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Abstract. Uncompensable heat from wildland firefighter personal protective equipment decreases the physiological
tolerance while exercising in the heat. Our previous work demonstrated that the standard wildland firefighter helmet

significantly increases both perceived and actual head heat. This study compared heat accumulation under simulated
working conditions while wearing a standard non-vented helmet versus a vented helmet. Ten male subjects randomly
completed two trials separated by a 2-week washout. Subjects walked 180 min (5.6 km h�1, 5% grade) in a heat chamber
(358C, 30% relative humidity) broken into three segments of 50 min of exercise and 10 min rest, followed by a work

capacity test to exhaustion. Each trial measured the physiological strain index, perceived head heat, helmet temperature
and relative humidity, rating of perceived exertion and heart rate. At the end of the 3-h trial heart rate, physiological strain,
perceived exertion, helmet temperature and humidity showed the main effects of time (P , 0.05) but were not different

between trials. Work capacity was significantly greater in the vented trial (P¼ 0.001). End-trial strain and heart rate were
significantly related to work performed (r ¼ –0.8, P , 0.001). Elevated work, trends for changes in perceived exertion,
helmet microenvironment and perceived head heat suggest greater heat dissipation and comfort with the vented helmet.

Keywords: environmental health, heat-related injuries, interagency hotshot crew, occupational physiology, personal

protective equipment, physiological strain index, skin blood flow.
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Introduction

The daily workload of wildland firefighters (WLFFs) involves

long, strenuous shifts, with the addition of heat stress from per-
sonal protective equipment (PPE). Previous studies have dem-
onstrated that PPE contributes to heat accumulation (Montain

et al. 1994; Budd et al. 1997), specifically wildland firefighter
PPE (Domitrovich 2014; Carballo-Leyenda et al. 2018). Despite
evidence that the human head is a major source of heat loss

(Rasch et al. 1991; Katsuura et al. 1996), there is a paucity of
research on the effect of occupational helmets on heat accumu-
lation and development of heat-related illness. Evidence from
sporting helmets suggests an effect on the head microenviron-

ment, blood flow and overall performance. In 2012, Bogdan et al.
found that a motorcycle helmet significantly increased head and
core temperatures, in addition to thermal sensations (Bogdan

et al. 2012). Investigations have shown that theAmerican football
helmet increases the rate of core temperature elevation during
exercise while decreasing the time to exhaustion (Armstrong

et al. 2010) and impairments in cognition have also beenobserved
in cricketers (Neave et al. 2004). It was also found that an
unvented aerodynamic bicycle helmet resulted in greater head

temperature elevation compared with a vented traditional helmet
(Lee et al. 2013). A previous investigation by our group found the
WLFF helmet contributes to heat accumulation, perceived head
heat and redirection of blood flow to the head compared with not

wearing a helmet (Gurney et al. 2021). However, as WLFF are
subject to blows to the head, the absence of a helmet is not a

consideration in the field (Apuzzo et al. 2020).
The standard WLFF helmet meets the American National

Standards Institute (ANSI) Z89.1 requirements for Type I, Class

G head protection. Type I helmets are intended to reduce the
force of impact resulting from a blow to the top of the head.
Class G helmets are intended to reduce the danger of contact

with low-voltage conductors. Due to this electrical rating
requirement, current WLFF helmets do not have vents. How-
ever, a vented helmet is likely to improve the ability to dissipate
heat and reduce uncompensable heat strain, a more pertinent

problem within the WLFF community. Therefore, the aim of
this study was to compare a standard issue WLFF helmet to a
ventilated helmet on heat stress factors and a work capacity test

while exercising in the heat.

Materials and methods

Subjects

Ten healthy male subjects (23.8 � 3.2 years, 180.8 � 0.9 cm,

77.7� 2.2 kg, 59.8� 3.6mLkg�1min�1 VO2max, 12.1� 0.03%
body fat) were recruited for participation in the study. Each
subject was required to complete a participation readiness
questionnaire (PAR-Qþ) and signed an informed consent form
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approved by the University of Montana Institutional Review
Board (181-17). Subject inclusion requirements were: male,
.63.6 kg, with a VO2max .40 and ,65 mL kg�1 min�1.

Experimental design

This study had a randomised crossover design, where subjects
exercised for 180 min in a heat chamber with either a WLFF

helmet (WH) or a helmet with ventilation (VH) (Fig. 1) on sep-
arate occasions. Testing was conducted in Missoula, MT, from
October to December 2018. This time periodwas chosen to avoid

heat acclimation to ambient weather. Ten male subjects were
recruited and completed both trials in a counterbalanced design.
An initial visit was completed to obtain body composition and

maximal aerobic capacity testing data. During the two experi-
mental trials, subjects were required to finish a 180-min exercise
protocol in a heat chamber (358C and 30% relative humidity)
following an overnight fast, wearingmeta-aramid shirt and pants,

cotton t-shirt and either a current ANSI Z89.1, Type I, Class G
(nonconductive, low-voltage) WH or an ANSI Z89.1, Type I,
Class C (conductive), EN-12492 VH.

The trials involved 3 � 50 min exercise segments at
5.6 km h�1 and 5% grade with 10 min rest following each
segment, followed by awork capacity test to exhaustion (Fig. 2).

The intensity was chosen to mimic WLFF ingress hiking con-
ditions as a crew (Sol et al. 2018).Waterwas provided at a rate of
5 mL kg�1 30 min�1. A 2-week washout period separated the

Fig. 1. Current ANSI Z89.1, Type I, Class Gwildland firefighting helmet (left) and current ANSI Z89.1, Type I, Class C, EN-12492 vented

helmet (right).
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trials to prevent acclimation. Skin blood flow to the neck and
forehead (SBFN, SBFH respectively), core temperature (TC),
average skin temperature of the chest, scapula and neck (TSK),

heart rate (HR), physiological strain index (PSI), rating of
perceived exertion (RPE), perceived head heat (PHH), helmet
temperature (THELMET) and humidity (HHELMET) and sweat rate

(SR) were recorded during trials. American College of Sports
Medicine guidelines were followed to determine if an exercise
test should be stopped (Riebe et al. 2018).

Body composition

Body composition was measured using a hydrostatic weighing
tank with three force transducers and data-collecting software

(Exertech) while estimating residual volume from the subject’s
height, age and weight. Subjects arrived fasted for $ 8 h before
body density assessment. Subjects were submerged and weighed

repeatedly until consistent measurements were recorded within
0.1 kg of each other. Underwater body weight (BW) was used to
calculate body density and predict body fat percentage using the

Siri equation (Siri 1956).

Maximal aerobic capacity

A maximal exercise test was administered for each subject.
Subjects were instructed to have fasted for $3 h before the

VO2max test. The standard Bruce Protocol graded exercise test to
volitional fatigue was conducted. Every 15 s mixed expired
gases were collected via a metabolic cart (Parvomedics, Inc.).

Body weight

Nude BW was measured in private on a calibrated scale (Salter
Brecknell) to the nearest 0.01 kg.Weights were taken before and
after each trial and were used to calculate percent dehydration

and SR:

% dehydration ¼ BWpre � BWpost

� �
=BWpre

Heart rate/rating of perceived exertion

HR was measured using a Polar heart rate strap and wrist
monitor (Polar Electro Inc., Lake Success, NY, USA). RPE was

recorded using the Borg scale (6–20). RPE was recorded every
25 min until the end of the 180-min trial. HR was measured
continuously throughout the exercise protocol, but was analysed

at 25-min time stamps for consistency with statistical analysis.

Perceived head heat

PHHwas recorded using a 15-cm visual analogue scale, with 15
equally spaced dashes. Subjects marked the continuous scale to

record how hot their head felt; that mark was then measured
using a ruler to give nominal value to PHH. PHH was recorded
every 25 min of the protocol until the end of the 180-min trial.

Skin temperature/core temperature

Skin and core temperatures were continuously recorded using
DASYLab software (Measurement Computing Co.). Skin

probes and patches were attached to chest, scapula, and neck
sites (Physitemp). Chest temperature probe was placed 5 cm
medial and 5 cm superior to the left nipple. Neck temperature
probe was placed on the left side of the neck between the

sternocleidomastoid and trapezius muscles below the hairline.
Scapula temperature probe was placed directly above the infe-
rior angle of the scapula. Core temperature was obtained using a

rectal probe placed 10 cm into the rectum (Physitemp). Tem-
peratures were time synchronised and continuously recorded for
the duration of the trials using DASYLab software. Skin tem-

perature at the three locations were equally weighted and
averaged to obtain mean TSK at each time point:

mean TSK ¼ TSCAPULA þ TCHEST þ TNECKð Þ=3

Skin blood flow

SBF was obtained via laser Doppler flowmetry (Moor
Instruments) for 5 min following each 50-min bout of exercise.
A wand was placed on the back of the neck and on the forehead,
above the right eyebrow, for blood flow measurements. During

collection times, subjects were seated in the heat chamber and
asked to remain as still and quiet as possible. Time-synchronised
SBF datawere downloaded byDASYLab software (Measurement

Computing Co.). SBF data is expressed as arbitrary units (au).

Chamber environment

Environmental conditions within the chamber were set to 358C
and 30% relative humidity and continuously monitored through-
out all laboratory testing sessions. In order to simulate wind, fans

were strategically placed in the chamber tomimic air passing over
the helmet, as convection is a crucial component to heat dissipa-
tion. Wind speed was controlled to match the rate of walking

(5.6 km h�1) and verified via a Kestrel 5500 Weather Meter Pro
placed directly in front of the helmet (Nielsen-Kellerman Co.).

Helmet microenvironment

Temperature inside the helmet was recorded using DASYLab
software (Measurement Computing Co.). The probe was placed

inside the helmet, oriented to sit between the helmet and the top
of the head. HHELMET was recorded using a Tempi environment
sensor (Tahmo Inc.). The Bluetooth Tempi sensor was attached
to the webbing inside the helmet with the sensor facing into the

helmet space and continuous measurements were taken and
recorded using the corresponding smartphone application.

Work capacity test

A work capacity test to volitional fatigue was completed fol-
lowing the final 10-min rest period of the 180-min exercise bout.

Speed and grade were set to 5.6 km h�1 and 6.0%, with grade
increasing every minute until a maximal 15.0% grade was
reached. Once 15% grade was achieved, speed was increased

1.6 km h�1 each minute until exhaustion. Total work performed
was converted to kilojoules (KJ).

Physiological strain index

PSI was calculated from resting TC (Tc0) and HR (HR0) com-
pared with a given exercise time point using the equation derived

from Moran et al. (1998):

PSI ¼ 5 Tct � Tc0ð Þ � 39:5� Tc0ð Þ�1 þ 5 HRt � HR0ð Þ
� 180� HR0ð Þ�1
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Sweat rate

SR was calculated using pre- and post-exercise body weights
(BW) and corrected for urine production, fluid intake, and
respiratory water loss (Mitchell et al. 1972). SR is expressed

relative to body surface area:

SR L h�1
� � ¼ BWpre kgð Þ þ ingested liquid kgð Þ� �

� BWpost kgð Þ þ urine loss kgð Þ�

þ respiratorywater loss kgð ÞÞ:

Respiratory water loss:

Me ¼ 0:019� 44� Pað Þ

where Me ¼ rate of evaporative loss (g min�1), and Pa ¼ water
vapour pressure (mmHg).

Water pressure was calculated using the following equation:

Pa ¼ 13:955� 0:6584� Tþ 0:0419� T2

where T ¼ temperature (8C).

Statistical analysis

Repeated-measures analysis of variance (ANOVA) was used to
analyse data. A 2 (treatment) � 6 (time) repeated-measures

ANOVA was used to analyse HR, RPE, PHH, PSI, TC, TSK,
THELMET and HHELMET. A 2 (treatment) � 3 (time) repeated-
measures ANOVA was used to analyse SBFH and SBFN during
the trials. A one-way ANOVA was used to assess SR and%

dehydration. Two-tailed Pearson correlations were used to
analyse relationships between markers of heat stress and per-
formance. Statistical significance was set at a probability of type

I errors less than 5% (P , 0.05). All data are presented as
mean � standard error of the mean (s.e.m.). Analyses were
conducted using SPSS data analysis software v.22 (SPSS Inc.).

Results

A comparison of the WH and VH helmet characteristics are

summarised in Table 1. The 10 subjects completed bothWH and
VH trials. Wind speed over the helmet remained constant at
6.3 km h�1 and did not differ between the WH and VH trials.

Over the course of the 180-min exercise, a significant main
effect for time was seen in HR (P ¼ 0.005), TC (P ¼ 0.001)
(Table 2) and PSI (P ¼ 0.002; Fig. 3), but neither trial nor

time � trial interaction was seen. TSK showed a main effect of
time (P ¼ 0.03), with neither trial nor time � trial interaction.
Similarly, there was a main effect of time on both TH and HH

(P ¼ 0.003 and P, 0.001 respectively), with a trend towards a
main effect of trial in HH (P ¼ 0.087) (Table 2).

RPE showed main effects for time (P ¼ 0.004) with trends
towards trial (P¼ 0.067), while PHH showed a trend towards a

main effect of time (P ¼ 0.065), trial (P ¼ 0.064) and
time � trial interaction (P ¼ 0.077) (Table 2). A main effect
of time was seen in SBFH (P ¼ 0.01), with a similar response

seen in SBFN (P¼ 0.017, Fig. 4a, b). Change in BW (P¼ 0.75),
subjects’ SR (P ¼ 0.92) and percent dehydration (P ¼ 0.70)
were not significantly different between trials (Table 3).

After completion of the 180-min trial, subjects were able to

perform greater amount of work during the VH trial compared
with WH (P ¼ 0.01) (Fig. 5). At the completion of the work
capacity test, there was a significant difference in HHELMET

between the WH and VH (P ¼ 0.037, Table 3). Additionally,
PHHwas significantly elevated in theWH trial comparedwith the
VH (P¼ 0.049), but there were no significant differences seen in

PSI, THELMET or RPE (Table 3). Pearson correlations were run to
determine the key relationships. There was a positive correlation
between end-trial PHH and end-trial HR (r ¼ 0.67, P ¼ 0.001).
There was a negative correlation between the total work per-

formed during the capacity test with end-trial HR (r ¼ –0.87,
P, 0.001) and end-trial PSI (r ¼ –0.80, P, 0.001).

Discussion

To the authors’ knowledge, this is the first investigation to

establish the effect of an ANSI compliant vented helmet on
physiological markers of heat stress during a WLFF simulation,
as compared with the current standard WH. Our group has

previously established that an unvented helmet results in sig-
nificant elevations in heat accumulation in those exercising in
the heat (Gurney et al. 2021). In the current study, significant
alterations in PSI, RPE, THELMET, HHELMET and SBFH were

seen during the 180-min trial period, suggesting that WLFF
accumulate heat during exercise while wearing standard PPE.
Trends for a main effect of trial existed for RPE, PHH and

HHELMET, indicating that the current WH design appears to
contribute to this heat accumulation and resultant redirection of
blood flow to the head compared with a vented helmet. This was

best illustrated by the significantly greater amount of work
performed during the work capacity test in the VH trial.

These results are supported by previous investigations
examining the effect of vented helmets on heat dissipation

Table 1. Helmet characteristics of standardWLFF helmet and vented

helmet

WLFF helmet Vented helmet

Vent Unvented 5 vents on each

side, near the tem-

poral region

Total vent area (cm2) – 32.1

Distance betweenwebbing and shell

(cm)

5 4

Surface area (cm2) 2635 2267

Widest outside circumference (cm) 70.5 75.5

Head circumference inside

(max. head circumference) (cm)

53–63.5 53–63

Weight (kg) 0.56 0.42

Brim distance (cm) 4 cm all around,

5.7 cm back

0.5 cm all the way

around, 1 cm front

Visibility 4 retroreflective

stripes

No retroreflective

stripes

Distance from top of ear to side of

helmet (cm)

3.1 4.4

Ridges on top of helmet 3 ridges,1.5 cm

across

1 ridge ,7.3 cm

across

Colour Yellow Orange
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and physiological strain (Holland et al. 2002; Lee et al. 2013).

A study examined differences between a traditional vented
cycling helmet and a non-vented aerodynamic helmet in highly
trained cyclists at ,398C while doing either low-intensity

cycling (30 min at 50% VO2max) or a self-paced 12-km time
trial (Lee et al. 2013). In the low-intensity cycling trial,
THELMET of the non-vented helmet was ,0.58C higher than
the traditional vented helmet at the end of the 30 min. Addi-

tionally, the aerodynamic helmet resulted in an elevated TC

(37.9� 0.68C v. 37.7� 0.58C) throughout the 12-km time trial.
Although these trials were completed in a higher ambient

temperature and exercise intensity, the brief exercise duration
resulted in similar absolute TC and THELMET values as our
investigation. Similar to the current study, Holland et al. found

significant reductions in helmet temperature and humidity with
vented helmets while performing simulated forest harvesting
(Holland et al. 2002). All told, these studies suggest helmet
vents improve the helmet microenvironment, with subsequent

amelioration of heat accumulation and improved performance

of the helmet wearer.
The head is a crucial element in offloading heat, as two-fifths

to half of the body’s heat loss is dissipated from the head (Rasch
et al. 1991). The necessity of this heat loss is highlighted during

0

1

2

3

4

5

6

7

8

25 50 85 110 145 170

P
S

I

Time (min)

WH

VH

�

Fig. 3. Physiological strain index (PSI) during the 180-min WH and VH

trials. *Significant main effect of time from the first time point (P, 0.05).

Data reported as mean � s.e.m.

(a)

(b)

150

170

190

210

230

250

270

290

S
B

F
H
 (

au
) 

�

20

40

60

80

100

50 110 170

S
B

F
N
 (

au
) 

Time (min)

50 110 170

Time (min)

��

WH

VH

WH

VH

Fig. 4. Skin blood flow of (a) the head (SBFH) and (b) the neck (SBFN)

over the 180-min trial. *Significant main effect of time from the first time

point (P , 0.05). Data reported as mean � s.e.m.

Table 2. Physiological responses to exercise in the heat during WH and VH trials

Data presented as mean� s.e.m. Bolded values are statistically significant (P, 0.05). HR, heart rate; RPE, rating of perceived exertion; TC, core temperature;

THELMET, helmet temperature; TSK, mean skin temperature; HHELMET, helmet humidity; PHH, perceived head heat; WH, WLFF helmet trial; VH, vented

helmet trial

Time (min) P value

25 50 85 110 145 170 Time Trial Interaction

HR (beats min�1) WH 123.1� 3.7 126.9� 4.2 130.6� 4.1 136.7� 5.0 141.1� 5.5 146.8� 5.4 0.005 0.19 0.38

VH 120.3� 4.5 125.3� 4.2 129.7� 5.3 133.2� 5.4 136.7� 5.5 144.3� 5.6

RPE WH 10.2� 0.3 11.0� 0.4 11.6� 0.4 12.4� 0.3 13.3� 0.5 14.2� 0.5 0.004 0.067 0.78

VH 9.1� 0.6 9.9� 0.5 11.2� 0.4 12.0� 0.4 12.5� 0.5 13.3� 0.5

TC (8C) WH 37.3� 0.08 37.7� 0.09 37.7� 0.08 38.0� 0.09 38.0� 0.09 38.2� 0.13 0.001 0.62 0.44

VH 37.3� 0.06 37.6� 0.07 37.7� 0.08 37.9� 0.09 37.9� 0.08 38.1� 0.1

THELMET (8C) WH 35.7� 0.13 35.5� 0.12 35.4� 0.11 35.6� 0.14 35.6� 0.12 35.5� 0.15 0.003 0.28 0.49

VH 35.9� 0.12 35.6� 0.21 35.8� 0.13 35.7� 0.13 35.5� 0.15 35.7� 0.16

TSK (8C) WH 35.4� 0.12 35.3� 0.14 35.2� 0.19 35.3� 0.19 35.2� 0.24 35.5� 0.23 0.03 0.43 0.22

VH 35.4� 0.14 35.3� 0.19 35.0� 0.13 35.2� 0.14 34.9� 0.14 35.2� 0.16

HHELMET (%) WH 31.9� 1.9 35.7� 2.3 42.1� 2.1 43.4� 2.0 44.7� 1.6 45.6� 1.6 ,0.001 0.087 0.21

VH 31.1� 1.5 35.5� 1.8 39.6� 1.6 41.0� 1.6 41.6� 2.0 41.0� 1.9

PHH (cm) WH 4.6� 0.4 5.6� 0.4 6.6� 0.5 7.8� 0.6 8.9� 0.8 9.5� 0.9 0.065 0.064 0.077

VH 3.9� 0.7 4.4� 0.8 5.3� 0.9 6.0� 1.0 6.5� 1.0 7.2� 1.0
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prolonged, strenuous exercise in the heat, as evident in the 12–
16 h shifts of WLFFs. Carballo-Leyenda et al. compared the
effect of the addition of PPE (specifically helmet, neck shield,

gloves and boots) to current personal protective clothing used by
Spanish firefighters with a control group wearing sports gear
during extended, graded exercise (shorts, cotton t-shirt, under-
wear and socks). They found the additional PPE significantly

increased the temperature at the skin and in the gastrointestinal
tract, PSI and RPE compared with the current personal protec-
tive clothing and control condition (Carballo-Leyenda et al.

2018). This resulted in the PPE group working a significantly
shorter time to exhaustion than the protective clothing group
(62.4 v. 115.5 min), suggesting significant implications to

WLFFs during their occupational tasks. In fact, the frequency
with which PPE is removed during working hours showed
significant relationships with the frequency of heat-related ill-

nesses in 674Korean firefighters (Kim et al. 2019). Specifically,
wearing the helmet at rest showed significant effects on the
presence of nausea, vomiting, confusion and on the frequency of
dizziness. Together, these highlight the importance of maintain-

ing the head microenvironment during occupational tasks to
ensure WLFFs safety and performance.

The design of the current study was set to mimic WLFF
conditions, as the extended bouts of exercise were completed in
common environmental conditions (358C and 30% relative

humidity) at a standardised speed and grade (5.6 km h�1, 5%
grade) to mimic the ingress hike of WLFFs (Sol et al. 2018).
Elevations in TC, HR, PSI, SBFH and SBFN under both condi-

tions confirmed the helmet’s contribution to heat accumulation
and resultant redirection of blood flow during simulated work.
Although these factors did not reach significance between the

WH and VH trials, trends existed for RPE, PHH and helmet
humidity over the 180-min steady-state trials. These trends
could be amplified over the duration of WLFF shifts and result
in significant difference over time. Furthermore, no significant

differences were observed in SR or % dehydration between
trials, eliminating hydration status as a potential confounding
factor of these data (Table 2).

Importantly, subjects were able to perform ,15% more work
(41 s, 13.6 kJ) during thework capacity test whilewearing a vented
helmet compared with the unvented WH (Fig. 5). This diverges

from the results ofLee et al.whose 2013 study foundnodifferences
in power output between a vented standard bicycle helmet and an
unvented aerodynamic helmet during a 12-km cycling time trial

(Lee et al. 2013). Their shorter study duration in combination with
higher power outputs (%VO2max) and higher ambient temperatures
may account for this discrepancy. The improvement seen during
this WLFF simulation could be attributed to the correlative

evidence of better maintenance of HHELMET, HR and PSI with
the VH during the 180 min of steady-state exercise. These data
were corroborated by corresponding alterations in PHH, with a

16% amelioration in scores in the VH trial at the completion of the
performance test. Together these findings suggest that a VH better
preserves the microenvironment of the head, which may result in

lower perceived head heat and perceived effort.
The inability to blind subjects to each trial condition is an

obvious and inherent limitation in this study. The subjects
examined during this simulated study were fit and might not be

representative of the entire WLFF community, as studies have
shown maximal aerobic capacities below the current investiga-
tion (Carballo-Leyenda et al. 2018; Gaskill et al. 2020). Thismay

have resulted in a protection from alterations in the physiological
responses to extended periods of exercise in the heat. Addition-
ally, although theVHwas carefully chosen to bestmimic theWH,

differences in helmet weights were observed (Table 1), which
could have affected the physiological burden of the work and
resulting work performed, independent of the presence of vents

(Taylor et al. 2012). The authors understand that current United
States Forest Service recommendations restrict the use of vented
helmets from approved PPE garments due to certain ANSI
requirements. Nonetheless, together with our previous investiga-

tion (Gurney et al. 2021), we have demonstrated the importance
of heat dissipation from the head, whichmay be ameliorated with
the use of a vented helmet.

Further investigations of male individuals at the lower end of
the VO2max criteria and of females are crucial to further quantify
the physiological responses to wearing a VH. Understanding the

practicality of a VH in aWLFF field setting would be beneficial
to examine the helmet’s efficacy beyond the laboratory setting.
Other considerations may be investigations that address the
effect of occasional helmet removal on heat accumulation.
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Fig. 5. Work performed during work capacity test. *Significant increase

from WLFF helmet (WH) trial (P ¼ 0.01). Data reported as mean � s.e.m.

Table 3. Comparison of physiological measures betweenWH and VH

trials

D¼ Post – Pre trial. *Significant difference between trials, with P values in

bold. Data presented as mean� s.e.m.

WH VH P value

Hydration status

Body weight D (kg) –0.957� 0.081 –0.978� 0.086 0.75

Dehydration (%) 1.25� 0.12 1.28� 0.14 0.70

Sweat rate (L h�1) 0.958� 0.042 0.957� 0.039 0.92

Physiological measures at end of work capacity test

End-trial PSI 8.20� 0.26 7.89� 0.25 0.14

End-trial PHH (mm)* 10.9� 0.9 9.1� 1.0 0.049

End-trial THELMET (8C) 36.0� 0.21 36.1� 0.19 0.86

End-trial HHELMET (%)* 47.4� 1.44 45.0� 1.35 0.037

End-trial RPE 18.5� 0.3 18.1� 0.4 0.27
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Conclusion

This study is the first to examine performance differences fol-

lowing an extended bout of exercise between the standard WH
and VH. Improved measures of physiological heat strain and
performance indicated that the VH may improve heat dissipa-

tion. The current WH may contribute to heat gain, reduced
performance and heat-related illnesses that could affect success
and safety under field conditions.
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