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Abstract

Exercise performed under hot/humid conditions can hinder endurance performance. The
Omius™ headband (OH) is purported to reduce the perception of heat and improve
performance. We examined the impact of OH on selected thermal and cardiovascular
functions, subjective perceptions and running performance. Using a randomized crossover
protocol, 10 trained male athletes (28 + 4 yrs) completed two trials (OH and SH (sham
headband), 35.0 + 0.3°C, 56 + 3% relative humidity) comprising 70 min of running (60%
VO2max) followed by a 5-km running time-trial (TT). Heart rate, perceived exertion and
whole-body thermal comfort did not significantly differ between OH and SH during the
submaximal running effort and the TT. Rectal temperature was significantly lower with
SH (= 0.18 £ 0.17°C) than OH prior to the submaximal running effort; this significant
difference persisted during the submaximal running effort. Rectal temperature did not
differ significantly between conditions during the TT. Forehead temperature was
significantly lower with OH than SH during the submaximal running effort, but no
significant difference was observed at the end of the TT. Perceived forehead thermal
comfort was only significantly lower with OH than SH during the submaximal running
effort. TT time did not significantly differ between OH (19.8 £ 1.2 min) and SH (20.2
1.0 min). We conclude that in hot/humid conditions, OH does not improve heart rate,
forehead and rectal temperatures, perceived exertion, whole-body and forehead thermal
comfort and performance during a 5-km running TT preceded by 70 min of moderate-

intensity running.
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1. Introduction

Recently, major sporting events such as the 2019 athletic world championship in Doha, the
2021 Tokyo Olympic Games and the women’s 2023 Ironman™ triathlon World
Championships were held in warm conditions (Eijsvogels et al., 2021). It is anticipated that
athletes will compete in warm and humid environments even more often in the coming
decades due to rising global temperatures and the increase in the number and frequency of
heat extremes (Smith et al., 2016). During intense physical exercise, especially in hot and
humid conditions, the metabolic heat produced often exceeds the heat loss through heat
dissipation processes which results in an increase in core body temperature (Cheuvront &
Haymes, 2001; Kenefick et al., 2007; Wendt, 2007). Indeed, when competing in a humid
environment, the heat dissipation capacity via sweat evaporation is reduced due to a
diminished water vapour pressure difference between the skin and the air (Kondo et al.,
2009). Moreover, the efficacy of the other heat loss mechanisms is shrinking, or even
inversed (i.e., dry heat gains), as ambient temperature approaches or surpasses skin
temperature (Wendt, 2007). Heat stress is therefore increased when exercising under hot
and humid conditions, which may increase 1) core body, skin and brain temperatures; 2)
cardiovascular strain; 3) glycogen use; 4) perceived exertion and; 5) reduce muscle
recruitment (Gonzélez-Alonso et al., 1999). Hence, exercising under warm and humid
conditions may negatively affect performance and even endanger health (Lei & Wang,
2021).

To reduce thermal and cardiovascular strain when exercising under warm and humid
conditions, athletes may resort to the use of cooling strategies before (pre-cooling) or

during (per-cooling) exercise (Bongers et al., 2017; Douzi et al., 2020). Pre-cooling



strategies reduce cardiovascular and thermal strain, but their effects are substantially
reduced after 20-25 min of exercise, rendering them less attractive for prolonged exercise,
such as long-distance cycling and running or triathlon. Hence, the use of per-cooling
strategies is advocated when exercising for prolonged period of times in warm and humid
conditions. Although there is a variety of per-cooling strategies that athletes can use during
exercise, one that has been shown to improve endurance performance is head cooling
(Ansley et al., 2008; Walters et al., 2017), although its effect on perceived exertion, skin
and core body temperatures, heart rate and sweat rate is not conclusive. Therefore, it cannot
be ruled out that a placebo effect could be at the root of the effect of head cooling on
performance. Regardless, there is a legitimate reason to believe that a true cause and effect
relationship could exist between head cooling and performance. Indeed, the hypothalamus
is the central integrator for thermoregulation (Nielsen et al., 2001). However, during
intense exercise in the heat, there is a substantial increase in brain temperature compared
to a thermoneutral environment (Nybo, 2012). So, inhibitory signals from this region
caused by an excessive increase in brain temperature can compromise performance (Nybo,
2012). By creating a favorable thermal gradient, cooling the head during exercise could
lead to a drop in brain temperature, providing a performance advantage (Cao et al., 2022).
The Omius™ headband (OH) is a head cooling device designed to reduce the perception
of heat and improve performance in warm conditions. It was introduced to the World in
2019 during the lronman™ World Championship (Carlson, 2020) and has ever since been
commonly used by recreative and competitive athletes. This headband is comprised of 20
porous graphite cubes, which contain 9 small tree dimension metallic towers that act as

heat dissipators by increasing the surface area of the forehead. It is purported that the



increased forehead heat production during exercise should disperse via conduction along
the metallic towers and dissipate to the air by convection (Xu et al., 2005). According to
the manufacturer, OH ... increases the evaporative surface area of the skin by 5 times.”
(Omius website). Thus, OH could potentially produce a cascade of favorable events, i.e.,
reduce forehead and brain temperatures, as well as whole-body and forehead thermal
comfort, which, in concert, would lead to an increase in performance when exercising in
warm and humid conditions. However, to the best of our knowledge, this cooling headband
has not yet received any scientific attention.

The objective of this study was to determine, in hot and humid conditions, the effect of OH
on performance and selected thermal and cardiovascular functions and subjective
perceptions during 70 min of submaximal running followed by a 5-km time-trial (TT). We
hypothesized that, compared with a sham headband (SH), OH would reduce forehead but
not rectal nor mean body temperatures during the submaximal running effort and TT.
Furthermore, we supposed that OH would reduce whole-body perception of thermal
comfort and perceived exertion during the submaximal running effort but not the TT.
Finally, we expected that the headband would improve 5-km running TT time.

2. Methods

2.1. Participants

Ten physically active men (mean + SD, age: 28 + 4 years; height: 178 + 10 cm; body mass:
74 £ 12 kg; body fat: 9.2 + 2.6%; maximal oxygen consumption (VO2zmax): 60 + 7 mL/kg
body mass/min) completed this study. A total of 14 individuals (13 men, 1 woman) were
initially recruited, but two individuals did not meet the inclusion criteria for VOzmax, and 2

withdrew after the familiarisation trial. Inclusion criteria were: 1) healthy and between the



age of 18-50 years; 2) physically active (> 8 h of aerobic training per week, including
running); 3) be able to run at least 90 min continuously; 4) body mass index < 30 kg/m?;
5) VO2max for women > 47 and men > 52 mL/kg body mass/min, which is considered as a
performance level 2 according to Pauw et al. (2013). Exclusion criteria were: 1) intolerance
to blood punctures; 2) chronic use of anti-inflammatory; 3) cold or flu; 4) diabetes; 5) heat
intolerance; 6) lower limb injuries; 7) medications that may alter fluid balance and body
temperature; 8) high blood pressure; 9) excessive accumulation of earwax (determined with
an otoscope) in the ear canal; 10) susceptibility to developing muscle cramps during
exercise and; 11) being pregnant or breastfeeding. The study and procedures were
thoroughly explained, and participants gave their written informed consent to participate
in this study. The CIUSSS Estrie-CHUS Ethics Committee (2023-4848) approved all
experimental procedures.

2.2. Overview of the study

After determining eligibility, participants underwent a preliminary visit where baseline
measurements were taken. Then, no more than 10 days following the first visit, participants
completed a familiarization trial where they experienced the same exercise protocol than
that used for the upcoming experiments. Finally, participants completed 2 experimental
trials (SH and OH) separated by 7 to 10 days, which were conducted at the same time of
day.

2.3. Preliminary visit

The height of the participants, wearing only socks, was measured to the nearest 0.5 cm
using a wall stadiometer, body mass, while post-void and in the nude, with a digital scale

(BX-300+, Altron Systems, USA, + 20 g), and blood pressure and resting heart rate using



a digital sphygmomanometer (Welch-Allyn 420 series, USA) after the participants had
been seated for a period of 2 min. Following these measurements, the left ear canal of the
participants was closely examined with an otoscope (HS-OT10G, Honsun Medical,
Zhejiang, China) to determine the extent of the presence of earwax. Then, fat mass and fat
free mass (FFM) were measured with the dual-energy X-ray absorptiometry technology
(Lunar Prodigy, GE Healthcare, USA). Finally, VO2max was determined with a metabolic
analyzer (Cosmed Quark CPET, Cosmed, USA) calibrated according to the manufacturer
instructions. Participants started walking at 5 km/h on a motorized treadmill (model
TMX428 Trackmaster, Newton, KS, USA) with 0% grade for 1 min, with further
increments of 1 km/h occurring every 1 min until the participants could not continue. The
VO2max Was confirmed when at least two of those criteria were reached: 1) respiratory
exchange ratio > 1.1; 2) theoretical maximal heart rate (220-age) was reached and; 3) VO2
plateau concurrent to an increase in speed (Howley et al., 1995). At the end of this visit,
pre-experimental instructions regarding the cleaning of the left ear canal and preparation
for the familiarization trial were provided to participants.

2.4. Pre-experimental protocol

Participants were required to fill a dietary log (nutrition and hydration) during the 24 h
period preceding the familiarization trial, which they replicated for the 24 h period
preceding the two experiments. Participants refrained from consuming diuretics, with the
exception of caffeine (to prevent symptoms of withdrawal), during the 24 h period
preceding the familiarization trial and experiments as well as from taking any supplements
in the 48 h period preceding these visits. Furthermore, to ensure that participants arrived at

the laboratory in an euhydrated state for both the familiarization trial and experiments, they



drank 250 mL of water 120 min before going to sleep the night before these visits and 250
mL 60 min before arriving at the laboratory. Participants went to bed at the same time of
day the nights preceding the familiarization trial and experiments and maintained their
training routine over the last 24 h period before these visits. Finally, prior to all the
upcoming visits participant were asked to refrain from exercise for the last 8 h leading to,
and to stop eating and drinking for the last 60 min prior to, their arrival at the laboratory.
2.5. Familiarization trial

To accustom participants with all the procedures and equipment to be used in the
experiments, minimize any learning effect and determine the correct running speed for the
submaximal running effort, a familiarization trial was performed (Hopkins et al., 1999).
During this visit, participants underwent a 70 min running effort at 60% VOzmax, Wwhich was
immediately followed by a 5-km TT. The exercise protocol was performed under the same
experimental conditions as those used during the upcoming experiments, with the
exception that no headband was worn, and no spraying of the forehead was performed. The
participants’ VO2 was measured continuously during the first 5 min of the submaximal
running effort, and the appropriate running velocity was confirmed when VO2 remained
within + 150 mL of the targeted VO2 for an entire minute. The total volume of water that
participants received during the run was based on the assumption that the 5-km TT would
be completed in 20 min and, hence, that the entire running effort would be of 90 min.

2.6. Experimental protocol

Figure 1 illustrates the experimental protocol. Each experiment was divided into 4 phases:
1) arrival at the laboratory and baseline data collection; 2) 70 min submaximal running

effort at 60% VO2zmax; 3) 5-km TT performance and; 4) end of the experiment and data



collection. At their arrival at the laboratory, participants first voided their bladder in a
portable urinal and a midstream urine sample was collected to assess urine specific gravity,
osmolality and color. Participants then inserted a telemetric pill into their rectum, their body
mass was assessed and, in preparation for capillary blood collection, they sat quietly for 10
min with their hand immersed in 40°C water. Finally, participants were instrumented with
a heart rate chest strap and 4 skin probes and then remained silent for 5 min at which time
measurements of heart rate, rectal, skin, forehead and aural canal temperatures as well as
subjective perceptions were taken. Participants were then transferred to the environmental
chamber where they mounted the motorized treadmill and remained silent for 5 min. During
that period, the temperature and humidity of the environmental chamber were measured as
well as the wind speed from the ventilators facing the participants. Then, measurements of
heart rate, rectal, skin, forehead and aural canal temperatures as well as subjective
perceptions were taken again. Following this, the headband was placed on the forehead of
the participants, water was sprayed on the headband, and immediately thereafter the
submaximal running effort started. The subjective perceptions were measured every 5 min.
At min 5, 15, 25, 35, 45, 55, 65 and 70 during the submaximal running effort, participants
stopped running by placing their feet on the sides of the treadmill, the ventilators were
stopped and measurements of heart rate, rectal, skin, forehead and aural canal temperatures
were taken. Then, with the exception of min 70, participants consumed water, running was
resumed, and ventilators restarted. Stop times were standardized to 45 sec. Water was
provided based on a rate of consumption of 500 mL/h/70 kg body mass. Each serving
represented /e of the hourly volume to be consumed. Water was provided at a temperature

of 20°C, since it has been observed that the water served at aid stations during Ironman™



triathlon races is between 14 and 26°C (Burdon et al., 2013). At the 45 min mark, the
participants ingested an energetic gel (GU, Berkeley, Ca, USA) containing 22 g of
carbohydrates. The 5-km TT started immediately following the last treadmill stopped at
min 70 of the submaximal running effort. The participants could adjust their speed
throughout the TT and did not have access to any metrics such as speed, distance to be
completed or elapsed time but were informed of the distance ran. Verbal encouragements
were not provided during the TT in order to avoid bias from the experimenter. Heart rate,
rectal and skin temperatures, as well as subjective perceptions were measured every 1 km
during the TT. At the end of the TT, the forehead and aural canal temperatures were
measured, and a capillary blood sample was taken. The headband, heart rate chest strap and
the skin probes were removed from the participants. The participants were then dried and
weighted without their shoes, but with a correction for the mass of clothes worn and sweat
trapped in them. Finally, a midstream urine sample was collected.

2.7. Measurements and headbands

2.7.1. Heart rate and rectal, skin, forehead, aural canal and mean body temperatures
Heart rate was measured with a Garmin™ chest electrode (Garmin, Olathe, KS, USA) and
signals were interpreted using the Golden Cheetah™ software. Rectal temperature was
measured a calibrated telemetric pills (CoreTemp™, HQ Inc, Palmetto, FL, USA) inserted
just beyond the anal sphincter, as per the specifications found in Gosselin et al. (2019).
Each pill was reused for a total of 50 h (Pancrate et al., 2020); hence, the pills were shared
by several participants, but each participant used the same pill for the familiarization trial
and both of their experiments. The pills were sterilized after every utilization with a

solution of 2.5% glutaraldehyde (MetriCide 28, Metrex, Orange, CA, USA). Skin
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temperature was determined by placing calibrated YSI 409 B probes (Yellow Springs
Instrument, Yellow Springs, OH, USA) on the left side of the body at the the chest, forearm,
thigh and calf level. The skin probes were held in place with the use of hypafix dressing
tape and connected to a USB-TEMP data acquisition box (MC measurement computing,
Norton, MA, USA).

Mean skin temperature (Tskin) was calculated according to Ramanathan (1964) using the

following formula :
Tskin = (0.3 x Tchest) + (0.3 x Ttorearm) + (0.2 x Tthigh) + (0.2 x Tcaif), (1)
where T is temperature.

Forehead temperature was measured at the center of the forehead, 1 cm above the procerus,
with an infrared thermometer (Mastercraft, Vonore, TN, USA) held perpendicularly
approximately 2.5 cm above the surface of the forehead (Dolibog et al., 2022). The skin
emissivity was set at 0.98 (Steketee, 1973). Forehead temperature measurement was
performed after the headband had been lifted upward slightly and the forehead dried with
a clean towel (Moran-Navarro et al., 2019). Then, the headband was placed back to its
initial position and sprayed throughout with 6 mL of water at 20°C. Aural canal
temperature was measured using an infrared thermometer (Braun Thermoscan 7,
Bethlehem, PA, USA) designed for tympanic temperature assessment. In order to insert the
probe tip at close proximity of the tympanic membrane, the participants’ helix (the outer
rim of the ear) was pulled up and back. Furthermore, inside the environmental chamber,
when the aural canal temperature was measured, the fans were stopped because this
measurement can be affected when air is blown in direction of the head of the participants

(Deschamps et al., 1992; Shiraki et al., 1988). Aural canal temperature was used in the
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present study as an index of brain temperature (Notley et al., 2018). Indeed, the tympanic
temperature has been shown to provide a good appreciation of the brain temperature
(Mariak et al. 1994). When used according to the manufacturer instructions, the Braun
Thermoscan 7 can detect changes in core body temperature during exercise (Fenemor et
al., 2020; Moran-Navarro et al., 2019).

Mean body temperature was computed from rectal and mean skin temperatures using the
formula proposed by Baum et al. (1976):

Mean body temperature = (0.87 x Trec) + (0.13 x Tskin), (2)
where Trec and Tskin denote rectal and mean skin temperatures, respectively.

2.7.2. Subjective measures

Perceived exertion was measured using the 6-20 Borg rating scale (Borg, 1998). Whole-
body thermal comfort and forehead thermal comfort were measured with a scale ranging
from 1 to 7 (1: too cool; 2: cool; 3: comfortably cool; 4: comfortable; 5: comfortably warm;
6: warm; 7: too warm), as found in Schweiker et al. (2017).

2.7.3. Urinary measurements, sweat loss and dehydration level

Urine volume was measured gravimetrically using a digital scale (Symmetry, Cole-Parmer,
Quebec, Canada), urine specific gravity using a refractometer (PAL-10S, Atago, Bellevue,
WA, USA) (Dion et al., 2013), urine color with a validated 8-point scale (Armstrong et al.,
1998) in a well-lit room and immediately after collection and urine osmolality using the
freezing point depression technique (Micro-Osmometer, Osmette, Precision Systems Inc.,
Natick, MA, USA). Sweat loss was computed from the before to after difference in body
mass, with corrections for fluid intake and urine production. Losses of mass associated with

the respiratory exchange of O, and CO,, as well as respiratory water losses, were not
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considered in the calculation of sweat loss and were assumed to be similar between

experiments. Sweat loss was corrected by exercise time (h) to obtain sweat rate.
2.7.4. Capillary blood measurements

The finger was first cleaned and disinfected with 70% isopropyl alcohol. Then, a high blood
flow lancing device (Capiject, Terumo, Vaughan, Ontario, Canada) was used to prick the
finger at a depth of ~2 mm. After the first blood drop had been swiped away, ~400 uL of
blood was collected in a capillary lithium-heparin tube. Blood was collected to measure
hemoglobin using the Alere H2 Hemopoint system (Alere, Lowell, MA, USA), hematocrit
using the centrifugation technique and blood osmolality with the freezing point depression
technique (Micro-Osmometer, Osmette, Precision Systems Inc., Natick, MA, USA).
Capillary hemoglobin and hematocrit values have been shown to be highly correlated to
venous blood hemoglobin and hematocrit values (Hutler et al. 2000). Furthermore,
capillary blood osmolality has also been shown to be comparable to venous blood
osmolality (Bergin-Taylor et al., 2023). The Dill & Costill (1974) equation was used to

estimate plasma volume changes.
2.7.5. Headbands

Two Omius™ headbands were purchased directly from the manufacturer (see Figure 1 in
the Supplementary Material section). For SH, the 20 cooling cubes were removed from the
original headband and replaced by 20 pieces that were 3D printed with a Ultimaker S5
printer (Cadmicro, Montreal, Canada). The pieces were conceived with white Tough PLA
3D printing filament (Voxel factory, Longueuil, Canada) and sprayed with black paint
(Fusion, Krylon, Cleveland, USA) to mimic the speckled look of the OH cubes. When OH

is placed on the forehead, a cooling sensation can immediately be felt. Hence, to limit the
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difference in cold sensation upon installing the headbands, SH was placed in a refrigerator
maintained at a temperature of 4°C the day before the experiment, while OH was kept at an
ambient temperature of 20-22°C (laboratory temperature).

3. Statistical analysis

All statistical analyses were performed using Prism 10.1.0. (Graphpad Prism, Dotmatics,
Boston, MA, USA), whereas sample size requirement was computed using MedCalc
20.211 (Ostend, Belgium). Shapiro-Wilk tests were used to analyze data normality prior to
analysis. Dependent t-tests were used to compare results pertaining to hydration state at
arrival at the laboratory (body mass, urine specific gravity, urine osmolality and urine
color) and environmental conditions (relative humidity, ambient temperature and simulated
wind speed). Given that normality of distribution was not respected for the 5-km TT
performance, a Wilcoxon test was executed to compare the two conditions. Two factors
(condition x time) repeated-measures ANOVAs were used to determine the effect of the
conditions on variables repeatedly measured through the experiments. When sphericity was
violated, a Greenhouse-Geisser correction was applied. Statistical significance was set at p
< 0.05 and results are reported as means + SD. As TT completion time differed within and
between participants, measurements taken repeatedly during this time-period were made
comparable within participants and between conditions with a transformation of time (min)
to % completion time. The difference in performance time between the two conditions was
calculated ((OH TT time — SH TT time)/ OH TT time * 100%) and is presented as means

+ SD and the 95% confidence interval.

A power computation a priori performed indicated that the present study had an 80%

chance to detect a statistically significant difference between the two conditions based on
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a sample size of 10 participants, an intra-participant test-retest standard deviation of 30 sec
for the 5-km running TT (Laursen et al., 2007), a significance level of o = 0.05 and a
minimal difference between the two conditions set at 30 sec.

4. Results

4.1. State of hydration of participants at arrival at the laboratory and ambient conditions
Table 1 shows the hydration state-associated variables at the arrival at the laboratory.
Collectively, they indicate that participants arrived at the laboratory in a similarly well
hydrated state. Relative humidity (SH: 56.4 £ 3.1; OH: 55.3 £+ 2.6%; p = 0.371), ambient
temperature (SH: 35.0 £ 0.3; OH: 34.9 + 0.3°C; p = 0.340) and simulated wind speed (SH:
140 £ 1.2; OH: 12.8 + 2.4 km/h; p = 0.113) during the running efforts inside the
environmental chamber did not significantly differ between conditions.

4.2. Body temperatures

4.2.1. Rectal, mean skin and body, forehead and aural canal temperatures

Figure 2 shows the changes in rectal (A and B) and skin (C and D) temperatures during the
submaximal running effort and the 5-km TT. Rectal temperature was significantly lower
with SH (= 0.18 £ 0.17°C; p = 0.009) than OH prior to the start of the submaximal running
effort. This difference persisted during the submaximal running effort, where rectal
temperature was, on average, 0.21°C lower with SH than OH (p = 0.018). Rectal
temperature increased over time during the submaximal running effort (p < 0.0001), with
no time x condition interaction (p = 0.660). At the beginning of the 5-km TT, rectal
temperature was significantly (p = 0.048) higher with SH (39.37 £ 0.39°C) than OH (39.15
+ 0.40°C). Rectal temperature increased significantly during the TT for both SH and OH

(p < 0.0001), with no condition (p = 0.074), nor time x condition interaction effect (p =
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0.764). Mean skin temperature significantly increased during both the submaximal effort
(p <0.0001) and the 5-km TT (p = 0.002) for both OH and SH, but it did not differ between
conditions during both the submaximal running effort (p = 0.263) and the 5-km TT (p =
0.977). Furthermore, there was no time X condition interaction effect during the
submaximal effort (p = 0.875), but there was a time x condition interaction effect during
the 5-km TT (p = 0.047). Mean body temperature was significantly lower with SH (= 0.17
+ 0.31°C, p = 0.011) than OH prior to the submaximal running effort. Mean body
temperature increased during the submaximal running effort and remained lower with SH
(p = 0.045), but there was no time x condition interaction (p = 0.746). For the 5-km TT, a
time (p < 0.0001), but no condition (p = 0.083), nor time x condition interaction (p = 0.421)
effects were observed. Forehead temperatures observed during the submaximal running
effort are shown in Figure 3. Forehead temperature increased through time (p < 0.0001),
with condition (p = 0.007), but no time X condition interaction (p = 0.259). On average,
forenead temperature was 0.60°C lower with OH compared with SH during the
submaximal running effort. At the end of the 5-km TT, forehead temperature was lower
with OH (35.7 + 1.1°C) than SH (36.5 = 0.9°C), but this difference did not reach
significance (p = 0.054). As their validity was uncertain, data related to aural canal
temperatures are not presented. We believe that this measurement was contaminated by the
air blown to the participants’ face between each measurement periods, thereby the aural
canal and tympanic membrane were likely overly cooled when measurements were taken.
4.3. Heart rate

Figure 4 shows the changes in heart rate during the submaximal running effort (A) and 5-

km TT (B). Hear rate increased over time during both the submaximal running effort (p <
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0.0001) and the 5-km TT (p < 0.0001), with no conditions (p > 0.645) and no time
x condition interaction (p > 0.068).

4.4. Water intake, sweat loss, dehydration, and plasma volume change

In both conditions the average water intake during the running effort was 778.6 + 141.4
mL. There was no significant difference between SH and OH for sweat loss (SH: 2.6 £ 0.3;
OH: 2.7 £ 0.3 L; p =0.720), exercise-induced dehydration (SH: 3.8 £ 0.3; OH: 3.7 £ 0.4%
body mass; p =0.740) and sweat rate (SH: 2.1 £0.40; OH: 2.0 £0.4 L/h; p =0.360). Plasma
volume decreased similarly (p = 0.760) during exercise by 2.4 + 6.4% with SH and 1.4 +
10.0% with OH.

4.5. Subjective perceptions

The changes in perceived exertion (A, B), overall thermal comfort (C, D) and forehead
thermal comfort (E, F) during the submaximal running effort and 5-km TT are shown in
Figure 5. All subjective perceptions increased over time during both the submaximal
running effort and 5-km TT (p < 0.001). Compared with SH, OH did not lower perceived
exertion during the submaximal running effort (p = 0.246) nor during the 5-km TT (p =
0.450). Whole-body thermal comfort was not different between conditions both during the
submaximal running effort (p = 0.068) and the 5-km TT (p = 0.652). Furthermore, there
was no time x condition interaction effect during the submaximal running effort (p =
0.429) and the 5-km TT (p = 0.800). Forehead thermal comfort was lower during the
submaximal running effort with OH compared to SH (p = 0.008), but there was no
difference during the 5-km TT (p = 0.201). Furthermore, there was no time X condition
interaction effect during the submaximal running effort (p = 0.411) and the 5-km TT (p =

0.244).
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4.6. 5-km running time-trial

Figure 6 shows the mean as well as individual 5-km running TT times with both SH and
OH. Running times for the 5-km TT did not differ between conditions with 20.2 £ 1.0 min
with SH and 19.8 £ 1.2 min with OH (p = 0.430), which translates to a difference of 2.2 +

7.1% (95% CI: — 7.2 to 2.9%) in favor of OH.
5. Discussion

The effect of the Omius™ headband on thermal, cardiac and perceptual strain, as well as
on endurance performance, has never been scientifically determined. Yet, this device is
used by many professional and elite triathletes competing in triathlon events. For instance,
this cooling device was used by the men and women winners of the 2023 Ironman™
triathlon World Championship (Ironman, 2023a, 2023b). Results of the current study show
that although OH reduced forehead temperature and perceived forehead thermal comfort,
it did not positively impact the control of mean body temperature, as indicated by an
incapacity to reduce rectal and mean skin temperatures, compared with SH. Furthermore,

OH did not improve 5-km TT performance in warm and humid conditions.

The head is an ideal location for the application of a cooling strategy, since 1) adiposity
level is low, therefore increasing thermal conductivity (Cao et al., 2022), 2) vasoconstrictor
innervation is weak (Simmons et al., 2008), 3) the vascular system is well-developed,
thereby contributing in significantly increasing blood influx (Simmons et al., 2008) and 4)
thermo-sensitive alliesthesia is important (Cotter & Taylor, 2005). Surprisingly, the
number of studies exploring the effect of forehead, head or facial cooling on

thermoregulation or performance during exercise is limited (Ansley et al., 2008; Katsuura
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et al., 1989; Mindel et al., 2007; Walters et al., 2017; Watanuki, S., 1993). Hence, the

current study is a worthwhile addition to the literature.

As we anticipated, OH reduced forehead, but not rectal and mean body temperatures during
both the submaximal running effort and 5-km TT. Other studies have also observed that
head or face cooling is not associated with a reduction in core body temperature during
exercise. Indeed, Desruelle & Candas, (2000b) have shown that cooling of the head did not
alter esophageal temperature during cycling exercise in the heat (36°C). On the other hand,
Mindel et al. (2007) and Ansley et al. (2008) observed that cooling the face did not alter
rectal temperature while cycling under warm conditions. However, Katsuura et al. (1989)
have observed that head cooling while cycling wearing a cap with cool water circulating
through tubes, resulted in an increase in rectal temperature compared to a controlled
condition possibly due to a reduction in sweating. Therefore, our results indicate that the
surface area of the forehead or the cooling effect produced by the OH at the skin level are
likely not substantial enough to impact rectal temperature, contrary to other external
cooling strategies such as cooling the whole head through wearing a liquid conditioned cap
or cooling the torso through the wearing of cooling vests. Indeed, it has been observed that
cooling larger body areas during exercise is more effective than cooling smaller areas
(Douzi et al., 2019). Alternatively, the lack of proximity of the forehead to major blood
vessels within the brain may limit the transport of cooled blood to the periphery and, hence,

cooling of the core.

The ability to attenuate cardiovascular strain during prolonged exercise is thought to
represent a powerful manner through which performance can be preserved or enhanced

(Hasegawa et al., 2005; Stevens et al., 2017). However, our results demonstrate that there
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was no difference in heart rate between SH and OH both during the submaximal running
effort and 5-km TT. Our results are in line with those of Ansley et al. (2008) who also
observed no effect on heart rate when participants were head cooled during a cycling effort
at 75% of VO2max until volitional fatigue under warm conditions (29°C and 50% relative
humidity). However, Watanuki (1993) observed that head cooling (wearing a liquid
conditioned cap) reduced the heart rate and cardiac output of participants running at 50%
of VO2max in @ warm environment (25°C and 56% relative humidity). Miindel et al. (2007)
also observed a decrease in heart rate (~5 beats/min) with head cooling compared to a
control condition while cycling at 65% of peak power output in warm conditions. The
observed decrease in heart rate, as reported in the two studies previously mentioned, can
be attributed to two distinct physiological processes. Firstly, cooling the facial area may
stimulate the trigeminal nerve, leading to a change in vagal tone, which in turn reduces the
heart rate (Mundel et al., 2007). Secondly, cooling the face may cause the blood vessels
beneath the skin to vasoconstrict, potentially enhancing venous return, increasing stroke
volume, and consequently lowering heart rate (Mindel et al., 2007). Thus, it may be
inferred that the cooling effect of OH is potentially insufficient to either activate the

trigeminal nerve or induce vasoconstriction of the facial vessels.

Whole-body thermal comfort and perceived exertion did not differ between the two
conditions during the submaximal running effort and the 5-km TT. This contrasts with the
findings of Ansley et al. (2008) who observed a significant reduction in perceived exertion
when participants were head cooled via facial fanning and having a fine mist of water
sprayed on their face while cycling at 75% of VOzmax until volitional fatigue in a warm

environment (29°C, 50% relative humidity). However, Ansley et al. (2008) did not measure
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the perception of heat or thermal comfort. Similarly, Mindel et al. (2007) reported a
reduction in the sensation of heat in participants cycling for 40 min at 65% of peak aerobic
power when cooled by having cold water (4°C) sprayed on their face. Furthermore, they
observed that head cooling reduced perceived exertion only at the end of the exercise
period. Thus, it appears that the cooling effect of OH is not as effective as the head cooling
strategies implemented by Ansley et al. (2008) and Mundel et al. (2007). In the present
study, the OH only had an effect on forehead thermal comfort during the submaximal
running effort but not the 5-km TT, which may suggest that the cooling effect of OH is
only perceptible at lower intensity.

We observed no difference between conditions on 5-km TT performance. This can be
potentially explained by the fact that OH had no effect on rectal temperature, heart rate,
perceived and whole-body thermal comfort, which are crucial factors associated with
exercise performance in warm conditions (Gonzalez-Alonso, 1999; Nybo et al., 2014). This
result opposed that of Ansley et al. (2008) who observed a 51% improvement in cycling
time to exhaustion at 75% of VOzmax in @ warm environment with head cooling, compared
to a control condition. Even though, they did not observe an effect of the head cooling on
rectal temperature, Ansley et al. (2008) observed that this cooling strategy reduced the
tympanic temperature, which may indicate a decrease in brain temperature (Mariak et al.
1994). Ansley et al. (2008) used fans facing the head of the participants and sprayed a mist
of water at 30 sec intervals over the participants’ head, which may indicate that the
combination of fans and water spraying is more effective at cooling the head than the OH.
In the present study, it was anticipated that OH could have contributed to an increase in 5-

km TT performance through an attenuated increase in brain temperature or by altering the
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pacing behavior via a lowering of the thermal comfort. Indeed, the brain is considered the
organ that is the most sensitive to changes in core body temperature (Brinnel et al., 1987)
and an increase in brain temperature during exercise in warm conditions is thought to be
one of the causes of the attenuated ability to voluntary activate skeletal muscles that is
observed under increases in core body temperature (Nybo & Nielsen, 2001). Furthermore,
it was anticipated that OH, similarly to the ingestion of menthol, would have improved the
thermal comfort of the participants and would have altered their pacing strategy, resulting
in a higher running velocity during the 5-km TT, compared to the control condition, but it

was not the case (Flood et al., 2017; Parton et al., 2021).

The present study has strength and limitations. We controlled for the placebo effect by
comparing the OH to a SH, which had an identical appearance and provided the same
cooling sensation when placed on the forehead at the start of the running exercise. The
headbands were not sprayed with water during the TT. Hence, it is possible that OH was
not wet enough during the 5-km TT to provide sufficient cooling of the forehead, thereby
preventing us to observe a performance improvement through an alliesthesia effect (Cao et
al., 2022). Results only apply to the specific exercise conditions and environmental
conditions used in the current study. The impact of OH could have been different under
less humid conditions, since humidity reduces the evaporative capacity of water and, hence,
heat loss.

5. Conclusion

This study demonstrated that OH reduces forehead temperature and forehead thermal
comfort but not rectal temperature, heart rate and perceived exertion during 70 min of

submaximal running effort in the heat. Furthermore, it did not improve 5-km TT
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performance following the submaximal running effort. Therefore, the Omius™ headband
is unlikely to improve running velocity in the last few kilometers of an endurance event
held in hot and humid conditions.
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Table

Table 1. Physiological variables and urine and blood markers of the participants at their

arrival at the laboratory.

Variables SH OH p-value
Body mass (kg) 73.1+12.4 73.1+£12.7 0.963
Urine specific gravity (g/mL) 1.013+0.006 1.013+0.008 0.908
Urine osmolality (mOsmol/kg) 489.3+232.0 503.4+267.3 0.910
Urine color (a.u.) 34+16 32+14 0.764
Whole blood osmolality (mOsmol/kg) 298.8 £4.1 299.4+6.9 0.810

Values are presented as mean + SD; a.u. = arbitrary units.
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Figure legends

Figure 1. Hlustration of the experimental protocol.

Figure 2. Effect of SH and OH on rectal temperature during the 70 min submaximal
running effort (A) and the 5-km running TT (B) and mean skin temperature during the 70
min submaximal running effort (C) and the 5-km running TT (D). Results are mean + SD.
Figure 3. Effect of SH and OH on forehead temperature during the 70 min submaximal
running effort. Results are mean £ SD.

Figure 4. Effect of SH and OH on heart rate during the 70 min submaximal running effort
(A) and the 5-km TT (B). Results are mean + SD.

Figure 5. Effect of SH and OH on perceived exertion (A, B), overall thermal comfort (C,
D) and forehead thermal comfort (E, F) during the submaximal running effort and 5-km
TT. Results are mean £ SD. a.u. = arbitrary unit.

Figure 6. Effect of SH and OH on 5-km running TT performance. Rectangles represent

mean results = SD, whereas lines represent individual times.
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Figures

Figure 1.
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Figure 3.
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Figure 5.

A Condition: p = 0.246

B Condition: p = 0.450
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Figure 6.
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Supplementary material

Flgure 1. Omius™ headband (OH) and sham Omius™ headband (SH)
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