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ABSTRACT

During the transition between warm-up and competition there is a change in core, muscle and (eventually) skin
temperature that may affect swimming performance. We have aimed to assess skin temperature evolution during
transition phases of different durations before a typical front crawl effort and to investigate its relationship with
performance. Following a standardized warm-up, nine adolescent male swimmers performed three maximal
randomized 100 m maximum front crawl trials after 10, 20 and 45 min transition phases. Skin temperature,
performance (time, stroke frequency, length and index, and propelling efficiency), heart rate, lactate and
perceived effort were assessed. Data showed a skin temperature log increase over time (R?> > 0.96, p < 0.01)
without differences from the 15 min with the following instants. Performance and psychophysiological variables
were similar between transition phases. However, skin temperature at the end of the transition periods, i.e., just
before the 100 m trials, was lower in the 10 min than the 20 and 45 min transitions (32.0 + 0.6 vs 33.0 + 0.4 and
33.5 + 0.5 °C, respectively). The main finding was that no relevant relationships were observed between pre-test
skin temperature and performance times (|r| < 0.6, p > 0.05) for the studied transition phases. We have
concluded that transitions longer than 10 min will not present thermal changes and that, within the physiologic

limits studied, pre-exercise skin temperature does not influence swimming performance.

1. Introduction

Warming-up before a competition is fundamental to enhance sport
performance (Bishop, 2003; Bobo, 1999; Neiva et al., 2014), rising body
temperature, blood flow, respiration rate and heart rate (HR). In addi-
tion, it reduces muscle stiffness, improves contractile performance and
prepares skeletal muscles for exercise (Balilionis et al., 2012; Kilduff
et al.,, 2013; McGowan et al., 2015). Moreover, it helps athletes to
familiarize with the competition venue and, particularly for swimmers,
with the swimming pool specificities (King, 1979; McGowan et al.,
2016). However, warm-up routines should not induce fatigue (Balilionis
et al, 2012), which might negatively influence the subsequent
competitive performance.

The time gap between the warm-up end and the start of the swim-
ming race - the transition phase — is usually quite prolonged (Kilduff
et al., 2013; McGowan et al., 2016), often 30-45 min or even more
(McGowan et al., 2016; West et al., 2013). In fact, in national and in-
ternational meetings swimmers must be at the call room at least 20 min
before the race starts (Galbraith and Willmott, 2018; McGowan et al.,
2015), meaning that short transition phases are very unusual. This may
mitigate the warm-up benefits, jeopardizing swimmers’ performance
(Galbraith and Willmott, 2018; McGowan et al., 2017; McGowan et al.,
2016). It was observed that lower duration of transition phases (10-20
min vs 45 min) improved the 200 m performance by 1.38 and 1.48%
respectively (West et al., 2013; Zochowski et al., 2007), and that a 10 vs
20 min transition phase leads to a 1.12% performance increment in the
100 m event (Neiva et al., 2017).
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Abbreviations

BMI Body Mass Index

ES Effect Sizes

HR Heart Rate

IRT Infrared Thermography

RPE Rate of Perceived Exertion

SD Standard Deviation

SF Stroke Frequency

[La~] Blood lactate concentrations

l Arm length

p Propelling efficiency

Tmean  Absolute average temperature
Tsk; Skin temperature of each region
Si Number of pixels defining each region
v Swimming velocity

Physiologically, performance enhancement is related to higher
muscle temperature, facilitating muscle metabolism, muscle fiber con-
duction velocity, power output and reaction times (Bishop, 2003; Gal-
braith and Willmott, 2018; McGowan et al., 2016). However, muscle
temperature drops immediately after exercise ends (mainly during the
first 15-20 min), so cancelling out the warm-up benefits (McGowan
etal., 2017; Mohr et al., 2004). Skin temperature does not have the same
behavior as muscle or core temperature (Jutte et al., 2001; Priego
Quesada et al., 2016). In addition, and specifically in swimming, due to
heat conductivity being higher in water than in air (Alexious, 2014), it
has been observed that swimmers’ skin temperature decreases in water
despite exercise, and rises after leaving the water (Galbraith and Will-
mott, 2018; Novotny et al., 2015).

Body temperature changes at transition phases of different durations
have previously been studied using core temperature (Neiva et al., 2017;
West et al., 2013), but without examining its evolution over the course
of time. Therefore, the behavior of skin temperature during these phases
is still unknown. Furthermore, these authors only recorded a single
measurement of the tympanic and/or central temperature, while skin
temperature in a large number of body regions could provide a better
picture of overall body temperature (de Andrade Fernandes et al., 2014;
Priego Quesada et al., 2017).

Due to the scarcity of studies on the topic, our aim was to assess skin
temperature evolution occurring between a standardized warm-up and a
maximum effort 100 m front crawl, evaluating transition phases of
different time durations. A further aim was to investigate whether there
is a direct relationship between skin temperature and performance. We
hypothesized that skin temperature would increase throughout the
transition phase periods, until stabilization. And it was also expected
that skin temperatures of the shorter transition phases would lead to
faster 100 m front crawl exertions.

2. Methods
2.1. Participants

Nine adolescent male competitive swimmers (age 15 + 1 years, body
mass 62.3 £ 6.8 kg, height 1.74 + 0.1 m, arm length 0.63 + 0.04 m, BMI
20.6 + 1.9 kg/m?, training volume 24.6 + 8.8 km/week, 100 m front
crawl best time 59.0 + 3.4 s and swimming experience 8 + 3 years)
voluntarily participated in the current study. Inclusion criteria were: (i)
male swimmers between 14 and 18 years old; (ii) no history of serious
injuries within the last 12 months; (iii) participation in regular swim-
ming competitions; and (iv) a personal best time in the 100 m front
crawl < 65 s. All participants were informed about the study procedures
and a written informed consent was obtained from the participants’
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parents or guardians. The study procedures complied with the Decla-
ration of Helsinki and were approved by the host University Ethics
Committee (code n° CEFADE 12 2020).

2.2. Procedures

Each participant completed three experimental sessions (separated
by 24 h) at the same time of day in a 25 m indoor swimming pool with
28.01 + 0.09 and 27.97 + 1.27 °C water and air temperatures, and
57.00 + 1.56% humidity. After a front crawl standardized 1200 m
warm-up composed of 300 m (100 m usual breathing pattern, 100 m
breathing in the fifth stroke and 100 m usual breathing), 4 x 100 m [2 X
(25 m lower limbs actions and 25 m increased stroke length)] @ 1:50, 8
x 50 m [2 x (50 m drill, 50 m progressive speed, 25 m at 85-90% of 100
m pace and 25 m low intensity, and 25 m at 85-90% of 100 m pace with
block start and 25 m low intensity)] @ 1:00 and 100 m low intensity
(adapted from Neiva et al., 2014), swimmers performed a maximal 100
m front crawl trial (Fig. 1).

Each 100 m front crawl trial was performed after a 10, 20 and 45 min
transition phase (in randomized order), with swimmers always wearing
the same swimsuit, cap and glasses. During transition phases, partici-
pants were sat on a bench (without resting their backs) and wore the
same clothing (club jacket, shorts and sports footwear). Each trial began
with a dive from the starting blocks, after official verbal and auditory
commands. First 15 m, each 25 m split and overall times were recorded
by an experienced researcher using a manual stopwatch (3X - 100
model, Finis, Livermore, USA). Three video cameras operating at 50 Hz
(Sony HDR-CX190E, Sony Electronics Inc., San Diego, USA) were placed
at 7.5, 12.5 and 17.5 m perpendicular to lane 4 to cover the 25 m
swimming pool and were used to confirm lap and overall times. Footage
also provided data on stroke frequency, stroke length and stroke index,
using Kinovea software (v 0.8.24, Free Software Foundation, Boston,
USA) and following Almeida-Coelho et al. (2016) procedures. Propelling
efficiency (1,) was estimated by the speed-based method using the
following equation (Peterson Silveira et al., 2019):

v

"= 2n X SF x [

where v is the swimming velocity (m/s), SF is the stroke frequency (Hz)
and [l is the arm length (m).

Skin temperature was determined using an infrared camera of a
Focal Plane Array size 320 x 240 (E—60, Flir Systems Inc., Wilsonville,
USA), with Noise Equivalent Temperature Difference < 50 mK and
measurement uncertainty of +£2 °C or 2%. Measurements were taken
perpendicular to the body region of interest in an area absent of sunlight,
5 m away from electronic equipment, electric light and people (except
for the thermographer and each participant). A blackbody (BX-500 IR
Infrared Calibrator, CEM, Shenzhen, China) was used to calibrate the
camera and the thermographic imaging in sports and exercise medicine
checklist was used to follow the protocol specificities (Moreira et al.,
2017). The camera was turned on 10 min before taking the images to
ensure its stabilization and positioned 4 m from the participants to frame
the entire body in the screen.

Immediately after arriving at the pool, swimmers were immersed for
10 min in water, in a static position up to their neck, to measure baseline
skin temperature (Domingues et al., 2017; Vardasca et al., 2017). After
this acclimatization period, as well as post warm-up and each 100 m
trial, swimmers were quickly dried without friction with microfiber
towels (Vardasca et al., 2017). Thermal images were obtained with
swimmers standing up (wearing only their swimsuit) before and after
the warm-up and each 100 m front crawl trial, as well as at every 5 min
of each transition phase. For that purpose, an antireflective panel was
placed behind them to minimize the influence of the infrared radiation
reflected in the wall (Hildebrandt et al., 2012), with the reflected tem-
perature being measured according to the standard method ISO
18434-1:2008 (ISO, 2008) and introduced into the camera setup.
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Post warm-up
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Pre warm-up RPE Post test
HR HR Pretest pRpg
[La] [La] HR HR
IRT IRT IRT IRT [La]
1 } IRT every 5 min 1 il }
Thermal Warm-up - 100 m
R«
adaptation (1200 m) Transition phase foch ecovery
10 min | <30 min | 10, 20 or 45 min | <2 min | 3 min |

Time

Fig. 1. Schematic representation of the experimental session design with five data collection moments being displayed. Heart rate (HR), blood lactate concentration

([La™]), infrared thermography (IRT) and rate of perceived exertion (RPE).

The average temperature of the thorax, abdomen, upper, dorsal and
lumbar back, anterior and posterior forearm, anterior and posterior arm,
anterior and posterior thigh, and anterior and posterior leg (Fig. 2) was
obtained using thermography software (ThermaCam Researcher Pro
2.10 software, Flir Systems Inc., Wilsonville, USA) considering an
emissivity of 0.98 (Steketee, 1973). In addition, mean skin temperature
was calculated using the ratio suggested by Zaidi et al. (2007):

J

i Tsk;S;

Tmeanziz’:‘é} >
Zf:ASi

where Tmean is the absolute average temperature, Tsk; is the skin tem-
perature of each region (both in °C), and S; is the number of pixels
defining each region. The post warm-up and the pre and post 100 m
front crawl trials delta temperatures were calculated as the difference
between each instant mean skin temperature minus the corresponding
pre warm-up mean value.

HR was assessed both pre and post warm-up, and 100 m front crawl
trails using a HR monitor (Polar RS800CX, Polar Electro Oy, Kempele,
Finland). Capillary blood samples were obtained at the same moments
(plus at 3 min of the recovery period after the 100 m exertions) by a
puncture at the earlobe, with blood lactate concentrations ([La™]) being
assessed using an automated lactate analyzer (Lactate Pro 2, Kyoto,
Japan). Participants were asked to rate their perceived exertion (RPE)
using the 6-20 Borg (1982) scale after the warm-up and the 100 m front

ANTERIOR VIEW

crawl trials.

2.3. Statistical analysis

Statistical analysis was performed using SPSS 20.0 (IBM Armonk,
New York, USA) and data presented as mean =+ standard deviation (SD).
The distribution normality was verified by Shapiro-Wilk test and fol-
lowed by a parametric statistical analysis. A one-way repeated measures
ANOVA was used to compare changes in performance and psycho-
physiological variables between transition phases. A linear mixed model
with two factors (transition phases [with 3 levels] and instant [with
different levels depending on the transition phase]) was carried out to
compare temperature variables. The assumptions of the linear model
were evaluated by verifying the normality of the residuals. In both tests,
Bonferroni post hoc corrections were performed to locate pairwise dif-
ferences between means. Cohen’s (1988) effect sizes (ESd) were
computed and classified for pair comparisons as small (0.2-0.5), mod-
erate (0.5-0.8) or large (>0.8). In addition, a logarithmic function of
temperature vs time was adjusted (R?) for both absolute and delta
temperatures on each transition phase. Relationships between pre-test
temperature and swimming performance times, post-test heart rate
and recovery lactate for each transition phase were analyzed through
Pearson correlation coefficient and classified as weak (0.2 < |r| < 0.5),
moderate (0.5 < |r| < 0.8) or strong (|r| > 0.8) (O’Rourke et al., 2005).
Statistical significance was set at « = 0.05.

POSTERIOR VIEW

Fig. 2. Regions of interest for swimmers thermographic measurements.



L. Jimenez-Perez et al.

3. Results

Fig. 3 shows the evolution of skin temperature (both in absolute and
delta values) during transition phases of different durations (F (23,192)
= 55.47 and F (20,168) = 33.36, respectively). We can observe a log
increment over time (R = 1.00, 0.98 and 0.95, for 10, 20 and 45 min
transitions, respectively), with differences between 1 min vs all other
instants for absolute and delta values (p < 0.001, ESd > 1.6), 5 min vs
every instant from 15 min for absolute values (p < 0.01, ESd > 1.4) and
from 20 min for delta values (p < 0.001, ESd > 2.0) and 10 min vs every
instant from 35 min for both absolute and delta values (p < 0.05, ESd >
1.5). On comparing the different conditions studied, no differences were
found for these variables.

The variables for the 100 m maximum front crawl performance at the
10, 20 and 45 min transition phases are shown in Table 1, with no dif-
ferences being found in any performance variable between transition
durations. Fig. 4 presents the psychophysiological and skin temperature
responses in the different transition durations at the five moments of
data collection. HR, [La~] and RPE were similar in the three transition
phase durations at all measurement moments (F (6,48) = 0.88, n2

359
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0.10; F (1.6,12.6) = 2.31, n? = 0.22 and F (2,16) = 1.70, 1> = 0.18,
respectively). However, absolute temperature before the test was lower
at the 10 min transition than the 20 and 45 min transitions (p = 0.008,
ESd = 2.0 and p < 0.001, ESd = 2.4, respectively). In addition, delta
temperature before the test was also lower at the 10 min transition than
the 45 min transition (p = 0.001, ESd = 2.0). A thermogram sequence
with the four most important moments of data collection is shown in
Fig. 5.

Finally, no correlation (|r| < 0.6, p > 0.05) was observed between
the pre-test skin temperature (both in absolute and delta values) and
100 m front crawl times for any of the transition phases studied
(Table 2). Likewise, no relationship (|r] < 0.6, p > 0.05) was found
between the pre-test skin temperature and post-test heart rate (Supple-
mentary Material-Table 3). Moreover, at the 20 min transition phase,
only a moderate correlation (|r| = 0.77, p = 0.02) was observed between
the pre-test absolute temperature and recovery lactate (Supplementary
Material-Table 4).

1 5 10 15 20

10 min

10 min cond: Dif. with min 1; p<0.001
b 20 min cond: Dif. with min 1; p<0.001

¢ 20 min cond: Dif. with min 5; c: p=0.003; cc: p<0.001

Delta temperature (°C)
w
1

0 T T T T

-~ 20 min

25 30 35 40 45

—— 45 min

d 45 min cond: Dif. with min 1; p<0.001
e 45 min cond: Dif. with min 5; e: p<0.001
f45 min cond: Dif. with min 10; f. p=0.49; ff: p=0.004

1 5 10 15 20

10 min

10 min cond: Dif. with min 1; p<0.001
b 20 min cond: Dif. with min 1; p<0.001
¢ 20 min cond: Dif. with min 5; p<0.001

-&- 20 min
d 45 min cond: Dif. with min 1; p<0.001

e 45 min cond: Dif. with min 5; p<0.001
f45 min cond: Dif. with min 10; f: p=0.49; ff: p=0.009; fff. p<0.001

25 30 35 40 45

—4— 45 min

Fig. 3. Mean =+ SD skin temperature evolution values throughout the three transition phases: absolute temperature (upper panel) and delta temperature (lower

panel). The differences between time instants are also displayed.
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Table 1
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Mean = SD values of first 15 m, each 25 m split and overall 100 m front crawl times, stroke frequency , stroke length , stroke index and propelling efficiency (i7,) at the
different studied transition phases.

10 min 20 min 45 min p value ESd F (df) n?
Time (s)
First 15m 7.36 +0.40 7.47 +£0.55 7.35+0.41 0.16 0.2 (2,16) 2.03 0.20
Partial Time (s)
1% 25m 13.93 +£0.66 14.10+0.71 13.96 +0.70 0.18 0.2 (6,48) 1.45 0.15
27d 25 m 15.60 +0.76 15.58 +0.77 15.54 +0.72 0.21 0.1
39 25m 16.21 +£0.96 16.24 +0.93 16.30 +0.98 0.21 0.1
4% 25m 15.95+1.20 15.96 +1.03 15.74 +0.94 0.50 0.1
Total Time (s)
100 m trial 61.69 + 3.44 61.88 +3.27 61.54 +3.06 0.48 0.1 (2,16) 0.76 0.09
Stroke Frequency (Hz)
15 25m 0.82+0.03 0.82+0.05 0.81 +0.04 0.69 0.3 (6,48) 0.65 0.07
2"d 25m 0.76 + 0.05 0.75 4+ 0.06 0.75 +0.04 0.69 0.2
3925 m 0.74 £ 0.05 0.73 +£0.05 0.74 +£0.04 0.82 0.2
4% 25m 0.73+£0.05 0.74 £ 0.05 0.75 £ 0.06 0.69 0.3
Stroke Length (m)
1% 25m 2.12+0.12 2.06 +£0.17 2.14+0.13 0.26 0.4 (6,48) 1.55 0.16
2"d 25 m 2.09+0.16 2.09+£0.20 2.12+0.12 0.26 0.2
3925m 2.07 £0.16 2.07 £0.18 2.06 £0.18 0.18 0.1
4™ 25m 2.01+0.16 1.96 £0.19 2.00+0.19 0.33 0.3
Stroke Index (Hz)
15 25m 3.68 £0.35 3.50+0.51 3.73+£0.37 0.12 0.5 (6,48) 1.40 0.15
2"d 25m 3.30+0.42 3.26 +0.46 3.374+0.35 0.50 0.3
325 m 3.18+£0.45 3.15+0.40 3.14+£0.44 0.23 0.1
4% 25 m 2.98 +£0.44 2.85+0.43 2.98 £0.40 0.14 0.3
Propelling efficiency (11,) (%)
15t 25m 53.83 +2.78 52.14 +2.83 54.37 +3.58 0.26 0.7 (6,48) 1.49 0.16
2"d 25 m 52.96 +3.63 52.92 +3.88 53.74 £2.97 0.25 0.2
3925m 52.39+3.45 52.48 +3.40 52.20+3.74 0.30 0.1
4™ 25 m 50.99 + 3.09 49.61 +3.83 50.52+3.19 0.40 0.4

ESd: higher effect size observed in the paired comparisons between transition phases.

4. Discussion

This study analyzed skin temperature evolution during 10, 20 and
45 min transition phases that occurred between a standardized warm-up
and a maximum exertion 100 m front crawl, and determined its effect on
swimming performance. A temperature log increase over time (of no
statistical significance between 15 min and the following instants) was
observed with similar behavior (and no differences) between transition
phases. In addition, no performance and psychophysiological differ-
ences were found between transition phases (only the pre-test absolute
and delta skin temperature values were lower at the 10 min than the 20
and 45 min conditions). Finally, no relationship was observed between
pre-test skin temperature and 100 m maximal performance times.

Warm-up routines lead to a body temperature increase, facilitating
muscle metabolism and muscle fiber conduction velocity (Bishop, 2003;
McGowan et al., 2016), but reductions in core temperature during
transition phases (McGowan et al., 2017; Neiva et al., 2017; West et al.,
2013) may mitigate its benefits, reducing athletes’ performance
(McGowan et al., 2017; Mohr et al., 2004). However, in swimming, the
temperature of the skin decreases in the water and increases when
leaving it (Domingues et al., 2017; Galbraith and Willmott, 2018;
Novotny et al., 2015). It was, therefore, hypothesized that swimmers’
skin temperature would increase throughout the transition phases, until
stabilization. In line with our expectations, our data showed an incre-
ment of swimmers’ skin temperature over time and there were no dif-
ferences between the transition phases of different durations.

Previous studies have also found higher skin temperature after a 30
min transition phase but used rewarming strategies (Galbraith and
Willmott, 2018; McGowan et al., 2017; McGowan et al., 2016). The skin
temperature increase that we observed may be due to the fact that water
heat conductivity is 25 times higher than in air (Alexious, 2014), so that
water temperature equalizes body skin temperature just a few minutes
after immersion. During exercise, a skin blood flow vasoconstriction is
expected, which reduces heat transference between the muscle and the
skin, resulting in a higher muscle and, subsequently, core temperature

(Charkoudian, 2003; Tanda, 2018).

When core temperature is too high, heat dissipation mechanisms are
activated increasing skin blood flow. By doing so the high-temperature
gradient between the muscle and the skin causes heat transference be-
tween both tissues (Charkoudian, 2003; Tanda, 2018). For this reason,
skin temperature increases and muscle temperature decreases until
thermal equilibrium is reached. In addition, in the current study, skin
temperature gradually returned to initial values when swimmers got out
of the water after the warm-up, probably also as a consequence of the
vasoconstriction reduction produced by the skin sympathetic nerve
when the water cooling effect diminished (Sawasaki et al., 2001).

The current study is a pioneer in evaluating the skin temperature
time course evolution during transition phases of different durations. A
logarithmic growth, i.e. a fast initial increase followed by a stabilization
after 10 min, was observed with no differences between 15 min and the
following instants. This skin temperature behavior from the end of the
warm-up until the maximum trial is similar to the rewarming process
after skin cold stress application (Priego-Quesada et al., 2020; Sawasaki
et al., 2001). This corroborates the water-cooling effect in swimmers’
skin temperature and emphasizes the relevance of implementing future
studies that aim to relate skin and core temperatures with muscle
physiology under water immersion and swimming warm-up conditions.

Although better swimming performances after shorter transition
phases were observed due to the maintenance of warm-up benefits
(Cuenca-Fernandez et al., 2019; Neiva et al., 2017; West et al., 2013), we
did not detect any difference despite analyzing transition phases of
different durations. Furthermore, the effect sizes between the paired
comparisons were small. This lack of differences seems not to be justified
by: (i) swimmers’ tactics, given that 100 m exertions were similar to
those described previously (Almeida-Coelho et al., 2016; Ribeiro et al.,
2017) and (ii) swimmers demotivation, since they obtained good 100 m
front crawl performances, presenting similar values to the literature for
this particular age (Bond et al., 2015; McGowan et al., 2016) and slightly
lower for swimmers of the subsequent age-group (Almeida-Coelho et al.,
2016; Ribeiro et al., 2015).
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Fig. 4. Mean + SD psychophysiological (heart rate, lactate and rate of perceived exertion - RPE) and absolute and delta skin temperature values in the different

evaluation moments at the 10, 20 and 45 min transition phases.

In addition, the measured HR and [La ] values also evidenced that
the 100 m bouts were performed at high intensity and the RPE scores
indicate a very hard to extremely hard effort perception. Identical psy-
chophysiological values have also been reported in adolescent swim-
mers (Latt et al., 2010; McGowan et al., 2016; Rodriguez et al., 2016),
with the not very high [La™] after short front crawl exertions being
common due to the limited and poorly trained ability of young people to
generate anaerobic energy (Ribeiro et al., 2015; Taylor et al., 2003).

Performance improvements in shorter transition phases have been
attributed to lower HR values immediately before the test (Neiva et al.,
2017; Zochowski et al., 2007). In the current study, the pre-test HR
values among transition phases were similar, indicating that the three
100 m trials started under the same conditions and were not affected by
the different durations of the transition phases. Possibly the specific
characteristics of our swimmers (young swimmers with a medium
competitive level and experience) might justify the data obtained.
Furthermore, our swimmers could have presented better recovery ca-
pacity since they dropped from ~140 to ~100 bpm between the end of
warm-up and before beginning the test regardless of the duration of the
transition phase.

Muscle temperature immediately before the competitive event is also
a key factor in sports performance, specifically in power-based and

sprint exercise modes (Bishop, 2003; McGowan et al., 2016). Due to the
physiological process of heat exchange between muscle and skin
(Charkoudian, 2003; Tanda, 2018), core and skin temperatures can also
be of great interest at this particular time. In the current study, the
pre-test skin temperature was lower at the 10 min than the 20 and 45
min transitions. However, one previous study observed a different
temperature in the shortest transition phase, in this case, finding higher
values because it analyzed core temperature (West et al., 2013). These
differences between transition phases could be due to the longer waiting
time, as because after the warm-up both psychophysiological and tem-
perature variables were similar, indicating that it was carried out with
the same intensity in the three transition phases.

Moreover, since it has been reported an association between a
smaller decline in core temperature during transition phases and
swimming performance improvements (McGowan et al., 2016) has been
reported, we also hypothesized that skin temperature would directly be
related to subsequent performance. However, no relevant relationship
was observed between temperature variables before performance and
the 100 m trial for any of the three transition durations. This could be
explained by the lack of differences in performance variables between
the three transition phases, contrary to what is described in the litera-
ture (Neiva et al., 2017; West et al., 2013; Zochowski et al., 2007).



L. Jimenez-Perez et al.

PRE WARM-UP

ANTERIOR
VIEW

POSTERIOR
VIEW

POST WARM-UP

Journal of Thermal Biology 98 (2021) 102926

PRE TEST POST TEST

35.0°C

25.0°C

Fig. 5. Sequence of thermograms with the different evaluation moments of a swimmer.

Table 2
Relationships between pre-test skin temperature and 100 m front crawl times for
the three transition phases studied.

Absolute temperature Delta temperature

Pre test Pre test
10 min transition phase
100 m trial 10 min r 0.19 -0.29
p 0.63 0.45
20 min transition phase
100 m trial 20 min T 0.57 0.63
p 0.11 0.07
45 min transition phase
100 m trial 45 min r 0.03 —0.01
p 0.95 0.99

Similarly, no correlation was found between pre-test skin tempera-
ture and heart rate after the trial. However, recovery lactate showed a
negative relationship with temperature before the test, only in the 20
min transition phase. This result could show that at higher pre-test skin
temperatures (where a greater warming-up effect has been lost) lower
lactate values are reached, making swimmers unable to perform with
maximum effort. Nevertheless, this idea is only speculation as this
relationship has not been observed in the other two transition phases.
Finally, all these facts provide evidence that skin temperature is not a
good predictor of short swimming events and support the idea that
swimmers’ determinants are multifactorial, including many more vari-
ables than just skin temperature (Latt et al., 2010; Neiva et al., 2017;
Ribeiro et al., 2017).

One limitation of the current study was that core and muscle tem-
peratures were not measured. In fact, it would be interesting to check if
they show an inverse behavior to the one displayed by skin temperature.
Baseline temperature without previous adaptation to the water was also
not measured, so making it impossible to compare to what extent tem-
perature decreases in the water and recovers after the warm-up. How-
ever, the current study also presents some important strengths and
practical applications related to the effect of warm-up on skin temper-
ature and performance. Our results demonstrate, in a quantitative
manner, the behavior of temperature during the transition phases by
establishing the moment at which the effect of warm-up begins to fade.
These results, therefore, could be compared to previous studies that have
analyzed heating garments and additional warm-up exercises (Galbraith

and Willmott, 2018; McGowan et al., 2016; Wilkins and Havenith,
2017), defining the moment from which these strategies would be most
useful.

The small number of participants of the current study and their
characteristics could also have affected the results. Future studies,
therefore, should analyze a larger, older and more experienced sample,
and observe skin temperature behavior whether performance differ-
ences are found between transition phases of different durations. In
addition, longer tests could affect thermal behavior, so further research
should carried out on that issue. Likewise, the study of the thermal map
of the body, focusing on the most active muscle groups in swimming,
would be worthy of analysis. Finally, it would also be interesting to
study this topic specifically using female swimmers, since men and
women present important physiological differences (Wardle, 2017),
particularly regarding body composition, which decisively affects
swimming economy (Fernandes et al., 2005).

5. Conclusions

Swimmers® skin temperature after a standard warm-up increases
rapidly up to the 10 min transition phase after which it tends to stabilize.
Therefore, transition phases longer than 10 min will not bring about
thermal changes related to improved performance. This data suggest
that skin temperature is not a good predictor of performance in short
swimming events in adolescent swimmers.
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