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Thermoregulatory demands of épée fencing during competition
Luke W. Oates a,b, Michael J. Price c, and Lindsay M. Bottoms b

aLondon Sport Institute, Faculty of Science and Technology, Middlesex University, Welwyn, UK; bDepartment of Psychology, Sports and 
Geography, School of Life and Medical Sciences, University of Hertfordshire, Hertfordshire, UK; cCentre for Sport, Exercise and Life Sciences, 
Coventry University, Coventry, UK

ABSTRACT
The International Olympic Committee recently introduced a consensus statement on recommen
dations for outdoor sports in the heat. However, indoor sports such as fencing whereby athletes 
are required to wear full body protective clothing when competing have received no recommen
dations. Such scenarios could cause high thermoregulatory demands particularly as competition 
progresses into latter rounds (direct elimination; DE). Therefore, the aim of this study was to 
determine the thermoregulatory responses of épée fencing across different phases of competition 
(Poule and DE). Seven well-trained fencers competed in a simulated competition comprising of 
seven Poule and seven DE fights. Gastrointestinal temperature (Tgast), skin temperature (Tskin), 
mask temperature (Tmask), heart rate (HR), thermal sensation, differentiated ratings of perceived 
exertion (RPE), and movement characteristics were collected for all fights. There was a moderate 
thermoregulatory demand during Poule rounds shown by post-fight Tgast (38.1 ± 0.4°C), Tskin (34.4  
± 0.7°C), and thermal sensation ratings (6 ± 1). A greater thermoregulatory and perceptual 
demand observed during DE rounds evidenced by Tgast (38.7 ± 0.3°C post fight), Tskin (35.1 ±  
0.7°C), thermal sensation (7 ± 1), increases in Tmask across DE rounds (~1.1°C), and RPE (~15). 
Furthermore, a significant (p < 0.05) reduction in distance covered from DE 1 to DE 7 suggests 
a thermoregulatory based impact on performance. This is the first study demonstrating the 
thermoregulatory demands of épée fencing, highlighting the need to develop heat exertion 
guidelines within fencing.
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Introduction

Many sports have developed heat policies over the 
last 20 years to reduce the incidence of heat related 
injury. In 2022, the International Olympic 
Committee (IOC) has published a consensus state
ment on recommendations and regulations for 
sport events in the heat [1]. Many indoor sports 
though have not considered this issue as there are 
no effects of direct sun light and air conditioning 
may be available. However, many sports venues 
across the world do not have air conditioning 
which could result in increasing high ambient 
temperatures (>30°C). Furthermore, hot indoor 
environments decrease exerciser satisfaction and 
comfort and can have lower air quality [2,3]. 
Olympic sports, such as fencing, where lots of 
thick protective clothing is worn and is performed 
indoors, should consider developing a heat policy 
to protect athletes from heat related injury.

The Olympic sport of fencing poses thermore
gulatory challenges to the body. Firstly, fencing 
competitions can last between 9 and 11 hours [4] 
with multiple fights throughout the day and sub
sequently large amounts of heat production due to 
the high-intensity intermittent activity during 
a fight [5,6]. During a fight it has been shown 
fencing elicits an average heart rate of 86.5 ±  
6.3% [6] with an 80–90% aerobic energy contribu
tion and importance of alactic energy sources for 
high-intensity movements [5,6]. Increased body 
temperature could cause an increased heart rate 
to increase skin blood flow to dissipate heat, thus 
decreasing working muscle blood flow reducing 
oxygen delivery. Furthermore, when exercising 
with hot skin there is an increased percentage of 
maximal oxygen uptake utilised compared to tem
perate conditions [7]. This response could be 
further exaggerated by dehydration [7] due to 
high sweat rates in fencing. Secondly, whilst 
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competing, fencers are covered head to toe in thick 
protective clothing consisting of a protective outer 
jacket made from cloth, a protective under- 
plastron (to protect the vital areas of the upper 
body), breeches, long socks, glove for the sword 
arm, protective chest guard (females only), and 
fencing mask [8]. Furthermore, foil and saber fen
cers wear an additional metallic garment on the 
upper body. This protective clothing limits all heat 
loss mechanisms available to the fencer, with the 
potential to cause high core and skin temperatures 
leading to performance detriments and ultimately 
heat stress. Indeed, Oates et al. (2019) observed 
gastrointestinal temperature (Tgast) of ~38.5°C 
during direct elimination (DE), with some fencers 
reaching Tgast greater than 39°C. However, skin 
temperatures or perceptual measures of tempera
ture were not reported which may provide impor
tant thermoregulatory information. Moreover, it 
has been shown the protective clothing tempera
ture worn by fencers increases during fencing 
activity [9]. Thus, our understanding of the ther
moregulatory responses during fencing is lim
ited [8].

The fencing mask could pose 
a thermoregulatory challenge due to impeding 
a vital source of heat loss from the head [10], 
resulting in increased face temperature which has 
been shown to negatively influence thermal sensa
tion and comfort [11,12]. The fencing protective 
clothing may, therefore, pose challenges to heat 
loss from the body and increase perceptions of 
heat. During longer and high-pressure knockout 
fights (i.e. DE) such responses may be accentuated 
as has been observed in other sports requiring 
protective clothing such as American football, 
motor racing, and ice hockey [13–16]. An impor
tant consideration within fencing is that fencers, 
anecdotally, do not remove protective clothing 
between fights, and this may further impede heat 
loss in the recovery period between fights, and 
cause heat to accumulate in subsequent fights [8]. 
Hot skin temperatures (>35°C) have been pro
posed to impair aerobic performance due to an 
increase in skin blood flow requirements [7,17]. 
Hot skin temperature causes an increased heart 
rate to maintain cardiac output and reduces the 
thermal gradient between core and skin tempera
tures causing heat stress [7].

In addition, the indoor environmental condi
tions can have an impact on performance and 
health during fencing. Hot indoor temperatures, 
high metabolic activity, and clothing requirements 
could cause an increased perception of effort 
resulting in thermal discomfort which could nega
tively influence fencing performance [18,19]. 
Furthermore, it has been discussed that indoor 
air quality can impact performance and health 
during exercise [20]. Indoor air quality decreases 
during high-intensity activity (such as fencing) due 
increased ventilation causing increased levels of 
pollutants which could impact oxygen delivery 
due to increased carboxyhemoglobin within the 
blood [20].

There is a lack of research discussing the ther
moregulatory demands of fencing [8]. Further, due 
to the protective clothing, high-intensity activity, 
and indoor environmental conditions during fen
cing competition, it is important to understand the 
thermoregulatory demands placed on the athletes. 
The aim of this study was to investigate the ther
moregulatory responses of épée fencing during 
competition. This is the first study to explore the 
thermoregulatory responses of fencing which 
could provide useful information to inform future 
heat policies for fencing governing bodies.

Methods

Participants

Seven male well-trained épée fencers free from 
injury volunteered to take part in this study 
which received University ethical approval (Ref: 
aLMS/PGR/UH/02960(2)). All fencers competed 
at a club or international level (ranked within the 
top 65 in Great Britain at the time of testing) with 
participant characteristics shown in Table 1. All 
testing was performed with participants wearing 

Table 1. Participant characteristics (mean ± standard deviation 
(SD)).

Variable Mean ± SD

Age (years) 24.7 ± 10.5
Stature (cm) 181.4 ± 5.6
Body Mass (kg) 81.4 ± 13.3
Fencing (Hours per Week) 6.9 ± 1.6
Strength and Conditioning (Hours per Week) 4.1 ± 3.1
Previous Fencing Experience (years) 10.9 ± 4.6
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their International Fencing Federation approved 
fencing equipment [21]. Before testing all partici
pants provided written informed consent. Due to 
drop out on the day a well-trained female epée 
fencer (Commonwealth Fencing Championship 
fencer) was also recruited to ensure the correct 
number of fights could be completed, but no 
data collected.

Procedures

Participants were required to attend a simulated 
fencing competition with a format of Poule and 
DE rounds using the protocol of Oates et al. 
(2019). Participants were instructed to warm-up 
as they usually would for competition. The Poule 
rounds involved participants competing in seven, 
3-minute bouts or first to 5 points as per typical 
fencing competition rules. If the score was level at 
the end of 3 minutes, an extra minute was added 
to determine the winner. Based upon the results of 
the Poule participants were subsequently seeded 
prior to beginning the DE rounds. Each DE fight 
consisted of 3 × 3-minute bouts or first to 15 
points, as with the Poule fights an extra minute 
was added if the points were even after the 3 × 3 
minutes. In contrast to a standard fencing compe
tition procedure, each participants fought each 
other in the DE phase of the competition rather 
than being eliminated after each fight to provide 
sufficient data for statistical analysis of the DE 
component and to replicate reaching the final of 
a competition. Between the end of Poule 7 and DE 
1 there was a break of 1 hour 35 minutes as per 
most competition scenarios. To invoke 
a competitive element to the fencing protocol 
and ensure maximal effort throughout 
a staggered monetary incentive was given for all 
competition placings (based on the number of 
wins as well as points won and lost) within the 
competition, and a trophy for the winner.

Preliminary measures

A schematic diagram representing the variables 
measured pre, during, and post fight for the 
Poule and DE phases of the simulated competition 
is shown in Figure 1. Body mass was recorded to 
the nearest 0.1 kg using electronic weighing scales 

(Seca Clara 803, Birmingham, UK) pre and post 
Poule and DE phases to estimate sweat loss. 
Participants were instructed to towel dry before 
body mass measurements and wear minimal cloth
ing. All fluid consumed was recorded to determine 
fluid intake. Unfortunately, urine output could not 
be measured, therefore sweat rate could not be 
calculated. One participant did not have fluid 
intake recorded; therefore, six participants’ data 
were used to determine fluid intake. 
Environmental conditions were continuously 
monitored using a wet bulb globe temperature 
monitor (HT30, Extech Instruments, Nashua, 
NH, USA). Environmental conditions for the pro
tocol are shown in Table 2.

Thermoregulatory measures

Gastrointestinal temperature measurements
Upon arrival participants were required to con
sume an ingestible telemetric core temperature 
pill (CorTemp, HQ Inc., Palmetto, FL, USA) at 
least 2 hours before the start of the testing in 
accordance with manufacturer’s instructions. This 
allowed the pill to enter the digestive tract for 
accurate Tgast measurements [22]. During the 
competition, Tgast (°C) was measured pre and 
post Poule 1 and 7 (P1 and P7) and each DE 
fight (DE 1 to DE 7). The change in Tgast 
(ΔTgast) pre and post fight was calculated for P1, 
P7, and all DE fights. One of the participants had 
a contraindication (gastrointestinal disorder) for 
use of the CorTemp pills so had aural temperature 
(Tau) measured using an infrared ear thermometer 
by inserting the thermometer into the auditory 
canal (Braun Thermoscan 6013, Braun, Kronberg, 
Germany).

In-house Intraclass Correlations (ICC) reliabil
ity of the CorTemp pills showed ICC (Standard 
Error of Measurement (SEM)) of 0.947 (0.032), 
0.962 (0.026), 0.901 (0.052) for 36°C, 38°C, and 
41°C, respectively, when comparing two pills using 
a water bath.

Skin and mask temperature measurements
Wireless skin thermochrons (iButtons DS1992L, 
Maxim Integrated Products Inc., San Jose, CA, 
USE, resolution 0.0625°C) were attached to the 
participants on the following sites: biceps, chest, 
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thigh, and calf to calculate mean skin temperature 
(Tskin). A further thermochron was placed inside 
the top of the fencing mask to measure fencing 
mask temperature (Tmask). This was to give an 
indication of whether there was a difference in 
head temperature compared to the environment 
which may impact thermal sensation. Prior to 
placing the thermochrons on the participants 
they were programmed following manufacture 
instructions. Each thermochron’s real-time clock 
was time synchronized with that of the computer 
and set to a resolution of 0.0625°C and set to 

record every 15 seconds during the testing. Mean 
skin temperature was calculated using the formula 
of [23], where:

Tskin¼ 0:3� Chestþ Bicepsð Þþ0:2� Thighþ Calfð Þ

Mean skin temperature was calculated for the fol
lowing time points 1-minute pre and the 
final minute (post Tskin) of P1, P7, and all DE 
fights. Core to skin temperature gradient was cal
culated by subtracting post Tskin from post fight 
Tgast at the same time points. Mask temperature 
was recorded at the same timepoints as skin 

Figure 1. Schematic diagram representing variables measured and calculated pre, during and post fight for the Poule and DE phases 
of the simulated competition. DE = direct elimination, RPE = ratings of perceived exertion.

Table 2. Environmental conditions during the competition pro
tocol (mean ± SD).

Variable Poule DE

Indoor Air Temperature (°C) 25.6 ± 0.9 29.1 ± 0.7
Globe Temperature (°C) 25.3 ± 0.9 29.0 ± 0.7
Relative Humidity (%) 53.6 ± 1.1 45.4 ± 2.4

DE = direct elimination. 
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temperature. The change in Tmask (ΔTmask) was 
calculated by subtracting the first minute Tmask 

from the last minute Tmask for P1, P7, and all DE 
fights. Mean skin temperature was determined as 
cold/cool (<30°C), warm (30–34.9°C), and hot 
(>35°C) based upon Sawka et al. (2012).

In house reliability using a water bath showed 
excellent reliability (ICC (SEM), reported as mean 
ICC ± SD for all iButtons) between 6 iButtons and 
traditional wired skin thermistors (EUS- K-N5-3, 
Grant Instruments Ltd., Cambridge, UK, resolu
tion 0.1°C) of 0.977 ± 0.004, 0.768 ± 0.043, 0.817 ±  
0.034, 0.926 ± 0.010, and 0.884 ± 0.032 at 26°C, 
32°C, 36°C, 38°C, and 41°C, respectively. The 
iButtons also showed excellent reliability (reported 
as ICC (SEM)) when compared to each other with 
ICC of 0.995 (0.061), 0.988 (0.085), 0.986 (0.088), 
0.995 (0.092), and 0.983 (0.113) at 26°C, 32°C, 
36°C, 38°C, and 41°C, respectively.

Heat storage
Heat storage was calculated for P1, P7, and all DE 
fights using the equation of Havenith et al. (1995), 
where:

Heat Storage J:g� 1� �
¼ 0:8 � Tgast þ 0:2 � Tskinð Þ

� Cb 

where ΔTgast ¼ Post Tgast � Pre Tgast for each fight, 
ΔTskin ¼ Post Tskin � Pre Tskin for each fight, and 
Cb is the specific heat of body tissues (3.49 J.g−1. 
°C−1) [24].

Heart rate and movement data

Participants were fitted with a heart rate monitor 
and athlete-tracking system just below the chest 
(Polar Team Pro 2, Polar Electro, Kempele, 
Finland). Heart rate (HR) was recorded at 1 Hz, 
and movement data were recorded using a tri-axial 
accelerometer, gyroscope, and digital compass- 
based system recording at 200 Hz. Maximum HR 
was determined in the software based upon the 
participant’s age predicted maximum heart rate 
(HRAPM) and was calculated as 208-(0.7*age) [25] 
which has been shown to have greater accuracy 
than other predictive methods [26]. Both absolute 
HR (beats.min−1) and relative HR (%HRAPM) as 
well as average HR (HRav) and maximum HR 

(HRmax) for P1, P7, and all DE fights were 
recorded. Distance covered (m) and distance cov
ered per minute (m.min−1) during P1, P7, and all 
DE fights were also calculated.

Blood lactate and glucose concentrations

Blood lactate and glucose concentrations were 
measured from 10 μl fingertip capillary blood sam
ples on the non-sword arm. Blood lactate and 
glucose concentrations were then measured in 
duplicate using a Biosen C-Line lactate analyzer 
which was calibrated following manufacturer 
instructions using 12.0 mmol.L−1 calibration stan
dard (Biosen C-Line, Ekf Diagnostics, Cardiff, 
UK). The Biosen-C line has been reported to 
have a coefficient of variation of <3% [27]. 
Capillary blood samples were collected at baseline, 
post P1, post P7, and post DE after every other 
round, i.e. DE fights 1, 3, 5, and 7 (Figure 1). 
Capillary blood samples at baseline were collected 
after a minimum of 10 minutes seated rest. Post 
fight capillary blood samples were collected within 
3 minutes of the fight terminating.

Perceptual measurements

Differentiated ratings of perceived exertion (RPE) 
were recorded using the Borg 6–20 category scale 
[28,29]. Participants subjectively rated exertion for 
their arms (RPEA), legs (RPEL), and overall 
(RPEO) which have been used previously in fen
cing [30]. Subjective ratings of thermal sensation 
were recorded using a 9 point category scale [31]. 
Differentiated RPE and thermal sensation were 
collected immediately post fight for P1, P7, and 
all DE fights (Figure 1).

Statistical analysis

Data are presented as mean ± SD with 95% con
fidence intervals (95% CI), unless stated otherwise. 
Data were analyzed using a statistical software 
package (SPSS version 25, IBM, Armonk, NY, 
USA). Statistical significance was set a priori p <  
0.05. Data were checked for normality using the 
Shapiro–Wilk test.

Paired Students t-test analysis was undertaken 
to compare pre Tgast and Tskin between P1 and 
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DE 1 to determine if participants Tgast and Tskin 
had returned to baseline levels and whether DE 
performance was potentially impacted by heat 
production in the Poule rounds. There was no 
significant differences between pre P1 and pre 
DE 1 in Tgast (37.7 ± 0.4°C vs. 37.7 ± 0.2°C; p =  
0.994, ES = 0.00) or Tskin (34.4 ± 0.5°C vs. 34.0 ±  
0.5°C; p = 0.213, ES = −0.77). Therefore, the Poule 
and DE were analyzed separately. To determine 
thermoregulatory and physiological responses 
during the Poule rounds paired-Students t-test 
analysis was also carried out to compare: Tgast, 
Tskin, Tmask, thermal sensation, differentiated 
RPE, HR, blood lactate concentration, blood glu
cose concentration, heat storage, distance cov
ered, and core to skin temperature gradient 
between P1 and P7. Paired-Students t-test analy
sis was also conducted to compare body mass 
across Poule (pre P1 and Post P7) and DE (Pre 
DE 1 and Post DE 7) rounds. Effect sizes (ES) 
were calculated using Cohen’s d [32] and consid
ered to be trivial (ES < 0.20), small (0.21–0.60), 
moderate (0.61–1.20), large (1.21–2.00), or very 
large (ES > 2.00) [33].

To determine the thermoregulatory and phy
siological response across the DE rounds one-way 
repeated measures analysis of variance (ANOVA) 
tests were performed for: Tgast, Tskin, Tmask, ther
mal sensation, differentiated RPE, HR, blood lac
tate concentration, blood glucose concentration, 
heat storage, distance covered, and core to skin 
temperature gradient. For ANOVA analysis par
tial eta squared (η2) effect sizes [32] were calcu
lated considered to be small (η2 0.10–0.24), 
moderate (η2 0.25–0.39), and large (η2 

>0.40) [32].

Results

Body mass

There was no significant difference between body 
mass pre Poule and post Poule (81.4 ± 13.2 kg vs. 
81.2 ± 13.4 kg; p = 0.248, ES = 0.02). There was 
a significantly lower body mass post DE 7 than 
pre DE 1 (81.0 ± 13.3 kg vs. 81.5 ± 13.2 kg; p =  
0.015, ES = 0.04). Average fluid intake during the 
competition was 2.4 ± 1.4 L (n = 6; range 1.1– 
4.3 L).

Thermoregulatory and physiological responses 
during poule rounds

There was a significantly greater (p < 0.05) pre 
fight Tgast, post fight Tgast, post fight Tmask, in P7 
compared to P1 (Table 3). There was 
a significantly lower (p < 0.05) blood lactate con
centration and distance covered per minute in P7 
compared to P1 as shown in Table 3. There were 
no other significant differences (p > 0.05) for ther
moregulatory or physiological responses between 
P1 and P7 (Table 3).

Thermoregulatory and physiological responses 
during DE rounds

There was a significant difference (p = 0.002, η2 =  
0.567) determined for Tgast pre fight during the DE 
rounds, Figure 2. There was a lower pre fight Tgast 
in DE 1 than DE 2 (p = 0.022), DE 3 (p = 0.006), 
and DE 7 (p = 0.007). There was also a greater pre 
fight Tgast in DE 3 than DE 6 (p = 0.011). There 
were no other significant differences determined 
for pre fight Tgast during the DE rounds. Further, 
there was a significant difference (p = 0.035, η2 =  
0.439) determined for Tgast post fight during the 
DE rounds, Figure 2. There was a greater post 
fight Tgast in DE 2 than DE 1 (p = 0.025), and DE 
7 (p = 0.018). There were no other significant dif
ferences determined for post fight Tgast during the 
DE rounds.

There was a significant difference (p < 0.001, η2  

= 0.557) determined for Tskin pre fight during the 
DE rounds, Figure 3. There was a greater pre fight 
Tskin in DE 2 than DE 1 (p = 0.002), and DE 7 (p =  
0.025). There were no other significant differences 
determined for pre fight Tskin during the DE 
rounds. There was also a significant difference (p  
< 0.001, η2 = 0.682) determined for post fight Tskin 
during the DE rounds, Figure 3. There was 
a greater post fight Tskin in DE 1 than DE 6 (p =  
0.016). There was also greater post fight Tskin in 
DE 2 than DE 4 (p < 0.001), DE 5 (p = 0.022), DE 6 
(p = 0.020), and DE 7 (p = 0.010). There were no 
other significant differences determined for 
last minute fight Tskin during the DE rounds.

There was a significant difference (p < 0.001, η2  

= 0.760) determined for post fight Tmask during the 
DE rounds (Figure 4). There was a lower post fight 
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Tmask in DE 1 than DE 6 (p = 0.012), and DE 7 (p  
= 0.049). There was also a lower post fight Tmask in 
DE 2 than DE 4 (p = 0.009), DE 5 (p = 0.025), DE 6 
(p = 0.028), and DE 7 (p = 0.008). Moreover there 
was a lower post fight Tmask in DE 3 than DE 6 (p  
= 0.009) and DE 7 (p = 0.043). There were no other 
significant differences determined for post fight 
Tmask during the DE rounds.

Table 4 shows thermoregulatory and physiolo
gical responses during DE rounds. There was 
a significant difference (p < 0.001, η2 = 0.644) 
determined for core to skin temperature gradient 
during the DE rounds. Post hoc analysis could 
not determine where the difference for core to 

skin temperature occurred. There was 
a significant difference (p = 0.004, η2 = 0.396) 
determined for heat storage during the DE 
rounds. There was a greater heat storage in DE 
1 than DE 3 (p = 0.016) and DE 6 (p = 0.017). 
There were no other significant differences deter
mined for heat storage during DE rounds. There 
was a significant difference (p = 0.026, η2 = 0.315) 
determined for distance covered during the DE 
rounds. Post hoc analysis could not determine 
where the difference for distance covered 
occurred. There were no significant differences 
(p > 0.05) determined for thermal sensation, 
HRav, HRmax, blood lactate concentration, fight 

Table 3. Thermoregulatory, physiological, and perceptual responses, and movement characteristics between P1 
and P7 (mean ± SD (95%CI)).

Variable P1 P7 P value Effect Size

Thermoregulatory Responses

Pre Tgast (°C) 37.6 ± 0.4 
(37.3, 38.0)

38.3 ± 0.2 
(38.2, 38.5)

0.003 2.25

Post Tgast (°C) 37.9 ± 0.2 
(37.7, 38.0)

38.7 ± 0.1 
(38.5, 38.8)

<0.001 4.90

Pre Tskin (°C) 34.3 ± 0.5 
(33.9, 34.7)

34.6 ± 0.7 
(34.0, 35.3)

0.081 0.59

Post Tskin (°C) 34.0 ± 0.6 
(33.5, 34.6)

34.4 ± 0.7 
(33.8, 35.1)

0.223 1.03

Post Tmask (°C) 26.4 ± 0.4 
(26.0, 26.8)

27.4 ± 0.7 
(26.7, 28.0)

0.015 1.68

Core to Skin Temperature Gradient (°C) 3.9 ± 0.6 
(3.3, 4.4)

3.9 ± 0.8 
(3.2, 4.6)

0.961 0.04

Heat Storage (J.g−1) 0.6 ± 0.8 
(−0.8, 1.3)

0.2 ± 0.9 
(−0.6, 1.1)

0.213 0.46

Thermal Sensation 5.5 ± 0.5 
(5.0, 6.0)

6.0 ± 1.0 
(5.0, 6.5)

0.356 0.69

Physiological Responses

HRav (% HRAPM) 86.6 ± 5.2 
(81.7, 91.4)

85.4 ± 8.1 
(77.9, 92.9)

0.685 0.18

HRmax (%HRAPM) 93.9 ± 4.2 
(90.0, 97.8)

92.4 ± 8.7 
(84.3, 100.5)

0.659 0.22

Blood Lactate Concentration (mmol.L−1) 3.5 ± 1.6 
(2.1, 4.9)

2.3 ± 1.3 
(1.1, 3.5)

0.006 0.82

Blood Glucose Concentration (mmol.L−1) 4.9 ± 0.5 
(4.4, 5.4)

5.7 ± 0.8 
(5.0, 6.4)

0.074 1.24

Perceptual Responses and Movement Characteristics

RPEA 10 ± 3 
(7, 14)

12 ± 2 
(10, 14)

0.467 0.78

RPEL 12 ± 2 
(10,13)

13 ± 2 
(11, 14)

0.231 0.50

RPEO 13 ± 2 
(12, 15)

13 ± 1 
(12, 14)

0.736 0.00

Distance (m) 353 ± 82 
(277, 429)

230 ± 110 
(129, 332)

0.023 1.27

Distance per minute (m.min−1) 83 ± 19 
(65, 100)

79 ± 14 
(67, 92)

0.573 0.24

P = Poule, Tgast = Gastrointestinal temperature, Tskin = Mean skin temperature, Tmask = Mask temperature, HRav = Average heart 
rate, HRmax = Maximum heart rate, HRAPM = Age predicted maximum heart rate, RPEA = Ratings of perceived exertion for the 
arms, RPEL = Ratings of perceived exertion for the legs, RPEO = Overall ratings of perceived exertion. 
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Figure 2. Gastrointestinal temperature (°C) during DE rounds (mean ± SD).
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2 (p < 0.05). DE = direct elimination.

33.0

33.5

34.0

34.5

35.0

35.5

36.0

36.5

37.0

Pre DE 1 LM DE 1 Pre DE 2 LM DE 2 Pre DE 3 LM DE 3 Pre DE 4 LM DE 4 Pre DE 5 LM DE 5 Pre DE 6 LM DE 6 Pre DE 7 LM DE 7

M
ea
n
S
ki
n
Te
m
pe
ra
tu
re
(°
C
)

Round

+‡

*

*

‡ ‡ ‡

Figure 3. Mean skin temperature (°C) during DE rounds (mean ± SD).
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duration, RPEA, RPEL, and RPEO during DE 
rounds as shown in Table 4.

There was a significant difference (p < 0.001, η2 =  
0.760) determined for distance covered per minute 
during the DE rounds, Figure 5. Post hoc analysis 
could not determine where the difference occurred.

Discussion

This is the first study to explore in detail the 
thermoregulatory responses of épée fencing. The 
key findings of this study indicated a moderate 
thermoregulatory response during Poule rounds 
with a subsequently greater thermoregulatory 
response during DE rounds. This study indicated 
that the earlier DE rounds produced a greater 
thermal load as evidenced by greater Tgast, Tskin, 
and a greater physical load as evidenced by greater 
distance covered than in later DE rounds.

During Poule rounds there was a moderate 
thermoregulatory response observed with Tgast 
post fight ~38.7°C and Tskin recorded as warm 
(~34.4°C) post P7. Furthermore, there was 

a consistent core to skin temperature gradient in 
P1 and P7 (~3.9°C) and thermal sensation was 
rated as warm to hot. Although, there were greater 
Tgast recorded for Poule fights in this study than 
Oates et al. (2019) (~37.6°C) there were similar 
physiological, physical, and perceptual responses 
(i.e. heart rate, rating of perceived exertion and 
distance covered). There is likely to be 
a moderate thermoregulatory response in Poule 
fights due to the short duration of the fights (~3  
minutes). The greater temperature during this 
study (indoor air temperature 25–29°C vs  
~19.5°C) could have accounted for some of the 
differences in Tgast, however it is unclear as to 
what fully caused the differences in Tgast between 
this study and Oates et al. (2019).

During DE rounds there was a greater thermo
regulatory strain particularly in initial DE rounds. 
Post fight Tgast was greater than 38.6°C from DE 2 
onwards with peaks of ~ 38.9°C in DE 2 with some 
participants eliciting Tgast greater than 39.0°C. 
Furthermore, pre fight Tgast was over 38.2°C 
from DE 2 onwards and did not decrease between 
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Figure 4. Mask temperature (°C) during DE rounds (mean ± SD).
*= significant difference to DE 1 (p < 0.05), + = significant difference to DE 2 (p < 0.05), ‡ = significant difference to DE 3 (p < 0.05). 
DE = direct elimination.
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fights toward pre DE 1 values. As with Poule fights 
Tgast during the DE were greater in the current 
study than those reported by Oates et al. (2019) 
(post fight Tgast ~38.3). During the initial DE 
rounds mean skin temperature was also classified 
as hot with Tskin during the last minute of the fight 
being above 35.0°C for DE 1 to DE 4. The high 
skin temperatures recorded resulted in narrow 
core to skin temperature gradients which could 
cause increased skin blood flow requirements to 
dissipate heat and impact fencing performance [7]. 
Interestingly, there was a decreased Tskin in latter 
DE rounds, this could be due to less distance 
covered and decreased fight times being recorded 
and thus reduced heat production. Furthermore, 
dehydration during DE fights may have further 
impacted performance through changes in blood 
volume, increased heart rate, perception of effort 
and body temperature [34]. Therefore, perfor
mance may have been impacted due to increased 
heat strain from earlier DE rounds impacting deci
sion making causing more mistakes to be made by 
the participants. This is hypothetical and further 
research should examine this hypothesis. Despite 
decreased distance covered, fight time and Tskin 
perceptions of thermal sensation (7.0 – very hot) 
and ratings of perceived exertion (RPEO – hard) 
were similar throughout the DE rounds. This 

could have been impacted by greater body tem
peratures in early DE rounds affecting the percep
tual responses of heat by the participants, as seen 
in exercise in indoor sports [18]. Therefore, cool
ing interventions during DE rounds or prior to DE 
fights may be beneficial to reduce the thermoregu
latory, and perceptual responses to fencing, and 
could have performance benefits as seen in other 
sports [35–37].

This study was performed in the month of 
July with ambient temperature ~29.0°C. This 
study was performed in one of the biggest fen
cing salles in the UK and there is no air con
ditioning, which is commonplace in local, 
national, and international competitions. In the 
summer of 2022, environmental temperatures in 
the UK reached 40°C which will have led to high 
indoor temperatures. Importantly, the tempera
ture inside the venue increased over the dura
tion of the competition. As shown from this 
study, Tgast is already increased to near 39°C 
with Tskin >35°C, therefore, hotter and more 
humid environmental conditions in other coun
tries could lead to much greater heat stress 
within fencing venues. Moreover, it has been 
shown that environmental conditions can 
impact indoor performance particularly in 
sports with a high metabolic rate [18,20]. 
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Figure 5. Distance per minute (m.min−1) during the DE rounds (mean ± SD). DE = direct elimination.
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A combination of the high indoor temperature 
and lower air quality could have affected per
ceptual and physiological responses impacting 
upon fencing performance. Furthermore, fencing 
also poses a thermoregulatory challenge with 
multiple protective clothing layers covering the 
whole body which further limits the body’s abil
ity to dissipate heat which could be an issue in 
hotter and more humid environments. This 
study has highlighted the need for further 
research to be undertaken to inform heat policy 
for the sport as seen in other sports [1]. This 
could include assessing historical environmental 
conditions at competition to replicate hot and 
humid environments within research studies to 
determine the thermoregulatory responses, 
potential health consequences, and performance 
impact within fencing. Furthermore, monitoring 
fencers physiological and thermoregulatory 
responses during competition could enable 
appropriate cooling strategies to be implemen
ted. Heat policies should provide information 
for competition organisers, athletes, medical 
staff, and heat risk analysis for fencing competi
tions [1].

As with all research studies, the current study 
has a number of limitations. Firstly, only seven 
participants were recruited and with the simu
lated competition design it is difficult to create 
a true competitive environment without recruit
ing in multiples of 8. Nevertheless, the partici
pants were representative of typical competitors 
at national and international events. 
Furthermore, only male participants were 
recruited, and the results may not be applicable 
to female fencers due to differences in thermo
regulatory responses [38]. Future research 
should examine thermoregulatory responses in 
female fencers. Although, the DE component of 
the competition did not eliminate competitors 
per se, the design did allow for a complete 
data set to be evaluated over the entire competi
tion. As a result, this study has provided an 
insight into the unique thermoregulatory 
responses of fencing competition. Furthermore, 
this study used well-trained participants, how
ever for most fencing competitions there will be 
a range of different abilities and ages (~13-70+). 
Previous research has shown younger and older 

age groups are more prone to heat-related issues 
[39,40]. Secondly, the study was conducted 
within épée and the responses observed may 
not transfer to foil and saber disciplines. 
Within these weapons there is a requirement to 
wear an extra metallic garment to enable the 
scoring system which could add further heat 
stress. Finally, this study did not determine 
how specific fencing performance indicators 
may have been impacted during the competition 
and future research should incorporate methods 
to assess such performance measures such as 
cognitive function tests or fencing specific tests 
between fights such as those used previously 
[41,42].

Conclusions

Overall, this study determined the thermoregula
tory responses to épée fencing during simulated 
competition. Within this study it was shown Tgast 

~39°C, Tskin >35°C and potential dehydration dur
ing DE rounds with participants’ thermal sensa
tion rated very hot (7.0) even with decreasing 
Tskin, fight time and distance covered in latter DE 
rounds. During this study, indoor air temperature 
was ~29°C and relative humidity ~50%. With the 
current challenges of climate change and fencing 
competitions taking place in venues or countries 
with significantly greater environmental condi
tions many fencing competitions could face con
siderably greater thermal stress than in the current 
study. Thus, the risk of heat stress could be 
increased with the associated health complications, 
particularly in younger and older competitors. The 
current study, therefore, highlights the need for 
research to inform a heat policy for the sport of 
fencing with future research also focussing upon 
cooling interventions.

Acknowledgments

The authors would like to thank Camilla Holland and Daniel 
Muniz-Pumares for their assistance with data collection at 
the competition. The authors would like to thank the Leon 
Paul Fencing Centre for allowing the research to be con
ducted there.

12 L. W. OATES ET AL.



Disclosure statement

No potential conflict of interest was reported by the author(s).

List of abbreviations

95% CI 95% confidence intervals
ANOVA Analysis of Variance
DE Direct Elimination
ES Effect size
HR Heart rate
HRAPM Age predicted maximum heart rate
HRav Average heart rate
HRmax Maximum heart rate
ICC Intraclass Correlations
IOC International Olympic Committee
P Poule
RPE Ratings of perceived exertion
RPEA Ratings of perceived exertion for the arms
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RPEO Overall ratings of perceived exertion
SD Standard deviation
SEM Standard error of measurement
Tgast Gastrointestinal temperature
Tmask Mask temperature
Tskin Mean skin temperature

ORCID

Luke W. Oates http://orcid.org/0000-0002-0264-3347
Michael J. Price http://orcid.org/0000-0003-4274-0624
Lindsay M. Bottoms http://orcid.org/0000-0003-4632-3764

References

[1] Racinais S, Hosokawa Y, Akama T, et al. IOC consen
sus statement on recommendations and regulations for 
sport events in the heat. Br J Sports Med. 2022;57 
(1):8–25. doi: 10.1136/bjsports-2022-105942

[2] Zhang D, Ortiz MA, Bluyssen PM. A review on indoor 
environmental quality in sports facilities: indoor air 
quality and ventilation during a pandemic. Indoor 
Built Environ. 2023;32(5):831–851. doi: 10.1177/ 
1420326X221145862

[3] Huang X, Chen G, Zhao C, et al. Post occupancy 
evaluation of indoor environmental quality of sports 
buildings at hot and humid climate from the perspec
tive of exercisers. Build Environ. 2022;226:109760. doi:  
10.1016/j.buildenv.2022.109760

[4] Roi GS, Bianchedi D. The science of fencing: implica
tions for performance and injury prevention. Sports 
Med. 2008;38(6):465–481. DOI:10.2165/00007256- 
200838060-00003

[5] Yang WH, Park JH, Shin YC, et al. Physiological pro
filing and energy system contributions during 

simulated epée matches in elite fencers. Int J Sports 
Physiol Perform. 2022;17(6):943–950. doi: 10.1123/ 
ijspp.2021-0497

[6] Oates LW, Campbell IG, Iglesias X, et al. The physio
logical demands of elite epée fencers during competi
tion. Int J Perform Anal Sport. 2019;19(1):76–89. doi:  
10.1080/24748668.2018.1563858

[7] Sawka MN, Cheuvront SN, Kenefick RW. High skin 
temperature and hypohydration impair aerobic 
performance. Exp Physiol. 2012;97(3):327–332. doi:  
10.1113/expphysiol.2011.061002

[8] Oates LW, Price MJ, Bottoms LM. Physiological 
demands of fencing: a narrative review. J Elite Sport 
Perform. 2023;3:1–9.

[9] Lamberti G, Leccese F, Salvadori G, et al. Effect of 
exercise on athletes performing in fencing uniforms: 
methodology and preliminary results of the use of 
infrared thermography to detect the thermal behaviour 
of fencers. Appl Sci. 2020;10(9):1–16. doi: 10.3390/ 
app10093296

[10] Rasch W, Samson P, Cote J, et al. Heat loss from the 
human head during exercise. J Appl Physiol. 1991;71 
(2):590–595. doi: 10.1152/jappl.1991.71.2.590

[11] Flouris AD, Schlader ZJ. Human behavioral thermore
gulation during exercise in the heat. Scand J Med Sci 
Sports. 2015;25(S1):52–64. DOI:10.1111/sms.12349

[12] Schlader ZJ, Simmons SE, Stannard SR, et al. The 
independent roles of temperature and thermal percep
tion in the control of human thermoregulatory 
behavior. Physiol Behav. 2011;103(2):217–224. doi: 10. 
1016/j.physbeh.2011.02.002

[13] Davis JK, Baker LB, Barnes K, et al. Thermoregulation, 
fluid balance, and sweat losses in American football 
players. Sports Med. 2016;46(10):1391–1405. doi: 10. 
1007/s40279-016-0527-8

[14] Carlson LA, Ferguson DP, Kenefick RW. Physiological 
strain of stock car drivers during competitive racing. 
J Therm Biol. 2014;44:20–26. doi: 10.1016/j.jtherbio. 
2014.06.001

[15] Brearley M, Finn JP. Responses of motor-sport athletes 
to v8 supercar racing in hot conditions. Int J Sports 
Physiol Perform. 2007;2(2):182–191. doi: 10.1123/ijspp. 
2.2.182

[16] Launstein ED, Miller KC, O’Connor P, et al. American 
football uniforms elicit thermoregulatory failure during 
a heat tolerance test. Temperature. 2021;8(3):245–253. 
doi: 10.1080/23328940.2020.1855958

[17] Ely BR, Cheuvront SN, Kenefick RW, et al. Aerobic 
performance is degraded, despite modest hyperthermia, 
in hot environments. Med Sci Sports Exerc. 2010;42 
(1):135–141. doi: 10.1249/MSS.0b013e3181adb9fb

[18] Fantozzi F, Lamberti G. Determination of thermal 
comfort in indoor sport facilities located in moderate 
environments: An overview. Atmosphere (Basel). 
2019;10(12). doi: 10.3390/atmos10120769

[19] Piil JF, Kingma B, Morris NB, et al. Proposed framework 
for forecasting heat-effects on motor-cognitive 

TEMPERATURE 13

https://doi.org/10.1136/bjsports-2022-105942
https://doi.org/10.1177/1420326X221145862
https://doi.org/10.1177/1420326X221145862
https://doi.org/10.1016/j.buildenv.2022.109760
https://doi.org/10.1016/j.buildenv.2022.109760
https://doi.org/10.2165/00007256-200838060-00003
https://doi.org/10.2165/00007256-200838060-00003
https://doi.org/10.1123/ijspp.2021-0497
https://doi.org/10.1123/ijspp.2021-0497
https://doi.org/10.1080/24748668.2018.1563858
https://doi.org/10.1080/24748668.2018.1563858
https://doi.org/10.1113/expphysiol.2011.061002
https://doi.org/10.1113/expphysiol.2011.061002
https://doi.org/10.3390/app10093296
https://doi.org/10.3390/app10093296
https://doi.org/10.1152/jappl.1991.71.2.590
https://doi.org/10.1111/sms.12349
https://doi.org/10.1016/j.physbeh.2011.02.002
https://doi.org/10.1016/j.physbeh.2011.02.002
https://doi.org/10.1007/s40279-016-0527-8
https://doi.org/10.1007/s40279-016-0527-8
https://doi.org/10.1016/j.jtherbio.2014.06.001
https://doi.org/10.1016/j.jtherbio.2014.06.001
https://doi.org/10.1123/ijspp.2.2.182
https://doi.org/10.1123/ijspp.2.2.182
https://doi.org/10.1080/23328940.2020.1855958
https://doi.org/10.1249/MSS.0b013e3181adb9fb
https://doi.org/10.3390/atmos10120769


performance in the Summer Olympics. Temperature. 
2021;8(3):262–283. doi: 10.1080/23328940.2021.1957367

[20] Andrade A, Dominski FH. Indoor air quality of envir
onments used for physical exercise and sports practice: 
systematic review. J Environ Manage. 
2018;206:577–586. doi: 10.1016/j.jenvman.2017.11.001

[21] International fencing federation. Rules for competi
tions. 2019. p. 1–90.

[22] Notley SR, Meade RD, Kenny GP. Time following inges
tion does not influence the validity of telemetry pill 
measurements of core temperature during exercise-heat 
stress: The journal Temperature toolbox. Temperature. 
2021;8(1):12–20. doi: 10.1080/23328940.2020.1801119

[23] Ramanathan NL. A new weighting system for mean sur
face temperature of the human body. J Appl Physiol. 
1964;19(3):531–533. doi: 10.1152/jappl.1964.19.3.531

[24] Havenith G, Inoue Y, Luttikholt V, et al. Age predicts 
cardiovascular, but not thermoregulatory, responses to 
humid heat stress. Europ J Appl Physiol. 1995;70 
(1):88–96. doi: 10.1007/BF00601814

[25] Tanaka H, Monahan KD, Seals DR. Age-predicted max
imal heart rate revisited. J Am Coll Cardiol. 2001;37 
(1):153–156. doi: 10.1016/S0735-1097(00)01054-8

[26] Roy S, Mccrory J. Validation of maximal heart rate 
prediction equations based on sex and physical activity 
status. Int J Exerc Sci. 2015;8(4):318–330.

[27] Ekf Diagnostics. [cited 2024 Jul 30]. Available from: 
https://www.ekfdiagnostics.com/biosen-analyzer.html

[28] Borg G. Psychophysical bases of perceived exertion. 
Med Sci Sports Exerc. 1982;14(5):377–381. doi: 10. 
1249/00005768-198205000-00012

[29] Borg G. Borg’s perceived exertion and pain scales. 
Champaign, IL: Human Kinetics; 1998.

[30] Bottoms L, Sinclair J, Rome P, et al. Development of a lab 
based epee fencing protocol. Int J Perform Anal Sport. 
2013;13(1):11–22. doi: 10.1080/24748668.2013.11868628

[31] Young AJ, Sawka MN, Epstein Y, et al. Cooling differ
ent body surfaces during upper and lower body 
exercise. J Appl Physiol. 1987;63(3):1218–1223. 
DOI:10.1152/jappl.1987.63.3.1218

[32] Cohen J. Statistical power analysis for the behavioral 
sciences. 2nd ed. Hillsdale (NJ): Lawrence Erlbaum 
Associates, Inc; 1988.

[33] Hopkins WG, Marshall SW, Batterham AM, et al. 
Progressive statistics for studies in sports medicine 
and exercise science. Med Sci Sports Exerc. 2009;41 
(1):3–12. doi: 10.1249/MSS.0b013e31818cb278

[34] Akerman AP, Tipton M, Minson CT, et al. Heat stress 
and dehydration in adapting for performance: Good, 
bad, both, or neither? Temperature. 2016;3(3):412–436. 
doi: 10.1080/23328940.2016.1216255

[35] Gibson OR, James CA, Mee JA, et al. Heat alleviation 
strategies for athletic performance: A review and prac
titioner guidelines. Temperature. 2020;7(1):3–36. doi:  
10.1080/23328940.2019.1666624

[36] Bongers CCWG, Hopman MTE, Eijsvogels TMH. 
Cooling interventions for athletes: An overview of 
effectiveness, physiological mechanisms, and practical 
considerations. Temperature. 2017;4(1):60–78. doi: 10. 
1080/23328940.2016.1277003

[37] Donnan KJ, Williams EL, Bargh MJ. The effectiveness 
of heat preparation and alleviation strategies for cog
nitive performance: A systematic review. Temperature. 
2023;10(4):404–433. doi: 10.1080/23328940.2022. 
2157645

[38] Yanovich R, Ketko I, Charkoudian N. Sex differences 
in human thermoregulation: relevance for 2020 and 
beyond. Physiol (Bethesda). 2020;35(3):177–184. doi:  
10.1152/physiol.00035.2019

[39] Millyard A, Layden JD, Pyne DB, et al. Impairments to 
thermoregulation in the elderly during heat exposure 
events. Gerontol Geriatr Med. 2020;6:233372142093243. 
doi: 10.1177/2333721420932432

[40] Smith CJ. Pediatric thermoregulation: considerations 
in the face of global climate change. Nutrients. 
2019;11(9):11. doi: 10.3390/nu11092010

[41] Turner A, Marshall G, Phillips J, et al. Physical char
acteristics underpinning repetitive lunging in fencing. 
J Strength Cond Res. 2016;30(11):3134–3139. doi: 10. 
1519/JSC.0000000000001402

[42] Turner A, Bishop C, Chavda S, et al. Physical charac
teristics underpinning lunging and change of direction 
speed in fencing. J Strength Cond Res. 2016;30 
(8):2235–2241. doi: 10.1519/JSC.0000000000001320

14 L. W. OATES ET AL.

https://doi.org/10.1080/23328940.2021.1957367
https://doi.org/10.1016/j.jenvman.2017.11.001
https://doi.org/10.1080/23328940.2020.1801119
https://doi.org/10.1152/jappl.1964.19.3.531
https://doi.org/10.1007/BF00601814
https://doi.org/10.1016/S0735-1097(00)01054-8
https://www.ekfdiagnostics.com/biosen-analyzer.html
https://doi.org/10.1249/00005768-198205000-00012
https://doi.org/10.1249/00005768-198205000-00012
https://doi.org/10.1080/24748668.2013.11868628
https://doi.org/10.1152/jappl.1987.63.3.1218
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1080/23328940.2016.1216255
https://doi.org/10.1080/23328940.2019.1666624
https://doi.org/10.1080/23328940.2019.1666624
https://doi.org/10.1080/23328940.2016.1277003
https://doi.org/10.1080/23328940.2016.1277003
https://doi.org/10.1080/23328940.2022.2157645
https://doi.org/10.1080/23328940.2022.2157645
https://doi.org/10.1152/physiol.00035.2019
https://doi.org/10.1152/physiol.00035.2019
https://doi.org/10.1177/2333721420932432
https://doi.org/10.3390/nu11092010
https://doi.org/10.1519/JSC.0000000000001402
https://doi.org/10.1519/JSC.0000000000001402
https://doi.org/10.1519/JSC.0000000000001320

	Abstract
	Introduction
	Methods
	Participants
	Procedures
	Preliminary measures
	Thermoregulatory measures
	Gastrointestinal temperature measurements
	Skin and mask temperature measurements
	Heat storage

	Heart rate and movement data
	Blood lactate and glucose concentrations
	Perceptual measurements
	Statistical analysis

	Results
	Body mass
	Thermoregulatory and physiological responses during poule rounds
	Thermoregulatory and physiological responses during DE rounds

	Discussion
	Conclusions

	Acknowledgments
	Disclosure statement
	List of abbreviations
	References

