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Abstract

In medicine, many physical treatment procedures are bounded with the change of a tissue temperature. The
paper presents comparative analysis of the body reaction on the various medical thermal stimulations. The vapors of
liquid nitrogen, cold air and infrared lamp emitting A, B, C waves were used to the analysis. In the analysis, the
temperature distribution on the human palm was examined just before, just after and then after certain intervals of time.
Only one palm was under the treatment, but it was observed that the thermal reaction appeared in both palms. In
medical research more and more often complies infrared thermography systems for the purpose of showing the reaction
of the organism on given impulse. Thank to the investigations, the procedures of thermal stimulations applied in
rheumatology were optimized.

1. Introduction

The aim of the following paper is to present the possibility of thermographic systems application for the
examination of thermal stimulations used in medicine. One of methods of the treatment of the rheumatoid arthritis (RA).
is the physiotherapy. The field of physical therapy, which uses thermal energy for medical purposes is a thermotherapy.
Heat therapy treatments are based on providing a certain amount of heat to the body, or by through their interaction
causes extracting heat in the tissues [13]. Low themperature therapy is for getting the heat from the body. If
temperatures are below 0 C, it is named a cryother apy [16].

Local cryotherapy refers to a small body area e.g. palms or the knee [2]. A ventilation with a mixture of nitrogen
vapours and cooled air (gas temperature at the outlet of the nozzle is about =-160 C) and ventilation with cold air
(=-30 ) is used in the local cryotherapy [16]. Loc al cryotherapy is useful as an adjunct to a rehabilitation program for
patients with RA because of its analgetic, anti-inflammatory efects and possibility of improving their ability to exercise
[13]. Also the heat therapy is often used in a rehabilitation programme of rheumatoid arthritis patients. IR radiation is one
of the most useful modalities for heating body parts with irregular contours (e.g. hands and feet) [15]. Currently, two
types of IR radiators are used in physiotherapy. The standard IR radiator (SIR) that emits radiations of wavelength 770—
15 000 nm and is mainly used for heating tissues. The water filter IRA (WIRA) that emits radiations of wavelength 770—
1500 nm and is used to activate deeper tissues [13].

The positive effects of thermotherapy contains: increased blood flow owing to arteriolar and capillary dilatation
[4,8], muscle spasm relief [8], increased collagen extensibility [5,11], decreased joint stiffness in rheumatic disorders
[4,18] and nonpharmacological pain treatment (painkilling) [1]. For these reasons, thermotherapy and cryotherapy are
commonly used as an introduction for physiotherapy, used as an introduction to kinesitherapy, to passive and active
exercises [3,12,13,14]. The optimal time for which such exercises should be performed has not been precisely
determined. The infrared measurement techniques allow for a faster and more precise monitoring of the cooling or
warming process. The imaging of temperature distribution on the surface of the body makes it possible to evaluate the
quality and correctness of the thermal impulse applied, as well as to determine if the response to the thermal stimulation
used is adequate [16]. The use of the thermography systems allows us to determine the duration of response of the body
to the used thermal pulse. The length of the time depends of an applied thermal impulse and his intensities.
Thermographic studies allow to determine the optimal time to exercise for a specific case.

2. Materials and methods

The study included 97 patients with diagnosed RA. The aim of the research was to examined the reaction of the
organism on the thermal stimulation intensity during the local cryotherapy procedure (47 patients average age *
standard deviation [SD] 56,2 + 10,5y) and heat therapy - infrared radiation (IR-A, B, C) (50 patients, 56,2+ 9,3y) and
duration of response of the organism to the applied stimulation.

In the first group in which treatment cryotherapy impulse was used, there were examined 23 processes of
cooling with the use the peer of nitrogen Fig.1.b. (Temperature of the gas at the end of the nozzle was = -160C
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Fig.1.c.). Gas blow was done on both sides of hand from 10 to 15 cm distance. Treatments with cooling - vapors of
nitrogen used ground device with 1000 | external container Fig.1.a.
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Fig. 1. Thermal stimulation - cooling with the use the peer of nitrogen

Secound group were 24 processes of cooling with the use of cold air Fig.2.b. (Temperature of the air at
the end of 2-cm size nozzle was = -30C Fig.2.c.). Gas blow was done on both sides o f the hand from 4 to 6 cm distance.
In the first minute of cold air treatment, there was 1000 I/min blow output in following 2 min 800 I/min. Treatments with
cooling - cold air used Cryo5 device (Zimmer—Germany) Fig.2.a.

The time of one thermal stimulation in both cases was 3 min.
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Fig. 2. Thermal stimulation - cooling with the use of cold air
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In the last group in which the SIR radiator Lumina and 375 W power (240 mW cm'z), emitting radiation in the
ranges IR-A,B,C was used, the time of the treatment was 15 min. Fig.3. IR treatment was applied to all patients on the
back side of the hand. Similarly as in previous cases only one hand was treated a thermal stimulation with the IR lamp
placed perpendicularly at 30 cm from the treatment surface. The other hand was not exposed to the IR radiation.

Fig. 3. SIR radiator

Thermography evaluation was accomplished by ThermaCAM SC 2000 and ThermaCAM SC 640 produced by
FLIR and ThermaCAM Reporter program was used. It was assumed that skin emissivity is 0,98 [6,7,9,19]. Each patient
had taken the thermogram of both hands. The thermograms were taken before the treatment, immediately after, and
after 5, 15, 30, 45, 60, 120 minutes and for cryotherapy also after 180 minutes of ending the treatment. The treatment
was done only on one hand in case of each patient.

Measurements were performed with special attention given to ensure the replicability of climatic conditions of all
tests. The temperature in the room was maintained about 21.5 £ 0.5C C, with humidity 31 + 2 %. All ex ternal sources of
heat were separated and there was no air movement. The acclimation of patient (body temperature to stabilize) lasted for
15 minutes and took place in a room with similar conditions, and between each measurement (after 5, 15, 30, 45, 60,
120 minutes and for cryotherapy also after 180 minutes of ending the treatment) patient waited also in this room. During
the day of the research patients were not allowed to smoke, drink alcohol or cofee and use other stimulants. Hands were
washed and skin was degreased (cream or ointment was forbidden). They had avoided any physical exertion, except for
normal daily activities. Rubbing palm or having hands in pockets was also forbidden. The thermograph camera was
placed perpendicular to the horizontal surface on which an insulating mat specially prepared beforehand was placed and
on which the patients placed their hands. A distance between the camera and the surface was about 1 m. Pictures of
dorsal sides of both hands were taken simultaneously. The area which were to be analyzed was limited by the markers
which were made of aluminum foil. Fig.4. On the thermal image Fig.4 it is visible also the blackbody model (temperature
standard below the palm). The use of the blackbody molel allows to reduce the uncertainty of thermographic
measurement carried out under laboratory conditions to app. 0,5C [10, 17].

19,5C

Fig. 4. IR-image sample before thermal stimulation (visible markers and black body)
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3. Results

Before the treatment, no significant differences were observed between skin surface temperatures (baseline
temperature) in both groups of cooling processes and in group of warming process.

The Response of the organism to thermal stimulation with liquid nitrogen vapors, cool air and heat therapy -
infrared radiation (IR-A, B, C) presents charts Fig.5 for treatment hand and Fig.6. for not treatment hand, the value of
Standard Deviation is in table 1.
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Fig. 5. Response of the organism to the thermal stimulation for hand treatment of thermal impulse
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Fig. 6. Response of the organism to the thermal stimulation for hand not treatment of thermal impulse

The mean hand surface temperatures, immediately after thermal stimulation based on IR treatment significant
increase 3,5 + 1.2<C. For the not heated hand (IR treatment), immediately after thermal stimulation increase 0,9 + 1,8C
then started decrease for about 120 min (similarly as the stimulated palm).

The mean hand surface temperature of hand cooling with the vapors of liquid nitrogen decrease 11,0 + 2.2TC
and for hand not cooling with the vapors of liquid nitrogen decrease 1,1 + 1,9<. In the group cooling with the vapors of
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liquid nitrogen nitrogen, 1 min after the treatment, skin temperature of contralateral hand (without stimulation) decreased
significantly and after that started increasing. About 5 minutes after the treatment, skin temperature reached the baseline
temperature and still increase, after 120 min. started to decrease

The mean hand surface temperature of hand cooling with the cooled air decrease 6,4 £ 2.2C and for han d not
cooling with the cooled air increase 0,1 + 2,3<C. | n the group cooling with the cooled air, skin temperature of contralateral
hand didn’t decrease below baseline in any time of measurement, and significant increase in skin temperature above 60
min after that started decreasing.

Table 1. The value of Standard Deviation concerning to average temperature surface of hand in reaction on stimulations

[T]
hand cooling hand not hand cooling hand not hand IR hand not
with the vapors cooling with with the cooled cooling with treatment IR
of liquid nitrogen | the vapors of air the cooled air treatment
liguid nitrogen
before 1,8 1,7 23 2,3 1,9 21
immediately after 2,2 1,8 2,2 2,3 1,2 1,8
5 3,0 2,0 2,7 2,4 1,2 2,0
15 31 1,9 31 2,6 15 2,1
30 2,7 2,0 3,0 2,5 1,8 2,0
45 25 2,0 3,0 2,6 1,9 2,0
60 25 2,1 29 2,6 2,0 2,1
120 2,2 2,2 23 3,1 1,8 2,0
180 25 2,4 35 3,4

This study compare effect of cooling stimulation (3 min. application) of vapors of liquid nitrogen and cold air, and
warming stimulation of SIR on hand skin temperature of RA patients. On the ground graphs Fig.5, Fig.6. one can
observe the reaction of the organism on given thermal impulse and make analyses his intensity and the length the
duration.

4. Conclusions

Thermography is a useful measurement technique in analysing thermal reaction of the organism on the thermal
stimulation what was shown by above research. It was revealed that the stimulus produced by liquid nitrate vapors is
much stronger thermal stimulation than the impulse produced by cool air. Temperature of the surface of the palm
changes after IR treatment, which is indicative of the pattern of blood flow. Directly after the treatment the biggest
increase (hand warmed) and the biggest decrease (hand cooled) and then about 5 minutes after the treatment of cold
temperature of skin increase above the baseline temperature in hand surface temperature was observed. At the time it is
the optimal time for exercise in the process of the rehabilitation persons diseased on rheumatoid arthritis. A consensual
reaction in response to thermal stimulations (cooling and warming) was also observed.
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