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The study was performed on 48 young men aged 16 to 18. The main group consists of 32 respondents, the control group
— of 16 students. All respondents underwent a morphometric study using ultrasound diagnostics of the rectus femoris muscle. As
a result of the comparison of the morphometric parameters of the bipinnate (rectus) femoris muscle according to the ultrasound
examination, it was established that the volume in the upper third of the m.réctus fémoris is greater in professional football players,
compared to student football players, by 31.2 %, by 37.6 %, compared to the control group. Also, in football students the volume
of m.réctus fémoris in the upper third is by 9.4 % larger, compared to the control group. In the middle third, it is higher in
professional football players by 39.3 % compared to student football players and by 35.4 % compared to the control group. In the
lower third, it is higher in professional football players by 28.1 %, compared to student football players, and by 21.1 %, compared
to the control group. There is practically no difference in the volume of the m.réctus fémoris in the middle and lower third between
football students and the control group.

Key words: muscles, anatomy, morphometry, ultrasound examination.

C.1O. KapareeBa, O.M. Cnodoasin, .M. Ilypkan, I.O. Ko3noBcska, B.K. I'ponenskuii

HOPIBHAJIBHA MOP®OMETPUYHA XAPAKTEPUCTHKA JIBOIIEPUCTOI'O M’SI13A
CTEI'HA 3A JAHUMMU YJIBTPA3ZBYKOBOI'O JOCJILIKEHHS

JocnipkeHHs: BUKOHaHO Ha 48-MM 0oHaKax, BikoM Bix 16 o 18 pokiB, OCHOBHY IpyIly CTQHOBISTH 32 PECIIOHIEHTA,
KOHTPOJIBHY — 16 cTyieHTIB Y ciM pecrioHIeHTaM OyJIo poBeeHO MOp(HOMETpUYHE TOCIIIKEHHS 32 JOIIOMOT0I0 yIBTPa3BYKOBOT
IIarHOCTHKH TIPSIMOTO M’si3a CTeTHA. B pesynbraTi mpoBeAEeHOrO MOPIBHAHHA MOP(OMETPUYHHX IMapaMeTpiB ABOIIEPHUCTOTO
(npsiMoro) M’si3a CTErHa 3a JaHUMH YJIBTPa3ByKOBOTO JOCIIIJDKEHHS BCTAHOBIIEHO, 1110 00’ €M y BepxHiil TpeTuHi m.réctus fémoris
Oinpmmii y npodeciiianx ¢yrdoicTiB, mopiBHAHO 3 cTyneHTaMU-(pyTOOoTicTaMu Ha 31,2 %, Ha 37,6 %, TOPIBHAHO 3 KOHTPOJILHOIO
rpymofo. Takox, y cTynaeHTiB-QyTOOmicTiB 00’eM m.réctus fémoris B BepxHili TpetmHi Ha 9,4 % Oinmpmmii, MOpPIBHAHO 3
KOHTPOJIBHOIO Tpynoro. B cepenniii Tperuni Oinpmmii y mpodeciiinux ¢yrtoomictiB Ha 39,3 %, MOPIBHSHO 3 CTyIEHTaMH-
¢yroomicramu Ta Ha 35,4 %, MOPIBHAHO 3 KOHTPOJBHOIO Ipymolo. B HukHiN TpetnHi Oinpmmii y npodeciitaux ¢yrOoicTiB Ha
28,1 %, nopiBHSHO 3 cTyaeHTaMu-(yTOomicramu, Ta Ha 21,1 %, MOPIBHAHO 3 KOHTPOJIBHOIO Tpymnor0. Pisaumi 06’emy m.réctus
fémoris B cepenHiii Ta HIKHIA TPETHHI MK CTyZIeHTaMH-(QyTOONIICTaMH Ta KOHTPOJIBHOIO IPYIIO0 IIPAKTHYHO HEMAE.

KuiouoBi c1oBa: M’s131, aHaTOMIsT, MOPHOMETPIsl, YIBTPa3BYKOBE JOCIIHKEHHSI.

The work is a fragment of the research project “Regularities of sex-age structure and topographic-anatomical
transformations of organs and structures of the body at the pre- and postnatal stages of ontogenesis. Peculiarities of perinatal
anatomy and embryotopography”, state registration No. 0120U101571.

Individual features of the athletes’ body structure have a significant impact on the parameters of
the coordination structure and are an objective cause of the variability of the movement system, which
should be taken into account when correcting the individual model of the athletes’ movement structure
[1-5]. But in order to achieve certain success in sports, in addition to the study of biometric, anthropometric
indices and the establishment of biomechanical technologies, morphometry is important for planning
promising sports achievements. It should be noted that in the field of sports, information about muscle
morphology is very valuable for diagnosis or further research after treatment or training [12].
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Muscle structure and distribution play a central role in determining athletic performance, especially
in sports involving speed and strength [7, 8, 9].

Ultrasound imaging is a tool commonly used to visualize soft tissue structures, permitting the

quantification of muscle size and structure. These morphological variables are important determinants of
muscle strength and tension force range [6, 14].
It is known that the muscles of the thigh include three groups of muscles: anterior, posterior and adductors.
The most prominent of these muscle groups are the front muscles, which consist of the four muscles that
make up the quadriceps. These muscles are the powerhouse of the body and provide short bursts of energy
that allow players to sprint or maintain a steady run while playing. The development of these muscles
makes players faster and also provides more power for kicking [7].

Therefore, ultrasound examination of the rectus femoris muscle in order to compare the
morphometric parameters of football players for recommendations on sports selection is relevant and
requires further study [10, 11, 13].

There are almost no works devoted to the study of the rectus femoris’es morphometric
parameters using ultrasound.

The purpose of the study was to compare the volume of the rectus femoris muscle in order to
determine the sports orientation and selection for professional football.

Materials and methods. The study was performed on 48 young men aged 16 to 18. The main
group consisted of 32 respondents, of which group I included 16 players of the Ukrainian masters of sports
football team “University”, Chernivtsi, and group II — 16 students of the I-II courses of the Faculty of
Physical Culture and Human Health at the Yuriy Fedkovich Chernivtsi National University. The III group
was the control group, which consisted of 16 students of the I-II years of the college and dental faculties
at the Bukovinian State Medical University.

Representatives of the main group were practically healthy (there was no congenital or chronic
pathology in the anamnesis), among them were masters of sports of Ukraine, who systematically trained
intensively and participated in the championships of Ukraine among higher educational institutions, under
the leadership of the team coach. Training took place 3—4 times a week, for 1.5 hours on average, and
football students who, in addition to the physical load included in the program of their specialty during the
year, additionally (under the control of a coach, 3 times a week, for 1.5 hours on average) attended football
sections.

The subjects of the control group were also practically healthy young men who were loaded with
hours of physical education, according to the programs of their specialty, and additionally did not play
sports. The mean body weight of the subjects is 78.50+2.26 kg, height is 180.40+£2.36 cm.

All respondents underwent a morphometric examination with the help of ultrasound diagnostics of
the rectus femoris muscle (musculus rectus femoris) using the Voluson™ E 10 device (Austria), in 2D
linear sensor mode, on the basis of the Basismed medical center in Chernivtsi. The length, width and depth
were set (in the upper third, in the middle, in the lower third) (Table 1).

The length of the rectus femoris muscle (m. réctus fémoris) was determined from the front lower
iliac spine (straight head, caput réctum) and from the area of the iliac bone above the acetabulum (rotated
head, caput refléxum), which pass into the common tendon. (Fig. 1). The width was determined between
the edges in the widest part of the muscle. The depth was determined in the upper, middle and lower thirds
of the muscle.

Fig. 1. Sagittal section of the hip of a young man D., 18 years old

The structure of m. rectus femoris was studied with the help of ultrasound (echogenicity, echo
structure, blood flow and acoustic density).

Table 1 (the volume of m. rectus femoris in the upper, middle and lower thirds (mm”3), for each
group display the mean (mean), limits of the 95 % confidence interval for the mean (lower, upper), root
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mean square deviation (SD), and standard error (SE). A vertical height gauge was used to measure height.

Body weight (weighing) was carried out on floor scales (electronic).

One-way ANOVA was used to identify significant differences in mean volume values between
groups of respondents.

Table 1
Mean values of m. rectus femoris volume in the upper, middle and lower third (mm*3)
Mean values of m. rectus femoris volume in the upper third (mm~3)
Group Mean Lower Upper SD SE
I 2024593 1963363 2085823 169828.9 30021.80
I 1394435 1341191 1447680 142591.8 26033.58
11 1263426 1180254 1346599 222740.4 40666.65
Mean values of m. rectus femoris volume in the middle third (mm”3)
Group Mean Lower Upper SD SE
I 1630862.3 1505673.8 1756051 347226.49 61381.552
I 990854.8 978295.9 1003414 33633.35 6140.582
111 1053444.4 1014489.2 1092400 104323.85 19046.842
Mean values of m. rectus femoris volume in the lower third (mm*3)
Group Mean Lower Upper SD SE
I 808753.9 734451.5 883056.3 206087.29 36431.429
I 581491.6 567637.2 595346.1 3710291 6774.033
111 638581.0 596316.7 680845.3 113185.94 20664.830

Results of the study and their discussion. It should be noted that in the field of sports, information
about muscle morphology is very valuable for diagnosis or further research after treatment or training, as
well as for the purpose of determining sports orientation and selection for professional football.

According to our ultrasound data of the rectus femoris muscle in professional football players and
subjects of the control group, it was established that the echo structure of the m.réctus fémoris in the
respondents of all groups is not disturbed, the echogenicity is normal, the blood flow is normal, and the

acoustic density is normal.

Thus, the results of our study show that the mean value of the volume of m.réctus fémoris in the
upper third for the first group is 2024593 mm"3, the 95 % confidence interval for the meanis (1963363;
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Fig. 2. The difference between the mean values of the assessment of the m.réctus fémoris
volume in the upper third

2085823) and this means
that with a probability of
95 %, we can state that
the value of the volume
of m.réctus fémoris in
the upper third for new
respondents from among
professional football
players will be in the
range from 1963363 to
2085823 mm*’,

It can also be
argued that the value of
the volume of m.réctus
fémoris in the upper third
for professional football
players is 2024593+
169828.9 (if SD is used)
or 2024593+ 30021.80.

One-way analysis of variance showed that there is a statistically significant difference in the mean
values of the assessment of the m.réctus fémoris volume in the upper third between the groups (FWelch
(2,57.56)=163.34, p<0.001). The value of ®w2 =0.84,95% CI=(0.78; 1), shows that the volume of m.réctus
fémoris in the upper third has a strong influence on the groups of respondents (Fig. 1)

The scale of Discovering Statistics Using IBM SPSS Statistics was used for interpretation: ES < 0.01 —
Very small, 0.01<=ES < 0.06 — Small, 0.06<=ES <0.14 — Medium, ES>= 0.14 — Large.
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As a result of the Games-Howell post hoc test, it was found that the mean value of the volume of
m.réctus fémoris in the upper third was significantly different between groups I and II (p<0.001), I and I1I
(p<0.001), IT and III (p =0.02).

M. rectus fémoris in the upper third significantly differed between groups I and II (p<0.001), I and
III (p<0.001), IT and III (p=0.02).

One-way analysis of
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Fig. 3. The difference in the mean values of the m.réctus fémoris volume assessment in the impact on the groups of
middle third respondents (Fig. 2).
As a result of the Games-Howell post hoc test, it was found that the mean value of the volume of
m.réctus fémoris in the middle third was significantly different between groups I and II (p<0.001), I and
III (p<0.001).
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Fig. 4. The difference between the mean values of the assessment of the volume of m.réctus ~ EI'OUPS of respondents
fémoris in the lower third (Fig. 3).

As a result of the Games-Howell post hoc test, it was found that the mean value of the volume of
m.réctus fémoris in the middle third was significantly different between groups I and II (p<0.001), I and
M1 (p<0.001).

Thus, according to the results of the m.réctus fémoris volume in the upper third, there is obviously
a difference between professional football players and student football players, where a larger volume in
the upper third is noted in professional football players, compared to student football players by 31.2 %,
and also a large difference between professional football players and the control group — 37.6 %. There is
also a difference between representatives of the II and III groups, where football students have a larger
volume of m.réctus fémoris in the upper third by 9.4 %, compared to the control group (students who do
not play sports).

According to the results of the m.réctus fémoris volume in the middle third, there is also a
difference between professional football players and student football players, where a larger volume in the
middle third is noted in professional football players by 39.3 %, compared to student football players, as
well as a difference between professional football players and the control group is 35.4 %. There is
practically no difference between II and III groups.

According to the results of the m.réctus fémoris volume in the lower third, there is an obvious
difference between professional football players and student football players, where a larger volume in the
lower third is noted in professional football players by 28.1 %, compared to student football players, and
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also the difference between professional football players and the control group is 21.1 %. There is
practically no difference between II and III groups.

Thus, it was established that professional football players have the largest volume of m.réctus
fémoris, compared to student football players and control groups, and the smallest volume of the studied
control group.

After performing a search for scientific works in the field of morphometric studies of the rectus
femoris muscle in football players, with the help of ultrasound research, it was concluded that there were
very few scientific works in this direction. Therefore, given that some scientists have developed a way to
morphometrically study muscles using ultrasound, namely Guido Weide (2017), who developed a way to
perform 3D morphological ultrasound analysis of muscles.

In his opinion, it is the ultrasound image that permits to quantify the size of the muscles, the
length of the bundles and the angle of withdrawal. These morphological variables are important
determinants of muscle strength and the range of force of tension. The author described an approach to
determining the volume and length of bundles m. vastus lateralis and m. gastrocnemius medialis. He also
believes that ultrasound provides a rapid and cost-effective approach for quantifying the 3D morphology
of skeletal muscle, because in sports, information about muscle morphometry is very valuable for
diagnosis and prospective planning after treatment or training. As a result, the method provides a
visualization tool that can be used for a variety of purposes and settings in sports. The use of 3DUS to
monitor athletes at risk of muscle loss is important and potentially permits adjustments in exercise.
Another possible application of 3DUS is to monitor the morphological adaptation of muscles in response
to training and/or injury [15].

VV Gayovych (2014) studied, with the help of ultrastructural studies, the features of denervation
processes in the muscles of the limbs, as well as the reason for greater tolerance of the muscles of the limb
to denervation in the experiment. Morphometric analysis was performed on electrograms by studying
morphometric indices (cross-sectional area of muscle fibers as an index of their swelling and dystrophy;
number of muscle fiber nuclei (myonuclei); the area of muscle fiber nuclei as a marker of hypotrophic
changes; the cross-sectional area of the structural elements of the microcirculatory bed as an index of
changes in the regional microcirculation of satellite cells, destruction of sarcomeres of contractile
myofibrils and dilation of hemocapillaries and muscle venules). As a result of the study, denervation
processes were accompanied by replacement of denervated muscle by stromal elements [1].

Summarizing the results of similar studies, A. J. McComas concluded that even high-intensity
endurance training does not significantly affect the ratio of fiber types. Hence, it is reasonable to assume
that the effect of training on the change in muscle composition is possible only within 5-6 %.

R.V. Klymovytskyi (2017) believes that when the composition of muscle fibers does not match the
nature of the work per performed (the chosen sports specialization), the growth of sports skills stops. Such
athletes, as a rule, are eliminated in the process of multi-year selection, because the force of isolated skeletal
muscle contraction depends on its length, and a small stretch of the muscle leads to the fact that the force
it develops is increased compared to the force developed by an unstretched muscle, due to the summation
of the passive tension of the elastic components of the muscle and the active contraction. And it is a gross
mistake to believe that any stretching of a muscle will increase the strength of its contraction [2].

Therefore, there are almost no works devoted to morphometric studies of the rectus femoris muscle
using ultrasound for the purpose of recommendations regarding sports eligibility and selection.

Therefore, in our opinion, during sports selection, it is recommended to also take into account the
morphometric characteristics of the rectus femoris muscle, using ultrasound, since the load on it during the
game of football is quite large, and the structural and morphometric characteristics of the rectus femoris
muscle steady running during the game as well depends on, which makes players faster and also gives more
power to kick.

In summary, it can be concluded that the ultrasound examination of the m.réctus fémoris to
determine the volume in the upper, middle and lower third has a practical value for the recommendation
for the purpose of determining the sports orientation and selection for professional football.

Conclusions

1. According to the research results, the volume in the upper third of the m.réctus fémoris is greater
in professional football players, compared to student football players by 31.2 %, by 37.6 %. compared to
the control group.

2. According to the research results, the volume of m.réctus fémoris in the upper third of football
students is by 9.4 % larger, compared to the control group.
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3. According to the results, the volume of m.réctus fémoris in the middle third is greater in
professional football players by 39.3 %, compared to student football players and by 35.4 %, compared to
the control group.

4. According to the research results, the volume of m.réctus fémoris in the lower third is greater in
professional football players by 28.1 %, compared to student football players, by 21.1 %, compared to the
control group.

5. There is practically no difference in the volume of m.réctus fémoris in the middle and lower
third between football students and the control group.

6. Ultrasound examination of the m.réctus fémoris to determine the volume in the upper, middle
and lower third has a practical value in relation to the recommendation for the purpose of determining the
sports orientation and selection for professional football.
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