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Acute Physiological and Thermoregulatory Responses to
Extended Interval Training in Endurance Runners:
Influence of Athletic Performance and Age

by

Felipe Garcia-Pinillos'; Victor Manuel Soto-Hermoso? Pedro Angel Latorre-Romdn!

This study aimed to describe the acute impact of extended interval training (EIT) on physiological and
thermoregulatory levels, as well as to determine the influence of athletic performance and age effect on the
aforementioned response in endurance runners. Thirty-one experienced recreational male endurance runners
voluntarily participated in this study. Subjects performed EIT on an outdoor running track, which consisted of 12 runs
of 400 m. The rate of perceived exertion, physiological response through the peak and recovery heart rate, blood lactate,
and thermoregulatory response through tympanic temperature, were controlled. A repeated measures analysis revealed
significant differences throughout EIT in examined variables. Cluster analysis grouped according to the average
performance in 400 m runs led to distinguish between athletes with a higher and lower sports level. Cluster analysis
was also performed according to age, obtaining an older group and a younger group. The one-way analysis of variance
between groups revealed no significant differences (p=0.05) in the response to EIT. The results provide a detailed
description of physiological and thermoregulatory responses to EIT in experienced endurance runners. This allows a
better understanding of the impact of a common training stimulus on the physiological level inducing greater accuracy
in the training prescription. Moreover, despite the differences in athletic performance or age, the acute physiological and
thermoregulatory responses in endurance runners were similar, as long as EIT was performed at similar relative
intensity.
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Introduction

Taking into consideration that success in endurance runners are multifactorial, it is also

well known that running-related injuries are often
attributable to training errors (Nielsen et al., 2012).
The knowledge about every possible effect of a
particular training protocol on the athlete plays a

endurance running involves both aerobic and
anaerobic metabolism (Brandon and Boileau,
1992), endurance runners use different training
methods (Hawley et al, 1997; Rabadan et al,

2011). As mentioned by Midgley et al. (2007), key role in the proper training prescription, which

endurance runners often seek the most effective
training methods to enhance performance,
however, the most effective method is not always
the healthiest one. The incidence of running-
related injuries on an annual basis is high,
occurring in 40-50% of runners (Fields et al., 2010)
and, although it is widely accepted that injuries in

means that a further description of the impact of
most typical running exercises on endurance
runners is necessary.

As for the physiological response, abundant
information is available, even though most
scientific papers have focused on acute response
to  continuous running  exercise  from
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distances as short as 400 or 1600 m (Canfield et al.,
2013), to long-distance running as a half-marathon
(Piacentini et al., 2014). However, to the best of
our knowledge only a few studies have analysed
the physiological impact of intermittent training
in runners (Gorostiaga et al., 2010; Vuorimaa et
al.,, 2000), but none of them has worked with
endurance runners during field-based extended
interval training (EIT).

Regarding the thermoregulatory response, in
spite of being well known the influence of core
temperature (Tc) on athletic performance (Drust
et al., 2005), to date, there is a lack of literature
reporting the evolution of Tc during an
intermittent running exercise in endurance
runners.

Taking the above information into account,
this study focused on the acute physiological and
thermoregulatory responses to a common running
exercise in endurance athletes. Therefore, the
main objectives of this study were: i) to describe
the acute impact of extended interval training
(EIT) at physiological and thermoregulatory
levels, and ii) to determine whether athletic
performance and  age
physiological responses in endurance runners.

Material and Methods

influence acute

Participants

Thirty-one recreational male endurance
runners, with a minimum experience of 6 years of
training and competition (age = 28.26 + 8.27 years,
body mass index [BMI] = 22.24 + 2.50 kg/m?, and
maximal oxygen uptake [VOoma] = 58.7 + 4.50
ml-kg'-min?), voluntarily participated in this
study. Most participants performed 6-7 running
workouts per week, lasting more than 60 min. The
athletes trained regularly and had no history of
injury in the 3 months before the study. More
information about the participants is shown in
Table 1. The study was conducted during the
competitive season.

After receiving detailed information on the
objectives and procedures of the study, each
subject signed an informed consent form to
participate, which complied with the ethical
standards of the Declaration of Helsinki (2013).
The subjects could withdraw from the study at
any point. The study was approved by the Ethics
Committee of the University of Jaen (Spain) and
was conducted following the European
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Community’s guidelines for Good Clinical
Practice (111/3976/88 of July 1990) and the Spanish
legal framework for clinical research on humans
(Real Decreto 561/1993 on clinical trials).

Procedures

Subjects were tested individually on 2
occasions. First, during a preliminary session, an
anthropometric assessment and an incremental
running test were carried out. The following
anthropometric variables were evaluated: body
height (m) measured with a stadiometer (Seca 222;
Hamburg, Germany), body mass (kg) recorded
with a Seca 634 scale (Hamburg, Germany), and
the BMI (body mass [kg]/ height [m?]). As for the
running test, the Léger test (Léger et al., 1988) was
performed, through which VOoimax could be
estimated and which consisted of 20 m sprints
with increasing speed in each run, indicating the
pace with audible signals. The VO:2max was
calculated based on the speed that the participant
reached in the last sprint through the following
equation (Léger et al., 1988): VO2 (ml-kg'-min) =
5.857 x velocity (km/h) - 19.458.

The second session was performed 7 days
after the preliminary session on an outdoor
running track (lane 1) (temperature = 17.16 + 5.81
°C, relative air humidity = 62.65 + 16.06%).
Subjects were instructed to avoid strenuous
exercise 72 hours before the training protocol. The
runners were free to drink water during the
running protocol. Before EIT, the athletes
performed a warm-up, which consisted of 5-10
min of continuous running at a comfortable speed
and 10 min of general exercises (high skipping,
leg flexions, jumping exercises, and short bursts of
acceleration). Then the participants began the EIT
protocol, which consisted of 12 runs of 400 m,
grouped into 4 sets of 3 runs, with a passive
recovery period of 1 min between runs and 3 min
between sets (4 x 3 x 400 m). Interval training is
used in the physical preparation of almost all
endurance athletes (Gorostiaga et al, 2010;
Vuorimaa et al., 2006) and is characterized by
efforts lasting from 60 to 90 s with an intensity of
85-100% of maximal aerobic speed and with a
high volume.

Between each 400 m run, the rate of
perceived exertion (RPE) on the Borg Scale (Borg,
1982) was recorded together with the peak heart
rate achieved and the recovery heart rate at 1 min
(HRpeak and HRrec, respectively), using the
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Garmin Forerunner monitor 405 (KS, USA). As
indicated by Daanen et al. (2012), although the
HRrec is generally expressed in absolute terms
(bpm), it may be useful to express it relatively to
the HRrec (ie, the difference between resting and
maximal heart rate) to minimize interpersonal
differences. Based on this, the difference between
the HRpeak and HRrec at 1 min was calculated
and was called heart rate reserve (HRR, in bpm).
Also the tympanic temperature as an index of Tc
(Brandon and Boileau, 1989; Roth et al., 1996) was
recorded after each run. For this purpose, an
infrared tympanic thermometer (ThermoScan®
IRT 6020, Braun™, Germany) was used according
to the manufacturer’s guidelines. This device had
been previously used and found reliable (Kocoglu
et al., 2002). The time to cover each 400 m run (s)
was also recorded although the time used for
subsequent analysis was the average of the whole
EIT protocol (T400m). Moreover, blood lactate
(BLA, mmol.I'') was recorded after the last run of
each set, and for this purpose, a portable lactate
analyzer Lactate-Pro (Arkray, Inc.) was used.

Statistical Analysis

Descriptive statistics are represented as mean
(SD), as well as percentages (%). Tests of normal
distribution and homogeneity (Kolmogorov-
Smirnov and Levene's) were conducted on all
data before analysis. Analysis of repeated
measures (ANOVA) was performed comparing
the scores in analyzed variables throughout EIT.
A Pearson correlation analysis between the
increments (12t run - 1%t run) of analyzed
variables was used. Finally, k-means clustering
was performed according to the T400m
performance, and another according to the age of
participants. Analysis of covariance (ANCOVA)
was performed between the created groups, using
VOzmax and the BMI as covariates. The level of
significance was set at p<0.05. Data analysis was
performed using SPSS (version 21, SPSS Inc,
Chicago, I1I).

Results

Figure 1 shows the results obtained in the
variables analysed throughout EIT (4x3x400 m).
Significant differences were found in the RPE
(p<0.001), Tc (p=0.004), the HRpeak and HRrec
(p<0.001), and BLA (p=0.012) while the HRR
remained unchanged (p=0.231).

The cluster analysis performed according to
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the T400m (Table 2) leads to distinguish between
athletes with a higher sports level (HLG,
T400m=73.07 s, n=23), and those with a lower one
(LLG, T400m=84.91 s, n=8). The one-way analysis
of variance reveals that both HLG and LLG show
significant differences (p<0.001) in VOzmax.
Nevertheless, the results obtained show that no
significant differences were observed in the
remaining variables considered. A cluster analysis
was also performed according to the age of
participants (Table 2), obtaining an older group
(OG, age=38.50, n=10) and a younger group (YG,
age=23.52, n= 21). The same statistical procedure
was used and significant differences between the
OG and YG were found only in the BMI (p= 0.006)
and VOzmax (p=0.030).

The Pearson correlation analysis performed
for the whole group (n=31) between the increases
of analysed physiological variables (A, results
obtained in the first 400 m run - results obtained
in the last 400 m run) and the rest of monitored
variables (T400m, age, BMI and VO:zmax) shows a
significant correlation (r=0.503, p=0.004) between
AHR and AHRrec, as well as a significant and
negative correlation between AHRrec and the
AHRR (r=-0.832, p<0.001). Besides, age correlates
significantly with the BMI (r=0.611, p<0.001) and
VOzmax (r=-0.497, p=0.004), while T400m correlates
with VOzmax (r=-0.799, p<0.001).

Discussion

One of the aims of this study was to describe
the impact of EIT (typical workout for endurance
runners) on a physiological and thermoregulatory
level. As pointed out in the introduction, training
prescription’s errors play a key role in the high
incidence rate of running-related injuries (Fields
et al.,, 2010). Therefore, a further knowledge about
the acute response to the most common running
exercises is needed, and it will lead to a better
understanding of the impact of each training
stimuli on endurance runners, improving the
accuracy in the training prescription. As far the
authors know, no previous studies had focused
on describing the evolution of physiological
variables during field-based EIT in recreationally
trained endurance runners. In this regard, the
results obtained in the current study provide a
detailed description (run by run) of commonly
used variables in daily activity for athletes and
coaches such as the RPE, heart rate (HRpeak,
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HRrec and HRR) or BLA, and one more variable
not widely used but could be measured easily
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during any type of training with endurance
runners i.e. the Tc.

Table 1
Body composition (mean, SD), physical fitness (mean, SD)
and daily training information (n, %) of participants.
Age (y) Body Body mass BMI (kg/m?) VOzmax (ml'kg'min)
M (SD) heigth (m) (kg) M (SD) M (SD)
M (D) M (SD)
28.26 (8.27) 1.75(0.04)  68.16 (6.70) 2224 (2.50) 58.7 (4.50)
Daily training
Number of sessions per Duration of training Perceived performance  Training experience (y)
week sessions (min) state n (%)
n (%) n (%) n (%)
5 6(194%)  30-40min  1(33%)  6079(%)  3(9.7%) 68y 3 (10%)
6 12(387%)  40-60min  11(36.7%)  80-100 (%)  28(90.3%) 812y  9(30%)
7 12(387%)  +60min 19 (60%) +12y  19(60%)
8 1(3.3%)
BMI: body mass index
4) B)
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Figure 1
Changes of the analysed variables throughout extended interval training (4 x 3 x 400 m):
A) rate of perceived exertion in a 6-20 scale;
B) core temperature in Celsius degrees (°C);
C) peak heart rate, heart rate recovery and heart rate reserve,
all of them in beats per minute (bpm);
D) blood lactate in millilitre per kilogram per minute.
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Table 2
Comparative analysis of physiological and thermoregulatory responses
(mean, SD), in terms of increases and peaks reached, between the HLG
and LLG, groups created according to the average performance in 400 m runs,
and the OG and YG, groups created according to the age,
as well as possible influence factors (BMI, VO2max, age, T400m, and training experience).

Variables HLG LLG (n=8) 4 OG (n=10) YG (n=21) 4
(n=23) value

ARPE 6.27 (2.53) 6.25 (2.49) 0.992 6.80 (2.57) 6.00 (2.45) 0.410
ATc (°C) -0.33 (0.68) -0.18 (0.53) 0.574 -0.12 (0.68) -0.37 (0.61) 0.324
AHRpeak (bpm) 9(5.78) 14 (5.01) 0.038 8.50 (4.97) 11.14 (6.28) 0.254
AHRrec (bpm) 28.74 (10.91) 29.13 (10.76) 0.932 26.60 (12.34) 29.90 (9.97) 0.431
AHRR (bpm) -19.74 (1.92) -15.13 (3.25) 0.231 -18.10 (11.70) -18.76 (8.12) 0.856
ABLa (mmol-1) 2.13 (4.68) 3.50 (2.44) 0.439 2.90 (1.94) 2.29 (4.99) 0.712
HRpeak (bpm) 183.30 (8.73) 184.75 (13.71) 0.725 176.71 (10.64) 187.01 (7.50) 0.004
Peak BLa (mmol-17) 13.96 (2.28) 12.35 (2.52) 0.103 13.22 (2.19) 13.71 (2.55) 0.606
BMI 21.64 (1.82) 23.13 (3.37) 0.136 23.63 (2.42) 21.27 (1.94) 0.006
VO2max (ml-kg'min) 58.05 (2.09) 53.03 (3.20) <0.001 54.95 (3.70) 57.62 (2.69) 0.030
Age (y) 27.30 (7.73) 31.30 (10.20) 0.247 38.50 (4.71) 23.52 (4.60) <0.001
T400m (s) 73.07 (3.62) 84.91 (5.91) <0.001 7740 (6.68) 75.51 (6.84) 0.473
Training experience (y) 7.17 (1.94) 6.63 (1.59) 0.480 7.80 (0.570) 6.67 (0.393) 0.113

HLG: higher level group; LLG: lower level group; OG: older group;
YG: younger group; A: increase according to post-pre comparison;

RPE: rate of perceived exertion; Tc: core temperature; HRpeak: peak heart rate;
HRrec: heart rate recovery at 1 minute; HRR: difference between
HRpeak and HRrec; BMI: body mass index;

VOzmax: maximal oxygen uptake; T400m: average time in 400 m runs.

The physiological variables changed in a
logical way, similarly to previous studies
(Gorostiaga et al.,, 2010; Vuorimaa et al.,, 2006),
increasing throughout the training protocol,
reaching very high intensity levels in each one of
them (RPE: 18.36 + 0.97; HRpeak: 182.20 + 9.62
bpm; HRrec: 155.43 + 13.07 bpm; and BLA: 13.55 +
2.41 mmol-l"). The high levels of BLA suggest that
anaerobic glycolysis is extensively activated
during these types of exercise, preferentially in
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type II muscle fibres (Green, 1978). There are
numerous contrasting views of the physiological
effects of lactate and its role on post exercise
metabolism. On the one hand, there is a clear
association between the production of lactate and
muscular fatigue (Facey et al., 2013). High BLA is
known to reflect a decreased muscle pH level and
a concomitant fall in the force output of muscle
contraction (Hultman and Spriet, 1986). On the
other hand, muscle is now considered to be a
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consumer of lactate (Facey et al, 2013). As
indicated by Brooks (2009), a relatively high BLA
level (>10 mmol-l") may also indicate high lactate
consumption in working skeletal muscles, which
may in fact enhance muscular performance.
Anyway, BLA is of interest as it is considered to
indirectly reflect the degree of anaerobic
glycolysis activation (McCartney et al., 1986) and,
consequently, the intensity of the previous work.
As for the thermoregulatory response, Tc
showed a significant reduction throughout EIT,
reaching immediately after the last 400 m run an
average of 35.89 °C. The results reported are
opposing to previous studies which found an
increase in Tc after different endurance races such
as a half-marathon (Lee et al., 2010) or 4 km cross-
country racing (Hunter et al., 2006). Probably, the
fact that these studies were performed in a hot
environment and data were collected during
continuous running can explain this difference.
Additionally, a wide variety of methods are
available to measure Tc what makes the
comparison of results difficult. Nevertheless,
among the non-invasive sites for Tc measurement,
tympanic temperature probably has the strongest
association with Tc (Folk et al., 1998; Lee et al.,
2010). To our knowledge, no previous studies had
used intermittent running exercises under
moderate environment with endurance runners.
Just a few studies (Drust et al., 2005; Duffield et
al., 2009) performed in dynamic sports allow for a
comparison owing to the intermittent nature of
these sport modalities. Both studies associated the
increase in Tc with impairment in athletic
performance, a situation not found in the current
study in which the athletic performance, in terms
of time required to complete 400 m runs,
remained unchanged. As indicated by Moran and
Mendal (2002), an increase in Tc during exercise
results in overloading the cardiovascular and
metabolic system. In a previous study, Pujol et al.
(1994) found a decrease in Tc after a marathon in
relation to resting values. The authors suggested
that the lack of an increase in Tc during prolonged
running could be an indicator of running
economy, highly developed ability in endurance
runners, and its relationship with the
thermoregulation is not totally clear (Joyner et al.,
2011). As concluded by Cheuvront and Haymes
(2001) in a review, numerous individual and
external factors can influence Tc, however,
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common consensus is lacking. Environmental
conditions, dehydration and a metabolic rate, as
well as gender, are commonly referenced as
limiting factors in thermoregulatory control
(Cheuvront and Haymes, 2001; Lee et al.,, 2010;
Lim et al., 2008). In the current study, Tc baseline
values at rest (pretest) were normal (36.43 °C)
(Folk et al., 1998) and, as earlier mentioned, the
running exercise was conducted under moderate
environmental conditions, so more research is
needed on Tc in experienced athletes during
intermittent exercise under different
environmental conditions.

Determining whether athletic performance
and age effect acute physiological and
thermoregulatory responses in endurance runners
was the other main purpose of this study. That is
why the researchers decided to incorporate cluster
analysis as members of the same cluster are likely
to have similar responses. Regarding the first
variable, athletic performance, two clusters of
endurance athletes were obtained from the
different magnitude of the T400 m performance
(HGL and LLG). The major finding in this line
was the fact that no significant differences
between groups concerning physiological or
thermoregulatory responses occurred. In this
study, the HLG obtained VO:amax significantly
higher than the LLG (+5.02 ml-kg-1-min-1), as well
as a greater T400 m (11.84 s). Nevertheless,
changes of the analysed variables throughout EIT
do not show significant differences between the
HLG and LLG. This means that the impact of EIT
on the physiological level is the same, in spite of
the differences in athletic performance, as long as
the workout was performed at the same relative
intensity and absolute load. No previous papers
had been directly focused on this topic, however,
some findings reinforce our results. Canfield and
Gabel (2013) found that different distances
runners (sprinters vs. endurance runners) did not
differ in the HR or RPE after running two
distances. In the same line, some previous studies
had not observed a relationship between
metabolic and physiological markers and
performance during intermittent-sprint exercise
(Duffield et al, 2009), or a football match
(Krustrup et al., 2006).

With regard to the age effect, the major
finding was the lack of differences in the
physiological and thermoregulatory responses. At
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the same absolute load, both the OG and the YG
showed similar responses, in spite of the
difference in age (+14.98 years for the OG), VOzmax
(-2.97 ml'kg?'min), and the BMI (+2.36). Previous
papers concluded that age could affect the
HRpeak (Gellish et al., 2007), the HRrec (Daanen
et al., 2012), while peak lactate levels remained
unchanged (Nybo et al., 2014). The correlations
obtained for the whole group between age, the
BMI and VOzmax, as well as the inter-groups (OG-
YG) differences in the HRpeak (OG: 176.71, YG:
187.01), support the above rationale. Nevertheless,
the lack of differences between the OG-YG
according to the behaviour of analysed variables
throughout EIT allows to highlight that age is not
a factor that influences the acute physiological
and thermoregulatory response during EIT in
experienced endurance runners.

Despite its exploratory nature, this study
offers some insight into acute physiological and
thermoregulatory responses to a typical workout
for endurance runners and the influence of
variables such as athletic performance and age.
These findings are limited by the field-based
nature of the present study which makes
impossible to control some interesting factors as
hydration  status, and to  standardise
environmental conditions.
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common training stimulus on the physiological
level leading to greater accuracy in the training
prescription process. Moreover, despite the
differences in athletic performance or age, the
acute  physiological and thermoregulatory
responses in endurance runners are similar, as
long as EIT is performed at similar relative
intensity. The results suggest that the evaluation
of physiological and thermoregulatory responses
at the same time as running performance should
be considered for monitoring of endurance
athletes.

From a practical point of view, it seems quite
difficult for recreational runners or coaches to
afford  including  “gold  standard”  for
physiological and thermoregulatory responses
assessment in their daily activity. However, many
athletic clubs can afford having devices as used in
the current study. Hence, this study not only
provides further knowledge about the impact of a
typical training stimulus on endurance athletes,
which plays a key role in improving performance
and preventing injuries, but also includes easy-to-
use tools for monitoring and controlling training
adaptations in endurance runners.

This study received no financial support. However, the authors would like to thank to “Club Atletismo
Unicaja (Jaén)” and “Club Atletismo Media Legua (Baena)” for their support and collaboration, and also to
all those athletes who contributed disinterestedly to this research.

References

Borg G. Psychophysical bases of perceived exertion. Med Sci Sports Exerc, 1982; 14(5): 377-381

Brandon LJ, Boileau RA. Influence of metabolic, mechanical and physique variables on middle distance
running. | Sports Med Phys Fitness, 1992; 32(1): 1-9

Brinnel H, Cabanac M. Tympanic temperature is a core temperature in humans. | Therm Biol, 1989; 14(1): 47—
53

Brooks GA. Cell-cell and intracellular lactate shuttles. | Physiol, 2009; 587(23): 5591-600

Canfield TJ, Gabel KA. Blood Lactate, Heart Rate, and Rating of Perceived Exertion in Collegiate Sprint,
Middle Distance, and Long Distance Runners after 400 and 1600 Meter Runs. Int | Medical Pharm Eng,

© Editorial Committee of Journal of Human Kinetics



216 Acute physiological and thermoregulatory responses to extended interval training...

2013; 7(8): 218-221
Cheuvront SN, Haymes EM. Thermoregulation and Marathon Running. Sport Med, 2001; 31(10): 743-762

Daanen HAM, Lamberts RP, Kallen VL, Jin A, Meeteren NLU Van. A Systematic Review on Heart-Rate
Recovery to Monitor Changes in Training Status in Athletes. Int | Sports Physiol Perform, 2012; 7: 251—
260

Drust B, Rasmussen P, Mohr M, Nielsen B, Nybo L. Elevations in core and muscle temperature impairs
repeated sprint performance. Acta Physiol Scand, 2005; 183: 181-190

Duffield R, Coutts A, Quinn ]. Core temperature responses and match sprint exercise competition in warm. |
Strenght Cond Res, 2009; 23(4): 1238-1244

Facey A, Irving R, Dilworth L. Overview of Lactate Metabolism and the Implications for Athletes. Am | Sport
Sci Med, 2013; 1(3): 4246

Fields KB, Sykes JC, Walker KM, Jackson JC. Prevention of running injuries. Curr Sports Med Rep, 2010; 9:
176-182

Folk GE, Riedesel ML, Thrift DL. Principles of integrative environmental physiology. lowa: Austin and Winfield
Publishers; 1998

Gellish RL, Goslin BR, Olson RE, McDonald A, Russi GD, Moudgil VK. Longitudinal modeling of the
relationship between age and maximal heart rate. Med Sci Sports Exerc, 2007; 39(5): 822-9

Gorostiaga EM, Asidin X, Izquierdo M, Postigo A, Aguado R, Alonso JM, Ibanez ]. Vertical jump
performance and blood ammonia and lactate levels during typical training sessions in elite 400-m
runners. | Strength Cond Res, 2010; 24(4): 1138-49

Green HJ. Glycogen depletion patterns during continuous and intermittent ice skating. Med Sci Sports, 1978;
10(3): 183-7

Hawley JA, Myburgh KH, Noakes TD, Dennis SC. Training techniques to improve fatigue resistance and
enhance endurance performance. | Sports Sci, 1997; 15(3): 325-33

Hultman E, Spriet LL. Skeletal muscle metabolism, contraction force and glycogen utilization during
prolonged electrical stimulation in humans. | Physiol, 1986; 374(1): 493-501

Hunter I, Hopkins JT, Casa DJ. Warming up with an ice vest: core body temperature before and after cross-
country racing. | Athl Train, 2006; 41(4): 371-4

Joyner MJ, Ruiz JR, Lucia A. The two-hour marathon: who and when? | Appl Physiol, 2011; 110(1): 275-7

Kocoglu H, Goksu S, Isik M, Akturk Z, Bayazit YA. Infrared tympanic thermometer can accurately measure
the body temperature in children in an emergency room setting. Int | Pediatr Otorhinolaryngol, 2002;
65(1): 3943

Krustrup P, Mohr M, Steensberg A, Bencke J, Kjaer M, Bangsbo J. Muscle and blood metabolites during a
soccer game: implications for sprint performance. Med Sci Sports Exerc, 2006; 38(6): 1165-74

Lee JKW, Nio AQX, Lim CL, Teo EYN, Byrne C. Thermoregulation, pacing and fluid balance during mass
participation distance running in a warm and humid environment. Eur | Appl Physiol, 2010; 109(5):
887-98

Léger LA, Mercier D, Gadoury C, Lambert ]J. The multistage 20 metre shuttle run test for aerobic fitness. |
Sports Sci, 1988; 6(2): 93-101

Lim CL, Byrne C, Lee JKW. Human Thermoregulation and Measurement of Body Temperature in Exercise
and Clinical Settings. Ann Acad Med Singapore, 2008; 37(4): 347-353

McCartney N, Spriet LL, Heigenhauser GJ, Kowalchuk JM, Sutton JR, Jones NL. Muscle power and
metabolism in maximal intermittent exercise. ] Appl Physiol, 1986; 60(4): 1164-1169

Midgley AW, McNaughton LR, Jones AM. Training to Enhance the Physiological Determinants of Long-
Distance Running Performance. Sport Med, 2007; 37(10): 857-880

Moran DS, Mendal L. Core Temperature Measurement. Sport Med, 2002; 32(14): 879-885

Journal of Human Kinetics - volume 49/2015 http://www.johk.pl




by Felipe Garcia-Pinillos et al. 217

Nielsen RO, Buist I, Serensen H, Lind M, Rasmussen S. Training errors and running related injuries: a
systematic review. Int | Sports Phys Ther, 2012; 7(1): 58-75

Nybo L, Schmidt JF, Fritzdorf S, Nordsborg NB. Physiological characteristics of an aging olympic athlete.
Med Sci Sports Exerc, 2014; 46(11): 2132-8

Piacentini MF, Minganti C, Ferragina A, Ammendolia A, Capranica L, Cibelli G. Stress related changes
during a half marathon in master endurance athletes. | Sports Med Phys Fitness, 2014; 55(4): 329-36

Pujol P, Verdaguer-Codina J, Flor M. Heat stress and athletic performance. In: En Plata F, Terrados N, Vera P.
(1994): The marathon, technical and scientific aspects. Madrid: Alianza Deporte; 1994

Rabadan M, Diaz V, Calderon FJ, Benito PJ, Peinado AB, Maffulli N. Physiological determinants of speciality
of elite middle- and long-distance runners. | Sports Sci, 2011; 29(9): 975-82

Roth R, Verdile V, Grollman L, Stone D. Agreement Between Rectal and Tympanic Membrane Temperatures
in Marathon Runners. Ann Emerg Med, 1996; 28(4): 414417

Vuorimaa T, Vasankari T, Rusko H. Comparison of Physiological Strain and Muscular Performance of
Athletes During Two Intermittent Running Exercises at the Velocity Associated with V'O2max. Int |
Sports Med, 2000; 21(2): 96-101

Vuorimaa T, Virlander R, Kurkilahti P, Vasankari T, Hakkinen K. Acute changes in muscle activation and leg

extension performance after different running exercises in elite long distance runners. Eur | Appl
Physiol, 2006; 96(3): 282-91

Corresponding author:

Felipe Garcia-Pinillos.

Faculty of Education Sciences. Department of Didactics of Corporal Expression. University of Jaén (Spain).
Campus de las Lagunillas s/n, 23071, Jaén (Spain).

Phone: (+34) 660062066,

Fax: (+34) 953 212710.

E-mail: fegarpi@gmail.com

© Editorial Committee of Journal of Human Kinetics




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


