals, internal mammaries, and the descending branches of the transverse cervical above the stenosis, and below it by the first four aortic intercostals, the pericardiaco-phrenics, and the superior and inferior epigastrics.

Peculiarities.—The height to which the aorta rises in the thorax is usually about 2.5 cm. below the upper border of the sternum; but it may ascend nearly to the top of the bone. Occasionally it is found 4 cm., more rarely from 5 to 8 cm. below this point. Sometimes the aorta arches over the root of the right lung (right aortic arch) instead of over that of the left, and passes down on the right side of the vertebral column, a condition which is found in birds. In such cases all the thoracic and abdominal viscera are transposed. Less frequently the aorta, after arching over the root of the right lung, is directed to its usual position on the left side of the vertebral column; this peculiarity is not accompanied by transposition of the viscera. The aorta occasionally divides, as in some quadrupeds, into an ascending and a descending trunk, the former of which is directed vertically upward, and subdivides into three branches, to supply the head and upper extremities. Sometimes the aorta subdivides near its origin into two branches, which soon reunite. In one of these cases the esophagus and trachea were found to pass through the interval between the two branches; this is the normal condition of the vessel in the reptilia.

Branches.—The branches given off from the arch of the aorta are three in number: the innominate, the left common carotid, and the left subclavian.
Peculiarities.—Position of the Branches.—The branches, instead of arising from the highest part of the arch, may spring from the commencement of the arch or upper part of the ascending aorta; or the distance between them at their origins may be increased or diminished, the most frequent change in this respect being the approximation of the left carotid toward the innominate artery.

  The number of the primary branches may be reduced to one, or more commonly two; the left carotid arising from the innominate artery; or (more rarely) the carotid and subclavian arteries of the left side arising from a left innominate artery. But the number may be increased to four, from the right carotid and subclavian arteries arising directly from the aorta, the innominate being absent. In most of these latter cases the right subclavian has been found to arise from the left end of the arch; in other cases it is the second or third branch given off, instead of the first. Another common form in which there are four primary branches is that in which the left vertebral artery arises from the arch of the aorta between the left carotid and subclavian arteries. Lastly, the number of trunks from the arch may be increased to five or six; in these instances, the external and internal carotids arise separately from the arch, the common carotid being absent on one or both sides. In some few cases six branches have been found, and this condition is associated with the origin of both vertebral arteries from the arch.

Number Usual, Arrangement Different.—When the aorta arches over to the right side, the three branches have an arrangement the reverse of what is usual; the innominate artery is a left, one, and the right carotid and subclavian arise separately. In other cases, where the aorta takes its usual course, the two carotids may be joined in a common trunk, and the subclavians arise separately from the arch, the right subclavian generally arising from the left end of the arch.

  In some instances other arteries spring from the arch of the aorta. Of these the most common are the bronchial, one or both, and the thyreoidea ima; but the internal mammary and the inferior thyroid have been seen to arise from this vessel.

The Brachiocephalic Artery  (or innominate) is the largest branch of the arch of the aorta, and is from 4 to 5 cm. in length. It arises, on a level with the upper border of the second right costal cartilage, from the commencement of the arch of the aorta, on a plane anterior to the origin of the left carotid; it ascends obliquely upward, backward, and to the right to the level of the upper border of the right sternoclavicular articulation, where it divides into the right common carotid and right subclavian arteries.

Relations.—Anteriorly, it is separated from the manubrium sterni by the Sternohyoideus and Sternothyreoideus, the remains of the thymus, the left innominate and right inferior thyroid veins which cross its root, and sometimes the superior cardiac branches of the right vagus. Posterior to it is the trachea, which it crosses obliquely. On the right side are the right innominate vein, the superior vena cava, the right phrenic nerve, and the pleura; and on the left side, the remains of the thymus, the origin of the left common carotid artery, the inferior thyroid veins, and the trachea.

 Branches.— Brachiocephalic Artery  usually gives off no branches; but occasionally a small branch, the thyreoidea ima, arises from it. Sometimes it gives off a thymic or bronchial branch.
  The thyreoidea ima (a. thyreoidea ima) ascends in front of the trachea to the lower part of the thyroid gland, which it supplies. It varies greatly in size, and appears to compensate for deficiency or absence of one of the other thyroid vessels. It occasionally arises from the aorta, the right common carotid, the subclavian or the internal mammary.

Point of Division.—The Brachiocephalic Artery  sometimes divides above the level of the sternoclavicular joint, less frequently below it.

Position.—When the aortic arch is on the right side, the Brachiocephalic Artery  is directed to the left side of the neck.

Collateral Circulation.—Allan Burns demonstrated, on the dead subject, the possibility of the establishment of the collateral circulation after ligature of the innominate artery, by tying and dividing that artery. He then found that “Even coarse injection, impelled into the aorta, passed freely by the anastomosing branches into the arteries of the right arm, filling them and all the vessels of the head completely.”  The branches by which this circulation would be carried on are very numerous; thus, all the communications across the middle line between the branches of the carotid arteries of opposite sides would be available for the supply of blood to the right side of the head and neck; while the anastomosis between the costocervical of the subclavian and the first aortic intercostal (see infra on the collateral circulation after obliteration of the thoracic aorta) would bring the blood, by a free and direct course, into the right subclavian. The numerous connections, also, between the intercostal arteries and the branches of the axillary and internal mammary arteries would, doubtless, assist in the supply of blood to the right arm, while the inferior epigastric from the external iliac would, by means of its anastomosis with the internal mammary, compensate for any deficiency in the vascularity of the wall of the chest.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· aorta

· aortic bulb

· ascending aorta

· aortic arch

· descending aorta

· aortic bifurcation

· thoracic aorta

· posterior intercostal arteries

· abdominal aorta

· inferior phrenic artery

· lumbar arteries

· celiac trunk

· common iliac artery
Practice class 34. The subclavian, axillary and brachial arteries: relations, branches, supplement. The arteries of forearm and hand.

The aim: to learn the topography of the subclavian, axillary and brachial arteries, branches that spring from them; to define muscles that are supplied by these arteries.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially therapeutisis, traumatologists, surgeons.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The subclavian artery.

b) The axillary artery.

c) The brachial artery.
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

The artery which supplies the upper extremity continues as a single trunk from its commencement down to the elbow; but different portions of it have received different names, according to the regions through which they pass. That part of the vessel which extends from its origin to the outer border of the first rib is termed the subclavian; beyond this point to the lower border of the axilla it is named the axillary; and from the lower margin of the axillary space to the bend of the elbow it is termed brachial; here the trunk ends by dividing into two branches the radial and ulnar.
THE SUBCLAVIAN ARTERY (A. Subclavia).—On the right side the subclavian artery arises from the innominate artery behind the right sternoclavicular articulation; on the left side it springs from the arch of the aorta. The two vessels, therefore, in the first part of their course, differ in length, direction, and relation with neighboring structures.

In order to facilitate the description, each subclavian artery is divided into three parts. The first portion extends from the origin of the vessel to the medial border of the Scalenus anterior; the second lies behind this muscle; and the third extends from the lateral margin of the muscle to the outer border of the first rib, where it becomes the axillary artery. The first portions of the two vessels require separate descriptions; the second and third parts of the two arteries are practically alike.

First Part of the Right Subclavian Artery.—The first part of the right subclavian artery arises from the innominate artery, behind the upper part of the right sternoclavicular articulation, and passes upward and lateralward to the medial margin of the Scalenus anterior. It ascends a little above the clavicle, the extent to which it does so varying in different cases.

Relations.—It is covered, in front, by the integument, superficial fascia, Platysma, deep fascia, the clavicular origin of the Sternocleidomastoideus, the Sternohyoideus, and Sternothyreoideus, and another layer of the deep fascia. It is crossed by the internal jugular and vertebral veins, by the vagus nerve and the cardiac branches of the vagus and sympathetic, and by the subclavian loop of the sympathetic trunk which forms a ring around the vessel. The anterior jugular vein is directed lateralward in front of the artery, but is separated from it by the Sternohyoideus and Sternothyreoideus. Below and behind the artery is the pleura, which separates it from the apex of the lung; behind is the sympathetic trunk, the Longus collie and the first thoracic vertebra. The right recurrent nerve winds around the lower and back part of the vessel.

First Part of the Left Subclavian Artery.—The first part of the left subclavian artery arises from the arch of the aorta, behind the left common carotid, and at the level of the fourth thoracic vertebra; it ascends in the superior mediastinal cavity to the root of the neck and then arches lateralward to the medial border of the Scalenus anterior.

Relations.—It is in relation, in front, with the vagus, cardiac, and phrenic nerves, which lie parallel with it, the left common carotid artery, left internal jugular and vertebral veins, and the commencement of the left innominate vein, and is covered by the Sternothyreoideus, Sternohyoideus, and Sternocleidomastoideus; behind, it is in relation with the esophagus, thoracic duct, left recurrent nerve, inferior cervical ganglion of the sympathetic trunk, and Longus colli; higher up, however, the esophagus and thoracic duct lie to its right side; the latter ultimately arching over the vessel to join the angle of union between the subclavian and internal jugular veins. Medial to it are the esophagus, trachea, thoracic duct, and left recurrent nerve; lateral to it, the left pleura and lung.

Second and Third Parts of the Subclavian Artery.—The second portion of the subclavian artery lies behind the Scalenus anterior; it is very short, and forms the highest part of the arch described by the vessel.

Relations.—It is covered, in front, by the skin, superficial fascia, Platysma, deep cervical fascia, Sternocleidomastoideus, and Scalenus anterior. On the right side of the neck the phrenic nerve is separated from the second part of the artery by the Scalenus anterior, while on the left side it crosses the first part of the artery close to the medial edge of the muscle. Behind the vessel are the pleura and the Scalenus medius; above, the brachial plexus of nerves; below, the pleura. The subclavian vein lies below and in front of the artery, separated from it by the Scalenus anterior.

The third portion of the subclavian artery runs downward and lateralward from the lateral margin of the Scalenus anterior to the outer border of the first rib, where it becomes the axillary artery. This is the most superficial portion of the vessel, and is contained in the subclavian triangle.

Relations.—It is covered, in front, by the skin, the superficial fascia, the Platysma, the supraclavicular nerves, and the deep cervical fascia. The external jugular vein crosses its medial part and receives the transverse scapular, transverse cervical, and anterior jugular veins, which frequently form a plexus in front of the artery. Behind the veins, the nerve to the Subclavius descends in front of the artery. The terminal part of the artery lies behind the clavicle and the Subclavius and is crossed by the transverse scapular vessels. The subclavian vein is in front of and at a slightly lower level than the artery. Behind, it lies on the lowest trunk of the brachial plexus, which intervenes between it and the Scalenus medius. Above and to its lateral side are the upper trunks of the brachial plexus and the Omohyoideus. Below, it rests on the upper surface of the first rib.

Peculiarities.—The subclavian arteries vary in their origin, their course, and the height to which they rise in the neck.

The origin of the right subclavian from the innominate takes place, in some cases, above the sternoclavicular articulation, and occasionally, but less frequently, below that joint. The artery may arise as a separate trunk from the arch of the aorta, and in such cases it may be either the first, second, third, or even the last branch derived from that vessel; in the majority, however, it is the first or last, rarely the second or third. When it is the first branch, it occupies the ordinary position of the innominate artery; when the second or third, it gains its usual position by passing behind the right carotid; and when the last branch, it arises from the left extremity of the arch, and passes obliquely toward the right side, usually behind the trachea, esophagus, and right carotid, sometimes between the esophagus and trachea, to the upper border of the first rib, whence it follows its ordinary course. In very rare instances, this vessel arises from the thoracic aorta, as low down as the fourth thoracic vertebra. Occasionally, it perforates the Scalenus anterior; more rarely it passes in front of that muscle. Sometimes the subclavian vein passes with the artery behind the Scalenus anterior. The artery may ascend as high as 4 cm. above the clavicle, or any intermediate point between this and the upper border of the bone, the right subclavian usually ascending higher than the left.

The left subclavian is occasionally joined at its origin with the left carotid.

The left subclavian artery is more deeply placed than the right in the first part of its course, and, as a rule, does not reach quite as high a level in the neck. The posterior border of the Sternocleidomastoideus corresponds pretty closely to the lateral border of the Scalenus anterior, so that the third portion of the artery, the part most accessible for operation, lies immediately lateral to the posterior border of the Sternocleidomastoideus.

Collateral Circulation.—After ligature of the third part of the subclavian artery, the collateral circulation is established mainly by three sets of vessels, thus described in a dissection:

1. A posterior set, consisting of the transverse scapular and the descending ramus of the transverse cervical branches of the subclavian, anastomosing with the subscapular from the axillary.

2. A medial set, produced by the connection of the internal mammary on the one hand, with the highest intercostal and lateral thoracic arteries, and the branches from the subscapular on the other.

3. A middle or axillary set, consisting of a number of small vessels derived from branches of the subclavian, above, and, passing through the axilla, terminating either in the main trunk, or some of the branches of the axillary below. This last set presented most conspicuously the peculiar character of newly formed or, rather, dilated arteries, being excessively tortuous, and forming a complete plexus.

The chief agent in the restoration of the axillary artery below the tumor was the subscapular artery, which communicated most freely with the internal mammary, transverse scapular and descending ramus of the transverse cervical branches of the subclavian, from all of which it received so great an influx of blood as to dilate it to three times its natural size.

When a ligature is applied to the first part of the subclavian artery, the collateral circulation is carried on by: (1) the anastomosis between the superior and inferior thyroids; (2) the anastomosis of the two vertebrals; (3) the anastomosis of the internal mammary with the inferior epigastric and the aortic intercostals; (4) the costocervical anastomosing with the aortic intercostals; (5) the profunda cervicis anastomosing with the descending branch of the occipital; (6) the scapular branches of the thyrocervical trunk anastomosing with the branches of the axillary, and (7) the thoracic branches of the axillary anastomosing with the aortic intercostals.

Branches.—The branches of the subclavian artery are:

Vertebral.

Internal mammary.

Thyrocervical.

Costocervical.

On the left side all four branches generally arise from the first portion of the vessel; but on the right side the costocervical trunk usually springs from the second portion of the vessel. On both sides of the neck, the first three branches arise close together at the medial border of the Scalenus anterior; in the majority of cases, a free interval of from 1.25 to 2.5 cm. exists between the commencement of the artery and the origin of the nearest branch.

1. The vertebral artery (a. vertebralis), is the first branch of the subclavian, and arises from the upper and back part of the first portion of the vessel. It is surrounded by a plexus of nerve fibers derived from the inferior cervical ganglion of the sympathetic trunk, and ascends through the foramina in the transverse processes of the upper six cervical vertebrae it then winds behind the superior articular process of the atlas and, entering the skull through the foramen magnum, unites, at the lower border of the pons, with the vessel of the opposite side to form the basilar artery.

Relations.—The vertebral artery may be divided into four parts: The first part runs upward and backward between the Longus colli and the Scalenus anterior. In front of it are the internal jugular and vertebral veins, and it is crossed by the inferior thyroid artery; the left vertebral is crossed by the thoracic duct also. Behind it are the transverse process of the seventh cervical vertebra, the sympathetic trunk and its inferior cervical ganglion. The second part runs upward through the foramina in the transverse processes of the upper six cervical vertebrae, and is surrounded by branches from the inferior cervical sympathetic ganglion and by a plexus of veins which unite to form the vertebral vein at the lower part of the neck. It is situated in front of the trunks of the cervical nerves, and pursues an almost vertical course as far as the transverse process of the atlas, above which it runs upward and lateralward to the foramen in the transverse process of the atlas. The third part issues from the latter foramen on the medial side of the Rectus capitis lateralis, and curves backward behind the superior articular process of the atlas, the anterior ramus of the first cervical nerve being on its medial side; it then lies in the groove on the upper surface of the posterior arch of the atlas, and enters the vertebral canal by passing beneath the posterior atlantoöccipital membrane. This part of the artery is covered by the Semispinalis capitis and is contained in the suboccipital triangle—a triangular space bounded by the Rectus capitis posterior major, the Obliquus superior, and the Obliquus inferior. The first cervical or suboccipital nerve lies between the artery and the posterior arch of the atlas. The fourth part pierces the dura mater and inclines medialward to the front of the medulla oblongata; it is placed between the hypoglossal nerve and the anterior root of the first cervical nerve and beneath the first digitation of the ligamentum denticulatum. At the lower border of the pons it unites with the vessel of the opposite side to form the basilar artery.

Branches.—The branches of the vertebral artery may be divided into two sets: those given off in the neck, and those within the cranium.

Cervical Branches.
Cranial Branches.
Spinal.

Meningeal.

Muscular.

Posterior Spinal.

Anterior Spinal.

Posterior Inferior Cerebellar.

Medullary.

Spinal Branches (rami spinales) enter the vertebral canal through the intervertebral foramina, and each divides into two branches. Of these, one passes along the roots of the nerves to supply the medulla spinalis and its membranes, anastomosing with the other arteries of the medulla spinalis; the other divides into an ascending and a descending branch, which unite with similar branches from the arteries above and below, so that two lateral anastomotic chains are formed on the posterior surfaces of the bodies of the vertebrae, near the attachment of the pedicles. From these anastomotic chains branches are supplied to the periosteum and the bodies of the vertebrae, and others form communications with similar branches from the opposite side; from these communications small twigs arise which join similar branches above and below, to form a central anastomotic chain on the posterior surface of the bodies of the vertebrae.

Muscular Branches are given off to the deep muscles of the neck, where the vertebral artery curves around the articular process of the atlas. They anastomose with the occipital, and with the ascending and deep cervical arteries.

The Meningeal Branch (ramus meningeus; posterior meningeal branch) springs from the vertebral opposite the foramen magnum, ramifies between the bone and dura mater in the cerebellar fossa, and supplies the falx cerebelli. It is frequently represented by one or two small branches.

The Posterior Spinal Artery (a. spinalis posterior; dorsal spinal artery) arises from the vertebral, at the side of the medulla oblongata; passing backward, it descends on this structure, lying in front of the posterior roots of the spinal nerves, and is reinforced by a succession of small branches, which enter the vertebral canal through the intervertebral foramina; by means of these it is continued to the lower part of the medulla spinalis, and to the cauda equina. Branches from the posterior spinal arteries form a free anastomosis around the posterior roots of the spinal nerves, and communicate, by means of very tortuous transverse branches, with the vessels of the opposite side. Close to its origin each gives off an ascending branch, which ends at the side of the fourth ventricle.

The Anterior Spinal Artery (a. spinalis anterior; ventral spinal artery) is a small branch, which arises near the termination of the vertebral, and, descending in front of the medulla oblongata, unites with its fellow of the opposite side at the level of the foramen magnum. One of these vessels is usually larger than the other, but occasionally they are about equal in size. The single trunk, thus formed, descends on the front of the medulla spinalis, and is reinforced by a succession of small branches which enter the vertebral canal through the intervertebral foramina; these branches are derived from the vertebral and the ascending cervical of the inferior thyroid in the neck; from the intercostals in the thorax; and from the lumbar, iliolumbar, and lateral sacral arteries in the abdomen and pelvis. They unite, by means of ascending and descending branches, to form a single anterior median artery, which extend as far as the lower part of the medulla spinalis, and is continued as a slender twig on the filum terminale. This vessel is placed in the pia mater along the anterior median fissure; it supplies that membrane, and the substance of the medulla spinalis, and sends off branches at its lower part to be distributed to the cauda equina.

The Posterior Inferior Cerebellar Artery (a. cerebelli inferior posterior), the largest branch of the vertebral, winds backward around the upper part of the medulla oblongata, passing between the origins of the vagus and accessory nerves, over the inferior peduncle to the under surface of the cerebellum, where it divides into two branches. The medial branch is continued backward to the notch between the two hemispheres of the cerebellum; while the lateral supplies the under surface of the cerebellum, as far as its lateral border, where it anastomoses with the anterior inferior cerebellar and the superior cerebellar branches of the basilar artery. Branches from this artery supply the choroid plexus of the fourth ventricle.

The Medullary Arteries (bulbar arteries) are several minute vessels which spring from the vertebral and its branches and are distributed to the medulla oblongata.

The Basilar Artery (a. basilaris), so named from its position at the base of the skull, is a single trunk formed by the junction of the two vertebral arteries: it extends from the lower to the upper border of the pons, lying in its median groove, under cover of the arachnoid. It ends by dividing into the two posterior cerebral arteries.

Its branches, on either side, are the following:

Pontine.

Anterior Inferior Cerebellar.

Internal Auditory.

Superior Cerebellar.

Posterior Cerebral.

The pontine branches (rami ad pontem; transverse branches) are a number of small vessels which come off at right angles from either side of the basilar artery and supply the pons and adjacent parts of the brain.

The internal auditory artery (a. auditiva interna; auditory artery), a long slender branch, arises from near the middle of the artery; it accompanies the acoustic nerve through the internal acoustic meatus, and is distributed to the internal ear.

The anterior inferior cerebellar artery (a. cerebelli inferior anterior) passes backward to be distributed to the anterior part of the under surface of the cerebellum, anastomosing with the posterior inferior cerebellar branch of the vertebral.

The superior cerebellar artery (a. cerebelli superior) arises near the termination of the basilar. It passes lateralward, immediately below the oculomotor nerve, which separates it from the posterior cerebral artery, winds around the cerebral peduncle, close to the trochlear nerve, and, arriving at the upper surface of the cerebellum, divides into branches which ramify in the pia mater and anastomose with those of the inferior cerebellar arteries. Several branches are given to the pineal body, the anterior medullary velum, and the tela chorioidea of the third ventricle.

The posterior cerebral artery (a. cerebri posterior) is larger than the preceding, from which it is separated near its origin by the oculomotor nerve. Passing lateralward, parallel to the superior cerebellar artery, and receiving the posterior communicating from the internal carotid, it winds around the cerebral peduncle, and reaches the tentorial surface of the occipital lobe of the cerebrum, where it breaks up into branches for the supply of the temporal and occipital lobes.

The branches of the posterior cerebral artery are divided into two sets, ganglionic and cortical:
Ganglionic

Posterior-medial.

Cortical

Anterior Temporal.

Posterior Choroidal.

Posterior Temporal.

Postero-lateral.

Calcarine.

Parietoöccipital.

Ganglionic.—The postero-medial ganglionic branches are a group of small arteries which arise at the commencement of the posterior cerebral artery: these, with similar branches from the posterior communicating, pierce the posterior perforated substance, and supply the medial surfaces of the thalami and the walls of the third ventricle. The posterior choroidal branches run forward beneath the splenium of the corpus callosum, and supply the tela chorioidea of the third ventricle and the choroid plexus. The postero-lateral ganglionic branches are small arteries which arise from the posterior cerebral artery after it has turned around the cerebral peduncle; they supply a considerable portion of the thalamus.

Cortical.—The cortical branches are: the anterior temporal, distributed to the uncus and the anterior part of the fusiform gyrus; the posterior temporal, to the fusiform and the inferior temporal gyri; the calcarine, to the cuneus and gyrus lingualis and the back part of the convex surface of the occipital lobe; and the parietoöccipital, to the cuneus and the precuneus.

2. The thyrocervical trunk (truncus thyreocervicalis; thyroid axis) is a short thick trunk, which arises from the front of the first portion of the subclavian artery, close to the medial border of the Scalenus anterior, and divides almost immediately into three branches, the inferior thyroid, transverse scapular, and transverse cervical.
The Inferior Thyroid Artery (a. thyreoidea inferior) passes upward, in front of the vertebral artery and Longus colli; then turns medialward behind the carotid sheath and its contents, and also behind the sympathetic trunk, the middle cervical ganglion resting upon the vessel. Reaching the lower border of the thyroid gland it divides into two branches, which supply the postero-inferior parts of the gland, and anastomose with the superior thyroid, and with the corresponding artery of the opposite side. The recurrent nerve passes upward generally behind, but occasionally in front, of the artery.

The branches of the inferior thyroid are:

Inferior Laryngeal.

Esophageal.

Tracheal.

Ascending Cervical.

Muscular.

The inferior laryngeal artery (a. laryngea inferior) ascends upon the trachea to the back part of the larynx under cover of the Constrictor pharyngis inferior, in company with the recurrent nerve, and supplies the muscles and mucous membrane of this part, anastomosing with the branch from the opposite side, and with the superior laryngeal branch of the superior thyroid artery.

The tracheal branches (rami tracheales) are distributed upon the trachea, and anastomose below with the bronchial arteries.

The esophageal branches (rami aesophagei) supply the esophagus, and anastomose with the esophageal branches of the aorta.

The ascending cervical artery (a. cervicalis ascendens) is a small branch which arises from the inferior thyroid as that vessel is passing behind the carotid sheath; it runs up on the anterior tubercles of the transverse processes of the cervical vertebrae in the interval between the Scalenus anterior and Longus capitis. To the muscles of the neck it gives twigs which anastomose with branches of the vertebral, and it sends one or two spinal branches into the vertebral canal through the intervertebral foramina to be distributed to the medulla spinalis and its membranes, and to the bodies of the vertebrae, in the same manner as the spinal branches from the vertebral. It anastomoses with the ascending pharyngeal and occipital arteries.

The muscular branches supply the depressors of the hyoid bone, and the Longus colli, Scalenus anterior, and Constrictor pharyngis inferior.

The Transverse Scapular Artery (a. transversa scapulae suprascapular artery) passes at first downward and lateralward across the Scalenus anterior and phrenic nerve, being covered by the Sternocleidomastoideus; it then crosses the subclavian artery and the brachial plexus, and runs behind and parallel with the clavicle and Subclavius, and beneath the inferior belly of the Omohyoideus, to the superior border of the scapula; it passes over the superior transverse ligament of the scapula which separates it from the suprascapular nerve, and enters the supraspinatous fossa. In this situation it lies close to the bone, and ramifies between it and the Supraspinatus, to which it supplies branches. It then descends behind the neck of the scapula, through the great scapular notch and under cover of the inferior transverse ligament, to reach the infraspinatous fossa, where it anastomoses with the scapular circumflex and the descending branch of the transverse cervical. Besides distributing branches to the Sternocleidomastoideus, Subclavius, and neighboring muscles, it gives off a suprasternal branch, which crosses over the sternal end of the clavicle to the skin of the upper part of the chest; and an acromial branch, which pierces the Trapezius and supplies the skin over the acromion, anastomosing with the thoracoacromial artery. As the artery passes over the superior transverse ligament of the scapula, it sends a branch into the subscapular fossa, where it ramifies beneath the Subscapularis, and anastomoses with the subscapular artery and with the descending branch of the transverse cervical. It also sends articular branches to the acromioclavicular and shoulder-joints, and a nutrient artery to the clavicle.

The Transverse Cervical Artery (a. transversa colli; transversalis colli artery) lies at a higher level than the transverse scapular; it passes transversely above the inferior belly of the Omohyoideus to the anterior margin of the Trapezius, beneath which it divides into an ascending and a descending branch. It crosses in front of the phrenic nerve and the Scaleni, and in front of or between the divisions of the brachial plexus, and is covered by the Platysma and Sternocleidomastoideus, and crossed by the Omohyoideus and Trapezius.

The ascending branch (ramus ascendens; superficial cervical artery) ascends beneath the anterior margin of the Trapezius, distributing branches to it, and to the neighboring muscles and lymph glands in the neck, and anastomosing with the superficial branch of the descending ramus of the occipital artery.

The descending branch (ramus descendens; posterior scapular artery) passes beneath the Levator scapulae to the medial angle of the scapula, and then descends under the Rhomboidei along the vertebral border of that bone as far as the inferior angle. It supplies the Rhomboidei, Latissimus dorsi and Trapezius, and anastomoses with the transverse scapular and subscapular arteries, and with the posterior branches of some of the intercostal arteries.

Peculiarities.—The ascending branch of the transverse cervical frequently arises directly from the thyrocervical trunk; and the descending branch from the third, more rarely from the second, part of the subclavian.

3. The internal mammary artery (a. mammaria interna) arises from the under surface of the first portion of the subclavian, opposite the thyrocervical trunk. It descends behind the cartilages of the upper six ribs at a distance of about 1.25 cm. from the margin of the sternum, and at the level of the sixth intercostal space divides into the musculophrenic and superior epigastric arteries.
Relations.—It is directed at first downward, forward, and medialward behind the sternal end of the clavicle, the subclavian and internal jugular veins, and the first costal cartilage, and passes forward close to the lateral side of the innominate vein. As it enters the thorax the phrenic nerve crosses from its lateral to its medial side. Below the first costal cartilage it descends almost vertically to its point of bifurcation. It is covered in front by the cartilages of the upper six ribs and the intervening Intercostales interni and anterior intercostal membranes, and is crossed by the terminal portions of the upper six intercostal nerves. It rests on the pleura, as far as the third costal cartilage; below this level, upon the Transversus thoracis. It is accompanied by a pair of veins; these unite above to form a single vessel, which runs medial to the artery and ends in the corresponding innominate vein.

Branches.—The branches of the internal mammary are:

Pericardiacophrenic.

Intercostal.

Anterior Mediastinal.

Perforating.

Pericardial.

Musculophrenic.

Sternal.

Superior Epigastric.

The Pericardiacophrenic Artery (a. pericardiacophrenica; a. comes nervi phrenici) is a long slender branch, which accompanies the phrenic nerve, between the pleura and pericardium, to the diaphragm, to which it is distributed; it anastomoses with the musculophrenic and inferior phrenic arteries.

The Anterior Mediastinal Arteries (aa. mediastinales anteriores; mediastinal arteries) are small vessels, distributed to the areolar tissue and lymph glands in the anterior mediastinal cavity, and to the remains of the thymus.

The Pericardial Branches supply the upper part of the anterior surface of the pericardium; the lower part receives branches from the musculophrenic artery.

The Sternal Branches (rami sternales) are distributed to the Transversus thoracis, and to the posterior surface of the sternum.

The anterior mediastinal, pericardial, and sternal branches, together with some twigs from the pericardiacophrenic, anastomose with branches from the intercostal and bronchial arteries, and form a subpleural mediastinal plexus.
The Intercoastal Branches (rami intercostales; anterior intercostal arteries) supply the upper five or six intercostal spaces. Two in number in each space, these small vessels pass lateralward, one lying near the lower margin of the rib above, and the other near the upper margin of the rib below, and anastomose with the intercostal arteries from the aorta. They are at first situated between the pleura and the Intercostales interni, and then between the Intercostales interni and externi. They supply the Intercostales and, by branches which perforate the Intercostales externi, the Pectorales and the mamma.

The Perforating Branches (rami perforantes) correspond to the five or six intercostal spaces. They pass forward through the intercostal spaces, and, curving lateralward, supply the Pectoralis major and the integument. Those which correspond to the second, third, and fourth spaces give branches to the mamma, and during lactation are of large size.

The Musculophrenic Artery (a. musculophrenica) is directed obliquely downward and lateralward, behind the cartilages of the false ribs; it perforates the diaphragm at the eighth or ninth costal cartilage, and ends, considerably reduced in size, opposite the last intercostal space. It gives off intercostal branches to the seventh, eighth, and ninth intercostal spaces; these diminish in size as the spaces decrease in length, and are distributed in a manner precisely similar to the intercostals from the internal mammary. The musculophrenic also gives branches to the lower part of the pericardium, and others which run backward to the diaphragm, and downward to the abdominal muscles.

The Superior Epigastric Artery (a. epigastrica superior) continues in the original direction of the internal mammary; it descends through the interval between the costal and sternal attachments of the diaphragm, and enters the sheath of the Rectus abdominis, at first lying behind the muscle, and then perforating and supplying it, and anastomosing with the inferior epigastric artery from the external iliac. Branches perforate the anterior wall of the sheath of the Rectus, and supply the muscles of the abdomen and the integument, and a small branch passes in front of the xiphoid process and anastomoses with the artery of the opposite side. It also gives some twigs to the diaphragm, while from the artery of the right side small branches extend into the falciform ligament of the liver and anastomose with the hepatic artery.

4. The costocervical trunk (truncus costocervicalis; superior intercostal artery) arises from the upper and back part of the subclavian artery, behind the Scalenus anterior on the right side, and medial to that muscle on the left side. Passing backward, it gives off the profunda cervicalis, and, continuing as the highest intercostal artery, descends behind the pleura in front of the necks of the first and second ribs, and anastomoses with the first aortic intercostal. As it crosses the neck of the first rib it lies medial to the anterior division of the first thoracic nerve, and lateral to the first thoracic ganglion of the sympathetic trunk.

In the first intercostal space, it gives off a branch which is distributed in a manner similar to the distribution of the aortic intercostals. The branch for the second intercostal space usually joins with one from the highest aortic intercostal artery. This branch is not constant, but is more commonly found on the right side; when absent, its place is supplied by an intercostal branch from the aorta. Each intercostal gives off a posterior branch which goes to the posterior vertebral muscles, and sends a small spinal branch through the corresponding intervertebral foramen to the medulla spinalis and its membranes.

The Profunda Cervicalis (a. cervicalis profunda; deep cervical branch) arises, in most cases, from the costocervical trunk, and is analogous to the posterior branch of an aortic intercostal artery: occasionally it is a separate branch from the subclavian artery. Passing backward, above the eighth cervical nerve and between the transverse process of the seventh cervical vertebra and the neck of the first rib, it runs up the back of the neck, between the Semispinales capitis and colli, as high as the axis vertebra, supplying these and adjacent muscles, and anastomosing with the deep division of the descending branch of the occipital, and with branches of the vertebral. It gives off a spinal twig which enters the canal through the intervertebral foramen between the seventh cervical and first thoracic vertebrae.

Note. The vertebral artery sometimes enters the foramen in the transverse process of the fifth vertebra, and has been seen entering that of the seventh vertebra.

THE AXILLA is a pyramidal space, situated between the upper lateral part of the chest and the medial side of the arm.

Boundaries.—The apex, which is directed upward toward the root of the neck, corresponds to the interval between the outer border of the first rib, the superior border of the scapula, and the posterior surface of the clavicle, and through it the axillary vessels and nerves pass. The base, directed downward, is broad at the chest but narrow and pointed at the arm; it is formed by the integument and a thick layer of fascia, the axillary fascia, extending between the lower border of the Pectoralis major in front, and the lower border of the Latissimus dorsi behind. The anterior wall is formed by the Pectorales major and minor, the former covering the whole of this wall, the latter only its central part. The space between the upper border of the Pectoralis minor and the clavicle is occupied by the coracoclavicular fascia. The posterior wall, which extends somewhat lower than the anterior, is formed by the Subscapularis above, the Teres major and Latissimus dorsi below. On the medial side are the first four ribs with their corresponding Intercostales, and part of the Serratus anterior. On the lateral side, where the anterior and posterior walls converge, the space is narrow, and bounded by the humerus, the Coracobrachialis, and the Biceps brachii.

Contents.—It contains the axillary vessels, and the brachial plexus of nerves, with their branches, some branches of the intercostal nerves, and a large number of lymph glands, together with a quantity of fat and loose areolar tissue. The axillary artery and vein, with the brachial plexus of nerves, extend obliquely along the lateral boundary of the axilla, from its apex to its base, and are placed much nearer to the anterior than to the posterior wall, the vein lying to the thoracic side of the artery and partially concealing it. At the forepart of the axilla, in contact with the Pectorales, are the thoracic branches of the axillary artery, and along the lower margin of the Pectoralis minor the lateral thoracic artery extends to the side of the chest. At the back part, in contact with the lower margin of the Subscapularis, are the subscapular vessels and nerves; winding around the lateral border of this muscle are the scapular circumflex vessels; and, close to the neck of the humerus, the posterior humeral circumflex vessels and the axillary nerve curve backward to the shoulder. Along the medial or thoracic side no vessel of any importance exists, the upper part of the space being crossed merely by a few small branches from the highest thoracic artery. There are some important nerves, however, in this situation, viz., the long thoracic nerve, descending on the surface of the Serratus anterior, to which it is distributed; and the intercostobrachial nerve, perforating the upper and anterior part of this wall, and passing across the axilla to the medial side of the arm.

THE AXILLARY ARTERY (A. AXILLARIS), the continuation of the subclavian, commences at the outer border of the first rib, and ends at the lower border of the tendon of the Teres major, where it takes the name of brachial. Its direction varies with the position of the limb; thus the vessel is nearly straight when the arm is directed at right angles with the trunk, concave upward when the arm is elevated above this, and convex upward and lateralward when the arm lies by the side. At its origin the artery is very deeply situated, but near its termination is superficial, being covered only by the skin and fascia. To facilitate the description of the vessel it is divided into three portions; the first part lies above, the second behind, and the third below the Pectoralis minor.

Relations.—The first portion of the axillary artery is covered anteriorly by the clavicular portion of the Pectoralis major and the coracoclavicular fascia, and is crossed by the lateral anterior thoracic nerve, and the thoracoacromial and cephalic veins; posterior to it are the first intercostal space, the corresponding Intercostalis externus, the first and second digitations of the Serratus anterior, and the long thoracic and medial anterior thoracic nerves, and the medial cord of the brachial plexus; on its lateral side is the brachial plexus, from which it is separated by a little areolar tissue; on its medial, or thoracic side, is the axillary vein which overlaps the artery. It is enclosed, together with the axillary vein and the brachial plexus, in a fibrous sheath—the axillary sheath—continuous above with the deep cervical fascia.

The second portion of the axillary artery is covered, anteriorly, by the Pectorales major and minor; posterior to it are the posterior cord of the brachial plexus, and some areolar tissue which intervenes between it and the Subscapularis; on the medial side is the axillary vein, separated from the artery by the medial cord of the brachial plexus and the medial anterior thoracic nerve; on the lateral side is the lateral cord of the brachial plexus. The brachial plexus thus surrounds the artery on three sides, and separates it from direct contact with the vein and adjacent muscles.

The third portion of the axillary artery extends from the lower border of the Pectoralis minor to the lower border of the tendon of the Teres major. In front, it is covered by the lower part of the Pectoralis major above, but only by the integument and fascia below; behind, it is in relation with the lower part of the Subscapularis, and the tendons of the Latissimus dorsi and Teres major; on its lateral side is the Coracobrachialis, and on its medial or thoracic side, the axillary vein. The nerves of the brachial plexus bear the following relations to this part of the artery: on the lateral side are the lateral head and the trunk of the median, and the musculocutaneous for a short distance; on the medial side the ulnar (between the vein and artery) and medial brachial cutaneous (to the medial side of the vein); in front are the medial head of the median and the medial antibrachial cutaneous, and behind, the radial and axillary, the latter only as far as the lower border of the Subscapularis.

Collateral Circulation after Ligature of the Axillary Artery.—If the artery be tied above the origin of the thoracoacromial, the collateral circulation will be carried on by the same branches as after the ligature of the third part of the subclavian; if at a lower point, between the thoracoacromial and the subscapular, the latter vessel, by its free anastomosis with the transverse scapular and transverse cervical branches of the subclavian, will become the chief agent in carrying on the circulation; the lateral thoracic, if it be below the ligature, will materially contribute by its anastomoses with the intercostal and internal mammary arteries. If the point included in the ligature is below the origin of the subscapular artery, it will most probably also be below the origins of the two humeral circumflex arteries. The chief agents in restoring the circulation will then be the subscapular and the two humeral circumflex arteries anastomosing with the a. profunda brachii.

Branches.—The branches of the axillary are:

From first part,
Highest Thoracic.

From second part
Thoracoacromial.

Lateral Thoracic.

From third part
Subscapular.

Posterior Humeral Circumflex.

Anterior Humeral Circumflex.

1. The highest thoracic artery (a. thoracalis suprema; superior thoracic artery) is a small vessel, which may arise from the thoracoacromial. Running forward and medialward along the upper border of the Pectoralis minor, it passes between it and the Pectoralis major to the side of the chest. It supplies branches to these muscles, and to the parietes of the thorax, and anastomoses with the internal mammary and intercostal arteries.

2. The thoracoacromial artery (a. thoracoacromialis; acromiothoracic artery; thoracic axis) is a short trunk, which arises from the forepart of the axillary artery, its origin being generally overlapped by the upper edge of the Pectoralis minor Projecting forward to the upper border of this muscle, it pierces the coracoclavicular fascia and divides into four branches—pectoral, acromial, clavicular, and deltoid. The pectoral branch descends between the two Pectorales, and is distributed to them and to the mamma, anastomosing with the intercostal branches of the internal mammary and with the lateral thoracic. The acromial branch runs lateralward over the coracoid process and under the Deltoideus, to which it gives branches; it then pierces that muscle and ends on the acromion in an arterial network formed by branches from the transverse scapular, thoracoacromial, and posterior humeral circumflex arteries. The clavicular branch runs upward and medialward to the sternoclavicular joint, supplying this articulation, and the Subclavius. The deltoid (humeral) branch, often arising with the acromial, crosses over the Pectoralis minor and passes in the same groove as the cephalic vein, between the Pectoralis major and Deltoideus, and gives branches to both muscles.

3. The lateral thoracic artery (a. thoracalis lateralis; long thoracic artery; external mammary artery) follows the lower border of the Pectoralis minor to the side of the chest, supplying the Serratus anterior and the Pectoralis, and sending branches across the axilla to the axillary glands and Subscapularis; it anastomoses with the internal mammary, subscapular, and intercostal arteries, and with the pectoral branch of the thoracoacromial. In the female it supplies an external mammary branch which turns round the free edge of the Pectoralis major and supplies the mamma.

4. The subscapular artery (a. subscapularis) the largest branch of the axillary artery, arises at the lower border of the Subscapularis, which it follows to the inferior angle of the scapula, where it anastomoses with the lateral thoracic and intercostal arteries and with the descending branch of the transverse cervical, and ends in the neighboring muscles. About 4 cm. from its origin it gives off a branch, the scapular circumflex artery.
The Scapular Circumflex Artery (a. circumflexa scapulae; dorsalis scapulae artery) is generally larger than the continuation of the subscapular. It curves around the axillary border of the scapula, traversing the space between the Subscapularis above, the Teres major below, and the long head of the Triceps laterally, it enters the infraspinatous fossa under cover of the Teres minor, and anastomoses with the transverse scapular artery and the descending branch of the transverse cervical. In its course it gives off two branches: one (infrascapular) enters the subscapular fossa beneath the Subscapularis, which it supplies, anastomosing with the transverse scapular artery and the descending branch of the transverse cervical; the other is continued along the axillary border of the scapula, between the Teres major and minor, and at the dorsal surface of the inferior angle anastomoses with the descending branch of the transverse cervical. In addition to these, small branches are distributed to the back part of the Deltoideus and the long head of the Triceps brachii, anastomosing with an ascending branch of the a. profunda brachii.

5. The posterior humeral circumflex artery (a. circumflexa humeri posterior; posterior circumflex artery) arises from the axillary artery at the lower border of the Subscapularis, and runs backward with the axillary nerve through the quadrangular space bounded by the Subscapularis and Teres minor above, the Teres major below, the long head of the Triceps brachii medially, and the surgical neck of the humerus laterally. It winds around the neck of the humerus and is distributed to the Deltoideus and shoulder-joint, anastomosing with the anterior humeral circumflex and profunda brachii.

6. The anterior humeral circumflex artery (a. circumflexa humeri anterior; anterior circumflex artery), considerably smaller than the posterior, arises nearly opposite it, from the lateral side of the axillary artery. It runs horizontally, beneath the Coracobrachialis and short head of the Biceps brachii, in front of the neck of the humerus. On reaching the intertubercular sulcus, it gives off a branch which ascends in the sulcus to supply the head of the humerus and the shoulder-joint. The trunk of the vessel is then continued onward beneath the long head of the Biceps brachii and the Deltoideus, and anastomoses with the posterior humeral circumflex artery.

Peculiarities.—The branches of the axillary artery vary considerably in different subjects. Occasionally the subscapular, humeral circumflex, and profunda arteries arise from a common trunk, and when this occurs the branches of the brachial plexus surround this trunk instead of the main vessel. Sometimes the axillary artery divides into the radial and ulnar arteries, and occasionally it gives origin to the volar interosseous artery of the forearm.

THE BRACHIAL ARTERY commences at the lower margin of the tendon of the Teres major, and, passing down the arm, ends about 1 cm. below the bend of the elbow, where it divides into the radial and ulnar arteries. At first the brachial artery lies medial to the humerus; but as it runs down the arm it gradually gets in front of the bone, and at the bend of the elbow it lies midway between its two epicondyles.

Relations.—The artery is superficial throughout its entire extent, being covered, in front, by the integument and the superficial and deep fasciae; the lacertus fibrosus (bicipital fascia) lies in front of it opposite the elbow and separates it from the vena mediana cubiti; the median nerve crosses from its lateral to its medial side opposite the insertion of the Coracobrachialis. Behind, it is separated from the long head of the Triceps brachii by the radial nerve and a. profunda brachii. It then lies upon the medial head of the Triceps brachii, next upon the insertion of the Coracobrachialis, and lastly on the Brachialis. Laterally, it is in relation above with the median nerve and the Coracobrachialis, below with the Biceps brachii, the two muscles overlapping the artery to a considerable extent. Medially, its upper half is in relation with the medial antibrachial cutaneous and ulnar nerves, its lower half with the median nerve. The basilic vein lies on its medial side, but is separated from it in the lower part of the arm by the deep fascia. The artery is accompanied by two venae comitantes, which lie in close contact with it, and are connected together at intervals by short transverse branches.

The Anticubital Fossa.—At the bend of the elbow the brachial artery sinks deeply into a triangular interval, the anticubital fossa. The base of the triangle is directed upward, and is represented by a line connecting the two epicondyles of the humerus; the sides are formed by the medial edge of the Brachioradialis and the lateral margin of the Pronator teres; the floor is formed by the Brachialis and Supinator. This space contains the brachial artery, with its accompanying veins; the radial and ulnar arteries; the median and radial nerves; and the tendon of the Biceps brachii. The brachial artery occupies the middle of the space, and divides opposite the neck of the radius into the radial and ulnar arteries; it is covered, in front, by the integument, the superficial fascia, and the vena mediana cubiti, the last being separated from the artery by the lacertus fibrosus. Behind it is the Brachialis which separates it from the elbow-joint. The median nerve lies close to the medial side of the artery, above, but is separated from it below by the ulnar head of the Pronator teres. The tendon of the Biceps brachii lies to the lateral side of the artery; the radial nerve is situated upon the Supinator, and concealed by the Brachioradialis.

Peculiarities of the Brachial Artery as Regards its Course.—The brachial artery, accompanied by the median nerve, may leave the medial border of the Biceps brachii, and descend toward the medial epicondyle of the humerus; in such cases it usually passes behind the supracondylar process of the humerus, from which a fibrous arch is in most cases thrown over the artery; it then runs beneath or through the substance of the Pronator teres, to the bend of the elbow. This variation bears considerable analogy with the normal condition of the artery in some of the carnivora; it has been referred to in the description of the humerus.

As Regards its Division.—Occasionally, the artery is divided for a short distance at its upper part into two trunks, which are united below. Frequently the artery divides at a higher level than usual, and the vessels concerned in this high division are three, viz., radial, ulnar, and interosseous. Most frequently the radial is given off high up, the other limb of the bifurcation consisting of the ulnar and interosseous; in some instances the ulnar arises above the ordinary level, and the radial and interosseous form the other limb of the division; occasionally the interosseous arises high up.

Sometimes, long slender vessels, vasa aberrantia, connect the brachial or the axillary artery with one of the arteries of the forearm, or branches from them. These vessels usually join the radial.

Varieties in Muscular Relations.—The brachial artery is occasionally concealed, in some part of its course, by muscular or tendinous slips derived from the Coracobrachialis, Biceps brachii, Brachialis, or Pronator teres.

Collateral Circulation.—After the application of a ligature to the brachial artery in the upper third of the arm, the circulation is carried on by branches from the humeral circumflex and subscapular arteries anastomosing with ascending branches from the profunda brachii. If the artery be tied below the origin of the profunda brachii and superior ulnar collateral, the circulation is maintained by the branches of these two arteries anastomosing with the inferior ulnar collateral, the radial and ulnar recurrents, and the dorsal interosseous.

Branches.—The branches of the brachial artery are:

Profunda Brachii.

Superior Ulnar Collateral.

Nutrient.

Inferior Ulnar Collateral.

Muscular.

1. The arteria profunda brachii (superior profunda artery) is a large vessel which arises from the medial and back part of the brachial, just below the lower border of the Teres major. It follows closely the radial nerve, running at first backward between the medial and lateral heads of the Triceps brachii, then along the groove for the radial nerve, where it is covered by the lateral head of the Triceps brachii, to the lateral side of the arm; there it pierces the lateral intermuscular septum, and, descending between the Brachioradialis and the Brachialis to the front of the lateral epicondyle of the humerus, ends by anastomosing with the radial recurrent artery. It gives branches to the Deltoideus and to the muscles between which it lies; it supplies an occasional nutrient artery which enters the humerus behind the deltoid tuberosity. A branch ascends between the long and lateral heads of the Triceps brachii to anastomose with the posterior humeral circumflex artery; a middle collateral branch descends in the middle head of the Triceps brachii and assists in forming the anastomosis above the olecranon; and, lastly, a radial collateral branch runs down behind the lateral intermuscular septum to the back of the lateral epicondyle of the humerus, where it anastomoses with the interosseous recurrent and the inferior ulnar collateral arteries.

2. The nutrient artery (a. nutricia humeri) of the body of the humerus arises about the middle of the arm and enters the nutrient canal near the insertion of the Coracobrachialis.

3. The superior ulnar collateral artery (a. collateralis ulnaris superior; inferior profunda artery), of small size, arises from the brachial a little below the middle of the arm; it frequently springs from the upper part of the a. profunda brachii. It pierces the medial intermuscular septum, and descends on the surface of the medial head of the Triceps brachii to the space between the medial epicondyle and olecranon, accompanied by the ulnar nerve, and ends under the Flexor carpi ulnaris by anastomosing with the posterior ulnar recurrent, and inferior ulnar collateral. It sometimes sends a branch in front of the medial epicondyle, to anastomose with the anterior ulnar recurrent.

4. The inferior ulnar collateral artery (a. collateralis ulnaris inferior; anastomotica magna artery) arises about 5 cm. above the elbow. It passes medialward upon the Brachialis, and piercing the medial intermuscular septum, winds around the back of the humerus between the Triceps brachii and the bone, forming, by its junction with the profunda brachii, an arch above the olecranon fossa. As the vessel lies on the Brachialis, it gives off branches which ascend to join the superior ulnar collateral: others descend in front of the medial epicondyle, to anastomose with the anterior ulnar recurrent. Behind the medial epicondyle a branch anastomoses with the superior ulnar collateral and posterior ulnar recurrent arteries.

5. The muscular branches (rami musculares) three or four in number, are distributed to the Coracobrachialis, Biceps brachii, and Brachialis.

The Anastomosis Around the Elbow-joint.—The vessels engaged in this anastomosis may be conveniently divided into those situated in front of and those behind the medial and lateral epicondyles of the humerus. The branches anastomosing in front of the medial epicondyle are: the anterior branch of the inferior ulnar collateral, the anterior ulnar recurrent, and the anterior branch of the superior ulnar collateral. Those behind the medial epicondyle are: the inferior ulnar collateral, the posterior ulnar recurrent, and the posterior branch of the superior ulnar collateral. The branches anastomosing in front of the lateral epicondyle are: the radial recurrent and the terminal part of the profunda brachii. Those behind the lateral epicondyle (perhaps more properly described as being situated between the lateral epicondyle and the olecranon) are: the inferior ulnar collateral, the interosseous recurrent, and the radial collateral branch of the profunda brachii. There is also an arch of anastomosis above the olecranon, formed by the interosseous recurrent joining with the inferior ulnar collateral and posterior ulnar recurrent.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· axillary artery

· thoracoacromial artery

· lateral thoracic artery

· subscapular artery

· thoracodorsal artery

· circumflex scapular artery

· posterior circumflex humeral artery

· anterior circumflex humeral artery

· brachial artery

· deep artery of arm

· superior ulnar collateral artery

· inferior ulnar collateral artery

Practice class 35. The arteries of the pelvic region and lower extremity: relations, branches, supplement, anastomoses.

The aim: to learn the topography of the arteries of the lower extremity, branches that spring from them; to define muscles that are supplied by these arteries.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially therapeutisis, traumatologists, surgeons.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The common iliac artery.

b) The external iliac artery.

c) The femoral artery.

d) The arteries of leg and foot.
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

The Common Iliac Arteries
(Aa. Iliacae Communes)
The abdominal aorta divides, on the left side of the body of the fourth lumbar vertebra, into the two common iliac arteries. Each is about 5 cm. in length. They diverge from the termination of the aorta, pass downward and lateralward, and divide, opposite the intervertebral fibrocartilage between the last lumbar vertebra and the sacrum, into two branches, the external iliac and hypogastric arteries; the former supplies the lower extremity; the latter, the viscera and parietes of the pelvis.

The right common iliac artery is somewhat longer than the left, and passes more obliquely across the body of the last lumbar vertebra. In front of it are the peritoneum, the small intestines, branches of the sympathetic nerves, and, at its point of division, the ureter. Behind, it is separated from the bodies of the fourth and fifth lumbar vertebrae, and the intervening fibrocartilage, by the terminations of the two common iliac veins and the commencement of the inferior vena cava. Laterally, it is in relation, above, with the inferior vena cava and the right common iliac vein; and, below, with the Psoas major. Medial to it, above, is the left common iliac vein.

The left common iliac artery is in relation, in front, with the peritoneum, the small intestines, branches of the sympathetic nerves, and the superior hemorrhoidal artery; and is crossed at its point of bifurcation by the ureter. It rests on the bodies of the fourth and fifth lumbar vertebrae, and the intervening fibrocartilage. The left common iliac vein lies partly medial to, and partly behind the artery; laterally, the artery is in relation with the Psoas major.

Branches.—The common iliac arteries give off small branches to the peritoneum, Psoas major, ureters, and the surrounding areolar tissue, and occasionally give origin to the iliolumbar, or accessory renal arteries.

Peculiarities.—The point of origin varies according to the bifurcation of the aorta. In three-fourths of a large number of cases, the aorta bifurcated either upon the fourth lumbar vertebra, or upon the fibrocartilage between it and the fifth; the bifurcation being, in one case out of nine, below, and in one out of eleven, above this point. In about 80 per cent. of the cases the aorta bifurcated within 1.25 cm. above or below the level of the crest of the ilium; more frequently below than above.

The point of division is subject to great variety. In two-thirds of a large number of cases it was between the last lumbar vertebra and the upper border of the sacrum; being above that point in one case out of eight, and below it in one case out of six. The left common iliac artery divides lower down more frequently than the right.

The relative lengths, also, of the two common iliac arteries vary. The right common iliac was the longer in sixty-three cases; the left in fifty-two; while they were equal in fifty-three. The length of the arteries varied, in five-sevenths of the cases examined, from 3.5 to 7.5 cm.; in about half of the remaining cases the artery was longer, and in the other half, shorter; the minimum length being less than 1.25 cm., the maximum, 11 cm. In rare instances, the right common iliac has been found wanting, the external iliac and hypogastric arising directly from the aorta.

Collateral Circulation.—The principal agents in carrying on the collateral circulation after the application of a ligature to the common iliac are: the anastomoses of the hemorrhoidal branches of the hypogastric with the superior hemorrhoidal from the inferior mesenteric; of the uterine, ovarian, and vesical arteries of the opposite sides; of the lateral sacral with the middle sacral artery; of the inferior epigastric with the internal mammary, inferior intercostal, and lumbar arteries; of the deep iliac circumflex with the lumbar arteries; of the iliolumbar with the last lumbar artery; of the obturator artery, by means of its pubic branch, with the vessel of the opposite side and with the inferior epigastric.

1. The Hypogastric Artery
(A. Hypogastrica; Internal Iliac Artery)
The hypogastric artery supplies the walls and viscera of the pelvis, the buttock, the generative organs, and the medial side of the thigh. It is a short, thick vessel, smaller than the external iliac, and about 4 cm. in length. It arises at the bifurcation of the common iliac, opposite the lumbosacral articulation, and, passing downward to the upper margin of the greater sciatic foramen, divides into two large trunks, an anterior and a posterior.
Relations.—It is in relation in front with the ureter; behind, with the internal iliac vein, the lumbosacral trunk, and the Piriformis muscle; laterally, near its origin, with the external iliac vein, which lies between it and the Psoas major muscle; lower down, with the obturator nerve.

In the fetus, the hypogastric artery is twice as large as the external iliac, and is the direct continuation of the common iliac. It ascends along the side of the bladder, and runs upward on the back of the anterior wall of the abdomen to the umbilicus, converging toward its fellow of the opposite side. Having passed through the umbilical opening, the two arteries, now termed umbilical, enter the umbilical cord, where they are coiled around the umbilical vein, and ultimately ramify in the placenta.

At birth, when the placental circulation ceases, the pelvic portion only of the artery remains patent and constitutes the hypogastric and the first part of the superior vesical artery of the adult; the remainder of the vessel is converted into a solid fibrous cord, the lateral umbilical ligament (obliterated hypogastric artery) which extends from the pelvis to the umbilicus.

Peculiarities as Regards Length.—In two-thirds of a large number of cases, the length of the hypogastric varied between 2.25 and 3.4 cm.; in the remaining third it was more frequently longer than shorter, the maximum length being about 7 cm. the minimum about 1 cm.

The lengths of the common iliac and hypogastric arteries bear an inverse proportion to each other, the hypogastric artery being long when the common iliac is short, and vice versa.
As Regards its Place of Division.—The place of division of the hypogastric varies between the upper margin of the sacrum and the upper border of the greater sciatic foramen.

The right and left hypogastric arteries in a series of cases often differed in length, but neither seemed constantly to exceed the other.

Collateral Circulation.—The circulation after ligature of the hypogastric artery is carried on by the anastomoses of the uterine and ovarian arteries; of the vesical arteries of the two sides; of the hemorrhoidal branches of the hypogastric with those from the inferior mesenteric; of the obturator artery, by means of its pubic branch, with the vessel of the opposite side, and with the inferior epigastric and medial femoral circumflex; of the circumflex and perforating branches of the profunda femoris with the inferior gluteal; of the superior gluteal with the posterior branches of the lateral sacral arteries; of the iliolumbar with the last lumbar; of the lateral sacral with the middle sacral; and of the iliac circumflex with the iliolumbar and superior gluteal.

Branches.—The branches of the hypogastric artery are:

From the Anterior Trunk.
From the Posterior Trunk.
Superior Vesical.

Iliolumbar.

Middle Vesical.

Lateral Sacral.

Inferior Vesical.

Superior Gluteal.

Middle Hemorrhoidal.

Obturator.

Internal Pudendal.

Inferior Gluteal.

Uterine 

In the Female.
Vaginal

The superior vesical artery (a. vesicalis superior) supplies numerous branches to the upper part of the bladder. From one of these a slender vessel, the artery to the ductus deferens, takes origin and accompanies the duct in its course to the testis, where it anastomoses with the internal spermatic artery. Other branches supply the ureter. The first part of the superior vesical artery represents the terminal section of the pervious portion of the fetal hypogastric artery.

The middle vesical artery (a. vesicalis medialis), usually a branch of the superior, is distributed to the fundus of the bladder and the vesiculae seminales.

The inferior vesical artery (a. vesicalis inferior) frequently arises in common with the middle hemorrhoidal, and is distributed to the fundus of the bladder, the prostate, and the vesiculae seminales. The branches to the prostate communicate with the corresponding vessels of the opposite side.

The middle hemorrhoidal artery (a. haemorrhoidalis media) usually arises with the preceding vessel. It is distributed to the rectum, anastomosing with the inferior vesical and with the superior and inferior hemorrhoidal arteries. It gives offsets to the vesiculae seminales and prostate.

The uterine artery (a. uterina) springs from the anterior division of the hypogastric and runs medialward on the Levator ani and toward the cervix uteri; about 2 cm. from the cervix it crosses above and in front of the ureter, to which it supplies a small branch. Reaching the side of the uterus it ascends in a tortuous manner between the two layers of the broad ligament to the junction of the uterine tube and uterus. It then runs lateralward toward the hilus of the ovary, and ends by joining with the ovarian artery. It supplies branches to the cervix uteri and others which descend on the vagina; the latter anastomose with branches of the vaginal arteries and form with them two median longitudinal vessels—the azygos arteries of the vagina—one of which runs down in front of and the other behind the vagina. It supplies numerous branches to the body of the uterus, and from its terminal portion twigs are distributed to the uterine tube and the round ligament of the uterus.

The vaginal artery (a. vaginalis) usually corresponds to the inferior vesical in the male; it descends upon the vagina, supplying its mucous membrane, and sends branches to the bulb of the vestibule, the fundus of the bladder, and the contiguous part of the rectum. It assists in forming the azygos arteries of the vagina, and is frequently represented by two or three branches.

The obturator artery (a. obturatoria) passes forward and downward on the lateral wall of the pelvis, to the upper part of the obturator foramen, and, escaping from the pelvic cavity through the obturator canal, it divides into an anterior and a posterior branch. In the pelvic cavity this vessel is in relation, laterally, with the obturator fascia; medially, with the ureter, ductus deferens, and peritoneum; while a little below it is the obturator nerve.

Branches.—Inside the pelvis the obturator artery gives off iliac branches to the iliac fossa, which supply the bone and the Iliacus, and anastomose with the ilio-lumbar artery; a vesical branch, which runs backward to supply the bladder; and a public branch, which is given off from the vessel just before it leaves the pelvic cavity. The pubic branch ascends upon the back of the pubis, communicating with the corresponding vessel of the opposite side, and with the inferior epigastric artery.

Outside the pelvis, the obturator artery divides at the upper margin of the obturator foramen, into an anterior and a posterior branch which encircle the foramen under cover of the Obturator externus.

The anterior branch runs forward on the outer surface of the obturator membrane and then curves downward along the anterior margin of the foramen. It distributes branches to the Obturator externus, Pectineus, Adductores, and Gracilis, and anastomoses with the posterior branch and with the medial femoral circumflex artery.

The posterior branch follows the posterior margin of the foramen and turns forward on the inferior ramus of the ischium, where it anastomoses with the anterior branch. It gives twigs to the muscles attached to the ischial tuberosity and anastomoses with the inferior gluteal. It also supplies an articular branch which enters the hip-joint through the acetabular notch, ramifies in the fat at the bottom of the acetabulum and sends a twig along the ligamentum teres to the head of the femur.

Peculiarities.—The obturator artery sometimes arises from the main stem or from the posterior trunk of the hypogastric, or it may spring from the superior gluteal artery; occasionally it arises from the external iliac. In about two out of every seven cases it springs from the inferior epigastric and descends almost vertically to the upper part of the obturator foramen. The artery in this course usually lies in contact with the external iliac vein, and on the lateral side of the femoral ring; in such cases it would not be endangered in the operation for strangulated femoral hernia. Occasionally, however, it curves along the free margin of the lacunar ligament, and if in such circumstances a femoral hernia occurred, the vessel would almost completely encircle the neck of the hernial sac, and would be in great danger of being wounded if an operation were performed for strangulation.

The internal pudendal artery (a. pudenda interna; internal pudic artery) is the smaller of the two terminal branches of the anterior trunk of the hypogastric, and supplies the external organs of generation. Though the course of the artery is the same in the two sexes, the vessel is smaller in the female than in the male, and the distribution of its branches somewhat different. The description of its arrangement in the male will first be given, and subsequently the differences which it presents in the female will be mentioned.

The internal pudendal artery in the male passes downward and outward to the lower border of the greater sciatic foramen, and emerges from the pelvis between the Piriformis and Coccygeus; it then crosses the ischial spine, and enters the perineum through the lesser sciatic foramen. The artery now crosses the Obturator internus, along the lateral wall of the ischiorectal fossa, being situated about 4 cm. above the lower margin of the ischial tuberosity. It gradually approaches the margin of the inferior ramus of the ischium and passes forward between the two layers of the fascia of the urogenital diaphragm; it then runs forward along the medial margin of the inferior ramus of the pubis, and about 1.25 cm. behind the pubic arcuate ligament it pierces the inferior fascia of the urogenital diaphragm and divides into the dorsal and deep arteries of the penis.
Relations.—Within the pelvis, it lies in front of the Piriformis muscle, the sacral plexus of nerves, and the inferior gluteal artery. As it crosses the ischial spine, it is covered by the Glutaeus maximus and overlapped by the sacrotuberous ligament. Here the pudendal nerve lies to the medial side and the nerve to the Obturator internus to the lateral side of the vessel. In the perineum it lies on the lateral wall of the ischiorectal fossa, in a canal (Alcock’s canal) formed by the splitting of the obturator fascia. It is accompanied by a pair of venae comitantes and the pudendal nerve.

Peculiarities.—The internal pudendal artery is sometimes smaller than usual, or fails to give off one or two of its usual branches; in such cases the deficiency is supplied by branches derived from an additional vessel, the accessory pudendal, which generally arises from the internal pudendal artery before its exit from the greater sciatic foramen. It passes forward along the lower part of the bladder and across the side of the prostate to the root of the penis, where it perforates the urogenital diaphragm, and gives off the branches usually derived from the internal pudendal artery. The deficiency most frequently met with is that in which the internal pudendal ends as the artery of the urethral bulb, the dorsal and deep arteries of the penis being derived from the accessory pudendal. The internal pudendal artery may also end as the perineal, the artery of the urethral bulb being derived, with the other two branches, from the accessory vessel. Occasionally the accessory pudendal artery is derived from one of the other branches of the hypogastric artery, most frequently the inferior vesical or the obturator.

Branches.—The branches of the internal pudendal artery are:

Muscular.

Artery of the Urethral Bulb.

Inferior Hemorrhoidal.

Urethral.

Perineal.

Deep Artery of the Penis.

Dorsal Artery of the Penis.

The Muscular Branches consist of two sets: one given off in the pelvis; the other, as the vessel crosses the ischial spine. The former consists of several small offsets which supply the Levator ani, the Obturator internus, the Piriformis, and the Coccygeus. The branches given off outside the pelvis are distributed to the adjacent parts of the Glutaeus maximus and external rotator muscles. They anastomose with branches of the inferior gluteal artery.

The Inferior Hemorrhoidal Artery (a. haemorrhoidalis inferior) arises from the internal pudendal as it passes above the ischial tuberosity. Piercing the wall of Alcock’s canal it divides into two or three branches which cross the ischiorectal fossa, and are distributed to the muscles and integument of the anal region, and send offshoots around the lower edge of the Glutaeus maximus to the skin of the buttock. They anastomose with the corresponding vessels of the opposite side, with the superior and middle hemorrhoidal, and with the perineal artery.

The Perineal Artery (a. perinei; superficial perineal artery) arises from the internal pudendal, in front of the preceding branches, and turns upward, crossing either over or under the Transversus perinaei superficialis, and runs forward, parallel to the pubic arch, in the interspace between the Bulbocavernosus and Ischiocavernosus, both of which it supplies, and finally divides into several posterior scrotal branches which are distributed to the skin and dartos tunic of the scrotum. As it crosses the Transversus perinaei superficialis it gives off the transverse perineal artery which runs transversely on the cutaneous surface of the muscle, and anastomoses with the corresponding vessel of the opposite side and with the perineal and inferior hemorrhoidal arteries. It supplies the Transversus perinaei superficialis and the structures between the anus and the urethral bulb

The Artery of the Urethral Bulb (a. bulbi urethrae) is a short vessel of large caliber which arises from the internal pudendal between the two layers of fascia of the urogenital diaphragm; it passes medialward, pierces the inferior fascia of the urogenital diaphragm, and gives off branches which ramify in the bulb of the urethra and in the posterior part of the corpus cavernosum urethrae. It gives off a small branch to the bulbo-urethral gland.

The Urethral Artery (a. urethralis) arises a short distance in front of the artery of the urethral bulb. It runs forward and medialward, pierces the inferior fascia of the urogenital diaphragm and enters the corpus cavernosum urethrae, in which it is continued forward to the glans penis.

The Deep Artery of the Penis (a. profunda penis; artery to the corpus cavernosum), one of the terminal branches of the internal pudendal, arises from that vessel while it is situated between the two fasciae of the urogenital diaphragm; it pierces the inferior fascia, and, entering the crus penis obliquely, runs forward in the center of the corpus cavernosum penis, to which its branches are distributed.

The Dorsal Artery of the Penis (a. dorsalis penis) ascends between the crus penis and the pubic symphysis, and, piercing the inferior fascia of the urogenital diaphragm, passes between the two layers of the suspensory ligament of the penis, and runs forward on the dorsum of the penis to the glans, where it divides into two branches, which supply the glans and prepuce. On the penis, it lies between the dorsal nerve and deep dorsal vein, the former being on its lateral side. It supplies the integument and fibrous sheath of the corpus cavernosum penis, sending branches through the sheath to anastomose with the preceding vessel.

The internal pudendal artery in the female is smaller than in the male. Its origin and course are similar, and there is considerable analogy in the distribution of its branches. The perineal artery supplies the labia pudendi; the artery of the bulb supplies the bulbus vestibuli and the erectile tissue of the vagina; the deep artery of the clitoris supplies the corpus cavernosum clitoridis; and the dorsal artery of the clitoris supplies the dorsum of that organ, and ends in the glans and prepuce of the clitoris.

The inferior gluteal artery (a. glutaea inferior; sciatic artery), the larger of the two terminal branches of the anterior trunk of the hypogastric, is distributed chiefly to the buttock and back of the thigh. It passes down on the sacral plexus of nerves and the Piriformis, behind the internal pudendal artery, to the lower part of the greater sciatic foramen, through which it escapes from the pelvis between the Piriformis and Coccygeus. It then descends in the interval between the greater trochanter of the femur and tuberosity of the ischium, accompanied by the sciatic and posterior femoral cutaneous nerves, and covered by the Glutaeus maximus, and is continued down the back of the thigh, supplying the skin, and anastomosing with branches of the perforating arteries.

Inside the pelvis it distributes branches to the Piriformis, Coccygeus, and Levator ani; some branches which supply the fat around the rectum, and occasionally take the place of the middle hemorrhoidal artery; and vesical branches to the fundus of the bladder, vesiculae seminales, and prostate. Outside the pelvis it gives off the following branches:

Muscular.

Anastomotic.

Coccygeal.

Articular.

Comitans Nervi Ischiadici.

Cutaneous.

The Muscular Branches supply the Glutaeus maximus, anastomosing with the superior gluteal artery in the substance of the muscle; the external rotators, anastomosing with the internal pudendal artery; and the muscles attached to the tuberosity of the ischium, anastomosing with the posterior branch of the obturator and the medial femoral circumflex arteries.

The Coccygeal Branches run medialward, pierce the sacrotuberous ligament, and supply the Glutaeus maximus, the integument, and other structures on the back of the coccyx.

The Arteria Comitans Nervi Ischiadici is a long, slender vessel, which accompanies the sciatic nerve for a short distance; it then penetrates it, and runs in its substance to the lower part of the thigh.

The Anastomotic is directed downward across the external rotators, and assists in forming the so-called crucial anastomosis by joining with the first perforating and medial and lateral femoral circumflex arteries.

The Articular Branch, generally derived from the anastomotic, is distributed to the capsule of the hip-joint.

The Cutaneous Branches are distributed to the skin of the buttock and back of the thigh.

The iliolumbar artery (a. iliolumbalis) a branch of the posterior trunk of the hypogastric, turns upward behind the obturator nerve and the external iliac vessels, to the medial border of the Psoas major, behind which it divides into a lumbar and an iliac branch.

The Lumbar Branch (ramus lumbalis) supplies the Psoas major and Quadratus lumborum, anastomoses with the last lumbar artery, and sends a small spinal branch through the intervertebral foramen between the last lumbar vertebra and the sacrum, into the vertebral canal, to supply the cauda equina.

The Iliac Branch (ramus iliacus) descends to supply the Iliacus; some offsets, running between the muscle and the bone, anastomose with the iliac branches of the obturator; one of these enters an oblique canal to supply the bone, while others run along the crest of the ilium, distributing branches to the gluteal and abdominal muscles, and anastomosing in their course with the superior gluteal, iliac circumflex, and lateral femoral circumflex arteries.

The lateral sacral arteries (aa. sacrales laterales) arise from the posterior division of the hypogastric; there are usually two, a superior and an inferior.
The superior, of large size, passes medialward, and, after anastomosing with branches from the middle sacral, enters the first or second anterior sacral foramen, supplies branches to the contents of the sacral canal, and, escaping by the corresponding posterior sacral foramen, is distributed to the skin and muscles on the dorsum of the sacrum, anastomosing with the superior gluteal.

The inferior runs obliquely across the front of the Piriformis and the sacral nerves to the medial side of the anterior sacral foramina, descends on the front of the sacrum, and anastomoses over the coccyx with the middle sacral and opposite lateral sacral artery. In its course it gives off branches, which enter the anterior sacral foramina; these, after supplying the contents of the sacral canal, escapes by the posterior sacral foramina, and are distributed to the muscles and skin on the dorsal surface of the sacrum, anastomosing with the gluteal arteries.

The superior gluteal artery (a. glutaea superior; gluteal artery) is the largest branch of the hypogastric, and appears to be the continuation of the posterior division of that vessel. It is a short artery which runs backward between the lumbosacral trunk and the first sacral nerve, and, passing out of the pelvis above the upper border of the Piriformis, immediately divides into a superficial and a deep branch. Within the pelvis it gives off a few branches to the Iliacus, Piriformis, and Obturator internus, and just previous to quitting that cavity, a nutrient artery which enters the ilium.

The superficial branch enters the deep surface of the Glutaeus maximus, and divides into numerous branches, some of which supply the muscle and anastomose with the inferior gluteal, while others perforate its tendinous origin, and supply the integument covering the posterior surface of the sacrum, anastomosing with the posterior branches of the lateral sacral arteries.

The deep branch lies under the Glutaeus medius and almost immediately subdivides into two. Of these, the superior division, continuing the original course of the vessel, passes along the upper border of the Glutaeus minimus to the anterior superior spine of the ilium, anastomosing with the deep iliac circumflex artery and the ascending branch of the lateral femoral circumflex artery. The inferior division crosses the Glutaeus minimus obliquely to the greater trochanter, distributing branches to the Glutaei and anastomoses with the lateral femoral circumflex artery. Some branches pierce the Glutaeus minimus and supply the hip-joint.

The External Iliac Artery
(A. Iliaca Externa)
The external iliac artery is larger than the hypogastric, and passes obliquely downward and lateralward along the medial border of the Psoas major, from the bifurcation of the common iliac to a point beneath the inguinal ligament, midway between the anterior superior spine of the ilium and the symphysis pubis, where it enters the thigh and becomes the femoral artery.

Relations.—In front and medially, the artery is in relation with the peritoneum, subperitoneal areolar tissue, the termination of the ileum and frequently the vermiform process on the right side, and the sigmoid colon on the left, and a thin layer of fascia, derived from the iliac fascia, which surrounds the artery and vein. At its origin it is crossed by the ovarian vessels in the female, and occasionally by the ureter. The internal spermatic vessels lie for some distance upon it near its termination, and it is crossed in this situation by the external spermatic branch of the genitofemoral nerve and the deep iliac circumflex vein; the ductus deferens in the male, and the round ligament of the uterus in the female, curve down across its medial side. Behind, it is in relation with the medial border of the Psoas major, from which it is separated by the iliac fascia. At the upper part of its course, the external iliac vein lies partly behind it, but lower down lies entirely to its medial side. Laterally, it rests against the Psoas major, from which it is separated by the iliac fascia. Numerous lymphatic vessels and lymph glands lie on the front and on the medial side of the vessel.

Collateral Circulation.—The principal anastomoses in carrying on the collateral circulation, after the application of a ligature to the external iliac, are: the iliolumbar with the iliac circumflex; the superior gluteal with the lateral femoral circumflex; the obturator with the medial femoral circumflex; the inferior gluteal with the first perforating and circumflex branches of the profunda artery; and the internal pudendal with the external pudendal. When the obturator arises from the inferior epigastric, it is supplied with blood by branches, from either the hypogastric, the lateral sacral, or the internal pudendal. The inferior epigastric receives its supply from the internal mammary and lower intercostal arteries, and from the hypogastric by the anastomoses of its branches with the obturator.

Branches.—Besides several small branches to the Psoas major and the neighboring lymph glands, the external iliac gives off two branches of considerable size:

Inferior Epigastric.

Deep Iliac Circumflex.

The inferior epigastric artery (a. epigastrica inferior; deep epigastric artery) arises from the external iliac, immediately above the inguinal ligament. It curves forward in the subperitoneal tissue, and then ascends obliquely along the medial margin of the abdominal inguinal ring; continuing its course upward, it pierces the transversalis fascia, and, passing in front of the linea semicircularis, ascends between the Rectus abdominis and the posterior lamella of its sheath. It finally divides into numerous branches, which anastomose, above the umbilicus, with the superior epigastric branch of the internal mammary and with the lower intercostal arteries. As the inferior epigastric artery passes obliquely upward from its origin it lies along the lower and medial margins of the abdominal inguinal ring, and behind the commencement of the spermatic cord. The ductus deferens, as it leaves the spermatic cord in the male, and the round ligament of the uterus in the female, winds around the lateral and posterior aspects of the artery.

Branches.—The branches of the vessel are: the external spermatic artery (cremasteric artery), which accompanies the spermatic cord, and supplies the Cremaster and other coverings of the cord, anastomosing with the internal spermatic artery (in the female it is very small and accompanies the round ligament); a pubic branch which runs along the inguinal ligament, and then descends along the medial margin of the femoral ring to the back of the pubis, and there anastomoses with the pubic branch of the obturator artery; muscular branches, some of which are distributed to the abdominal muscles and peritoneum, anastomosing with the iliac circumflex and lumbar arteries; branches which perforate the tendon of the Obliquus externus, and supply the integument, anastomosing with branches of the superficial epigastric.

Peculiarities.—The origin of the inferior epigastric may take place from any part of the external iliac between the inguinal ligament and a point 6 cm. above it; or it may arise below this ligament, from the femoral. It frequently springs from the external iliac, by a common trunk with the obturator. Sometimes it arises from the obturator, the latter vessel being furnished by the hypogastric, or it may be formed of two branches, one derived from the external iliac, the other from the hypogastric.

The deep iliac circumflex artery (a. circumflexa ilium profunda) arises from the lateral aspect of the external iliac nearly opposite the inferior epigastric artery. It ascends obliquely lateralward behind the inguinal ligament, contained in a fibrous sheath formed by the junction of the transversalis fascia and iliac fascia, to the anterior superior iliac spine, where it anastomoses with the ascending branch of the lateral femoral circumflex artery. It then pierces the transversalis fascia and passes along the inner lip of the crest of the ilium to about its middle, where it perforates the Transversus, and runs backward between that muscle and the Obliquus internus, to anastomose with the iliolumbar and superior gluteal arteries. Opposite the anterior superior spine of the ilium it gives off a large branch, which ascends between the Obliquus internus and Transversus muscles, supplying them, and anastomosing with the lumbar and inferior epigastric arteries.

The Arteries of the Lower Extremity
The artery which supplies the greater part of the lower extremity is the direct continuation of the external iliac. It runs as a single trunk from the inguinal ligament to the lower border of the Popliteus, where it divides into two branches, the anterior and posterior tibial. The upper part of the main trunk is named the femoral, the lower part the popliteal.
a. The Femoral Artery 

A. Femoralis)
The femoral artery begins immediately behind the inguinal ligament, midway between the anterior superior spine of the ilium and the symphysis pubis, and passes down the front and medial side of the thigh. It ends at the junction of the middle with the lower third of the thigh, where it passes through an opening in the Adductor magnus to become the popliteal artery. The vessel, at the upper part of the thigh, lies in front of the hip-joint; in the lower part of its course it lies to the medial side of the body of the femur, and between these two parts, where it crosses the angle between the head and body, the vessel is some distance from the bone. The first 4 cm. of the vessel is enclosed, together with the femoral vein, in a fibrous sheath—the femoral sheath. In the upper third of the thigh the femoral artery is contained in the femoral triangle (Scarpa’s triangle), and in the middle third of the thigh, in the adductor canal (Hunter’s canal).

The femoral sheath (crural sheath) is formed by a prolongation downward, behind the inguinal ligament, of the fasciae which line the abdomen, the transversalis fascia being continued down in front of the femoral vessels and the iliac fascia behind them. The sheath assumes the form of a short funnel, the wide end of which is directed upward, while the lower, narrow end fuses with the fascial investment of the vessels, about 4 cm. below the inguinal ligament. It is strengthened in front by a band termed the deep crural arch (page 419). The lateral wall of the sheath is vertical and is perforated by the lumboinguinal nerve; the medial wall is directed obliquely downward and lateralward, and is pierced by the great saphenous vein and by some lymphatic vessels. The sheath is divided by two vertical partitions which stretch between its anterior and posterior walls. The lateral compartment contains the femoral artery, and the intermediate the femoral vein, while the medial and smallest compartment is named the femoral canal, and contains some lymphatic vessels and a lymph gland imbedded in a small amount of areolar tissue. The femoral canal is conical and measures about 1.25 cm. in length. Its base, directed upward and named the femoral ring, is oval in form, its long diameter being directed transversely and measuring about 1.25 cm. The femoral ring is bounded in front by the inguinal ligament, behind by the Pectineus covered by the pectineal fascia, medially by the crescentic base of the lacunar ligament, and laterally by the fibrous septum on the medial side of the femoral vein. The spermatic cord in the male and the round ligament of the uterus in the female lie immediately above the anterior margin of the ring, while the inferior epigastric vessels are close to its upper and lateral angle. The femoral ring is closed by a somewhat condensed portion of the extraperitoneal fatty tissue, named the septum femorale (crural septum), the abdominal surface of which supports a small lymph gland and is covered by the parietal layer of the peritoneum. The septum femorale is pierced by numerous lymphatic vessels passing from the deep inguinal to the external iliac lymph glands, and the parietal peritoneum immediately above it presents a slight depression named the femoral fossa.

The femoral triangle (trigonum femorale; Scarpa’s triangle) corresponds to the depression seen immediately below the fold of the groin. Its apex is directed downward, and the sides are formed laterally by the medial margin of the Sartorius, medially by the medial margin of the Adductor longus, and above by the inguinal ligament. The floor of the space is formed from its lateral to its medial side by the Iliacus, Psoas major, Pectineus, in some cases a small part of the Adductor brevis, and the Adductor longus; and it is divided into two nearly equal parts by the femoral vessels, which extend from near the middle of its base to its apex: the artery giving off in this situation its superficial and profunda branches, the vein receiving the deep femoral and great saphenous tributaries. On the lateral side of the femoral artery is the femoral nerve dividing into its branches. Besides the vessels and nerves, this space contains some fat and lymphatics.

The adductor canal (canalis adductorius; Hunter’s canal) is an aponeurotic tunnel in the middle third of the thigh, extending from the apex of the femoral triangle to the opening in the Adductor magnus. It is bounded, in front and laterally, by the Vastus medialis; behind by the Adductores longus and magnus; and is covered in by a strong aponeurosis which extends from the Vastus medialis, across the femoral vessels to the Adductores longus and magnus; lying on the aponeurosis is the Sartorius muscle. The canal contains the femoral artery and vein, the saphenous nerve, and the nerve to the Vastus medialis.

Relations of the Femoral Artery.—In the femoral triangle the artery is superficial. In front of it are the skin and superficial fascia, the superficial subinguinal lymph glands, the superficial iliac circumflex vein, the superficial layer of the fascia lata and the anterior part of the femoral sheath. The lumboinguinal nerve courses for a short distance within the lateral compartment of the femoral sheath, and lies at first in front and then lateral to the artery. Near the apex of the femoral triangle the medial branch of the anterior femoral cutaneous nerve crosses the artery from its lateral to its medial side.

Behind the artery are the posterior part of the femoral sheath, the pectineal fascia, the medial part of the tendon of the Psoas major, the Pectineus and the Adductor longus. The artery is separated from the capsule of the hip-joint by the tendon of the Psoas major, from the Pectineus by the femoral vein and profunda vessels, and from the Adductor longus by the femoral vein. The nerve to the Pectineus passes medialward behind the artery. On the lateral side of the artery, but separated from it by some fibers of the Psoas major, is the femoral nerve. The femoral vein is on the medial side of the upper part of the artery, but is behind the vessel in the lower part of the femoral triangle.

In the adductor canal the femoral artery is more deeply situated, being covered by the integument, the superficial and deep fasciae, the Sartorius and the fibrous roof of the canal; the saphenous nerve crosses from its lateral to its medial side. Behind the artery are the Adductores longus and magnus; in front and lateral to it is the Vastus medialis. The femoral vein lies posterior to the upper part, and lateral to the lower part of the artery.

Peculiarities.—Several cases are recorded in which the femoral artery divided into two trunks below the origin of the profunda, and became reunited near the opening in the Adductor magnus, so as to form a single popliteal artery. One occurred in a patient who was operated upon for popliteal aneurism. A few cases have been recorded in which the femoral artery was absent, its place being supplied by the inferior gluteal artery which accompanied the sciatic nerve to the popliteal fossa. The external iliac in these cases was small, and terminated in the profunda. The femoral vein is occasionally placed along the medial side of the artery throughout the entire extent of the femoral trangle; or it may be split so that a large vein is placed on either side of the artery for a greater or lesser distance.

Collateral Circulation.—After ligature of the femoral artery, the main channels for carrying on the circulation are the anastomoses between—(1) the superior and inferior gluteal branches of the hypogastric with the medial and lateral femoral circumflex and first perforating branches of the profunda femoris; (2) the obturator branch of the hypogastric with the medial femoral circumflex of the profunda; (3) the internal pudendal of the hypogastric with the superficial and deep external pudendal of the femoral; (4) the deep iliac circumflex of the external iliac with the lateral femoral circumflex of the profunda and the superficial iliac circumflex of the femoral, and (5) the inferior gluteal of the hypogastric with the perforating branches of the profunda.

Branches.—The branches of the femoral artery are:

Superficial Epigastric.

Deep External Pudendal.

Superficial Iliac Circumflex.

Muscular.

Superficial External Pudendal.

Profunda Femoris.

Highest Genicular.

The superficial epigastric artery (a. epigastrica superficialis) arises from the front of the femoral artery about 1 cm. below the inguinal ligament, and, passing through the femoral sheath and the fascia cribrosa, turns upward in front of the inguinal ligament, and ascends between the two layers of the superficial fascia of the abdominal wall nearly as far as the umbilicus. It distributes branches to the superficial subinguinal lymph glands, the superficial fascia, and the integument; it anastomoses with branches of the inferior epigastric, and with its fellow of the opposite side.

The superficial iliac circumflex artery (a. circumflexa ilium superficialis), the smallest of the cutaneous branches, arises close to the preceding, and, piercing the fascia lata, runs lateralward, parallel with the inguinal ligament, as far as the crest of the ilium; it divides into branches which supply the integument of the groin, the superficial fascia, and the superficial subinguinal lymph glands, anastomosing with the deep iliac circumflex, the superior gluteal and lateral femoral circumflex arteries.

The superficial external pudendal artery (a. pudenda externa superficialis; superficial external pudic artery) arises from the medial side of the femoral artery, close to the preceding vessels, and, after piercing the femoral sheath and fascia cribrosa, courses medialward, across the spermatic cord (or round ligament in the female), to be distributed to the integument on the lower part of the abdomen, the penis and scrotum in the male, and the labium majus in the female, anastomosing with branches of the internal pudendal.

The deep external pudendal artery (a. pudenda externa profunda; deep external pudic artery), more deeply seated than the preceding, passes medialward across the Pectineus and the Adductor longus muscles; it is covered by the fascia lata, which it pierces at the medial side of the thigh, and is distributed, in the male, to the integument of the scrotum and perineum, in the female to the labium majus; its branches anastomose with the scrotal (or labial) branches of the perineal artery.

Muscular branches (rami musculares) are supplied by the femoral artery to the Sartorius, Vastus medialis, and Adductores.

The profunda femoris artery (a. profunda femoris; deep femoral artery) is a large vessel arising from the lateral and back part of the femoral artery, from 2 to 5 cm. below the inguinal ligament. At first it lies lateral to the femoral artery; it then runs behind it and the femoral vein to the medial side of the femur, and, passing downward behind the Adductor longus, ends at the lower third of the thigh in a small branch, which pierces the Adductor magnus, and is distributed on the back of the thigh to the hamstring muscles. The terminal part of the profunda is sometimes named the fourth perforating artery.
Relations.—Behind it, from above downward, are the Iliacus, Pectineus, Adductor brevis, and Adductor magnus. In front it is separated from the femoral artery by the femoral and profunda veins above and by the Adductor longus below. Laterally, the origin of the Vastus medialis intervenes between it and the femur.

Peculiarities.—This vessel sometimes arises from the medial side, and, more rarely, from the back of the femoral artery; but a more important peculiarity, from a surgical point of view, is that relating to the height at which the vessel arises. In three-fourths of a large number of cases it arose from 2.25 to 5 cm. below the inguinal ligament; in a few cases the distance was less than 2.25 cm.; more rarely, opposite the ligament; and in one case above the inguinal ligament, from the external iliac. Occasionally the distance between the origin of the vessel and the inguinal ligament exceeds 5 cm.

Branches.—The profunda gives off the following branches:

Lateral Femoral Circumflex.

Perforating.

Medial Femoral Circumflex.

Muscular.

The Lateral Femoral Circumflex Artery (a. circumflexa femoris lateralis; external circumflex artery) arises from the lateral side of the profunda, passes horizontally between the divisions of the femoral nerve, and behind the Sartorius and Rectus femoris, and divides into ascending, transverse, and descending branches.

The ascending branch passes upward, beneath the Tensor fasciae latae, to the lateral aspect of the hip, and anastomoses with the terminal branches of the superior gluteal and deep iliac circumflex arteries.

The descending branch runs downward, behind the Rectus femoris, upon the Vastus lateralis, to which it gives offsets; one long branch descends in the muscle as far as the knee, and anastomoses with the superior lateral genicular branch of the popliteal artery. It is accompanied by the branch of the femoral nerve to the Vastus lateralis.

The transverse branch, the smallest, passes lateralward over the Vastus intermedius, pierces the Vastus lateralis, and winds around the femur, just below the greater trochanter, anastomosing on the back of the thigh with the medial femoral circumflex, inferior gluteal, and first perforating arteries.

The Medial Femoral Circumflex Artery (a. circumflexa femoris medialis; internal circumflex artery) arises from the medial and posterior aspect of the profunda, and winds around the medial side of the femur, passing first between the Pectineus and Psoas major, and then between the Obturator externus and the Adductor brevis. At the upper border of the Adductor brevis it gives off two branches: one is distributed to the Adductores, the Gracilis, and Obturator externus, and anastomoses with the obturator artery; the other descends beneath the Adductor brevis, to supply it and the Adductor magnus; the continuation of the vessel passes backward and divides into superficial, deep, and acetabular branches. The superficial branch appears between the Quadratus femoris and upper border of the Adductor magnus, and anastomoses with the inferior gluteal, lateral femoral circumflex, and first perforating arteries (crucial anastomosis). The deep branch runs obliquely upward upon the tendon of the Obturator externus and in front of the Quadratus femoris toward the trochanteric fossa, where it anastomoses with twigs from the gluteal arteries. The acetabular branch arises opposite the acetabular notch and enters the hip-joint beneath the transverse ligament in company with an articular branch from the obturator artery; it supplies the fat in the bottom of the acetabulum, and is continued along the round ligament to the head of the femur.

The Perforating Arteries, usually three in number, are so named because they perforate the tendon of the Adductor magnus to reach the back of the thigh. They pass backward close to the linea aspera of the femur under cover of small tendinous arches in the muscle. The first is given off above the Adductor brevis, the second in front of that muscle, and the third immediately below it.

The first perforating artery (a. perforans prima) passes backward between the Pectineus and Adductor brevis (sometimes it perforates the latter); it then pierces the Adductor magnus close to the linea aspera. It gives branches to the Adductores brevis and magnus, Biceps femoris, and Glutaeus maximus, and anastomoses with the inferior gluteal, medial and lateral femoral circumflex and second perforating arteries.

The second perforating artery (a. perforans secunda), larger than the first, pierces the tendons of the Adductores brevis and magnus, and divides into ascending and descending branches, which supply the posterior femoral muscles, anastomosing with the first and third perforating. The second artery frequently arises in common with the first. The nutrient artery of the femur is usually given off from the second perforating artery; when two nutrient arteries exist, they usually spring from the first and third perforating vessels.

The third perforating artery (a. perforans tertia) is given off below the Adductor brevis; it pierces the Adductor magnus, and divides into branches which supply the posterior femoral muscles; anastomosing above with the higher perforating arteries, and below with the terminal branches of the profunda and the muscular branches of the popliteal. The nutrient artery of the femur may arise from this branch. The termination of the profunda artery, already described, is sometimes termed the fourth perforating artery.
Numerous muscular branches arise from the profunda; some of these end in the Adductores, others pierce the Adductor magnus, give branches to the hamstrings, and anastomose with the medial femoral circumflex artery and with the superior muscular branches of the popliteal.

The highest genicular artery (a. genu suprema; anastomotica magna artery) arises from the femoral just before it passes through the opening in the tendon of the Adductor magnus, and immediately divides into a saphenous and a musculo-articular branch.

The saphenous branch pierces the aponeurotic covering of the adductor canal, and accompanies the saphenous nerve to the medial side of the knee. It passes between the Sartorius and Gracilis, and, piercing the fascia lata, is distributed to the integument of the upper and medial part of the leg, anastomosing with the medial inferior genicular artery.

The musculo-articular branch descends in the substance of the Vastus medialis, and in front of the tendon of the Adductor magnus, to the medial side of the knee, where it anastomoses with the medial superior genicular artery and anterior recurrent tibial artery. A branch from this vessel crosses above the patellar surface of the femur, forming an anastomotic arch with the lateral superior genicular artery, and supplying branches to the knee-joint.

The Common Iliac Arteries
(Aa. Iliacae Communes)
The abdominal aorta divides, on the left side of the body of the fourth lumbar vertebra, into the two common iliac arteries. Each is about 5 cm. in length. They diverge from the termination of the aorta, pass downward and lateralward, and divide, opposite the intervertebral fibrocartilage between the last lumbar vertebra and the sacrum, into two branches, the external iliac and hypogastric arteries; the former supplies the lower extremity; the latter, the viscera and parietes of the pelvis.

The right common iliac artery is somewhat longer than the left, and passes more obliquely across the body of the last lumbar vertebra. In front of it are the peritoneum, the small intestines, branches of the sympathetic nerves, and, at its point of division, the ureter. Behind, it is separated from the bodies of the fourth and fifth lumbar vertebrae, and the intervening fibrocartilage, by the terminations of the two common iliac veins and the commencement of the inferior vena cava. Laterally, it is in relation, above, with the inferior vena cava and the right common iliac vein; and, below, with the Psoas major. Medial to it, above, is the left common iliac vein.

The left common iliac artery is in relation, in front, with the peritoneum, the small intestines, branches of the sympathetic nerves, and the superior hemorrhoidal artery; and is crossed at its point of bifurcation by the ureter. It rests on the bodies of the fourth and fifth lumbar vertebrae, and the intervening fibrocartilage. The left common iliac vein lies partly medial to, and partly behind the artery; laterally, the artery is in relation with the Psoas major.

Branches.—The common iliac arteries give off small branches to the peritoneum, Psoas major, ureters, and the surrounding areolar tissue, and occasionally give origin to the iliolumbar, or accessory renal arteries.

Peculiarities.—The point of origin varies according to the bifurcation of the aorta. In three-fourths of a large number of cases, the aorta bifurcated either upon the fourth lumbar vertebra, or upon the fibrocartilage between it and the fifth; the bifurcation being, in one case out of nine, below, and in one out of eleven, above this point. In about 80 per cent. of the cases the aorta bifurcated within 1.25 cm. above or below the level of the crest of the ilium; more frequently below than above.

The point of division is subject to great variety. In two-thirds of a large number of cases it was between the last lumbar vertebra and the upper border of the sacrum; being above that point in one case out of eight, and below it in one case out of six. The left common iliac artery divides lower down more frequently than the right.

The relative lengths, also, of the two common iliac arteries vary. The right common iliac was the longer in sixty-three cases; the left in fifty-two; while they were equal in fifty-three. The length of the arteries varied, in five-sevenths of the cases examined, from 3.5 to 7.5 cm.; in about half of the remaining cases the artery was longer, and in the other half, shorter; the minimum length being less than 1.25 cm., the maximum, 11 cm. In rare instances, the right common iliac has been found wanting, the external iliac and hypogastric arising directly from the aorta.

Collateral Circulation.—The principal agents in carrying on the collateral circulation after the application of a ligature to the common iliac are: the anastomoses of the hemorrhoidal branches of the hypogastric with the superior hemorrhoidal from the inferior mesenteric; of the uterine, ovarian, and vesical arteries of the opposite sides; of the lateral sacral with the middle sacral artery; of the inferior epigastric with the internal mammary, inferior intercostal, and lumbar arteries; of the deep iliac circumflex with the lumbar arteries; of the iliolumbar with the last lumbar artery; of the obturator artery, by means of its pubic branch, with the vessel of the opposite side and with the inferior epigastric.

1. The Hypogastric Artery— 

(A. Hypogastrica; Internal Iliac Artery)
The hypogastric artery supplies the walls and viscera of the pelvis, the buttock, the generative organs, and the medial side of the thigh. It is a short, thick vessel, smaller than the external iliac, and about 4 cm. in length. It arises at the bifurcation of the common iliac, opposite the lumbosacral articulation, and, passing downward to the upper margin of the greater sciatic foramen, divides into two large trunks, an anterior and a posterior.
Relations.—It is in relation in front with the ureter; behind, with the internal iliac vein, the lumbosacral trunk, and the Piriformis muscle; laterally, near its origin, with the external iliac vein, which lies between it and the Psoas major muscle; lower down, with the obturator nerve.

In the fetus, the hypogastric artery is twice as large as the external iliac, and is the direct continuation of the common iliac. It ascends along the side of the bladder, and runs upward on the back of the anterior wall of the abdomen to the umbilicus, converging toward its fellow of the opposite side. Having passed through the umbilical opening, the two arteries, now termed umbilical, enter the umbilical cord, where they are coiled around the umbilical vein, and ultimately ramify in the placenta.

At birth, when the placental circulation ceases, the pelvic portion only of the artery remains patent and constitutes the hypogastric and the first part of the superior vesical artery of the adult; the remainder of the vessel is converted into a solid fibrous cord, the lateral umbilical ligament (obliterated hypogastric artery) which extends from the pelvis to the umbilicus.

Peculiarities as Regards Length.—In two-thirds of a large number of cases, the length of the hypogastric varied between 2.25 and 3.4 cm.; in the remaining third it was more frequently longer than shorter, the maximum length being about 7 cm. the minimum about 1 cm.

The lengths of the common iliac and hypogastric arteries bear an inverse proportion to each other, the hypogastric artery being long when the common iliac is short, and vice versa.
As Regards its Place of Division.—The place of division of the hypogastric varies between the upper margin of the sacrum and the upper border of the greater sciatic foramen.

The right and left hypogastric arteries in a series of cases often differed in length, but neither seemed constantly to exceed the other.

Collateral Circulation.—The circulation after ligature of the hypogastric artery is carried on by the anastomoses of the uterine and ovarian arteries; of the vesical arteries of the two sides; of the hemorrhoidal branches of the hypogastric with those from the inferior mesenteric; of the obturator artery, by means of its pubic branch, with the vessel of the opposite side, and with the inferior epigastric and medial femoral circumflex; of the circumflex and perforating branches of the profunda femoris with the inferior gluteal; of the superior gluteal with the posterior branches of the lateral sacral arteries; of the iliolumbar with the last lumbar; of the lateral sacral with the middle sacral; and of the iliac circumflex with the iliolumbar and superior gluteal.

Branches.—The branches of the hypogastric artery are:

From the Anterior Trunk.
From the Posterior Trunk.
Superior Vesical.

Iliolumbar.

Middle Vesical.

Lateral Sacral.

Inferior Vesical.

Superior Gluteal.

Middle Hemorrhoidal.

Obturator.

Internal Pudendal.

Inferior Gluteal.

Uterine 

In the Female.
Vaginal

The superior vesical artery (a. vesicalis superior) supplies numerous branches to the upper part of the bladder. From one of these a slender vessel, the artery to the ductus deferens, takes origin and accompanies the duct in its course to the testis, where it anastomoses with the internal spermatic artery. Other branches supply the ureter. The first part of the superior vesical artery represents the terminal section of the pervious portion of the fetal hypogastric artery.

The middle vesical artery (a. vesicalis medialis), usually a branch of the superior, is distributed to the fundus of the bladder and the vesiculae seminales.

The inferior vesical artery (a. vesicalis inferior) frequently arises in common with the middle hemorrhoidal, and is distributed to the fundus of the bladder, the prostate, and the vesiculae seminales. The branches to the prostate communicate with the corresponding vessels of the opposite side.

The middle hemorrhoidal artery (a. haemorrhoidalis media) usually arises with the preceding vessel. It is distributed to the rectum, anastomosing with the inferior vesical and with the superior and inferior hemorrhoidal arteries. It gives offsets to the vesiculae seminales and prostate.

The uterine artery (a. uterina) springs from the anterior division of the hypogastric and runs medialward on the Levator ani and toward the cervix uteri; about 2 cm. from the cervix it crosses above and in front of the ureter, to which it supplies a small branch. Reaching the side of the uterus it ascends in a tortuous manner between the two layers of the broad ligament to the junction of the uterine tube and uterus. It then runs lateralward toward the hilus of the ovary, and ends by joining with the ovarian artery. It supplies branches to the cervix uteri and others which descend on the vagina; the latter anastomose with branches of the vaginal arteries and form with them two median longitudinal vessels—the azygos arteries of the vagina—one of which runs down in front of and the other behind the vagina. It supplies numerous branches to the body of the uterus, and from its terminal portion twigs are distributed to the uterine tube and the round ligament of the uterus.

The vaginal artery (a. vaginalis) usually corresponds to the inferior vesical in the male; it descends upon the vagina, supplying its mucous membrane, and sends branches to the bulb of the vestibule, the fundus of the bladder, and the contiguous part of the rectum. It assists in forming the azygos arteries of the vagina, and is frequently represented by two or three branches.

The obturator artery (a. obturatoria) passes forward and downward on the lateral wall of the pelvis, to the upper part of the obturator foramen, and, escaping from the pelvic cavity through the obturator canal, it divides into an anterior and a posterior branch. In the pelvic cavity this vessel is in relation, laterally, with the obturator fascia; medially, with the ureter, ductus deferens, and peritoneum; while a little below it is the obturator nerve.

Branches.—Inside the pelvis the obturator artery gives off iliac branches to the iliac fossa, which supply the bone and the Iliacus, and anastomose with the ilio-lumbar artery; a vesical branch, which runs backward to supply the bladder; and a public branch, which is given off from the vessel just before it leaves the pelvic cavity. The pubic branch ascends upon the back of the pubis, communicating with the corresponding vessel of the opposite side, and with the inferior epigastric artery.

Outside the pelvis, the obturator artery divides at the upper margin of the obturator foramen, into an anterior and a posterior branch which encircle the foramen under cover of the Obturator externus.

The anterior branch runs forward on the outer surface of the obturator membrane and then curves downward along the anterior margin of the foramen. It distributes branches to the Obturator externus, Pectineus, Adductores, and Gracilis, and anastomoses with the posterior branch and with the medial femoral circumflex artery.

The posterior branch follows the posterior margin of the foramen and turns forward on the inferior ramus of the ischium, where it anastomoses with the anterior branch. It gives twigs to the muscles attached to the ischial tuberosity and anastomoses with the inferior gluteal. It also supplies an articular branch which enters the hip-joint through the acetabular notch, ramifies in the fat at the bottom of the acetabulum and sends a twig along the ligamentum teres to the head of the femur.

Peculiarities.—The obturator artery sometimes arises from the main stem or from the posterior trunk of the hypogastric, or it may spring from the superior gluteal artery; occasionally it arises from the external iliac. In about two out of every seven cases it springs from the inferior epigastric and descends almost vertically to the upper part of the obturator foramen. The artery in this course usually lies in contact with the external iliac vein, and on the lateral side of the femoral ring; in such cases it would not be endangered in the operation for strangulated femoral hernia. Occasionally, however, it curves along the free margin of the lacunar ligament, and if in such circumstances a femoral hernia occurred, the vessel would almost completely encircle the neck of the hernial sac, and would be in great danger of being wounded if an operation were performed for strangulation.

The internal pudendal artery (a. pudenda interna; internal pudic artery) is the smaller of the two terminal branches of the anterior trunk of the hypogastric, and supplies the external organs of generation. Though the course of the artery is the same in the two sexes, the vessel is smaller in the female than in the male, and the distribution of its branches somewhat different. The description of its arrangement in the male will first be given, and subsequently the differences which it presents in the female will be mentioned.

The internal pudendal artery in the male passes downward and outward to the lower border of the greater sciatic foramen, and emerges from the pelvis between the Piriformis and Coccygeus; it then crosses the ischial spine, and enters the perineum through the lesser sciatic foramen. The artery now crosses the Obturator internus, along the lateral wall of the ischiorectal fossa, being situated about 4 cm. above the lower margin of the ischial tuberosity. It gradually approaches the margin of the inferior ramus of the ischium and passes forward between the two layers of the fascia of the urogenital diaphragm; it then runs forward along the medial margin of the inferior ramus of the pubis, and about 1.25 cm. behind the pubic arcuate ligament it pierces the inferior fascia of the urogenital diaphragm and divides into the dorsal and deep arteries of the penis.
Relations.—Within the pelvis, it lies in front of the Piriformis muscle, the sacral plexus of nerves, and the inferior gluteal artery. As it crosses the ischial spine, it is covered by the Glutaeus maximus and overlapped by the sacrotuberous ligament. Here the pudendal nerve lies to the medial side and the nerve to the Obturator internus to the lateral side of the vessel. In the perineum it lies on the lateral wall of the ischiorectal fossa, in a canal (Alcock’s canal) formed by the splitting of the obturator fascia. It is accompanied by a pair of venae comitantes and the pudendal nerve.

Peculiarities.—The internal pudendal artery is sometimes smaller than usual, or fails to give off one or two of its usual branches; in such cases the deficiency is supplied by branches derived from an additional vessel, the accessory pudendal, which generally arises from the internal pudendal artery before its exit from the greater sciatic foramen. It passes forward along the lower part of the bladder and across the side of the prostate to the root of the penis, where it perforates the urogenital diaphragm, and gives off the branches usually derived from the internal pudendal artery. The deficiency most frequently met with is that in which the internal pudendal ends as the artery of the urethral bulb, the dorsal and deep arteries of the penis being derived from the accessory pudendal. The internal pudendal artery may also end as the perineal, the artery of the urethral bulb being derived, with the other two branches, from the accessory vessel. Occasionally the accessory pudendal artery is derived from one of the other branches of the hypogastric artery, most frequently the inferior vesical or the obturator.

Branches.—The branches of the internal pudendal artery are:

Muscular.

Artery of the Urethral Bulb.

Inferior Hemorrhoidal.

Urethral.

Perineal.

Deep Artery of the Penis.

Dorsal Artery of the Penis.

The Muscular Branches consist of two sets: one given off in the pelvis; the other, as the vessel crosses the ischial spine. The former consists of several small offsets which supply the Levator ani, the Obturator internus, the Piriformis, and the Coccygeus. The branches given off outside the pelvis are distributed to the adjacent parts of the Glutaeus maximus and external rotator muscles. They anastomose with branches of the inferior gluteal artery.

The Inferior Hemorrhoidal Artery (a. haemorrhoidalis inferior) arises from the internal pudendal as it passes above the ischial tuberosity. Piercing the wall of Alcock’s canal it divides into two or three branches which cross the ischiorectal fossa, and are distributed to the muscles and integument of the anal region, and send offshoots around the lower edge of the Glutaeus maximus to the skin of the buttock. They anastomose with the corresponding vessels of the opposite side, with the superior and middle hemorrhoidal, and with the perineal artery.

The Perineal Artery (a. perinei; superficial perineal artery) arises from the internal pudendal, in front of the preceding branches, and turns upward, crossing either over or under the Transversus perinaei superficialis, and runs forward, parallel to the pubic arch, in the interspace between the Bulbocavernosus and Ischiocavernosus, both of which it supplies, and finally divides into several posterior scrotal branches which are distributed to the skin and dartos tunic of the scrotum. As it crosses the Transversus perinaei superficialis it gives off the transverse perineal artery which runs transversely on the cutaneous surface of the muscle, and anastomoses with the corresponding vessel of the opposite side and with the perineal and inferior hemorrhoidal arteries. It supplies the Transversus perinaei superficialis and the structures between the anus and the urethral bulb

The Artery of the Urethral Bulb (a. bulbi urethrae) is a short vessel of large caliber which arises from the internal pudendal between the two layers of fascia of the urogenital diaphragm; it passes medialward, pierces the inferior fascia of the urogenital diaphragm, and gives off branches which ramify in the bulb of the urethra and in the posterior part of the corpus cavernosum urethrae. It gives off a small branch to the bulbo-urethral gland.

The Urethral Artery (a. urethralis) arises a short distance in front of the artery of the urethral bulb. It runs forward and medialward, pierces the inferior fascia of the urogenital diaphragm and enters the corpus cavernosum urethrae, in which it is continued forward to the glans penis.

The Deep Artery of the Penis (a. profunda penis; artery to the corpus cavernosum), one of the terminal branches of the internal pudendal, arises from that vessel while it is situated between the two fasciae of the urogenital diaphragm; it pierces the inferior fascia, and, entering the crus penis obliquely, runs forward in the center of the corpus cavernosum penis, to which its branches are distributed.

The Dorsal Artery of the Penis (a. dorsalis penis) ascends between the crus penis and the pubic symphysis, and, piercing the inferior fascia of the urogenital diaphragm, passes between the two layers of the suspensory ligament of the penis, and runs forward on the dorsum of the penis to the glans, where it divides into two branches, which supply the glans and prepuce. On the penis, it lies between the dorsal nerve and deep dorsal vein, the former being on its lateral side. It supplies the integument and fibrous sheath of the corpus cavernosum penis, sending branches through the sheath to anastomose with the preceding vessel.

The internal pudendal artery in the female is smaller than in the male. Its origin and course are similar, and there is considerable analogy in the distribution of its branches. The perineal artery supplies the labia pudendi; the artery of the bulb supplies the bulbus vestibuli and the erectile tissue of the vagina; the deep artery of the clitoris supplies the corpus cavernosum clitoridis; and the dorsal artery of the clitoris supplies the dorsum of that organ, and ends in the glans and prepuce of the clitoris.

The inferior gluteal artery (a. glutaea inferior; sciatic artery), the larger of the two terminal branches of the anterior trunk of the hypogastric, is distributed chiefly to the buttock and back of the thigh. It passes down on the sacral plexus of nerves and the Piriformis, behind the internal pudendal artery, to the lower part of the greater sciatic foramen, through which it escapes from the pelvis between the Piriformis and Coccygeus. It then descends in the interval between the greater trochanter of the femur and tuberosity of the ischium, accompanied by the sciatic and posterior femoral cutaneous nerves, and covered by the Glutaeus maximus, and is continued down the back of the thigh, supplying the skin, and anastomosing with branches of the perforating arteries.

Inside the pelvis it distributes branches to the Piriformis, Coccygeus, and Levator ani; some branches which supply the fat around the rectum, and occasionally take the place of the middle hemorrhoidal artery; and vesical branches to the fundus of the bladder, vesiculae seminales, and prostate. Outside the pelvis it gives off the following branches:

Muscular.

Anastomotic.

Coccygeal.

Articular.

Comitans Nervi Ischiadici.

Cutaneous.

The Muscular Branches supply the Glutaeus maximus, anastomosing with the superior gluteal artery in the substance of the muscle; the external rotators, anastomosing with the internal pudendal artery; and the muscles attached to the tuberosity of the ischium, anastomosing with the posterior branch of the obturator and the medial femoral circumflex arteries.

The Coccygeal Branches run medialward, pierce the sacrotuberous ligament, and supply the Glutaeus maximus, the integument, and other structures on the back of the coccyx.

The Arteria Comitans Nervi Ischiadici is a long, slender vessel, which accompanies the sciatic nerve for a short distance; it then penetrates it, and runs in its substance to the lower part of the thigh.

The Anastomotic is directed downward across the external rotators, and assists in forming the so-called crucial anastomosis by joining with the first perforating and medial and lateral femoral circumflex arteries.

The Articular Branch, generally derived from the anastomotic, is distributed to the capsule of the hip-joint.

The Cutaneous Branches are distributed to the skin of the buttock and back of the thigh.

The iliolumbar artery (a. iliolumbalis) a branch of the posterior trunk of the hypogastric, turns upward behind the obturator nerve and the external iliac vessels, to the medial border of the Psoas major, behind which it divides into a lumbar and an iliac branch.

The Lumbar Branch (ramus lumbalis) supplies the Psoas major and Quadratus lumborum, anastomoses with the last lumbar artery, and sends a small spinal branch through the intervertebral foramen between the last lumbar vertebra and the sacrum, into the vertebral canal, to supply the cauda equina.

The Iliac Branch (ramus iliacus) descends to supply the Iliacus; some offsets, running between the muscle and the bone, anastomose with the iliac branches of the obturator; one of these enters an oblique canal to supply the bone, while others run along the crest of the ilium, distributing branches to the gluteal and abdominal muscles, and anastomosing in their course with the superior gluteal, iliac circumflex, and lateral femoral circumflex arteries.

The lateral sacral arteries (aa. sacrales laterales) arise from the posterior division of the hypogastric; there are usually two, a superior and an inferior.
The superior, of large size, passes medialward, and, after anastomosing with branches from the middle sacral, enters the first or second anterior sacral foramen, supplies branches to the contents of the sacral canal, and, escaping by the corresponding posterior sacral foramen, is distributed to the skin and muscles on the dorsum of the sacrum, anastomosing with the superior gluteal.

The inferior runs obliquely across the front of the Piriformis and the sacral nerves to the medial side of the anterior sacral foramina, descends on the front of the sacrum, and anastomoses over the coccyx with the middle sacral and opposite lateral sacral artery. In its course it gives off branches, which enter the anterior sacral foramina; these, after supplying the contents of the sacral canal, escapes by the posterior sacral foramina, and are distributed to the muscles and skin on the dorsal surface of the sacrum, anastomosing with the gluteal arteries.

The superior gluteal artery (a. glutaea superior; gluteal artery) is the largest branch of the hypogastric, and appears to be the continuation of the posterior division of that vessel. It is a short artery which runs backward between the lumbosacral trunk and the first sacral nerve, and, passing out of the pelvis above the upper border of the Piriformis, immediately divides into a superficial and a deep branch. Within the pelvis it gives off a few branches to the Iliacus, Piriformis, and Obturator internus, and just previous to quitting that cavity, a nutrient artery which enters the ilium.

The superficial branch enters the deep surface of the Glutaeus maximus, and divides into numerous branches, some of which supply the muscle and anastomose with the inferior gluteal, while others perforate its tendinous origin, and supply the integument covering the posterior surface of the sacrum, anastomosing with the posterior branches of the lateral sacral arteries.

The deep branch lies under the Glutaeus medius and almost immediately subdivides into two. Of these, the superior division, continuing the original course of the vessel, passes along the upper border of the Glutaeus minimus to the anterior superior spine of the ilium, anastomosing with the deep iliac circumflex artery and the ascending branch of the lateral femoral circumflex artery. The inferior division crosses the Glutaeus minimus obliquely to the greater trochanter, distributing branches to the Glutaei and anastomoses with the lateral femoral circumflex artery. Some branches pierce the Glutaeus minimus and supply the hip-joint.

The External Iliac Artery
(A. Iliaca Externa)
The external iliac artery is larger than the hypogastric, and passes obliquely downward and lateralward along the medial border of the Psoas major, from the bifurcation of the common iliac to a point beneath the inguinal ligament, midway between the anterior superior spine of the ilium and the symphysis pubis, where it enters the thigh and becomes the femoral artery.

Relations.—In front and medially, the artery is in relation with the peritoneum, subperitoneal areolar tissue, the termination of the ileum and frequently the vermiform process on the right side, and the sigmoid colon on the left, and a thin layer of fascia, derived from the iliac fascia, which surrounds the artery and vein. At its origin it is crossed by the ovarian vessels in the female, and occasionally by the ureter. The internal spermatic vessels lie for some distance upon it near its termination, and it is crossed in this situation by the external spermatic branch of the genitofemoral nerve and the deep iliac circumflex vein; the ductus deferens in the male, and the round ligament of the uterus in the female, curve down across its medial side. Behind, it is in relation with the medial border of the Psoas major, from which it is separated by the iliac fascia. At the upper part of its course, the external iliac vein lies partly behind it, but lower down lies entirely to its medial side. Laterally, it rests against the Psoas major, from which it is separated by the iliac fascia. Numerous lymphatic vessels and lymph glands lie on the front and on the medial side of the vessel.

Collateral Circulation.—The principal anastomoses in carrying on the collateral circulation, after the application of a ligature to the external iliac, are: the iliolumbar with the iliac circumflex; the superior gluteal with the lateral femoral circumflex; the obturator with the medial femoral circumflex; the inferior gluteal with the first perforating and circumflex branches of the profunda artery; and the internal pudendal with the external pudendal. When the obturator arises from the inferior epigastric, it is supplied with blood by branches, from either the hypogastric, the lateral sacral, or the internal pudendal. The inferior epigastric receives its supply from the internal mammary and lower intercostal arteries, and from the hypogastric by the anastomoses of its branches with the obturator.

Branches.—Besides several small branches to the Psoas major and the neighboring lymph glands, the external iliac gives off two branches of considerable size:

Inferior Epigastric.

Deep Iliac Circumflex.

The inferior epigastric artery (a. epigastrica inferior; deep epigastric artery) arises from the external iliac, immediately above the inguinal ligament. It curves forward in the subperitoneal tissue, and then ascends obliquely along the medial margin of the abdominal inguinal ring; continuing its course upward, it pierces the transversalis fascia, and, passing in front of the linea semicircularis, ascends between the Rectus abdominis and the posterior lamella of its sheath. It finally divides into numerous branches, which anastomose, above the umbilicus, with the superior epigastric branch of the internal mammary and with the lower intercostal arteries. As the inferior epigastric artery passes obliquely upward from its origin it lies along the lower and medial margins of the abdominal inguinal ring, and behind the commencement of the spermatic cord. The ductus deferens, as it leaves the spermatic cord in the male, and the round ligament of the uterus in the female, winds around the lateral and posterior aspects of the artery.

Branches.—The branches of the vessel are: the external spermatic artery (cremasteric artery), which accompanies the spermatic cord, and supplies the Cremaster and other coverings of the cord, anastomosing with the internal spermatic artery (in the female it is very small and accompanies the round ligament); a pubic branch which runs along the inguinal ligament, and then descends along the medial margin of the femoral ring to the back of the pubis, and there anastomoses with the pubic branch of the obturator artery; muscular branches, some of which are distributed to the abdominal muscles and peritoneum, anastomosing with the iliac circumflex and lumbar arteries; branches which perforate the tendon of the Obliquus externus, and supply the integument, anastomosing with branches of the superficial epigastric.

Peculiarities.—The origin of the inferior epigastric may take place from any part of the external iliac between the inguinal ligament and a point 6 cm. above it; or it may arise below this ligament, from the femoral. It frequently springs from the external iliac, by a common trunk with the obturator. Sometimes it arises from the obturator, the latter vessel being furnished by the hypogastric, or it may be formed of two branches, one derived from the external iliac, the other from the hypogastric.

The deep iliac circumflex artery (a. circumflexa ilium profunda) arises from the lateral aspect of the external iliac nearly opposite the inferior epigastric artery. It ascends obliquely lateralward behind the inguinal ligament, contained in a fibrous sheath formed by the junction of the transversalis fascia and iliac fascia, to the anterior superior iliac spine, where it anastomoses with the ascending branch of the lateral femoral circumflex artery. It then pierces the transversalis fascia and passes along the inner lip of the crest of the ilium to about its middle, where it perforates the Transversus, and runs backward between that muscle and the Obliquus internus, to anastomose with the iliolumbar and superior gluteal arteries. Opposite the anterior superior spine of the ilium it gives off a large branch, which ascends between the Obliquus internus and Transversus muscles, supplying them, and anastomosing with the lumbar and inferior epigastric arteries.

The Anterior Tibial Artery
(A. Tibialis Anterior)
The anterior tibial artery commences at the bifurcation of the popliteal, at the lower border of the Popliteus, passes forward between the two heads of the Tibialis posterior, and through the aperture above the upper border of the interosseous membrane, to the deep part of the front of the leg: it here lies close to the medial side of the neck of the fibula. It then descends on the anterior surface of the interosseous membrane, gradually approaching the tibia; at the lower part of the leg it lies on this bone, and then on the front of the ankle-joint, where it is more superficial, and becomes the dorsalis pedis.
Relations.—In the upper two-thirds of its extent, the anterior tibial artery rests upon the interosseous membrane; in the lower third, upon the front of the tibia, and the anterior ligament of the ankle-joint. In the upper third of its course, it lies between the Tibialis anterior and Extensor digitorum longus; in the middle third between the Tibialis anterior and Extensor hallucis longus. At the ankle it is crossed from the lateral to the medial side by the tendon of the Extensor hallucis longus, and lies between it and the first tendon of the Extensor digitorum longus. It is covered in the upper two-thirds of its course, by the muscles which lie on either side of it, and by the deep fascia; in the lower third, by the integument and fascia, and the transverse and cruciate crural ligaments.

The anterior tibial artery is accompanied by a pair of venae comitantes which lie one on either side of the artery; the deep peroneal nerve, coursing around the lateral side of the neck of the fibula, comes into relation with the lateral side of the artery shortly after it has reached the front of the leg; about the middle of the leg the nerve is in front of the artery; at the lower part it is generally again on the lateral side.

Peculiarities in Size.—This vessel may be diminished in size, may be deficient to a greater or less extent, or may be entirely wanting, its place being supplied by perforating branches from the posterior tibial, or by the perforating branch of the peroneal artery.

Course.—The artery occasionally deviates toward the fibular side of the leg, regaining its usual position at the front of the ankle. In rare instances the vessel has been found to approach the surface in the middle of the leg, being covered merely by the integument and fascia below that point.

Branches.—The branches of the anterior tibial artery are:

Posterior Tibial Recurrent.

Muscular.

Fibular.

Anterior Medial Malleolar.

Anterior Tibial Recurrent.

Anterior Lateral Malleolar.

The posterior tibial recurrent artery (a. recurrens tibialis posterior) an inconstant branch, is given off from the anterior tibial before that vessel passes through the interosseous space. It ascends in front of the Popliteus, which it supplies, and anastomoses with the inferior genicular branches of the popliteal artery, giving an offset to the tibiofibular joint.

The fibular artery is sometimes derived from the anterior tibial, sometimes from the posterior tibial. It passes lateralward, around the neck of the fibula, through the Soleus, which it supplies, and ends in the substance of the Peroneus longus.

The anterior tibial recurrent artery (a. recurrens tibialis anterior) arises from the anterior tibial, as soon as that vessel has passed through the interosseous space; it ascends in the Tibialis anterior, ramifies on the front and sides of the knee-joint, and assists in the formation of the patellar plexus by anastomosing with the genicular branches of the popliteal, and with the highest genicular artery.

The muscular branches (rami musculares) are numerous; they are distributed to the muscles which lie on either side of the vessel, some piercing the deep fascia to supply the integument, others passing through the interosseous membrane, and anastomosing with branches of the posterior tibial and peroneal arteries.

The anterior medial malleolar artery (a. malleolaris anterior medialis; internal malleolar artery) arises about 5 cm. above the ankle-joint and passes behind the tendons of the Extensor hallucis longus and Tibialis anterior, to the medial side of the ankle, upon which it ramifies, anastomosing with branches of the posterior tibial and medial plantar arteries and with the medial calcaneal from the posterior tibial.

The anterior lateral malleolar artery (a. malleolaris anterior lateralis; external malleolar artery) passes beneath the tendons of the Extensor digitorum longus and Peronaeus tertius and supplies the lateral side of the ankle, anastomosing with the perforating branch of the peroneal artery, and with ascending twigs from the lateral tarsal artery.

The arteries around the ankle-joint anastomose freely with one another and form net-works below the corresponding malleoli. The medial malleolar net-work is formed by the anterior medial malleolar branch of the anterior tibial, the medial tarsal branches of the dorsalis pedis, the posterior medial malleolar and medial calcaneal branches of the posterior tibial and branches from the medial plantar artery. The lateral malleolar net-work is formed by the anterior lateral malleolar branch of the anterior tibial, the lateral tarsal branch of the dorsalis pedis, the perforating and the lateral calcaneal branches of the peroneal, and twigs from the lateral plantar artery.

The Posterior Tibial Artery
(A. Tibialis Posterior)
The posterior tibial artery begins at the lower border of the Popliteus, opposite the interval between the tibia and fibula; it extends obliquely downward, and, as it descends, it approaches the tibial side of the leg, lying behind the tibia, and in the lower part of its course is situated midway between the medial malleolus and the medial process of the calcaneal tuberosity. Here it divides beneath the origin of the Adductor hallucis into the medial and lateral plantar arteries.
Relations.—The posterior tibial artery lies successively upon the Tibialis posterior, the Flexor digitorum longus, the tibia, and the back of the ankle-joint. It is covered by the deep transverse fascia of the leg, which separates it above from the Gastrocnemius and Soleus; at its termination it is covered by the Abductor hallucis. In the lower third of the leg, where it is more superficial, it is covered only by the integument and fascia, and runs parallel with the medial border of the tendo calcaneus. It is accompanied by two veins, and by the tibial nerve, which lies at first to the medial side of the artery, but soon crosses it posteriorly, and is in the greater part of its course on its lateral side.

Behind the medial malleolus, the tendons, bloodvessels, and nerve are arranged, under cover of the laciniate ligament, in the following order from the medial to the lateral side: (1) the tendons of the Tibialis posterior and Flexor digitorum longus, lying in the same groove, behind the malleolus, the former being the more medial. Next is the posterior tibial artery, with a vein on either side of it; and lateral to the vessels is the tibial nerve; about 1.25 cm. nearer the heel is the tendon of the Flexor hallucis longus.

Peculiarities in Size.—The posterior tibial is not infrequently smaller than usual, or absent, its place being supplied by a large peroneal artery, which either joins the small posterior tibial artery, or continues alone to the sole of the foot.

Branches.—The branches of the posterior tibial artery are:

Peroneal.

Posterior Medial Malleolar.

Nutrient.

Communicating.

Muscular.

Medial Calcaneal.

The peroneal artery (a. peronaea) is deeply seated on the back of the fibular side of the leg. It arises from the posterior tibial, about 2.5 cm. below the lower border of the Popliteus, passes obliquely toward the fibula, and then descends along the medial side of that bone, contained in a fibrous canal between the Tibialis posterior and the Flexor hallucis longus, or in the substance of the latter muscle. It then runs behind the tibiofibular syndesmosis and divides into lateral calcaneal branches which ramify on the lateral and posterior surfaces of the calcaneus.

It is covered, in the upper part of its course, by the Soleus and deep transverse fascia of the leg; below, by the Flexor hallucis longus.

Peculiarities in Origin.—The peroneal artery may arise 7 or 8 cm. below the Popliteus, or from the posterior tibial high up, or even from the popliteal.

Its size is more frequently increased than diminished; and then it either reinforces the posterior tibial by its junction with it, or altogether takes the place of the posterior tibial in the lower part of the leg and foot, the latter vessel only existing as a short muscular branch. In those rare cases where the peroneal artery is smaller than usual, a branch from the posterior tibial supplies its place; and a branch from the anterior tibial compensates for the diminished anterior peroneal artery. In one case the peroneal artery was entirely wanting.

Branches.—The branches of the peroneal are:

Muscular.

Perforating.

Nutrient.

Communicating.

Lateral Calcaneal.

Muscular Branches.—The peroneal artery, in its course, gives off branches to the Soleus, Tibialis posterior, Flexor hallucis longus, and Peronei.

The Nutrient Artery (a. nutricia fibulae) supplies the fibula, and is directed downward.

The Perforating Branch (ramus perforans; anterior peroneal artery) pierces the interosseous membrane, about 5 cm. above the lateral malleolus, to reach the front of the leg, where it anastomoses with the anterior lateral malleolar; it then passes down in front of the tibiofibular syndesmosis, gives branches to the tarsus, and anastomoses with the lateral tarsal. The perforating branch is sometimes enlarged, and takes the place of the dorsalis pedis artery.

The Communicating Branch (ramus communicans) is given off from the peroneal about 2.5 cm. from its lower end, and joins the communicating branch of the posterior tibial.

The Lateral Calcaneal (ramus calcaneus lateralis; external calcaneal) are the terminal branches of the peroneal artery; they pass to the lateral side of the heel, and communicate with the lateral malleolar and, on the back of the heel, with the medial calcaneal arteries.

The nutrient artery (a. nutricia tibiae) of the tibia arises from the posterior tibial, near its origin, and after supplying a few muscular branches enters the nutrient canal of the bone, which it traverses obliquely from above downward. This is the largest nutrient artery of bone in the body.

The muscular branches of the posterior tibial are distributed to the Soleus and deep muscles along the back of the leg.

The posterior medial malleolar artery (a. malleolaris posterior medialis; internal malleolar artery) is a small branch which winds around the tibial malleolus and ends in the medial malleolar net-work.

The communicating branch (ramus communicans) runs transversely across the back of the tibia, about 5 cm. above its lower end, beneath the Flexor hallucis longus, and joins the communicating branch of the peroneal.

The medial calcaneal (rami calcanei mediales; internal calcaneal) are several large arteries which arise from the posterior tibial just before its division; they pierce the laciniate ligament and are distributed to the fat and integument behind the tendo calcaneus and about the heel, and to the muscles on the tibial side of the sole, anastomosing with the peroneal and medial malleolar and, on the back of the heel, with the lateral calcaneal arteries.

The medial plantar artery (a. plantaris medialis; internal plantar artery), much smaller than the lateral, passes forward along the medial side of the foot. It is at first situated above the Abductor hallucis, and then between it and the Flexor digitorum brevis, both of which it supplies. At the base of the first metatarsal bone, where it is much diminished in size, it passes along the medial border of the first toe, anastomosing with the first dorsal metatarsal artery. Small superficial digital branches accompany the digital branches of the medial plantar nerve and join the plantar metatarsal arteries of the first three spaces.

The lateral plantar artery (a. plantaris lateralis; external plantar artery), much larger than the medial, passes obliquely lateralward and forward to the base of the fifth metatarsal bone. It then turns medialward to the interval between the bases of the first and second metatarsal bones, where it unites with the deep plantar branch of the dorsalis pedis artery, thus completing the plantar arch. As this artery passes lateralward, it is first placed between the calcaneus and Abductor hallucis, and then between the Flexor digitorum brevis and Quadratus plantae as it runs forward to the base of the little toe it lies more superficially between the Flexor digitorum brevis and Abductor digiti quinti, covered by the plantar aponeurosis and integument. The remaining portion of the vessel is deeply situated; it extends from the base of the fifth metatarsal bone to the proximal part of the first interosseous space, and forms the plantar arch; it is convex forward, lies below the bases of the second, third, and fourth metatarsal bones and the corresponding Interossei, and upon the oblique part of the Adductor hallucis.

Branches.—The plantar arch, besides distributing numerous branches to the muscles, integument, and fasciae in the sole, gives off the following branches:

Perforating.

Plantar Metatarsal.

The Perforating Branches (rami perforantes) are three in number; they ascend through the proximal parts of the second, third, and fourth interosseous spaces, between the heads of the Interossei dorsales, and anastomose with the dorsal metatarsal arteries.

The Plantar Metatarsal Arteries (aa. metatarseae plantares; digital branches) are four in number, and run forward between the metatarsal bones and in contact with the Interossei. Each divides into a pair of plantar digital arteries which supply the adjacent sides of the toes. Near their points of division each sends upward an anterior perforating branch to join the corresponding dorsal metatarsal artery. The first plantar metatarsal artery (arteria princeps hallucis) springs from the junction between the lateral plantar and deep plantar arteries and sends a digital branch to the medial side of the first toe. The digital branch for the lateral side of the fifth toe arise from the lateral plantar artery near the base of the fifth metatarsal bone.

The Popliteal Artery
(A. Poplitea)
The popliteal artery is the continuation of the femoral, and courses through the popliteal fossa. It extends from the opening in the Adductor magnus, at the junction of the middle and lower thirds of the thigh, downward and lateralward to the intercondyloid fossa of the femur, and then vertically downward to the lower border of the Popliteus, where it divides into anterior and posterior tibial arteries.
Relations.—In front of the artery from above downward are the popliteal surface of the femur (which is separated from the vessel by some fat), the back of the knee-joint, and the fascia covering the Popliteus. Behind, it is overlapped by the Semimembranosus above, and is covered by the Gastrocnemius and Plantaris below. In the middle part of its course the artery is separated from the integument and fasciae by a quantity of fat, and is crossed from the lateral to the medial side by the tibial nerve and the popliteal vein, the vein being between the nerve and the artery and closely adherent to the latter. On its lateral side, above, are the Biceps femoris, the tibial nerve, the popliteal vein, and the lateral condyle of the femur; below, the Plantaris and the lateral head of the Gastrocnemius. On its medial side, above, are the Semimembranosus and the medial condyle of the femur; below, the tibial nerve, the popliteal vein, and the medial head of the Gastrocnemius. The relations of the popliteal lymph glands to the artery are described above.

Peculiarities in Point of Division.—Occasionally the popliteal artery divides into its terminal branches opposite the knee-joint. The anterior tibial under these circumstances usually passes in front of the Popliteus.

Unusual Branches.—The artery sometimes divides into the anterior tibial and peroneal, the posterior tibial being wanting, or very small. Occasionally it divides into three branches, the anterior and posterior tibial, and peroneal.

Branches.—The branches of the popliteal artery are:

Muscular

Superior

Lateral Superior Genicular.

Sural.

Middle Genicular.

Cutaneous.

Medial Inferior Genicular.

Medial Superior Genicular

Lateral Inferior Genicular.

The superior muscular branches, two or three in number, arise from the upper part of the artery, and are distributed to the lower parts of the Adductor magnus and hamstring muscles, anastomosing with the terminal part of the profunda femoris.

The sural arteries (aa. surales; inferior muscular arteries) are two large branches, which are distributed to the Gastrocnemius, Soleus, and Plantaris. They arise from the popliteal artery opposite the knee-joint.

The cutaneous branches arise either from the popliteal artery or from some of its branches; they descend between the two heads of the Gastrocnemius, and, piercing the deep fascia, are distributed to the skin of the back of the leg. One branch usually accompanies the small saphenous vein.

The superior genicular arteries (aa. genu superiores; superior articular arteries), two in number, arise one on either side of the popliteal, and wind around the femur immediately above its condyles to the front of the knee-joint. The medial superior genicular runs in front of the Semimembranosus and Semitendinosus, above the medial head of the Gastrocnemius, and passes beneath the tendon of the Adductor magnus. It divides into two branches, one of which supplies the Vastus medialis, anastomosing with the highest genicular and medial inferior genicular arteries; the other ramifies close to the surface of the femur, supplying it and the knee-joint, and anastomosing with the lateral superior genicular artery. The medial superior genicular artery is frequently of small size, a condition, which is associated with an increase in the size of the highest genicular. The lateral superior genicular passes above the lateral condyle of the femur, beneath the tendon of the Biceps femoris, and divides into a superficial and a deep branch; the superficial branch supplies the Vastus lateralis, and anastomoses with the descending branch of the lateral femoral circumflex and the lateral inferior genicular arteries; the deep branch supplies the lower part of the femur and knee-joint, and forms an anastomotic arch across the front of the bone with the highest genicular and the medial inferior genicular arteries.

The middle genicular artery (a. genu media; azygos articular artery) is a small branch, arising opposite the back of the knee-joint. It pierces the oblique popliteal ligament, and supplies the ligaments and synovial membrane in the interior of the articulation.

The inferior genicular arteries (aa. genu inferiores; inferior articular arteries), two in number, arise from the popliteal beneath the Gastrocnemius. The medial inferior genicular first descends along the upper margin of the Popliteus, to which it gives branches; it then passes below the medial condyle of the tibia, beneath the tibial collateral ligament, at the anterior border of which it ascends to the front and medial side of the joint, to supply the upper end of the tibia and the articulation of the knee, anastomosing with the lateral inferior and medial superior genicular arteries. The lateral inferior genicular runs lateralward above the head of the fibula to the front of the knee-joint, passing in its course beneath the lateral head of the Gastrocnemius, the fibular collateral ligament, and the tendon of the Biceps femoris. It ends by dividing into branches, which anastomose with the medial inferior and lateral superior genicular arteries, and with the anterior recurrent tibial artery.

The Anastomosis Around the Knee-joint.—Around and above the patella, and on the contiguous ends of the femur and tibia, is an intricate net-work of vessels forming a superficial and a deep plexus. The superficial plexus is situated between the fascia and skin around about the patella, and forms three well-defined arches: one, above the upper border of the patella, in the loose connective tissue over the Quadriceps femoris; the other two, below the level of the patella, are situated in the fat behind the ligamentum patellae. The deep plexus, which forms a close net-work of vessels, lies on the lower end of the femur and upper end of the tibia around their articular surfaces, and sends numerous offsets into the interior of the joint. The arteries which form this plexus are the two medial and the two lateral genicular branches of the popliteal, the highest genicular, the descending branch of the lateral femoral circumflex, and the anterior recurrent tibial

The Arteria Dorsalis Pedis
(Dorsalis Pedis Artery)
The arteria dorsalis pedis, the continuation of the anterior tibial, passes forward from the ankle-joint along the tibial side of the dorsum of the foot to the proximal part of the first intermetatarsal space, where it divides into two branches, the first dorsal metatarsal and the deep plantar.
Relations.—This vessel, in its course forward, rests upon the front of the articular capsule of the ankle-joint, the talus, navicular, and second cuneiform bones, and the ligaments connecting them, being covered by the integument, fascia and cruciate ligament, and crossed near its termination by the first tendon of the Extensor digitorum brevis. On its tibial side is the tendon of the Extensor hallucis longus; on its fibular side, the first tendon of the Extensor digitorum longus, and the termination of the deep peroneal nerve. It is accompanied by two veins.

Peculiarities in Size.—The dorsal artery of the foot may be larger than usual, to compensate for a deficient plantar artery; or its terminal branches to the toes may be absent, the toes then being supplied by the medial plantar; or its place may be taken altogether by a large perforating branch of the peroneal artery.

Position.—This artery frequently curves lateralward, lying lateral to the line between the middle of the ankle and the back part of the first interosseous space.

Branches.—The branches of the arteria dorsalis pedis are:

Lateral Tarsal.

Arcuate.

Medial Tarsal.

First Dorsal Metatarsal.

Deep Plantar.

The lateral tarsal artery (a. tarsea lateralis; tarsal artery) arises from the dorsalis pedis, as that vessel crosses the navicular bone; it passes in an arched direction lateralward, lying upon the tarsal bones, and covered by the Extensor digitorum brevis; it supplies this muscle and the articulations of the tarsus, and anastomoses with branches of the arcuate, anterior lateral malleolar and lateral plantar arteries, and with the perforating branch of the peroneal artery.

The medial tarsal arteries (aa. tarseae mediales) are two or three small branches which ramify on the medial border of the foot and join the medial malleolar net-work.

The arcuate artery (a. arcuata; metatarsal artery) arises a little anterior to the lateral tarsal artery; it passes lateralward, over the bases of the metatarsal bones, beneath the tendons of the Extensor digitorum brevis, its direction being influenced by its point of origin; and its anastomoses with the lateral tarsal and lateral plantar arteries. This vessel gives off the second, third, and fourth dorsal metatarsal arteries, which run forward upon the corresponding Interossei dorsales; in the clefts between the toes, each divides into two dorsal digital branches for the adjoining toes. At the proximal parts of the interosseous spaces these vessels receive the posterior perforating branches from the plantar arch, and at the distal parts of the spaces they are joined by the anterior perforating branches, from the plantar metatarsal arteries. The fourth dorsal metatarsal artery gives off a branch which supplies the lateral side of the fifth toe.

The first dorsal metatarsal artery (a. dorsalis hallucis) runs forward on the first Interosseous dorsalis, and at the cleft between the first and second toes divides into two branches, one of which passes beneath the tendon of the Extensor hallucis longus, and is distributed to the medial border of the great toe; the other bifurcates to supply the adjoining sides of the great and second toes.

The deep plantar artery (ramus plantaris profundus; communicating artery) descends into the sole of the foot, between the two heads of the first Interosseous dorsalis, and unites with the termination of the lateral plantar artery, to complete the plantar arch. It sends a branch along the medial side of the great toe, and is continued forward along the first interosseous space as the first plantar metatarsal artery, which bifurcates for the supply of the adjacent sides of the great and second toes.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· external iliac artery

· inferior epigastric artery

· femoral artery

· superficial epigastric artery

· deep femoral artery

· medial circumflex femoral artery

· lateral circumflex femoral artery

· descending genicular artery

· popliteal artery

· lateral superior genicular artery

· medial superior genicular artery

· lateral inferior genicular artery

· medial inferior genicular artery

· medial genicular artery

· anterior tibial artery

· dorsal artery of foot

· dorsalis pedis artery 

· arcuate artery

· posterior tibial artery

· fibular (peroneal) artery

Practice class 36. The veins of the extremities. The superior and inferior venae cavae.

The aim: to learn the topography of the veins of the extremities, the superior and inferior venae cavae.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially therapeutisis, traumatologists, surgeons.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 30 minutes.

a) The superior vena cava.

b) The veins of the upper extremity.

c) The inferior vena cava.

d) The veins of the lower extremity.
C. Students’ self-taught time – 55 minutes

D. Home-task – 5 minutes

The superior vena cava (v. cava superior) drains the blood from the upper half of the body. It measures about 7 cm. in length, and is formed by the junction of the two innominate veins. It begins immediately below the cartilage of the right first rib close to the sternum, and, descending vertically behind the first and second intercostal spaces, ends in the upper part of the right atrium opposite the upper border of the third right costal cartilage: the lower half of the vessel is within the pericardium. In its course it describes a slight curve, the convexity of which is to the right side.

   
Relations.—In front are the anterior margins of the right lung and pleura with the pericardium intervening below; these separate it from the first and second intercostal spaces and from the second and third right costal cartilages; behind it are the root of the right lung and the right vagus nerve. On its right side are the phrenic nerve and right pleura; on its left side, the commencement of the innominate artery and the ascending aorta, the latter overlapping it. Just before it pierces the pericardium, it receives the azygos vein and several small veins from the pericardium and other contents of the mediastinal cavity. The portion contained within the pericardium is covered, in front and laterally, by the serous layer of the membrane. The superior vena cava has no valves.

The veins of the upper extremity are divided into two sets, superficial and deep; the two sets anastomose frequently with each other. The superficial veins are placed immediately beneath the integument between the two layers of superficial fascia. The deep veins accompany the arteries, and constitute the venae comitantes of those vessels. Both sets are provided with valves, which are more numerous in the deep than in the superficial veins.

  The superficial veins of the upper extremity are the digital, metacarpal, cephalic, basilic, median.
Digital Veins.—The dorsal digital veins pass along the sides of the fingers and are joined to one another by oblique communicating branches. Those from the adjacent sides of the fingers unite to form three dorsal metacarpal veins  which end in a dorsal venous net-work opposite the middle of the metacarpus. The radial part of the net-work is joined by the dorsal digital vein from the radial side of the index finger and by the dorsal digital veins of the thumb, and is prolonged upward as the cephalic vein. The ulnar part of the net-work receives the dorsal digital vein of the ulnar side of the little finger and is continued upward as the basilic vein. A communicating branch frequently connects the dorsal venous network with the cephalic vein about the middle of the forearm.

  The volar digital veins on each finger are connected to the dorsal digital veins by oblique intercapitular veins. They drain into a venous plexus which is situated over the thenar and hypothenar eminences and across the front of the wrist.

The cephalic vein  begins in the radial part of the dorsal venous net-work and winds upward around the radial border of the forearm, receiving tributaries from both surfaces. Below the front of the elbow it gives off the vena mediana cubiti (median basilic vein), which receives a communicating branch from the deep veins of the forearm and passes across to join the basilic vein. The cephalic vein then ascends in front of the elbow in the groove between the Brachioradialis and the Biceps brachii. It crosses superficial to the musculocutaneous nerve and ascends in the groove along the lateral border of the Biceps brachii. In the upper third of the arm it passes between the Pectoralis major and Deltoideus, where it is accompanied by the deltoid branch of the thoracoacromial artery. It pierces the coracoclavicular fascia and, crossing the axillary artery, ends in the axillary vein just below the clavicle. Sometimes it communicates with the external jugular vein by a branch which ascends in front of the clavicle.

  The accessory cephalic vein (v. cephalica accessoria) arises either from a small tributory plexus on the back of the forearm or from the ulnar side of the dorsal venous net-work; it joins the cephalic below the elbow. In some cases the accessory cephalic springs from the cephalic above the wrist and joins it again higher up. A large oblique branch frequently connects the basilic and cephalic veins on the back of the forearm.

  The basilic vein (v. basilica) begins in the ulnar part of the dorsal venous network. It runs up the posterior surface of the ulnar side of the forearm and inclines forward to the anterior surface below the elbow, where it is joined by the vena mediana cubiti. It ascends obliquely in the groove between the Biceps brachii and Pronator teres and crosses the brachial artery, from which it is separated by the lacertus fibrosus; filaments of the medial antibrachial cutaneous nerve pass both in front of and behind this portion of the vein. It then runs upward along the medial border of the Biceps brachii, perforates the deep fascia a little below the middle of the arm, and, ascending on the medial side of the brachial artery to the lower border of the Teres major, is continued onward as the axillary vein.

The median antibrachial vein (v. mediana antibrachii) drains the venous plexus on the volar surface of the hand. It ascends on the ulnar side of the front of the forearm and ends in the basilic vein or in the vena mediana cubiti; in a small proportion of cases it divides into two branches, one of which joins the basilic, the other the cephalic, below the elbow.

  The deep veins follow the course of the arteries, forming their venae comitantes. They are generally arranged in pairs, and are situated one on either side of the corresponding artery, and connected at intervals by short transverse branches.

Deep Veins of the Hand.—The superficial and deep volar arterial arches are each accompanied by a pair of venae comitantes which constitute respectively the superficial and deep volar venous arches, and receive the veins corresponding to the branches of the arterial arches; thus the common volar digital veins, formed by the union of the proper volar digital veins, open into the superficial, and the volar metacarpal veins into the deep volar venous arches. The dorsal metacarpal veins receive perforating branches from the volar metacarpal veins and end in the radial veins and in the superficial veins on the dorsum of the wrist.

  The deep veins of the forearm are the venae comitantes of the radial and ulnar veins and constitute respectively the upward continuations of the deep and superficial volar venous arches; they unite in front of the elbow to form the brachial veins. The radial veins are smaller than the ulnar and receive the dorsal metacarpal veins. The ulnar veins receive tributaries from the deep volar venous arches and communicate with the superficial veins at the wrist; near the elbow they receive the volar and dorsal interosseous veins and send a large communicating branch (profunda vein) to the vena mediana cubiti.

The brachial veins (vv. brachiales) are placed one on either side of the brachial artery, receiving tributaries corresponding with the branches given off from that vessel; near the lower margin of the Subscapularis, they join the axillary vein; the medial one frequently joins the basilic vein.

   
  These deep veins have numerous anastomoses, not only with each other, but also with the superficial veins.

   
  The axillary vein (v. axillaris) begins at the lower border of the Teres major, as the continuation of the basilic vein, increases in size as it ascends, and ends at the outer border of the first rib as the subclavian vein. Near the lower border of the Subscapularis it receives the brachial veins and, close to its termination, the cephalic vein; its other tributaries correspond with the branches of the axillary artery. It lies on the medial side of the artery, which it partly overlaps; between the two vessels are the medial cord of the brachial plexus, the median, the ulnar, and the medial anterior thoracic nerves. It is provided with a pair of valves opposite the lower border of the Subscapularis; valves are also found at the ends of the cephalic and subscapular veins.

  The subclavian vein (v. subclavia), the continuation of the axillary, extends from the outer border of the first rib to the sternal end of the clavicle, where it unites with the internal jugular to form the innominate vein. It is in relation, in front, with the clavicle and Subclavius; behind and above, with the subclavian artery, from which it is separated medially by the Scalenus anterior and the phrenic nerve. Below, it rests in a depression on the first rib and upon the pleura. It is usually provided with a pair of valves, which are situated about 2.5 cm. from its termination.

   
The subclavian vein occasionally rises in the neck to a level with the third part of the subclavian artery, and occasionally passes with this vessel behind the Scalenus anterior.

   
 Tributaries.—This vein receives the external jugular vein, sometimes the anterior jugular vein, and occasionally a small branch, which ascends in front of the clavicle, from the cephalic. At its angle of junction with the internal jugular, the left subclavian vein receives the thoracic duct, and the right subclavian vein the right lymphatic duct.

  The inferior vena cava (v. cava inferior) returns to the heart the blood from the parts below the diaphragm. It is formed by the junction of the two common iliac veins, on the right side of the fifth lumbar vertebra. It ascends along the front of the vertebral column, on the right side of the aorta, and, having reached the liver, is continued in a groove on its posterior surface. It then perforates the diaphragm between the median and right portions of its central tendon; it subsequently inclines forward and medialward for about 2.5 cm., and, piercing the fibrous pericardium, passes behind the serous pericardium to open into the lower and back part of the right atrium. In front of its atrial orifice is a semilunar valve, termed the valve of the inferior vena cava: this is rudimentary in the adult, but is of large size and exercises an important function in the fetus  

Relations.—The abdominal portion of the inferior vena cava is in relation in front, from below upward, with the right common iliac artery, the mesentery, the right internal spermatic artery, the inferior part of the duodenum, the pancreas, the common bile duct, the portal vein, and the posterior surface of the liver; the last partly overlaps and occasionally completely surrounds it; behind, with the vertebral column, the right Psoas major, the right crus of the diaphragm, the right inferior phrenic, suprarenal, renal and lumbar arteries, right sympathetic trunk and right celiac ganglion, and the medial part of the right suprarenal gland; on the right side, with the right kidney and ureter; on the left side, with the aorta, right crus of the diaphragm, and the caudate lobe of the liver.

  The thoracic portion is only about 2.5 cm. in length, and is situated partly inside and partly outside the pericardial sac. The extrapericardial part is separated from the right pleura and lung by a fibrous band, named the right phrenicopericardiac ligament. This ligament, often feebly marked, is attached below to the margin of the vena-caval opening in the diaphragm, and above to the pericardium in front of and behind the root of the right lung. The intrapericardiac part is very short, and is covered antero-laterally by the serous layer of the pericardium. 

Peculiarities.—In Position.—This vessel is sometimes placed on the left side of the aorta, as high as the left renal vein, and, after receiving this vein, crosses over to its usual position on the right side; or it may be placed altogether on the left side of the aorta, and in such a case the abdominal and thoracic viscera, together with the great vessels, are all transposed.

  Point of Termination.—Occasionally the inferior vena cava joins the azygos vein, which is then of large size. In such cases, the superior vena cava receives the whole of the blood from the body before transmitting it to the right atrium, except the blood from the hepatic veins, which passes directly into the right atrium.

 

Tributaries.—The inferior vena cava receives the following veins:

Lumbar.

Renal.

Inferior Phrenic.

Right Spermatic (Testicular)  or Ovarian.

Suprarenal.

Hepatic.

The veins of the lower extremity are subdivided, like those of the upper, into two sets, superficial and deep; the superficial veins are placed beneath the integument between the two layers of superficial fascia; the deep veins accompany the arteries. Both sets of veins are provided with valves, which are more numerous in the deep than in the superficial set. Valves are also more numerous in the veins of the lower than in those of the upper limb.

  The superficial veins of the lower extremity are the great and small saphenous veins and their tributaries.

  On the dorsum of the foot the dorsal digital veins receive, in the clefts between the toes, the intercapitular veins from the plantar cutaneous venous arch and join to form short common digital veins which unite across the distal ends of the metatarsal bones in a dorsal venous arch. Proximal to this arch is an irregular venous net-work which receives tributaries from the deep veins and is joined at the sides of the foot by a medial and a lateral marginal vein, formed mainly by the union of branches from the superficial parts of the sole of the foot.

  On the sole of the foot the superficial veins form a plantar cutaneous venous arch which extends across the roots of the toes and opens at the sides of the foot into the medial and lateral marginal veins. Proximal to this arch is a plantar cutaneous venous net-work which is especially dense in the fat beneath the heel; this net-work communicates with the cutaneous venous arch and with the deep veins, but is chiefly drained into the medial and lateral marginal veins.

  The great saphenous vein (v. saphena magna; internal or long saphenous vein) the longest vein in the body, begins in the medial marginal vein of the dorsum of the foot and ends in the femoral vein about 3 cm. below the inguinal ligament. It ascends in front of the tibial malleolus and along the medial side of the leg in relation with the saphenous nerve. It runs upward behind the medial condyles of the tibia and femur and along the medial side of the thigh and, passing through the fossa ovalis, ends in the femoral vein.

 

Tributaries.—At the ankle it receives branches from the sole of the foot through the medial marginal vein; in the leg it anastomoses freely with the small saphenous vein, communicates with the anterior and posterior tibial veins and receives many cutaneous veins; in the thigh it communicates with the femoral vein and receives numerous tributaries; those from the medial and posterior parts of the thigh frequently unite to form a large accessory saphenous vein which joins the main vein at a variable level. Near the fossa ovalis it is joined by the superficial epigastric, superficial iliac circumflex, and superficial external pudendal veins. A vein, named the thoracoepigastric, runs along the lateral aspect of the trunk between the superficial epigastric vein below and the lateral thoracic vein above and establishes an important communication between the femoral and axillary veins.

The valves in the great saphenous vein vary from ten to twenty in number; they are more numerous in the leg than in the thigh.

  

The small saphenous vein (v. saphena parva; external or short saphenous vein) begins behind the lateral malleolus as a continuation of the lateral marginal vein; it first ascends along the lateral margin of the tendocalcaneus, and then crosses it to reach the middle of the back of the leg. Running directly upward, it perforates the deep fascia in the lower part of the popliteal fossa, and ends in the popliteal vein, between the heads of the Gastrocnemius. It communicates with the deep veins on the dorsum of the foot, and receives numerous large tributaries from the back of the leg. Before it pierces the deep fascia, it gives off a branch which runs upward and forward to join the great saphenous vein. The small saphenous vein possesses from nine to twelve valves, one of which is always found near its termination in the popliteal vein. In the lower third of the leg the small saphenous vein is in close relation with the sural nerve, in the upper two-thirds with the medial sural cutaneous nerve.

  The deep veins of the lower extremity accompany the arteries and their branches; they possess numerous valves.

  The plantar digital veins (vv. digitales plantares) arise from plexuses on the plantar surfaces of the digits, and, after sending intercapitular veins to join the dorsal digital veins, unite to form four metatarsal veins; these run backward in the metatarsal spaces, communicate, by means of perforating veins, with the veins on the dorsum of the foot, and unite to form the deep plantar venous arch which lies alongside the plantar arterial arch. From the deep plantar venous arch the medial and lateral plantar veins run backward close to the corresponding arteries and, after communicating with the great and small saphenous veins, unite behind the medial malleolus to form the posterior tibial veins.

  The posterior tibial veins (vv. tibiales posteriores) accompany the posterior tibial artery, and are joined by the peroneal veins.
   
  The anterior tibial veins (vv. tibiales anteriores) are the upward continuation of the venae comitantes of the dorsalis pedis artery. They leave the front of the leg by passing between the tibia and fibula, over the interosseous membrane, and unite with the posterior tibial, to form the popliteal vein.
   
  The Popliteal Vein (v. poplitea) is formed by the junction of the anterior and posterior tibial veins at the lower border of the Popliteus; it ascends through the popliteal fossa to the aperture in the Adductor magnus, where it becomes the femoral vein. In the lower part of its course it is placed medial to the artery; between the heads of the Gastrocnemius it is superficial to that vessel; but above the knee-joint, it is close to its lateral side. It receives tributaries corresponding to the branches of the popliteal artery, and it also receives the small saphenous vein. The valves in the popliteal vein are usually four in number.

   
  The femoral vein (v. femoralis) accompanies the femoral artery through the upper two-thirds of the thigh. In the lower part of its course it lies lateral to the artery; higher up, it is behind it; and at the inguinal ligament, it lies on its medial side, and on the same plane. It receives numerous muscular tributaries, and about 4 cm. below the inguinal ligament is joined by the v. profunda femoris; near its termination it is joined by the great saphenous vein. The valves in the femoral vein are three in number.

  The Deep Femoral Vein (v. profunda femoris) receives tributaries corresponding to the perforating branches of the profunda artery, and through these establishes communications with the popliteal vein below and the inferior gluteal vein above. It also receives the medial and lateral femoral circumflex veins.

The external iliac vein (v. iliaca externa), the upward continuation of the femoral vein, begins behind the inguinal ligament, and, passing upward along the brim of the lesser pelvis, ends opposite the sacroiliac articulation, by uniting with the hypogastric vein to form the common iliac vein. On the right side, it lies at first medial to the artery: but, as it passes upward, gradually inclines behind it. On the left side, it lies altogether on the medial side of the artery. It frequently contains one, sometimes two, valves.

 

Tributaries.—The external iliac vein receives the inferior epigastric, deep iliac circumflex, and pubic veins.

  The Inferior Epigastric Vein (v. epigastrica inferior; deep epigastric vein) is formed by the union of the venae comitantes of the inferior epigastric artery, which communicate above with the superior epigastric vein; it joins the external iliac about 1.25 cm. above the inguinal ligament.

  The Deep Iliac Circumflex Vein (v. circumflexa ilium profunda) is formed by the union of the venae comitantes of the deep iliac circumflex artery, and joins the external iliac vein about 2 cm. above the inguinal ligament.

   The Pubic Vein communicates with the obturator vein in the obturator foramen, and ascends on the back of the pubis to the external iliac vein.

  The internal iliac or hypogastric vein (v. hypogastrica; internal iliac vein) begins near the upper part of the greater sciatic foramen, passes upward behind and slightly medial to the hypogastric artery and, at the brim of the pelvis, joins with the external iliac to form the common iliac vein.

Tributaries.—With the exception of the fetal umbilical vein which passes upward and backward from the umbilicus to the liver, and the iliolumbar vein which usually joins the common iliac vein, the tributaries of the hypogastric vein correspond with the branches of the hypogastric artery. It receives the gluteal, internal pudendal, and obturator veins, which have their origins outside the pelvis;  the lateral sacral veins, which lie in front of the sacrum; and the middle hemorrhoidal, vesical, uterine, and vaginal veins, which originate in venous plexuses connected with the pelvic viscera.

  1. The Superior Gluteal Veins (vv. glutaeae superiores; gluteal veins) are venae comitantes of the superior gluteal artery; they receive tributaries from the buttock corresponding with the branches of the artery, and enter the pelvis through the greater sciatic foramen, above the Piriformis, and frequently unite before ending in the hypogastric vein.

2. The Inferior Gluteal Veins (vv. glutaeae inferiores; sciatic veins), or venae comitantes of the inferior gluteal artery, begin on the upper part of the back of the thigh, where they anastomose with the medial femoral circumflex and first perforating veins. They enter the pelvis through the lower part of the greater sciatic foramen and join to form a single stem which opens into the lower part of the hypogastric vein.

  3. The Internal Pudendal Veins (internal pudic veins) are the venae comitantes of the internal pudendal artery. They begin in the deep veins of the penis which issue from the corpus cavernosum penis, accompany the internal pudendal artery, and unite to form a single vessel, which ends in the hypogastric vein. They receive the veins from the urethral bulb, and the perineal and inferior hemorrhoidal veins. The deep dorsal vein of the penis communicates with the internal pudendal veins, but ends mainly in the pudendal plexus.

 
4. The Obturator Vein (v. obturatoria) begins in the upper portion of the adductor region of the thigh and enters the pelvis through the upper part of the obturator foramen. It runs backward and upward on the lateral wall of the pelvis below the obturator artery, and then passes between the ureter and the hypogastric artery, to end in the hypogastric vein.

  5. The Lateral Sacral Veins (vv. sacrales laterales) accompany the lateral sacral arteries on the anterior surface of the sacrum and end in the hypogastric vein.

  6. The Middle Hemorrhoidal Vein (v. haemorrhoidalis media) takes origin in the hemorrhoidal plexus and receives tributaries from the bladder, prostate, and seminal vesicle; it runs lateralward on the pelvic surface of the Levator ani to end in the hypogastric vein.

  The hemorrhoidal plexus (plexus haemorrhoidalis) surrounds the rectum, and communicates in front with the vesical plexus in the male, and the uterovaginal plexus in the female. It consists of two parts, an internal in the submucosa, and an external outside the muscular coat. The internal plexus presents a series of dilated pouches which are arranged in a circle around the tube, immediately above the anal orifice, and are connected by transverse branches.

  The lower part of the external plexus is drained by the inferior hemorrhoidal veins into the internal pudendal vein; the middle part by the middle hemorrhoidal vein which joins the hypogastric vein; and the upper part by the superior hemorrhoidal vein which forms the commencement of the inferior mesenteric vein, a tributary of the portal vein. A free communication between the portal and systemic venous systems is established through the hemorrhoidal plexus.

  The veins of the hemorrhoidal plexus are contained in very loose, connective tissue, so that they get less support from surrounding structures than most other veins, and are less capable of resisting increased blood-pressure.

  The pudendal plexus (plexus pudendalis; vesicoprostatic plexus) lies behind the arcuate public ligament and the lower part of the symphysis pubis, and in front of the bladder and prostate. Its chief tributary is the deep dorsal vein of the penis, but it also receives branches from the front of the bladder and prostate. It communicates with the vesical plexus and with the internal pudendal vein and drains into the vesical and hypogastric veins. The prostatic veins form a well-marked prostatic plexus which lies partly in the fascial sheath of the prostate and partly between the sheath and the prostatic capsule. It communicates with the pudendal and vesical plexuses.

   
  The vesical plexus (plexus vesicalis) envelops the lower part of the bladder and the base of the prostate and communicates with the pudendal and prostatic plexuses. It is drained, by means of several vesical veins, into the hypogastric veins.

   
  The Dorsal Veins of the Penis (vv. dorsales penis) are two in number, a superficial and a deep. The superficial vein drains the prepuce and skin of the penis, and, running backward in the subcutaneous tissue, inclines to the right or left, and opens into the corresponding superficial external pudendal vein, a tributary of the great saphenous vein. The deep vein lies beneath the deep fascia of the penis; it receives the blood from the glans penis and corpora cavernosa penis and courses backward in the middle line between the dorsal arteries; near the root of the penis it passes between the two parts of the suspensory ligament and then through an aperture between the arcuate pubic ligament and the transverse ligament of the pelvis, and divides into two branches, which enter the pudendal plexus. The deep vein also communicates below the symphysis pubis with the internal pudendal vein.

  The uterine plexuses lie along the sides and superior angles of the uterus between the two layers of the broad ligament, and communicate with the ovarian and vaginal plexuses. They are drained by a pair of uterine veins on either side: these arise from the lower part of the plexuses, opposite the external orifice of the uterus, and open into the corresponding hypogastric vein.

   
  The vaginal plexuses are placed at the sides of the vagina; they communicate with the uterine, vesical, and hemorrhoidal plexuses, and are drained by the vaginal veins, one on either side, into the hypogastric veins.

  The common iliac veins (vv. iliacae communes) are formed by the union of the external iliac and hypogastric veins, in front of the sacroiliac articulation; passing obliquely upward toward the right side, they end upon the fifth lumbar vertebra, by uniting with each other at an acute angle to form the inferior vena cava. The right common iliac is shorter than the left, nearly vertical in its direction, and ascends behind and then lateral to its corresponding artery. The left common iliac, longer than the right and more oblique in its course, is at first situated on the medial side of the corresponding artery, and then behind the right common iliac. Each common iliac receives the iliolumbar, and sometimes the lateral sacral veins. The left receives, in addition, the middle sacral vein. No valves are found in these veins.

  The Middle Sacral Veins (vv. sacrales mediales) accompany the corresponding artery along the front of the sacrum, and join to form a single vein, which ends in the left common iliac vein; sometimes in the angle of junction of the two iliac veins.

   
Peculiarities.—The left common iliac vein, instead of joining with the right in its usual position, occasionally ascends on the left side of the aorta as high as the kidney, where, after receiving the left renal vein, it crosses over the aorta, and then joins with the right vein to form the vena cava. In these cases, the two common iliacs are connected by a small communicating branch at the spot where they are usually united.
Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· external iliac vein

· femoral vein

· great saphenous vein

· deep femoral vein

· popliteal vein

· small saphenous vein

· anterior tibial veins

· posterior tibial veins

· subclavian vein

· axillary vein

· cephalic vein

· basilic vein

· brachial veins

· ulnar veins

· radial veins

Practice class 37. The nerves and vessels of the upper and lower extremity.

The aim: to define the nerve- and blood supply of the extremities.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities, especially therapeutisis, traumatologists, surgeons.

The plan of the practice class:

A. Checking of home assignment: oral quiz or written test control – 30 minutes.

B. Summary lecture on the topic by teacher – 20 minutes.

a) The nerve and blood supply of skin and muscles of the shoulder girdle.

b) The nerve and blood supply of skin and anterior muscles of the arm.

c) The nerve and blood supply of skin and posterior muscles of the arm.

d) The nerve and blood supply of skin and anterior muscles of the forearm.

e) The nerve and blood supply of skin and posterior muscles of the forearm.

f) The nerve and blood supply of skin and muscles of the hand.

g) The nerve and blood supply of skin and muscles of the pelvic girdle.

h) The nerve and blood supply of skin and anterior muscles of the thigh.

i) The nerve and blood supply of skin and posterior muscles of the thigh.

j) The nerve and blood supply of skin and medial muscles of the thigh.

k) The nerve and blood supply of skin and anterior muscles of the leg.

l) The nerve and blood supply of skin and posterior muscles of the leg.

m) The nerve and blood supply of skin and lateral muscles of the leg.

n) The nerve and blood supply of skin and muscles of the foot.
C. Students’ self-taught time – 25 minutes

D. Home-task – 5 minutes

Self-taught class 18. The anatomy of the heart: structure of chambers and walls. The greater and lesser circles of blood circulation.
The aim: to learn the structure, anatomical position, innervation and topography of the heart; to define the structure and functions of the greater and lesser circles of blood circulation.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations.

The plan of the self-taught class:

A. Learn the external structure of the heart.

B. Learn the atructure of the heart chambers, septa, valves.

C. Learn the structure of the heart wall.

D. Learn the topography of the heart.

E. Learn the structure and functions of the systemic vessels.

F. Learn the structure and topography of the pulmonary vessels.

G. Learn the peculiarities of the fetal circulation and the changes in the circulation after birth.
The heart is a hollow muscular organ of a somewhat conical form; it lies between the lungs in the middle mediastinum and is enclosed in the pericardium  It is placed obliquely in the chest behind the body of the sternum and adjoining parts of the rib cartilages, and projects farther into the left than into the right half of the thoracic cavity, so that about one-third of it is situated on the right and two-thirds on the left of the median plane.

 

Size.—The heart, in the adult, measures about 12 cm. in length, 8 to 9 cm. in breadth at the broadest part, and 6 cm. in thickness. Its weight, in the male, varies from 280 to 340 grams; in the female, from 230 to 280 grams. The heart continues to increase in weight and size up to an advanced period of life; this increase is more marked in men than in women.

Component Parts.—As has already been stated the heart is subdivided by septa into right and left halves, and a constriction subdivides each half of the organ into two cavities, the upper cavity being called the atrium, the lower the ventricle. The heart therefore consists of four chambers, viz., right and left atria, and right and left ventricles.

  The division of the heart into four cavities is indicated on its surface by grooves. The atria are separated from the ventricles by the coronary sulcus (auriculoventricular groove); this contains the trunks of the nutrient vessels of the heart, and is deficient in front, where it is crossed by the root of the pulmonary artery. The interatrial groove, separating the two atria, is scarcely marked on the posterior surface, while anteriorly it is hidden by the pulmonary artery and aorta. The ventricles are separated by two grooves, one of which, the anterior longitudinal sulcus, is situated on the sternocostal surface of the heart, close to its left margin, the other posterior longitudinal sulcus, on the diaphragmatic surface near the right margin; these grooves extend from the base of the ventricular portion to a notch, the incisura apicis cordis, on the acute margin of the heart just to the right of the apex.

The base (basis cordis) directed upward, backward, and to the right, is separated from the fifth, sixth, seventh, and eighth thoracic vertebrae by the esophagus, aorta, and thoracic duct. It is formed mainly by the left atrium, and, to a small extent, by the back part of the right atrium. Somewhat quadrilateral in form, it is in relation above with the bifurcation of the pulmonary artery, and is bounded below by the posterior part of the coronary sulcus, containing the coronary sinus. On the right it is limited by the sulcus terminalis of the right atrium, and on the left by the ligament of the left vena cava and the oblique vein of the left atrium. The four pulmonary veins, two on either side, open into the left atrium, while the superior vena cava opens into the upper, and the anterior vena cava into the lower, part of the right atrium.

 

The Apex (apex cordis).—The apex is directed downward, forward, and to the left, and is overlapped by the left lung and pleura: it lies behind the fifth left intercostal space, 8 to 9 cm. from the mid-sternal line, or about 4 cm. below and 2 mm. to the medial side of the left mammary papilla.

  The sternocostal surface  is directed forward, upward, and to the left. Its lower part is convex, formed chiefly by the right ventricle, and traversed near its left margin by the anterior longitudinal sulcus. Its upper part is separated from the lower by the coronary sulcus, and is formed by the atria; it presents a deep concavity occupied by the ascending aorta and the pulmonary artery.

  The diaphragmatic surface  directed downward and slightly backward, is formed by the ventricles, and rests upon the central tendon and a small part of the left muscular portion of the diaphragm. It is separated from the base by the posterior part of the coronary sulcus, and is traversed obliquely by the posterior longitudinal sulcus.

   
  The right margin of the heart is long, and is formed by the right atrium above and the right ventricle below. The atrial portion is rounded and almost vertical; it is situated behind the third, fourth, and fifth right costal cartilages about 1.25 cm. from the margin of the sternum. The ventricular portion, thin and sharp, is named the acute margin; it is nearly horizontal, and extends from the sternal end of the sixth right costal cartilage to the apex of the heart.

The left or obtuse margin is shorter, full, and rounded: it is formed mainly by the left ventricle, but to a slight extent, above, by the left atrium. It extends from a point in the second left intercostal space, about 2.5 mm. from the sternal margin, obliquely downward, with a convexity to the left, to the apex of the heart.

 

Right Atrium (atrium dextrum; right auricle).—The right atrium is larger than the left, but its walls are somewhat thinner, measuring about 2 mm.; its cavity is capable of containing about 57 c.c. It consists of two parts: a principal cavity, or sinus venarum, situated posteriorly, and an anterior, smaller portion, the auricula.
   
 Sinus Venarum (sinus venosus).—The sinus venarum is the large quadrangular cavity placed between the two venae cavae. Its walls, which are extremely thin, are connected below with the right ventricle, and medially with the left atrium, but are free in the rest of their extent.

 

Auricula (auricula dextra; right auricular appendix).—The auricula is a small conical muscular pouch, the margins of which present a dentated edge. It projects from the upper and front part of the sinus forward and toward the left side, overlapping the root of the aorta.

All the larger arteries, like the other organs of the body, are supplied with bloodvessels. These nutrient vessels, called the vasa vasorum, arise from a branch of the artery, or from a neighboring vessel, at some considerable distance from the point at which they are distributed; they ramify in the loose areolar tissue connecting the artery with its sheath, and are distributed to the external coat, but do not, in man, penetrate the other coats; in some of the larger mammals a few vessels have been traced into the middle coat. Minute veins return the blood from these vessels; they empty themselves into the vein or veins accompanying the artery. Lymphatic vessels are also present in the outer coat.

  Arteries are also supplied with nerves, which are derived from the sympathetic, but may pass through the cerebrospinal nerves. They form intricate plexuses upon the surfaces of the larger trunks, and run along the smaller arteries as single filaments, or bundles of filaments which twist around the vessel and unite with each other in a plexiform manner. The branches derived from these plexuses penetrate the external coat and are distributed principally to the muscular tissue of the middle coat, and thus regulate, by causing the contraction and relaxation of this tissue the amount of blood sent to any part.

   
The left or obtuse margin is shorter, full, and rounded: it is formed mainly by the left ventricle, but to a slight extent, above, by the left atrium. It extends from a point in the second left intercostal space, about 2.5 mm. from the sternal margin, obliquely downward, with a convexity to the left, to the apex of the heart.

 

Right Atrium (atrium dextrum; right auricle).—The right atrium is larger than the left, but its walls are somewhat thinner, measuring about 2 mm.; its cavity is capable of containing about 57 c.c. It consists of two parts: a principal cavity, or sinus venarum, situated posteriorly, and an anterior, smaller portion, the auricula.
 

Sinus Venarum (sinus venosus).—The sinus venarum is the large quadrangular cavity placed between the two venae cavae. Its walls, which are extremely thin, are connected below with the right ventricle, and medially with the left atrium, but are free in the rest of their extent.

 Auricula (auricula dextra; right auricular appendix).—The auricula is a small conical muscular pouch, the margins of which present a dentated edge. It projects from the upper and front part of the sinus forward and toward the left side, overlapping the root of the aorta.

The separation of the auricula from the sinus venarum is indicated externally by a groove, the terminal sulcus, which extends from the front of the superior vena cava to the front of the inferior vena cava, and represents the line of union of the sinus venosus of the embryo with the primitive atrium. On the inner wall of the atrium the separation is marked by a vertical, smooth, muscular ridge, the terminal crest. Behind the crest the internal surface of the atrium is smooth, while in front of it the muscular fibers of the wall are raised into parallel ridges resembling the teeth of a comb, and hence named the musculi pectinati.
   
  Its interior presents the following parts for examination:

   
Openings »

     Superior vena cava.

     Inferior vena cava.

     Atrioventricular.

Coronary sinus.

Valves »

       Valve of the inferior vena cava.

       Valve of the coronary sinus.

Foramina venarum minimarum.

Fossa ovalis.

Limbus fossae ovalis.

Intervenous tubercle.

Musculi pectinati.

Crista terminalis.

The superior vena cava returns the blood from the upper half of the body, and opens into the upper and back part of the atrium, the direction of its orifice being downward and forward. Its opening has no valve.

  The inferior vena cava, larger than the superior, returns the blood from the lower half of the body, and opens into the lowest part of the atrium, near the atrial septum, its orifice being directed upward and backward, and guarded by a rudimentary valve, the valve of the inferior vena cava (Eustachian valve). The blood entering the atrium through the superior vena cava is directed downward and forward, i.e., toward the atrioventricular orifice, while that entering through the inferior vena cava is directed upward and backward, toward the atrial septum. This is the normal direction of the two currents in fetal life.

  The coronary sinus opens into the atrium, between the orifice of the inferior vena cava and the atrioventricular opening. It returns blood from the substance of the heart and is protected by a semicircular valve, the valve of the coronary sinus (valve of Thebesius).

The foramina venarum minimarum (foramina Thebesii) are the orifices of minute veins (venœ cordis minimœ), which return blood directly from the muscular substance of the heart.

  The atrioventricular opening (tricuspid orifice) is the large oval aperture of communication between the atrium and the ventricle; it will be described with the right ventricle.

   
  The valve of the inferior vena cava (valvula venœ cavœ inferioris [Eustachii]; Eustachian valve) is situated in front of the orifice of the inferior vena cava. It is semilunar in form, its convex margin being attached to the anterior margin of the orifice; its concave margin, which is free, ends in two cornua, of which the left is continuous with the anterior edge of the limbus fossae ovalis while the right is lost on the wall of the atrium. The valve is formed by a duplicature of the lining membrane of the atrium, containing a few muscular fibers. In the fetus this valve is of large size, and serves to direct the blood from the inferior vena cava, through the foramen ovale, into the left atrium. In the adult it occasionally persists, and may assist in preventing the reflux of blood into the inferior vena cava; more commonly it is small, and may present a cribriform or filamentous appearance; sometimes it is altogether wanting.

  The valve of the coronary sinus (valvula sinus coronarii [Thebesii]; Thebesian valve) is a semicircular fold of the lining membrane of the atrium, at the orifice of the coronary sinus. It prevents the regurgitation of blood into the sinus during the contraction of the atrium. This valve may be double or it may be cribriform.

   
  The fossa ovalis is an oval depression on the septal wall of the atrium, and corresponds to the situation of the foramen ovale in the fetus. It is situated at the lower part of the septum, above and to the left of the orifice of the inferior vena cava.

   
  The limbus fossae ovalis (annulus ovalis) is the prominent oval margin of the fossa ovalis. It is most distinct above and at the sides of the fossa; below, it is deficient. A small slit-like valvular opening is occasionally found, at the upper margin of the fossa, leading upward beneath the limbus, into the left atrium; it is the remains of the fetal aperture between the two atria.

   
  The intervenous tubercle (tuberculum intervenosum; tubercle of Lower) is a small projection on the posterior wall of the atrium, above the fossa ovalis. It is distinct in the hearts of quadrupeds, but in man is scarcely visible. It was supposed by Lower to direct the blood from the superior vena cava toward the atrioventricular opening.

 

Right Ventricle (ventriculus dexter).—The right ventricle is triangular in form, and extends from the right atrium to near the apex of the heart. Its anterosuperior surface is rounded and convex, and forms the larger part of the sternocostal surface of the heart. Its under surface is flattened, rests upon the diaphragm, and forms a small part of the diaphragmatic surface of the heart. Its posterior wall is formed by the ventricular septum, which bulges into the right ventricle, so that a transverse section of the cavity presents a semilunar outline. Its upper and left angle forms a conical pouch, the conus arteriosus, from which the pulmonary artery arises. A tendinous band, which may be named the tendon of the conus arteriosus, extends upward from the right atrioventricular fibrous ring and connects the posterior surface of the conus arteriosus to the aorta. The wall of the right ventricle is thinner than that of the left, the proportion between them being as 1 to 3; it is thickest at the base, and gradually becomes thinner toward the apex. The cavity equals in size that of the left ventricle, and is capable of containing about 85 c.c.

  Its interior  presents the following parts for examination:

   
Openings »

      Right atrioventricular.

      Pulmonary artery.

Valves »

    Tricuspid.

    Pulmonary.

Trabeculae carneae
Chordae tendineae
The right atrioventricular orifice is the large oval aperture of communication between the right atrium and ventricle. Situated at the base of the ventricle, it measures about 4 cm. in diameter and is surrounded by a fibrous ring, covered by the lining membrane of the heart; it is considerably larger than the corresponding aperture on the left side, being sufficient to admit the ends of four fingers. It is guarded by the tricuspid valve.

  The opening of the pulmonary artery is circular in form, and situated at the summit of the conus arteriosus, close to the ventricular septum. It is placed above and to the left of the atrioventricular opening, and is guarded by the pulmonary semilunar valves.

   
  The tricuspid valve (valvula tricuspidalis) consists of three somewhat triangular cusps or segments. The largest cusp is interposed between the atrioventricular orifice and the conus arteriosus and is termed the anterior or infundibular cusp. A second, the posterior or marginal cusp, is in relation to the right margin of the ventricle, and a third, the medial or septal cusp, to the ventricular septum. They are formed by duplicatures of the lining membrane of the heart, strengthened by intervening layers of fibrous tissue: their central parts are thick and strong, their marginal portions thin and translucent, and in the angles between the latter small intermediate segments are sometimes seen. Their bases are attached to a fibrous ring surrounding the atrioventricular orifice and are also joined to each other so as to form a continuous annular membrane, while their apices project into the ventricular cavity. Their atrial surfaces, directed toward the blood current from the atrium, are smooth; their ventricular surfaces, directed toward the wall of the ventricle, are rough and irregular, and, together with the apices and margins of the cusps, give attachment to a number of delicate tendinous cords, the chordae tendineae.
The trabeculae carneae (columnœ carneœ) are rounded or irregular muscular columns which project from the whole of the inner surface of the ventricle, with the exception of the conus arteriosus. They are of three kinds: some are attached along their entire length on one side and merely form prominent ridges, others are fixed at their extremities but free in the middle, while a third set (musculi papillares) are continuous by their bases with the wall of the ventricle, while their apices give origin to the chordae tendineae which pass to be attached to the segments of the tricuspid valve. There are two papillary muscles, anterior and posterior: of these, the anterior is the larger, and its chordae tendineae are connected with the anterior and posterior cusps of the valve: the posterior papillary muscle sometimes consists of two or three parts; its chordae tendineae are connected with the posterior and medial cusps. In addition to these, some chordae tendineae spring directly from the ventricular septum, or from small papillary eminences on it, and pass to the anterior and medial cusps. A muscular band, well-marked in sheep and some other animals, frequently extends from the base of the anterior papillary muscle to the ventricular septum. From its attachments it may assist in preventing overdistension of the ventricle, and so has been named the moderator band.
   
  The pulmonary semilunar valves  are three in number, two in front and one behind, formed by duplicatures of the lining membrane, strengthened by fibrous tissue. They are attached, by their convex margins, to the wall of the artery, at its junction with the ventricle, their free borders being directed upward into the lumen of the vessel. The free and attached margins of each are strengthened by tendinous fibers, and the former presents, at its middle, a thickened nodule (corpus Arantii). From this nodule tendinous fibers radiate through the segment to its attached margin, but are absent from two narrow crescentic portions, the lunulae, placed one on either side of the nodule immediately adjoining the free margin. Between the semilunar valves and the wall of the pulmonary artery are three pouches or sinuses (sinuses of Valsalva). 

Left Atrium (atrium sinistum; left auricle).—The left atrium is rather smaller than the right, but its walls are thicker, measuring about 3 mm.; it consists, like the right, of two parts, a principal cavity and an auricula.
   
  The principal cavity is cuboidal in form, and concealed, in front, by the pulmonary artery and aorta; in front and to the right it is separated from the right atrium by the atrial septum; opening into it on either side are the two pulmonary veins.

   
 Auricula (auricula sinistra; left auricular appendix).—The auricula is somewhat constricted at its junction with the principal cavity; it is longer, narrower, and more curved than that of the right side, and its margins are more deeply indented. It is directed forward and toward the right and overlaps the root of the pulmonary artery.

The pulmonary veins, four in number, open into the upper part of the posterior surface of the left atrium—two on either side of its middle line: they are not provided with valves. The two left veins frequently end by a common opening.

   
  The left atrioventricular opening is the aperture between the left atrium and ventricle, and is rather smaller than the corresponding opening on the right side.

   
  The musculi pectinati, fewer and smaller than in the right auricula, are confined to the inner surface of the auricula.

  On the atrial septum may be seen a lunated impression, bounded below by a crescentic ridge, the concavity of which is turned upward. The depression is just above the fossa ovalis of the right atrium. 

Left Ventricle (ventriculus sinister).—The left ventricle is longer and more conical in shape than the right, and on transverse section its concavity presents an oval or nearly circular outline. It forms a small part of the sternocostal surface and a considerable part of the diaphragmatic surface of the heart; it also forms the apex of the heart. Its walls are about three times as thick as those of the right ventricle.

  Its interior  presents the following parts for examination:

  Openings :
      Left atrioventricular.

     Aortic.

Valves :
     Bicuspid or Mitral.

     Aortic.

Trabeculae carneae.

Chordae tendineae
The left atrioventricular opening (mitral orifice) is placed below and to the left of the aortic orifice. It is a little smaller than the corresponding aperture of the opposite side, admitting only two fingers. It is surrounded by a dense fibrous ring, covered by the lining membrane of the heart, and is guarded by the bicuspid or mitral valve.

The aortic opening is a circular aperture, in front and to the right of the atrioventricular, from which it is separated by the anterior cusp of the bicuspid valve. Its orifice is guarded by the aortic semilunar valves. The portion of the ventricle immediately below the aortic orifice is termed the aortic vestibule, and possesses fibrous instead of muscular walls.

  The bicuspid or mitral valve (valvula bicuspidalis [metralis]) is attached to the circumference of the left atrioventricular orifice in the same way that the tricuspid valve is on the opposite side. It consists of two triangular cusps, formed by duplicatures of the lining membrane, strengthened by fibrous tissue, and containing a few muscular fibers. The cusps are of unequal size, and are larger, thicker, and stronger than those of the tricuspid valve. The larger cusp is placed in front and to the right between the atrioventricular and aortic orifices, and is known as the anterior or aortic cusp; the smaller or posterior cusp is placed behind and to the left of the opening. Two smaller cusps are usually found at the angles of junction of the larger. The cusps of the bicuspid valve are furnished with chordae tendineae, which are attached in a manner similar to those on the right side; they are, however, thicker, stronger, and less numerous.

   
  The aortic semilunar valves are three in number, and surround the orifice of the aorta; two are anterior (right and left) and one posterior. They are similar in structure, and in their mode of attachment, to the pulmonary semilunar valves, but are larger, thicker, and stronger; the lunulae are more distinct, and the noduli or corpora Arantii thicker and more prominent. Opposite the valves the aorta presents slight dilatations, the aortic sinuses (sinuses of Valsalva), which are larger than those at the origin of the pulmonary artery.

  The trabeculae carneae are of three kinds, like those upon the right side, but they are more numerous, and present a dense interlacement, especially at the apex, and upon the posterior wall of the ventricle. The musculi papillares are two in number, one being connected to the anterior, the other to the posterior wall; they are of large size, and end in rounded extremities from which the chordae tendineae arise. The chordae tendineae from each papillary muscle are connected to both cusps of the bicuspid valve.

Ventricular Septum (septum ventriculorum; interventricular septum)—The ventricular septum is directed obliquely backward and to the right, and is curved with the convexity toward the right ventricle: its margins correspond with the anterior and posterior longitudinal sulci. The greater portion of it is thick and muscular and constitutes the muscular ventricular septum, but its upper and posterior part, which separates the aortic vestibule from the lower part of the right atrium and upper part of the right ventricle, is thin and fibrous, and is termed the membranous ventricular septum. An abnormal communication may exist between the ventricles at this part owing to defective development of the membranous septum. 

Structure.—The heart consists of muscular fibers, and of fibrous rings which serve for their attachment. It is covered by the visceral layer of the serous pericardium (epicardium), and lined by the endocardium. Between these two membranes is the muscular wall or myocardium.
  The endocardium is a thin, smooth membrane which lines and gives the glistening appearance to the inner surface of the heart; it assists in forming the valves by its reduplications, and is continuous with the lining membrane of the large bloodvessels. It consists of connective tissue and elastic fibers, and is attached to the muscular structure by loose elastic tissue which contains bloodvessels and nerves; its free surface is covered by endothelial cells.

  The fibrous rings surround the atrioventricular and arterial orifices, and are stronger upon the left than on the right side of the heart. The atrioventricular rings serve for the attachment of the muscular fibers of the atria and ventricles, and for the attachment of the bicuspid and tricuspid valves. The left atrioventricular ring is closely connected, by its right margin, with the aortic arterial ring; between these and the right atrioventricular ring is a triangular mass of fibrous tissue, the trigonum fibrosum, which represents the os cordis seen in the heart of some of the larger animals, as the ox and elephant. Lastly, there is the tendinous band, already referred to, the posterior surface of the conus arteriosus.

  The fibrous rings surrounding the arterial orifices serve for the attachment of the great vessels and semilunar valves. Each ring receives, by its ventricular margin, the attachment of some of the muscular fibers of the ventricles; its opposite margin presents three deep semicircular notches, to which the middle coat of the artery is firmly fixed. The attachment of the artery to its fibrous ring is strengthened by the external coat and serous membrane externally, and by the endocardium internally. From the margins of the semicircular notches the fibrous structure of the ring is continued into the segments of the valves. The middle coat of the artery in this situation is thin, and the vessel is dilated to form the sinuses of the aorta and pulmonary artery.

Cardiac Muscular Tissue.—The fibers of the heart differ very remarkably from those of other striped muscles. They are smaller by one-third, and their transverse striae are by no means so well-marked. They show faint longitudinal striation. The fibers are made up of distinct quadrangular cells, joined end to end so as to form a syncytium  Each cell contains a clear oval nucleus, situated near its center. The extremities of the cells have a tendency to branch or divide, the subdivisions uniting with offsets from other cells, and thus producing an anastomosis of the fibers. The connective tissue between the bundles of fibers is much less than in ordinary striped muscle, and no sarcolemma has been proved to exist.

   
Purkinje Fibers—Between the endocardium and the ordinary cardiac muscle are found, imbedded in a small amount of connective tissue, peculiar fibers known as Purkinje fibers. They are found in certain mammals and in birds, and can be best seen in the sheep’s heart, where they form a considerable portion of the moderator band and also appear as gelatinous-looking strands on the inner walls of the atria and ventricles. They also occur in the human heart associated with the terminal distributions of the bundle of His. The fibers are very much larger in size than the cardiac cells and differ from them in several ways. In longitudinal section they are quadrilateral in shape, being about twice as long as they are broad. The central portion of each fiber contains one or more nuclei and is made up of granular protoplasm, with no indication of striations, while the peripheral portion is clear and has distinct transverse striations. The fibers are intimately connected with each other, possess no definite sarcolemma, and do not branch.

  The muscular structure of the heart consists of bands of fibers, which present an exceedingly intricate interlacement. They comprise the fibers of the atria the fibers of the ventricles, and the atrioventricular bundle of His.

  The fibers of the atria are arranged in two layers—a superficial, common to both cavities, and a deep, proper to each. The superficial fibers are most distinct on the front of the atria, across the bases of which they run in a transverse direction, forming a thin and incomplete layer. Some of these fibers run into the atrial septum. The deep fibers consist of looped and annular fibers. The looped fibers pass upward over each atrium, being attached by their two extremities to the corresponding atrioventricular ring, in front and behind. The annular fibers surround the auriculae, and form annular bands around the terminations of the veins and around the fossa ovalis.

  The fibers of the ventricles are arranged in a complex manner, and various accounts have been given of their course and connections; the following description is based on the work of McCallumThey consist of superficial and deep layers, all of which, with the exception of two, are inserted into the papillary muscles of the ventricles. The superficial layers consist of the following:Fibers which spring from the tendon of the conus arteriosus and sweep downward and toward the left across the anterior longitudinal sulcus and around the apex of the heart, where they pass upward and inward to terminate in the papillary muscles of the left ventricle; those arising from the upper half of the tendon of the conus arteriosus pass to the anterior papillary muscle, those from the lower half to the posterior papillary muscle and the papillary muscles of the septum. Fibers which arise from the right atrioventricular ring and run diagonally across the diaphragmatic surface of the right ventricle and around its right border on to its costosternal surface, where they dip beneath the fibers just described, and, crossing the anterior longitudinal sulcus, wind around the apex of the heart and end in the posterior papillary muscle of the left ventricle. Fibers which spring from the left atrioventricular ring, and, crossing the posterior longitudinal sulcus, pass successively into the right ventricle and end in its papillary muscles. The deep layers are three in number; they arise in the papillary muscles of one ventricle and, curving in an S-shaped manner, turn in at the longitudinal sulcus and end in the papillary muscles of the other ventricle. The layer which is most superficial in the right ventricle lies next the lumen of the left, and vice versa. Those of the first layer almost encircle the right ventricle and, crossing in the septum to the left, unite with the superficial fibers from the right atrioventricular ring to form the posterior papillary muscle. Those of the second layer have a less extensive course in the wall of the right ventricle, and a correspondingly greater course in the left, where they join with the superficial fibers from the anterior half of the tendon of the conus arteriosus to form the papillary muscles of the septum. Those of the third layer pass almost entirely around the left ventricle and unite with the superficial fibers from the lower half of the tendon of the conus arteriosus to form the anterior papillary muscle. Besides the layers just described there are two bands which do not end in papillary muscles. One springs from the right atrioventricular ring and crosses in the atrioventricular septum; it then encircles the deep layers of the left ventricle and ends in the left atrioventricular ring. The second band is apparently confined to the left ventricle; it is attached to the left atrioventricular ring, and encircles the portion of the ventricle adjacent to the aortic orifice.

   57
  The atrioventricular bundle of His  is the only direct muscular connection known to exist between the atria and the ventricles. Its cells differ from ordinary cardiac muscle cells in being more spindle-shaped. They are, moreover, more loosely arranged and have a richer vascular supply than the rest of the heart muscle. It arises in connection with two small collections of spindle-shaped cells, the sinoatrial and atrioventricular nodes. The sinoatrial node is situated on the anterior border of the opening of the superior vena cava; from its strands of fusiform fibers run under the endocardium of the wall of the atrium to the atrioventricular node. The atrioventricular node lies near the orifice of the coronary sinus in the annular and septal fibers of the right atrium; from it the atrioventricular bundle passes forward in the lower part of the membranous septum, and divides into right and left fasciculi. These run down in the right and left ventricles, one on either side of the ventricular septum, covered by endocardium. In the lower parts of the ventricles they break up into numerous strands which end in the papillary muscles and in the ventricular muscle generally. The greater portion of the atrioventricular bundle consists of narrow, somewhat fusiform fibers, but its terminal strands are composed of Purkinje fibers.

  Dr. A. Morison  has shown that in the sheep and pig the atrioventricular bundle “is a great avenue for the transmission of nerves from the auricular to the ventricular heart; large and numerous nerve trunks entering the bundle and coursing with it.” From these, branches pass off and form plexuses around groups of Purkinje cells, and from these plexuses fine fibrils go to innervate individual cells.

  Clinical and experimental evidence go to prove that this bundle conveys the impulse to systolic contraction from the atrial septum to the ventricles.

   
Vessels and Nerves.—The arteries supplying the heart are the right and left coronary from the aorta; the veins end in the right atrium.

   
  The lymphatics end in the thoracic and right lymphatic ducts.

  The nerves are derived from the cardiac plexus, which are formed partly from the vagi, and partly from the sympathetic trunks. They are freely distributed both on the surface and in the substance of the heart, the separate nerve filaments being furnished with small ganglia.

 

The Cardiac Cycle and the Actions of the Valves.—By the contractions of the heart the blood is pumped through the arteries to all parts of the body. These contractions occur regularly and at the rate of about seventy per minute. Each wave of contraction or period of activity is followed by a period of rest, the two periods constituting what is known as a cardiac cycle.
   
  Each cardiac cycle consists of three phases, which succeed each other as follows: a short simultaneous contraction of both atria, termed the atrial systole, followed, lowed, after a slight pause, by a simultaneous, but more prolonged, contraction of both ventricles, named the ventricular systole, and a period of rest, during which the whole heart is relaxed. The atrial contraction commences around the venous openings, and sweeping over the atria forces their contents through the atrioventricular openings into the ventricles, regurgitation into the veins being prevented by the contraction of their muscular coats. When the ventricles contract, the tricuspid and bicuspid valves are closed, and prevent the passage of the blood back into the atria; the musculi papillares at the same time are shortened, and, pulling on the chordae tendineae, prevent the inversion of the valves into the atria. As soon as the pressure in the ventricles exceeds that in the pulmonary artery and aorta, the valves guarding the orifices of these vessels are opened and the blood is driven from the right ventricle into the pulmonary artery and from the left into the aorta. The moment the systole of the ventricles ceases, the pressure of the blood in the pulmonary artery and aorta closes the pulmonary and aortic semilunar valves to prevent regurgitation of blood into the ventricles, the valves remaining shut until reopened by the next ventricular systole. During the period of rest the tension of the tricuspid and bicuspid valves is relaxed, and blood is flowing from the veins into the atria, being aspirated by negative intrathoracic pressure, and slightly also from the atria into the ventricles. The average duration of a cardiac cycle is about 8/10 of a second, made up as follows:

Atrial systole, 1/10.

Atrial diastole, 7/10.

Ventricular systole, 3/10.

Ventricular diastole, 5/10.

Total systole, 4/10.

Complete diastole, 4/10.

  The rhythmical action of the heart is muscular in origin—that is to say, the heart muscle itself possesses the inherent property of contraction apart from any nervous stimulation. The more embryonic the muscle the better is it able to initiate and propagate the contraction wave; this explains why the normal systole of the heart starts at the entrance of the veins, for there the muscle is most embryonic in nature. At the atrioventricular junction there is a slight pause in the wave of muscular contraction. To obviate this so far as possible a peculiar band of marked embryonic type passes across the junction and so carries on the contraction wave to the ventricles. This band, composed of special fibers, is the atrioventricular bundle of His (p. 537). The nerves, although not concerned in originating the contractions of the heart muscle, play an important role in regulating their force and frequency in order to subserve the physiological needs of the organism.

Peculiarities in the Vascular System in the Fetus
 
The chief peculiarities of the fetal heart are the direct communication between the atria through the foramen ovale, and the large size of the valve of the inferior vena cava. Among other peculiarities the following may be noted. In early fetal life the heart lies immediately below the mandibular arch and is relatively large in size. As development proceeds it is gradually drawn within the thorax, but at first it lies in the middle line; toward the end of pregnancy it gradually becomes oblique in direction. For a time the atrial portion exceeds the ventricular in size, and the walls of the ventricles are of equal thickness: toward the end of fetal life the ventricular portion becomes the larger and the wall of the left ventricle exceeds that of the right in thickness. Its size is large as compared with that of the rest of the body, the proportion at the second month being 1 to 50, and at birth, 1 to 120, while in the adult the average is about 1 to 160.

  The foramen ovale, situated at the lower part of the atrial septum, forms a free communication between the atria until the end of fetal life. A septum (septum secundum) grows down from the upper wall of the atrium to the right of the primary septum in which the foramen ovale is situated; shortly after birth it fuses with the primary septum and the foramen ovale is obliterated.

   
  The valve of the inferior vena cava serves to direct the blood from that vessel through the foramen ovale into the left atrium.

  The peculiarities in the arterial system of the fetus are the communication between the pulmonary artery and the aorta by means of the ductus arteriosus, and the continuation of the hypogastric arteries as the umbilical arteries to the placenta.

  The ductus arteriosus is a short tube, about 1.25 cm. in length at birth, and of the diameter of a goose-quill. In the early condition it forms the continuation of the pulmonary artery, and opens into the aorta, just beyond the origin of the left subclavian artery; and so conducts the greater amount of the blood from the right ventricle into the aorta. When the branches of the pulmonary artery have become larger relatively to the ductus arteriosus, the latter is chiefly connected to the left pulmonary artery.

   
  The hypogastric arteries run along the sides of the bladder and thence upward on the back of the anterior abdominal wall to the umbilicus; here they pass out of the abdomen and are continued as the umbilical arteries in the umbilical cord to the placenta. They convey the fetal blood to the placenta.

   
  The peculiarities in the venous system of the fetus are the communications established between the placenta and the liver and portal vein, through the umbilical vein; and between the umbilical vein and the inferior vena cava through the ductus venosus.

   
 Fetal Circulation—The fetal blood is returned from the placenta to the fetus by the umbilical vein. This vein enters the abdomen at the umbilicus, and passes upward along the free margin of the falciform ligament of the liver to the under surface of that organ, where it gives off two or three branches, one of large size to the left lobe, and others to the lobus quadratus and lobus caudatus. At the porta hepatis (transverse fissure of the liver) it divides into two branches: of these, the larger is joined by the portal vein, and enters the right lobe; the smaller is continued upward, under the name of the ductus venosus, and joins the inferior vena cava. The blood, therefore, which traverses the umbilical vein, passes to the inferior vena cava in three different ways. A considerable quantity circulates through the liver with the portal venous blood, before entering the inferior vena cava by the hepatic veins; some enters the liver directly, and is carried to the inferior cava by the hepatic veins; the remainder passes directly into the inferior vena cava through the ductus venosus.

   
  In the inferior vena cava, the blood carried by the ductus venosus and hepatic veins becomes mixed with that returning from the lower extremities and abdominal wall. It enters the right atrium, and, guided by the valve of the inferior vena cava, passes through the formen ovale into the left atrium, where it mixes with a small quantity of blood returned from the lungs by the pulmonary veins. From the left atrium it passes into the left ventricle; and from the left ventricle into the aorta, by means of which it is distributed almost entirely to the head and upper extremities, a small quantity being probably carried into the descending aorta. From the head and upper extremities the blood is returned by the superior vena cava to the right atrium, where it mixes with a small portion of the blood from the inferior vena cava. From the right atrium it descends into the right ventricle, and thence passes into the pulmonary artery. The lungs of the fetus being inactive, only a small quantity of the blood of the pulmonary artery is distributed to them by the right and left pulmonary arteries, and returned by the pulmonary veins to the left atrium: the greater part passes through the ductus arteriosus into the aorta, where it mixes with a small quantity of the blood transmitted by the left ventricle into the aorta. Through this vessel it descends, and is in part distributed to the lower extremities and the viscera of the abdomen and pelvis, but the greater amount is conveyed by the umbilical arteries to the placenta.

From the preceding account of the circulation of the blood in the fetus the following facts will be evident: The placenta serves the purposes of nutrition and excretion, receiving the impure blood from the fetus, and returning it purified and charged with additional nutritive material. Nearly the whole of the blood of the umbilical vein traverses the liver before entering the inferior vena cava; hence the large size of the liver, especially at an early period of fetal life. The right atrium is the point of meeting of a double current, the blood in the inferior vena cava being guided by the valve of this vessel into the left atrium, while that in the superior vena cava descends into the right ventricle. At an early period of fetal life it is highly probable that the two streams are quite distinct; for the inferior vena cava opens almost directly into the left atrium, and the valve of the inferior vena cava would exclude the current from the right ventricle. At a later period, as the separation between the two atria becomes more distinct, it seems probable that some mixture of the two streams must take place. The pure blood carried from the placenta to the fetus by the umbilical vein, mixed with the blood from the portal vein and inferior vena cava, passes almost directly to the arch of the aorta, and is distributed by the branches of that vessel to the head and upper extremities. The blood contained in the descending aorta, chiefly derived from that which has already circulated through the head and limbs, together with a small quantity from the left ventricle, is distributed to the abdomen and lower extremities.

 

Changes in the Vascular System at Birth.—At birth, when respiration is established, an increased amount of blood from the pulmonary artery passes through the lungs, and the placental circulation is cut off. The foramen ovale is closed by about the tenth day after birth: the valvular fold above mentioned adheres to the margin of the foramen for the greater part of its circumference, but a slit-like opening is left between the two atria above, and this sometimes persists.

  The ductus arteriosus begins to contract immediately after respiration is established, and is completely closed from the fourth to the tenth day; it ultimately degenerates into an impervious cord, the ligamentum arteriosum, which connects the left pulmonary artery to the arch of the aorta.

  Of the hypogastric arteries, the parts extending from the sides of the bladder to the umbilicus become obliterated between the second and fifth days after birth, and project as fibrous cords, the lateral umbilical ligaments, toward the abdominal cavity, carrying on them folds of peritoneum.

  The umbilical vein and ductus venosus are completely obliterated between the second and fifth days after birth; the former becomes the ligamentum teres, the latter the ligamentum venosum, of the liver.

Practice skills

Students are supposed to identify the following anatomical structures on the samples:
· base of heart

· apex of heart

· sternocostal surface of heart

· diaphragmatic surface of heart

· pulmonary surface of heart

· coronary sulcus of heart

· anterior interventricular sulcus

· posterior interventricular sulcus

· aorta

· superior vena cava

· inferior vena cava

· pulmonary trunk

· right pulmonary artery

· left pulmonary artery

· right pulmonary veins

· left pulmonary veins

· right atrium

· right auricle

· coronary sinus

· left atrium 

· left auricle

· pulmonary veins

· interatrial septum

· fossa ovalis

· right ventricle of heart

· right atrioventricular opening

· tricuspid valve

· anterior cusp of tricuspid valve

· posterior cusp of tricuspid valve

· septal cusp of tricuspid valve

· pulmonary trunk

· pulmonary valve

· right semilunar cusp of pulmonary valve

· left semilunar cusp of pulmonary valve

· anterior semilunar cusp of pulmonary valve

· anterior papillary muscle

· posterior papillary muscle

· septal papillary muscle

· chordae tendineae

· trabeculae carnae

· left ventricle of heart

· left atrioventricular opening 

· mitral valve

· anterior caps of mitral valve

· posterior caps of mitral valve

· opening of aorta

· aortic valve

· right semilunar cusp of aortic valve

· left semilunar cusp of aortic valve

· posterior semilunar cusp of aortic valve

· aortic sinus

· anterior papillary muscle

· posterior papillary muscle

· chordae tendineae

· trabeculae carnae

· interventricular septum

· pericardium

· transverse pericardial sinus

· oblique pericardial sinus

· right coronary artery

· posterior interventricular branch of right coronary artery

· left coronary artery

· anterior interventricular branch of left coronary artery

· circumflex branch of left coronary artery

· coronary sinus

· great cardiac vein

· middle cardiac vein

· small cardiac vein

Self-taught class 19. Anastomoses of the vessels of upper extremity.
The aim: to learn the connection of the vessels of upper extremity, the formation of arterial networks of the joints and collateral circulation of the upper extremity; to find out the peculiarities of blood supply of the main articulations of the upper extremity.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations.

The plan of the self-taught class:

A. Revise the arteries of the upper extremity.

B. Learn the blood supply of the acromioclavicular articulation. Define the anastomoses of subclevian and axillary arteries.

C. Learn the blood supply of the shoulder joint. Define the anastomoses in this region.

D. Learn the blood supply of the elbow joint. Define the anastomoses in this region.

E. Learn the blood supply of the wrist joint. Define the anastomoses in this region.

F. Learn the formation of the superficial and profound palmar arches.
Arteries of upper extremity (branches and anastomoses)
	English term
	Latin term
	Anastomoses

	Axillary a. 
	A. axillaris
	

	1) thoracoacromial a.
	a. thoracoacromialis


	acromial br. and suprascapular a. (thyrocervical trunk) 

	2) lateral thoracic a. 
	a. thoracica lateralis
	

	3) subscapular a.: 
- thoracodorsal a.

- circumflex  scapular a. 
	a. subscapularis
a.thoracodorsalis
a. circumflexa scapulae
	circumflex scapular a. and suprascapular a. (thyrocervical trunk)

	4) 5) anterior and posterior circumflex humeral aa.
	aa. circumflexa humerus anterior et posterior
	anterior and posterior circumflex humeral aa.

	6) muscular branches 
	rr. musculares
	

	Brachial a. 
	A. brachialis
	

	1)muscular branches 
	rr. musculares
	

	2) superior ulnar collateral a. 
	a. ulnaris collateralis superior
	r. posterior from ulnar. reccurent a

	3) inferior ulnar collateral a. 
	a. ulnaris collateralis 
	r. anterior from ulnar. reccurent a 

	4) deep brachial a. 
	a. brachialis profunda

	

	- middle collateral a.
	a. collateralis media
	recurrent interosseous a.

	- radial collateral a.
	a. collateralis radialis
	radial recurrent a.

	Radial a.
	a. radialis
	deep palmar branch from ulnar a. and terminal portion of radial form deep palmar arch.

	1) muscular branches 
	rr. musculares
	

	2) radial recurrent a. 
	a. recurrens radialis 


	radial collateral a.

	3) superficialis palmar branch 
	r. palmaris superficialis
	terminal portion of ulnar a.

	4) palmar  carpal branch 
	r. carpalis palmaris 


	palmar carpal branch from ulnar a.

	5) dorsal carpal branch 
	r. carpalis dorsalis
	dorsal carpal branch from ulnar a.

	6) first dorsal metacarpal a.: 
	a. dorsalis metacarpalis prima
	

	-princeps pollicis a.

-radialis indicis a.
	a. princeps pollicis 

a.indicis radialis


	

	Ulnar a.
	A. ulnaris
	superficial palmar branch from radial a. and terminal portion of ulnar a. form superficial palmar arch 

	1) muscular branches 
	rr. musculares
	

	2) ulnar recurrent a.
	a. ulnaris recurrens


	

	- anterior branch
	r. anterior
	inferior ulnar collateral a. from brachial a.

	- posterior branch 
	r. posterior
	superior ulnar collateral a. from brachial a.

	3) common interosseous a. 
- anterior interosseous a.,

- posterior interosseous a. (gives recurrent interosseous a.)
	a. interossea communis:

- a. interossea anterior

-a. interossea posterior (a. interossea recurrens)
	recurrent interosseous a. and middle collateral a.

	4) palmar carpal branch  
	r. palmaris carpalis

	with palmar carpal branch from radial a. form palmar carpal arch

	5) dorsal carpal branch  
	r. dorsalis carpalis

	with dorsal carpal branch  from radial a. form dorsal carpal arch

	6) deep palmar branch 
	r. palmaris profunda


	deep palmar branch from ulnar a. and terminal portion of radial form deep palmar arch 

	superficial palmar arch: 
-common palmar digital aa. 
	arcus palmaris superficialis:

-aa.digitales palmares communes 
	common palmar digital aa and palmar metacarpal aa. 

	deep palmar arch:

-palmar metacarpal aa. 
	arcus palmaris profundus:

-aa.metacarpalis palmares
	palmar metacarpal aa. join common palmar digital aa aa.metacarpalis palmares and give perforant branches which join dorsal metacarpal aa. from dorsal carpal arch


Self-taught class 20. Anastomoses of the vessels of lower extremity.

The aim: to learn the connection of the vessels of lower extremity, the formation of arterial networks of the joints and collateral circulation of the lower extremity; to find out the peculiarities of blood supply of the main articulations of the lower extremity.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations.

The plan of the self-taught class:

A. Revise the arteries of the lower extremity.

B. Learn the blood supply of the sacroiliac junction. Define the anastomoses of this region.

C. Learn the blood supply of the hip joint. Define the anastomoses in this region.

D. Learn the blood supply of the knee joint. Define the anastomoses in this region.

E. Learn the blood supply of the ankle joint. Define the anastomoses in this region.

F. Learn the formation of the plantar arch.
Arteries of lower extremity (branches and anastomoses)
	English term
	Latin term
	Anastomoses

	Femoral a. 
	A. femoralis
	

	1) superficial epigastric a.  
	a. epigastrica superficialis
	

	2) superficial circumflex iliac a.
	a. circumflexa iliaca superficialis
	 Deep circumflex iliac a. (from external iliac a.)

	3) external pudendal aa. 
	aa. pudendae externae

	

	4) deep femoral a.
	a. femoralis profunda

	

	- medial circumflex femoral a. 
	a. circumflexa femoris medialis
	lateral circumflex femoral a.

	- lateral circumflex femoral a. 
	a. circumflexa femoris lateralis
	medial circumflex femoral a.

	-perforating branches
	aa. perforantes
	arterial network around knee joint (rete articularis)

	5) descending genicular a. 
	a. genus descendens

	arterial network around knee joint

	Popliteal a. 
	A. poplitea
	

	1) lateral superior genicular a.
	a. genus superior lateralis 
	arterial network around knee joint

	2) medial superior genicular a.
	a. genus superior medialis
	arterial network around knee joint

	3) lateral inferior genicular a. 
	a.genus inferior lateralis 
	arterial network around knee joint

	4) medial inferior genicular a. 
	a. genus inferior medialis
	arterial network around knee joint

	5) middle genicular a.  
	a genus media


	arterial network around knee joint

	Anterior tibial a.

	a. tibialis anterior


	

	1) posterior tibial recurrent a.
	a. recurrens tibialis posterior
	arterial network around knee joint

	2) anterior tibial recurrent a. 
	a. recurrens tibialis anterior 
	arterial network around knee joint

	3) anterior lateral malleolar a. 
	a. malleolaris anterior lateralis
	anterior medial malleolar a.

	4) anterior medial malleolar a.
	a. malleolaris anterior medialis
	anterior lateral malleolar a

	5) dorsalis pedis a.
	a. dorsalis pedis
	

	   - lateral tarsal a.
	a. tarsalis lateralis
	

	   - medial tarsal a.
	a. tarsalis medialis
	

	   - dorsal metatarsal a. (first) 
	a. metatarsalis dorsalis I
	

	   -deep plantar a. 
	a. plantaris profunda
	deep plantar arch

	   -arcuate a.:
	a. arcuata
	lateral tarsal a. and arcuate a. form dorsal arch

	     1.dorsal metatarsal aa. 
	aa.metatarsales dorsales
	via anterior perforating branches with plantar metatarsalis aa.

	     2. posterior perforating branches 
	rr.perforantes posterior
	deep plantar arch 

	Posterior tibial a.
	A. tibialis posterior

	

	1) muscular branches 
	rr. musculares
	

	2) circumflex fibular a. (can start from ant. tibial a.)
	a. circumflexa fibularis
	arterial network around knee joint

	3) medial calcaneal branch
	r. calcaneus medialis
	lateral calcaneal branch

	4) fibular a.:
	a. fibularis

	

	   -malleolar branches
	rr. malleolares
	

	   - lateral calcaneal branch 
	r. calcaneus lateralis
	medial calcaneal branch

	5) medial plantar a. 
	A. plantaris medialis
	lateral plantar a.

	6) lateral plantar a. 
	A. plantaris lateralis
	medial plantar a.

	Deep plantar arch:

   - plantar metatarsal aa. 


	Arcus plantaris profundus:

aa.metatarsalis plantaris
	via anterior perforating branches with dorsal metatarsal aa.


Self-taught class 21. Cava-cava anastomoses

The aim: to learn the connection of the systemic veins; to find out the function of the anastomoses between the tributaries of the superior and inferior venae cavae.
Professional orientation: knowledge of this topic is necessary for doctors of all the specialities because it allows mastering the anatomical basis of the diagnostic technique and carrying out the operations.

The plan of the self-taught class:

A. Learn the cava-cava anastomose in the umbilical region.

B. Learn the cava-cava anastomose around the spinal column and inside the vertebral canal.
C. Learn the cava-cava anastomose on the posterior abdominal wall.
D. Learn the cava-cava anastomose in the region of the cardiac part of the stomach.
E. Learn the cava-cava anastomose on the wall of rectum.
Anastomoses of systemic veins
	Anastomosing veins
	Location of anastomosis

	Superior epigastric vein (tributary of internal thoracic vein), (superior cava system)
	Inferior epigastric vein (tributary of external iliac vein), (inferior cava system)
	Region of umbilicus

	Thoracoepigastric vein (tributary of axillary vein), (superior cava system)
	Superficial epigastric vein (tributary of femoral vein), (inferior cava system)
	Region of umbilicus

	Vertebral branches (tributaries of posterior intercostal veins), (superior cava system)
	Vertebral branches (tributaries of lumbal veins), (inferior cava system)
	Inside the vertebral channel and around the spinal column

	Azygos vein, hemiazygos vein (left and right ascending lumbal veins), (superior cava system)
	Left and right lumbal veins, (inferior cava system)
	Posterior abdominal wall 

	Superior epigastric vein (tributary of internal thoracic vein), (superior cava system)
	Paraumbilical veins, (portal vein system)
	Region of umbilicus

	Esophageal vein (tributaries of azygos vein)
	Gastric vein, (portal vein system)
	Region of cardiac part of stomach

	Middle rectal vein (tributary of iliac vein), inferior rectal vein (tributary of inferior pudendal vein), (inferior cava system)
	Superior rectal vein (tributary of inferior mesenteric vein), (portal vein system)
	Wall of rectum

	Lumbar veins (inferior cava system)
	Colic veins (tributaries of superior and inferior mesenteric veins), (portal vein system)
	Posterior abdominal wall 


Written tests on the vessels of extremities

I. Questions for self-check 

A patient is to undergo repair of her atrial septal defect (hole in the interatrial septum) through the right atrial chamber.

  a) What are the normal internal features of the right atrium? 

  b) Describe the normal development of the interatrial septum and the basis for the defect. 

The Heart 

The _____________ pumps blood to the lungs. 
The _____________ pumps blood to the body; it's the strongest chamber of the heart. 
The middle layer, of heart muscle itself, is known as the _______________. 
The _____________ takes in blood from the superior and inferior vena cavae. 
The _____________ takes in blood from the 4 pulmonary veins. 
The _____________________ is the body's largest artery. 
The _________________ valve is between the left atrium and left ventricle. 
The _________________ valve is between the left atrium and the left ventricle. 
The ___________________ is between the right and left ventricles
A blockage of a coronary artery can lead to a ______________. 

Blood Vessels 

The ____________ carry blood away from the heart. 
The ____________ are under high pressure. 
Large, thick walled arteries, located near the heart, are called ______________. 
The smallest type of artery, that connects with the capillaries, is called ______________. 
The smallest type of blood vessel is the _____________. 
Nutrients & wastes are exchanged at the ___________. 
______________ carry blood to the heart
The ____________ have one-way valves. 
__________ is the volume of blood flowing through an area in a certain amount of time. 
__________ is the pressure exerted on the blood vessel by the blood 
__________ pressure is when the heart contracts and BP is at its highest. 
High blood pressure is known as ______________. 
The ___________ artery drains the kidney. 
The _____________ is the major artery of the arm. 

II. Tests of basic theory

1. Anastomoses between the portal system and the vena caval system include:

A. Left gastric vein (portal) and azygos system (vena caval)

B. Inferior mesenteric vein (portal) and superior rectal vein (vena caval)

C. Veins of the descending and ascending colon (portal) and renal and lumbar veins (vena caval)

D. *a and c

E. a, b and c 

2. The aorta

A. becomes the descending aorta at TV4

B. enters the abdomen at TV 12

C. bifurcates into the common iliac arteries at LV4

D. b and c

E. *a, b and c 

3. The medial umbilical ligament represents:

A. *an obliterated umbilical artery

B. an obliterated umbilical vein

C. an obliterated urachus

D. an obliterated ductus venosus

E. none of the above 

4. Each of the following statements about the azygos system of veins is true EXCEPT:

A. it consists of veins on each side of the vertebral column

B. it drains the back and walls of the thorax and abdomen

C. *the right and left superior intercostal veins drain into the azygos system

D. the accessory hemiazygos vein joins the azygos vein

E. all of the above are true 

5. Tributaries of the coronary sinus include each of the following EXCEPT:

A. *anterior cardiac veins

B. oblique vein of the left atrium

C. small cardiac vein

D. great cardiac vein

E. middle cardiac vein 

6. The right coronary artery typically supplies the:

A. sino-atrial node

B. right ventricle

C. posterior interventricular septum

D. a and b

E. *a, b and c 

7. The film of a postero-anterior chest x-ray shows a well defined outline of the heart. Which of the following is a TRUE statement?

A. *the entire right border is right atrium.

B. the right border is both right atrium and ventricle.

C. the left border is entirely left atrium

D. the inferior border is entirely right ventricle.

E. the inferior border is 2/3 left ventricle and 1/3 right ventricle 

8. A radiograph of the deep and superficial palmar arches was taken after both were injected with contrast medium. When looking at the film, which arch is more distal in the hand? 

A. *superficial palmar arch 

B. deep palmar arch 

C. they are both at the same level in the palm

D. cannot determine from data given 

E. none of the above answers is correct 

9. Which artery lies on the anterior surface of the anterior scalene muscle? 

A. superior thyroid artery 

B. *ascending cervical artery 

C. vertebral. artery 

D. costocervical trunk 

E. subclavian A 

10. A rhabdomyosarcoma (malignant striated muscle tumor) involves the whole of the middle scalene muscle. What structures will be affected by the tumor?

A. dorsal scapular nerve

B. long thoracic nerve

C. subclavian artery, if tumor extends anteriorly

D. a and c

E. *a, b and c 

11. The subclavian artery passes

A. anterior to the phrenic nerve

B. anterior to the scalenus anterior muscle

C. posterior to the lower trunk of the brachial plexus

D. posterior to the scalenus medius muscle

E. *posterior to the vagus nerve 

12. The interosseous membrane between the tibia and fibula is pierced by the :

A. anterior tibial artery

B. deep peroneal nerve

C. peroneal artery

D. *a and c

E. a, b and c 

13. The pulsations of the posterior tibial artery are best felt:

A. behind the knee

B. *behind the medial malleolus

C. between the medial and lateral malleoli 

D. behind the lateral malleolus

E. the posterior tibial artery can not be palpated 

14. All the following statements about the deep femoral artery are true EXCEPT:

A. the medial circumflex femoral artery runs in between the pectineus muscle and iliopsoas muscle.

B. the lateral circumflex femoral artery runs deep to the rectus femoris muscle.

C. the deep femoral artery runs in between the adductor longus and brevis muscles.

D. the perforating branches of the artery pass through the adductor magnus.

E. *the terminal branch of the artery passes through the adductor hiatus 

15. Just before birth, the largest branch of the internal iliac artery is the

A. inferior gluteal artery

B. internal pudendal artery

C. middle rectal artery

D. superior gluteal artery

E. *umbilical artery 

16. Passing between the lumbosacral trunk and Sl nerve is the

A. inferior gluteal artery

B. internal pudendal artery

C. obturator artery

D. *superior gluteal artery

E. none of the above 

17. Between which two muscles does the internal pudendal artery leave the pelvic cavity?

A. a. coccygeus and levator ani

B. b. *piriformis and coccygeus

C. c. piriformis and gluteus maximus

D. d. piriformis and obturator internus

E. none of the above 

18. Enlarged veins radiating from the umbilicus in the abdominal wall would most likely result from blockage of the

A. *portal vein proper

B. splenic vein

C. superior mesenteric vein

D. all the above

E. none of the above 

19. The great cardiac vein travels with

A. the posterior interventricular artery

B. the anterior interventricular artery

C. the circumflex artery

D. a and c

E. *e. b and c 

20. On an anterior-posterior X-ray of the chest, the right border of the heart shadow consists of the:

A. a. acute margin

B. b. left atrium only

C. c. obtuse margin

D. *right atrium only

E. right atrium and right ventricle 

21. In the cubital fossa, the brachial artery is: 

A. lateral to the tendon of the biceps brachii muscle

B. *medial to the tendon of the biceps brachii muscle

C. medial to the median nerve

D. a and c

E. b and c 

22. The axillary artery:

A. begins at the lateral border of the first rib

B. lies anterior and inferior to the axillary vein

C. gives off the posterior humeral circumflex artery

D. *d. a and c

E. a, b, and c 

23. When inserting a cardiac catheter through the brachial vein, it would reach the medial end of the subclavian vein at the

A. beginning of the superior vena cava

B. behind the anterior scalene muscle

C. *behind the medial end of the clavicle

D. lateral margin of the anterior scalene muscle

E. lateral margin of the first rib 

24. Which of the following statements is TRUE? 

A. the anterior tibial artery travels posterior to anterior above the interosseous membrane

B. the peroneal artery travels within the lateral compartment and supplies the muscles there-

C. the dorsalis pedis artery is a continuation of the anterior tibial artery and becomes the deep plantar artery

D. a and b

E. *a and c 

25. Muscles of the posterior compartment of the thigh receive their blood supply from:

A. popliteal artery

B. medial femoral circumflex artery

C. perforating branches of the deep femoral artery

D. a and c 

E. *a, b, and c 

26. The medial circumflex femoral artery

A. is observed in the femoral triangle

B. passes between the iliopsoas and pectineus muscles

C. contributes a branch to the cruciate anastomosis

D. a and c 

E. *a, b and c 

27. The superior gluteal artery typically exits the pelvis

A. above the lumbosacral trunk

B. *between the lumbosacral trunk and S 1 nerve

C. between the S1 and S2 nerves

D. between the S2 and S3 nerves

E. through the lesser sciatic foramen 

28. All of the following pass through the pelvic inlet EXCEPT the

A. abnormal obturator artery

B. *lateral sacral artery

C. median sacral artery 

D. ovarian artery

E. round ligament of the uterus 

29. The division of the aorta with the fewest branches is normally the: 

30. *ascending aorta 

A. aortic arch 

B. descending thoracic aorta 

C. abdominal aorta 

D. same number of branches in all aortic divisions listed 

31. Matching Type 

(a) left atrium

(b) left ventricle

(c) right atrium

(d) right ventricle

(e) right auricle

A. a  b  c  d  e --opening of the coronary sinus 

B. a  b  c  d  e --opening of the right pulmonary veins 

C. a  b  c  d  e --sinus venarum 

D. a  b  c  d  e --conus arteriosus 

E. a  b  c  d  e --septal papillary muscl 

32. Matching Type 

(a) branch of the axillary artery

(b) branch of the ulnar artery

(c) branch of the radial artery

(d) branch of the subclavian artery

(e) branch of the brachial artery

A. a  b  c  d  e --superior ulnar collateral A 

B. a  b  c  d  e --crosses the floor of the anatomical snuffbox 

C. a  b  c  d  e --vertebral A 

D. a  b  c  d  e --anterior humeral circumflex A 

E. a  b  c  d  e --dorsal scapular 

33. The following statements about the superior vena cava are true, EXCEPT: 

A. It begins at the level of the right first costal cartilage. 

B. It receives the right and left brachiocephalic and the azygos veins. 

C. It follows the right phrenic nerve. 

D. *It follows the right vagus nerve. 

E. It enters the right atrium. 

34. The pacemaker for the heart is ordinarily the: 

A. *sinoatrial node 

B. atrioventricular node 

C. atrioventricular bundle (of His) 

D. subendocardial plexus 

E. membranous interventricular septum 

35. All of the following participate in the arterial anastomosis around the elbow joint EXCEPT: 

A. superior ulnar collateral A 

B. anterior descending branch of profunda brachii A 

C. radial recurrent A 

D. *anterior interosseous A 

E. inferior ulnar collateral 

36. You are to perform a venipuncture of the median cubital vein. Which of the following structures is most suitably located to afford protection against your inadvertently entering the brachial artery rather than the veins? 

A. the cord-like tendon of the biceps brachii M. 

B. *the bicipital aponeurosis 

C. the tendon of the brachialis . 

D. the brachioradialis M. 

E. the medial epicondyle of the humerus 

37. Pick the discordant pair: 

A. radial N. profundus brachii A 

B. axillary N. posterior humeral circumflex A 

C. ulnar N superior ulnar collateral A 

D. *median N. posterior interosseous A 

E. anterior interosseous N.anterior interosseous A 

38. The correct arrangement of the following structures from superficial to deep is: 

(1) palmar aponeurosis

(2) lumbricals

(3) superficial arterial arch

(4) metacarpal bones

(5) digital branches of the median nerve

A. 1-2-3-4-5 

B. *1-3-5-2-4 

C. 1-3-2-5-4 

D. 1-2-3-5-4 

E. 1-5-3-2-4 

39. Which of the following arteries is not a branch of the axillary artery: 

A. thoracoacromial 

B. *profunda brachii 

C. lateral thoracic 

D. anterior humeral circumflex 

E. subscapularis 

40. Obstruction of the portal vein may result in all of the following, EXCEPT: 

A. dilation of veins around the umbilicus 

B. *varicosities of the great saphenous V. 

C. dilation of veins around the lower esophagus and, possibly,vomiting  of blood 

D. enlargement of veins along the large bowel 

E. bleeding into the rectum or anal canal 

41. All the following are branches of the external carotid artery, EXCEPT: 

A. ascending pharyngeal A. 

B. superior thyroid A. 

C. occipital A. 

D. *vertebral A. 

E. lingual A. 

42. All of the following are correctly matched with their arterial origin, EXCEPT: 

A. anterior humeral circumflex A.third part of the axillary A. 

B. *common interosseous A. radial A. 

C. deep brachial A. : brachial A. 

D. lateral thoracic A. : second part of the axillary A. 

E. anterior ulnar recurrent A :ulnar A. 

43. Bone injuries around the knee are very common. Which structure lies closest  to a fractured lower end of the femur? 

A. popliteal vein 

B. tibial nerve 

C. *popliteal artery 

D. common peroneal nerve 

E. saphenous nerve 

III. Tests from “Step-1” database with explanation

1. A 50 -year-old electrician reports pain in his left upper extremity and tingling and numbness in his 4th and 5th digits of his left hand. There is mild swelling of the left hand. The man reports most of his pain and numbness occurs when he is doing electrical work with his arms overhead. X-ray reveals the presence of a cervical rib. Which of the following structures is most likely being compressed?

A. Axillary artery

B. Brachial artery

C. Brachiocephalic artery

D. Subclavian artery

E. Subscapular artery

Explanation:

The correct answer is D. The subclavian artery passes laterally over the upper surface of the first rib and lies posterior to the scalenus anterior. In the case of thoracic outlet syndrome, this artery is usually compressed between the scalenus anterior and a cervical rib. Thoracic outlet syndrome is a broad term for a group of disorders in which there is compression of certain neurovascular bundles. The presence of a cervical rib adds to the compression, and repetitive motion and poor posture are other predisposing factors. When the neurovascular bundle is entrapped, the patient presents with neurological and/or circulatory changes in the upper extremity on the involved side.

The axillary artery (choice A) is the continuation of the subclavian artery. This artery begins at the outer border of the first rib and continues through the axilla to the lower border of the teres major.

The brachial artery (choice B) is the continuation of the axillary artery in the upper extremity and can not be compressed by a cervical rib.

The brachiocephalic artery (choice C) arises from the arch of the aorta. At the level of the right sternoclavicular joint, it separates into the right common carotid artery and the right subclavian artery.

The subscapular artery (choice E) is the largest branch of the axillary artery. It supplies muscles on the lateral thoracic wall and scapular muscles.

2. A 49-year-old man presents with complaints of pain and cramps in his calf muscles when he walks for long distances. The pain is relieved by resting. The physician suspects arterial insufficiency to the lower limbs and wishes to evaluate the arterial flow by palpation of the dorsalis pedis pulses. In which of the following locations may this pulse be palpated?

A. On the dorsum of the foot, medial to the tibialis anterior tendon

B. On the dorsum of the foot, between the tibialis anterior tendon and the extensor hallucis longus tendon

C. On the dorsum of the foot, between the extensor hallucis longus tendon and the extensor digitorum longus tendon

D. On the dorsum of the foot, lateral to the extensor digitorum longus tendon

E. Posterior to the medial malleolus of the ankle

Explanation:

The correct answer is C. The dorsalis pedis artery is the continuation of the anterior tibial artery after the artery crosses the ankle to reach the dorsum of the foot. Its pulse is the most distal palpable pulse in the lower limb and therefore is useful for evaluating the arterial supply to the limb. On the dorsum of the foot, the pulse may be felt as the artery passes over the navicular bone between the extensor hallucis longus tendon and the extensor digitorum longus tendon.

The other locations on the dorsum of the foot (choices A, B, and D) are not sites where this artery may be palpated.

Posterior to the medial malleolus (choice E) is the site where the posterior tibial artery passes into the foot. The pulse of this artery may be felt in this location.

3. During an abdominal surgical procedure, the surgeon wishes to locate the ureter in order to ensure that it is not injured. The ureter may be found immediately anterior to the origin of the

A. common iliac artery

B. external iliac artery

C. internal iliac artery

D. gonadal artery

E. renal artery

Explanation:

The correct answer is B. The ureter leaves the renal pelvis and lies on the posterior abdominal wall as it descends to the pelvis. It crosses the pelvic brim at the level of the bifurcation of the common iliac artery. At this point it crosses anterior to the origin of the external iliac artery to enter the pelvis.

The origin of the common iliac artery (choice A) is at the bifurcation of the abdominal aorta, which occurs at the level of the fourth lumbar vertebra in the midline of the abdomen. Both ureters are lateral to the aortic bifurcation.

The origin of the internal iliac artery (choice C) is at the bifurcation of the common iliac artery, which occurs at about the level of the first sacral vertebra. The ureter and the internal iliac artery both enter the pelvis with the ureter on the lateral side of the artery.

The origin of the gonadal artery (choice D) (either the testicular artery or the ovarian artery) is from the abdominal aorta at a variable level, usually between the renal artery and the inferior mesenteric artery. The ureters are lateral to the origin of this artery.

The origin of the renal artery (choice E) is from the abdominal aorta at about the level of the second lumbar vertebra. The renal arteries pass laterally to enter the renal pelvis. At this site, the ureter is posterior to the artery.

4. A 54-year-old male has developed cirrhosis, with obstruction of the portal circulation within the liver. Portal blood could still be conveyed to the caval system via which of the following?

A. Azygos and hemiazygos veins

B. Gonadal veins

C. Internal iliac veins

D. Splenic vein

E. Vesical venous plexus

Explanation:

The correct answer is A. The esophageal venous plexus, which drains into the azygos and hemiazygos veins within the thorax, has anastomoses with branches of the left gastric vein. Thus, following blockage of the portal vein, portal blood may enter the superior vena cava via the azygos system. Other important portacaval connections include: the superior rectal vein with the middle and inferior rectal veins; paraumbilical veins with epigastric veins (engorgement of these vessels results in caput medusae); and the colic and splenic veins with renal veins and veins of the posterior body wall.

The gonadal veins (choice B) exclusively drain the gonads (although, in the female, the ovarian vein communicates with the uterovaginal plexus). These vessels have no anastomoses with portal vessels.

The internal iliac veins (choice C), which drain most of the pelvis and much of the inferior extremities, have no demonstrated portal anastomoses.

The splenic vein (choice D) is incorrect because it is itself a component of the portal venous system.

The vesical venous plexus (choice E), which is situated well within the pelvis and drains the bladder and the prostate (or uterus and vagina), has no association with portal vessels.

IV. Tests from «Krok-1» database 

1. During the fetal period of the development in the vascular system of the fetus large arterial (Botallo's) duct is functioning which converts into lig. arteriosum after birth. What anatomical formations does this duct connect between each other? 
A. Right and left auricle 
B. *Pulmonary trunk and aorta 
C. Aorta and inferior vena cava 
D. Pulmonary trunk and superior vena cava 
E. Aorta and superior vena cava 
2. Usually the intravenous injection is done into median cubital vein because it is slightly movable due to fixation by the soft tissues. What is it fixed in the cubital fossa by? 

A. Anconeus muscle 
B. Brachioradial muscle 
C. *Aponeurosis of biceps muscle 
D. Brachial muscle 
E. Tendon of the triceps muscle 
3. A 54-year-old man was admitted to the hospital with complaints of pain in the right subcostal region, vomiting with blood. Objectively: enlarged liver, varicose veins in the stomach and esophagus. Disfunction of what vessel is likely to have taken place? 
A. Aorta abdominalis 
B. Vena hepatica 
C. Vena cava inferior 
D. *Vena porta 
E. Vena cava superior 
4. A patient has tissue ischemia lower the knee joint, accompanied with "intermittent claudication". Which artery is occluded in this case?

A. *
Posterior tibial

B. Proximal part of the femoral

C. Anterior tibial

D. Popliteal

E. Fibial
5. The patient with thymoma (thymus gland tumour) has cyanosis, extention of subcutaneous venous net and edema of the soft tissues of face, neck, upper part of the trunk and upper extremities. What venous trunk is pressed with tumour? 
A. *A. Superior vena cava 
B. Frontal jugular vein 
C. Clavicular vein 
D. Internal jugular vein 
E. External jugular vein 
6. Contraction of a great vessel reduced blood derivation from the left ventricle. Which vessel has undergone pathological changes?

A. Pulmonary vein.

B. Pulmonary trunk.

C. Aorta.*

D. Superior vena cava. 

E. Inferior vena cava.

7. Blood pressure rise in aorta increased the load of the cardiac muscle. The muscular wall of which region of the heart reacts to irritation?

A. Left ventricle.*

B. Left atrium.

C. Right ventricle.

D. Right atrium.

E. Venous sinus.

8. Blood pressure rise in a great vessel which carries blood to lungs increased the load of the cardiac muscle. The muscular wall of which region of the heart reacts to irritation?

A. *Right ventricle.

B. Left ventricle.

C. Right atrium.

D. Left atrium. 

E. Venous sinus

9. Examining a teenager a doctor detected a congential heart disease - patent ductus arteriosus. What struc​tures does the duct join in the period of prenatal development?

A. Right and left atriums.

B. Right and left ventricles.

C. Aorta and inferior vena cava.

D. Pulmonary trunk and aorta.*

E. Pulmonary trunk and superior vena cava.

10. A patient has the ischemia of tissues below the knee-joint accompanied by intermittent claudication. Which artery occlusion is meant?

A. *Popliteal.

B. Femoral.

C. Posterior tibial.

D. Anterior tibial.

E. Proximal part of femoral artery.

11. A surgeon, accessing the organs of the thoracic cavity, made an incision on the anterior chest wall along one of the intercostal spaces. He carefully dissected the tissues of the anterior medial region of the intercostal space in order not to damage the artery situated in parallel to the edge of the breast bone, by 1-1.5 cm more lateral from it. Which artery is meant?

A. Inferior phrenic.

B. Anterior intercostal.

C. Superior phrenic.

D. Costocervical trunk.

E. *Internal thoracic.

12. While examining a patient, a surgeon detects artery pulsation behind the medial malleolus. Which artery is meant?

A. *Posterior tibial.
B. Fibular.

C. Anterior tibial.

D. Posterior recurrent tibial. 

E. Anterior recurrent tibial.
13. Usually, if a patient has essential hypertension, his left cardiac border is shifted to the left. Due to which chambers of heart or vessels does it happen?

A. Left atrium.

B. *Left ventricle.

C. Left ventricle and left atrium.

D. Arch of aorta.

E. Pulmonary trunk.

14. Examining patients with cardiovascular system pathology it is often necessary to compare the character of vessels pulsation in symmetrical points of both body parts. Pulsation of which artery is easy to feel on the anterior surface of the inferior third of forearm?

A. A. ulnaris.

B. *A. radialis.

C. A. interossea anterior.

D. Ramus palmaris superficialis.

E. A. interossea posterior.

15. A doctor examined a patient who got into a car accident. The patient has a fracture of the left clavicle and disorders of blood circulation in the extremity (radial artery pulsation is absent). What is the cause of blood circulation disorder?

A. Compression of vertebral artery.

B. Compression of axillary artery.

C. Compression of subclavian vein.

D. *Compression of subclavian artery.

E. Compression of axillary vein.

16. A patient suffers from liver cirrhosis. The varicose veins of which porta-caval shunt are observed?

A. V. subcostalis.

B. V. femoralis.

C. *V. epigastrica superficialis.

D. D.V. circumflexa ilium profunda.

E.  Vv. intercostales posteriores.

17. During the ultrasonic examination of the heart a doctor observes semilunar cusps. What happens to them at diastole (relaxation) of ventricles?

A. *Interlock,  closing the lumen of vessels.

B. Turn out into the lumen of vessels.

C. Turn out into the lumen of ventricles.

D. Press to the vessels walls.

E. Press to the ventricle walls.

18. An inflammatory process in endocardium (endocarditis) is diagnosed. Which structure of heart is damaged in case of this pathology?

A. Myocardium.

B. Conducting system of heart.

C. Coronary artery.

D. Cardiac bursa.

E. *Cardiac valve.

19. An injury of skin in the medial region of the sternocleidomastoid muscle caused air embolism. Which cervical vein was damaged?

A. Posterior auricular.

B. Anterior jugular.

C. Internal jugular.

D. *External jugular.

E. Transverse cervical.

20. During an operative intervention on a mammary gland profuse bleeding appeared. Which artery was damaged?

A. Internal thoracic.

B. Lateral thoracic.*

C. Superior epigastric.

D. Axillary.

E. Superior thoracic.

21. A 45-year-old patient's skin of the right foot and leg is pale, there is no pulsation of the dorsal artery of foot and posterior tibial artery. Pulsation of the femoral artery is preserved. Which artery is damaged?

A. Descending genicular.

B. External iliac.

C. Fibular.

D. Deep artery of thigh. 

E. *Popliteal.

22. A 60-year-old patient has sharp dilation of subcutaneous veins of the anterior abdominal wall. Circulation of which vein was violated?

A. Vena cava superior.

B. Vena azygos.

C. *Vena portae.

D. D.Vena mesenterica superior.

E. Vena cava inferior.

23. A 58-year-old patient is admitted to a cardiological clinic with acute persistent pain in substernal area which does not reduce after the second taking of nitroglycerine. Electrocardiogram shows that he has big necrosis of the posterior su rface of the heart. The diagnosis is transmural myocardial infarction of the posterior wall of the heart. Acute occlusion of which vessel led to his disease?

A. *Right coronary artery.

B. Coronary sinus.

C. Right pulmonary artery.

D. Left coronary artery.

E. Left common carotid artery.

24. A patient has varicose veins and thrombophlebitis on the posterolateral surface of the leg. Which vein is damaged?

A. V. saphena magna.

B. *V. saphena parva.

C. V. tibialis posterior.

D. V. peronea.

E. V. tibialis anterior.

25. A patient has the affection of the head of the femur of ischemic origin diagnosed. Which artery is damaged?

A. *Ramus acetabularis. 

B. A. femoralis.

C. A. illiaca externa.

D. A. profunda femoris.

E. A. umbilicalis.

26. A patient has significant enlargement of the left atrium, enlarged liver. Which structure of heart is damaged?

A. *Valva tricuspidalis. 

B. Valva aortae.

C. Valva bicuspidalis.

D. Valva trunci pulmonalis.

E. Auricula sinistra.

27. A patient complains of pain and spasms along the posteromedial surface of the shin. Which vein is damaged?

A. V. femoralis.

B. *V. saphena magna.

C. V. epigastrica superficialis.

D. V. poplitea.

E. V. saphena parva.

28. Examination of a patient has shown an edema on the medial surface of the femur, enlargement of veins, and nodulation. Which vein has pathology?

A. V. poplitea.

B. V. saphena parva.

C. V. femoralis.

D. *V. saphena magna. 

E. V. iliaca externa.

29. A patient has vessel dilation on the anteromedial surface of the shin. Which vessel dilation caused this process?

A. V. saphena parva.

B. A. tibialis anterior.

C. *V. saphena magna. 

D. A. tibialis posterior.

E. V. poplitea.

30. A patient was admitted to a hospital with subcutaneous veins dilation in the area of umbilicus (cirsomphalos). The vascular permeability of which great venous vessel is damaged?

A. V. renalis.

B. V. mesenterica superior.

C. V. mesenterica inferior.

D. V. iliaca interna.

E. *V. portae hepatis. 

31. Examining a patient with ischemic disease a doctor detected deterioration of venous blood flow in the basin of a cardiac vein, which passes through the anterior interventricular sulcus.   Which vein is this?

A. V. cordis parva.

B. V. cordis media.

C. *V. cordis magna.

D. V. posterior ventriculi sinistri. 

E. V. obliqua atrii sinistri.

32. During the period of prenatal development in the vascular system of a fetus an arterial duct functions, which turns into lig. arteriosum after birth. What vessels does it join?

A. *Pulmonary trunk and aorta. 

B. Right and left atrium.

C. Aorta and inferior vena cava.

D. Pulmonary trunk and superior vena cava.

E. Aorta and superior vena cava.

33. Examining blood supply a doctor detects pulsation of a large artery, which passes ahead of the talocrural joint between the tendons of the long extensor of the big toe and the long extensor of fingers in a separate fibrous canal. Which artery is this?

A. A. tarsea lateralis.

B. A. tibialis posterior.

C. A. tarsea medialis.

D. *A. dorsalis pedis. 

E. A. fibularis.

34. Examining blood supply of a foot a doctor detects pulsation of a large artery behind the malleolus medialis in a separate fibrous canal. Which artery is this?

A. A. dorsalis pedis.

B. *A. tibialis posterior.

C. A. tibialis anterior.

D. A. fibularis.

E. A. malleolaris medialis.

35. A patient complains of pain and edema of her lower extremities. Examination has shown edema of tissues, noticeable varicose veins, and nodulation on the medial surface of the thigh. Which vein damage might have caused such changes?

A. *V. saphena magna. 

B. V. saphena parva.

C. V. femoralis.

D. V. profunda femoris. 

E. Vv. tibiales.

36. A patient has symptoms of arterial duct nonclosure. Which vessels does it join?

A. *Aorta and pulmonary trunk. 

B. Aorta and inferior vena cava.

C. Aorta and superior vena cava.

D. Pulmonary artery and superior  vena cava.

E. Pulmonary artery and inferior vena cava.

37. A woman appealed to a doctor with complaints of pain and edema of the lower extremity, veins swelling, and varicose nodes formation on the medial surface of the thigh. Which vein is damaged?

A. Popliteal.

B. Small saphenous.

C. Femoral.

D. *Large saphenous. 

E. Posterior tibial.

38. A patient with a thymus tumor has cyanosis, extension of subcutaneous venous network, edema of soft tissues of the face, neck, upper half of the body, upper limbs. Which venous trunk is blocked?

A. *Superior vena cava.

B. External jugular vein.

C. Subclavian vein.

D. Internal jugular vein.

E. Anterior jugular vein.

Practice class 38. Written tests and examination of practice skills of nerves and vessels of extremities. Tutorial of module 1.

Practice class 39. Examination of module 1.
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