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Do exist gender differences in skin temperature of lower limbs
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Abstract

The aim of study was to assess the skin temperature changes over selected muscles zones of the lower limbs following an
exercise performed at similar relative external workload in 10 male and 6 female high-trained cross-country skiers. The first
stage of experiment involved preliminary exercise to determine individual oxygen uptake VO,,,.. and anaerobic threshold.
The second stage experimental exercise consisted of 60 min running on treadmill with 80% of determined VO,,,,, Ther-
mographic imaging of lower limbs was performed, before, immediately after exercise and during recovery. Physiological
parameters: VO,, MET—metabolic energy equivalent, heart rate and internal temperature were assessed at rest and at the
end of exercise, respectively. Infrared thermography showed that at rest the skin temperature over lower limb muscles was
significantly higher in men than in women. In response to exercise an increase in skin temperature over the studied muscles
was significantly higher in women than men. Since was no significant difference in skin temperature in men and women
after exercise. Before the test, no physiological parameter was significantly different in women and men. Exercise test rev-
eled significant differences between men and women in some physiological parameters such as VO, and MET. Our study
showed that there are significant differences in lower limbs skin temperature between male and female at rest but not at the
end of exercise test. Women in comparison with men had a greater increase in skin temperature in response to exercise and
a persistence of elevated temperature over muscles of lower limbs after exercise.
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Introduction

The local skin temperature is the result of the balance
between metabolic heat production, heat dissipation to
the environment and tissue temperature. This balance is
mainly influenced by the internal body temperature, the
ambient temperature and the complex relationship between
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the dilation of blood vessels in the skin and perspiration,
which facilitate heat exchange to the environment [1].
The skin plays very important role in thermoregulation.
The distribution of body surface temperatures depends on
microvascular function and may differ in individuals with
different body mass, compositions and body surface area.
It is thought that gender can be an independent modu-
lator of skin vasomotor and sudomotor functions during
heat exposure. Women differ from men in their thermal
response to exogenous heat load and heat loss, as well
as to endogenous heat load during exercise, as they typi-
cally have larger ratio of body surface to body mass, a
higher subcutaneous adipose tissue content, a lower exer-
cise capacity and a lower blood volume [2—4]. It was has
been indicated that compared to normal weight individu-
als, obese people show increased heat dissipation from
the limbs (especially hands) and less heat dissipation from
the abdomen [5]. Chudecka et al. showed that only in the
area of the chest mean skin temperature was significantly
higher in women than in men, while in the other areas of
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body surface, mean skin temperature (Tsk
cantly lower in women.

Several researchers have observed gender differences in
autonomously controlled heat loss pathways (skin vasomo-
tor and sudomotor activities) during heat exposure [6—10].
Nevertheless, it has been hypothesized that when assessed
during compensated exercises, which elicits the same heat
loss demand in participants, gender differences in thermo-
effectors can be explained by differences in body surface
area to body weight ratio [10]. In the post-exercise period,
cutaneous blood flow and sweating return to pre-exercise
levels despite a sustained increase in internal temperature,
suggesting a change in thermoregulatory control. The tem-
perature response in each part of the body can also vary
during the recovery period because the trained muscular
regions involved in movement exhibit a higher metabolic
activity and a faster energetic and tissue recovery facili-
tated by their increased blood supply.

Many articles show that IRT (Infrared Thermography)
as non-invasive and easy to perform method is useful in
sports medicine to evaluation of skin temperature changes
during and after endurance exercise [11-17]. In profes-
sional sport, as much information about the athletes as
possible is needed, and thermal imaging allows to collect
them because of skin thermal response depends on body
fluid homeostasis, cardiovascular fitness, muscle metabo-
lism and athlete’s health. Some papers suggest that IRT
can be useful to better plan an athlete's training [11-13].
In additional IRT screening of individual muscles can be
useful to find overloads and injuries [14]. Marins et al.
[13] presented a strong evidence supported differences in
thermal characteristics between genders, regardless of the
measurement techniques IRT.

Cross-country skiing is one of the most demanding sports
with an emphasis on endurance and high muscle efficiency,
mainly in the legs and upper limbs, so thermal mapping
appears to be useful for assessing gender differences in ath-
lete performance and gender differences in lower limb skin
temperature after an exercise test. Analyses of skin tempera-
ture changes can have diagnostic value for sports perfor-
mance [15]. Thermal mapping is a very useful, inexpensive,
and rapid method to evaluate the changes in skin surface
temperature [16], which can be also used to evaluate physio-
logical regulatory mechanisms associated with exercise [17].

However, according to our knowledge, there is not any
paper investigated this problem in cross-country skiers.
We hypothesize that there are gender differences in lower
limbs temperature in response to similar exercise in trained
male and female subjects. The aim of study was to assess
the distribution and skin temperature changes over selected
muscles zones of the lower limbs in response to an exercise
performed at similar relative external workload (Power [W
kg~!']) in male and female high-trained cross-country skiers.

mean) Was signifi-
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Material and methods
Subjects

Our research group consisted of 10 men (22 +3.23 years)
and 6 women (23.7 +3.15 years) practicing cross-country
skiing. They were healthy students of the Jerzy Kukuczka
Academy of Physical Education in Katowice, and mem-
bers of the Polish Cross-Country Skiing National Team.
All of participants were healthy and had no cardiovascu-
lar disorders before. Participants were instructed to avoid
alcohol, smoking, caffeine, large meals and cosmetics
before the assessment. Volunteers were informed of the
purpose, possible risks and the benefits of the study before
giving their written consent to participate. The study pro-
tocol followed the ethical guidelines of the World Medical
Association Declaration of Helsinki and was approved by
the Ethics Committee of the Jerzy Kukuczka Academy of
Physical Education in Katowice, Poland [(Approval no.
U2/2016)].

A week before the start of the experiment all the vol-
unteers participated in standard incremental exercise test
to determine the individual aerobic capacity (VO,,,,,) and
the individual anaerobic threshold (PPA). The VO,,,,, test
consisted an running on treadmill exercise to exhausted,
starting on 6 km/h and gradient set on 0% and successively
increasing the pace and gradient of treadmill every 3 min
until volitional exhaustion each participant. All details of
used preliminary testing for determining of the mention
values were analogical as in our earlier paper [11].

The PPA had been used to calculate target work rates
for submaximal exercise testing, which were using dur-
ing experimental test. The power value reached at PPA
was used to calculate the target running speeds in the sub-
maximal exercise test that was used during the experi-
mental study.In main stage of study the subject performed
experimental exercise (EET) consisted of 60 min running
on treadmill treadmill at the intensity equal to 80% of
their individual lactate threshold intensity. Research was
performed in the Human Performance Laboratory at the
Academy of Physical Education in Katowice on treadmill
H/P (a Cosmed treadmill, Germany), at 20 + 1 °C ambient
temperature, 56 + 3% relative humidity and 985+ 5 hPa
atmospheric pressure.

Measures
Somatic and physiological characteristics

Prior to the study, somatic parameters (body mass, and
body composition), were assessed by the bioimpedance
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method (InBody, Korea), and body surface area (BSA) as
well as BSA/BM were calculated. At the beginning and
at the end of exercise test oxygen uptake (VO,), minute
ventilation (Ve), aural canal temperature (Tau) and heart
rate (HR) were measured and metabolic energy equivalent
(MET), amount of energy expended (EE) were calculated
using a metabolic system (Cortex Metamax, Germany).
Internal body temperature was measured from the auditory
canal using an insulated, ear-molded plug and thermistor
inserted into the external auditory canal (Ellab, E-val-
Flex model 1.38, Denmark). Heart rate (HR) was recorded
telemetry at 10-min intervals during exercise by using a
sport-tester (Polar-1500PE, Finland).

Thermal mapping

Thermal images were collected before, immediately after
exercise and 10 min after exercise. For each participant were
made six photographs of legs (3 at front and 3 from the rear)
using camera Flir Systems E60, resolution of camera 320
X 240 pixels, sensitivity 0.05 K. Camera was calibrated by
black body, the emissivity was set at the range of 0.97-0.98.
Thermal images were made in accordance with the Glam-
organ Protocol [18] and taking into consideration checklist
directed at standardizing thermographic imaging in sports
and exercise medicine Moreira et al. [16]. The results were
analyzed by using a ThermaCAM TM Researcher Pro 2.8
SR-3, legs were divided into muscles zones according to
model by Fernandez-Cuevas et al. [19].

Statistical analysis

Results have been presented as arithmetic means (M)
with standard deviations (SD). Statistical analyses were
performed in Statistica 12, using Student's t test and
Cochran—Cox test. To check normality (Shapiro—Wilk test)
and the homogeneity of variance test (Levene’s F test) were
performed. One-way repeated measures analysis of vari-
ance (ANOVA, sex X exercise) was used to assess sex and
exercise impact on physiological parameters, and post hoc
Tukey’s test. Effect size from One-way ANOVA was calcu-
lated because of small numbers groups of tested subjects.
Correlations between physiological parameters and the mean
skin temperature changes were also examined. Statistical
significant was set at p <0.05.

Results

1. The somatic characteristics of the studied males and
females are shown in Table 1. Statistical analysis of the
examined characteristics showed that both groups were
significantly different in body mass (BM), body surface

Table 1 Demographic and anthropomorphic characteristics of study
participants

Variable M+SD M=SD P
Men (n=10) Women (n=06)

Age/years 22+3.23 23.7+3.15 0.29
Body height/cm 180.5+3.84 165.38 £8.17 0.00
Body mass/kg 73.76 £8.11 63.53+4.92 0.004
BSA/m? 1.92+0.12 1.70+0.10 0.001
BMI/kg m? 22.6+1.86 22.78 +1.44 0.84
FM/kg 6.32+2.76 11.32+1.62 0.00
FFM/kg 67.44+6.81 52.31+7.28 0.00

BSA body surface area, BMI body mass index, FM fat mass, FFM fat
free body mass

Table 2 Physiological characteristics of participants at preliminary
testing

Variable M=+SD M=SD p
Men (10) Women (6)

VO, /ML kg™t min™!  65.67+7.30 53.83+4.96  0.00
HR,,, /bs min~! 191.44+844  18833+11.52 0.55
Power . /W 398.78+53.34  302.33+35.96  0.00
Power ., /W kg 5.53+0.57 4.84+026  0.02
Ve /L min~! 13.99+0.03 12.00+0.00  0.00
HR ,1/bs min™! 174.89+£7.75  178.00+2.19  0.36
V,p /km h™! 13.33+1.00 12.00+0.00  0.01
G% a1 1% 9.44+3.00 9.17+129  0.84

VO,.x maximal oxygen uptake, HR, . maximal heart rate, HR ,r
heart rate at an anaerobic threshold, Ve, maximal pulmonary ven-
tilation [I' min~!], G%,y the treadmill inclination at an anaerobic
threshold, V1 run speed at an anaerobic threshold, AT an anaerobic
threshold, Power,,, maximal power

area (BSA), fat mass (FM) and fat free mass (FFM)
according to expectations.

2. The physiological parameters obtained in preliminary
study were listed in Table 2. They indicated the sub-
stantial gender differences in physiological parameters
such as VO, ., Power .., V. .., (maximal pulmonary

ventilation [L min~']) and V, (run speed at an anaerobic
threshold) during preliminary test.

Response of body skin temperature to experimental
exercise was demonstrated in thermal mapping (Fig. 1) and
obtained temperatures over specified muscle zones were
listed in Table 3. Figure 1 presents examples of the obtained
thermographic images of front and rear of lower limbs for
man and woman, respectively. Before exercise test regis-
tered temperatures were higher in man comparing to woman
for all considered muscle zones. Directly after exercise an
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Before exercise

Rear Front

Front

Fig.1 Typical thermal images of front and rear lower limbs in each
part of exercise. Part A—man before exercise; Part A’—man imme-
diately after exercise; Part A”’—man 10 min after exercise; part B—

increase of temperature was observed in both groups of con-
sidered participants (A’ and B’ parts) However, 10 min after
exercise skin temperature returned to initial level but faster
in men than in women (A’’ vs. B”).

Mean temperature values over muscle zones and over
entire leg obtained before exercise (71), immediately after
exercise (72) and after 10 min restitution (73) as well as
calculated changes of temperatures in response to exercise
(AT,_,=T2-T1), after 10 min restitution (AT; —,=T3-T72)
and at the end of experiment procedure (AT, — =73 -T1),
were listed in Table 3 for male and female groups of cross-
country skiers, respectively. It should be noted that skin
temperature distribution in woman and man was different,
especially before EET. The obtained temperatures for men
were higher than for women, Table 3.

In response to exercise an increase of skin temperature
(AT2 —T1) was observed in both groups, but higher rise
in women than in men. Next, skin temperature dropped
quicker in men than in women, caused nearly equalization
of skin temperature values in both group after 10 min of
recovery. Statistical analysis confirmed that skin tempera-
tures of nearly all considered muscle zones (except tibi-
alis anterior) in men differed statistically in comparison to
women p < 0.05 before EET but these temperature differ-
ences between woman and men disappeared after exercises.

There was no significant gender difference in the internal
body temperature (Tau) either at rest or at the end of exer-
cise test (Fig. 2). However exercise test induced the marked
increase of the internal body temperature in men as well as
women.
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After exercise

10 min after exercise
Rear

36,00/°C

20,00/°C

woman before exercise; Part B’—woman after exercise; Part B”’—
woman 10 min after exercise

Visualization of changes of temperature in response to
exercise test and to complete experimental procedure for
selected muscle zones of men and women was presented
in Fig. 3.

It follows from Table 3 and Fig. 3 A and B that tempera-
ture differences after exercise and before (7, —T,) as well as
temperature changes obtained after 10 min recovery (73— 1))
were markedly higher for women than for men. In addition,
it should be noted that the values of temperature changes
AT;_, became negative for most of muscles zones of men
legs, unlike women (except GCM), Fig. 3b.

Statistical analysis showed that nearly all calculated
AT, _ values (except muscles of rear thigh) and AT;—, val-
ues (except muscles of rear calf) were statistically significant
different between gender groups, p <0.05.

The physiological parameters of participants at the begin-
ning and in response to the EET exercise test have been
listed in Table 4. It was noticed that at the beginning of EET
test, none of the examined indicators (i.e., VO, HR, Power,
Power BM~!, MET, EE) differed statistically significantly
between men and women. In contrast, exercise performance
had an effect on the values of all assessed indices, wherein
a stronger effect occurs in men than in women. One-way
ANOVA test showed that statistical significant differences
between men and women were obtained for: oxygen uptake
(VO,), mean power [W], metabolic energy equivalent (MET)
and energy expenditure (EE), unlike hearth rate (HR), Power
[W BSA~!] and Power [W BM™1].

What is more, gender statistical significant differ-
ences due to experimental exercise were also obtained
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Table 3 Temperatures of individual leg muscles zones and their mean as well as temperature changes in response to exercise (A7T,,), 10 min res-
titution (AT3,), and total experimental procedure (ATj,) for males and females

Variable

Muscle zones Men (n=10) M+SD Women (n=6) M+ SD P F np
Front side of legs
Vastus lateralis T,/°C 31.62+0.70 29.68 +0.43 0.00 - -
T,/°C 32.36+0.74 31.67+0.40 0.05 - -
T;/°C 31.60+0.88 31.41+0.91 0.68 - -
AT, =T,-T,/°C 0.74+0.525 1.98+0.52 0.00 94.61 0.87
ATy =T;-T,/°C -0.02+1.10 1.73+1.06 0.01 9.21 0.39
ATy, =T;-T,/°C -0.76 +£0.35 -0.26+0.45 0.39 0.78 0.05
Rectus femoris T,/°C 32.16+0.60 30.38+0.33 0.00 - -
T,/°C 32.44+0.63 31.77+0.91 0.09 - -
T5/°C 31.97+0.70 31.66+0.90 0.45 - -
AT, =T,-T,/°C 0.28+0.53 1.39+0.73 0.00 28.31 0.66
ATy, =T;-T,/°C —0.19+0.75 1.28+0.95 0.00 6.45 0.31
AT;,=T;—-T,/°C -047+0.23 —-0.11+0.30 0.35 0.93 0.06
Vastus medialis T,/°C 32.32+0.73 30.32+0.71 0.00 - -
T,/°C 32.78+0.68 32.04+0.82 0.07 - -
T,/°C 32.51+0.58 31.87+0.85 0.09 - -
AT, =T,-T,/°C 0.45+0.67 1.73+0.95 0.01 29.29 0.68
ATy =T;-T,/°C 0.19+0.66 1.55+1.29 0.01 12.96 0.48
AT, =T,-T,/°C -0.27+0.25 —-0.18+0.32 0.82 0.05 0.00
Knee (front) T,/°C 29.77+0.81 28.79+0.73 0.03 - -
T,/°C 31.68+1.73 32.22+0.62 0.47 - -
T5/°C 30.78+1.43 31.58+1.05 0.25 - -
AT, =T,-T,/°C 1.91+1.66 3.43+0.57 0.05 56.94 0.80
AT, =T,-T,/°C 1.01+1.57 2.79+1.07 0.03 27.03 0.66
AT, =T,-T,/°C —-0.90+0.43 —0.64+0.56 0.72 0.13 0.01
Tibialis anterior T,/°C 31.60+0.75 31.18+0.59 0.27 - -
T,/°C 31.67+0.58 32.28+0.69 0.08 - -
T5/°C 30.72+0.77 31.41+1.00 0.14 - -
AT, =T,-T,/°C 0.08+1.02 1.10+0.55 0.04 6.69 0.32
ATy =T;-T,/°C —-0.89+1.04 0.23+1.01 0.05 1.53 0.10
ATy, =T,—-T,/°C -0.96+0.34 —-0.87+0.44 0.88 0.02 0.00
Soleus T,/°C 31.60+0.69 30.64+0.43 0.01 - -
T,/°C 32.08+0.85 32.58+0.33 0.20 - -
T,/°C 31.37+0.83 31.71+1.42 0.55 - -
AT, =T,-T,/°C 0.48+1.10 1.93+£0.43 0.01 25.77 0.65
ATy =T;-T,/°C -023+1.04 1.07+£1.26 0.04 2.07 0.12
ATy, =T;—-T,/°C -0.71+0.37 —0.87+£0.47 0.80 0.07 0.00
Rear side of legs
Biceps femoris T,/°C 32.03+0.75 29.93+0.32 0.00 - -
T,/°C 32.13+0.80 30.73+1.32 0.02 - -
T,/°C 31.57+0.69 30.83+0.86 0.08 - -
AT, =T,-T,/°C 0.11+0.79 0.80+£1.09 0.16 2.69 0.21
ATy =T;-T,/°C —0.46+0.68 0.89+£0.76 0.00 1.38 0.09
ATy, =T;-T,/°C -0.57+0.31 0.09+£0.40 0.21 1.71 0.11
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Table 3 (continued)

Muscle zones Variable Men (n=10) M+SD Women (n=6) M+ SD P F np
Remaining thighs muscle T,/°C 30.37+0.67 30.64 +£0.32 0.00 - -
T,/°C 32.48+0.82 31.62+1.18 0.11 - -
T5/°C 32.10+0.59 31.66+0.87 0.25 - -
AT, =T,-T,/°C 0.11+1.02 0.97+1.06 0.13 4.13 0.22
ATy =T;-T,/°C —-0.27+0.67 1.03+0.73 0.00 443 0.24
ATy, =T;-T,/°C —-0.38+0.25 0.05+0.33 0.31 1.09 0.07
Knee (rear) T,/°C 32.95+0.49 31.51+0.42 0.00 - -
T,/°C 32.55+0.86 32.23+0.57 0.44 - -
T;/°C 32.14+0.61 31.74+0.81 0.29 - -
AT, =T,-T,/°C -0.40+0.77 0.73+0.28 0.00 0.95 0.06
AT, =T;-T,/°C —0.81+0.63 0.23+0.98 0.02 2.11 0.13
AT, =T;—-T,/°C —-0.42+0.27 —-0.49+0.34 0.86 0.03 0.00
Gastrocnemius caput mediale (GCM) T,/°C 32.10+0.51 30.85+0.75 0.00 - -
T,/°C 32.06+0.65 31.63+0.41 0.16 - -
T5/°C 31.62+0.67 31.22+0.89 0.33 - -
AT, =T,-T,/°C —0.04+0.56 0.77+0.91 0.04 4.07 0.22
ATy =T;-T,/°C —-0.48+0.76 0.38+1.05 0.07 0.06 0.00
AT3,=T;—-T,/°C —-0.44+0.31 —-0.44+0.39 0.99 0.00 0.00
Gastrocnemius caput laterale (GCL) T,/°C 32.03+0.70 30.57+0.17 0.00 - -
T,/°C 32.02+0.85 31.54+0.76 0.28 - -
T5/°C 31.42+0.46 31.10+1.13 0.44 - -
AT, =T,-T,/°C —0.01+0.62 0.98+0.92 0.02 6.36 0.31
AT, =T,-T,/°C —0.61+0.62 —0.44+1.08 0.69 6.25 0.31
AT, =T,-T,/°C —0.60+0.26 —-0.40+0.34 0.65 0.21 0.01
Leg (mean) T,/°C 31.87+0.52 30.41+0.36 0.00 - -
T,/°C 32.21+0.59 31.84+0.60 0.26 - -
T5/°C 31.62+0.48 31.47+0.87 0.67 - -
AT, =T,-T,/°C 0.34+0.63 1.44+0.52 0.00 33.94 0.71
ATy =T;-T,/°C —-0.25+0.62 0.98 +0.89 0.01 3.69 0.21
AT, =T,-T,/°C -0.59+0.22 —-0.37+0.29 0.56 0.35 0.02

T\—temperature obtained before exercise; T,—temperature obtained immediately after exercise; 73—temperature obtained 10 min after exer-
cise; AT, =T,—T,—calculated temperature changes between end of exercise and start of exercise; AT;;=T;—T,—calculated temperature
changes between end of restitution time and start of exercise; AT;,=T;— T,—calculated temperature changes between end of end of restitution

time and end of exercise

for AVO,, APower [W] and AMET but no for APower
[W BM~'], APower [W BSA™'] and AHR.

In addition, the use of ANOVA systems with repeated
measures made it possible to find interactions between
gender and exercise performance, additionally (Table 4).
There was a significant interaction between gender and
effort on the VO,, MET and EE values achieved in the
research, according to expectations. However, no signifi-
cant correlations were obtained between physiological
parameters and the mean skin temperature changes.
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Discussion

Metabolic energy expenditure is proportional to body
mass during exercise such as treadmill walking [20]. The
research assumed that all participants in this experiment
would exercise with the same relative to BM, external
workload. This work intensity should not result in differ-
ences in the metabolic heat production during exercise
and thus in the total heat loss requirements. Hence, this
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Fig.2 Internal (aural canal) temperature/°C at rest and at the end of
exercise test (last) in male and female subjects

exercise test should not result inconsistent changes in body
temperature in individuals of different body size and aer-
obic capacity [21-24]. In this research approach, it was
planned to have greater certainty that sex differences in
thermo-effector (skin) function would be due to changes
and differences in participants' thermal and hemodynamic
responses, and to a lesser extent by morphological differ-
ences. In addition, in this study work intensity was related
to each participant’s body surface area (area-specific work
rate), as this approach was found to be most effective for
obtaining equivalent changes in mean body temperature
across morphologically diverse individuals [10].

Taking into account physiological characteristics of
studied participants it is worth to noted that significant dif-
ferences occurred in VO,, MET and EE between male and
female in response to exercise test performed at the similar
external workload [W kg~! and W m~2]. The higher oxygen
uptake, MET and EE at the end of exercise test indicate,
the intensity of metabolic processes and energy expenditure,
including metabolic heat production were greater in men
than in women. Gagnon and Kenny [9] elicited the same
requirement for heat loss in males and females. The authors
observed that whole-body sudomotor activity did not differ
significantly between males and females during the two exer-
cise periods (200, 250 W m~2), becoming greater in males
during the last exercise period equal to 300 W m~2). Apart
from, sex differences in local sudomotor activity were only
evidenced at the highest requirement for heat loss employed.
On the other hand, when both sexes exercised at the same
percentage of VO, .., it was generally found that females
had lower end-exercise core temperature despite having
lower sweat rates. However, both exercise protocols con-
tained inherent methodological issues due to the fact that
males and females were not matched for body mass. Analy-
sis of the characteristics of our studied group revealed dif-
ferences in body height, body weight, body surface area,
BMI ratio, and the percentage and mass body composition
between women and men. Notley et al. [10] indicated that
individuals differing in body size, shape and composition
appear to respond quantitatively differently to variations in
both ambient and core temperatures, but the interrelations
between morphological components and temperature regula-
tion are complex.
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Table 4 Physiological characteristics of study participants at the beginning and at the end of exercise test for men and women respectively

Variable Men (n=10) M+SD  Women (n=6) M+=SD  One-way ANOVA ANOVA—systems with repeated
measures
P F ’p Sex: Exercise: Exercise*sex
F(s) F(s) F(s)
P P P
Tp  p mp
VO, o /mL kg™! min! 10.93+0.68 10.23+£0.83 0.53 04225 0.03 6.33 337.56 5.35
VO, n/mL kg™! min~! 52.07+5.47 41.00+£10.62 0.02 6.2726 033 0.022 0.00 0.037
A VO2/mL kg™! min™! 40.78 £2.47 31.00+3.02 0.03 6.2881 033 033 0.96 0.29
HR ,,/bs min~' 84.44+4.90 85.83+6.00 0.86 0.0321 0.00 0.037 762.17 0.46
HR 4 /bs min~' 184.22+2.79 180.83+3.41 046 0.592 0.04 0.851 0.00 0.51
A HR/bs' min™! 99.78 +4.36 96.00+5.34 0.74 0.2998 0.02 0.00 0.98 0.03
Power /W 80.33+3.54 69.17+.33 0.06 39839 0.23 6.09 466.98 6.19
Power /W 283.67+13.43 230.50+16.44 0.03 6.2704 033 0.03 0.00 0.03
A Power/W 203.33+10.67 161.33+13.07 0.03 6.1944 032 032 0.97 0.32
Power mass~! , /Wkg' 1.09+0.01 1.07+0.02 0.33  1.00 0.07 0.68 683.35 0.44
Power mass™' /W kg! 3.86+0.13 3.71+0.16 047 0.56 0.04 042 0.00 0.52
A Power Mass™ /W kg™! 2.77+0.13 2.64+0.16 0.52 043 0.03 0.05 0.98 0.03
Power BSA™//W (m?)™! 146.45+11.08 132.01+13.39 0.07 3.79 0.24
MET 3.13+0.17 3.00+0.21 0.63 0.2491 0.02 7.14 356.19 7.12
MET .4 14.74+0.69 11.73+0.85 0.02 7.5455 037 0.02 0.00 0.02
A MET 11.61+0.68 8.73+0.83 0.02 7.1269 035 035 0.96 0.35
EE . /kcal d™! 75.11+4.38 73.33+5.36 0.80  0.0660 0.00 7.00 381.40 7.54
EE ., /kcal d™! 365.55+16.68 292.17+20.43 0.02 7.7431 037 0.02 0.00 0.016
A EE/kcal d! 290.44 +18.24 231.50+22.34 0.06 4.1754 024 035 0.97 0.38

VO, . OXygen uptake at beginning of exercise, VO, .,q 0Xygen uptake at the end of exercise, HR

heart rate at the end of exercise, MET ,,

heart rate at beginning of exercise, HR

start end

. metabolic energy equivalent at beginning of exercise, MET .4 metabolic energy equivalent at the end

of exercise, EE ,, energy expenditure at beginning of exercise, EE 4 energy expenditure at the end of exercise, BSA body surface area

Besides, gender differences may be associated with
higher VO,max in the male cross-country skiers similar
to other endurance athletes, which was partly explained by
higher hemoglobin levels and lower body fat in men [25,
26]. However Jay et al. [27] indicated that large differences
in VO, peak between individuals do not influence changes
in core temperature or sweating during exercise in a neu-
tral climates, regardless of metabolic heat production, body
mass, and BSA.

The thermographic records show the complex physiologi-
cal response to exercise that involves the skeletal muscle
(metabolism), the cardiovascular system (blood flow), the
nervous system (central and peripheral) and the adrenergic
system [15]. One of the main factors affecting the resting
skin surface temperature under conditions of thermal com-
fort is vascular control.

Among the analyzed infrared thermography (IRT) param-
eters by us, 7, showed the strongest significant differences
due to gender. Before exercise women were characterized by
lower skin temperature than men what is in agreement which
literature, e.g., Davies, Chudecka, Lubkowska [28, 29]. The
lowest mean temperatures in obese women were observed
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in the areas of the abdomen and thighs, corresponding to
the areas with the greatest accumulation of body fat, and
therefore suggesting that its insulating function hindered
heat conduction at rest [5].

The lower skin temperature in female than in male was
reported in trained athletes in morning and during the
day, while at evening this differences disappeared [30].
In untrained individuals this relation was presumed to be
related with body fat, BMI and gender [29, 31]. Another
study confirmed this in children [32] and showed the distri-
bution of body surface temperature was differed in boys and
girls. However, in our study, the temperature in the lower
limb muscles of the athletes increased after exercise, in con-
trast to the results presented by Dgmbiec-Bak et al. [32]
where the temperature in all parts of the children's bodies
decreased. This may suggest a different response to exercise
in children compared to trained adults. Our results of skin
temperature for the lower extremities are consistent with
those obtained by Chudecka et al. for men and women [9].

Dynamic exercise results increase metabolic heat produc-
tion that in turn requires thermoregulatory skin blood flow to
increase in order to limit the elevation in core temperature.
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Kenny et al. [33] demonstrated that women show signifi-
cantly greater and more prolonged elevations in post-exer-
cise body temperatures and deep-to-superficial active and
inactive muscle temperatures relative to men. According to
Notley et al. [10], typical females displaying greater fore-
arm blood flow and vascular conductance at rest and during
work. On the other hand, adaptation of body to specified
exercise may cause some changes in thermal mapping what
was suggested earlier by, Tanda [34], Merla et al. [17] and
Ludwig et al. [35].

In our work, we showed that exercise induces changes in
skin temperature in all participants. Changes of skin temper-
ature in response to exercise in the same muscle zones were
depended on the gender of participants. A greater increase in
skin temperature was obtained in women compared to men.

It follows from literature that the temperature changes
during exercise depend on the type of muscle involved in
the sport. Merla et al. [17] obtained that peripheral region
(arms) were cooled faster than trunk and Duygu [36] showed
differences in temperature response of quadriceps and ham-
string in sailors after aerobic and anaerobic test. Drzazga
et al. [11] reported that changes of skin temperature after
exercise were different for swimmers and cross-country
skiers for different muscle zones. Comparison of effect of
exercise on skin temperature in trained and untrained female
was presented by Formenti [37]. Tanda [34] pointed out a
decrease of skin temperature in professional runners due to
exercise suggesting that it was connected with vasoconstric-
tion while rise temperature after training with vasodilation.
Sex-related differences in end-exercise mean blood flow of
the inactive triceps brachii were not observed in Kenny, and
Jay [33].The authors suggested a greater convective heat
transfer from deeper tissues to the periphery in males leading
to smaller elevations in inactive muscle temperature. Even
though elevations in active muscle temperature tended to be
greater in females at the end of exercise, no significant dif-
ferences were found between the sexes, possibly suggesting
a less prominent sex difference in active mean blood flow.

During the post-exercise recovery period, temperature
returned quickly to bias in men unlike women. Marins
et al. [13] observed a slower thermal progression in men
compared to women. Such phenomena could be related
with different distribution and activity of sweat glands
in the both studied groups and differences in vasomotor
response following the cessation of exercise. Differences
in sweat glands capacity were described by Gagnon and
Kenny, whose showed that males produces more sweat than
females and also capacity of sweat glands is greater in men
group than women [9]. Kuwahara et al. [8] also confirmed
a greater increase in sweating rate in males than in females
and suggested that the degree of training does not affect the
difference in sweating between the genders. The increase
in skin temperature in women observed in our experiment

immediately after exercise may be due to greater heat stor-
age and slower heat exchange in women than in men, which
is due to the greater latency time of sweating and the lower
sensitivity of this thermoregulatory response to increases in
body temperature as suggested by Bittel and Hennen [4, 38]
well as Pokora and Grucza [4].

An another way to understand differences in skin tem-
perature response to exercise in men and women is through
differences in the regulation of cutaneous blood flow. A
greater rise of temperature prolonged in time after exercise
in women was reported earlier be Kenny and Jay [33] who
connected this result with post-exercise reduction in vascular
resistance corresponding to vasodilation. A similar effect
was obtained by Tanda [39] however only in preliminary
studies. Physical exercise caused an increase in blood nitric
oxide (NO), which plays an important role in the vasodila-
tion of cutaneous arterioles. Given the need for local met-
abolic heat loss, NO could promote vasodilation in areas
subjected to exercise through a mechanism called prolonged
plateau NO-dependent vasodilation [40], allowing increased
blood flow and causing an increase in local temperature,
which was recorded by thermal imagers.

Therefore, differences in body morphology are of primary
importance to understanding inter-individual variations in
both passively and autonomically driven heat exchange in
physically diverse, mixed-sex populations [1]. In addition,
the significant gender differences in sweating dynamics and
the ability to dissipate heat by sweat evaporation in men and
women appear to be related to the fact that women utilize
skin cutaneous vasodilation to a greater extent than men to
dissipate heat [9].

Conclusions

Thermal mapping showed that skin temperature of the lower
limbs in female cross-country skiers was lower than in male,
especially before exercise. Changes in skin temperature in
response to exercise were significantly greater in women
than in men, and higher skin temperature persisted in women
during the recovery period. This may indicate that skin
temperature regulation in response to exercise with similar
external workload was modified by gender in high-trained
cross-country skiers. The gender differences obtained in our
study appear to be related to the different sweating dynam-
ics and the ability to dissipate heat by sweat evaporation in
men and women, as well as to differences in the contribution
of skin vasodilation to the removal of excess heat gener-
ated by active muscles during exercise. In addition, gender
of the respondents statistically significantly differentiated
oxygen uptake (VO,), metabolic energy equivalent (MET)
and amount of energy expended (EE) in contrast to HR and
power mass~! index during the exercise test.
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Practical suggestions for coaches

Our study showed that thermography can be useful to plan
specified training to individual persistence of athletes tak-
ing into account gender. Results suggested that female
and male sportsmen may need a little different training
plans, what is in line with results obtained in individu-
als performing other sports. This individual approach to
training plans based on thermographic imaging is being
implemented gradually at the Jerzy Kukuczka Academy
of Physical Education in Katowice.

Limitations

Our study has some limitations. We did not take into con-
sideration the menstrual cycle of the female subjects when
analyzing the data in the present study. Moreover, our
research groups were relatively small, especially woman
group.

One limitation of this study was the lack of quantification
of fat tissue thickness in the studied muscles. This infor-
mation would have facilitated our understanding of certain
thermal skin responses on the lower limb areas.
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