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A complete and informative diagnosis of the general health of mili-
tary personnel before surgical intervention is of great importance
for its successful implementation. A simple and affordable diagnos-
tic method of radiological diagnostics is the method of remote in-
frared thermography. Conducting a comprehensive thermographic
examination of military personnel before surgical intervention al-
lows for the treatment of those pathological conditions that were de-
tected during the thermographic examination. Objective. To show
the possibility and evaluate the diagnostic informativeness remote
infrared thermography in the system of comprehensive diagnostic
monitoring of the health of military personnel before surgical inter-
vention; to obtain thermographic visualizations of detected patho-
logical changes associated with participation in combat operations.
Methods. The work used a domestic thermograph with a temperature
sensitivity of 0.07 °C and a ThermaCAM thermograph E 300 FLIR
SYSTEM. Observation and control of thermal fields were carried out
in the ranges of 3+5 um and 8+14 um. The examination was car-
ried out during inpatient and outpatient treatment. Results. Received
thermographic visualizations detected pathologies: disorders func-
tions breathing; thermal asymmetries zones projections lung because
of COVID-19; complications after firearm injury — pneumothorax,
zones hyperthermia temporal bones due to contusion, vascular pat-
tern disorders in the thyroid gland; functional and chronic disorders
organs gastrointestinal and urological pathologies; degenerative-
dystrophic musculoskeletal changes The oscillographic distribu-
tions of temperature patterns of the detected pathological conditions,
which characterize the severity of traumatic and degenerative-dys-
trophic changes, were studied. Conclusions. In the presented work for
the first time obtained and the results of a comprehensive thermograph-
ic health check-up military personnel after a long stay in the combat
zone and before operational Remote infrared thermography, as one
of the methods of radiological diagnostics, allows for a comprehen-
sive examination of a significant number of military personnel in
a short period of time and to identify pathological changes that require
additional examination by narrowly specialized specialists.

Iosnoyinna i ingpopmamusna 0iaeHOCMUKA 3a2ATIbHO20 CIAHY
300p08’51 BILICbKOBOCTYHCOOBYIE Neped XIPYypeiuHuUM 6mpyuaH-
HAM MAE GeNuKe 3HAUeHHs 0N 1020 YCHIWHO20 NPOBEOEHHS.
IIpocmum i oocmynnum OiaeHOCMUUHUM MEMOOOM NPOMeHesol
diaenocmuxu € cnocio oucmanyitinoi ingpavepeonoi mepmozpa-
¢ii. Mema. Ioxazamu modxcaugicmo ma oyiHumu OiaeHOCMU4HY
iHghopmamusHicms oucmanyitinoi ingpauepsonoi mepmozpadii
6 cucmemi KOMNAEKCHO20 0iA2HOCMUYHO20 KOHMPONIO 3d CMa-
HOM 300p08’s 8ilICbKOBOCIYHCO08YI6 Neped onepamueHumM 6mpy-
YAHHAM, ompumamu mepmocpagiuni 6izyanizayii GusEIeHUxX
NAmMoNO2IYHUX 3MIH, NOGA3AHUX 3 Y4acmio 6 OOU0GUX OISX.
Memoou. 3acmocosano eimuuzHsHull mepmoepagd i3 memnepa-
myproto yymausicmio 0,07 °C i mepmoepag ThermaCAM E300
FLIR SYSTEM. Cnocmepedicents ma KOHmMpOIb Menio8ux noiie
30itichiosanucy y oianasonax 35 ma 8+14 mxm. Obcmedicenns
npoeooUNOCy nid vac CmMayioHaprozo i améyiamopHo2o niKy-
eannsa. Pezynomamu. Ompumani mepmoepagiuni eizyanizayii
BUAGNCHUX NAMONO0IU: NOPYULEHHS PYHKYII OUXAHHA; MepMo-
acumempii 301U npoekyii n1ecend nicia nepenecenozo COVID-19;
VCKAAOHEeHHA NiClA 802HeNANbHO20 NOPAHEHHS — NHeBMOMmOo-
Dpaxc; 30HU 2inepmepmii CKPOHeBUX KICHOK YHACAIOOK KOHMYS3Ii;
NOpyuleHHs CYOUHHO20 PUCYVHKY 6 WumonooioHill 3a103i; ¢yHK-
YIOHANbHI MA XPOHIUHI PO31A0U OP2AHIE UWLTYHKOBO-KUULKOBO2O
mpaxkmy U yponoeiuni namonoeii; 0eceHepamuerHo-Oucmpopiuni
3MiHU onopHo-pyxoeo2o anapama. Bucnoexu. Hasedeno enep-
we ompumani pe3ynomamu KOMNIEKCHO20 MepmMocpapiunoo
obcmedicents Cmamny 300P08’sL GliCbKOBOCIYHCOOBYIE NICIs MPU-
671020 nepebysanis 6 301i 60U08UX Ol Ma neped onepPamusHUM
empyuanuam. Jucmanyivina ingpavepsona mepmocpadis, sk
00UH i3 Memooi6 NPoMeHegoi diaeHOCMUKY, 003680/1€ KOMNIEKC-
HO 0bcmedicumu 3Haqy KilbKiCmb iliCbKOGUX 3G KOPOMKUIL ne-
piod uacy ma euasumu namonociyHi 3MiHU, AKI nompebyoms
000amK08020 06CMeENCEeHHS 8Y3bKONPODIIbHUMU CReYIanTiCIAMU.
Kanrouosi cnosa. Ingpauepsona mepmoepaghis, epadienm, mem-
nepamypa, itlcbKo80CIYHCO08Yl, OCYUI0PAPIUHULL MEePMO3PI3.
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Introduction

Non-invasive research methods in clinical diag-
nostic medicine with the maximum informative con-
tent of examination results allows detecting diseas-
es at an early stage, which is the key to successful
treatment.

Such non-invasive diagnostic methods of mod-
ern radiology include computer thermal diagnostics,
which is based on highly sensitive spectral fixation
of infrared radiation of the affected anatomical struc-
ture with the possibility of further digital process-
ing of the obtained information on thermal radiation
of organs and tissues of the human body [1, 2].

To verify the diagnosis in the shortest possible
time or determine the need for its verification using
other clinical methods, as well as monitor the course
of the disease over a long period of time and evaluate
the effectiveness of the treatment process.

Modern thermal imaging systems use multi-el-
ement matrix photodetectors in the so-called «in-
stantaneous look» mode. The formation of a thermal
image is created by projecting the study area using
a lens onto the matrix photodetector, electronically
reading information from the photodetector matrix
element by element, and presenting the thermograms
on the PC display screen.

The thermograph provides the ability to perform
measurements in any part of the skin surface (SS)
of a biological object (BO) in the ranges of 3+5 pm
and 8+14 pm. The ability to visualize the studied BO
with qualitatively new characteristics (temperature
sensitivity, image contrast) allows significantly ex-
panding the scope of application of remote infrared
thermography (RIT) in medical practice. Intensive
work is underway to improve the software and hard-
ware [3, 4].

The RIT method does not compete with other di-
agnostic methods. It occupies its own special niche
as a diagnostic and preventive method, which is as-
sociated with analytical and radiological diagnostics.
RIT contributes to reducing the duration of primary
diagnostics, predicting treatment tactics and timely
establishing the necessary nature and volume of med-
ical care.

It should be noted that temperature is a universal
reflection of the vital activity of the body. A change
in temperature distribution is a potential signal
of the development of a pathological process, which
can manifest itself in one of three thermographic
signs: the existence of anomalous zones of hypo- or
hyperthermia, a violation of the normal thermotop-
ographic pattern, as well as a change in the tempera-

ture gradient in the area under study. Inflammatory
processes cause a change in the gradient between
the affected area and surrounding tissues: in chronic
inflammatory processes 0.7 °C, in acute 1.0-1.5 °C,
in purulent-destructive 1.5-2.0 °C. Analysis of ther-
mograms includes their qualitative and quantitative
assessment. Qualitative assessment is the visualiza-
tion of the thermal picture on the surface of the BO
(distribution of «hot» and «cold» areas). The quanti-
tative assessment includes the so-called temperature
gradient — the difference between the temperature
of the studied area and the neighboring area, which
makes it possible to take into account the localization
of the exposed area, the degree of its vascularization
and the severity of the pathological process. In addi-
tion to changes in the temperature gradient, thermo-
grams during inflammatory processes register zones
of thermal asymmetry, which in shape, size and lo-
cation correspond to the most pathological changes.

The presence of pathological changes in internal
organs leads to temperature anomalies and is project-
ed onto the skin due to tissue thermal conductivity,
capillary convection, and convection through large
vessels. In addition, local changes in tissue tempera-
ture often appear before structural changes that can
be detected by other instrumental methods.

Thus, thermography makes it possible to identify
the relationship between the severity of clinical man-
ifestations of a potential disease and the temperature
of the respiratory tract.

In conditions of military operations, it is impossi-
ble to ensure the conduct of high-quality diagnostic
measures to determine the health status of military
personnel, especially those who have been wounded
and injured. RIT is a mobile diagnostic complex that
allows you to obtain information about damaged ar-
eas and the scope of surgical intervention.

To diagnose the health of military personnel, com-
plex laboratory and instrumental diagnostic methods
are used, such as: radiography (RF); computed to-
mography (CT); ultrasound diagnostics (USD); mag-
netic resonance imaging (MRI) and others.

Each of the above diagnostic methods has its own
advantages and disadvantages. Significant radiation
exposure to the subject, which requires a certain pe-
riod of time before the next examination, significant
cost and insufficient informativeness, especially in
the early stages of the development of the patholog-
ical process, necessitated the use of the RIT method.

The current level of development of thermal im-
aging technology allows for the reliable diagnosis
of a wide range of diseases, which is reflected in
the works of domestic and foreign clinicians [2, 5—11].
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The undeniable advantages of this method in med-
icine are: remote and non-invasive nature of the study,
the possibility of repeated use both during compre-
hensive diagnostic examinations and during treat-
ment for the purpose of monitoring and correcting
therapeutic measures.

Objective: to perform a comprehensive exam-
ination of the health of military personnel using
the method of remote infrared thermography be-
fore surgical intervention; to obtain thermograms
of pathological changes associated with participation
in combat operations; to analyze oscillographic tem-
perature patterns of the thermal field.

Material and methods

The work used a domestic thermograph with
a temperature sensitivity of 0.07 °C developed by
the V. Ye. Lashkaryov Institute of Semiconductor
Physics of the NAS of Ukraine with a cooled matrix
photodetector and a basic test program for the Therr-
moVisio thermal imaging system, as well as the Ther-
maCAM E300 FLIR SYSTEM thermograph. Obser-
vation and control of thermal fields was carried out in
the ranges of 3+5 um and 8+14 pum. The implementa-
tion of program codes was carried out in the Delphi
programming language in the Borland Delphi 7 de-
velopment environment.

When formatting the results of thermograph-
ic studies (personal thermographic patient card),
the program uses the properties of a Microsoft Word
document to create a template and inserts them into
the appropriate field of the text editor, and also adds
a set of special commands necessary for working
with infrared (IR) images (the ability to insert a text
comment, a patient photo card, his IR image, the re-
quired thermal profile, a results table, etc.) and var-
ious research tools. The diagnostic information ob-
tained in this way can be stored as an electronic card
in the Basic IR Photo template for further operational
analysis, observation and prediction of the dynamics
of the functional state.

The examination was conducted during inpatient
and outpatient treatment. The age of the patients
ranged from 25 to 58 years, the weight of the pa-
tients ranged from 55 kg to 80 kg depending on age,
the number of examined persons was 66. No special
division of patients into groups was carried out.

Before the thermographic examination, the pa-
tients did not undergo thermal procedures, they did
not take medications that affect blood circulation and
metabolic processes, and they were also subject to
adaptation to the temperature conditions of the ther-
mography room.

The study was conducted in accordance with
the principles of bioethics set forth in the Declara-
tion of Helsinki «Ethical Principles for Medical Re-
search Involving Human Subjects» and the «Uni-
versal Declaration on Bioethics and Human Rights»
(UNESCO).

Thermogram processing and further actions to
format the results of thermographic studies were per-
formed using the TherrmoVisio program, which was
improved by the authors and allows obtaining ther-
mographic images with removed background noise
and imperfect pixels, and simplifying the obtaining of
oscillographic thermal sections in the real tempera-
ture value [12, 13].

Results

The paper presents the results of a comprehensive
thermographic examination of military personnel be-
fore surgical intervention on knee joints, which they
received in the combat zone.

Being in difficult field conditions and not being
able to contact medical specialists in a timely manner
regarding diseases, military personnel experience ex-
acerbation of both chronic and acquired pathologies.
The combination of gunshot wounds with other types
of diseases such as: traumatic injuries of the musculo-
skeletal system, inflammatory processes of the ENT
organs and respiratory organs, frostbite and hypo-
thermia in winter require multidisciplinary diagnos-
tic methods. The RIT method allows you to effective-
ly get an idea of the prevalence and nature of diseases
with the possibility of photofixation and ensuring dy-
namic monitoring of pathological processes.

The inflammatory process in the maxillary and
frontal cavities, which leads to impaired respiratory
function, is the most common pathological condition.
One of the causes of this pathology is a congenital or
acquired deviation of the nasal septum.

Fig. 1, a shows thermographic visualization —
impaired respiratory function on the left (the air
flow inhaled through the right nasal cavity is iso-
lated, through the left — absent). The pathological
condition revealed is a deviation of the nasal sep-
tum and an inflammatory process in the maxillary
sinuses. The temperature gradient on the left is:
AT °C = +1.42 °C, on the right — +0.83 °C.

The thyroid gland (TH) has significant vascular-
ization and is located directly under the thyroid gland,
making it an easily accessible organ for thermograph-
ic examination [11]. Thermographic visualization of
pathological changes and oscillographic temperature
distribution in the projection zone of the thyroid gland
on the right are shown in Fig. 1, b, c. The hyperther-
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mic area is characterized by a temperature gradient
of +1.48 °C, which is a diagnostic signal for a detailed
examination of the thyroid gland.

A thermographic examination of a serviceman
was performed during the rehabilitation period af-
ter a gunshot wound to the left lung and a complica-
tion — left-sided pneumothorax (shown by arrow 1,
Fig. 1, d). The temperature gradient between the se-
lected and adjacent areas (arrows 1 and 2, respective-
ly) is: AT°1-2 = +1.52 °C, which indicates the pres-
ence of pathological changes in the lungs.

Thermography, as part of the differential diag-
nosis of diseases of the bronchopulmonary system,
allows you to identify areas of local hyperthermia
and thermal asymmetry of the posterior projection
of the lungs [14, 15].

It should be noted that thermographic imaging
of lung thermal fields in patients after COVID-19
differs from thermographic imaging of the lungs af-
ter bacterial or viral pneumonia not associated with
COVID-19.

Fig. 1, e, f shows a thermogram of the posterior
projection of the lungs (history of COVID-19) and
an oscillographic thermal section relative to the line.
The temperature gradient in the projection zone
of the left lung is +1.74 °C; in the right lung zone —
+1.87 °C.

One of the characteristic signs of COVID-associ-
ated pneumonia is the symptom of “ground glass” —
areas of reduced transparency of the lung parenchy-
ma, which have a low density, against the background
of “ground glass” vessels and bronchi are differenti-
ated, which are distinguished by a denser structure
[15, 16]. Parenchymal consolidation (consolidation) is
an area of often irregular shape, which exceeds the
density of the “ground glass” zone, due to which ves-
sels and bronchi are not visualized. Consolidation is
also due to the accumulation of exudate in the alve-
olar spaces, which is characteristic of bacterial pneu-
monia, which affects the nature of infrared radiation
from lung tissue.

A dangerous health condition is contusion [17],
which is thermographically visualized as hyper-
thermia of the temporal part (Fig. 2, a, c). The tem-
perature gradient in the hyperthermia zone on the
left (arrow 1) has a maximum value of +3.03 °C and
+2.96 °C (arrow 3 — intact zone). The serviceman
received a bullet wound in the area shown by ar-
row 2 in Fig. 2, a. The temperature distribution os-
cillogram (b) is made relative to the line ((a), bullet
wound zone), on which the appearance of separate
zones with temperature maxima is observed (zones 1,
2 are highlighted in Fig. 2, b). After the temperature

drop, we observe a sharply pronounced zone (3) with
a maximum temperature corresponding to the area
of the bullet wound; the thermogram of the temporal
part on the right with the oscillographic temperature
distribution (c, d — respectively) is also shown.

Gastrointestinal disorders (GI) appear as vari-
ous combinations of chronic or recurrent symptoms,
which often indicate the result of the interaction
of psychosocial factors and changes in the physiolo-
gy of the stomach, gallbladder, intestine in field con-
ditions. The appearance of pathological changes in
the organs of the digestive system leads to changes in
the temperature indicators of the abdominal cavity.

Fig. 3, a shows the projection zone of the pancreas,
performed by the ThermaCAM E300 FLIR SYSTEM
thermograph. Temperature fluctuations in the vi-
sualization zone of the pancreas (along the line in
Fig. 3, a) are in the range from 32.7 °C to 34.2 °C.

The use of the RIT method for detecting urolog-
ical pathology complements the comprehensive di-
agnostic base. As an example, Fig. 3, b shows ther-
mographic visualization of hypothermia areas in the
kidney projection zone. This nature of thermographic
visualization indicates the presence of urolithiasis,
which is confirmed in the anamnesis. The tempera-
ture gradient of the left kidney projection zone is: —
1.3 °C, on the right: — 1.8°C.

Significant physical exertion leads to exacerba-
tion of degenerative-dystrophic changes, discogenic
pathologies of the spine in military personnel. RIT
provides an opportunity to promptly and objectively
assess the severity of the identified pathologies. Thus,
in Fig. 4, a, a hyperthermia area in the lumbosacral
region is presented (arrow 1, a; arrow 2 — intact zone)
and oscillographic distribution (b) relative to the line;
the temperature gradient is: AT 2—1 =+1.87 °C, which
indicates an exacerbation of the identified pathology
and significant pain syndrome.

The presented thermogram (Fig. 4, ¢) and oscillo-
graphic temperature distribution (Fig. 4, d) visualize
Thermotopography of the lower limb with tempera-
ture changes characteristic of a vascular disorder —
varicose veins (VV). VV of the left lower limb is
represented by uneven saccular dilation of the veins,
accompanied by valve insufficiency and impaired
blood flow.

The presence of VVD imposes restrictions on
the ability to perform heavy physical exertion. Ac-
cording to the authors, circulatory disorders serve as
a prerequisite for the occurrence of functional and de-
generative changes in the knee joints, which was also
reflected in the works of other researchers [18-21].
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Fig. 1. Impaired respiratory
function on the left (a);
hyperthermia of the right
lobe of the thyroid gland (b)
and temperature distribution

oscillogram relative to

the line (c); hyperthermia
of the posterior projection
of the lungs, pneumothorax
(d); hyperthermia of the
posterior projection of the
lungs after COVID-19
(¢) and  temperature
distribution oscillogram (f)
relative to the line

Fig. 2. Hyperthermia of the temporal regions (a, c) due to
concussion, (arrow 2 — site of bullet wound); oscillographic
distribution of temperature (b, d) relative to the lines

Fig. 3. Hyperthermia of the projection zone of the pancreas (a);
hypothermia of the projection zone of the kidneys (b)

Orthopedic pathology of the knee joints oc-
cupies a leading position in terms of frequency
of occurrence among degenerative-dystrophic dis-
eases of the musculoskeletal system in military
personnel. An important aspect of the problem
is the timely diagnosis of the disease using simple
and affordable methods of radiological diagnostics.

Fig. 4. Hyperthermia of the lumbosacral region (a) and
oscillographic distribution (b) relative to the line; HRV
of the lower extremities (c¢) and oscillographic distribution (d)
relative to the line; hyperthermia of the left knee joint after
anterior cruciate ligament reconstruction, partial resection
of the medial meniscus: anterior (¢) and posterior (g) projections;
oscillographic distribution (f, h) relative to the lines
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Thermographic visualization of knee joints with var-
ious manifestations of lesions allows you to reliably
and informatively enrich the comprehensive diag-
nostics of the musculoskeletal system, provide an as-
sessment of the effectiveness of treatment and safely
monitor it [12, 22-24].

Fig. 4, e, shows thermographic visualization
of the left knee joint after surgical treatment — an-
terior cruciate ligament reconstruction, partial re-
section of the medial meniscus. The condition after
surgery and the presence of implants leads to changes
in temperature patterns, presented in oscillographic
temperature distributions (Fig. 4, e, g).

Discussion

In connection with military operations, interest
in the use of RIT, which is aimed at identifying and
timely treating diseases in military personnel, has
significantly increased.

The authors of the work [25-26] investigated
the diagnostic capabilities of spectral infrared ther-
mography in the treatment of gunshot wounds of soft
tissues. The issue of the use of RIT in obliterat-
ing diseases of the lower extremities is the subject
of the work of the author [18]. The use of the thermal
imaging control technique for monitoring the dynam-
ics of thermal fields on the SS in the case of short-
term cryosurgical treatment of soft tissue pathology
with quasi-point the authors’ work [27] is devoted to
the cryoapplicator. The feasibility of using thermal
imaging studies in medicine to obtain thermal radia-
tion from the CB's SS is described in [3]. Visualized
thermal radiation makes it possible to assess the state
of both peripheral blood circulation and obtain infor-
mation about deep processes in the body.

The authors of [28] used the thermographic meth-
od to assess the condition of military personnel be-
fore and after surgical intervention due to gunshot
wounds, which allows for timely detection of compli-
cations and taking prompt medical measures to pre-
vent postoperative complications.

In the presented work, the results of a comprehen-
sive thermographic examination of the health status
of military personnel before surgical intervention are
obtained for the first time. Oscillographic distribu-
tions of temperature patterns of detected pathological
conditions are presented separately, which character-
ize the severity of traumatic and degenerative-dys-
trophic changes. Thermographic visualizations of
detected pathologies were obtained: respiratory
function disorders; hyperthermia of the lung projec-
tion zone after COVID-19 and complications due to
gunshot wound — pneumothorax; hyperthermia of

the temporal parts after contusion; pathological pro-
cesses in the thyroid gland; functional and chronic
disorders of the gastrointestinal tract and urologi-
cal pathologies; degenerative-dystrophic changes in
the musculoskeletal system. A comprehensive un-
derstanding of the health status of military personnel
will be the key to successful surgical intervention and
will contribute to a speedy recovery.

Conclusions

Preservation of the health of military personnel
is a top priority for ensuring the combat readiness
of military units. The use of existing radiation diag-
nostic methods in field conditions and in conditions
of front-line deployment of military personnel is
a problematic issue due to the use of complex equip-
ment and limited capabilities for conducting diagnos-
tic actions.

First performed comprehensive thermographic
examination of military personnel before surgical
intervention: obtained thermographic visualizations
and oscillographic temperature distributions of such
pathological conditions as contusion, bullet wound,
residual phenomena in the bronchopulmonary system
due to COVID-19, exacerbation of chronic diseases
of the pancreas and urinary system, traumatic inju-
ries of the musculoskeletal system, etc.

Remote infrared thermography, as one of the meth-
ods of radiation diagnostics, in the system of com-
prehensive diagnostic measures additionally provides
doctors of almost all specialties with important infor-
mation about the presence and severity of detected
pathologies before surgical intervention.

Given the ease of use, mobility, significant infor-
mativeness and efficiency, it is advisable to introduce
the method of remote infrared thermography into
the system of comprehensive diagnostic measures at
various stages of providing medical care to military

personnel.
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