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Abstract. Application of the infrared thermography method in diagnosis of Raynaud's phenomenon.
Zabolotnyi D.I., Loboda T.V., Dunaievskyi V.I., Kotovskyi V.Y., Timofeiev V.I., Nazarchuk S.S. The development
of modern diagnostic medicine, the important task of which is the use of non-invasive methods for detecting a disease
without impact of radiation exposure, has led to the spread of the method of infrared thermography, which allows to
quickly and informatively identify pathological conditions of a person within a single examination. The main complaints
characteristic of Raynaud's phenomenon are associated with cold, hyperemia, edema, and a feeling of paresthesia in the
limbs. A significant number of scientific works have been devoted to the study of the Raynaud's phenomenon, where
basically, examples of manifestations of Raynaud's phenomenon are given in the form of a violation of the
microcirculation of the distal parts of limbs. Comprehensive studies of the combination of Raynaud's phenomenon with
concomitant diseases, according to the authors, are insufficiently covered. The application of sophisticated modern
laboratory diagnostic methods to detect this disease is nonspecific and burdensome for the patient. Thermographic
diagnostics within one examination reveals both the presence of signs of Raynaud's phenomenon and concomitant somatic
diseases. This paper presents the results of many years’ thermographic research, demonstrating the variety of
manifestations of the Raynaud's phenomenon. For the first time, it has been shown that patients with signs of Raynaud's
phenomenon, as a rule, have concomitant somatic diseases, which should be the subject of research of specialists in
different medical fields to determine the relationship of Raynaud's phenomenon with the identified diseases. The results
of visualization of thermoasymmetries of the skin of various pathological conditions during a complex thermographic
examination were obtained, which greatly simplify the diagnostic search and understanding the complexity and danger
of Raynaud's phenomenon. Of particular importance are the results of work for the differential diagnosis of complications
of diabetes mellitus — diabetic foot syndrome. The paper presents some results of thermographic examinations of patients
with signs of Raynaud's phenomenon and identified pathological changes in the body.

Pedepart. 3acTocyBanns metoay iHppadepBonoi Tepmorpadii B niarnoctuui genomeny Peiino. 3adonornumii J1.1.,
Jlo6ona T.B., lynaeschkuii B.I., Koroscbkuii B.M., Tumodees B.1., Hazapuyk C.C. Possumox cyuachoi diaznoc-
MUYHOI MeOUYUHU, BANCTUBUM 3AB0AHHAM AKOI € 3ACMOCYBAHHS HEIHBA3UBHUX MeMO00i8 BUABLEHHS 3AX80PIOBAHHS Oe3
BNIUBY NPOMEHEB020 HABAHMAICEHHS, NPUGIE 00 NOWUpPeHHs Memody iHppavepeonoi mepmozpagii, axuil 0036015€
onepamueHo ma iHopMamueHo 6 pamKax 00HO20 0OCMENCEHHs. GUABUMU NAMON02TuHE cmanu 100unu. OCHO8HI cKkapau,
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KJIIHI9HA MEJIHITHHA

sKi ukaukae ¢heHomen Peiino, nog"azami 3 NOX0N00auHAM, 2inepemiero, HaOpaKIicmio ma i0yymmsam napecmesii 6
Kinyigxax. Ilumannio euguenus gpenomeny Pelino npuceauena 3HayHa KilbKiCmb HAYKOBUX Npayb, V AKUX, NEePeBadcHO,
HageOeHi NpUKIAoU nposeie eromeny Petino y 6uensidi nopyuileHHs MIiKpOYUpKyiayii OUCmanvbHux 6i00inie KiHyiok.
Komnnexcri 0ocnioscenss noeonanns gernomeny Petiho i3 cynymuimu 3axX60pro6anHsmMu, HaA OYMKY aA6mopis, GUCGIMIIeHT
HeOOCmamuvo. 3aCcmocy8anHs CKIAOHUX CYHACHUX 1aO0pamopHO-0IaeZHOCMUYHUX MemoOi8 OJsl GUABTEHHS UbO2O
3aX60pI0GANHS € Hecheyuiunumu ma oomsicausumu 0ns nayienma. Tepmocpadiuna OiazHOCMUKA 8 MeNHCAX 0OHO20
o0b6cmedicenHs 00380IA€ GUABUMU AK HASBHICMb 03HAK (henomeny Pelino, max i cynymmui comMamuuni 3axeoprosanns. Y yii
pobomi npedcmasneni pe3yibmamu 6a2amopiuHux mepmoepa@iuHux 00CIIONCeHb, WO OEMOHCIMPYIOMb PIZHOMAHIMHICMb
nposgie peromeny Peiino. Ynepue noxasano, wo 6 nayicumis 3 o3naxamu gpenomeny Pelino, sk npaguio, cnocmepieacmscs
HAABHICTG CYNYMHIX COMAMUYHUX 3AX60PI0BAHb, SKI HOGUHHI CINAMu NPeoMemom 00CHIONHCeHHs (haxieyie pisHUX MeOUUHUX
HanpsmKie Ol BUSHAYEHHS 83AEMO038 513Ky (penomery Petino 3 eusenenumu 3axeoproganHamu. Ompumani pesyromamu
8izyanizayii mepmoacumempiil WKpHO20 NOKPUBY PIHUX NAMONOIYHUX CIMAHIE N0 YAC KOMIIEKCHO20 MepMOoSpapiuHoco
obcmedcenHs, AKI 3HAYHO CNPOWYIOMb OIASHOCMUYHUL NOWYK MdAd HAOAIOMb PO3YMIHHA CKAAOHOCMI 1l Hebe3neuHocmi
henomeny Peiino. Ocobnusoeo snauents Habyeaioms pe3yibmamu pobomu 0 Oughepenyitinol 0iaeHocmuKy YCKI1aOHeHHs!
yyKkpogozo Oiabemy - cunopomy Oiabemuunoi cmonu. Y podoomi 6uxiadeHi OKpemi pe3yTbmMamu mepmocpagiuHux

obcmedicenb nayieHmis 3 03Hakamu gpenomery Petino ma eusienenumu namoi02iHUMU 3MIHAMU 8 OPSAHIZMI.

In the medical literature, Raynaud's phenomenon
(RPh) is interpreted as a spasm of small arteries of the
distal parts of the limbs, rarely — the tip of the nose, ton-
gue, arterial blood circulation at the level of the finger
arteries, which is based on disorders of the regulation of
the tone of vessels of the microcirculature [1, 2, 3, 4].

The clinical and medical and social problem of
RPh is due to the significant spread of the disease.
According to WHO, this disease occurs in 21% of
women and 16% of men; the peak incidence occurs
in the 2-3 decades of life. Predominantly RPh occurs
in young women, while angiospasm is expressed both
in the upper and lower limbs, and the pulsation of the
main arteries is preserved [2, 5].

The phenomenon was first described by the
French physician Maurice Raynaud in 1862 and
defined as local limb asphyxia. Subsequently, two
options for determining the form of the disease were
identified: primary Raynaud's disease (RD) and
secondary RPh.

Despite the fact that RPh was discovered more
than 100 years ago, clinicians are faced with a
growing list of questions regarding the etiology and
pathogenetic nature of RPh [6, 7].

In the modern interpretation, the classification of
various forms of RPh is divided into a number of
signs of local, regional, segmental origin, the combi-
nation of RPh with systemic diseases, it is proposed
to use the term "Raynaud's syndrome" to interpret
vascular diseases, and the term "Raynaud's phenome-
non" to interpret various systemic pathologies [8, 9].

At the conference (2011), which was organized by
the Vascular Medicine Section of The Royal Society
of Medicine, it was recommended to use the term
"Raynaud's phenomenon" instead of "Raynaud's
syndrome" and "Raynaud's disease" due to the lack of
consensus among specialists [3].

According to the classification of the above
society, primary and secondary risk factors are
distinguished. In the absence of symptoms of the
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underlying disease, primary RPh is diagnosed, which
occurs in approximately 80% of cases and is
characterized by the absence of structural changes or
minimal damage to the walls of blood vessels.

Secondary RPh is associated with certain diseases,
mainly with systemic connective tissue diseases
(vasculitis, arteritis), vascular diseases (athero-
sclerosis, peripheral arterial disease), hematological
disorders, and neurovegetative causes. During
secondary RPh, changes in small and large vessels
occur depending on the disease that caused the
aforementioned syndrome [3, 8, 9, 10].

The issue of objective diagnosis of microcircu-
lation disorders at the level of the distal parts of the
upper and lower limbs is complicated.

To date, a wide range of modern laboratory and
instrumental diagnostic methods are used to examine
patients with signs of this pathology: capillaroscopy;
laser Doppler flowmetry; ultrasound color Doppler
scanning; angiography and magnetic resonance
angiography; plethysmography.

Most of the proposed methods for studying
microcirculation are nonspecific, burdensome for the
patient, and often do not provide an answer to the
questions about the cause of the disease. Incorrect
diagnosis of the cause of the disease leads to inade-
quate treatment, severe disability in young patients of
working age [6, 12]. Therefore, the development and
improvement of diagnostic principles and standards
of the disease is an urgent problem in medicine.

Among modern diagnostic methods, infrared
thermography (ITh) is the most accessible and quite
informative diagnostic method of radiation diagnos-
tics, which allows studying the pathogenetic mecha-
nisms of the development of peripheral vascular
disorders [9, 13, 14].

The use of ITh when examining patients makes it
possible to objectively confirm the presence of
circulatory disorders at the level of the microcir-
culature and assess its degree. Thermographic
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detection of circulatory disorders in the lower limbs
in most patients is observed in combination with other
risk factors — varicose veins (VrV), the presence of
ulcers, macroangiopathy.

Ambiguous conclusions can be drawn in patients
with diabetes mellitus (DM). Failure of capillary
circulation is one of the leading factors in the deve-
lopment of gross trophic disorders such as diabetic
foot syndrome (DFS). If the manifestation of RPh
does not have serious consequences, then the micro-
circulatory circulation disorder in the lower limbs in
patients with DM can lead to such a difficult outcome
as amputation of the phalanges of the fingers or even
the whole foot [15, 16].

The purpose of this work is to provide capabilities
of infrared thermography for diagnosing manifes-
tations of RPh in combination with somatic patholo-
gies and local vegetative-vascular disorders.

MATERIALS AND METHODS OF RESEARCH

In this work, we used a domestic thermograph
with a matrix photodetector with a temperature
sensitivity of 0.07°C, developed by the Institute of
Semiconductor Physics V.Ye. Lashkaryova National
Academy of Sciences of Ukraine. The observation
and control of thermal fields was carried out in the
range of 3-5 um. Before the thermographic exa-
mination, the patients did not undergo thermal
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procedures, they did not take drugs that affect blood
circulation and metabolic processes. Patients were
forbidden to smoke 4 hours before the examination,
as this is important for the study of peripheral blood
flow, they were also subject to adaptation within 30
minutes to the conditions of the thermography room
where the temperature was maintained at 22.0=1°C.
The examination began from the front part and ended
with the lower limbs, fixing the thermographic ima-
ges in the PC memory of the corresponding parts of
the body surface. A detailed description of the
methodology for conducting thermographic studies
is set out in the work [17].

The research was conducted in accordance with
the principles of bioethics set out in the WMA
Declaration of Helsinki — “Ethical principles for
medical research involving human subjects” and
“Universal Declaration on Bioethics and Human
Rights” (UNESCO).

RESULTS AND DISCUSSION

Fig. 1 shows the classic thermographic visuali-
zation of the manifestation of RPh, namely: "cold" tip
of the nose (A), circulatory disorders of the distal
parts of the upper and lower limbs (B, C, D), which is
possibly associated with morphological changes in
the autonomic ganglia.

T aTy
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Fig. 1. Classic thermographic image of a patient with RPh.
A typical thermographic picture — decrease in temperature in the zone of the tip of the nose (A),
hands and feet (B, C, D)
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Depending on the degree of development of the
disease, the temperature gradient in cold zones can
range from -0.6°C to -5.1°C and higher. The greatest
temperature gradient is observed in patients close to
the presence of the so-called "thermal amputations"

of the hand or lower limb. Based on the processing of
the obtained results, the authors proposed to introduce
a gradation of the severity of the manifestation of the
RPh according to the magnitude of the temperature
gradient. The results are presented in the Table.

Degrees of manifestation of Raynaud's phenomenon by the magnitude
of the temperature gradient (AT°C) and their percentage distribution

Degrees of manifestation of RPh Temperature gradient (AT°C) * %
1 0.6-1.1 8.4
2 1.2-2.0 15.6
3 2.1-3.0 25.7
4 3.1-5.0 40.2
5 5.1 and more 10.1
Total 100

Note. * The thermographic norm is the value of the temperature gradient, not exceeding 0.5°C.

Based on the thermograms worked out in order to
demonstrate the manifestations of 1-5 degrees of
RPh, respectively, (Fig. 2) thermograms with circu-
latory disorders in the distal parts of the upper limbs
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are given. On the thermograms, there is a gradual
increase in the temperature gradient until the so-
called "thermal amputation" of the hand appears.

Fig. 2. Thermograms of the distal parts of the upper limbs with different degrees of manifestation of RPh
(1 - 1st; 2 - 2nd; 3 - 3rd; 4 - 4th; 5 - 5th)

The nature of the development of risk factors is
multifactorial; neurogenic, vascular, mediator, and
immune mechanisms play an important role. Local
tissue ischemia with the possible development of
dystrophy, soft tissue necrosis, which is observed in
RPh, can occur either due to a violation of the
regulation of vascular functions by the sympathetic
nervous system, or due to increased formation of
vasoconstrictor substances in the process of auto-
immune inflammation [6].

Fig. 3 shows thermograms of patients who, during
a thermographic examination with classic symptoms
of RPh (A, B, C), had hypothermia of the upper lobe
of the thyroid gland (TG) and hyperthermia of the
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right breast (D, indicated by arrows, respectively);
hypothermia in the area of the gastrointestinal tract
(GIT) — gastritis, duodenal ulcer according to clinical
studies (E); VrV of the left lower limb is represented
by uneven saccular dilatation of the veins, accom-
panied by valve failure and impaired blood flow (F).
Inflammatory process in the maxillary cavities —
(Fig. 4A), hypothermia of the projection zone of the
left lobe of the thyroid gland (shown by the arrow, B),
circulatory disorders in the distal parts of the upper
limb (C), VrV of the lower limbs (D, E), thermal
amputation of the phalanges of the fingers of the left
and right foot (F), observed in the patient with RPh.

Ha ymoeax niyensii CC BY 4.0
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Fig. 3. Detection of pathological changes in the body of patients with signs of risk factors

Vascular component affecting thermographic larization, the pathological process in the maxillary
imaging is one of the main factors affecting the cavities, in the tissues of the lower limbs in VrV, will
thermal image. The study of temperature changes in  provide new diagnostic information.
the thyroid gland, which has significant vascu-

Terrmparpa

Fig. 4. Concomitant diseases in combination with manifestations of risk factors

The combination of risk factors with con- Fig. 5B, C, D demonstrates the so-called effect of
comitant diseases is shown in Fig. 5. The tem- "thermal amputation" of the upper and lower limbs.
perature gradient of the tip of the nose is -5.29°C.  The zone of hypothermia of the right knee joint is
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clearly visualized (Fig.5E), which indicates
functional changes. Pathological changes of the hip
joint are shown in Fig. 5F. The temperature
gradient in the area is shown by the arrow -1.97°C.
Hyperthermia of the upper lobe of the thyroid gland
on the left and hyperthermia of the lower lobe of
the thyroid gland on the right are shown in Fig. 5G.
Temperature gradients in the zones are indicated by
arrows 1 and 2 +0.84°C and +1.18°C, respectively.
Hyperthermia of the posterior projection of the

lungs — thermographic visualization of bronchitis —
is shown in Fig. S5H; hypothermia of the left breast
(Fig. 5I) is a thermographic visualization of
mastopathy manifestations.

Thus, thanks to a comprehensive thermographic
examination with minimal costs and the absence of
harmful and burdensome radiation exposure, an
objective informative model of the state of health
has been obtained.

Fig. 5. Hypothermia of the tip of the nose (A); '"thermal amputation" of the upper (B, C) and lower (D) limbs;
arthrosis of the right knee joint (E); deforming arthrosis of the left hip joint (F);
hyperthermia of the upper lobe of the thyroid gland on the left and the lower lobe on the right
(indicated by arrows 1, 2, respectively, (G); bronchitis (H); hypothermia of the left breast (I)

Combination of RPh manifestations (Fig. 6A, B)
with severe somatic diseases, namely: chronic ob-
structive bronchitis in the acute phase (C), hypo-
thermia of the left breast with a temperature gradient
AT=-1.5°C (D), hyperthermia of the projection zone
of the kidneys (E) is shown in Fig. 6.

Thermographic visualization of spasm of
thermoregulatory vessels — the tip of the nose,
impaired blood supply to the distal parts of the upper
limb, impaired blood circulation of II, IIl and IV
fingers of the lower left limb and II finger of the
right limb are shown in Fig. 7. The temperature
gradient of the affected phalanges of the foot of the
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left limb is -1.62°C, right -2.93°C. The identified
selective circulatory disorder in the distal lower
limbs is characteristic of DM disease, which has
been clinically verified.

According to the foregoing, there is much in
common in the manifestations of RPh and lower limb
lesions in patients with DM. In RPh, we usually
observe a spasm of small arteries of the distal limbs,
which is also inherent in patients with diabetes — a
violation of the main blood flow in the arteries of the
lower limbs of varying severity, which also leads to
spasm of the distal parts of limbs.

Ha ymoeax niyensii CC BY 4.0
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Teurepatypa

Fig. 6. Thermographic visualization of RPh (A, B) and concomitant diseases: chronic obstructive bronchitis
in the acute phase (C), hyperthermia of the posterior projection of the lungs: AT of the projection of the left lung
+1.33°C, the right one +0.58°C; hypothermic areas of the left breast (D); hyperthermia of the projection zone
of the kidneys (E) with a temperature gradient on the right +0.81°C, on the left +0.65°C
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Fig. 7. Thermographic visualization of spasm of thermoregulatory vessels in a patient with DM
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As noted, the clinical signs of RPh are circulatory
disorders of the peripheral blood circulation due to
local arterial spasm, the development of trophic
circulatory disorders of organs and systems. Thermo-
graphic visualization of RPh is characterized by the
presence of spasm of thermoregulatory vessels — the
tip of the nose, angiospasm in the distal parts of the
upper and lower limbs.

(%) 25

An analysis of the results of a comprehensive
examination of patients with the use of ITh showed
that RPh is usually accompanied by concomitant
somatic diseases. It has been established that RPh can
exist both as an independent disease and as a mani-
festation of other pathological conditions. The results
of data processing are shown in the diagram (Fig. 8).

._.
Pt
Laa
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5 6 7 8 9

Concomitant diseases

Fig. 8. Distribution of the percentage of identified concomitant diseases:
(1 - no concomitant diseases were detected, 2 - thyroid diseases, 3 - diseases of the bronchopulmonary system,
4 - pathologies of the mammary glands, S - gastrointestinal disorders, 6 - VrV, 7 - kidney diseases,
8 - violation of the musculoskeletal system, 9 - DM)

Analysis of the obtained results allows us to
present a complex thermographic combination of
manifestations of risk factors of RPh with various
somatic diseases, which allows us to assess the state
of health within the limits of thermography.

Of particular importance are studies of patients
with DM, who have severe microcirculation disor-
ders, leading to significant metabolic changes in
tissues. Thermographic visualization of the patho-
logical manifestation of DM has a number of
common features in terms of RPh. The introduction
of thermographic diagnostics allows timely dif-
ferentiation of risk factors between manifestations of
threatening complications of diabetes, such as
diabetic polyneuropathy and diabetes.

CONCLUSIONS

The results of the performed thermographic
studies showed that:
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4. Infrared thermography is an effective diagnos-
tic method for the rapid detection of manifestations of
Raynaud's phenomenon and allows you to assess the
severity of the disease according to the gradation of
the manifestation of Raynaud's phenomenon propo-
sed by the authors according to the magnitude of the
temperature gradient.

5. Within the same diagnostic examination, infrared
thermography allows you to simultaneously obtain
thermographic images of both signs of Raynaud's
phenomenon and concomitant somatic pathologies.
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