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ABSTRACT
Duffield, R, Coutts, AJ, and Quinn, J. Core temperature
responses and match running performance during intermittent-sprint exercise competition in warm conditions. J Strength
Cond Res 23(4): 1238–1244, 2009—This study investigated the
thermoregulatory responses and match running performance of
elite team sport competitors (Australian Rules football) during
preseason games in a warm environment. During 2 games in dry
bulb temperatures above 29°C (.27°C wet bulb globe
temperature), 10 players were monitored for core temperature
(Tcore) via a telemetric capsule, in-game motion patterns, blood
lactate (½La2), body mass changes, urine specific gravity, and
pre- and postgame vertical jump performance. The results
showed that peak Tcore was achieved during the final quarter at
39.3 6 0.7°C and that several players reached values near
40.0°C. Further, the largest proportion of the total rise in Tcore
(2.1 6 0.7°C) occurred during the first quarter of the match,
with only small increases during the remainder of the game. The
game distance covered was 9.4 6 1.5 km, of which 2.7 6 0.9
km was at high-intensity speeds (.14.4 kmh21). The rise in
Tcore was correlated with first-quarter high-intensity running
velocity (r = 0.72) and moderate-intensity velocity (r = 0.68),
second-quarter Tcore and low-intensity activity velocity (r =
20.90), second-quarter Tcore and moderate-intensity velocity
(r = 0.88), fourth-quarter rise in Tcore and very-high-intensity
running distance (r = 0.70), and fourth-quarter Tcore and
moderate-intensity velocity (r = 0.73). Additional results
included mean game ½La2 values of 8.7 6 0.1 mmolL21,
change in body mass of 2.1 6 0.8 kg, and no change (p . 0.05)
in pre- to postgame vertical jump. These findings indicate that
the plateau in Tcore may be regulated by the reduction in low-
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intensity activity and that pacing strategies may be employed
during competitive team sports in the heat to ensure control of
the internal heat load.

KEY WORDS core temperature, motion analysis, team sport
performance, heat
INTRODUCTION

P

rolonged submaximal or intermittent-sprint exercise in warm environmental conditions imposes
physiological strain on the thermoregulatory
system that can result in a reduction in exercise
performance (4,8,17). While many laboratory-based studies
have shown reduced intermittent-sprint performance with an
increased endogenous thermal load, the mechanisms for the
decline in performance remaining equivocal (16,27). In
regard to field-based data collection, few studies have
measured core temperature (Tcore) during competitive games,
and, to date, there is no published literature reporting both
Tcore and exercise performance data during competitive
match play (23). Despite the lack of field data, recent
laboratory data on exercise performance in the heat highlight
the importance of pacing strategies in anticipation or
avoidance of increased internal heat stress (21). Pacing
strategies rely on the interaction of an athlete’s assessment
of the external environment and afferent feedback of the
internal environment to regulate exercise intensity (25).
Accordingly, based on the non-specific nature of laboratory
testing for team sport performance, the interaction of Tcore
and exercise performance during competitive team sport
exercise in warm environments has not been reported. To
date, there is a lack of literature reporting the relationship
between Tcore responses and exercise workload patterns
during team sport competition in the heat.
Several studies have reported changes in Tcore during
competitive football matches (6,14). However, presumably
because of technical limitations, there have been no data
reported for synchronous measures of both Tcore and match
activity patterns (performance) for team sport exercise
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involving prolonged, intermittent-sprint activity. Data collected during competitive soccer and rugby matches have
shown peak Tcore values in the vicinity of 38.5–39.3°C in cool
or moderate ambient conditions (6,14). Mohr et al. (15) have
reported Tcore values of 39.0°C after soccer games in cool
conditions (8–14°C), and although in-match running
performance was not measured, repeat-sprint performance
(3 3 30-m) decreased after the end of each half. Although
this research described the internal thermal load during
competitive games, it did not examine its influence on
exercise performance during a match. Collectively, these
data indicate that Tcore does not reach levels traditionally
associated with reductions in intermittent-sprint performance when completed in cool conditions. To date, however, there are no published data describing the association of
exercise performance and Tcore in competitive team sport
exercise in warm environments.
Previous research has highlighted both Tcore and the rise
in Tcore as potential mechanisms responsible for the reduction
in exercise intensity in warm laboratory conditions (8,20).
As yet, this relationship has not been examined during
competitive match play for team sport athletes in the heat.
Therefore, the aim of this study was to examine the thermoregulatory responses and changes in the in-match running
performance in field-based, intermittent-sprint exercise in
professional Australian Rules football (ARF) games in warm
environmental conditions.

METHODS
Experimental Approach to the Problem
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competitive and demanding intermittent sprints and
physical body contact against similarly matched opposition teams for 4 3 25-minute quarters (100 minutes). In
total, 14 sets of data were used in the analysis from the
10 players across the 2 games, with 4 players contributing
data on 2 occasions.
Subjects

Ten male players from the same top-level professional ARF
club were recruited as participants for this study. Physical
characteristics included mean 6 SD age: 22 6 3 years;
stature: 184 6 3 cm; body mass: 85. 7 6 3.2 kg; and V_ O2max:
55.6 6 3.6 mlkg21min21. All subjects were professional
players who played in the elite national competition, and
testing was conducted during the preseason competition
period. All players trained at least 8 times per week, including
conditioning, skills, and strength training sessions. All
subjects were informed of the experimental risks and signed
an informed consent document before the investigation. The
investigation was approved by an institutional review board
for use of human subjects.
Procedures

Match Running Performance. During the games, each player
wore the same portable global positioning satellite (GPS) unit
fitted across his shoulder in a custom-made harness (SPI Elite
and SPI 10, GPSports Systems, Australia) to record distance
and velocity every second (1 Hz). After each match, the data
were downloaded to a portable computer and analyzed using
specialized software (GPSports Analysis and Team AMS,
GPSports Systems, Australia). This device’s technical error of
measurement for measuring distance has previously been
reported to be 5.5% (5).
Before analysis, the GPS data for each player were visually
inspected for erroneous data. Any erroneous data were
removed using the specialized GPS analysis software. The

To determine the relationship between thermoregulatory
responses and free-paced exercise for team sports in the heat,
elite Australian football players were monitored during
the official preseason competition. During training sessions
before the games, players were familiarized with all measures,
procedures, and equipment
used in the ensuing testing sessions (games). During 2 official
preseason Australian Football
League games in mean 6 SD
environmental conditions of
29.5 6 1.3°C, 64.9 6 16.7%
relative humidity, and 27.6 6
2.3°C wet bulb globe temperature (WBGT), the players were
monitored for Tcore, match
running performance, blood
lactate concentration (½La2),
body mass change, voluntary
recruitment of lower-body
power, urine specific gravity
(USG), category ratio-10 rating
of perceived exertion (RPE),
Figure 1. Mean 6 SD quarter by quarter core temperature (Tcore) over the duration of 4 quarters of an intermittentsprint competition in warm conditions (N = 14). *Significantly different from pregame measures (p , 0.05).
and rating of thermal comfort. Both games involved
VOLUME 23 | NUMBER 4 | JULY 2009 |
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All data are reported as mean 6 SD. Associations between
Tcore and GPS parameters were determined by way of
a Pearson correlation coefficient, and comparisons between
pre- and postgame and within-game measures were
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5.9 6 0.5
6.0 6 0.4
5.9 6 0.3
6.1 6 0.4
6.0 6 0.3
4.9 6 0.3
5.0 6 0.3
5.0 6 0.2
5.1 6 0.3†
5.0 6 0.2
2.9 6 0.2
2.8 6 0.4
3.0 6 0.2
3.0 6 0.2
2.9 6 0.2
1.0 6 0.3
1.1 6 0.3
0.9 6 0.2
0.9 6 0.2
1.0 6 0.2
6 0.15
6 0.12
6 0.12
6 0.11
6 0.35
0.26
0.31
0.25
0.24
1.07
0.74 6 0.27
0.77 6 0.25
0.64 6 0.28
0.58 6 0.19†
2.72 6 0.85
0.19
0.20
0.24
0.19*
0.61
0.92 6
0.86 6
0.74 6
0.68 6
3.21 6
2.55 6 0.41
2.50 6 0.48
2.30 6 0.63
2.09 6 0.42†
9.38 6 1.47

0.89
0.87
0.87
0.82
3.44

6 0.19
6 0.18
6 0.19
6 0.16
6 0.47

VHIR
HIR
MIA
LIA
VHIR
HIR
MIA

*Significantly different from first quarter (p = 0.05).
†Moderate effect size compared with first quarter (d = 0.6–0.8).

Statistical Analyses

Q1
Q2
Q3
Q4
Game

Perceptual Measures. At least 15 minutes after game completion, players were asked to provide a session- RPE rating for
the game and thermal comfort via 10-point (nothing to
maximal) and 8-point (very very cold to very very hot) Likert
rating scales, respectively.

LIA

Blood Lactate, Body Mass, and Urine Specific Gravity. A 2-mL
capillary sample of whole blood was sampled for measurement of ½La2 (Lactate Scout, SensLab Gmb, Lepzig,
Germany) at each quarter time break (or close to the break
if players were interchanged). To estimate changes in body
mass attributable to sweat loss, mass in minimal clothing
(underwear) was measured on a set of calibrated scales
(Model UC-321, A&D Co. Ltd, Australia) immediately
before and after each game. Because of limitations resulting
from collecting field-based competition data, individual fluid
consumption was not accounted for in the change in mass.
Before warm-up, each player provided a urine sample for
analysis of USG to determine pregame hydration status by
visual observation through a refractometer (URC-Ne, Vitech
Scientific Ltd, West Sussex, UK).

Total

Core and Environmental Temperature. Each player’s Tcore was
recorded on a handheld monitor with measures received
from an ingestible telemetric capsule (VitalSense, Mini
Mitter). This capsule was swallowed 5 hours before game
commencement to ensure that it had passed into the
gastrointestinal tract and would be insensitive to temperature
changes resulting from food or fluid intake. The Tcore
measures were recorded before game commencement and
at the end of each 25-minute quarter, or when players left the
field of play because of interchange rotation. Environmental
WBGT and humidity were recorded during each quarter of
the game (Questtemp°15, Quest).

Velocity (ms21)

Repeated Countermovement Jump. Before and 10 minutes after
each game, players performed 10 continuous maximal vertical
jumps on a vertical jump mat (Jump, Axon, Portugal) to
determine changes in voluntary recruitment of lower-body
power. Repeated vertical jump efforts were required to
be performed with no contribution from the upper body
and in a countermovement motion to a squat depth of
approximately 45°.

Distance (km)

GPS data for distance traveled and the mean velocities
collected during each quarter and the total game were then
divided into 4 predefined categories (22):
low-intensity activity (LIA; speeds , 7.0 kmh21);
moderate-intensity activity (MIA; speeds of 7.0–14.4 kmh21);
high-intensity running (HIR; speeds . 14.5 kmh21); and
very-high-intensity running (VHIR; speeds . 20 kmh21).

TABLE 1. Mean 6 SD distance and velocity for low-intensity activity (LIA), moderate-intensity activity (MIA), high-intensity running (HIR), and very-high-intensity
running (VHIR) for each quarter (Q) and overall in warm conditions for 4 3 25-minute quarters in elite Australian Football (N = 14).
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parameters, with an ES , 0.2
classified as trivial, 0.2–0.4
as small, 0.4–0.7 as moderate,
and .0.8 as large.

RESULTS
The response of Tcore during
the ARF game is presented in
Figure 1. Peak Tcore values were
typically observed in the final
quarter of the game, resulting in
an overall rise of 2.11 6 0.73°C.
The majority (86%) of the rise
in Tcore during the match
(1.81 6 0.99°C) occurred by
quarter time. The GPS data for
distance covered and mean
velocity for each speed category (LIA, MIA, HIR, and
VHIR) for each quarter are
presented in Table 1.
Figure 2 shows total distance
covered, percentage of total
distance covered for each quarter, relative time spent in each
speed zone, and individual
player Tcore responses for each
Figure 2. Mean 6 SD low-intensity activity (LIA), moderate-intensity activity (MIA), high-intensity running (HIR), and
quarter. Players covered a total
very-high-intensity running (VHIR) and individual core temperature (Tcore) responses for 4 3 25-minute quarters of
distance of 9.38 6 1.47 km, of
field-based intermittent-sprint competition. Percentage values represent % of game distance covered in each
respective quarter (N = 14).
which 71% was spent completing LIA and MIA (,14
kmh21), with the remainder
performed by way of a 1-way analysis of variance with
of activity either HIR (18%) or VHIR (11%). The MIA
significance set a priori at p # 0.05. Finally, effect size (ES)
distance covered was significantly reduced (p = 0.05) in the
data were calculated (Cohen d) to determine the magnitude
fourth quarter compared with the first quarter. There were
of effect of game duration on performance and Tcore
no other significant differences (p . 0.05) between each of
the 4 quarters for either the
distance or velocity in any
other respective motion category. However, ES analyses
indicated a moderate ES for
a reduction in MIA distance
covered in the third quarter
(d = 0.62), a moderate ES for
a reduction in the total distance
covered in the fourth quarter
(d = 0.72), and a moderate ES
for a reduction in HIR in the
fourth quarter (d = 0.61). Finally, there were moderate ESs
between the first and fourth
quarters, with a faster mean
HIR velocity (d = 0.61). SpeFigure 3. Mean 6 SD quarter by quarter blood lactate concentration over the duration of an intermittent-sprint
competition in warm conditions (N = 14). *Significantly different from pregame measures (p , 0.05).
cifically, as evidenced in Figure
2, the reductions in total
VOLUME 23 | NUMBER 4 | JULY 2009 |
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distance covered from the first to second, third, and fourth
quarters were 2, 10, and 18%, respectively, whereas the
reductions in total distance from the second to third and
fourth quarters were 8 and 14%, respectively.
Correlation analysis between Tcore and GPS data indicated
significant correlations (p , 0.05) for the relationships
between the first-quarter rise in Tcore and HIR velocity (r =
0.72), first-quarter Tcore and MIA velocity (r = 0.68), secondquarter Tcore and LIA velocity (r = 20.90), second-quarter
Tcore and MIA velocity (r = 0.88), fourth-quarter rise in Tcore
and VHIR distance (r = 0.70), and fourth-quarter Tcore and
MIA velocity (r = 0.73).
The ½La2 values sampled after each quarter reached a
plateau after the first quarter at 8.6 6 0.4 mmolL21 (Figure 3).
Pregame USG was 1.009 6 0.004, and body mass change was
2.13 6 0.86 kg or 2.5 6 1.0% body mass (85.67 6 3.19 vs.
83.54 6 3.55 for pre- and postgame mass, respectively).
Session-RPE data indicated that the games were rated as an
8.6 6 1.4 (very very hard) out of a possible 10, and thermal
comfort was rated as a 7.0 6 0.6 (very hot) out of a possible 8.
Finally, no significant differences (p . 0.05) were evident
between pre- and postgame repeated vertical jump efforts for
height jumped (38.9 6 3.0 vs. 39.6 6 3.3 cm for pre- and
postgame, respectively).

DISCUSSION
This study investigated the association between Tcore
responses and exercise intensity during field-based team
sport competition. The present results indicate that reductions in MIA were associated with the maintenance of Tcore,
generally below 39.5°C. Further, although HIR distance
covered decreased over the duration of the game, the mean
velocities attained within HIR and VHIR zones were not
reduced. Accordingly, it seems that during competitive, freepaced exercise in warm conditions, players may prevent the
excessive rise in Tcore predominantly by a reduction in MIA,
possibly so as to minimize disruptions to HIR to maintain
game performance.
Previous studies that have examined the thermoregulatory
responses to soccer match play have reported mean peak Tcore
values below 39.5°C (6,15). In the warmer environmental
conditions encountered in the present study, the mean peak
Tcore also remained below 39.5°C, although it demonstrated
a rise in Tcore of more than 2°C. Notably, however, some
players in previous studies and in the present research did
reach Tcore values approaching 40.0°C, which are known to
place athletes at an increased risk of heat illness (however, no
signs or symptoms of heat-related illness were evident in the
present study).
Several factors may account for the moderate Tcore values
recorded. First, the nature of an ARF match consisting of
4 3 25-minute quarters with unlimited player interchange
results in prolonged (5–20 minutes) recovery periods that
may allow sufficient respite from exercise and minimize
excessive rises in Tcore. Second, the self-paced nature of
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competitive intermittent-sprint games allows players to
continually adjust exercise intensities or pace themselves to
minimize any excessive rise in Tcore. Finally, the improved
effectiveness of convective cooling in an external environment compared with a laboratory, in addition to evaporative
cooling mechanisms, may provide further protection against
a critically high Tcore (24).
The relationship of Tcore with constant-load exercise
performance within laboratory settings is well established,
and it has been shown that both a high Tcore and faster rises in
Tcore are associated with a reduction in intensity or cessation
of exercise (8,23). Although the relationship of Tcore and
intermittent-sprint activity in laboratory conditions have not
been examined as widely, previous studies have shown that
high ambient temperatures are associated with higher and
faster Tcore responses and reduced exercise performance
(16,18). The current study attempted to extend this work
into a more ecologically valid competition environment
by examining the relationship of Tcore and (free-paced)
intermittent-sprint exercise performance in an elite, competitive (ARF) match. Similar to the data of Morris et al. (18)
from intermittent-sprint exercise under controlled laboratory
conditions, the current study indicates that there was an
association between higher work intensities and a larger rise
in Tcore in the first (25-minute) quarter of a game. Previous
investigators have reported larger and faster increments in
Tcore to be an important factor involved in performance
reduction (8,11,19). In the present study, a reduction in total
and MIA distance was evident as the game continued, along
with small reductions in HIR distance. Additionally, mean
HIR velocity showed a small increase in the final quarter
compared with the first. The relationship between MIA and
Tcore suggests that a greater increase in Tcore may result in the
reduction of MIA during later stages of the game. The pattern
of a plateau in Tcore after the first quarter, in association with
a reduction in MIA and HIR distance while maintaining
VHIR activity, may indicate the use of pacing strategies to
ensure control of Tcore within tolerable limits.
Although the exact mechanisms limiting exercise performance associated with a critically high Tcore or an increased
rate of Tcore are not yet fully understood (23), the classical
models of thermoregulation suggest that there are critical
temperatures that result in overloading the cardiovascular
and metabolic systems (1). More recently, however, reductions in CNS drive and down-regulation of neural recruitment and muscle activation have been proposed as more
likely mechanisms (12,19). On the basis of the present results,
it is difficult to suggest the exact mechanisms underlying the
progressive decrements in physical performance in the
respective velocity zones as the game progressed. A range
of factors such as glycogen depletion, hypohydration,
hyperthermia, accumulation of potassium in muscle interstitium, and increased perception of effort may be associated
with reductions in work during prolonged, intermittentsprint sports (2,10). Nonetheless, an important finding of this
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study is that the rise in Tcore was associated with a decline in
the distances covered—in particular, a reduction in MIA—while HIR and VHIR velocities (and postgame VJ efforts)
were maintained. This may suggest that as VHIR is critical
for game performance, to control the rise in internal thermal
load, there is a selective reduction in noncritical work
(jogging and below-threshold running), as observed in the
reduction in MIA.
A discussion of performance decrement in team sport
exercise should entail a multifactorial approach, and, as such,
there are a variety of other factors to consider. In this study,
moderate to high blood ½La2 concentrations, as an indicator
of the extent of anaerobic glycolysis and possible anaerobic
metabolic perturbations, were observed throughout the ARF
matches, similar to levels previously reported in other team
sports that demand prolonged, intermittent sprinting such as
soccer (2) and rugby league (3). These results, combined with
GPS data showing that players completed 11.3 6 3.5% of
total match distance through VHIR, suggest that there is
a high glycolytic demand in ARF. Indeed, the ½La2 values
found in this study most likely reflect the balanced response
to many high-intensity efforts during the game and indicate
that the rate of glycolysis is high for periods during a game.
In agreement with previous studies that have not observed
a relationship between metabolic markers of fatigue and
reductions in intermittent-sprint exercise in hot, controlled
environments (4,26) and during soccer match play (10), we
also did not observe a relationship between ½La2 and
intermittent-sprint performance.
Hypohydration has been suggested to be a contributor to
performance reductions during both continuous and intermittent-sprint exercise (7,13). In this study, we observed a 2.13 6
0.86 kg (2.5%) decrement in body mass after the 100 minutes
of match play. Further, all players were similarly hyperhydrated before game commencement, as evidenced by the
low pregame urine USG values, because of standardized fluid
ingestion protocols. Although previous studies have shown
performance reductions in intermittent-sprint performance in
laboratory studies with 2.0 6 0.7% body mass loss, we did not
observe reductions in VHIR or repeated VJ performance in
this study. Based on previous research, it is likely that the
extent of dehydration was not sufficient to blunt peak power in
a single set of repeated VJ efforts (9). Therefore, in the absence
of explicit markers associated with in-competition performance reduction (or reduced work performed), similar results
from laboratory conditions for intermittent-sprint and continuous exercise have previously indicated that sufficient
increases in Tcore result in down-regulation of central activation
of muscle recruitment (12,27). As such, it may be that the
reduction in both mean velocity and distance covered in
the fourth quarter, particularly in MIA, was a result of Tcore
reaching sufficiently high temperatures for a reduction in
muscle recruitment (4). As VHIR is integral to game
performance, and as both games involved highly competitive
fourth quarters, the selective reduction in MIA while
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maintaining VHIR may have been a result of this proposed
reduction in activity to control the internal thermal environment. Given the context of in-game data collection, it must be
noted that changes in the game environment and player
interchanges may also result in a reduced requirement of
physical activity in the closing periods of a game regardless of
Tcore (although both games in which the current data were
collected involved physically demanding final quarters).
In conclusion, this is the first study to report the association
of changes in game activity patterns and Tcore in warm
conditions during free-paced, elite team sport competition.
Unlike laboratory data, the free-paced nature of the game
allows regulation of exercise intensity to ensure a plateau in
Tcore, and, accordingly, Tcore rarely increased above 39.5°C.
Additionally, this regulation of exercise intensity seems to be
at the expense of MIA rather than HIR or VHIR, as is
reported in laboratory data. Although factors related to the
cellular metabolic environment and hydration status are also
likely to contribute, the association between MIA and Tcore,
while maintaining VHIR and, to a lesser extent, HIR, may
suggest the use of pacing strategies to control the rise in the
internal heat load while continuing to engage in regular,
intense efforts during team sport exercise in warm conditions.

PRACTICAL APPLICATIONS
Intermittent-sprint exercise in the heat, as performed by many
team sports during summer competition or preseason
training, can result in increased internal body temperature.
The present research highlights that athletes may adopt
pacing strategies to limit the continued rise in core body
temperature based on a reduction of work during nonessential
activities. As the demands of competition dictate continued
engagement in high-intensity exercise, reductions in the
volume and intensity of low-intensity activity are more evident
than those of high-intensity activity, which is further associated
with the prevention of Tcore rising excessively. Accordingly,
coaches and practitioners may adjust expected game demands
in the heat or, alternatively, attempt to counter these adopted
pacing strategies to maintain or increase the workload
performed, particularly toward the end of a match.
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