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Abstract

Purpose Understanding the test—retest reliability of physiological responses to load carriage influences the interpretation
of those results. The aim of this study was to determine the test-retest reliability of physiological measures during loaded
treadmill walking at 5.5 km h~! using the MetaMax 3B.

Methods Fifteen Australian Army soldiers (9 male, 6 female) repeated two 12-min bouts of treadmill walking at 5.5 km h™!
in both a 7.2 kg Control condition (MetaMax 3B, replica rifle) and a 23.2 kg Patrol condition (Control condition plus vest)
across three sessions, separated by one week. Expired respiratory gases and heart rate were continuously collected, with the
final 3 min of data analysed. Ratings of Perceived Exertion and Omnibus-Resistance Exercise Scale were taken following
each trial. Reliability was quantified by coefficient of variation (CV), intra-class correlation coefficients (ICC), smallest
worthwhile change (SWC), and standard error of the measurement.

Results Metabolic and cardiovascular variables were highly reliable (< 5% CV; excellent-moderate ICC), while the respira-
tory variables demonstrated moderate reliability (< 8% CV; good-moderate ICC) across both conditions. Perceptual ratings
had poorer reliability during the Control condition (12-45% CV; poor ICC) than the Patrol condition (7-16% CV; good ICC).
Conclusions The test-retest reliability of metabolic and cardiovascular variables was high and relatively consistent during
load carriage. Respiratory responses demonstrated moderate test—retest reliability; however, as the SWC differed with load
carriage tasks, such data should be interpreted independently across loads. Perceptual measures demonstrated poor to moder-
ate reliability during load carriage, and it is recommended that they only be employed as secondary measures.
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Abbreviations

VCoO, Carbon dioxide production

Ccv Coefficient of variation

DDVA Department of Defence and Veterans’
Affairs

HR Heart rate

HREC Human Research Ethics Committee

ICC Intra-class correlation coefficients

kg Kilogramme

km-h~! Kilometres per hour

L Litres

N Number

OMNI-RES Omnibus resistance exercise scale

VO, Oxygen consumption

O, pulse Oxygen pulse

RPE Rating of perceived exertion

RER Respiratory exchange ratio

Fr Respiratory frequency

S Second

SD Standard deviation

SEM Standard error of the measurement

SWC Smallest worthwhile change

V¢ Tidal volume

Ve Ventilation
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Introduction

Load carriage is essential in physically demanding
occupations such as the military and emergency services
(Knapik et al. 2004; Taylor et al. 2016). Consequently, load
carriage is an increasingly investigated research area due to
both the importance and diverse nature of task requirements
(Faghy et al. 2022). Within the military, the type, amount,
and distribution of equipment carried by personnel vary
due to several factors including role, mission requirements,
and environment. However, general load echelons have
been provided to help define the equipment and associated
external loads necessary for mission types, typically being:
Patrol load (~23 kg), fighting load (~30 kg), approach
march load (~38 kg), and emergency approach march
load (>44 kg) (Department of the Army (US) 2022; Drain
et al. 2017; North Atlantic Treaty Organisation 2009).
Understanding the physiological strain from load carriage
is important because it may impact marching performance
or a soldier’s performance within a subsequent task.
Additionally, measuring physiological responses to load
carriage can support the evaluation of equipment and
configurations (Polcyn et al. 2000) as well as occupational
assessments (Reilly et al. 2019) and training interventions
(Wills et al. 2020).

Assessing the test-retest reliability of physiological
responses captures both the within-subject biological
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variation and technical variation of instrumentation (Bagger
et al. 2003). Test-retest reliability can be influenced by
various constraints, including individual (e.g., fitness,
training, fatigue, mood), task (e.g. load distribution, rest
time interval), and environmental (e.g. terrain, temperature,
noise) (Newell 1986). Currently, research that has explored
repeated trials using the portable gas analysis system of
the MetaMax 3B is limited (Macfarlane and Wong 2012;
Vogler et al. 2010). During laboratory testing, when assessed
against a metabolic simulation system, the MetaMax 3B
demonstrated very strong correlations (ICC =0.996-1.00)
across repeated trials for various gas-exchange variables
that were within a representative physiological range
(Macfarlane and Wong 2012; Vogler et al. 2010). Further,
a single human study in elite youth rowers that undertook a
progressive incremental exercise test on a rowing ergometer
reported trivial between-session differences and a high level
of reliability (2.3—4.5% coefficient of variation [CV]) when
using the MetaMax 3B to quantify oxygen consumption
(VO,), carbon dioxide production (VCO,), ventilation (V),
and respiratory exchange ratio (RER) (Vogler et al. 2010).
However, load carriage introduces a unique challenge to the
cardiorespiratory system, and it is unclear whether torso-
borne load impacts the test-retest reliability of physiological
responses as measured by the MetaMax 3B.

Separately, respiratory function has been shown to be
affected by load carriage (Armstrong et al. 2019; Dominelli
et al. 2012; Faghy et al. 2022; Phillips et al. 2016),
particularly where the load is typically distributed across the
anterior and posterior sides of the torso as well as the hands
in military settings. Torso-borne load can compress the chest
and lungs, resulting in additional resistance that must be
overcome during minute ventilation (Vi) (Armstrong et al.
2019; Faghy et al. 2022; Phillips et al. 2016). Armstrong
et al. (2019) demonstrated that wearing a body armour
system (10.9 kg) reduced pulmonary function (forced vital
capacity and forced expiratory volume in one second)
during rest, as well as resulting in higher Vj, respiratory
frequency (Fg), and tidal volume (V) during loaded
marching (>45 kg). Similar respiratory responses have
been demonstrated during load carriage with pack-borne
loads (Dominelli et al. 2012). Therefore, the introduction
of external load results in changes in respiratory responses
during such tasks. Factors to consider during repeated
load carriage bouts, as compared with unloaded exercise,
encompass fatigue stemming from the load-carrying task
(maintaining consistent sequencing), training effects, and
familiarity with load carriage (ensuring participants are
habituated to load carriage). It is also essential to maintain
consistency in the clothing and footwear worn across
sessions, avoid periods where physical and mental fatigue
might be present, as well as to ensure the proper fit and
consistent adjustment of the external load. Therefore, while

the impact of vest and pack loads on respiratory responses
has been established, it remains unclear whether these
effects are reliable across multiple sessions.

Due to the broad spectrum of characteristics to evaluate,
load carriage research has been commonly conducted in
a controlled laboratory environment on a single occasion
(Drain et al. 2012; Knapik et al. 2004; Macfarlane 2001).
The interpretation of these results impacts on subsequent
energy expenditure estimates used to inform practical
nutrition and recovery requirements, as well as setting
physical employment standards and assessing new
equipment and technologies. To accurately assess the
physiological and perceptual demands of load carriage
activities, it is essential to understand the typical variation
between sessions in order to quantify what constitutes a
meaningful difference (i.e. smallest worthwhile change
[SWC]) between trials and conditions. Therefore, the aim of
this study was to determine the between-session test—retest
reliability of physiological and perceptual responses during
treadmill-based load carriage.

Materials and methods
Participant information

Fifteen participants, including six female (mean + SD;
age: 23.0 +3.1 years; height: 1.68 +0.04 m; body mass:
66.4+6.8 kg; load carriage experience: 9.2 +4.8 months)
and nine male (27.2+6.4 years; 1.79 +7.8 m; 84.2 + 14.2 kg;
load carriage experience: 24.0 +25.3 months) soldiers,
were recruited from the Australian Defence Force School
of Signals. All participants had completed basic military
training and reported no known neuromuscular injuries or
respiratory tract infections in the previous six months. All
procedures were approved by the Department of Defence
and Veterans’ Affairs Human Research Ethics Committee
(Ethics #302-20) and reciprocal approval granted by the La
Trobe University Human Ethics Committee (Ethics #302-20
DDVA HREC). Written informed consent was obtained from
the participants prior to commencement.

Protocol overview

Familiarisation of at least six minutes was conducted on
an AMTI dual-belt (front and back) instrumented treadmill
(Watertown, MA, USA), including Control (7.2 kg) and
loaded (23.2 kg and 35.2 kg) walking between 4 and
6 km h™' (Meyer et al. 2019). Three experimental sessions
were completed, each separated by one week. Within each
session, two twelve-minute walking trials were completed
on the treadmill at 5.5 km h™!, with participants carrying
either 7.2 kg (Control) or 23.3 kg (Patrol) loads as per the
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Australian Army baseline physical employment standard
forced march assessment. Trials were separated by twelve
minutes of passive rest. The Control condition was routinely
performed before the Patrol condition to eliminate any
influence of the higher exercise intensity evoked by load
carriage. The Control condition included participants
wearing a standard physical training uniform (shorts, t-shirt)
with approved Australian Army combat boots (2 kg), and
a portable metabolic system (2 kg) on the torso while also
holding a replica F88 Austeyr (3.2 kg) in both hands. The
Patrol condition consisted of the Control condition, with the
addition of a weighted vest that distributed the additional
weight evenly between left and right (using 1 kg blocks),
and front and back (10 kg at front; 6 kg at back), which is
representative of an in-field Patrol order distribution.
Expired respiratory gases were collected through a
Hans Rudolf face-mask that was connected to a MetaMax
3B portable metabolic system (Cortex Inc., Germany).
The MetaMax 3B system was turned on 60 min prior to
calibration for volume and flow, and gas concentration
measures. The calibration included (i) the input of
barometric pressure, (ii) calibrating the gas analyser using
a reference gas (15% O,, 5% CO,, BAL. N,; tolerance 1%,
Cortex Inc., Germany) and sampling ambient air, and (iii) a
flow calibration conducted using a standardised 3-L syringe
(Hans Rudolph Inc., USA) at 2to 4 and —2 to —4 L s7L
Data collection and therefore measurement of devices began
within 15 min of the calibration being conducted. Heart rate
was recorded using a chest strap (T31 coded, Polar Electro,
Finland) that was collected through the MetaMax 3B. Prior
to each trial, the MetaMax 3B was fit to the participant and
allowed time to acclimate until VO, was below 0.5 L min~".
During each trial, the MetaMax 3B continuously measured
respiratory variables (Fy, Vp, Vi), metabolic demands
(VO, [absolute and relative to body mass], VCO,, RER),
and cardiovascular function (heart rate [HR], oxygen pulse
[O, pulse]) for the 12 min of walking. All expired gases
were sampled using breath-by-breath measures. The final
three minutes of data were averaged for inclusion within
the analyses to ensure that the responses were reflective of
a physiological steady state. Perceptual measures included
Rating of Perceived Exertion (RPE; 6-20 scale) (Borg 1998)
and the Omnibus Resistance Exercise Scale (OMNI-RES;
0-10 scale) (Robertson et al. 2003) which were explained
to participants prior to experimental testing. The RPE scale
was characterised as follows: “a score of 6 indicates no
exertion at all as if you are resting, while a maximum score
of 20 signifies maximal exhaustion and the most challenging
exercise you have ever done”. Immediately following each
12-min trial, the participant was asked “how hard do you
feel like you were working?” The OMNI-RES scale was
used to measure the general impact of the total load carried
and was characterised as follows: “a score of 0 indicates no
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load that is extremely easy, while a maximum score of 10
is extremely hard and the heaviest thing you have carried”,
with participants asked, “how difficult was it to carry that
load?” immediately following each 12-min trial.

To ensure consistency throughout the three laboratory
visits, each testing session was scheduled on the same time
and day of the week to align with weekly job schedule
demands; undertaken in a consistent environmentally
controlled laboratory environment with minimal noise (e.g.
no music, no talking during testing trials); structured using
standardised rest time interval between experimental trials;
and repeated using the same sequence, load distribution and
physical fit of load across the three sessions. Additionally,
the same MetaMax 3B unit and researcher was used across
the three sessions to account for inter-device and inter-
researcher variation (Hopkins 2000).

Statistical analysis

Descriptive statistics (mean + standard deviation) were
calculated for each physiological variable across the two
load conditions (Control and Patrol) for each of the three
sessions. Reliability was determined by coefficient of
variation (CV), intra-class correlation coefficients (ICC, ),
smallest worthwhile change (SWC), and standard error of
the measurement (SEM). CV thresholds have been defined
for acceptable reliability, with results interpreted as either
highly reliable (<5.0%) or moderately reliable (5.1-10.0%),
with CV >10.0% being classified as unacceptable reliability.
ICC results were interpreted as per Koo and Li (2016) using
the following qualitative descriptors: poor (< 0.50), moderate
(0.50-0.74), good (0.75-0.90), and excellent (>0.90). SWC
was calculated by 0.2 X between subject standard deviation
for each condition (Hopkins and Batterham 2016). Outliers
with a z score greater than +2.58 were removed (n=9 data
points were removed). The residuals of all physiological
measures did approximate a normal distribution (as assessed
by Q-0 plots and Kolmogorov—Smirnov tests). All statistical
analyses were conducted using the jamovi statistical package
(Version 2.2.5, the jamovi project, 2022).

Results

Reliability statistics are presented in Table 1. Reliability
was better in the Patrol condition than the Control condi-
tion for respiratory variables (Control: 5.5-8.0%, Patrol:
3.4-5.2% CV), metabolic demands (Control: 2.9-4.7%,
Patrol: 2.2-3.7%), and perceptual measures (Control:
12.4-45.5%, Patrol: 7.4-16.1%). In contrast, the reli-
ability of cardiovascular measures was better in the Con-
trol (3.1-3.5%) than the Patrol condition (7.4-16.1%).
Between-session intra-class correlations for the Control
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Table 1 Mean + standard deviation and reliability statistics for physiological measures across two conditions (Control and Patrol) and three ses-
sions

Variable Load Session 1 Session 2 Session3 CV(%) SEM SWC ICCp2,1)
Respiratory
Respiratory Frequency Control 28.91+4.9 31.1+5.4 333184 8.0 3.1 1.1  0.70 [0.48, 0.86]
(breaths-min-1) Patrol 33.1+7.4 347 +7.0 37.8+£8.0 4.0 1.8 1.4 0.86 [0.58, 0.95]
Tidal Volume Control 1.33+0.24 1.25+0.22 1.27+0.26 7.3 0.11 0.04 0.77 [0.59, 0.89]
(L) Patrol 1.35%0.25 1.30+0.25 1.32+0.26 5.2 0.08 0.05 0.83[0.77, 0.94]
Ventilation Control  37.7 £6.0 38.1+4.7 40.6 +7.7 5.5 2.7 11 0.78 [0.60, 0.90]
(L'min-1) Patrol 435 +6.4 453 +6.0 48.6 +7.7 3.4 2.0 1.2 0.79 [0.45, 0.92]
Metabolic
Volume of Oxygen Control 1.41+0.23 1.42+0.21 1.49+0.26 4.1 0.07 0.04 0.88[0.78, 0.95]
(L'min-1) Patrol 1.62+0.22 164+0.20 1.74+0.25 3.3 0.07 0.04 0.85[0.66, 0.94]
Volume of Oxygen Control 183 +1.3 18.7 £ 1.7 19.1+1.9 4.0 0.9 0.3 0.69 [0.48, 0.85]
(mL-kgt-min-1) Patrol 21.1+1.8 216 £2.2 225+21 3.2 0.9 0.4 0.74 [0.48, 0.88]

Volume of Carbon Dioxide Control 1.34+0.21 1.32+0.19 1.40+0.27 4.7 0.08 0.04 0.85[0.72, 0.93]
(L'min-t) Patrol 1.56 +0.21 156 +0.19 1.66 +0.27 3.7 0.08 0.04 0.83[0.63, 0.92]
Respiratory Exchange Ratio Control 0.95+0.05 0.93+0.04 0.94 +0.05 2.9 0.03 0.01 0.52[0.26, 0.75]
Patrol  0.96 +0.04 0.95+0.04 0.95+0.05 2.2 0.03 0.01 0.67 [0.46, 0.84]

Cardiovascular

Heart Rate Control 113 +7 112 +8 114 £5 3.1 4 1 0.62 [0.39, 0.81]
(beats:min-) Patrol 123 +8 121 £5 126 £ 6 2.7 4 1 0.60 [0.36, 0.79]

Oxygen Pulse Control 126 +2.3 12.7 £2.2 13.0+2.3 3.5 0.5 0.4 0.93 [0.87, 0.97]
(mL-beat?) Patrol 13.2 +2.2 13.3+21 13.8 +2.0 4.0 0.7 0.4 0.88 [0.77, 0.94]

Perceptual

RPE Control 84+1.6 76+14 76+1.9 12.4 1.2 0.1 0.48 [0.23, 0.72]
(au) Patrol 11.8 +2.5 10.3+2.3 11.3+25 7.4 1.0 0.5 0.80 [0.63, 0.91]

OMNI-RES Control 1.0+0.8 1.3+09 0.9+0.7 45.5 0.6 0.1 | 0.47 [0.22, 0.71]
(au) Patrol 44+19 40+19 39+1.7 16.1 0.8 0.3 0.80 [0.64, 0.90]

CV has been colour coded by highly reliable (<5.0%, green), moderate reliability (5.1-10.0, yellow), and unacceptable reliability (> 10.0, red);
and ICC poor (<0.50, red), moderate (0.50-0.74, dark yellow), good (0.75-0.90, light yellow), and excellent (>0.90, green)

CV coefficient of variation, /CC intra-class correlation coefficient, OMNI-RES omnibus resistance exercise scale, RPE rating of perceived
exertion, SEM standard error of the measurement, SWC smallest worthwhile change

condition were poor for RPE and OMNI-RES ratings  correlations for the Patrol condition were classified as mod-
(ICCy,, 1;=0.47-0.48), moderate for Fg, relative VO,, erate for relative VO,, RER, and HR (ICC,, 1;=0.60-0.74)
RER, and HR (ICC[Z’ 1 =0.52-0.70), good for V, Vi, abso- and good for Fy, Vi, Vi, absolute VO,, VCO,, O, pulse,
lute VO,, and VCO, (ICC, ;;=0.72-0.88), and excellent ~ RPE, and OMNI-RES (ICC, ;;=0.79-0.88).

for O, pulse (ICC|, ;;=0.93). Between-session intra-class

@ Springer
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Discussion

The aim of this study was to determine the test—retest
reliability of physiological and perceptual responses
during treadmill-based load carriage at Control and
Patrol loads. Overall, respiratory variables demonstrated
moderate-good ICC (3-8% CV), while the metabolic and
cardiovascular variables demonstrated moderate-excellent
ICC (£5% CV). Perceptual variables showed good-poor
ICC (7-45% CV). As such, respiratory, metabolic, and
cardiovascular variables appear to possess acceptable
reliability at both different load conditions, and they can
be confidently applied in practice from a single testing
session to set physical employment standards, develop
work-rest tables, or evaluate the impact of new equipment.
Perceptual measures should be utilised with caution due to
the varied reliability across measures, loads, and sessions,
and be employed either to support the interpretation of
physiological responses, or when no other physiological
measures are able to be undertaken.

Firstly, the respiratory variables demonstrated high
test-retest reliability (3-5% CV; good ICC) for the
Patrol condition and moderate reliability for the Control
condition (5-8% CV,; good-moderate ICC; larger SEM).
It appears the increasing intensity and the stimulus of
torso-borne load elicits a more consistent respiratory
response (Romer and McConnell 2004). While a previous
study reporting on the reliability of the MetaMax 3B
has reported lower CV (3.5% CV), measures for Vg
during unloaded exercise (Vogler et al. 2010), it should
be acknowledged that this was assessed on a rowing
ergometer and not treadmill walking exercise. Hence, any
interpretation of these reliability measures are limited
by differences in both load and exercise modality. As
soldiers are conditioned to complete military tasks such
as load carriage, this experience and targeted training
may increase task efficiency and reduce the variability
in physiological response during loaded walking (Orr
and Pope 2015; Wills et al. 2020). The greater external
load may also perturb the system whereby work may be
conducted within a smaller range in an attempt to limit
centre of mass displacement when compared with a
lighter load (Hoolihan et al. 2022; Liew et al. 2020). It
appears the additional elastic and inertial forces due to the
chest restriction of load carriage (Armstrong et al. 2019;
Peoples et al. 2016) resulted in a more reliable response.
Meaningful changes in respiratory responses due to load
carriage should be assessed independently for lighter and
heavier loads.

Metabolic and cardiovascular variables were highly
reliable (<5% CV; good-moderate ICC) for both
the Control and Patrol conditions. Between-session
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differences reflect a combination of technical and
biological variability (Armstrong and Costill 1985;
Hopkins 2000). The between-session variation is not fully
explained by the technical variation of the MetaMax 3B
unit, as reported simulated metabolic outputs are smaller
in magnitude and more reliable for VO,, VCO,, Vg, and
RER (Macfarlane and Wong 2012; Vogler et al. 2010).
Therefore, biological variation likely explains the majority
of the higher between-session variability reported in this
study when compared to that calculated from metabolic
gas simulators. Importantly, the reliability in the current
study is similar to previous research (2-5% CV, excellent-
good ICC) for metabolic responses taken during rowing
(Vogler et al. 2010), and cardiovascular responses during
rest, walking, and jogging (Engstrom et al. 2012; Montes
and Navalta 2019; Nunan et al. 2009). In agreeance with
previous studies, the constraint of load carriage during
treadmill walking does not appear to impact the reliability
of metabolic and cardiovascular responses through
affecting the magnitude of technical and biological
variation (Engstrom et al. 2012; Macfarlane and Wong
2012; Montes and Navalta 2019; Nunan et al. 2009; Vogler
et al. 2010). Accordingly, metabolic and cardiovascular
results from load carriage studies involving a single trial
can be confidently applied in practice, with meaningful
differences able to be identified utilising the CV and SWC
data reported within this study.

Across the multiple sessions, the perceptual measures
demonstrated a level of unacceptable test—retest reliability
(12-45% CV; poor ICC) for the Control condition, though
this was improved for the Patrol condition (7-16% CV;,
good ICC). Other studies have reported contrasting results
whereby the reliability of perceptual measures decrease
with increases in work intensity (Herman et al. 2006; Lamb
et al. 1999). The Patrol condition may have similar effects
of constraining the physical work with the torso-borne
load when compared to the Control condition for a more
consistent response. RPE (as measured on a 6-20 scale)
demonstrated poor reliability (7.35-12.4% CV; 0.48-0.80
ICC), despite presenting with a reasonably small SWC
(0.11-0.50). As this scale uses increments of one unit,
further consideration may be required when interpreting a
meaningful change. Separately, the OMNI-RES scale was
developed and validated to provide a perceived intensity
for resistance exercise (Robertson et al. 2003), and may
not be appropriate for monitoring load carriage activities.
Additionally, utilising CV as a measure of reliability for
the OMNI-RES scale may be more sensitive to changes in
the mean because the mean is close to zero. For perceptual
measures, the restriction of arm swing with the weapon
in the Control condition may have been perceived as
increasing load carriage effort to different extents. This
variability in responses could be attributed to the fact that
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the additional 16 kg load in the Patrol condition might have
outweighed any discomfort associated with the weapon. The
variability in perceptual data could also be due to various
psychobiological factors that may influence an individual’s
perception of exertion and load within a single session. As
such, subjective perceptual measures demonstrate greater
variability and poorer reliability than the physiological
measures, and this needs to be considered when employing
such measures to quantify the perceived demands of load
carriage tasks.

Taken together, measures of reliability (i.e. CV and ICC)
and meaningful changes (i.e. SWC and SEM) can serve as
valuable metrics when interpreting physiological data from
load carriage tasks that may be used to inform, among other
things, physical employment standards, work-rest tables,
and equipment evaluation. For example, in the assessment
of a load carriage system, it is crucial for end-users to
establish whether observed differences are meaningful or
not. In the present study, the CV value of 4% for VO, can
be utilised to inform this when assessing across a wide
range of loads. Vine and colleagues (2022) investigated the
metabolic responses with a Douglas bag for load carriage
tasks of between 30 and 76 kg, reporting a ~ 1% increase
in metabolic cost for each 1 kg increment in added load
mass. From our data, it can be interpreted that for load
configurations of <4 kg difference, it is unlikely to observe
clear differences in metabolic cost due to the variability in
the measure. An additional application involves developing
physical employment standards, ensuring personnel can
meet the demands of their job tasks (Reilly et al. 2019).
Ecologically valid measures of load carriage task demands
are crucial for reflecting them in assessments, directly
influencing a soldier’s employability. To maintain fairness,
it is imperative to scientifically defend the measurement
of load carriage demands, preventing unjust dismissals or
avoiding placing excessive burden on individuals in job
categories. Further, researchers and practitioners can employ
SWC values to quantify: (a) the extent of adaptation to
training programmes, helping understand how individuals
are physiologically adapting to the load, and (b) meaningful
changes between various load carriage systems that do not
reflect measurement error.

A limitation of this study was the order effect, with
the Control condition always being completed before the
Patrol condition. Considering that the Patrol condition was
more reliable, there is a potential familiarisation effect to
the testing scenario. However, considering that only the
final 3-min of each stage were included for analysis, it is
expected that any familiarisation effects would be minimal
as they have been reported to typically disappear after six
minutes (Meyer et al. 2019). Further, slight differences
in chest compression as a result of securing the vest and
harness could have impacted respiratory mechanics and

provided a source of variation between sessions. While
this was consistently applied by the same researcher,
interface pressure was not measured. Future studies should
incorporate a pressure feedback unit to keep a consistent
compressive load on the chest (Peoples et al. 2016). Future
research is required to assess different walking speeds and
loads outside of the range assessed in this study to evaluate
whether these responses are consistent.

The test—retest reliability of physiological responses
during treadmill walking with external loads was
demonstrated to be highly reliable (<5% CV) for all
metabolic and cardiovascular measures, as well as both
Fy and Vj; for the Patrol load. Moderate-to-poor reliability
was demonstrated for all other respiratory measures and
all perceptual measures. While it is important to note that
a degree of biological and technical variation is expected
between trials, both the CV and SWC are appropriate
measures that can be employed to determine meaningful
changes in physiological response during load carriage tasks.
Together, these reliability data can support the interpretation
of physiological assessments related to training adaptations,
equipment evaluations, tasks, populations, or other factors
to ensure that any observed differences are interpreted
appropriately.
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