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Abstract

Thermoregulation is critical for athletes, particularly those for
those who must perform in the heat. Most strategies aimed at
reducing heat stress have cooled participants before or during
activity. The objective of this study is to investigate whether
seven minutes of head cooling applied between bouts of aerobic
exercise in hot (35 + 1.0 °C) and dry (14.68 +£4.29% rh) envi-
ronmental conditions could positively effect participants peak
power output (PP) on a maximal effort graded exercise test
(GXT). Twenty-two recreational active men ages 18 to 23 (19.8
+ 1.6 yrs.) completed three performance trials over a 21 day
period. During the first trial, participants were familiarized with
procedures and completed a maximal effort GXT on a cycle
ergometer to establish maximal baseline performances. The
second and third trials, which were counterbalanced, consisted
of a cooling and placebo condition. During both of these trials,
participants cycled 40 minutes at 65% of their maximum VO,,
in hot (35 + 1.0 °C) and dry (17-20% rh) environmental condi-
tions. Immediately after this initial bout of activity, participants
were given seven minutes of recovery in which head cooling
was applied during the cooling condition and withheld during
the placebo condition. Participants then completed a maximal
effort GXT. Significant differences (p < 0.001) in participants
peak power output (W) were measured when cooling was ap-
plied compared to the placebo condition (304.23(W) + 26.19(W)
cooling, 291.68(W) + 26.04(W) placebo). These results suggest
that a relatively brief period of intermittent cooling may enhance
subsequent aerobic performance.

Key words: Thermoregulation, thermal-loading, heat-stress, hot
conditions, endurance.

Introduction

The physiological demands of thermoregulation during
intense physical activity are substantial, particularly for
athletes performing in hyperthermic conditions. Several
studies have reported diminished physical performance in
environmental conditions greater than 32°C (Howley et
al., 1995; Midgley et al., 2007; Tyler et al., 2015). Hu-
mans seem to be especially susceptible to heat in that they
can generally tolerate twice the decline in core tempera-
ture (10°C) as they can in its increase (5°C) (McArdle et
al., 2010). In an effort to ameliorate the effects of thermal
stress, various cooling methods have been employed. To
date, approximately 100 original investigations and 13
reviews have examined the effectiveness of cooling on
motor performance (Stevens et al., 2016). The results of
these studies indicate that external cooling methods, in
general, have a positive effect on performance (Rud-

dock et al., 2016; Stevens et al., 2016; Tyler et al., 2015).

As cooling research emerged a more nuanced un-
derstanding of when cooling can be applied has devel-
oped. Most early investigations administered cooling
prior to physical activity, commonly referred to as pre-
cooling. A strong majority of these studies demonstrated
that pre-cooling had a positive effect on subsequent motor
performance (Stevens et al. 2016; Tyler et al. 2015). More
recently, investigators have examined the effect of cool-
ing during performance, referred to as mid-cooling. As
with pre-cooling, positive results were largely reported
with some investigators suggesting that the benefits
gained from mid-cooling outweigh that of pre-cooling
(Tyler et al. 2015; Stevens et al. 2016).

Mid-cooling can further be subdivided into contin-
uous and intermittent cooling. Continuous mid-cooling is
when cooling is applied throughout activity. This is often
accomplished by having participants don cooling equip-
ment such as a vest, collar, hand pads or the administra-
tion of spray/fanning (Tyler and Sunderland 2011; Minni-
ti et al. 2011; Amorim et al. 2010; Kenny et al. 2011).
Intermittent mid-cooling is when cooling is applied dur-
ing a motor task periodically rather than continuously.
Such as ingesting a cold drink or ice slurry every 15
minutes while cycling (Mundel et al. 2006; Siegel et al.
2010). Both continuous and intermittent mid-cooling have
resulted in positive effects to heat stressed participants (
(Gonzalez-Alonso et al. 1999; Ruddock et al. 2016; Ste-
vens et al. 2016).

The purpose of this study is to investigate whether
seven minutes of head cooling applied in between a bout
of aerobic exercise in hot (35 +1.0 degree °C) and dry (15
+3% rh) conditions could benefit participant’s aerobic
performance. The scope of this study was selected for
four reasons. First, intermittent cooling is the least exam-
ined form of cooling research. In a recent review, approx-
imately 80% of cooling studies examined pre-cooling will
20% investigated mid-cooling (Stevens et al. 2016). In
addition, the majority of mid-cooling studies have utilized
continuous cooling strategies as compared to intermittent
(Ruddock et al. 2016; Stevens et al. 2016). Second, the
application of intermittent cooling to many popular sports
such as cricket, field hockey, tennis, volleyball, baseball,
golf, basketball, and football is compelling. Each of these
events have naturally occurring phases of inactivity in
which cooling could be applied. Third, intermittent cool-
ing allows for the application of cooling at strategic times
when the outcome of competitive events is decided. Fi-
nally, investigators in the most review of mid-cooling
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strategies recommended that head cooling be examined
(Stevens et al., 2016). Some of the rational for head-
cooling includes: ease of access, high degree of blood
flow to this region, and the ability to cool without reduc-
ing working muscle temperature (Palmer et al., 2001).
Currently, no studies exist examining this method of head
cooling on performance.

Methods

Experimental approach to the problem

A randomized cross-over study design was selected to
determine whether seven minutes of head cooling be-
tween bouts of activity could attenuate the decline in
performance that is often associated with heat stressed
performances. This design was selected in order to mini-
mize the effects of between participants physiological
variability.

Each subject was required to complete three ses-
sions. Session one consisted of acclimatizing participants
to testing procedures and obtaining baseline measures.
The second and third sessions were counterbalanced and
consisted of treatment and placebo (See Table 1).

TREATMENT SESSION

40 Minutes Cycling
Workload 65% VO2 max
Ambient temp 35¢

PLACEBO SESSION

40 Minutes Cycling
Workload 65% VO2 max
Ambient temp 35¢

Table 1. Study design.

The independent variable in this investigation was
head cooling via the Welkins Sideline Cooling System
(Downers Grove, IL). This device consists of three major
components: a cooling cartridge, heat exchange, and teth-
ered neoprene cap (see Figure 1). The heat exchange
circulates 90z of cooling fluid through the tubing and
neoprene cap which snuggly fits on the subject’s head.
During maximal cooling, the circulating fluid maintains a
temperature between 5-10°C. During treatment condi-
tions, maximal cooling from this device was applied.
Power to this device is supplied via internal batteries.

In order to create a placebo condition, participants
were informed that the focus of this investigation was to
compare the effects of two modes of cooling on aerobic
performance: traditional and innovative. The traditional
method of cooling was explained as cooling the head via
circulating fluid, in which participants would recognize
the sensation of cooling via the head gear. The innovative
method of cooling (placebo) was explained as using MRI
technology to target thermoreceptors within the brain for
deep brain cooling. Participants were told that although
inner cooling of the brain was occurring, no noticeable
cooling via sensation could be recognized. These explana-
tions were given to minimize the effect of the sensory
reinforcement.

The dependent variable was peak power output. A

graded exercise test (GXT) was used to measure perfor-
mance indicators.

Participants

Twenty-two recreationally active men between the ages
of 18 and 23 years participated in the study (19.8 £ 1.6
yrs.). The average mass and height of the participants
were 1.82 + 0.08 m. and 78.4 £ 15.6 kg. All participants
reported participating in at least 90 minutes of moderate
to vigorous physical activity per week within the previous
six months. Each participant agreed not to alter their typi-
cal activity and dietary habits throughout the duration of
this study. Participants reported no cardiovascular, neural,
or musculoskeletal disease or injuries that would prevent
them from completing the exercise bouts. After reviewing
research procedures, protocol, and potential risks, partici-
pants were given an opportunity to ask questions before
reading and signing an informed consent form, which
received approval from the Institutional Review Board
(IRB). Each participant that complied with all established
procedures and guidelines was financially compensated.

Figure 1. Welkins Sideline Cooling System
(Photo by Peter Walters).

Test procedures

The first session was conducted under hyperthermic, low
humidity environmental conditions (35 +1.0 °C, 15%
+3% rh). Participants’ peak oxygen consumption and
peak aerobic power output were determined using a ramp
protocol on a Velotron electronically-braked cycle er-
gometer (Racermate, Seattle, WA. Participants biked for
three minutes at a constant power output of 100 watts.
After this warm-up period, power increased at a rate of
one watt per 2.5 seconds. Participants were asked to con-
tinue cycling until volitional exhaustion. Oxygen Con-
sumption (VO,) and respiratory exchange ratio (RER)
were measured continuously using open-circuit spirome-
try (TrueOne 2400 metabolic cart, Parvo Medics, Sandy,
UT). Heart Rate (HR) (FT1-Polar, Kempele, Finland) and
rectal temperature (RT) (RT-YSI 400 thermistor and
43TA tele-thermometer, YSI, Yellow Springs, OH) were
also measured continuously. Values were averaged over
5-second epochs. At the point of volitional exhaustion,
VO, peak, peak power output, HR, RPE (Borg, 1998),
rectal temperature, blood lactate (Lactate Plus, Nova
Biomedical, Waltham, MA), and peak watts were record-
ed. A GXT was deemed successful if participants met a
minimum of two of four requirements: RPE above 18, HR
within 10% of age-predicted maximum (Karvonen For-
mula), RER > 1.10, and a blood lactate concentration > 7
mm (Howley et al., 1995; Midgley et al., 2007). Partici-
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pants were encouraged to come to the lab well hydrated,
as no fluids were given until after the session was com-
plete.

The second and third trials were conducted in a
hyperthermic, low humidity environment (35 £1.0 °C,
15% +3% rh) and counterbalanced so that half of the
participants performed the cooling condition first while
the the other half performed the placebo condition first.
Procedures for these trials were identical with one excep-
tion: the cooling cap was turned on at full power during
the cooling trial and turned off during the placebo trial.
Both sessions began with participants biking for 40
minutes at 65% of maximal oxygen consumption. During
this time period, HR, RER, RPE, core temperature, and
watts were recorded every five minutes. As these
measures were evaluated, power output was adjusted to
maintain a workload of 65% of maximal oxygen con-
sumption. After 40 minutes, the participants stopped ped-
aling and were given a seven-minute recovery period.
During this rest interval, the participants’ heads were
sprayed with water per manufacturer’s instructions to
allow for enhanced thermal transference and the cooling
cap was firmly fitted to their heads. All participants re-
mained on the bike for the rest interval.

At the cessation of rest interval, the cooling cap
was removed and the graded exercise test began immedi-
ately. The GXT was identical to each subject’s first trail,
except for the omission of a three-minute warm up. After
participants reached a point of exhaustion, VO, peak,
peak power output, HR, RPE, rectal temperature and
blood lactate were recorded.

Participants were required to complete three ses-
sions with a week between each session. Each subject’s
session was performed on the same weekday and at the
same time of day so that diurnal fluctuations in core tem-
perature could be minimized. In addition, each subject
was required to maintain activity and dietary pattern for
the duration of data collection. After completing all test
trials, participants were given full disclosure as to the
treatment and placebo conditions.

Gross efficiency was calculated as the ratio of peak
work rate to energy expended. Watts were converted to
kcal/min (0.004184 kcal/kJ) and VO, was converted to
kcal/min (5.047kcal/LO,y (Coyle et al. 1992).

Statistical analyses

To determine if seven minutes of intermittent head cool-
ing could blunt the decline in peak aerobic power output,
change scores were calculated for all performance metrics
(cooling/placebo session — baseline) and compared using
t-tests for paired data (SPSS v.21, IBM). The decline in
VO, peak and peak power output relative to the baseline
GXT were compared between the head cooling and pla-
cebo treatment. Statistical differences between means
were established at a minimum level of p <0.05.

Results

Chamber temperatures were not different between any of
the testing sessions (Baseline: 35.0 £ 0.1°C; Placebo: 35.0
+ 0.3°C; 35.0 £ 0.1°C). Relative Humidity was main-
tained at a low level for all trials (Baseline: 12.82 =+

4.79% rh; Placebo: 17.45 + 3.88% rh; Intermittent Cool:
18.91 + 2.72% rh). The thermal load induced by exercis-
ing in the heat was not different between conditions as
shown in Figure 2.
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Figure 2. Rectal temperatures during placebo and cooling
conditions.

Subject’s effort on both placebo and cooling trials
appeared to be maximal since there where no differences
in participants’ peak core temperature, peak HR, blood
lactate, and RPE. (see Table 2).

Table 2. Peak values at the end of the GXT. Data are means
(xSD).

Placebo Intermittent Cooling
Core temperature 38.8 (1) 38.9(.1)
VO, (ml/kg/min) 51.8 (1.5) 52.5(1.2)
HR (bpm) 190 (3) 191 (3)
RER 1.09 (.01) 1.09 (.01)
Lactate (mM/L) 12.0 (.7) 12.5(.7)
RPE 19.2 (.2) 19.4 (.2)

As depicted in Figure 3, the subjects’ peak power
output was lower during both placebo (291 + 26.04
Watts) and cooling (304 + 26.19) compared to their base-
line GXT (316.72 + 33.65 Watts). Though head cooling
significantly blunted the decline in power output (p =
0.002). Based on the rate at which power increased during
the GXT (1 watt every 2.5 seconds), this difference in
peak aerobic power output equated to a difference of 31.4
* 9.1 seconds. Though power output declined, the decline
in VO,peak was not different between placebo and cool-
ing (Figure 3). When gross efficiency was calculated from
Watts and VO,, there was no difference between placebo
(21.16+0.45%) and cooling (21.78 + 0.58%) conditions (p
=0.18).

Discussion

These findings suggest that intermittent cooling is an
effective means of increasing aerobic performance but not
capacity. These results are consistent with the previous
research when pre-cooling or continuous cooling has been
applied (Ruddock et al., 2016; Stevens et al., 2016; Tyler
et al., 2015). While further evidence concerning the use-
fulness of cooling is affirming, there are noteworthy as-
pects of this investigation that can be useful especially in
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an applied setting.
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Figure 3. Decline in VO2 peak and peak power.

First, intermittent head cooling ameliorates some
of the criticisms directed toward pre-cooling or continu-
ous cooling. One criticism specific to pre-cooling is that
this method works in opposition to warm-up procedures.
The studies that have been conducted on the effect of heat
on subsequent performance validate the assumption that
warm-up procedures tend to increase the rate and force of
muscular contractions, lower the viscous resistance in
muscles and joints, and increase blood flow to active
muscles (Bergh and Ekblom, 1979; Fradkin et al., 2010).
Given the fact that warm-up behaviors are almost univer-
sally practiced, a concern exists that pre-cooling may
work in opposition to that practice. Another criticism is
that cooling to specific regions of the body can result in
the diminished rate and force of muscular contractions in
the regions cooled (Bergh and Ekblom, 1979). Finally,
during continuous cooling, individuals must often support
cooling devices throughout their motor performance.
While advancements have been made regarding methods
for supporting cooling devices, the concern remains that
the additional resistance, restricted movement and addi-
tional drag from donning cooling equipment may offset
any gain from the cooling (Ansley et al., 2008; Stevens et
al., 2016; Tyler et al. ,2015).

These criticisms are largely alleviated through the
use of intermittent cooling-specifically of the head. If
cooling is applied after an individual’s initial phase of
activity, then confounding effects from pre-cooling in
close proximity with warming up activities can be avoid-
ed. In addition, cooling the head as opposed to anatomical
sites located on or near large groups of muscular density
can potentially reduce central factors of fatigue, while not
adversely affecting localized muscular temperature
(Fradkin et al., 2010). Furthermore, intermittent cooling
can be applied during the cessation of activity, inherent in

many sporting activities, thus eliminating the need to
dawn cooling equipment throughout activity as in the case
of continuous cooling.

While intermittent cooling reduces some of the
criticisms associated with pre-cooling or continuous cool-
ing, this particular investigation has limitations that need
to be addressed in subsequent research. First, the partici-
pants in this study were exclusively male. Females were
excluded from in this initial investigation because of the
potential confounding effects of menstrual fluctuations in
temperature and the thermal barrier associated with addi-
tional cranial hair (Marsh and Jenkins, 2012). In addition,
subjects were recreationally active as opposed to elite
athletes. It is likely that performances differences would
likely be reduced as participant’s ability increases.

Furthermore, while no differences in core tempera-
ture were observed it would have been useful to observe if
subject’s brain temperature varied between the treatment
and placebo condition. During preliminary trials tympanic
temperature was gathered, however due to this devices
marginal ability to reliable measure brain temperature it
was not used in this study. This finding is supported in the
literature (Ganio et al., 2009). Other forms of obtaining
brain temperature has much higher degrees of validity and
reliability such as microwave radiometry, magnetic reso-
nance thermometry, and ultrasound thermometry, howev-
er such instruments were unavailable in the existing la-
boratory (Corbett et al., 1997, Maruyma et al., 2000).
Finally, while a placebo was employed in this study, the
strength of the placebo did not have all of the accompany-
ing sensory feedback as did the experimental trial.

Although the results of this study support the hy-
pothesis that cooling can positively effect motor perfor-
mance, the physiological mechanisms that produce this
effect are not clearly understood. The greater aerobic
power output, coupled with similar VOypeak in our par-
ticipants suggest that exercise efficiency was improved
after intermittent cooling. Mechanical efficiency was not
measured, though it is unlikely that heating or cooling
would significantly effect cycling biomechanics. Thus, an
improvement in metabolic efficiency would have to be
hypothesized. While studies have shown that increased
muscle temperature is associated with increased metabolic
efficiency (Olschewski and Bruck, 1988; Marino et al.,
2004), our data indicate that rectal temperature was not
altered by intermittent cooling of the head. Therefore, it is
unlikely that short-term, intermittent cooling of the head
impacted metabolic efficiency. Another possibility is that
our bout of active heating (40 minutes of cycling at 65%
of VO,peak) produced some degree of central fatigue
(Hettinga et al., 2007), and that even brief intermittent
cooling of the head reduce central fatigue, allowing for
greater power output. Future studies will be needed to
clarify the peripheral and central mechanisms that inter-
mittent cooling directly or indirectly effects.

Application

In addition to removing many of the limitations associated
with administering pre-cooling and continuous cooling,
intermittent cooling can be administered to a wide range
of athletes who participate in sports with frequent periods
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of activity cessation. During a typical National Football
League game, the ball is in play for only 11 minutes out
of approximately 2.5 hours of game time (Biderman
2010). The average ice time for a top ranked player in the
National Hockey League is approximately 19 minutes
during a 60 minute interval (NHL Website, 2014). The
average amount of time the ball is in play during a major
league baseball game that typically lasts three hours is 18
minutes (Moyer, 2013). Thus, in many sports, there is
ample opportunity for athletes to apply intermittent cool-
ing in order to optimize performance.

Due to the ease of application to the head region
and the relatively short period of time needed for cooling
to be applied, intermittent cooling is well suited for dy-
namic environmental conditions, as when pronounced
temperature fluctuations occur within a sporting event or
due to travel. In 2007, the Chicago Marathon began in the
low 70’s, some 3.5 hours later the event was canceled due
to temperatures reaching into the 90°s (Snyder, 2007). In
one study, Soccer players’ accustomed to performing in
relatively cool temperatures (12°C) experienced a 6%
decline in anaerobic power output while traveling to a
match where moderate thermal stress (30°C) was encoun-
tered (Mohr and Krustrup, 2013).

Finally, the degree to which participants perfor-
mances were enhanced as a result of intermittent cooling
was striking. Placebo and trial conditions lasted between
7-9 minutes. Power increased during the GXT at a rate of
1 watt every 2.5 seconds. On average, there was a 31
second improvement in time to exhaustion when partici-
pants received intermittent cooling as compared to when
they did not (cooling 510 sec., placebo 479 sec.). While a
direct comparison between aerobic performances and a
cycling GXT can be made, athletic events such as the
Tour de France prologue, 2 mile run, and the 800 meter
swim are aerobic activities have approximately the same
duration (7-9 minutes). In the 2012 Tour de France pro-
logue, 31 seconds was the difference between 1st Place
and 164™ place (VeloNews, 2014). According to the
Men’s All-time Best 2 mile run times, there are over 300
individuals between the first Place time and 31 seconds
later (Larsson, 2016). In the 800m men’s swim at the
2015 World Aquatics Championship, 31 seconds was the
difference between first and 37" place (FINA, 2015).

While time to exhaustion and performance times
are not parallel and recreational participants should not be
confused with elite athletes, results from this study does
indicate that intermittent head cooling is associated with
improved aerobic performance. These findings, which are
consistent with prior research, provide trainers, coaches,
and practioners with another tool for blunting the negative
effects of thermal stress.

Conclusion

These results suggest that a relatively brief period of in-
termittent head cooling may enhance subsequent aerobic
performance for individuals performing in hot (35 + 1.0
°C) environmental conditions. The application of these
findings holds promise to a wide range of athletes who
participate in sports with frequent periods of activity

cessation.
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Key points

e Thermoregulation is a critical performance variable

e Pre-cooling and Mid-cooling methods have been
shown to benefit aerobic and anaerobic performance

e To date, intermittent head mid-cooling has not been
investigated

e This study demonstrated that seven minutes of in-
termittent head cooling was sufficient to positively
effect aerobic performance
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