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With the purpose to establish features of frostbite based on express thermometry data with a thermocouple 26 servicemen
with frostbite who were admitted for treatment to the thermal injury department were observed. All admitted patients underwent
thermocouple thermometry using an electric thermometer. Based on our data, we proposed the following severity classification:
frostbite of the I degree corresponds to +15°C+16°C, of the II degree to +13°C+14°C, of the II-1II degree to +11°C+12°C, of the
III degree to +8°C+9°C, of the III-TV to —3°C—4°C. Thus, the measurement of the surface and intra-tissue temperature in the affected
area in the thermal injury department of patients with cold injuries using objective and thermocouple thermometry allows for early
diagnostics and effective treatment results. As a result, the patient's intoxication symptoms are reduced, the amputation area is
reduced, treatment becomes more effective, and therefore patients are discharged from the hospital earlier with fewer bed days.
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P.C. AxmenoB
TEPMOIIAPHA TEPMOMETPISA JOPEAKTHUBHOI'O ITEPIOAY BIIMOPOXEHHS

3 METOI0 BCTaHOBJICHHS OCOOIMBOCTEH Nepediry BiIMOPOXKEHHS Ha OCHOBI IaHUX EKCIPEC-TEPMOMETPIT 3a JOIIOMOT0I0
TepMoIapu OyJI0 IPOBEICHO 0OCTEXXEHHS 26 BiiCHKOBOCITYKOOBIIIB 3 BiIMOPOXKEHHIMH, SIKi HATIHIIUIN HA JTIKyBaHHS y BiILICHHS
TEPMIYHUX ypaKeHb. YCIM Malli€eHTaM, SKi HaAIWNIIA, TPOBOIMIN TEPMOMAPHY TEPMOMETPII0 3a JOMOMOTOIO EJIEKTPUYHOTO
TepMoMeTpa. Ha mizcTaBi OTpUMaHHX JaHMX, HAMH 3allPONIOHOBAHO TaKy KiacU(]iKallilo TSDKKOCTI: BiiMoOpoxkeHHs | cTymens
Biamosinae temmeparypi +15°C+16°C, II crymens +13°C+14°C, II-1II crymens +11°C+12°C, III crynens +8°C+9°C, II-IV
crynens —3°C—4°C. TakuM YMHOM, BHMIPIOBaHHS MOBEPXHEBOI i BHYTPIIIHBOTKAHWHHOI TEMIIEPAaTypd B 30HI YpaXeHHS Yy
BIAJIIICHH] TEPMIYHOT TPaBMHU y XBOPHX i3 XOJIOJOBIUMH TPAaBMaMH 3 BUKOPHCTAHHSAM 00'€KTHBHOI 1 TEPMOIIAPHOT TEPMOMETPIT 1ae
3MOT'Y IIPOBOIUTH PAHHIO JiarHOCTHUKY 1 OTpUMyBaTH €()eKTUBHI PE3yJITaTH JIKyBaHHS. Y Pe3ysbrari y HalieHTa 3MEHIITYIOThCS
CHUMIITOMH IHTOKCHKAIIil, CKOPOUYETbCS 30HA aMITyTamii, JIKyBaHHS CTa€ C(QEKTUBHIIINM, a OTXeE, MAIlieHTH BHUIHCYIOTHCS 31
CTAIliOHAPY PaHIIIe i 3 MCHIIOO KiBKICTIO JIIXKKO-/IHIB.

KutrouoBi ci1oBa: TepMornapHa TepMOMETPIst, BIIMOPOXKEHHSI, XOJIOI0BA TPABMA, BIlICHKOBOCITY>KOOBIIi, TEMIIEpaTypa MKipH.

After the collapse of the Soviet era, 20 % of the territory of the Republic of Azerbaijan, most of
which was Karabakh and the surrounding regions, was occupied by Armenian forces. For almost 30 years,
the Azerbaijani people lived in a state of war for these lands that remained under occupation [11].

Military personnel serving in the territory of the Republic of Azerbaijan, which has various climatic
conditions, constantly endured extreme hot and cold weather conditions. In addition, military personnel
serving on the front lines, which are mainly located in high-altitude areas, attract attention. In these places,
both in the cold winter months and in the usual spring and autumn months, the weather was very cold,
windy, and frosty. In these places, which were poorly organized in terms of heat in the early days, soldiers
were sometimes exposed to cold traumas - general colds, various types of mild, moderate, severe frostbite.
Their treatment was also carried out in military hospitals, accepting military combat traumas [13].

Frostbite was one of the most difficult areas of surgery in peacetime and wartime, and was of both
practical and theoretical importance. Frostbite occurs in frosty weather with temperatures below 0° degrees
Celsius (<0°C or <32°F), and is observed massively during wartime [1].

The cause of the pathological processes arising in frostbite is a long-term spasm of peripheral
vessels, which causes changes in the vascular walls and, by irritating the sympathetic nervous system,
strengthens the adrenaline syndrome and forms thrombi. The subsequent pathological processes are tissue
necrosis (decay), i.e., inflammatory changes and metabolic disorders, the development of intoxication,
complications with the purulent-septic stage [4, 12].

The purpose of the study was to establish the features of frostbite based on express thermometry
data with a thermocouple.

Materials and methods. The study included 26 servicemen with frostbite who were admitted for
treatment to the thermal injury department of the Main Clinical Hospital of the Armed Forces of the
Republic of Azerbaijan (Baku) in the period of 2020-2022.

Frostbite was diagnosed based on local objective signs, in accordance with the signs of the
corresponding specified degrees. In contrast to diagnostic electrothermometry, rheovasography, recording
of infrared radiation with a teplovisor, angiography, ultrasound examination of peripheral vessels,
thermotopographic, radioisotope, etc. thermometries carried out in previous years, in our study all admitted
patients underwent thermocouple thermometry using an electric thermometer (Fig. 1).

© R.S. Akhmadov, 2025 16



ISSN 2079-8334. Ceéim meouyunu ma odionozii. 2025. Ne 2 (92)

Measuring skin temperature with a thermocouple is a
relatively simple procedure that uses the Seebeck principle. A
thermocouple, consisting of two dissimilar conductors, produces
a voltage proportional to the temperature difference between its
junctions. To measure skin temperature, one junction of the
thermocouple is placed on the skin and the other at a reference
point, such as room temperature. The resulting voltage is then
converted into a temperature value.

The position of the thermocouple strongly affects the
reading of the temperature evolution thus, it is necessary to place
them in the right position, in such a way that correct information
about temperature is obtained. Before taking a measurement, the
thermocouple must be connected to a measuring device. For
example, a digital voltmeter or a thermocouple with an integrated
processor, which converts voltage into a temperature value, can
be used. There are several methods for placing a thermocouple
on the skin: adhesive — special adhesives or adhesive tape can be
used to ensure reliable contact between the thermocouple and the
skin; pressing — the thermocouple can simply be pressed against
the skin using a special device that will ensure stable contact;
immersion — in some cases, the thermocouple can be immersed

in water, in which the hand or limb is then immersed for measurement. The measuring device to which the
thermocouple is connected outputs a temperature value corresponding to the received voltage. Since one
junction of the thermocouple is on the skin and the other is at the reference point, it is necessary to take into
account the change in temperature of the reference junction. Additional temperature sensors or compensation
systems can be used for this. With this method, it was possible to measure the skin and intra-tissue temperature
in any areas, make an early initial diagnosis, and create the basis for organizing treatment at the last moment [6].

In our study, the surface temperature was measured by touching the needle at the end of the
thermocouple to the skin surface around the nails on the phalanges, and the intra-tissue temperature was
measured by inserting the needle to a depth of 4-5 mm into the skin.

The statistical analysis was performed using Excel tables, and the following indices were
calculated: mean (M), standard error (m) and Student's t-test. Results were considered significant when
p<0.05.

Results of the study and their discussion. The results obtained demonstrated that in severe
frostbite, the skin surface temperature was always higher than the intra-tissue temperature.

The thermocouple indicators of pre-reactive period when the patient was admitted with frostbite
are listed in Table 1.

Fig. 1. External appearance of a thermocouple.

Table 1
Thermocouple thermometry of the pre-reactive period in patients with frostbite of both lower
and upper extremities
Lower extremities
Measurement area Right leg Left leg
Surface t° Deep t° Surface t° Deep t°
Ist finger’s main phalanx —40 —-130 —40 —13°
2nd finger’s main phalanx —40 -130 —40 —139
3rd finger’s main phalanx —40 —-130 —40 —139°
4th finger’s main phalanx —40 —-130 —40 —139°
5th finger’s main phalanx —40 1390 —490 —-13°
The sole of the foot —40 130 —40 —-13°
Upper extremities
Measurement area Right hand Left hand
Surface t° Deep t° Surface t° Deep t°
Ist finger’s main phalanx 30 199 30 15°
2nd finger’s main phalanx 20 17° 20 139
3rd finger’s main phalanx 20 130 —20 11°
4th finger’s main phalanx 20 11° -390 11°
5th finger’s main phalanx -1 90 -20 90
Palm of the hand -30 130 -1 139
Lower 1/3 of the forearm 139 199 139 230
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The temperature inside the deep tissue is much lower than the surface skin temperature. This
dependence is due to the negative temperature of the skin surface when the patient entered the hospital. A
hot water bath was made for 1 hour and 20 minutes on the patient's extremities. After the hot water bath
was made, the extremities were wiped dry with a towel, and then thermocouple thermometry was
performed on the patient's palm surface from the main phalanges of the fingers, and then from the skin
surface and deep tissue (p<0.05). The results are shown in Table 2.

Table 2
Thermocouple thermometry performed after the patient has warmed up
Lower extremities*
Measurement area Right leg Left leg
Surface t° Deep t° Surface t° Deep t°
Ist finger’s main phalanx 250 490 240 50
2nd finger’s main phalanx 26° 50 250 50
3rd finger’s main phalanx 250 6° 250 60
4th finger’s main phalanx 250 6° 2590 6°
5th finger’s main phalanx 250 6° 2590 6°
The sole of the foot 269 70 260 30
Upper extremities**
Measurement area Right hand Left hand
Surface t° Deep t° Surface t° Deep t°
Ist finger’s main phalanx 2590 2590 26° 2490
2nd finger’s main phalanx 2590 259 26° 259
3rd finger’s main phalanx 250 2490 26° 2490
4th finger’s main phalanx 2590 259 250 250
5th finger’s main phalanx 2590 26° 250 26°
Palm of the hand 270 28° 28° 27°
Lower 1/3 of the forearm 320 350 330 360

Note: *Room temperature +21°C, ** Room temperature +22°C

Based on our data, we proposed the following severity classification: frostbite of the I degree
corresponds to +15°C+16°C, of the II degree to +13°C+14°C, of the II-III degree to +11°C+12°C, of the III
degree to +8°C+9°C, of the III-1V to —3°C—4°C.

The following idea of classifying frostbite based on the restoration of blood circulation was
proposed:

— pre-reactive period with tissue icing. The temperature in the tissues is less than 2—7 ° C.

— pre-reactive period without tissue icing. The temperature in the tissues is less than 8—14°C.

— period of restoration of blood circulation.

— early reactive period.

— late reactive period.

Human tolerance to cold environments is extremely limited and responses between individuals is
highly variable. Such physiological and morphological predispositions place them at high risk of
developing cold weather injuries (CWI), including hypothermia and/or non-freezing and freezing cold
injuries. The present manuscript highlights current knowledge on the vulnerability and variability of human
cold responses and associated risks of developing CWI. The cause of pathological processes that occur
with frostbite is a prolonged spasm of peripheral vessels, which causes changes in the vessel walls and,
irritating the sympathetic nervous system, increases the adrenal syndrome and forms blood clots.
Subsequent pathological processes include tissue necrosis (decay), i.e. inflammatory changes and
metabolic disorders, the development of intoxication and complications with a purulent-septic stage [3].

Prolonged exposure to low temperatures on body tissues and factors that create accompanying
conditions play an important role in the development of frostbite. Thus, in cold weather, increased human
fatigue, alcohol intoxication, physical inactivity, adynamia, and fainting can play a role. Local factors
include vascular diseases of the extremities (obliterating diseases, varicose veins, previous frostbite of the
hands and feet), limb injuries (fractures, dislocations), and wearing tight shoes. Deep frostbite can result in
necrosis and may need amputation of affected tissue. Though a serious injury, it is not very well understood,
and further scientific exploration is needed. This work explores the current understanding of the
pathophysiology of frostbite [2, 5].

In several studies two periods of frostbite were reported: 1—pre-reactive period; 2—reactive period.
The hypothermia stage refers to the pre-reactive, “latent period”. This is a period of time that lasts from
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several hours to a day and is the time when the internal temperature in the extremities is restored. The
reactive period is the period when tissues begin to function [7, 14].

Despite of fact that data on the overall incidence of frostbite are limited, a retrospective study of
241 patients conducted by Schellenberg M, et al (2020), reported a 3 % mortality rate. In the same study,
however, surgical intervention with debridement and/or amputation was required in 20 % of patients [10].

Complications from frostbite injury include local tissue swelling, tissue necrosis, gangrene,
compartment syndrome, joint immobility, and contractures, amongst other physical deformities [8, 9].

According to the results of our scientific research, frostbite is considered the most severe form of
cold injury, accompanied by icing of tissues. With hypothermia, blood circulation in the tissues in the area
of cold damage decreases to a complete stop. In such conditions, the tissues do not necrotize due to cold
impact, but go into a state of parabiosis, in which they retain the ability to maintain life for a certain period
of time. All irreversible symptoms begin when the pre-reactive period transitions to the reactive one, that
is, after the tissues warm up. When tissues are warmed up, metabolism is restored, and the process of
burning and restoring metabolism in tissues requires normal and even greater nutrition for its viability. If
tissues receive such nutrition, they are capable of normal viability and necrosis does not occur. When
tissues do not receive nutrition, they necrotize from lack of oxygen and starvation [2, 7].

Haman F, et al (2022) noted that there are individual risks for cold weather injuries. Thus, the
features of the course of pathological processes in frostbite depend on the depth and timing of
cryodestruction, which in turn affects the outcome and prognosis of treatment tactics at the time of
manifestation of the disease [3].

So, use of thermocouple to measure the temperature in pre-reactive period will be effective for
early detection of injury and prevention the irreversible outcomes.

During our observation, for the first time in the diagnosis of patients with frostbite, objective
clinical signs were identified. The tissues become very fragile, prone to fracture during frostbite, and the
dependence of the degree of frostbite of the hand and fingers on the depth was determined. Thus, if the
numbness and wood-like hardening of the fingers of patients admitted in the pre-reactive period continue
to the middle phalanges, then in the subsequent reactive period, frostbite of the second degree develops, if
it continues to the beginning of the main phalanges, frostbite of the third degree develops, and if it continues
to the middle of the metacarpal bones or the wrist-spinal joint, frostbite of the fourth degree develops.

In the section on thermal injuries, we measure the surface and intra-tissue temperatures of the
tissues in the area of injury with objective and thermocouple thermometry, and establish an effective
outcome of the treatment by making an early diagnosis [12].

Conclusion

Based on our data, we proposed the following severity classification: frostbite of the I degree
corresponds to +15°C+16°C, of the II degree to +13°C+14°C, of the II-1II degree to +11°C+12°C, of the III
degree to +8°C+9°C, of the III-1V to —3°C—4°C.

Thus, the measurement of the surface and intra-tissue temperature in the affected area in the thermal
injury department of patients with cold injuries using objective and thermocouple thermometry allows for
early diagnostics and effective treatment results. The organization of effective results of treatment by
measuring the temperature of the skin surface and intratissue area in the pre-reactive period of frostbite and
after warming the extremities with a hot water bath, might predispose to better outcomes. As a result, the
patient's intoxication symptoms are reduced, the amputation area is reduced, treatment becomes more
effective, and therefore patients are discharged from the hospital earlier with fewer bed days.

References

1. Armed Forces Health Surveillance Division. Cold Weather Injuries Among the Active and Reserve Components of the U.S.
Armed Forces, July 2018-June 2023. MSMR. 2023 Nov 20;30(11):2-11.

2. Basit H, Wallen TJ, Dudley C. Frostbite. [Updated 2023 Jun 26]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK536914/

3. Haman F, Souza SCS, Castellani JW, Dupuis MP, Friedl KE, Sullivan-Kwantes W, et al. Human vulnerability and variability
in the cold: Establishing individual risks for cold weather injuries. Temperature (Austin). 2022 May 29;9(2):158-195.
doi: 10.1080/23328940.2022.2044740.

4. Handford C, Thomas O, Imray CHE. Frostbite. Emerg Med Clin North Am. 2017 May;35(2):281-299. doi: 10.1016/j.emc.2016.12.006.
5. Joshi K, Goyary D, Mazumder B, Chattopadhyay P, Chakraborty R, Bhutia YD, et al. Frostbite: Current status and advancements
in therapeutics. J Therm Biol. 2020 Oct;93:102716. doi: 10.1016/j.jtherbio.2020.102716.

6. Jutte LS, Paracka DJ. Effects of 7 Consecutive Systematic Applications of Cryotherapy With Compression. Journal of Sport
Rehabilitation, 2022; 31(4), 414-419. doi.org/10.1123/jsr.2021-0208

7. Knapik JJ, Reynolds KL, Castellani JW. Frostbite: Pathophysiology, Epidemiology, Diagnosis, Treatment, and Prevention. J
Spec Oper Med. 2020 Winter;20(4):123-135. doi: 10.55460/PDX9-BGS8G.

19



ISSN 2079-8334. Céim meouyunu ma odionozii. 2025. Ne 2 (92)

8. Lindford A, Valtonen J, Hult M, Kavola H, Lappalainen K, Lassila R, et al. The evolution of the Helsinki frostbite management
protocol. Burns. 2017 Nov;43(7):1455-1463. doi: 10.1016/j.burns.2017.04.016.

9. Mclntosh SE, Freer L, Grissom CK, Rodway GW, Giesbrecht GG, McDevitt M, et al. Wilderness Medical Society Clinical
Practice Guidelines for the Prevention and Treatment of Frostbite: 2024 Update. Wilderness Environ Med. 2024 Jun;35(2):183-
197. doi: 10.1177/10806032231222359.

10. Schellenberg M, Cheng V, Inaba K, Foran C, Warriner Z, Trust MD, et al. Frostbite injuries: independent predictors of
outcomes. Turk J Surg. 2020 Jun 8;36(2):218-223. doi: 10.5578/turkjsurg.4632.

11. Shoib S, Arif N, Nahidi M, Rumiyya K, Swed S, Yusha'u Armiya'u A. Nagorno-Karabakh conflict: Mental health repercussions
and challenges in Azerbaijan. Asian J Psychiatr. 2022 Jul;73:103095. doi: 10.1016/j.ajp.2022.103095.

12. Turner BL, van Dongen TTCF, Berendsen RR, de Jong FJM, Endert EL, van Hulst RA, et al. Frostbite: a treatment guideline for
prehospital treatment in a military environment. BMJ Mil Health. 2025 Mar 21;171(2):152-154. doi: 10.1136/military-2023-002380.
13. van Dongen TTCF, Berendsen RR, de Jong FIM, Endert EL, van Hulst RA, Hoencamp R. Frostbite: a systematic review on
freezing cold injuries in a military environment. BMJ Mil Health. 2025 Jan 28;171(1):81-85. doi: 10.1136/military-2022-002171.
14. Zaramo TZ, Green JK, Janis JE. Practical Review of the Current Management of Frostbite Injuries. Plast Reconstr Surg Glob
Open. 2022 Oct 24;10(10):e4618. doi: 10.1097/GOX.0000000000004618.

Crarrs Hagidinuia 11.05.2024 p.

DOI 10.26724/2079-8334-2025-2-92-20-24
UDC 616.31-008.8-022+616.12/.13-002

H.O. Babenia, O.V. Dienha, S.A. Shnaider, G.V. Nikolayeva, V.M. Pochtar,
O.E. Korniichuk', .M. Lukovych?
State Establishment “The Institute of stomatology and maxilla-facial surgery National academy
of medical sciences of Ukraine”, Odesa, 'Dnipro State Medical University, Dnipro,
’Danylo Halytsky Lviv National Medical University, Lviv

QUANTITATIVE DETERMINATION OF PERIODONTOPATHOGENS
IN ELDERLY PATIENTS WITH ATHEROSCLEROSIS

e-mail: annababenya@gmail.com

Dental-plaque pathogens can translocate via the bloodstream, accumulate in atheromatous plaques of various arteries, or
directly infect vascular endothelial cells, thereby taking an active part in the progression of atherosclerotic lesions. We performed
a quantitative analysis of the “red-complex” periodontopathogens Porphyromonas gingivalis, Treponema denticola and Tannerella
forsythia, as well as Aggregatibacter actinomycetemcomitans, Porphyromonas endodontalis, Prevotella intermedia and
Fusobacterium nucleatum in gingival crevicular fluid. From every patient three to six of the targeted periodontopathogens were
detected when a high-sensitivity threshold was applied. T. forsythia and F. nucleatum were identified in 100 % of samples, P.
endodontalis in 77.8 %, P. gingivalis in 44.4 %, and T. denticola, A. actinomycetemcomitans and P. intermedia in 33.3 %. In all
study participants, onset and/or progression of atherosclerosis may, to varying degrees, be attributable to the presence of large
numbers of periodontopathogens in the oral cavity.

Key words: atherosclerosis, generalised periodontitis, older age, periodontopathogens, polymerase chain reaction.
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KUUIBKICHE BUSHAYEHHS ITAPOJOHTOIIATOT'EHIB
Y NAHI€EHTIB [TIOXKWJIOI'O BIKY 3 ATEPOCKJIEPO30M

TTarorenu 3yOGHOTO HaJIbOTY MOXKYTh TPAHCIIOKYBATHCS KPOBOTOKOM i HAKOIIMYYBATHCS B aTEPOMATO3HUX OJIAIIKAX Pi3HHUX
aprepiii a6o Oe3nocepenHbo iHGIKyBaTH SHAOTENIANbHI KIITHHH CyIMH, OSpydd, TaKMM YHHOM, OE3[OCEpeIHI0 y4acTb Yy
HPOrpecyBaHHi aTepOCKICPOTHYHUX YpaxkeHb. HaMu MPOBENCHO KiJbKICHUI aHAIi3 MapOJOHTONATOICHIB «YEPBOHOTO KOMILICKCY)
Porphyromonas gingivalis, Treponema denticola Ta Tannerella forsythia, a Takox Aggregatibacter actinomycetemcomitans,
Porphyromonas endodontalis, Prevotella intermedia Ta Fusobacterium nucleatum y pigusi sicennoi 4acy. Y 3pa3kax ycix Mari€eHTiB
BUSBIICHO Bif 3 70 6 aHaJi30BaHUX ITAPOIOHTOIATOTEHIB ITiJ Yac BUKOPHCTAHHS ropora Bucokoi dymmBocTi. T. forsythia Ta F.
nucleatum BusiBreni y 100 % 3pa3kis, P. endodontalis —y 77,8 %, P. gingivalis —y 44,4 %, T. denticola, A. actinomycetemcomitans
ta P. intermedia — y 33,3 %. VY Bcix mauieHTiB JaHOTO JOCIiKCHHS! BUHUKHEHHS Ta/ab0 NPOrpecyBaHHs aTepOCKICPO3y MOXKYTh y
Tilf um iHMIiH Mipi GyTH 00YMOBIIEHI IPUCYTHICTIO BEJIMKUX KUIBKOCTEH ITapOOHTONATOIEHIB Y POTOBIH MOPOKHHUHI.

KurouoBi ciioBa: arepockiepos3, TeHepati30BaHWN MAapOJOHTHT, MOXWIMH BiK, MAapOJOHTONATOTEHH, IIOJIiMEpasHo-
JIAHLIIOTOBA PEaKIisl.

The work is a fragment of the research project “Improving the provision of dental care to the elderly under martial law”,
state registration No. 0123U103245.

Cardiovascular diseases (CVD) are among the leading causes of mortality in developed countries,
accounting for 17.3 million deaths worldwide each year, with an expected rise to 23.6 million by 2030
owing to lifestyle changes and population ageing [15].
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