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Abstract. Relevance. Cold vasodilation is a response to a decrease in local and general temperature. Dose-controlled 
hypothermia is a therapeutic method for treating various pathological processes. Materials and Methods. In our study, we 
analyzed various indicators of the general condition of the human body under the influence of local controlled hypothermia. 
The study involved 25 healthy volunteers from the age of 21 to 34, including 14 males and 11 females. The study was carried 
out at a constant temperature of 25 ºС, relative humidity of 30 ± 5%, and an atmospheric pressure of 765mm Hg in silence 
and moderate illumination. The instruments of these indicators were bio-impedancemetry, angioscanning, as well as general 
thermometry. We also performed local thermometry of the buccal mucosa to identify temperature correlations between local 
hypothermia and buccal mucosa temperature. Local сontrolled hypothermia of the face was carried out by applying an elastic 
mask to the subject’s face. The mask had a system of irrigation tubes connected to the «ViTherm» device, which cooled the liquid 
and maintained its circulation. Due to the circulation of the cooled liquid in the mask the face was cooled. The mask covered the 
parotid-chewing, buccal, zygomatic, and infraorbital regions on the right and left. LCG lasted 50 minutes, and the circulating 
fluid temperature was 18 ºС. Results and Discussion. The effect of local controlled hypothermia at 18—20 °C did not affect 
vital signs in healthy adults: active cell mass, electrical reactance, extracellular fluid, oxygen saturation, the duration of systole. 
pulse. general temperature. At the same time, a decrease in tissue hydration was recorded. The revealed physiological effect 
of local hypothermia justifies using this temperature regime to reduce postoperative edema. Conclusion. Due to the absence of 
negative effects of local controlled hypothermia on the vital signs of the human body, the development and application of this 
tool in clinical practice, including the dental surgeon. is relevant.
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Introduction
Cold exposure to the skin has a pronounced 

physiological effect. At first, there is an increase in 
peripheral vasomotor tone, which reduces heat loss 
to the environment to maintain thermal homeostasis. 
Further prolonged exposure on the contrary disrupts 
adaptive mechanisms and leads to impaired neuron 
conductivity. vasodilation. and cold injuries [1—3]. 
The origin of cold-induced vasodilation (CIVP) is still 
a matter of discussion [4]. CIVP can be mediated either 
centrally through the sympathetic nervous system [5, 
6] or locally through cold-induced direct peripheral 
vascular paralysis [7]; authors would like to note the 
role of arteriovenous anastomoses [8]. The regulation of 
skin blood flow occurs due to a complex and dynamic 
interaction of thermal effects emanating from the depths 
of the body (core) and skin (shell). However, the intensity 
of vasomotor reactivity to localized thermal stimulation 
is primarily determined by the thermal state of the whole 
body [9]. Lewis first claimed that local vasodilation —  
later known as cold-induced vasodilation (CIVP)—was 
the cause of increased body temperature [10].

Despite many studies, the mechanisms that cause 
CVP are not fully understood [11]. According to some 
studies. CVP results from the dilation of arteriovenous 

anastomoses (AVA) [12, 13]. However, due to the 
difficulty in measuring blood flow, the effect of local 
temperature on AVA vasomotor activity has been little 
studied. Bergersen et al. [14] found that AVAs below 
21 °C maintained AVA closure. The frequency of flashes 
is related to the overall thermal balance of the body. 
In situations where there is a need to conserve heat or 
remove heat, the AVAs remain largely closed or open, 
resulting in nearly constant low or high blood flow 
velocities in the afferent arteries. Synchronous closure 
of the AVA is most likely caused by bursts of efferent 
sympathetic impulses [15]. The frequency of flashes 
is related to the overall thermal balance of the body. 
In situations where there is a need to conserve heat or 
remove heat. the AVAs remain largely closed or open, 
resulting in nearly constant low or high blood flow 
velocities in the afferent arteries.

In a thermoneutral situation the AVA spasms two 
or three times per minute, causing large and rapid 
fluctuations in blood flow velocity in the afferent 
arteries. All cutaneous AVAs have synchronous 
vasomotion. Fluctuations in blood flow through the AVA 
also closely correlate with heart rate (HR) and blood 
pressure variations [16]. Local uncontrolled hypothermia 
(glove application with ice) is widely used after surgical, 
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dental interventions, maxillofacial and plastic surgeries. 
Due to the trigeminal nerve’s connection to the vagus 
autonomic fibers the face is a potent reflexogenic 
zone [17]. Thus, local uncontrolled cold exposure to 
facial tissues and close neural connections can lead to 
local frostbite [18] and have an overall negative effect. 
The present study assessed the impact of moderate local 
controlled hypothermia on the human cardiovascular 
and respiratory systems.

Materials and methods

Experiment design and patients
The study involved 25 healthy volunteers from the 

age of 21 to 34, including 14 males and 11 females. All 
subjects were non-smokers, did not have a history of 
cold injuries or pathologies of the cardiovascular system, 
and did not take any medications on an ongoing basis. 
None of the subjects ate food less than 2 hours before 
the experiment. There was no alcohol consumption in 
the 24 hours prior to the study. The study was carried 
out at a constant temperature of 25 ºС, relative humidity 
of 30 ± 5 %, and an atmospheric pressure of 765 mm Hg 
in silence and moderate illumination.

The study was carried out in the functional 
diagnostics room of the Clinical Diagnostic Center of 
the Peoples’ Friendship University of Russia (Moscow, 
Russia). All patients provided voluntary informed 
consent to participate in the study in accordance with 
the Declaration of Helsinki of the World Medical 
Association (WMA Declaration of Helsinki —  Ethical 
Principles for Medical Research Involving Human 
Subjects, 2013) and consent was taken to the processing 
of personal data. The experimental clinical study was 
approved by the local ethics committee of the RUDN 
University, protocol No. 5 of the meeting of the Ethics 
Committee of the RUDN Medical Institute, dated 
February 17, 2022.

Local hypothermia measurement
The study subject was placed in a horizontal position 

on a medical couch; the sensors of the Bioimpedance 
device were fixed on the right ankle and the back of the 

hand, the portable device angioscan was put on the index 
finger of the left hand; a mercury thermometer was placed 
in the right axillary fossa; a local temperature sensor was 
brought into the oral cavity.

Local Controlled Hypothermia (LCH) of the 
face was carried out by applying an elastic mask to 
the subject’s face (Figure 1). The mask had a system 
of irrigation tubes connected to the ViThermo device 
(Figure 1) (Digital technologies in surgery LLC, 
Skolkovo, Moscow), which cooled the liquid and 
maintained its circulation. Due to the circulation of 
the cooled liquid in the mask. the face was cooled. The 
mask covered the parotid-chewing, buccal, zygomatic 
and infraorbital regions on the right and left. LCG lasted 
50 minutes and the circulating fluid temperature was 
18 ºС. We used a portable temperature sensor in the 
vestibule of the oral cavity to control the amount of 
cooling of soft tissues.

Fig. 1. Device for controlled hypothermia «ViTherm»

Bio-impedancemetry and angioscanning
Bio-impedancemetry was carried out using the 

apparatus «Bioimpedance» (AVS-02 «MEDASS», 
Russia), the principle of which is based on the 
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assessment of the resistance of biological tissues to 
direct or alternating electric current. This method is 
one of the tools for monitoring the dynamics of the 
remodeling of organs and tissues and changes in the 
functional state of the whole organism in normal and 
pathological conditions.

There are several parameters that can be registered 
by bio-impedancemetry, including: fat and muscle 
mass, bone mineral mass (kg), body mass index 
(BMI), active cell mass (kg), extracellular fluid (kg), 
BMR(kcal/ m2/ day); phase angle; (active and reactance 
at a frequency of 50 kHz, extracellular fluid).

Angioscanning was performed with the Angioscan 
device (Angioscan, AngioCode Electronics, Russia). 
The principle of operation of the device is to diagnose 
the arterial wall and the state of endothelial cells using 
the Parfenov method (Baskova, I, 2014).

Angioscan allows to register the pulse; blood saturation 
(O2 saturation); The pulse pressure index (PPI); vascular 
stiffness (–%); curve type (%); systole duration (%); stress 
or heart rate variability, calculated according to the Baevsky 
index (a physiological phenomenon that manifests itself 
in a change in the interval between the beginnings of two 
adjacent cardiac cycles), local thermometry carries out 
with a temperature sensor.

Angioscannig, Bio-impedancemetry and 
thermometry were performed three times: before LCG 

during LCG at the 25th minute of the study and then at 
the end of LCG at the 50th minute. During the entire 
study the study subjects lay relaxed and motionless.

Statistical data processing
Using the methods of descriptive (descriptive) 

statistics to evaluate the studied parameters we 
calculated the following characteristics: mean, standard 
deviation (SD), 95 % CI (confidence interval for the 
mean), median, minimum and maximum values. We 
used non-parametric tests for statistical analysis: to 
compare scores before exposure at 25- and 50-minutes 
paired Wilcoxon test for linked samples.

Results and discussion
Anthropometry

The study involved 25 people: 9 girls and 16 men, 
Height averaged 173 ± 8.38 cm (166 ± 5.47 cm in girls 
and 176.5 ± 7.75 cm in men), weight 71.7  ± 15.63 kg 
(60.7 ± 12.78 kg for girls and 77.9 ± 13.78 kg 
for men). The average waist circumference is 
81.9 ± 10.96 cm (73.2 ± 9.83 and 86.8 ± 8.39 for 
girls and men respectively) and the hip circumference 
is 102.6 ± 7.06 cm (100 ± 5.79 cm for girls and 
104.1 ± 7.45 cm for men). Table 1 provides a complete 
description of the characteristics.

Table 1
Characteristics of study participants

N Mean SD CI (–95 %) CI (+95 %) Median Min Max

Height (cm) 25 173 8.38 169.54 176.46 170 162 190
m. 16 176.5 7.75 172.37 180.63 177 165 190
w. 9 166.8 5.47 162.57 170.98 165 162 180
Weight (kg) 25 71.7 15.63 65.23 78.13 72 50 104
m. 16 77.9 13.78 70.53 85.22 78 53 104
w. 9 60.7 12.78 50.85 70.49 56 50 85
Waist 
Circumference 25 81.9 10.96 77.35 86.41 85 63 106

m. 16 86.8 8.39 82.28 91.22 87 73 106
w. 9 73.2 9.83 65.66 80.78 70 63 91
Hip circumference 25 102.6 7.06 99.69 105.51 100 86 118
m. 16 104.1 7.45 100.09 108.03 106 86 118
w. 9 100.0 5.79 95.55 104.45 98 95 112
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Bio-impedancemetry
Active cell mass changed insignificantly from 30.5±7.5 

to 30.6±7.34 (p=0.35) and up to 31±7.21 kg (p = 0.15). 
There was a decrease in the indicator «Extracellular fluid» 
by an average of 0.23 kg after 25 minutes and 0.3 kg after 
50 minutes (p = 0.0003 and p = 0.0002).

The BMR index changed insignificantly 
from 861 ± 72.48 (kcal/m2/day) to 863.5 ± 70.03 

(kcal/ m2/ day) (p = 0.38) and to 863.7±69.44 (kcal/
m2/day) (p = 0.4) after 25 min and respectively at the 
end of the study.

Table 2 describes bio-impedancemetry in detail. 
Table 3 presents the results of comparing scores at 25 
and 50 minutes using the non-parametric Wilcoxon test 
for linked samples.

Table 2
Results of bio-impedancemetry

Mean SD CI (–95 %) CI (+95 %) Median Min Max

Active cell mass (kg) 30.5 7.50 27.38 33.57 32.3 18.8 45.8

25 min 30.6 7.34 27.58 33.65 32.3 18.8 45.3

50 min 31.0 7.21 28.05 34.00 33.2 18.9 45.3

Extracellular fluid (kg) 15.8 2.88 14.57 16.95 15.4 11.6 21.3

25 min 15.5 2.72 14.41 16.65 15.2 11.5 20.9

50 min 15.5 2.77 14.32 16.60 15.2 11.4 20.8

BMR(kcal/m2/day) 861.0 72.48 831.05 890.89 852.8 698.6 1004.2

25 min 863.5 70.03 834.63 892.44 862.4 699.7 1001.9

50 min 863.7 69.44 835.04 892.36 862.1 703.8 1002.7

Phase angle 6.8 0.81 6.50 7.17 7.0 4.8 8.2

25 min 7.0 0.80 6.66 7.32 7.0 4.9 8.4

50 min 7.1 0.82 6.72 7.39 7.2 4.9 8.5

Active resistance (50khz) 323.5 63.21 297.41 349.59 314.3 227.1 458.9

25 min 332.7 61.75 307.21 358.19 324.1 233.7 469.8

50 min 335.0 62.24 309.31 360.69 324.6 236.3 475.6

Active resistance (5khz) 651.7 97.07 611.66 691.80 640.1 484.8 875.7

25 min 669.6 98.19 629.02 710.08 666.9 497.2 897.2

50 min 677.2 99.34 636.24 718.25 674.6 504.3 911.3

Electrical reactance (50kHz) 38.6 5.44 36.39 40.88 37.8 29.5 50.1

25 min. 40.3 5.63 37.95 42.60 40.4 30.4 52.2

50min. 41.0 5.79 38.56 43.34 41.3 30.7 52.9

Electrical reactance (5kHz) 34.7 5.11 32.57 36.79 34.4 20.9 43.4

25 min 38.4 9.26 34.58 42.23 36.8 22.1 73.7

50 min 38.5 5.90 36.10 40.97 38.5 24.0 51.3
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Table 3
Results of the paired Wilcoxon test for linked samples (bio-impedancemetry)

Compared samples n Average Difference (before and after) SD difference CI (–95 %) CI (+95 %) p
Active cell mass (kg)

00 min & 25 min. 19 -0.14 0.62 -0.40 0.12 0.35
00 min Vs 50 min. 21 -0.55 2.05 -1.40 0.30 0.15
25 min Vs 50 min. 17 -0.41 2.03 -1.25 0.43 0.37

Extracellular fluid (kg)
00 min Vs 25 min. 24 0.23 0.28 0.12 0.35 0.0003
00 min Vs 50 min. 25 0.30 0.25 0.19 0.41 0.0002
25 min Vs 50 min. 17 0.07 0.16 0.00 0.13 0.0148

BMR(kcal/m2/day)
00 min Vs 25 min. 24 -2.57 11.61 -7.36 2.22 0.38
00 min Vs 50 min. 25 -2.73 10.88 -7.22 1.76 0.40
25 min Vs 50 min. 23 -0.16 3.50 -1.61 1.28 0.78

phase angle
00 min Vs 25 min. 20 -0.16 0.17 -0.23 -0.09 0.0003
00 min Vs 50 min. 24 -0.22 0.14 -0.28 -0.17 0.0000
25 min Vs 50 min. 18 -0.07 0.08 -0.10 -0.03 0.0074

active resistance (50kHz)
00 min Vs 25 min. 25 -9.20 9.90 -13.28 -5.11 0.0000
00 min Vs 50 min. 25 -11.50 10.55 -15.85 -7.14 0.0000
25 min Vs 50 min. 25 -2.30 3.12 -3.59 -1.01 0.0025

active resistance (5kHz)
00 min Vs 25 min. 25 -17.82 7.90 -21.08 -14.56 0.0000
00 min Vs 50 min. 25 -25.51 10.18 -29.71 -21.31 0.0000
25 min Vs 50 min. 25 -7.69 8.41 -11.16 -4.22 0.0002

Electrical reactance (50 kHz)
00 min Vs 25 min. 24 -1.64 1.05 -2.08 -1.21 0.0000
00 min Vs 50 min. 25 -2.32 1.09 -2.77 -1.87 0.0000
25 min Vs 50 min. 24 -0.68 0.69 -0.96 -0.39 0.0003

Electrical reactance (5 kHz)
00 min Vs 25 min. 25 -3.72 7.00 -6.61 -0.83 0.0004
00 min Vs 50 min. 25 -3.86 3.02 -5.10 -2.61 0.0001
25 min Vs 50 min. 24 -0.13 6.01 -2.61 2.35 0.0010

Electrical reactance(5kHz)

 Mean,  Median,  95%CI,  Mean±SD,  Outliers (2SD),  Extremes
0 min. 25 min. 50 min.

10

20

30

40

50

60

70

80

Fig. 2. Reactance readings (5 kHz)
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Extracellular fluid (kg.)

 Mean,  Median ,  95%CI,  Mean±SD 

0 min. 25 min. 50 min.
12
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17
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kg
.

Fig. 3. Mass of extracellular fluid (kg)

Phase angle (deg.)

 Mean,  Median,  95%CI,  Mean±SD,  Outliers (2SD)

0 min. 25 min. 50 min.
4,5

5,0

5,5

6,0

6,5

7,0

7,5

8,0

de
g.

Fig. 4. Phase angle indicators

Angioscanning

The response of the cardiovascular system to LCH 
of the face was as follows: before the onset of cooling 
of the face the heart rate averaged 70 ± 14.13 beats/ min. 
During the LCG of the person at 25 minutes the heart 

rate decreased and averaged up to 65.5 ± 8.2 bpm; 
differences compared to the background averaged 
4.48 bpm (p < 0.009). At the end of the exposure at 
the 50th minute the heart rate averaged 66.5 ± 9.45 bpm.

Oxygen saturation averaged 0.97 ± 0.02 
(97 % ± 2 %) (p = 0.144).
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INP during the procedure decreased from 
0.025 ± 0.02 to 0.015 ± 0.01 after 50 minutes (p = 0.015). 
Hardness before cooling was on average –0.150 ± 0.15, 
after 25 minutes it became –0.206 ± 0.12 (p = 0.004) 
and after 50 minutes it was –0.200 ±0.1 (p = 0.029).

At 25 minutes after the experiment’s start the systole 
duration decreased from 32.3 ± 3.89 to 31.6 ± 3.78 
(p = 0.135), then remained at the achieved level and 
slightly changed.

Table 4
Results of angioscanning

Compared samples N Average SD CI (–95 %) CI (+95 %) Mediana Min Max
Pulse (bpm) 25 70.0 14.13 64.13 75.79 69 47 120
25 min. 25 65.5 8.20 62.10 68.86 66 45 80
50 min. 25 66.5 9.45 62.58 70.38 64 46 85
О2 (%) 25 0.9709 0.0179 0.9635 0.9783 0.976 0.918 0.998
25 min. 25 0.9711 0.0156 0.9647 0.9775 0.971 0.933 0.999
50 min. 25 0.973 0.0160 0.9667 0.9799 0.979 0.933 0.999
(PPI) (%) 25 0.025 0.0203 0.0165 0.0332 0.020 0.004 0.080
25 min. 25 0.019 0.0172 0.0118 0.0259 0.012 0.002 0.066
50 min. 25 0.015 0.0133 0.0093 0.0203 0.010 0.002 0.052
Age(year) 25 35.0 8.6192 31.4022 38.52 35 20 55
25 min. 25 29.6 8.1142 26.2106 32.91 32 18 45
50 min. 25 28.9 6.9601 26.0070 31.7530 27 18 41
Stiffness(–%) 25 -0.150 0.1515 -0.2124 -0.0873 -0.202 -0.384 0.251
25 min. 25 -0.206 0.1234 -0.2574 -0.1555 -0.244 -0.372 0.053
50 min. 25 -0.200 0.0995 -0.2409 -0.1588 -0.226 -0.355 0.022
duration. systoles (%) 25 32.3 3.89 30.67 33.89 34 23 38
25 min. 25 31.6 3.78 30.00 33.12 32 24 36
50 min. 25 31.6 4.09 29.95 33.33 32 23 37

Table 5
Results of the paired Wilcoxon test for related samples (Angioscannig)

Compared samples n Average difference (before and after) SD difference CI (–95 %) CI (+95 %) p

Pulse(bpm)
00 min. Vs 25 min 23 4.480 10.532 0.133 8.827 0.009
00 min. Vs 50 min 21 3.480 11.875 -1.422 8.382 0.102
25 min. Vs 50 min. 20 -1.000 4.252 -2.755 0.755 0.391

О2(%)
00 min. Vs 25 min 21 -0.011 0.053 -0.033 0.011 0.728
00 min. Vs 50 min. 21 -0.013 0.054 -0.035 0.009 0.144
25 min. Vs 50 min. 20 -0.002 0.007 -0.005 0.001 0.065

(PPI) (%)
00 min. Vs 25 min. 25 0.006 0.014 0.000 0.012 0.041
00 min. Vs 50 min. 23 0.010 0.017 0.003 0.017 0.015
25 min. Vs 50 min. 24 0.004 0.008 0.001 0.007 0.015

Age(year)
00 min. Vs 25 min. 23 5.400 8.196 2.017 8.783 0.001
00 min. Vs 50 min. 25 6.080 8.655 2.507 9.653 0.000
25 min. Vs 50 min. 22 0.680 4.327 -1.106 2.466 0.485

Stiffness (–%)
00 min. Vs 25 min. 25 0.057 0.136 0.000 0.113 0.004
00 min. Vs 50 min. 24 0.050 0.115 0.002 0.097 0.029
25 min. Vs 50 min. 24 -0.007 0.072 -0.036 0.023 0.054

Duration. systoles (%)
00 min. Vs 25 min. 20 0.720 4.287 -1.050 2.490 0.135
00 min. Vs 50 min. 21 0.640 4.281 -1.127 2.407 0.434
25 min. Vs 50 min. 17 -0.080 2.914 -1.283 1.123 0.758
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Compared samples n Average difference (before and after) SD difference CI (–95 %) CI (+95 %) p

Stress
00 min Vs 25 min. 25 3.720 35.511 -10.938 18.378 0.819
00 min Vs 50 min. 23 15.320 44.782 -3.165 33.805 0.121
25 min Vs 50 min. 24 11.600 34.693 -2.720 25.920 0.054

Oxygen saturation (O2)

 Mean,  Median,  95%CI,  Mean±SD,  Outliers (2SD)

0 min. 25 min. 50 min.
0,91

0,92

0,93

0,94

0,95

0,96

0,97

0,98

0,99

1,00

O
2 

Fig. 5. Oxygen saturation Indicators

Fig. 6. The duration of systole

End of the table 5
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Pulse (bpm.)

 Mean,  Median,  95%CI,  Mean±SD,  Outliers 
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Fig. 7. The pulse rate

Thermometry

In the study group the minimum general temperature 
at the beginning of the study was Tо=35.2° at 25 minutes 
T25= 35.3° and at 50 minutes 34.9° in the beginning of the 
study. The maximum general temperature was Tо=36.8° 
and at 50 minutes T25= 37.0° at 50 minutes T50=36.8°. 
The average general initial temperature of the subjects 
fluctuated within the limits of Tо=36.2° after 25 minutes 
T25=36.3; at 50 minutes T50general=36.2°. There is a 
fluctuation in the value of the average total temperature 
in the amount of ± 0.1 ° for 50 minutes (Table 1).

In the study group the minimum local temperature 
at the beginning of the study was Tо=35.2° at 25 minutes 

T25= 35.3° at 50 minutes 34.9°. The maximum general 
temperature at the beginning of the study was Tо=36.8° 
after 25 minutes T25= 37.0° and at 50 minutes T50=36.8°. 
The average general initial temperature of the subjects 
fluctuated within the limits of Tоо=36.2°. At the 25th 
minute T25=36.3; at 50 minutes T50local=36.2°. There 
is a decrease in the average temperature of the subjects 
by 0.4° for 50 minutes.

The average local initial temperature of the buccal 
mucosa in the subjects fluctuated within T0 =35.3° at 
25 minutes T25=35.0°; at 50 minutes T50=34.9°. Over 
50 minutes the average temperature decreased by 0.4°.

Table 6
Results of thermometry

N Mean SD CI (–95 %) CI (+95 %) Median Min Max

T g 25 36.2 0.48 35.99 36.39 36.3 35.2 36.8

25 min. 25 36.3 0.48 36.13 36.53 36.4 35.3 37.0

50min. 25 36.2 0.55 36.00 36.45 36.4 34.9 36.8

T. лок. 25 35.3 0.57 35.04 35.51 35.5 34.0 36.0

25 min. 25 35.0 0.94 34.66 35.43 35.0 33.1 36.5

50min. 25 34.9 0.95 34.48 35.26 35.0 32.9 36.4
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Table 7
Results of the paired Wilcoxon test for related samples (Thermometry)

n mean difference SD CI
–95 %

CI
+95 % p

General temperature
00 min Vs 25 min. 21 -0.14 0.29 -0.26 -0.02 0.03
00 min Vs 50 min. 17 -0.03 0.32 -0.16 0.10 0.33
25 min Vs 50 min. 18 0.11 0.22 0.02 0.20 0.07

Local temperature
00 min Vs 25 min. 24 0.23 0.75 -0.08 0.54 0.28
00 min Vs 50 min. 25 0.41 0.82 0.07 0.75 0.06
25 min Vs 50 min. 24 0.18 0.51 -0.03 0.39 0.09

General temperature (oС)

 Mean ,  Median,  95%CI,  Mean±SD ,  Outliers
0 min. 25 min. 50 min.
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Fig. 8. General temperature

Local temperature (оC)

 Mean ,  Median,  95%CI,  Mean±SD ,  Outliers
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Fig. 9. Local temperature
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Discussion
Close neuronal connections between the trigeminal 

nerve and the vagus, which regulates the vital activity 
of internal organs, determine the presence of trigemino-
vagal reflexes (oculo-cardiac, corneal, jaw, lacrimal 
reflexes). The spinal trigeminal nucleus of the trigeminal 
nerve receives and processes impulses from temperature 
receptors. Nevertheless, in the available literature we did 
not find data for the presence of pathological reflexes 
associated with temperature exposure to the face.

Excessive cooling of local tissues can lead to 
decompensation of the inflammatory response after complex 
extractions of third molars. The critical temperature for 
changing nerve impulse speed is 27 °C [19]. A decrease 
in tissue temperature suppresses the metabolic rate of the 
damaged tissue and enzymatic processes [20].

Zachariassen [21] reported that a 10 °C decrease 
resulted in a 50 % reduction in enzymatic metabolism. In 
this study we used a mode with a target temperature of 
18 °C, which is more optimal for reducing postoperative 
edema in the maxillofacial region. The time at which 
local hardware hypothermia was applied was 50 
minutes. In vivo Deal et al. [22] noted in rats that ice 
application for 20 minutes after surgery reduced vascular 
permeability and edema.

The edema of post-injury rats was reduced 
by 30 minutes of immersion in cold water (12.8 to 
15.6 °C) [19, 22]. However, for use in the subjects it 
was decided to perform hypothermia for 50 minutes, 
which is reasonable.

Several studies have evaluated the effect of 
cryotherapy on mucosal ridge temperature. Possoff 
found that cheek thickness varied between 10 and 19 
mm among patients, with an average thickness of 15 
mm. He noted that after applying ice to the cheek, the 
temperature of the mucosa was inversely proportional 
to the thickness of the cheek. When applying an ice 
bag wrapped in a towel and applied to the cheek for 30 
minutes, the temperature of the mucous membrane of the 
alveolar ridge decreased on average by only 1 °C [23], 
which is consistent with the results of our preclinical 
studies, Intraorally. Fouke et al. demonstrated that cold 
buccal stimulation (a cold cylinder filled with liquid 
for 12 minutes) decreased oral mucosal temperature by 

2.34 °C [24]. According to other researchers, applying 
cold water or ice [26] has virtually no effect on the 
mucosal temperature of the alveolar ridge mucosa.

It was of primary interest to obtain data on tissue 
resistance. An increase in active (at a frequency of 
50 kHz) and reactive (at a frequency of 50 kHz) 
resistance was revealed, which indicates a decrease in 
the degree of tissue hydration and can be interpreted 
as an anti-edematous effect of local hypothermia. 
Reactance is the property of storing variable electrical 
energy in the form of an electric field. This Reactance 
is due to the dynamic characteristics of cell membranes, 
which act as an electrical capacitor [27]. Cell membrane 
capacity can be used to indicate lean and intracellular 
body mass associated with extra- and intracellular water 
balance [28]. This parameter of bio-impedancemetry 
allows practitioners to consider the volume and reactive 
density of body tissues to assess the amount of fluid.

Clinically, the most indicative and general 
parameter of bio-impedancemetry is the phase angle 
required for diagnosis and clinical prognosis associated 
with changes in the integrity of cell membranes and 
changes in fluid balance in the human body [29]. The 
phase angle expresses changes in the permeability of 
the cell membrane and the degree of tissue moisture. 
Therefore, the phase angle depends on the one hand on 
the capacitive behavior of dependent tissues associated 
with the cell pool cell size and cell membrane integrity, 
and on the other hand on its resistance to tissue 
hydration. Many clinical trials are currently underway, in 
which the phase angle is proposed as a useful prognostic 
marker [30, 31, 32]. In this experimental work the 
phase angle was within the reference values   at all time 
points (0.25.50 minutes), which indicates the absence 
of negative effects of LCH.

Active cell mass is a measure of body cell mass. 
This indicator contains information about the mass of 
metabolically active tissues in the body. Decreased 
values of the active cell mass may indicate a lack of 
protein nutrition, as well as low metabolic activity. 
Active cell mass changed insignificantly from 30.5 ± 7.5 
to 30.6 ± 7.34 (p = 0.35) and up to 31 ± 7.21 kg (p = 0.15), 
which indicates the absence of acute pathological factors 
from the side of LCH at all time intervals.
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Edema is the result of an imbalance in the filtration 
system between the capillary and interstitial spaces. The 
kidneys play a crucial role in regulating extracellular 
fluid volume by regulating sodium and water excretion. 
The main causes of edema are venous obstruction 
increased capillary permeability and increased plasma 
volume caused by sodium and water retention [33]. Our 
results showed a decrease in the extracellular fluid index 
by an average of 0.23 kg after 25 minutes and 0.3 kg 
after 50 minutes (p = 0.0003 and p = 0.0002). This fact 
dictates the positive effect of LCH within 50 minutes. 
In our opinion a gradual decrease in the extracellular 
fluid index indicates a positive vasoconstrictor, as well 
as a drainage effect of LCH due to the thermal control 
of local tissues.

The definition of hypothermia is a drop in body 
temperature below 35 °C. Cardiac surgeons distinguish 
four stages of hypothermia: mild, moderate, deep 
and profound. The organ protection afforded by 
deep hypothermia ensures safe circulatory arrest as a 
precondition for cardiac surgery [34].

The brain consumes about 20 % of all oxygen 
in the body [35]. With a gradual decrease in body 
temperature, chemical reactions, oxygen consumption 
and energy requirements decrease. The main protective 
effect of LCH during circulatory arrest at the cellular 
level is to reduce the concentration of hydrogen ions. 
Physical temperature decrease, water dissociation and 
consequently lower concentration of hydrogen ions 
significantly slow down biochemical processes, which 
leads to cell death [36].

This is consistent with studies demonstrating that 
intracellular acidosis occurs first in the brain, then in 
the heart and finally in other organs [37]. Mezrow in his 
study, found that a 10 °C decrease in body temperature 
reduced brain metabolic activity by a factor of 4 and 
thus increased ischemia tolerance [38]. For only 
5 minutes after which irreversible changes occur in 
the brain. Our study wants to note a gradual decrease 
in heart rate to safe values. Initially the average pulse 
rate for the subjects was 70 ± 14.13 beats/min. After 
applying LCG at 25 minutes it decreased to the mark 
and averaged 65.5 ± 8.2 bpm; differences compared to 
the background averaged 4.48 bpm (p < 0.009). At the 

end of the exposure at the 50th minute the heart rate 
averaged 66.5 ± 9.45 bpm. A decrease in heart rate is 
associated with a slowdown in metabolic processes in 
the body due to various factors: the recumbent position 
of the subjects, which led to a drowsy state, the use 
of LCH, and a decrease in cellular metabolism due to 
controlled angiosperm.

At the same time the INP index decreased from 
0.025 ± 0.02 to 0.015 ± 0.01 after 50 minutes (p = 0.015). 
Oxygen saturation averaged 0.97 ± 0.02 (97 % ± 2 %) 
(p = 0.144). Peripheral vascular stiffness before cooling 
was on average –0.150 ± 0.15 after 25 minutes it became 
–0.206 ± 0.12 (p = 0.004) and after 50 minutes it was 
–0.200 ± 0.1 (p = 0.029). An increase in vascular 
stiffness is associated with an increase in the tone of 
the muscle layer, resulting in a decrease in temperature. 
The duration of systole 25 minutes after the start 
(decreased) decreased from 32.3 ± 3.89 to 31.6 ± 3.78 
(p = 0.135), then remained at the achieved level changed 
slightly. The human brain is subject to self-regulatory 
mechanisms that link cerebral blood flow to brain 
oxygen consumption and metabolic activity. As a 
result, this allows stopping blood circulation safely 
with normothermia for only 5 minutes, after which 
irreversible changes occur in the brain tissues.

Conclusion
Our study demonstrated that exposure to local 

controlled hypothermia of 18—20 ºС did not change 
the principal vital signs in healthy people, while a 
decrease in tissue hydration was recorded. The revealed 
physiological effect of local hypothermia justifies using 
this temperature regime to reduce postoperative edema.
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Влияние локальной аппаратной гипотермии  
на физиологические процессы организма

Н.А. Гусейнов  , М.Х. Хаммори , А.А. Мураев , С.Ю. Иванов ,  
Е.А. Лукьянова , А.С. Клименко , М.А. Ноиразлиги

Российский университет дружбы народов, г. Москва, Российская Федерация
 nid.gus@mail.ru

Аннотация. Актуальность. Холодовая вазодилятация является ответной реакцией на снижение температуры 
как локальной, так и общей. Дозированная контролируемая гипотермия является терапевтическим методом лечения 
различных патологических процессов. Материалы и методы. В нашем исследовании мы проанализировали различные 
показатели общего состояния организма человека под воздействием локальной контролируемой гипотермии. В исследо-
вании участвовали здоровые добровольцы в количестве 25 человек, мужского (14) и женского (11) пола в возрасте от 21 
до 34 лет. Исследование проводили в кабинете при постоянной температуре 25 ºС, относительной влажности 30 ± 5 %, 
атмосферном давлении 765 мм рт. ст., в тишине и умеренной освещенности. Инструментами оценки являлись био-
импедансиметрия, ангиосканирование, а также общая термометрия. Также была проведена локальная термометрия 
слизистой оболочки щеки для выявления температурных корреляций между локальной гипотермией и температурой 
слизистой щеки. Локальная контролируемая гипотермия лица проводилась наложением упруго-эластичной маски на лицо 
испытуемого, охлаждающему жидкость и поддерживающему ее циркуляцию аппаратом ViTherm. За счет циркуляции 
охлажденной жидкости в маске, происходило охлаждение лица. Маска перекрывала околоушно-жевательную, щечную. 
скуловую и подглазничные области справа и слева. Локальная контролируемая гипотермия длилась 50 минут, темпе-
ратура циркулирующей жидкости составляла 18 ºС. Результаты и обсуждение. Нами было выявлено, что воздействие 
локальная контролируемая гипотермия 18—20 ºС не изменяло основных показателей жизнедеятельности у здоровых 
людей: активная клеточная масса, реактивное сопротивление, внеклеточная жидкость, насыщенность кислородом, 
длительность систолы, пульс, общая температура. При этом было зарегистрировано снижение гидратации тканей. 
Выявленное физиологическое влияние локальной гипотермии обосновывает использование данного температурного 
режима для снижения послеоперационных отеков. Выводы. В силу отсутствия отрицательных эффектов локальной 
контролируемой гипотермии на показатели жизнедеятельности организма человека, актуальна разработка и применения 
данного инструмента в клинической практике, в том числе хирурга стоматолога.

Ключевые слова: локальная гипотермия, биоимпедансометрия, ангиосканирование, термометрия
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