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Abstract:

The infrared thermography is a non-radioactive and non-invasive detection tool. It allows the analysis of
physiological functions associated with skin temperature control. Purpese: To analyze the influence of
resistance training (RT) on the skin temperature of the thigh in trained individuals. Methods: Ten recreationally
trained men (age: 24.0 + 2.7 years; height: 1.74 + 0.1 m; body mass index: 27.16 + 3.8 kg/m”) were submitted to
anthropometric evaluation and determination of the loads for 10 repetition maximum (RM) on the dominant side,
using the leg extension exercise. After 48 hours, the subjects were conducted to the training session, which
consisted of five sets with loads equal to 70% of 10 RM. The recovery intervals between the series were three
minutes. At the end of the training session, the participants indicated the OMNI perceived exertion scale as very
hard. Thermographic images were taken before the training session and immediately after the last RT sets. The
mean room temperature was maintained at 20.3 + 0.4 °C, with a mean relative air humidity of 55.3 + 1.0% RH.
Results: No significant difference was found in the skin anterior thigh temperature of the dominant and non-
dominant side of the individuals after the intervention. Conclusion: The volume and intensity characteristics
prescribed in the present study were not able to alter significantly the skin temperature of the participants’
anterior thigh immediately after the training session.
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Introduction

Resistance training (RT) consists of a training modality that uses loads to improve muscular capacities,
such as muscle strength, power, hypertrophy and muscular endurance'. The practice of RT consists of the
manipulation of variables, for instance, the number of exercises, sets, and repetitions; interval time between
exercises and sets; time under tension; order of exercises, fractionation of training, among others. This training
can trigger different physiological responses beneficial to health’. The RT has presented effective results for
individuals with the most diverse goals and levels of physical fitness and in the improvement of athletic
performance’.

RT is associated with physiological adaptations due to inflammatory processes and muscle damage
from the stimuli applied during the training sessions*”. Inflammatory processes result in signs such as heat, pain,
and hyperemia. The heat can be measured subjectively by observation through thermographic image capture6’7‘

Thermography is a highly sensitive, fast, safe and painless diagnostic imaging test without contrast,
contact or ionizing radiation. Through a special camera, it is able to capture long infrared radiation emitted by
the human body, thus making it possible to measure the temperature of the skin surface and form an image of the
thermal distribution®.

The central body temperature of humans is maintained constant through adjustments of physiological
mechanisms in order to achieve the balance between the production of internal heat and the heat lost in the
environment’. These adjustments are considered adaptations that are critical for conserving the internal
temperature, estimated at approximately 37 degrees Celsius (°C), which preserves vital metabolic functions.
However, the skin temperature may range from 10 to 42°C'. This is mainly due to exposure to certain
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environmental conditions, such as extreme temperatures, air humidity, and solar radiation'", as well as during the
practice of physical exercise'?.

Physical exercises performed in RT increase the metabolism, as well as considerably increase the heat
production, according to the intensity of the physical effort employed and the environmental conditions'.
Constantly, athletes are exposed to physical training and competition stresses. Reactions from misaligned loads
are frequent. Hence, early diagnosis is important. In addition, the localization of inflammation is a critical step
for correct treatment and support for prescriptions of safer physical exercises'*'*.

In sports medicine, the use of thermography can help to achieve better results for athletes, as it is an
instrument for identifying risks and preventing injuries, as well as being an important tool in the follow-up of
RT, based on evaluation and quantification of work loads'®. Therefore, the aim of this study was to analyze the
influence of RT on the skin temperature of the dominant and non-dominant sides of the thighs of trained
individuals, with the use of infrared thermography as the main evaluation technique.

Material & methods
Study Design

Original laboratory research of the descriptive type, where the study seeks to determine future status,
opinions or projections in the answers obtained. It is based on the premise that problems can be solved and
practices can be improved by describing and analyzing objective and direct observations'.

Participants

The sample consisted of ten male volunteers, apparently healthy, with mean age of 24.0 = 2.7 years,
height of 1.74 + 0.1 m, and body mass index (BMI) of 27.16 + 3.8 kg/m?, all Physical Education students from a
University of the West Zone of Rio de Janeiro, Brazil.

Individuals met the following inclusion criteria: a) RT practitioners with at least one year of experience;
and b) minimum weekly frequency of three sessions. It was excluded from the study: a) all those with
degenerative or metabolic diseases; b) those who had lesions or musculoskeletal limitations that prevented the
performance of the scheduled exercises; c¢) those who used ergogenic substances; d) those who had a cardiac
pacemaker or any other implanted medical device; and e) those with positive Physical Activity Readiness
Questionnaire (PAR-Q)'®.

Procedures

All participants were informed about the entire training protocol and, as determined by the Brazilian
National Health Council, Resolution 466/2012 on research with human beings'®, voluntarily signed the informed
consent form. The data were collected as follows: each volunteer performed three non-consecutive visits, which
were always at the same hour of the day and at intervals of at least 48 hours. At the first visit, subjects were
elucidated on all data collection procedures and study intervention; answered the PAR-Q questionnaire; signed
the informed consent form, were submitted to the anthropometric measurements and the tests for 10 repetition
maximum (RM). At the second visit, subjects were submitted to 10RM retests. At the third visit, the participants
performed the training session, and the images were collected before and after the RT.

The participants were instructed not to perform physical exercises of any nature and did not ingest
stimulant substances in the 24 hours prior to both data collection and intervention. All tests, retests and training
sessions were performed at times similar to those of the volunteers’ training and at controlled ambient
temperature. To characterize the sample, height was determined using a stadiometer (Cardiomed, model WCS,
Brazil), with a maximum capacity of 2.20 m and an accuracy of 0.001 m. The body composition (total body
mass - TBM, body mass index - BMI, body fat percentage - %BF, percentage of skeletal muscle - %SM and
basal metabolic rate - BMR) was measured using a bioimpedance (OMRON®, Full Body Sensor, model HBF-
514C, USA) with a limit of 150 kg and a precision of 100g for TBM. Anthropometric measurements followed
the specific protocols of the International Standards for Anthropometric Assessment (ISAK)*.

Regarding measurements with bioimpedance, all subjects received the following recommendations: 1)
no use diuretic medications in the last seven days; 2) fasting for at least three hours; 3) no drinking alcohol in the
last 48 hours; 4) abstain from vigorous physical exercises in the last 24 hours; 5) urinate at least 30 minutes
before measurement; 6) no bath or sauna just before performing the measurement; 7) do not climb on the scale
with wet feet; and 8) wear light suits, bare feet, and body free of metal ornaments. To avoid measurement
failures with bioimpedance, the researchers took the following precautions: 1) position the scale on a flat and
consistent surface so that it could be stabilized; 2) previously insert the data, age, height and sex of the
participant; 3) instruct the participant to climb on the platform of the bioimpedance holding the electrode bar in
their hands, so that the thumbs were also part of the grip; 4) adjust the participant on the bioimpedance platform
so that the heels were on the two electrodes farthest from the display and the fingers were occupying the
electrodes closest to the display; and 5) after the value of the TBM blinked three times on the display, ask the
participant to flex the shoulders by being 90° in relation to the trunk. The participant should be with the body
erect, knees extended and looking at a fixed point ahead, above the horizontal line. The thermal images were
obtained using the Flir*' camera (Flir One Pro iOS model, Wilsonville, OR, USA) coupled to an Apple©
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smartphone (iPhone model 6, Cupertino, CA, USA). The Flir One Pro iOS is capable of detecting temperatures
with dynamic scene ranges between -20° and 400°C, accurate to + 3°C or + 5%, typical percentage of differences
between ambient and scene temperatures. It contains two cameras, one with a Lepton™ thermal sensor, a pixel
size of 12 um and a spectral range of 8 to 14 um and a video graphics array (VGA) with high definition, 160 x
120 pixels. Thus, two images are obtained that are merged with multispectral dynamic imaging (MSX)
technology, which superimposes a thermal image on a photographic image, enriching the images with perigrams
in the areas of interest, resulting in a thermographic image with a visual resolution of 1440 x 1080 pixels.

To avoid the influenceof possible external factors, some precautions were taken prior to obtaining the
thermographic images. Therefore, participants were instructed as follows: 1) avoid exposure to the sun or
ultraviolet UVA at the hours between 10 am and 4 pm in the last 24 hours; 2) not performing vigorous physical
exercises in the last 24 hours; 3) do no therapeutic massage treatment in the last 24 hours; 4) do not take hot or
cold bath 6 hours before the evaluation; 5) do not drink alcohol or coffee in the last 6 hours; 6) do not apply
cream, gel or any other cosmetic products under the skin; and 7) wear appropriate clothing (i.e.: shorts or
swimwear).

Test of 10 Repetition Maximum (10RM)

In order to verify the training overload and exercise prescription criteria, it was applied to the 10 RM
test, following Brown's recommendations®”. The unilateral leg extension exercise with the dominant lower limb
was performed in the Buick Fitness Equipment (model MP-140, Brazil). The additional loads used in the study
were previously measured in the Filizola® brand digital precision scale (model PL-150, Brazil).

The 10 RM tests were performed in a single day. Participants initially performed a warm-up with two
sets, one with 15 repetitions of 40% and one with 12 repetitions of 50%, respectively, both estimated for I0RM
of the usual training load. The interval between the two sets in the warm-up was one minute. The first attempt to
perform the 10RM was performed three minutes after the warm-up. The intervals were set at five minutes, with a
maximum of three attempts allowed. If the load was not found, a new test day was performed with a 48-hour
interval between attempts. The load recorded was determined from the maximum obtained for 10RM. After
resting for at least 48 hours, following the same procedures of the 10RM tests, in order to obtain the
reproducibility of the loads, the volunteers were submitted to the retests. It was considered as 10RM the highest
load established on both days™, provided that the difference between them was less than 5%. However, if the
stipulated percentage was exceeded, a new test and retest were scheduled.

In order to reduce the margin of error in 10RM tests and retests, the following strategies were adopted*:
a) standardized instructions were provided before the test, so that the participant was aware of the whole routine
that involved the data collection; b) the participant was instructed on the technique of execution of the exercise;
¢) the evaluators were aware of the position adopted by the practitioner at the time of the measurement, because
small variations in the positioning of the joints involved in the movement could trigger other muscles, leading to
erroneous interpretations of the scores obtained; d) verbal stimuli were performed in order to keep a high
stimulation level. For a better description of the movement, it was established that, in the initial position, each
subject should be seated in the leg extension equipment with knees flexed at 90° and its articular axis aligned
with the axis of the equipment, feet support on the anterior face of the distal third of the legs, and all plates
(loads) should be overlapped. The final position was considered the complete unilateral movement (dominant
side) of knee extension, that is, until its articulation reached 0°. For standardization purposes, the initial position
was defined by the touching of the plates and the final position by the touch of the bar of the equipment on an
elastic cord used for reference (Fig. 1). The amplitudes were previously measured by a steel goniometer with a
360° amplitude.

Fig. 1. Leg extension exercise, Left: Initial position; Right: Final position
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The velocity of movement was two seconds for the concentric phase and two seconds for the eccentric
phase. The validation included the following criteria: a) no interval was allowed between the concentric and
eccentric phases; b) the repetitions that did not fit the pre-established technical standards were not counted®’. The
tests were stopped when the participants were unable to perform the complete movement, with a voluntary
concentric failure occurring at 10RM™®.

Training Session

Participants were submitted to RT in the dominant lower limb, which consisted of a specific warm-
up27’28 of one set of 12 repetitions in the leg extension exercise with a load of 50% of the maximum load
obtained in the data collection. Two minutes after warm-up, five sets with 70% loads of 10 RM were
performeduntil the concentric failure.

During the repetitions, individuals were encouraged to exhale in the concentric phase and to inspire in
the eccentric phase of the movement, avoiding the Valsalva maneuver. The speed execution of the movement
was the same as in the tests and retests. The intervals between the sets were three minutes. At the end of the
training session, the participants indicated the rating of perceived exertion (RPE) as ten, which, accordingly to
the OMNI-RES scale”’, means very hard.

The researchers captured the thermal images from the angle perpendicular to the area under
investigation, at a distance between 100 and 150 cm. The subjects remained at least 15 minutes sitting at rest
before the initial temperatures were recorded. The images of the anterior portion of the thighs were made before
the training session and immediately after the last sets of the RT session (Fig. 2). In Fig. 2, the reddest region is
the one with the highest body temperature.

To avoid incorrect measurements, external heat sources have been turned off. In addition, in order to
measure and ensure the stability of the temperature and humidity of the environment, two thermal digital
hygrometers (Akso, AK27new) were placed in the room where the thermal images were obtained. The mean
temperature of the room was maintained at 20.3 + 0.4°C, with a mean air humidity reading of 55.3 + 1.0% RH.
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Fig. 2. Thermographic images

StatisticalAnalysis

The data were processed in the software Statistical Package for Social Sciences (SPSS 22.0 — Chicago,
IL, EUA) and presented with the descriptive analysis of mean, standard deviation and minimum, and maximum
values. The normality and homogeneity of the sample data were verified with the Shapiro-Wilk and Levene
tests, respectively. Based on the results, the paired Student’s t-test was used to analyze the existence or not of
significant differences between the pre and post-training thermographic responses. The level of significance was
set at p<0.05.
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Results
Table 1 shows the characteristics of the sample.

Table 1. Characteristics of the sample (n=10).

Age Height ~TBM SMM  SM BF  FFM BMI BMR

(years) (m) (kg) (kg) (o) (%) (kg)  (kg/m?)  (keal)

Mean 24.0 1.74 82.5 323 395 216 645 27.16 184238
SD 2.7 0.1 13.5 4.9 25 45 10.6 38 155.9
Minimum 21 1.59 61.7 260 332 165 494 21.71 1603
Maximum 29 1.82 106.6 436 422 325  89.0 32.71 2133
SW (p-value) 0.085 0.283 0.996  0.182  0.111  0.066 0307 0577 0.897

TBM: total body mass; SMM: skeletal muscle mass; SM: skeletal muscle; BF: body fat; FFM: fat-free mass;
BMI: body mass index; BMR: basal metabolic rate; SD: standard deviation; SW (p-value): Shapiro-Wilk
normality test.

Table 2 presents the characteristics of the participants’ training session.

Table 2. Training session characteristics.

70% of 10 RM (kg) Total RM Total Volume (sets x kg x RM)
Mean 34.2 56.5 1944.4
SD 44 52 372.3
Minimum 27.3 48 1474.2
Maximum 44.1 65 2646.0
SW (p-value) 0.202 0.965 0.637

70% of 10 RM: workload; SD: standard deviation; SW (p-value): Shapiro-Wilk normality test.
Table 3 shows the results of the skin temperature of the anterior part of the participants’ thighs.

Table 3. Skin temperature.

Pre-training session

Dominant side Non-dominant side
Maximum Average Minimum Maximum Average Minimum
W) O O 49 O U9
Mean 32.9 31.2 26.9 32.9 30.6 27.0
SD 1.7 1.7 3.3 1.7 2.0 3.0
Post-training session
Mean 335 31.8 27.6 31.7 29.9 24.8
SD 3.0 33 3.7 2.7 3.0 3.6
Test t (p-value) 0.441 0.505 0.680 0.080 0.347 0.171

SD: standard deviation; Test t (p-value): paired t-Student test for dependent samples.

In the present study, no significant differences were found between pre and post training temperature
values.

Discussion

This study aimed to identify the influence of the resistance training under skin temperature of the
dominant and non-dominant side of the anterior portion of the thigh, of trained individuals, through
thermographic images. According to the data obtained, it is possible to say that there were no significant
differences in the skin temperature of the participants, before and immediately after the training session.

During physical exercise, the metabolic rate increases, consequently, it generates more heat in the body,
which triggers the skin’s thermoregulatory processes, causing changes in skin temperature®’. These changes
imply a redistribution of blood circulation, from less active to areas that are more active. With the continuity of
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the exercise, the blood flow is redirected to the area under greater stress, having as one of the objectives to
change heat with the environment’'.

The research conducted by Escamilla-Galindo et al.** sought to analyze the behavior of skin
temperature to understand the acute cross-effect after unilateral lower limb training in two different groups, one
with young people with high RT experience and one with low experience. The main results showed that,
regardless of the limb (exercised versus not exercised), differences were observed in the skin temperature of the
regions of interest after the training session. However, the increase in skin temperature was more significant for
the group with low experience, suggesting that the effect of skin temperature may depend on the training level of
the subjects.

Similar to this study, Bandeiraet al® captured, before and after the training sessions, the thermographic
image on the right side of the femoral quadriceps of athletes, divided into two distinct groups. The experimental
group performed three resistance exercises (squats, rack, and extensor table), in consecutive series, with loads of
80% of 10 RM in each apparatus, with recovery interval of 90 seconds between sets. The control group
performed a low-intensity activity, which consisted of a continuous running with monitoring established between
50 and 60% of the heart rate (HR). The results indicated that the athletes in the experimental group had
significant increases in the temperature of the muscles analyzed after performing the RT.

In the experiment by Fernandez-Cuevas et al.**, the researchers used infrared thermography to compare
skin temperature changes related to muscle and joint activity of upper and lower limbs during, immediately and
up to eight hours after strength training with four sets of 10 repetitions at 70% of 1RM, with 90 seconds of rest
between sets and three minutes between exercises; and aerobic training of 45 minutes on the treadmill with
intensity for 60 to 75% of the HR. It was observed that the effects on skin temperature were more relevant after
aerobic training, with recovery lasting between one and two hours. Therefore, the use of thermography was able
to provide important information about local adaptations in response to the reestablishment of the initial skin
temperature after training, indicating whether the athlete has recovered enough to train or compete again.

Sanz-Lopez et al.* investigated, through thermography, the training effect on the patellar and calcaneus
tendons, before, after training and after 10 minutes of a 60-minute running session with the intensity of 80% of
HR during three days. As results were found a smaller bilateral increase of the temperature in the patellar tendon
soon after the training of the first day of the race. In the calcaneal tendon, similar changes were observed only
from the second day of running, such as temperature increase after the run and absence of significant difference
between contralateral limbs. As the other studies previously mentioned, the authors reported the importance of
the use of thermography as an auxiliary tool for the prevention of injuries.

Some limitations may be mentioned in the present study. The sample size was small, which can limit
the external validation of the findings of this research. Another limitation was that no other method was used in
addition to the evaluation. Therefore, caution is suggested in interpreting the findings of the present study.

Conclusions

The investigation concluded that the training session, with the volume and intensity characteristics
prescribed in the present study, did not induce significant changes in the skin temperature of the thigh, dominant
and non-dominant side, of the participants immediately after the training session. According to the studies used
that obtained similar results, a probable response may be due to the fact that the individuals analyzed are already
experienced in RT and, therefore, they recruit more synergistic muscles to perform the same movement,
requiring less effort of the agonist's muscles.

It is suggested that future studies investigate the same muscle groups with different physical exercises,
duration, intensity and post-training rest time, in order to observe the responses in the cutaneous temperature of
the individuals.

Conflicts of interest - The authors have no conflicts of interest to declare.
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