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Objectives:  The  study  examined  if three  feasible  strategies  involving  additional  in-play  cooling  periods
attenuate  the  core  (rectal)  temperature  rise during  simulated  football  matches.
Design: Four  counterbalanced  experimental  trials  in  an  environmental  chamber  set  to  35 ◦C  ambient
temperature,  55% relative  humidity,  and  30 ◦C  WBGT.
Methods:  Twelve  healthy  well-trained  football  players  completed  a regular  simulated  match  (REG),  reg-
ular simulated  match  with  additional  3-min  cooling  periods  at the 30-min  mark  of each  half  inclusive  of
chilled  water  consumption  (COOLwater),  regular  simulated  match  with  additional  3-min  cooling  periods
at  the  30-min  mark of  each  half  inclusive  of chilled  water  consumption  and the  application  of an  ice
towel  around  the neck  (COOLtowel), regular  simulated  match  with  an extended  (+5  min;  total  of  20-min)
half-time  break  (HTextended).
Results: The  difference  in rectal  temperature  change  was  significantly  lower  in  the  COOLwater (−0.25 ◦C),
COOLtowel (−0.28 ◦C), and  HTextended (−0.21 ◦C) trials in comparison  to the REG  (all  p <  0.05).  Exercising
heart  rate  and  session  rating  of  perceived  exertion  was  lower  in  the  COOLwater (−13  bpm;  −1.4 au),
COOLtowel (−10 bpm;  −1.3 au),  and  HTextended (−8 bpm;  −0.9  au)  trials in  comparison  to  the  REG  trial  (all

p  <  0.05).  The  cooling  interventions  did not  significantly  change  skin  temperature  or thermal  sensation
in  comparison  to the  REG  (all p > 0.05).
Conclusions:  All  three  cooling  interventions  attenuated  core  body  thermal  strain  during  simulated
matches.  The  laboratory-based  study  supports  the  use  of brief  in-play  cooling  periods  as  a  means  to
attenuate  the  rise  in core  temperature  during  matches  in  hot  and  humid  conditions.

©  2019 Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
ractical implications

The efficacy of currently advocated brief in-play cooling breaks
are supported by this laboratory-based study.
The COOLwater and HTextended strategies appear more feasible for
all levels of play than COOLtowel whilst providing similar cooling
benefits.

The HTextended strategy may  be preferred by organisations that
do not desire breaks during each half of play and allows further

∗ Corresponding author.
E-mail address: ollie.jay@sydney.edu.au (O. Jay).

ttps://doi.org/10.1016/j.jsams.2019.04.009
440-2440/© 2019 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
time for additional and more extensive cooling strategies during
half-time.

1. Introduction

Numerous worldwide football competitions (A-League
[Australia] and Major League Soccer [United States]) and tour-
naments (2014 World Cup in Brazil) occur in stressful thermal
conditions. Hot and humid environments influence the cardio-
vascular, cardiorespiratory, metabolic, perceptual, and fatigue

response to exercise,1 and therefore have a modulating effect
upon football players physical output during matches.2–4 Fur-
thermore, there is an additional thermal burden onto the heat
stress already induced by intense exercise, predominantly through

d.
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he impediment of sweat evaporation, subsequently leading to
ower skin surface heat dissipation and thus greater internal heat
torage.5 Significant rises in internal heat storage increase the risk
f heat-related health problems,6,7 which are preventable and
ncompass a range of conditions.5,8 The potentially fatal nature
f heat-related illness9 warrants precaution and additional safety
easures should mitigate the risk of exertional heat illness during

ompetition in environmentally stressful conditions.
Core body temperature is the primary indicator of human ther-

al  strain. Mean core temperature values above 39 ◦C have been
bserved during football matches in hot6,10 and temperate11,12

onditions. Notably, individual peak values over 40 ◦C have been
eported,6,10,13 which is associated with a substantial increase in
he risk of heat stroke.14 A feasible strategy for all levels of par-
icipation (amateur to professional) to potentially reduce the rise
f core body temperature during matches is brief in-play cool-
ng breaks.15 Indeed, a review by Grantham et al.5 recommended
dditional ‘fluid’ breaks if the wet-bulb globe temperature (WBGT)
xceeds 30 ◦C during football competition. In 2014, the Fédération
nternationale de Football Association (FIFA) sanctioned additional
-min cooling periods for the World Cup competition at the 30-min
ark of each half during matches that were played in conditions

f >32 ◦C WBGT.16 Brief cooling periods are also implemented in
he A-League (Australia) and Major League Soccer (United States)
ompetitions when environmental conditions exceed 26 ◦C and
8 ◦C WBGT, respectively. Additional breaks during play provide an
pportunity to restrain the exercise-induced rise in core temper-
ture and facilitate additional fluid intake. Additional cold water
ngestion may  be an effective strategy to facilitate cooling of an
thlete during exercise in hot, humid, and still environments.17

his relates to the high efficiency of internal heat loss in the face
f restrictions that the prevailing conditions place upon heat loss
ia sweat efficiency.17 Previous studies have examined the use of
imple cooling strategies during simulated18–20 and field10 foot-
all matchplay, but were applied only during the pre-match and
alf time periods.10,18,19 No evidence is available that examines
he effectiveness of in-play (i.e. during each half of play) cooling
eriods, yet they are already currently advocated by FIFA. There-
ore, the study will inform the extreme heat policy guidelines for
ootball governing bodies by testing the efficacy of in-play cooling
reaks within a controlled environment.

Since the regular cancellation of matches in hot and humid con-
itions is not feasible, cooling strategies need to be devised that
re pragmatic for not only professionals, but community-based
mateur competitions that are vital for public health.15 The aim
f the study was to examine if three feasible interventions (tri-
ls) involving additional cooling periods attenuate the core (rectal)
emperature rise during simulated football matches in comparison
o a regular match (REG trial). The three strategies were inclusive of;
) two additional 3-min cooling periods with chilled water inges-
ion (as advocated by FIFA; COOLwater trial), 2) two additional 3-min
ooling periods with chilled water ingestion and an ice towel placed
round the neck (COOLtowel trial), 3) an additional 5-min cooling
reak at the end of half time (HTextended trial). We  hypothesised
hat all three strategies would result in an attenuation of the core
emperature rise in comparison to REG.

. Methods

Twelve healthy well-trained football players were recruited,
rovided written informed consent to participate, and com-

leted the study. The mean age, height, body mass, and maximal
xygen consumption was 24 ± 7 y, 179 ± 5 cm,  75 ± 6 kg, and
8 ± 3 mL/kg/min, respectively. Additionally, five other partici-
ants withdrew from the research due to illness and injuries
edicine in Sport 22 (2019) 912–917 913

sustained during football participation external to the study. The
study had institutional ethics approval.

Participants completed one preliminary and four experimental
sessions, separated by at least 48-h. Maximal oxygen consumption
was assessed on a motorized treadmill21 using a metabolic cart
(Quark CPET, Cosmed, Italy) during the preliminary trial. All exper-
imental trials were completed in an environmental chamber set to
35 ◦C ambient temperature, 55% relative humidity, and 30 ◦C WBGT
(according to indoor formula for WBGT22). Participants refrained
from strenuous exercise and alcohol 24-h prior to experimental
trials. Caffeine was  prohibited 8-h prior to trials and participants
consumed a cold 600 mL  sports drink (Gatorade, Australia) two
hours prior to attending the laboratory. Participants completed the
REG trial first and then were assigned using blocked randomization
into the COOLwater, COOLtowel, and HTextended trials using a counter-
balanced approach across possible trial order combinations.

The simulation protocol for the REG trial is outlined in Fig. 1
(total duration: 106-min). The REG trial was completed first to
quantify ad libitum consumption of chilled water (10 ◦C) during the
half-time break so that fluid intake could be subsequently matched
during the half-time periods of the intervention trials. Participants
remained seated in the chamber outside of the direct flow of the
fan during the half-time period.

The COOLwater and COOLtowel trials included the same proto-
col as the REG but with the addition of 3-min cooling periods at
the 30-min mark of each half (total duration: 112-min). The 3-min
cooling periods during the COOLwater trial involved the administer-
ing of an additional 3.2 mL/kg of body mass of chilled water (10 ◦C)
to participants whilst they remained standing outside of the direct
flow of the fan. The total volume of water and time requirement for
consumption is similar to previous studies examining endurance
performance in the heat.23 The COOLtowel trial involved partici-
pants consuming chilled water (10 ◦C; 3.2 mL/kg) and draping an
ice towel around the neck and shoulders for 2.5-min during each
3-min cooling period. The ice towel (100% cotton) was soaked with
cold water, wrung, and filled evenly with 2.5 kg of ice, consistent
with similar studies in tennis players.24,25

The HTextended trial included the same simulation protocol as the
REG trial but with an extended half time period (20-min instead
of 15-min; total duration: 111-min). No extra fluid was provided
during the half time break in addition to the matched quantity for
all other half time periods.

The pre-programmed treadmill (Pulsar 3p, h/p/cosmos Sports
& Medical gmbh, Germany) protocol followed similar principles
to previous motorized treadmill simulations26 but was  adjusted
in consideration of the environmental conditions and pilot test-
ing (Fig. 1). Participants wore football shorts, shin guards, socks,
running shoes, and a standardized jersey (100% polyester, Nike,
Thailand) during match simulations. A Kestrel 4600 heat stress
tracker monitored environmental conditions and was  placed next
to the treadmill, in line with both the position of the participant and
airflow generated by an electric fan. Ambient temperature (n = 12),
relative humidity (n = 12), and WBGT (n = 8 due to technical issues)
were recorded at the start and end of each half of play. Urine specific
gravity (USG) (Atago

®
refractometer, Japan) was measured at the

beginning of all experimental trials to estimate hydration status.
Change in body mass (±0.2 g; Mettler, Germany) over the duration
of the simulation was used to calculate whole body sweat loss (g/h),
corrected for weight gain through fluid ingestion. Rectal tempera-
ture (Trec) was continuously monitored following the self-insertion
of a temperature probe (CovidienTM Mon-a-ThermTM 400TM, USA)
15-cm past the anal sphincter. Exercising HR was continuously

monitored (Polar RS400, Finland). Regional skin temperature was
continuously measured wirelessly by sensors (iButton

®
DS1922L,

Maxim Integrated, USA) placed on the chest, arm, mid-thigh, and
calf to determine mean skin temperature.27 Thermal sensation was
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Fig. 1. A schematic of the treadmill protocol for the REG trial. All trials followed an identical exercise protocol, with the addition of either in-play cooling breaks (+3 min
each)  at the 30-min mark of each half (COOLwater and COOLtowel) or an extended half time break (+5-min; HTextended).
The  total distance of the treadmill protocol was 10.8 km and the duration of each half for the REG trial was 45-min and 15 s, separated by a 15-min half-time break. The
prescribed bout duration and percentage of total distance that participants remained at each designated speed was: 0 km/h (17 s), 5 km/h (40 s; 31.7%), 10 km/h (30 s; 27.6%),
1 ation
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5  km/h (22 s; 24.8%), 20 km/h (4 s; 8.0%), and 24 km/h (3 s; 7.8%). Treadmill acceler
imes  were additional to the duration of the listed times. No warm-up was  comp
ercentage of maximum heart rate (HR) of 73.7 ± 8.2% during the first half and 83.2

easured every 5-min using a 200-mm modified ASHRAE visual
nalogue scale ranging from “very cold” (0 mm),  through “neutral”
100 mm),  to “very hot” (200 mm).  An electric fan was  placed four

etres away from the exercising participant and operated to elicit a
ind speed of approximately 1 m/s. Post-exercise session rating of
erceived exertion (sRPE) was measured 15-min after the cessation
f exercise.28

Data are expressed as means and 95% confidence intervals. One-
ay repeated measures ANOVA tests with a factor of ‘session’ (4

evels: REG, COOLwater, COOLtowel, and HTextended) were used to
nalyse resting USG and sRPE. The change in exercising thermal
Trec [end value] and skin temperature [mean of final 5-min]) and
erceptual strain (thermal sensation [end value]) indicators were
nalysed at the end of each 15-min interval between the 30–90-
in  mark of each simulation. The first 30-min of each trial was

dentical and classified as a control period. Therefore, the 30-min
ark was treated as a ‘baseline’ (i.e. ‘0’ [no change]). Cardiovascular

train (HR) was analysed over the same time period (30–90-min),
ut using absolute values rather than change values and using
he mean value of each 15-min interval. All variables displayed
n figures are shown in absolute values across the entirety of the

atch to improve contextualization. Two-way repeated measures
NOVA with a factor of ‘time’ (5 levels: 45-min, end of half-time, 60-
in, 75-min, and 90-min) and ‘session’ (4 levels: REG, COOLwater,

OOLtowel, and HTextended) were used to examine the dependent
ariables of Trec, skin temperature, HR, and thermal sensation. In
he event of a significant main effect, post-hoc analyses were per-
ormed using paired-samples t-tests. The probability of making a
ype I error in all tests was maintained at 5%. All analyses and fig-
res were performed and created in SPSS version 24 (Chicago, USA),
igmaplot 13 (San Jose, USA), and GraphPad Prism 7.0 (La Jolla,
SA).

. Results
Resting USG was similar among the REG (1.011 [1.007–1.015]),
OOLwater (1.013 [1.007–1.019]), COOLtowel (1.014 [1.008–1.019),
nd HTextended (1.009 [1.004–1.013]) trials (p = 0.308). The mean
rial environmental conditions were 35.7 (35.6–35.8) ◦C ambi-
 (level 3 [‘moderate’]; 0.34 m/s2) and deceleration (level 7 [‘very fast’]; −0.68 m/s2)
 prior to the start of the simulation. The REG protocol elicited a mean exercising
% during the second half of play.

ent temperature, 52.5 (52–53.1)% relative humidity, and 30.1
(30.1–30.2) ◦C WBGT.

The mean difference in Trec change between rest and the 30-
min  mark for each trial was  similar (p = 0.377; Fig. 2). There was
a main effect of session between the 30 and 90-min match period
(per 15-min interval), with the difference in exercising Trec change
significantly lower in the COOLwater (−0.25 [−0.40 to −0.10] ◦C;
p = 0.004), COOLtowel (−0.28 [−0.39 to −0.17] ◦C; p < 0.001), and
HTextended (−0.21 [−0.28 to −0.14]◦C; p < 0.001) in comparison to
REG. The difference in exercising Trec change was similar between
all cooling intervention trials (all p > 0.05). There was a significant
session by time interaction (p = 0.002), with Fig. 2 demonstrating
that a smaller change in Trec (i.e. remained cooler) was evident
during all 15-min intervals between the 30–90-min period for the
COOLwater and COOLtowel trials (all p < 0.05). The smaller change
in Trec was  evident from half-time onwards during the HTextended
session (all p < 0.05). Supplementary material 1 demonstrates the
individual total change in Trec during the 30–90-min period of each
cooling intervention in comparison to REG.

Fig. 3A demonstrates the mean absolute HR during all trials.
There was a main effect of session, with the COOLwater (−13 [−19
to −8]bpm; p < 0.001), COOLtowel (−10 [−17 to −3]bpm; p = 0.010),
and HTextended (−8 [−13 to −2]bpm; p = 0.011) trials associated
with a lower mean exercising HR in comparison to REG. Exercis-
ing HR was  also lower during the COOLwater (−5 [−10 to −1]bpm;
p = 0.016) trial in comparison to HTextended (Fig. 3A). Fig. 3B illus-
trates the mean skin temperature during all trials. The difference
in mean skin temperature change during the 30–90-min period was
similar between all sessions (main effects p = 0.357). There was a
main effect of session, but the difference in the change of thermal
sensation during the 30–90-min period in comparison to the REG
trial was similar during the COOLwater (−9 [−20 to 3]mm [cooler];
p = 0.128), COOLtowel (−2 [−11 to 6]mm [cooler]; p = 0.582), and
HTextended (+3.2 [−6 to 13]mm [warmer]; p = 0.466) trials. How-
ever, the difference in the change of thermal sensation was  lower
(i.e. remained cooler) during the COOLwater (−12 [−21 to −3]mm;

p = 0.011) and COOLtowel (−5 [−11 to 0]mm;  p = 0.042) trials in com-
parison to HTextended.

Whole body sweat rate during the simulated matches was sim-
ilar between the REG (1200 [1085–1315]g/h), COOLwater (1208
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Fig. 2. Mean absolute rectal temperature throughout the four experimental trials. Data are presented as means and standard deviations (for the low and high trials).
*Significant (p < 0.05) session difference in comparison to REG for the mean rectal temperature change during the 30–90-min time period. **Significant (p < 0.05) difference
in  comparison to REG trial for specific 15-min time intervals; R regular game; W COOLwater trial; T COOLtowel trial; E HTextended trial.

Fig. 3. The mean heart rate (A) and mean skin temperature (B) response to the four experimental trials. Data are presented as means and standard deviations (for the low
a
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nd  high trials).
Significant (p < 0.05) session difference in comparison to REG for the mean hea
omparison to HTextended for the mean heart rate during the 30–90-min time period

1110–1305]g/h), COOLtowel (1185 [1088–1282]g/h), and HTextended
1173 [1059–1287]g/h) (p = 0.622) trials. The mean sRPE for the four
rials was; REG (6.4 [5.2–7.7]), COOLwater (5.0 [3.8–6.3]), COOLtowel
5.1 [4.0–6.2]), and HTextended (5.5 [4.4–6.6]). There was  a main
ffect of session, with sRPE significantly lower in the COOLwater

−1.4 [−2.3 to −0.5]; p = 0.006), COOLtowel (−1.3 [−2.3 to −0.3];
 = 0.013), and HTextended (−0.9 [−1.8 to −0.1]; p = 0.038) trials

n comparison to REG. Session RPE was also lower during the
OOLtowel (−0.4 [−0.7 to 0.0]; p = 0.043) trial in comparison to
Textended.

. Discussion
In support of our hypothesis, the COOLwater, COOLtowel, and
Textended trials attenuated thermal (Trec) strain in comparison to

 REG trial. Neither intervention resulted in a significantly greater
 during the 30–90-min time period. #Significant (p < 0.05) session difference in

cooling effect upon core body temperature than the others. The
brief cooling interventions also reduced markers of exercise inten-
sity (HR and sRPE) but did not significantly influence mean skin
temperature or thermal sensation.

This is the first study to examine the effect of advocated brief in-
play cooling periods during a simulated football match. The cooling
interventions are considered feasible in a low-cost community set-
ting, especially the COOLwater and HTextended strategies. In a field
setting, it may  be necessary for players to seek shade during breaks
to minimise potential heat gain from additional overall solar radi-
ation exposure time (due to the prolonged total match time). A
true control trial in comparison to the COOLwater and COOLtowel

trials was  not included. A true control trial would require play-
ers to complete a match with either no additional fluid ingestion
during the 3-min breaks, or alternatively, players consume identi-
cal fluid intake at the same intervals during the 3-min break and
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EG trials. However, these options are not practical or possible in a
eld setting, since most players will consume fluid during dedicated
reak periods (i.e. “drinks breaks”), and secondly, it is impossible
o provide additional fluid to a team throughout a match without
edicated rest periods.

The Trec response was attenuated following the first cooling
eriod (30-min mark) of the first half for the COOLwater (mean
f −0.25 ◦C) and COOLtowel (mean of −0.28 ◦C) trials. The imple-
entation of cooling periods following 30-min of match-play is

ecommended by FIFA due to the finding that peak player core tem-
erature in hot field matches occurs at the 30-min time point.6 The
rec response was attenuated at the end of half-time and through-
ut the remainder of the match for the HTextended trial (mean
f −0.21 ◦C). A potential advantage of the HTextended trial is the
dditional time that the strategy affords for other extensive cool-
ng practices (that might be logistically difficult during the 3-min
reaks) during the major rest period that can reduce the change in
ore temperature during the second half of play.18 However, not
ll half-time cooling strategies substantially influence core tem-
erature during the second half of football,19 therefore, potentially
ighlighting the importance of the 3-min cooling period during the
econd half of play for attenuating thermal strain in the latter stages
f matches. Notably, the attenuation of absolute exercising core
ody temperature during the cooling intervention trials is similar
o the magnitude commonly conferred through adaptations from a
eat acclimation regime.29 Intuitively, an aggregate effect between

n-play cooling strategies and acclimation also likely exists.
Additional chilled water ingestion was provided during the

OOLwater and COOLtowel trials (during the 3-min in-play breaks)
hereas participants consumed the same quantity of fluid during

he REG and HTextended trials. The lack of substantial difference in
ore body temperature cooling between all three cooling interven-
ion trials may  suggest that the additional chilled fluid intake during
he COOLwater and COOLtowel trials had a trivial thermoregula-
ory effect. Cold fluid consumption during exercise may  potentially
ower evaporative drive due to the cooling effect from the internal
eat transfer, with a subsequent potential to limit a net body cool-

ng effect.17 Overall, the observed attenuation of Trec may  relate
ore to the additional cessation in exercise and restraining of the

xercise-induced rise in core temperature rather than the mod-
st additional hydration per se, which on average mitigated trial
ercent total body mass losses by 0.5 ± 0.2% (2.2% vs 1.7%).

Cardiovascular (HR) and perceived physiological strain (sRPE)
ere substantially lower during all intervention trials in com-
arison to the REG trial. However, there was a lack of difference
etween all four experimental trials in the mean skin tempera-
ure change, and moreover, a lack of substantial change in thermal
ensation in comparison to the REG trial. Additional rest periods
uring field matches may  encourage players to upregulate their
laying intensity (in comparison to the time period prior to the
reak) upon returning to play and the subsequent higher metabolic
eat generation may  offset any positive cooling benefits from the
reaks.30 However, it is uncertain if changes to activity pacing pro-
les will actually occur in an uncontrolled field setting based upon
he inconsistent response of likely influencing contributing factors
cardiovascular strain, perceived physiological strain, and thermal
ensation).

The primary limitation of the study is the controlled design of
he treadmill protocol and subsequent applicability to field-based

atches. The treadmill simulation isolated the effect of the cool-
ng periods upon thermal strain, however, it does not represent the
ncontrolled nature of field-based matches where player physical

utput is often paced. Further research should examine the trans-
ation of these laboratory-based results to uncontrolled field-based
cenarios to examine the interaction between performance and
hermal strain following brief in-play cooling strategies. Second, no

2
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exercise warm-up period was  undertaken prior to each trial, with
the resultant additional effect upon body temperature potentially
influencing the response to subsequent cooling strategies.

5. Conclusion

The current laboratory-based controlled study supports the use
of brief in-play cooling periods, as currently advocated by FIFA and
other football organisations, as a means to attenuate the rise in core
body temperature during matches in hot and humid conditions.
The implementation of the cooling interventions are considered
feasible in a low-cost community setting, especially the COOLwater

and HTextended strategies.
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