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Welcome from the Chairs of the 6th ICSPP London 2023

Welcome to London! On behalf of the ICSPP London Organising Committee we would like
to extend a very warm welcome to the 6™ ICSPP. The ICSPP London theme, Future Soldier:
Delivering Human Advantage brings together scientific, military, and medical experts
to exchange ideas, present new data, and collectively enable our soldiers to deliver human
advantage within the future land warfare domain.

While traditionally focused on the Land domain, you will see that we have representatives from
Land, Air, Sea, and Space Commands, which is reflective of the common mission we have in
Defence to design and attract the right workforce to deliver a competitive edge, and our need to
optimise, enhance, and protect military personnel throughout the operating spectrum. People
are rightly recognised as the foundation on which our strategic advantage is built, and it’s our
job to give them the tools to do so.

ICSPP is the world’s leading conference in military human performance, and we are delighted to
be here, at ExCel London, alongside the Defence and Equipment Security International (DSEI)
and NATO COMEDS.

We are honoured to welcome a number of distinguished Keynote speakers, among them the
Chief of the General Staff, General Sir Patrick Sanders; United Kingdom Surgeon General,
Major General Tim Hodgetts; Head Army Healthcare, Brigadier Tony Finn; one of the UKs most-
cited female Al scientists, Professor Mihaela van der Schaar; Professor of Applied Physiology
and Editor-in-Chief of Medicine & Science in Sports & Exercise, Professor Andy Jones; and
Professor Ben Goldacre, author of ‘Bad Science’, ‘Bad Pharma’and ‘I Think You’ll Find It’s A Bit
More Complicated Than That', who will probably tell us all to ‘RCT yourself’, which is probably
good advice.

We are indebted to the previous hosts of ICSPP in Jjvaskila in 2005 and 2011, Boston in 2014,
Melbourne in 2017, and Québec City in 2020, for creating this fantastic community, and we
hope to do it justice over the next three days. We hope you got some sleep on the plane because
the scientific chair intends to work you hard! Have fun!

Julie Greeves OBE Ph.D. & Anna Casey Ph.D.
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Welcome from the Host of the 6th ICSPP London 2023

It gives me great pleasure to welcome you to the 6th ICSPP, here in London.

We meet at a time when the importance of international co-operation, intelligence-sharing, and
the rapid delivery of battle-winning capabilities cannot be understated. To deliver strategic
advantage, we require a workforce that is both Fit to Fight—physically, psychologically, and
socially—and Fit for Life in modern society.

I am indebted to all of you here today for travelling to the UK to share your vast expertise, your
knowledge of future science and technology, and your commitment to enabling our people to
truly deliver a human advantage.

Brigadier Tony Finn MA MRCGP DRCOG DFFP
Head Army Healthcare, British Army

Welcome from the Chair of the 6th ICSPP Scientific Committee

Five keynotes, over 250 free oral and poster communications, and 167 presentations within 30
thematic sessions. The ICSPP 2023 scientific programme is packed! We have been overwhelmed
by the volume, quality, and diversity of the submissions. As this year’s ICSPP is half a day
shorter than previous ICSPPs we have deliberately planned to work you hard with scientific
content rolling early into the evenings over the first couple of days; we hope you see this as
an opportunity to maximise your time absorbing scientific content. We would like to express
our gratitude to our scientific reviewers and the presenters for their submissions; these are the
people who have formed the programme we have for you here in London. That leaves us, the
scientific committee, with the final word on how we encourage you to tackle ICSPP; we hope to
see the frantic movement between and within sessions to catch the latest data or expert opinion
and hope to hear the productive—and sometimes challenging— conversations all good scientific
meetings should foster. I challenge you to come away questioning our basic assumptions—it is
our collective responsibility to advance our field and we hold a responsibility for its reputation
in human science.

Thomas J O’Leary Ph.D.

CONTENTS 2
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Organising Committee, United Kingdom

Julie Greeves OBE Ph.D. Anna Casey Ph.D.

Co-Chair of 6th ICSPP London 2023 Co-Chair of 6th ICSPP London 2023
Thomas J O’Leary Ph.D. Sophie Arana Ph.D.

Chair of 6th ICSPP Scientific Committee Liaison Officer
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3 CONTENTS



DELIVERING HUMAN ADVANTAGE

International Committee

Chairs: Prof Julie Greeves, Dr Anna Casey

Secretary to 6th ICSPP International Committee: Mrs Rebecca Knight

Prof Julie Greeves
UK Army Headquarters

Dr Tom O’Leary
UK Army Headquarters

Dr Karl Friedl
USARIEM

Prof Heikki Kyroldinen
University of Jyvaskyla

Dr Hilde Teien
Norwegian Defence Research Establishment

Dr Jace Drain
Australian Defence Force

Dr Henriette Hasselstrom
Forsvarets Sanitetskommando

CONTENTS

Dr Anna Casey
UK Army Headquarters

Dr Sophie Arana
UK Army Headquarters

Prof Bradley Nindl
University of Pittsburgh

Prof Tara Reilly
Canadian Armed Forces

Dr Graham Fordy
ADA New Zealand

Dr Jason Lee

National University of Singapore



Scientific Committee

FUTURE SOLDIER

The 6th ICSPP Scientific Committee extend their grateful thanks to the following scientists
who gave their time to conduct peer review of scientific abstracts and / or thematic sessions.
All submissions were subject to double-blind review by two assessors against standardised
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Opening
Tuesday 12th September, 09:00 to 09:15

Main Room

CONTENTS



FUTURE SOLDIER

Brigadier Antony Peter Finn
MA MRCGP DRCOG DFFP

Head Army Healthcare, British Army

Brigadier Tony Finn was commissioned into the Royal Army Medical Corps as a Professional
Qualified Officer in 1998. His first assignment was to Northern Ireland as Regimental Medical
Officer for 3 Royal Irish and, by appointment, Senior Medical Officer to Headquarters 3 Infantry
Brigade. In this role, he worked closely with the civilian emergency services on medical support
to the Drumcree marching seasons and first developed his interest in integrated healthcare
systems. He qualified as a General Practitioner in summer 2003, where upon he was promoted
to Major, and deployed to Afghanistan as Senior Medical Officer for Operation FINGAL. After
a short period as Deputy Senior Medical Officer at the Royal Military Academy Sandhurst,
he attended the Initial Command & Staff Course (Land) in 2004. Returning to Camberley he
joined the Army Medical Directorate as SO2 Force Development in 2005 before moving to
Command B (4) Medical Squadron in 2007. In a busy two years he deployed to Afghanistan for
the second time, Kenya and then Iraq. He was promoted to Lieutenant Colonel and attended the
Advanced Command and Staff Course in September 2009. Thereafter, he assumed Command
of 1 Armoured Medical Regiment and deployed to Afghanistan again, this time as Commanding
Officer of the Operation HERRICK 15 Close Support Medical Regiment. Promoted to Colonel in
2012, he returned to the Army Medical Directorate as Assistant Director of Medical Operational
Capability. During this time, he was Programme Manager for the Operational Patient Care 2025
programme and led on the development of a Joint concept for integrated Pre-Hospital Care. He
refined this integrated concept during his time as Deputy Commander (Medical) for 101 Logistic
Brigade and, as Deputy Assistant Chief of Staff (Medical) for the Field Army, he commenced the
implementation of the integrated Pre-Hospital Care system across the Army. He was promoted
to Brigadier in March 2019 where he then assumed the appointment of Commander of 2nd
Medical Brigade, where he was responsible for extending the Integrated Healthcare System
and deployed hospital care. Since July 2021 he has been the Senior Health Advisor (Army). He
enjoys hill walking and most sports, particularly Rugby and Skiing; he is married to Claire, has
two teenage sons (Ryan and Charles) and two energetic Hungarian Vizslas (Otto and Lily).
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Keynote 1
Tuesday 12th September, 09:15 to 09:45

Main Room
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General Sir Patrick Sanders
KCB CBE DSO ADC Gen

. Chief of the General Staff, British Army

Born in Tidworth Garrison military hospital and raised in Norway, Gibraltar and Iraq, General
Sir Patrick Sanders was commissioned in 1986 and spent his early service as an Infantry Officer
in The Royal Green Jackets in Germany, Norway and the UK. He has commanded on operations
in Northern Ireland, Kosovo, Bosnia, Iraq and Afghanistan. His staff appointments have been
in operational and strategic roles. He has been a member of the Directing Staff at the Joint
Staff College, Pol/Mil adviser for the Commander of Coalition Forces in Iraq in 20034, Colonel
Army Strategy, Chief of Defence Staff’s Liaison Officer to the US Chairman of the Joint Chiefs
of Staff, and Assistant Chief of Defence Staff (Operations) in the MOD. His higher command
appointments were 20 Armoured Brigade, the 3rd (UK) Division and the Field Army. He was
promoted to General in May 2019 and commanded UK Strategic Command until May 2022. He
became Chief of the General Staff in June 2022. He is Colonel Commandant of The Honourable
Artillery Company, Honorary Colonel of the Turks and Caicos Islands Regiment and President
of the Armed Forces Winter Sports Association. He speaks French and Norwegian, colloquial
Spanish and can tell when he is being insulted in Arabic, Pashtun, Dari, Albanian and Serbo-
Croat. Married to Fiona Bullen, a successful author, they have made their home in a small
Wiltshire village. General Sanders enjoys cycling, all forms of skiing, shooting and whisky. A
season ticket holder with their son Kit, he is a martyr to Tottenham Hotspur FC. He dislikes
scotch eggs and can’t bear Arsenal.
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Keynote 2
Tuesday 12th September, 09:45 to 10:30

Main Room
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Professor Mihaela van der Schaar
PhD

John Humphrey Plummer Professor of Machine Learning,
Artificial Intelligence and Medicine, University of Cambridge

Mihaela van der Schaar is the John Humphrey Plummer Professor of Machine Learning,
Artificial Intelligence and Medicine at the University of Cambridge and a Fellow at The Alan
Turing Institute in London. In addition to leading the van der Schaar Lab, Mihaela is founder
and director of the Cambridge Centre for Al in Medicine (CCAIM). Mihaela is personally
credited as inventor on 35 USA patents, many of which are still frequently cited and adopted
in standards. She has made over 45 contributions to international standards for which she
received 3 ISO Awards. In 2019, a Nesta report determined that Mihaela was the most-cited
female Al researcher in the U.K. Mihaela has published more than 600 papers, including 280
journal articles and over 300 conference papers. She has also authored several books and book
chapters.

1" CONTENTS



DELIVERING HUMAN ADVANTAGE

Thematic Sessions 1 to 4

Tuesday 12th September, 11:00 to 12:30

CONTENTS
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Thematic 1: Measuring and modelling performance and musculoskeletal
effects of load carriage

Main Room
Description

Load distribution systems for rucksacks and body armour aim to improve manoeuvrability of
the warfighter, and reduce the forces experienced on the shoulders and spine. Yet, it is unclear
if these systems are effective in reducing overall musculoskeletal injuries, and what the best
methods are to carry these loads under varying and challenging conditions. Solutions to
answer these questions lie in our ability to measure and model load carriage of warfighters and
systematically measure improvements in performance and mechanics when training regiments
have changed. We will provide guidelines for interventions that can more effectively prevent
injury and ensure a high level of performance for every individual. Such interventions may
include training approaches, evaluation of gear design and method of wear, and approaches to
measuring movement and performance in the field.

Background

It is well documented that carrying heavy loads negatively impacts a warfighter’s mission
performance and musculoskeletal health. It is also becoming clear that personal characteristics
(e.g., fitness, sex, experience) affect a warfighter’s ability to accommodate such heavy loads
leading to reduced physical performance and heightened injury risks. Additionally, the
characteristics of the carried equipment (bulk, stiffness, distribution, human-equipment
interaction) can exacerbate the negative effects of heavy loads. In addition to traditional motion
capture and analysis techniques, digital human models, markerless and inertial-based motion
capture methods, and machine learning approaches are increasing our understanding of how
load carriage impacts performance and musculoskeletal health. New interventions using
wearable devices and exercise programs are also being investigated to improve load carriage
capacity that may reduce the influence of personal characteristics. Using an interdisciplinary
approach, we can accelerate our understanding of and improve decisions surrounding load
carriage systems for warfighters.

Military Impact

Though it is typically recommended that loads do not exceed 25 kg, military service members
are often required to carry much higher loads weighing between 40 to 60 kg. Numerous factors
affect injury risk and performance, and these factors are often related to load distribution,
movement behaviour, and body mechanics. By evaluating all aspects of load carriage using

13 CONTENTS
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an interdisciplinary approach, we will be able to fill many gaps in our understanding of
injury mechanisms and investigate solutions for maintaining performance, increasing overall
operational readiness.

Presentations
Chair: Pinata Sessoms, Naval Health Research Center, USA

11:00 - 11:05: Introductions and background

Pinata Sessoms, Naval Health Research Center, USA
Ryan Graham, University of Ottawa, Canada

11:05 - 11:17: Quantifying muscle and joint mechanics during military load carriage with
musculoskeletal modelling

Anne K Silverman, Colorado School of Mines, USA

11:17-11:29: Validation of markerless motion capture for the assessment of joint kinematics
and kinetics during military load carriage

Ryan Graham, University of Ottawa, Canada

11:29 - 11:41: Novel data-driven digital human modelling approaches for the predictive
assessment of movement under load

Matthew Mavor, University of Ottawa, Canada
11:41 - 11:53: Specificity of male and female responses to military load carriage tasks and
preparation

Tim Doyle, Macquarie University, Australia

11:53 - 12:05: Physiological and biomechanical metrics from infiltration and exfiltration
marches during a sustained operational exercise

Victoria G Bode, U.S. Army Combat Capabilities Development Command Soldier Center, USA
12:05 - 12:17: Progressive load carriage training reduces musculoskeletal injuries and
improves fitness in USMC recruits

Karen R Kelly, Naval Health Research Center, USA

12:17 - 12:30: Questions and discussion

CONTENTS 14
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Thematic 2: Soldier combat ensemble considerations for women

Room 1
Description

The development of inclusive equipment and clothing for women is a priority across nations
that are part of The Technical Cooperation Programme (TTCP). As such, a collaborative project
has been established under TTCP Joint Panel 1 to inform the development of clothing and
equipment for women. This session will provide an overview of work being undertaken by
Australian, American, British, Canadian, and New Zealand participants of this panel. The
aims of this session are to: summarise research focussed on improving the design of clothing
and equipment for women; identify knowledge gaps that need to be addressed to improve
the design and development of future clothing and equipment; provide design / functional
recommendations based on current knowledge and data, and; provide recommendations for
the test and evaluation of future equipment and clothing.

Background

Much of the operational equipment / clothing issued and used by servicewomen is either unisex,
specifically designed according to the size and shape of men or, has primarily been tested and
evaluated on men. These limitations lead to poor fitting equipment / clothing for women, which
increases discomfort, limits or degrades task performance, and leads to medical problems.
There is emerging evidence that unisex equipment / clothing does not provide adequate fit,
form, and function for all.

Military Impact

Previous work has demonstrated the negative impact that poor fitting equipment and clothing
has on military task performance and the health of Armed Forces Personnel. Improving the
design of equipment and clothing will not only benefit performance and health, but will support
diversity, inclusion, and retention initiatives.

Presentations
Chair: Nicola Armstrong, Defence Science and Technology Laboratory, UK

11:00 - 11:05: Introduction

Nicola Armstrong, Defence Science and Technology Laboratory, UK

15 CONTENTS
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11:05 - 11:20: Female specific versus female inclusive considerations for soldier combat
ensemble

Alison Fogarty, Defence Science and Technology Group, Australia

11:20 - 11:40: Female human performance considerations for soldier combat ensemble

Jace Drain, Defence Science and Technology Group, Australia

11:40 - 11:55: Female-inclusive scalable tactical vest: “Narrow STV”

Samantha Saunders, Defence Science and Technology Laboratory, UK
11:55 — 12:10: A collaborative approach to optimise equipment and clothing for a diverse
population — A work in progress

Samantha Rodrigues, Defence Technology Agency, New Zealand

12:10 - 12:30: Questions and discussion

Crown Copyright 2023, Dstl

CONTENTS 16
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Thematic 3: Soldiers at high altitude

Room 2
Description

This session will present research from around the world on humans operating at high altitude.
Topics covered will include recent advances in exercise fuel utilisation, cognition, sleep, and
physiologic and genomic predictors of acute mountain sickness at high altitude. Recent
research conducted at Europe’s premier institute for hypobaric chamber research (EURAC)
and the United States premier institute for altitude research (USARIEM) will be highlighted.
Technological advances that can optimise the health and performance of the soldier rapidly
exposed to both simulated and real altitude conditions will be discussed.

Background

Lowlanders rapidly exposed to high altitude experience decrements in physical performance,
cognitive performance, and disturbances in sleep. In addition, when lowlanders ascend too
high too quickly, they are at risk of developing one or more forms of acute altitude illness: acute
mountain sickness (AMS), high-altitude cerebral oedema (HACE), and high-altitude pulmonary
oedema (HAPE). The presence of sickness has the potential to result in even more severe
decrements in physical performance, cognition, and sleep at high altitude. Large numbers of
soldiers may be deployed to high altitude and so the military is faced with questions about how
best to prevent sickness as well as optimise performance in mountainous regions. This session
will address these concerns.

Military Impact

This session will provide the most recent advances to optimise physical performance at high
altitude in terms of fuel mobilisation, preventing decrements in cognitive performance, and
identifying the extent of sleep disturbances likely to be encountered by military personnel
deployed to various altitudes. In addition, the recent real-time physiologic monitoring and
biomarker development of a hypoxic monitoring system will be revealed that can potentially
save lives at high altitude.

Presentations
Chair: Beth A Beidleman, US Army Research Institute of Environmental Medicine, USA

11:00 - 11:20: Acute high-altitude exposure decreases exogenous glucose oxidation and
impairs insulin sensitivity

17 CONTENTS
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Lee Margolis, US Army Research Institute of Environmental Medicine, USA [20 minutes]

11:20 - 11:40: Cognitive and physical performance at high altitude following rapid ascent

Michiel van Veelen, Eurac Research, Institute of Mountain Emergency Medicine, Italy

11:40 - 12:00: Sleep loss effects on physiological and cognitive responses to systemic
environmental hypoxia

Pierre Fabries, Institute de Rechurche Biomedicale des Armees, Switzerland

12:00 - 12:20: Physiologic and genomic markers to diagnosis and predict acute mountain
sickness at high altitude

Beth A Beidleman, US Army Research Institute of Environmental Medicine, USA

12:20 - 12:30: Questions and discussion

CONTENTS 18
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Thematic 4: Human-machine teaming

Room 3
Description

The increasing quantity, tempo, and complexity of information available to decision makers
at all levels of command presents a challenge to human cognitive capacity. This presents
a risk of information overload; critical information being missed—resulting in poor or sub-
optimal decisions—or a significant increase in the numbers of people required to handle this
cognitive workload. Recent advances in Artificial Intelligence (AI) and its application across
a multitude of fields have highlighted the potential impact that this technology could have on
how tasks—especially cognitive tasks typically conducted by humans—might change in the
future. Consequently, Defence has a significant interest in the use of Al based technologies to
address some of the challenges it faces. However, the complex, dynamic, and uncertain nature
of military activity, combined with ethical and legal considerations, will require Defence to adopt
a human machine teaming approach to the use of Al. This session will provide an overview of
a small subset of the research conducted in the field of human-machine teaming from experts
working in this area. Presentations of completed and ongoing studies and research in the UK
and US will showcase work undertaken through the Bilateral Academic Research Initiative
(BARI) as well work undertaken as part of the Defence Science and Technology Laboratory’s
Future Workforce and Training Programme.

Background

Robotic and Al based technologies offer the potential for an inflexion point in delivering military
transformation and advantage. These technologies can perform some tasks more accurately,
for longer durations, and in harsher conditions than humans can. However, there are others,
where they cannot compete with human flexibility, adaptability, resilience, and creativity. There
are also legal, ethical, and safety reasons for humans conducting certain tasks. Consequently,
realising the full potential of these technologies will depend on understanding the relative
strengths of humans and machines, and how they best function and interact in combination to
optimise the effectiveness of the capability as a whole across all use cases and environments.
Developing the right blend of human-machine teams—the effective integration of humans and
machines and the interaction between them within future systems—is key.

Military Impact

At the core of future military advantage will be the effective integration of humans, Al, and
robotics into warfighting systems—human-machine teams—that exploit the capabilities
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of people and technologies to outperform opponents. Human capabilities and qualities will
continue to be central to military tasks across the future operating environment. However, the
characteristics of human roles and the nature of their interactions with technologies utilising
Al will change. Novel combinations of humans and Al within human-machine teams combined
with large numbers of interconnected sensors and soldiers, vehicles, ships, and aircraft will
present opportunities across Defence activity; from largely cognitive tasks such as supporting
more effective logistics planning or improving intelligence analysis, through to delivering
physical effects such as augmenting crewed platforms with semi-autonomous systems to create
massed effect.

Presentations
Chair Jitu Patel, Defence Science and Technology Laboratory, UK

11:00 - 11:05: Introduction
Jitu Patel, Defence Science and Technology Laboratory, UK

11:05 - 11:15: Human considerations for robotic (intelligent) and autonomous systems

Mike Boardman, Defence Science and Technology Laboratory, UK

11:15 - 11:25: Human machine teaming bilateral academic research initiative (HMT BARI)

Fred Gregory, US Army Research Laboratory, USA

11:25 - 11:35: Measuring individual differences in trust in human-machine teaming

Nick Yeung, University of Oxford, UK

11:35-11:45: How can explanations of Al systems skew our beliefs and how do we correct
that?

Marko Tesic, University of London, UK

11:45 - 11:55: Working alongside deceptive machines
Stefan Sarkadi, King’s College London, UK

11:55 - 12:05: Cognitive models for application of Al
Shaun Lamb, UK Space Command, UK

12:05 - 12:15: Strengthening teamwork for robust operations in novel groups (STRONG)
Ben Files, US Army Research Laboratory, USA

12:15 - 12:30: Questions and discussion
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Lunchtime Talk
Tuesday 12th September, 12:45 to 13:15

Main Room
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Captain Preet Chandi
MBE

Captain Preet Chandi joined the Royal Army Medical Corps in 2008 as a Combat Medical
Technician, she commissioned into the Army Reserves in 2012 and joined the Regular Army
in 2016. She is currently serving as a physiotherapist and has completed large scale exercises
/ deployments in Nepal, Kenya and South Sudan. She completed her Sports and Exercise
Medicine MSc in Oct 2021.

In 2022, Preet became the ninth woman in history to ski solo to the South Pole and the first
woman of colour to complete a solo expedition on the continent. In 2023, Preet set out on her
next adventure, during which, she broke two Guinness World Records for the longest solo
unsupported one-way ski expedition by a woman and overall. As part of the endeavour, she
covered 922 miles in 70 days.

In 2022, she completed more than four months of school talks in 2022 all over the UK, reaching
more than 18,000 students. That same year, she was appointed a Member of the Order of the
British Empire (MBE) as part of the Queen’s Birthday Honours.

She won the ‘Inspirational’ and ‘Woman of the Year’ awards at the inaugural Women in Defence
event in October 2022 and received an honorary masters at Derby University in 2022.
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Oral Communication 1: Physical Training
Tuesday 12th September, 13:15 to 14:45

Main Room

Chair: Bradley C Nindl, University of Pittsburgh, USA
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13:15 - 13:30: A pilot study on the efficacy and efficiency of CURATE.Al-guided endurance
training

Alexandria Remus ?, Trinh Tran !, Raymond Wang *, Ivan Low !, Dean Ho !, Jason Lee*

INational University of Singapore, Singapore

Purpose: Improving soldiers’ physical performance is a critical goal of military institutions.
Conventional training is typically administered as standardised regimens, which can result in
suboptimal performance outcomes due to substantial interindividual variability in physiological
adaptations to physical training. Artificial Intelligence (AI) technologies have the potential to
personalise training programmes in large-scale settings and may yield superior performance
outcomes. We compared a novel Al-guided, personalised endurance training programme against
conventional training in a pilot trial. Methods: Twelve recreationally active men were evenly
matched by age, body mass index, body fat percentage, waist circumference, and baseline 2.4
km run time into either the Al or control training group. Our pilot trial required participants to
complete four 2.4-km time trials, seven peak oxygen uptake assessments, and five two-week
cycles of treadmill interval training over an 18-week period. Participants followed the same
standardised interval training programme for the first three training cycles. For the remaining
two training cycles, the control group followed a conventional periodisation programme, whilst
the AI group followed a personalised programme guided by CURATE.AI, a validated, small-
data, dose-optimisation platform that personalises interventions using an individual’s own
prospectively collected data. The intensity, number of repetitions / session, and total sessions to
be completed were standardised for the conventional periodisation programme and determined
by CURATE.Al in the Al-guided programme. The magnitude of change in 2.4 km time was used
to evaluate the efficacy and training load characteristics were used to evaluate the efficiency
of the training programmes. All data were analysed descriptively, and a mixed-model ANOVA
corrected for multiple comparisons was used for statistical analyses. Results: Efficacy did not
differ between the two training programmes (p = 0.999) and both groups achieved similar 2.4 km
time improvements (p > 0.9). However, efficiency between the two training programmes differed
(p =0.001) whereby the AI group completed less training repetitions / week, resulting in almost
a 35% reduction in training load compared with the control group. Conclusions: Our findings
demonstrate that CURATE.AI facilitated a more time-efficient endurance training programme,
with favourable, if not, equal adaptations observed compared with conventional training. A
reduction in training load may lower overtraining and injury risks whilst achieving optimal
physical performance outcomes. Military Impact: Our pilot study demonstrates that CURATE.
Al-guided endurance training shows promise in optimising adaptation and improving physical
performance in a time-efficient manner without big data. This approach has the potential to be
adopted for large-scale physical training in a military setting to ensure that personnel meet the
physical demands required of their duties.
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13:30 - 13:45: 12-week maximal strength training period during military service

Tommi Ojanen *, Mikko Rastas ?, Jani P Vaara ?, Kai Pihlainen *, Heikki Kyréldinen ?

Finnish Defence Research Agency, Finland
’National Defence University, Finland
*Defence Command, Finland

Purpose: Modern warfare requires soldiers to perform physically very demanding tasks, like
lifting and carrying heavy equipment, moving long distances in rough terrains, and manoeuvring
through buildings in urban environment. Thus, a modern soldier needs not only good aerobic
endurance, but also high level of neuromuscular performance to be able to effectively respond
to various operational demands. Therefore, it is important to optimise physical performance
by optimal physical training. The aim of the present study was to investigate the impact of
maximal strength training on soldier’s physical performance during a 12-week training period.
Methods: 40 voluntary soldiers were divided into two training groups: experimental (EXP) (n =
21,20+ 1y, 1.78 £0.04 m, 69.1 + 7.6 kg) and control (CON) (n=19,age20+ 1y, 1.83 +0.04 m,
77.3 £ 7.8 kg). Both groups had equal amount of physical training during the intervention: the
EXP group trained maximal strength and the CON group performed regular military physical
training for 12 weeks. Body composition, maximal strength and power of the upper and lower
extremities, and casualty evacuation test were measured four times (PRE, MID1, MID2, and
POST). Analysis of variance was conducted in R for differences and correlations between
timepoints and groups. Results: The EXP group showed increase in upper body power (PRE vs
MID1 6.4 + 6.3%, p <0.01), in upper body maximal isometric strength (PRE vs MID1 6.3 £ 5.6%,
p <0.01), in deadlift (PRE vs MID1 10.3 £ 6.9%, p < 0.01; PRE vs POST 14.9 £ 9.2%, p < 0.01),
in bench press (PRE vs MID1 11.8 + 6.2%, p < 0.01; PRE vs POST 14.7 £ 11.0%, p < 0.01), and
decrease in evacuation test time (PRE vs MID1 -17.4 + 12.9%, p < 0.01), whereas CON showed
only significant increase in bench press (PRE vs MID1 6.3 + 7.5%, p <0.01; PRE vs POST 10.4 £
12.2%, p <0.01). Conclusions: Maximal strength can be improved or, at least, maintained during
military service with periodised strength training program among young soldiers. It seems that
high physical strain induced by military training influences maximal strength development
more in the lower body than in the upper body, respectively. Maximal strength training should
be a part of soldiers’ weekly training, with focus on intensity, quality, and individualisation of
training. Military Impact: Maximal strength, large fat-free mass, and high muscle mass play an
important role in enhanced task specific performance, such as casualty evacuation. Therefore,
they are important factors that should be taken into consideration when planning training
programs during military service.

13:45 - 14:00: Generating resilience to injuries through training (GRIT)

Eric Robitaille *, Vanessa Larter *, Scott Heipel ?, Tara Reilly ?, Etienne Chasse ?, Hans Christian
Tingelstad ?

!Canadian Forces Health Services Group, Canada
2Canadian Forces Morale & Welfare Services, Canada
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Purpose: Previous studies have shown that modified physical training programs implemented
during basic military training courses can reduce musculoskeletal injuries and their associated
burdens. It is unknown if modified physical training programs could demonstrate the same
results during basic infantry courses and be implemented without compromising operations.
The purpose of this study was to determine the feasibility of implementing an evidence-based
physical training program compared with a control during a basic infantry training course
and compare their effectiveness on measures of musculoskeletal injuries and their associated
burdens. Methods: Basic infantry candidates awaiting course between 01-April-2019 and
31-March-2020 were invited to participate, while those releasing from the military, awaiting
occupational transfer or having > 5 medical employment limitation days were excluded.
Consenting participants were allocated to an infantry course prospectively scheduled to host
either the evidence-based physical training program or a control. The evidence-based physical
training program adapted modified physical training strategies from previous studies reporting
reduced musculoskeletal injuries during basic military training and was supervised by certified
fitness professionals, while the control was at the discretion of basic infantry instructors.
All musculoskeletal injuries reported by participants during the basic infantry course were
diagnosed by a licensed physician or physician assistant. Study feasibility was operationalised
with quantitative outcomes related to recruitment, outcome measurement, and intervention
processes, while qualitative outcomes related to operations were determined by a group of local
stakeholders. Results: With the exception of intervention duration, which was limited due to
operational factors, all feasibility outcomes were met including a recruitment rate of 171 / 203
(84.2%) and an intervention adherence of 126 / 144 (87.5%). Stakeholders reported that the
evidence-based physical training program implementation was feasible and posed a manageable
demand on resources without compromising operations. Evidence-based physical training
program participants reported 68% fewer overuse musculoskeletal injuries, 296 fewer medical
employment limitation days, and 11 fewer attritions than control participants. Conclusions:
An evidence-based physical training program was feasible to implement on a basic infantry
training course, and resulted in fewer musculoskeletal injuries, medical employment limitation
days, and attrition. Military Impact: Modern physical training practices designed to minimise
musculoskeletal injuries and their associated burdens may be successfully implemented during
basic infantry courses without compromising operations and may offer the same benefits for
intermediate/advanced combat arms courses.

14:00 - 14:15: Effects of high-intensity functional training on serum testosterone, cortisol
and IGF-1 levels during military service

Joonas Helén *, Heikki Kyréldinen *, Tommi Ojanen ?, Kai Pihlainen *, Jani P Vaara *

'National Defence University, Finland

°Finnish Defence Research Agency, Finland
*Finnish Defence Forces, Finland

Purpose: While high-intensity functional training has been reported to be beneficial for the
development of physical performance in soldiers, hormonal responses to such training in military
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environments are not well documented. Testosterone, cortisol, and IGF-1 are considered useful
markers for monitoring stress responses and recovery status in soldiers. The purpose of this
study was to investigate the effects of high-intensity functional training on serum testosterone,
cortisol, and IGF-1 concentrations during military service. Methods: Voluntary male conscripts
(n = 127) were divided into two groups for the 19-week training intervention study. Training for
the experimental group (EXP: n = 64) included high-intensity functional training using sandbags,
kettlebells, and body weight. The control group (CON: n = 63) trained according to the current
practice, which focused on ball games, running, and calisthenics. The total volume of training
was 46 and 42 h in EXP and CON, respectively. Overnight fasting blood samples were drawn
before (PRE), at week 10 (MID), and after (POST) the training period. Linear mixed-effects
models and Tukey’s post-hoc tests were used for between- and within-group comparisons.
Results: Testosterone increased in both groups between PRE-POST (EXP: 28 * 29%, p <
0.001; CON: 44 *+ 48%, p < 0.001). A significant group x time interaction occurred for cortisol
(p < 0.05) and IGF-1 (p < 0.001). Cortisol increased in CON between PRE-MID (17 + 30%, p
< 0.001), but returned to baseline level at POST. Cortisol remained unchanged in EXP. IGF-1
increased in CON (17 £ 22%, p < 0.001) between PRE-POST, while no change was observed in
EXP. Conclusions: High-intensity functional training had no negative impact on testosterone,
cortisol, and IGF-1 levels during military service when compared with traditional physical
training, suggesting that the total physiological strain was not excessive. In addition, high-
intensity functional training was more effective than traditional training in improving physical
fitness in this study (Helén et al., 2023, J Strength Cond Res, epub ahead of print). Therefore,
high-intensity functional training can be recommended for soldiers. Military Impact: High-
intensity functional training is an effective and feasible training method for military population
and seems to be well-tolerated.

14:15 - 14:30: Group and individual endogenous hormonal responses to acute resistance
exercise and load carriage workouts

Barney Wainwright *, Daniel Snape *, David Woods *, Theocharis Ispoglou *, Anna M Nicholson-
Little *, Samantha Saunders ?, John P O’Hara *

Leeds Beckett University, UK
?Defence Science and Technology Laboratory, UK

Purpose: To evaluate and compare the acute group and individual endogenous hormone
responses to three resistance exercise workouts and two load carriage workouts. Understanding
hormone responses specific to military settings may enhance training optimisation in the
future. Methods: Eighteen resistance exercise-trained male civilians (age: 19 to 38 y, mean
24.9 y) completed five experimental workouts and a control condition in a randomised order;
three resistance exercise workouts (cluster, hypertrophy, endurance), two load carriage (90-min
constant pace [CO-LC] or 6 x 8-min intervals [IT-LC], both carrying a rucksack with 25% body
mass) workouts, and a control condition (60-minutes of rest). Venous blood was drawn before,
immediately post workout, and 30-min and 24-h post workout. Testosterone (T), free testosterone
(fT), growth hormone (GH), dehydroepiandrosterone sulphate (DHEAS), androstenedione
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(ANST), and insulin-like growth factor 1 (IGF-1) concentrations were subsequently analysed
via liquid chromatography-mass spectrometry. Group responses were evaluated using two-way
ANOVAs with Tukey’s post-hoc analysis. The standardised standard deviations of the pre-post
change scores (SDIR) were calculated to identify the presence of individual responses (Hopkins,
2015, J Appl Physiol, 118, 1444-1446). Results: Group responses were observed despite large
individual variations. T concentrations increased in response to hypertrophy (p < 0.001) and
CO-LC (p = 0.02) workouts; fT concentrations increased in response to CO-LC (p < 0.001) and
decreased following the hypertrophy (p = 0.035) workout; ANST concentrations increased in
response to CO-LC (p = 0.007); GH increased following hypertrophy (p = 0.004), endurance
(p = 0.04), IT-L.C (p < 0.001), and CO-LC (p < 0.001) workouts; IGF-1 increased in response
to the endurance (p = 0.018) workout. The SDIR effect size thresholds of extremely large (T,
GH, DHEAS) and very large (T, GH, DHEAS, ANST, IGF-1) were achieved, representing an
individualised pattern of hormone production in response to the different resistance exercise
and load carriage workouts. Conclusions: The presence of within-workout variations in the
hormonal responses to all workout types suggests that the mean group responses may not reflect
the response experienced by all participants, and that the hormonal anabolic response differs
between individuals. The group responses and within-workout variation suggest that a wide
panel of endogenous hormones should be measured to provide clarity on the hormonal anabolic
response to different types of training stimuli at the individual level. Military Impact: The
hormonal anabolic response to training type differs between individuals. This research provides
support to further investigate whether training interventions based upon an individualised
anabolic hormone response to acute exercise leads to improved physical outcomes.
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Oral Communication 2: Musculoskeletal Injury and Physiology
Tuesday 12th September, 13:15 to 14:45

Room 1

Chair: Joanne L Fallowfield, Institute of Naval Medicine, UK
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13:15 - 13:30: Disorganized Achilles tendon structure is related to lower neuromuscular
ability and ankle impairments in recruits

Nili Steinberg *, Michal Shenhar *, Aharon S Finestone ? Jeremy Witchalls *, Gordon Waddington
° Omer Paulman *, Gali Dar °

Wingate Institute, Israel

2Shamir Medical Center, Israel
*University of Canberra, Australia
*Israel Defense Forces, Israel
*University of Haifa, Israel

Purpose: Infantry personnel with Achilles tendon (AT) structure disorganization have shown
to be at increased risk for several types of ankle injuries. However, the explanation for this is
not clear. One possibility is that neuromuscular performance and ankle function impairment
are involved in the injury mechanism, and that AT structure disorganization is a confounder.
The aim of this study was to assess the relationship between disorganized AT structure, ankle
impairments and neuromuscular performance. Methods: The AT of 360 combat Soldiers recruited
in 2022, were examined using ultrasound tissue characterization (UTC) to identify soldiers with
disorganized AT structure (> 8.6% echo-type III fibres). Neuromuscular performance abilities
assessed included proprioception ability (AUC), heel-rise test (n), postural balance (cm), and
an agility test (n). The soldiers were assessed for reported sprains, mechanical instability and
perceived instability. Results: Soldiers with > 8.6% echo-type III fibres (disorganised fibres)
had significantly lower ability in the heel-rise and hopping tests (33.6 £ 18.1 vs 49.9 + 28.9,
p =0.001; 5.39 + 2.12 vs 6.16 £ 1.90, p = 0.002, respectively). No significant differences were
found in the other neuromuscular performance tests. Using a receiver operating characteristic
analysis, soldiers with = 8.6% echo-type III fibres, the area under the curve for the heel-rise
test (0.741) was higher compared with proprioception, agility, and postural balance abilities
(0.579, 0.578, and 0.601, respectively). Moreover, soldiers with disorganized AT structure had
a higher prevalence of mechanical instability and reported more sprains than soldiers with <
8.6% echo-type III fibres (organized structure) (6.7% vs 4.9%; 12.4% vs 7.6%, respectively) (p =
0.05). Conclusions: Disorganized AT structure is related to ankle impairments and to decreased
performance abilities that involve the triceps surae muscles and hopping agility ability. Military
Impact: Clinicians should consider that many soldiers who are medically discharged from
basic training do so due to orthopaedic injuries in general, and ankle related injuries. Moreover,
inferior tendon quality at the onset of military service might serve as an important element
when dealing with future injuries; as such, pre-recruitment screening of the AT structure, ankle
impairments, and neuromuscular abilities, especially in high-intensity infantry programs, is of
utmost importance. This screening could increase the identification of at-risk soldiers, enabling
targeted modifications of the training program combined with the implementation of treatment
and / or preventive strategies.
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13:30 - 13:45: The association between neuromuscular performance and chronic ankle
instability in pre-recruitment infantry soldiers.

Jeremy Witchalls *, Nili Steinberg ?, Michal Shenhar ?, Gordon Waddington *, Gali Dar 3, Omer
Paulman ¢, Aharon S Finestone °

'University of Canberra, Australia
?Wingate Institute, Israel
*University of Haifa, Israel

*Israel Defense Forces, Israel
*Shamir Medical Center, Israel

Purpose: Chronic ankle instability (CAI) is identified by the presence of various impairments—
including functional and mechanical instability—that may exist independently or in combination
with other impairments. Our aim was to examine the prevalence of various subgroups of
CAI impairments, and their effect on neuromuscular performance in pre-recruitment combat
soldiers. Methods: A cross-sectional observational study was undertaken in a military basic
training setting. The study participants were 364 pre-recruitment combat soldiers (aged 18 to
21y). The soldiers were assessed for CAI impairments via a range of tools (CAIT questionnaire,
previous ankle sprain questionnaire, and clinical ankle instability assessment using manual
tests) that were then combined into different subgroups of CAI impairment. The participants
were screened for neuromuscular performance on their dominant and non-dominant legs during
the first week of their combat military service. Assessments included proprioceptive ability,
hexagon test, heel rise test, and Y-balance test. Results: Participants reported a history of
previous ankle sprains in their dominant leg (18.4%) and non-dominant leg (20.5%). Low CAIT
scores were seen in 27.8% and 29.2% of the participants, and positive clinical signs were seen
in 9.9% and 8.8% of the participants, for their dominant and non-dominant leg, respectively.
ANOVA showed significant differences between the different impairment subgroups, with
participants with no CAI scoring better than those with different mixtures of CAI impairments
for the mean proprioception ability scores for the dominant (F = 6.943, r]pz = 0.080, p < 0.001)
and non-dominant leg (F = 7.871, npz = 0.090, p < 0.001) and the mean heel rise scores (F =
4.884, n * = 0.055, p = 0.001) for the non-dominant leg. Conclusions: A high prevalence of
CAI was identified among participants, and soldiers with CAI presented with reduced abilities
compared with soldiers without CAI. Soldiers defined in subgroups represented by a single CAI
impairment exhibited different neuromuscular deficits than those defined in subgroups with
different single impairments or with more than one impairment. Military Impact: Clinicians,
medical staff, and military commanders should be aware of the high prevalence of CAI among
recruits and of their reduced neuromuscular abilities, that could increase risk of future injuries.
Identifying individuals with these risk factors for future injuries will enable them to receive
prevention programs that are targeted at modifying the deficits, and protection from higher risk
training activities until these are corrected. This has significant potential benefit for retention
of recruits within training and with the original trainee peer group, with benefits for military
expenditure and recruit wellbeing.
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13:45 - 14:00: Daily rating of perceived exertion, wellness, and injury risk during Army
basic military training

Neil Gibson *, Jace Drain ? Penny Larsen *, Sean Williams 3 Scott Michael *, Herbert Groeller *,
John Sampson *

'University of Wollongong, Australia
?Defence Science and Technology Group, Australia
*University of Bath, UK

Purpose: Continuously monitoring responses to the stressors of basic military training (BMT)
may offer researchers and practitioners a method to determine specific periods when recruits may
be ata greaterrisk of injury throughout BMT. This study therefore aims to investigate associations
between daily self-reported rating of perceived exertion (RPE), wellness, and injury risk during
Australian Army BMT. Methods: In this prospective cohort study, Army recruits (n = 604, men =
510; women = 94; age: 22 + 5 y [range: 17 — 55 y]) self-reported daily RPE and wellness (soreness,
mood, energy, and stress) each evening using a custom-designed questionnaire and reported
daily health problems using a modified Oslo Sports Trauma Research Centre Questionnaire on
Health Problems. Questionnaires, presented as a booklet consisting of repeated questionnaires
for the week (7 days), commenced on day 2 and continued until the day before march-out parade
in week 12 (day 79). Within-subject Z-scores were calculated for RPE and wellness measures
and only injury related health problem reports were included in the analyses. Generalised linear
mixed-effects models were used to model associations between daily RPE, wellness, and injury
risk. Results: A non-linear relationship (p < 0.001) was observed between changes in RPE
(Z-score) and the predicted probability of injury. Negative linear relationships (p < 0.001 - 0.002)
were observed between wellness measures and predicted probability of injury. For a one-unit
(Z-score) increase (i.e., ‘improvement’) in soreness (odds ratio [95% confidence intervals], 0.90
[0.85 - 0.96]), mood (0.89 [0.84 - 0.94]), energy (0.87 [0.82 - 0.92]), stress (0.86 [0.81 - 0.91]), and
overall wellness (0.86 [0.81 - 0.92]) the odds of injury significantly decreased. Conclusions:
Daily monitoring of RPE and wellness during BMT may provide researchers and practitioners
with evidence in relation to injury risk, however, the magnitude of the effects reported along
with the costs associated with daily monitoring should be considered. Military Impact: The
results indicate that self-report tools may offer some utility in managing training stress and
injury risk in recruits undertaking basic military training.

14:00 - 14:15: Association between embedded injury prevention experts in U.S. Army initial
entry training and early discharges from service

Daniel Clifton *, Henry M Jackson ?, D Alan Nelson * Y Sammy Choi * Daniel Edgeworth *, Donal
Shell #, Patricia Deuster *

'Uniformed Services University, USA

?Foundation for the Advancement of Military Medicine, Inc., USA
*Fort Bragg, USA

‘Defense Health Headquarters, USA
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Purpose: To assess the impact of injury prevention experts (IPEs), specifically athletic trainers
and strength and conditioning coaches, embedded in U.S. Army initial entry training (IET) on
likelihood of early discharge from service (i.e., within the first six months) for musculoskeletal
(MSK) condition-related reasons. Methods: A retrospective cohort study was performed on
198,166 Soldiers who began IET during 2014 - 2017 (age =21 + 3 y; body mass index [BMI] =24.4
+ 3.5 kg'm2) by using monthly administrative, medical, and readiness records from the medical
assessment and readiness system database housed at Womack Army Medical Center (Fort
Bragg, North Carolina, USA). Early discharge from service was defined as within six months of
beginning IET, since most Soldiers complete IET by then. All four IET sites employed IPEs from
2011 - 2017 except for two sites during April 2015 - November 2015. Soldiers who began IET at
these two sites during these times were categorised as not having IPE exposure. All others were
categorised as having IPE exposure. A Cox proportional-hazards model was used to assess
relationships between IPE access and early discharge from service while controlling for the
influence of sex, age, race, tobacco use, BMI, military occupational specialty, and training site.
Results: 14,094 (7.1%) of the 198,166 Soldiers did not have exposure to IPE during IET, and
of these, 391 (2.8%) were discharged early due to MSK related reasons. Among the 184,072
Soldiers with IPE exposure, 1,861 (1.0%) were discharged early. Soldiers without access to
IPEs during IET were 1.3 times more likely to be discharged early from service for MSK related
reasons when compared with Soldiers with access to IPEs during IET (adjusted hazard ratio
[95% confidence interval] = 1.38 [1.22, 1.55], p < 0.001). Conclusions: Embedding IPEs in U.S.
Army IET is associated with fewer early service discharges for MSK related reasons. Further
research is needed to establish best practices for embedding IPEs in training settings within
the U.S. Army and Department of Defense. Military Impact: MSK conditions commonly occur
during U.S. Army IET, which increases the likelihood of Soldiers separating from service by
the end of training. To address this problem, the U.S. Army has embedded IPEs, specifically
athletic trainers and strength and conditioning coaches, into IET. However, little is known about
the impact IPEs have on early discharge from service. Establishing and disseminating best
practices for IPEs will help promote their beneficial impact on operational readiness throughout
the U.S. Army and Department of Defense.

14:15 - 14:30: Perceived health and self-regulation are associated with on-time graduation:
the Initiation of Marine Physiological Assessment of Combat Training (IMPACT) study

Sarah J de la Motte *, Emily A Ricker *, Amelia S Barrett *, Carl W Goforth *

'Uniformed Services University, USA

Purpose: We conducted the Initiation of Marine Physiological Assessment of Combat Training
(IMPACT) study to prospectively evaluate the influence of biopsychosocial characteristics (e.g.,
sex, stress, resilience, support, functional movement, performance strategies) and medically
documented MSK-I during training on successfully completing the Basic Officer Course (BOC)
on-time. Methods: More than 80 biopsychosocial characteristics were evaluated in Marine
officers entering BOC (female: 156, male: 1174) using a combination of validated questionnaires,
self-report items, and functional movement evaluations. Medically documented MSK-I during
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training and graduation status (on-time vs dropped / discharged) were obtained via military
tracking systems. Univariate analyses compared individual traits based on sex, MSK-I during
training, and on-time graduation. Following Bortua variable reduction, modelling procedures
that incorporated exploratory factor analysis (EFA), confirmatory factor analysis (CFA), and
structural equation modelling (SEM) with logistic regression were used to comprehensively
distil traits, including sex, associated with on-time graduation. EFA and CFA were used to
identify and confirm latent constructs (patterns of inter-relationships amongst variables) in our
data. EFA yielded 15 latent variables, six of which were confirmed by CFA. Five latent variables
comprised combinations of several psychosocial measures, whereas one included MSK-I during
training, self-reported pain, age and functional movement at BOC entry. Latent constructs were
entered as independent variables into SEM modelling, along with sex and additional covariates
(e.g., training company). Results: On-time graduation did not vary by sex (female: 80%, male:
83%, p = 0.38). Medically documented MSK-I during training varied by sex (female: 57%, male:
33%, p < 0.001) and was higher in those who did not graduate on time (54% vs 32%, p<0.001).
Primary findings from SEM showed three latent constructs, each of which comprised several
psychosocial measures, were associated with increased odds of on-time graduation: 1) greater
perceived health (OR [95% CI] = 2.05 [1.25, 3.34], p = 0.004); 2) self-regulation during military
training and evaluations (1.60 [1.25, 1.27], p < 0.001); and 3) bio-behavioural health state (1.05
[1.02, 1.09], p = 0.006). Neither sex nor the latent construct including MSK-I and functional
movement were associated with odds of on-time graduation (p = 0.26 to 0.34). Conclusions:
Results suggest greater self-perceived health and self-regulation during training and evaluations
positively influenced on-time BOC graduation. Military Impact: To our knowledge, this study is
the first to comprehensively evaluate biopsychosocial characteristics of on-time BOC graduates.
Psychosocial factors appear play an important role in training outcomes and should continue to
be included in military research.

14:30 - 14:45: Pain sensitivity and processing in high performance combatant craft
crewmen: an early indicator of injury risk?

Karen R Kelly *, Daniel Bennett *, Andrea Givens *, Brenda Niederberger *, David Berry ?, Samuel
Ward ?, Bahar Shahidi ?

Naval Health Research Center, USA
2UC San Diego, USA

Purpose: Pain sensitivity and tolerance has been shown to be altered in individuals with chronic
pain, and pain modulation efficacy has been shown to be predictive of development of chronic
pain after an acute injury. Thus, the purpose of this effort was to measure pain sensitivity
and threshold in high performance combatant crewmen (HPCC). Methods: HPCC (n = 62) and
infantry marines (comparative control, n = 23) were recruited. Demographic characteristics,
low back pain related disability (ODI), and neck pain related disability (NDI) were collected via
questionnaire. Pressure pain thresholds (a measure of pain sensitivity) were obtained using
pressure algometry of the cervical spine on the dominant side, applied 2 cm lateral to the C3
spinous process, and averaged across three trials. Conditioned pain modulation (a measure
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of efficacy of pain inhibition) was measured using a cold pressor test and calculated as the
difference in pain pressure thresholds between submersion of the non-dominant hand in a
23°C water bath and an 8°C water bath, averaged across two trials each, and divided by the pre-
test threshold. Results: Participants (age: 28.2 = 5.5 y; length of service: 7.4 £ 5.7 y) reported
on average minimal to moderate low back and neck pain related disability (ODI score: 16.9 +
14.8%; NDI score: 8.8 £ 10.9%). HPCC demonstrated lower mechanical pain thresholds in the
back (496.3 + 273.3 kPa) and neck (292.5 + 147.7 kPa) and higher mechanical thresholds in the
forearm (control site: 360.9 + 203 kPa) compared with literature-based values for healthy male
civilians (back: 882.6 + 264.8 kPa, p < 0.001; neck: 349.0 £ 76.0 kPa, p < 0.001; forearm: 196.0 +
78.0 kPa, p = 0.005). Marines had similar differences with civilian controls for the mechanical
pain thresholds for lower back (514.6 + 231.7, p < 0.001), neck (305.3 + 163.3, p = 0.168), and
forearm (399.9 £ 175.6, p =0.003). Both HPCC and marines demonstrate lower inhibitory efficacy
(8.3% and 17.6% respectively) compared with civilian controls (45.0%). HPCC had significantly
lower sensitivity to cold water compared with civilians (13.2 vs 5.2 s, p < 0.001) and marines
(13.2vs 11, p = 0.001). Conclusions: HPCC have higher pain sensitivity in the back and neck,
but lower pain sensitivity in the forearm compared with data from age-matched civilian males,
which may be reflective of local sensitisation of the spine resulting from low-grade back and
neck injury. HPCC were less sensitive to thermal stimuli compared with civilians, possibly
due to job-specific training adaptations. The reduced ability to inhibit pain compared with
healthy civilians, which may reflect changes in neurophysiological pain processing resulting
from chronic pain or injury. Military Impact: Pain response is an early sign of injury and / or
a high risk for developing chronic symptoms after acute musculoskeletal injury. Identification
of individuals with abnormal pain response could lead to early intervention to decrease the
likelihood of developing chronic pain.
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13:15 - 13:30: Cognitive genomics: mapping the genetic architectures of cognitive fitness

Scott Richard Clark *, Liliana Ciobanu *, Lazar Stankov ?, Muktar Ahmed *, Andrew Heathcote 3,
Eugene Aidman *

'University of Adelaide, Australia

2University of Sydney, Australia

*University of Newcastle, Australia

“Defence Science & Technology Group, Australia

Purpose: A transdisciplinary expert consensus is emerging on core dimensions of cognitive
fitness (Aidman, 2020, Front Hum Neurosci, 13, 466; Albertella et al., 2022, Front Psych,
1017675) underpinning performance under pressure and sustained resilience in mission-critical
occupations. How modifiable the components of cognitive fitness are, is critical to shaping
cognitive assessment, training, and augmentation in the military. Our study addresses their
modifiability by investigating the genetic underpinnings and heritability of cognitive abilities
using advanced biostatistics. Methods: UK Biobank (UKB) data from healthy participants
who completed all UKB’s nine cognitive tests (n = 3,425) were analysed with Structural
Equation Modelling, revealing three latent factors informed by the Cattell-Horn-Carroll
model—visuospatial reasoning, verbal-analytic reasoning, and processing speed (Ciobanu et
al., 2023, Front Psych, 14, 1054707). We then used gold standard genome-wide association
(GWAS) and a machine learning approach, Weighed Single Nucleotide Polymorphism (SNP)
Correlation Network Analysis (WSCNA), to identify genomic and functional correlates of each
factor. Results: In GWAS, no SNPs reached significance at p <5 x 10-8, however, 121 SNPs
(41 for visuospatial reasoning, 21 for verbal-analytic reasoning, and 59 for processing speed)
were suggestive of association at p < 1 x 10-5. The WSCNA showed that latent factor-related
SNPs clustered in biologically relevant modules explaining 9.8% of variance in visuospatial
reasoning, 12.4% in verbal-analytic reasoning, and 11.1% in processing speed. In-silico analysis
of downstream biological effects suggested that these genes are expressed primarily in cortical
and subcortical brain regions and seem to be involved in factor-specific molecular pathways.
Conclusions: Our findings suggest that the heritability of fluid intelligence is relatively small,
and that it is possible to identify specific genetic markers and biological pathways contributing
to each latent factor, suggesting a role for genomics in understanding the biological basis of
cognitive fitness. Military Impact: Given the widely ranging demands of defence roles, the
systematic assessment of different types of fluid reasoning may inform selection processes.
Genomic markers may help estimate the trainability of specific cognitive functions and inform
interventions to maintain cognitive fitness in military personnel.

13:30-13:45: Relationship between habitual caffeine consumption, attentional performance,
and individual alpha frequency during total sleep deprivation

Michael Quiquempoix *, Catherine Drogou *, Damien Léger ?, Mounir Chennaoui *, Danielle Gomez-
Merino ', Fabien Sauvet *

!Armed Forces Biomedical Research Institute (IRBA), France
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2University of Paris, France

Purpose: Our aim was to assess effects of acute caffeine intake on cognitive vulnerability and
brain activity during total sleep deprivation (TSD), considering habitual caffeine consumption.
Methods: Thirty-seven participants (15 women, age 18 to 55 y, body mass 66.9 + 4.1 kg) were
evaluated in a double-blind, crossover laboratory protocol (including a baseline day beginning
at 07:00 (D1), a total sleep deprivation (T'SD) day beginning on D1 at 23:00 until 21:00 at D2,
followed by sleep recovery). Participants consumed either caffeine (2.5 mg-kg-1 of powder in a
decaffeinated beverage) or placebo (decaffeinated beverage), twice a day (at 08:30 and 14:30)
on D1 and D2, with a 2-week washout period. Vigilant attention was evaluated every six hours
during TSD using the Psychomotor vigilance test (PVT). The Epworth Sleepiness Scale (KSS)
was filled in and the EEG recorded during PVT at 09:15 on D1 and D2, corresponding to 2 and
26 h of prolonged wakefulness. The individual alpha frequency (IAF) was obtained by averaging
the AFs over all 19 electrodes. The influence of habitual caffeine consumption was analysed
by categorising participants into low, moderate, and high consumers (0 to 50, 51 to 300, and
>300 mg-d-1, respectively). Values of PVT RT, KSS, IAF, and EEG band power were analysed
using a linear mixed model including fixed effects for awakening duration (repeated measures
ranging from 2 to 32 h), acute treatment (caffeine or placebo, repeated measure), and habitual
caffeine consumption (non-repeated measure). Secondly, effects of caffeine consumption groups
were analysed using a mixed linear model including caffeine consumption groups, awakening
(repeated measure), and a random effect on age. Results: RT was significantly higher from 14 h
to 32 h compared with 2 h of continuous time awake (t = -3.45, p = 0.001; t =-9.69, p < 0.001; t
=-13.14,p<0.001; t=-10.21, p < 0.001, respectively), lower in caffeine compared with placebo
(t=-5.12, p <0.001), and lower for low habitual caffeine consumers compared with moderate (t
=-2.35, p = 0.015) and high consumers (t = -3.01, p = 0.049). The TSD-related increase in EEG
power was attenuated by acute caffeine intake independently of habitual caffeine consumption,
and individual alpha frequency (IAF) was lower in high consumers. The IAF was negatively
correlated with KSS (rm_corr = -0.437, p < 0.001). Moreover, correlation analysis showed
that the higher daily caffeine consumption, the higher RT and the lower IAF. Conclusions:
High habitual caffeine consumption decreases attentional performance and alpha frequencies,
decreasing tolerance to sleep deprivation. Military Impact: Recommendations regarding
caffeine consumption are needed to limit degradation of attentional vigilance capacities during
total sleep deprivation.

13:45 - 14:00: Towards digital and standardised measures of closequarters battle tactical
performance using virtual reality

Annemarie Landman *, Charelle Bottenheft *, Matthijs Koedijk *, Yvonne M Fonken *, Minke Geerts
!, Olaf Binsch *

!Netherlands Organization for Applied Scientific Research, The Netherlands

Purpose: The purpose of this study was to investigate whether different aspects of close-
quarters battle (CQB) tactical performance can be measured in an objective and digitizable
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manner. Digital performance measures can support instructors in evaluating and in providing
feedback. Methods: Special Operations Forces (SOF) operators (n = 16) and regular infantry
soldiers (n = 22) individually performed CQB scenarios using a Virtual Reality (VR) training
platform. The VR system enabled free movement using a full-body motion tracking suit and
featured immersive role-playing with an actor playing a friendly or hostile character. With
subject-matter experts, a list of observable performance-related actions was predefined. Other
objective measures were “time until room clear” and “shooting reaction time”. Subjective
ratings of the infantry group’s tactical performance were obtained from subject-matter experts.
The VR test and objective performance measures were evaluated by comparing the two groups,
and by determining relationships between the objective and subjective performance measures.
Results: The SOF group performed the scenarios significantly faster (30%, p <0.001), and made
better shooting decisions (p = 0.053). The subjective ratings of performance were significantly
predicted by observed manoeuvring actions (p = 0.005) and time until room clear (p = 0.008).
Both groups evaluated the quality of the scenarios as 5 on a 1-to-7-point scale. Conclusions: The
most promising objective measures of CQB tactical performance were the manoeuvring actions
and performance speed. Few performance differences were found between SOF and regular
infantry, suggesting that objective measures of performance would likely need to be better
adapted to different target populations. Military Impact: CQB manoeuvring, and performance
speed can be measured digitally, and visualised during and after training exercises to provide
relevant insights into tactical performance to instructors as well as trainees. Our results show
that certain manoeuvring actions can be predefined as correct and incorrect, suggesting that
such classification of performance can also be performed digitally. VR provides a relatively
low-cost platform with the potential to obtain such measures digitally, while also allowing for
reviewing performance during debrief.

14:00 - 14:15: Combined cognitive and physical training; a more efficient and tolerable
means of enhancing cognitive and physical performance: preliminary findings from a
randomised controlled trial with young healthy adults

Amanda Scott ', Kristy Martin *, Keely McDicken *, Joe Northey *, Ben Rattray *, Philip Temby %
Alison Fogarty ?, Amit Lampit *

'University of Canberra, Australia
“Defence Science & Technology Group, Australia
*University of Melbourne, Australia

Purpose: Research supports the use of concurrent cognitive and physical training for improving
cognition and fitness in older adults. However, as yet, it is unclear if these benefits apply to
younger people and if the observed improvements are superior to separate cognitive and
physical training. This study sought to investigate the effectiveness of concurrent training for
improving cognitive and physical performance outcomes in young healthy adults. Methods:
52 participants (29 female, 27 + 6 y, baseline VO, . 34.9 £ 9.4 mLkg-1'min-1) had been
recruited for a 12-week investigator blinded randomised controlled trial. Participants were
randomised to either physical training only (PA), concurrent cognitive and physical training
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(PACog), or separate cognitive and physical training (PA&Cog). The intensity of the physical
training was prescribed using heart rate during baseline fitness assessment. Cognitive training
was administered using BrainHQ, an adaptive multidomain online platform. Pre- and post-
intervention assessments included a maximal cardiorespiratory fitness test, a cognitive battery,
and a cognitive and physical dual-task. A mid-intervention assessment included the fitness
assessment and cognitive battery only. Throughout the intervention subjective workload
was recorded alongside dropout and attendance, as measures of tolerability. All participants
randomised with baseline assessments were included in intention-to-treat analysis using
linear mixed effects models. Results: Peak aerobic fitness and time to exhaustion increased
across the intervention with no difference between groups. Compared to PA, mean reaction time
for PACog and PA&Cog was faster on a sustained attention task during the mid-intervention
(PACog: B =-28.9 ms, 95% CI, -54.9 to -3.9; PA&Cog: 3 = -36.1 ms, —60.7 to —11.6) and post-
intervention assessments (PACog: 3 =-21.3 ms, —47.0 to —4.4; PA&Cog B = -29.8 ms, —54.3 to
-5.3). Response inhibition and memory improved over time with no group x time interaction.
Eight participants withdrew prior to completion (PA: 2 of 17, PACog: 1 of 15, PA&Cog: 5 of
18), with no reports of adverse effects. Subjective workload did not vary significantly across
the intervention or between groups. Conclusions: The reduced time impost, similar subjective
workloads, and higher adherence places concurrent training as superior to separate training for
improving several cognitive and physical performance characteristics in young healthy adults.
Military Impact: Improvements in key cognitive constructs relevant to warfighter performance
can be achieved with a concurrent training intervention, without the time cost associated
with training cognitive and physical fitness separately. Concurrent training therefore appears
to be a promising approach for improving and sustaining warfighter cognitive and physical
performance.

14:15 - 14:30: Effect of total sleep deprivation and ammonia inhalants on reaction time in
military personnel

Jan Malecek *, Dan Omcirk ?, Jan Padecky ?, Zdenka Bendova ?, Katerina Skalova ?, David Kolar ?,
Lubomir Privetivy *, Karel Sykora *, Michal Vagner *, James J Tufano ?

!Czech Army, Czech Republic
2Charles University, Czech Republic

Purpose: Sleep deprivation is common for soldiers during prolonged operations, which may
decrease cognitive performance. In such cases, soldiers seek ergogenic aids to sustain their
performance. However, commonly used supplements require longer periods before their effects
become apparent. Thus, this study aims to investigate the immediate effects of ammonia
inhalants (Al), a faster-acting ergogenic aid, on the cognitive performance of sleep-deprived
soldiers. Methods: Eighteen male cadets (24.1 + 3.0y, 79.3 + 8.3 kg, 181.5 £ 6.3 cm) completed
simple reaction time (SRT) tests after 0 (0), 12 (-12), 24 (-24), and 36 (—36) hours of sleep
deprivation and then after 8 hours of recovery sleep (+8). Participants conducted 50 trials of a
visual stimulus SRT test with randomized interstimulus intervals, using a laptop keyboard to
respond as quickly as possible. Four tests were completed in a counterbalanced order, either
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with or without Al (CON), with a 2 min rest between each test. Trials with incorrect SRT (150
ms or > 3000 ms) were excluded from statistical analysis. Data were analysed using a two-
way repeated measures ANOVA (2 conditions: [AI, CON] x 5 times: [0, —=12, =24, =36, +8]). The
variance explained by each ANOVA model is reported in n? and effect sizes are reported as
Cohen’s d. Results: We observed a significant main effect of time (p = 0.009, n? = 0.19) in SRT,
where —12 was significantly slower compared to —24 (mean difference =26.74 ms, p =0.002,d =
1.05) and +8 (mean difference = 18.04 ms, p = 0.007, d = 0.70). There was also a significant main
effect of condition (p = 0.007, n? = 0.014), demonstrating that Al reduced SRT (mean difference
= 4.85 ms, p = 0.007, d = 0.19). We observed no significant condition x time interaction (p =
0.500, n? = 0.006). For a number of incorrect trials, although there was no significant main
effect of time (p = 0.250, n? = 0.051), a significant main effect of condition (p = 0.018, n? = 0.028)
demonstrating that Al reduced the number of incorrect trials (mean difference = 0.267, p =
0.018, d = 0.267). There was no significant condition x time interaction (p = 0.112, n? = 0.026).
Conclusions: Although utilization of Al resulted in a 1.6% faster SRT regardless of sleep
deprivation, there was no significant improvement in SRT observed in sleep-deprived soldiers.
It is important to note that sleep deprivation can cause non-linear cognitive impairments, with
the most considerable impact observed in the morning hours (3.2 - 9.3%). Military Impact:
Regardless of sleep deprivation, AI may improve soldiers’ SRT without increasing errors,
potentially benefiting military contexts where SRT is critical. Although the observed difference
was small, milliseconds matter in high-stakes scenarios, suggesting potential applications for
Al in specific military situations.

14:30 -14:45: Salivary biomarkers in fighter pilots during a four-day military flying exercise

Otto Kinnunen *, Tuomas Honkanen ?, Heikki Kyréldinen °

Finnish Air Force, Finland
Finnish Defence Forces, Finland
*University of Jyvdskyld, Finland

Purpose: Individual flights and continuous operation can affect fighter pilots’ performance level.
For successful operation, it is crucial to identify pending degradation of one’s performance.
The purpose of the present study was to investigate potential signs of such degradation by
analysing salivary biomarkers. Methods: Study population consisted of 25 volunteer Finnish
Air Force fighter pilots who participated in a 4-day military flying exercise. The following
salivary measures were collected daily at 1100 h, 1400 h, 1800 h, and 2200 h: a-amylase (AMYL),
cortisol (COR), immunoglobulin A (IgA), dehydroepiandrosterone sulfate (DHEA-S), and
testosterone (TES). After each flight, pilots reported how physically and mentally challenging
they felt the sortie, and also gave themselves a flight grade. They also reported subjective
feeling of weariness in the evenings. Control levels for each participant were determined by the
same measurements in a light office week prior to the exercise. Linear mixed model analysis
assessed: 1) the changes in biomarker concentrations during the exercise compared with
control, and 2) relations of biomarker concentrations with subjective feeling of weariness and
flight intensity, strenuousness, and performance. Results: During the exercise week, AMYL
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(p =0.321), COR (p =0.123), and TES (p = 0.944) concentrations were 3-5% higher, while IgA
(p = 0.239), DHEA-S (p = 0.137) and TES / COR (p = 0.269) were 1-6% lower compared with
the control. The number of sorties per day had a statistically significant positive relation (F =
4.758, p = 0.03) with COR, and negative relation with DHEA-S (F = 7.459, p = 0.007) and TES
/ COR (F =5.657, p = 0.018). AMYL had a positive relation with cognitive strenuousness (F =
4.812, p = 0.029) and physical strenuousness (F = 4.038, p = 0.045) of the day’s sorties. COR
had positive relation with the cognitive strenuousness of the day’s sorties (F = 4.706, p = 0.005).
No statistically significant relations were found between the concentrations of the analysed
biomarkers and the feeling of either mental or physical weariness in the evening. TES was the
only biomarker to have statistically significant relation with flight grade (F = 4.478, p = 0.035).
Conclusions: Stress related biomarkers AMYL and COR were slightly elevated, while another
stress indicator TES / COR decreased during a short military flying exercise. Flight intensity
and strenuousness seemed to have relation with salivary biomarkers of stress, but there were
not any consistent relations between stress biomarkers and flight performance. This study gave
hints that continuous operation accumulates physiological stress that can be observed with
salivary biomarkers. Military Impact: Fighter pilots are operationally a vital military resource. It
is, therefore, important to understand the physiological loading of their flight duties, to optimise
their flight performance.
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13:15 - 13:30: Secure the future soldier’s readiness through the brain-body connection
using a neuroscience-informed approach

Charles Verdonk *, Marion Trousselard *, Mounir Chennaoui *

French Armed Forces Biomedical Research Institute, France

Purpose: The French Armed Forces have reiterated the central role of the human combatant
in the future of military operations. Despite ongoing efforts, the neurobiological mechanisms
underlying impact of military stressors on the human combatant system are not thoroughly
understood. In the light of recent advances in neuroscience research highlighting the brain-
body connection as a key determinant of health and optimal cognitive functioning, we recently
initiated several projects to examine how neuroscience-informed description of the brain-body
connection may help to improve the soldier’s adaptation to increasing cognitive and physical
demands associated with military operations. Methods: We operationalise neuroscientific
research on the brain-body connection through (1) the examination of how the quality of brain-
body connection, which shows large interindividual variability, influences the soldier’s readiness,
and how it can be improved through body-centred training; (2) the predictive modelling of
military-specific medical events from multilevel measures of body awareness, which refers to the
neurophysiological processes by which the brain integrates the physiological state of the body
(interoception) and its spatial relationship to the external environment (proprioception), and;
(3) the assessment of the impact that changes in body signals, which can be elicited by a large
collection of military stressors, have on cognition. Results: Our empirical findings showed that
posture analysis, using posturography and machine learning models, predicts the individual
risk of fall-related traumatic injury during Special Forces selection course with 70% accuracy
(Study 1). Furthermore, we found that the significant reduction in self-reported interoception
characterises individuals with a history of exertional heatstroke compared with age- and sex-
matched healthy controls in military population (Study 2). Finally, using a centrifuge-based
design to disrupt vestibular signal in healthy volunteers, we observed that the alteration of
vestibular signal affects performance in inhibition (increased variability of the inhibition
latencies) and decision-making (inadequate acceleration of the decision-making process) tasks
(Study 3). On the basis of this evidence, our ongoing studies are now investigating how the
brain-heart connection (i.e., cardiac interoception) may influence the interindividual variability
of biofeedback learning outcomes (Study 4) and of thermophysiological response to heat stress
(Study 5). We also assess the effectiveness of a body-centred intervention in reducing the
risk of fall-related injuries during Special Forces selection courses (Study 6). Conclusions:
Neurophysiological underpinnings of the brain-body connection may inform novel preventive
strategies to improve the human combatant system. Military Impact: Transfer of research on
the brain-body connection to military training contributes to improving soldiers’ health and
readiness.
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13:30-13:45: Negative effect of sleep restriction on heat tolerance to even mild hyperthermia
induced by passive exposure

Pierre-Emmanuel Tardo-Dino *, Aurélien Germain ?, Vincent Beauchamps *, Caroline Dussault *,
Keyne Charlot *, Fabien Sauvet ?, Alexandra Malgoyre *, Cyprien Bourrilhon *

Institut de Recherche Biomédicale des Armées Brétigny, France
2Université d’Evry-Val d’Essonne, France

Purpose: Militaries, that regularly serve around the globe, are often exposed to hot climates.
When on operations, they also undergo sleep restriction, which may decrease individual heat
tolerance to acute heat stress. The impact of sleep restriction or deprivation on thermoregulation
remains poorly documented. We hypothesised that even minor sleep restriction alters tolerance
to acute heat exposure. We proposed to assess the effect of sleep restriction on heat tolerance
to passive exposure, in particular through endothelial function, which has been shown to be
altered by sleep debt. Methods: 13 healthy men (military and / or sportsmen) were examined
in a randomised cross-over design, after getting a normal night of sleep (NN) (> 6 h) and sleep
restriction (SR) (3 h). In both conditions, participants were exposed in a climatic chamber to
passive-induced hyperthermia (core temperature over 38°C or +1°C) by uncompensable stress
(45°C; 70% relative humidity; wind: 1.9 m's-1, 90 min) then compensable conditions (42°C;
50% relative humidity; wind: 1.6 m's-1, 60 min) to get a plateau of hyperthermia. Core and
skin temperature (Tcore and Tsk), heart rate (HR), blood pressure, and cutaneous vascular
conductance (CVC) were monitored. Results: During heat exposure after sleep restriction,
passive heating induced higher elevation of both Tcore (heat effect p = 0.001; interaction of sleep
restriction, p=0.01) and HR (heat effect, p =0.001; interaction of sleep restriction, p =0.01). This
alteration of thermoregulatory response was associated with lower elevation of CVC after sleep
restriction (heat effect, p = 0.001; interaction of sleep restriction, p = 0.001). These effects were
observed while no dehydration was induced by heat conditioning. Conclusions: These results
showed an alteration in the ability to thermoregulate by sleep restriction. This higher core
temperature was associated with cardiovascular stress. In addition, during exposure to heat,
we observed a decrease in cutaneous vascular conductance. The higher heat strain, possibly
induced by sleep restriction, may have been as a result of endothelial function. These first results
highlight, for young men with putative healthy endothelium function, a potential mechanism
of thermoregulation strain, even during mild hyperthermia. Military Impact: Countermeasures
like endurance training or strategies to mitigate sleep disorders should be promoted to preserve,
or even improve, heat tolerance on arrival in a hot climate.

13:45 - 14:00: Effectiveness of a short-term isothermal heat acclimation protocol in a
military population

Koen Levels *, Marijne de Weerd *, Floris Paalman *, Sam Ballak ?, Marc Duineveld ? Lisa Klous ?

'Royal Netherlands Army, The Netherlands
“Netherlands Organization for Applied Scientific Research (TNO), The Netherlands
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Purpose: Soldiers often have to operate in hot environments. To reduce the risk of exertional
heat illness and improve operational quality, heat acclimatisation / acclimation is essential. For
complete thermoregulatory adaptations, 10 to 14 days are required during which a daily 60 to
90 min increase in core body temperature to 38.0 to 38.5°C is needed. For military operations,
full heat acclimatisation is often hard to achieve as time and resources are limited. Therefore,
the goal of this study was to investigate to what extent a five-day heat acclimation protocol can
elicit thermoregulatory adaptations in a military population. Methods: 21 military personnel
(four women, 17 men) visited a climatic chamber on five consecutive days. Each day they
performed 90 min of exercise in 35.1 £ 0.4°C and 52 + 2% relative humidity. The first 30 minutes
consisted of cycling at 1.5 Watts per kilogram body weight. The goal of this period was to
increase core temperature to 38.0 to 38.5°C. The following 60 minutes, cycling intensity was
continually adjusted to maintain this temperature. Heart rate, gastrointestinal temperature, and
mean skin temperature were measured every 1 min. The rating of perceived exertion, thermal
sensation and thermal discomfort were measured every 10 min. Data of the first standardised
30 min was used for analyses. Results: From day 1 to 5, average heart rate decreased from 145 +
14 b'min-1 to 137 + 12 b'min-1 (F = 6.64, p < 0.01). The increase in gastrointestinal temperature
and mean skin temperature during the first 30 min of cycling remained similar from day 1 to
day 5: 1.3 £ 0.3°C to 1.1 £ 0.3°C (F=2.24, p=0.11), and 2.1 £+ 0.7°C to 25+ 0.8 (F=0.97, p
= 0.10), respectively. The average rating of perceived exertion decreased from 3.9 + 1.3 to 2.9
1+ 0.9 (x*(4) = 30.41, p < 0.01), and thermal sensation from 1.9 + 0.7 to 1.5 + 0.7 (x*(4) = 14.44,
p < 0.01). Thermal discomfort remained unchanged from day 1 (1.4 £ 0.7) to day 5 (1.2 £ 0.7)
(x3(4) = 9.38, p = 0.23). Conclusions: Partial heat acclimation was achieved during the five-
day isothermal protocol; the changes in perceptual scores were substantial. Compared with
literature data it is estimated that the overall effectiveness of this short-term protocol is roughly
60% of complete acclimatisation, although this estimation differs greatly per variable. Military
Impact: A relatively large portion of heat acclimation effects can be achieved within five days
of consecutive exercise in the heat. Although heat acclimatisation is incomplete, a short-term
heat acclimation protocol can reduce the risk of exertional heat illness and improve operational
quality. However, special attention for the occurrence of heat illness is still needed in the risk
assessment of operations in the heat.

14:00 - 14:15: Urinary metabolites measured at sea level predict altitudeinduced acute
mountain sickness outcome

Camilla Mauzy *, Isaie Sibomana *,? Nicholas Reo ° J Philip Karl *, Claire Berryman *, Andrew
Young *

*Air Force Research Laboratory, USA

2UES Corporation, USA

*Wright State University, USA

*US Army Research Institute of Environmental Medicine, USA

Purpose: To examine metabolic changes related to acute mountain sickness (AMS)
susceptibility, we analysed urine samples from participants at sea level and at high altitude.
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Methods: Following a 21-d sea level (SL) testing phase at the USARIEM (Natick, MA, USA; 50
m), 17 healthy men were transported to 4300 m where they resided for 21 d. AMS symptoms
were measured at sea level and three times daily during the first 72 h at altitude using AMS-
cerebral factor scores derived from the Environmental Symptoms Questionnaire-Short Form.
Proton NMR analyses were conducted on the urine samples to assess metabolite changes.
Spectra data were subjected to multivariate exploratory analyses such as principal component
analyses (PCA) and orthogonal projection into latent structures discriminant analysis
(OPLS-DA). Results: PCA clearly separated the urinary spectral profiles collected at SL from
participants that later, at altitude, experienced moderate-to-severe AMS (AMS-C; mean * SD
2.28 £ 0.55) compared with those that displayed no or mild AMS (NoAMS; 0.78 + 0.44). These
data were further subjected to OPLS-DA to determine the spectral features that discriminate
AMS susceptible and AMS resistant groups. Normalised NMR spectra were used to quantify
specific metabolite resonances determined by OPLS-DA to be important for group classification.
Quantification of these metabolite resonances was accomplished using an interactive spectral
deconvolution algorithm in MATLAB. We identified a set of eight metabolites, which primarily
drove the segregation between urinary metabolite profiles for AMS and NoAMS individuals at
sea level. They included creatine, 4-hydroxyphenylpyruvate, acetylcarnitine, 3-methylhistidine,
taurine, N-methylhistidine, hypoxanthine, and 1-methylnicotinamide. Conclusions: Several of
these metabolites, especially creatine, 3-methylhistidine, and acetylcarnitine are synthesised
and / or metabolised in the muscle and have been previously shown to impact brain activities.
These observations suggest that these metabolites could be indicative of a pre-existing
physiological status reflecting a predisposition to AMS and could potentially be used to
predict—at sea level before ascending to high altitude—which participants would be at greatest
risk for experiencing AMS at high altitude. Military Impact: AMS predictive biomarkers will
provide a fast, non-invasive method to identify military personnel who, due to mission timelines
and battle rhythm, may not have adequate time for altitude and who, at attitude, will experience
significant performance and mission degradation. Disclaimer: The views expressed are those of
the authors and do not reflect the official guidance or position of the United States Government,
the Department of Defense, the United States Air Force, the United States Space Force, or the
United States Army. Distribution A. Approved for public release, distribution unlimited. PA
Case Number: AFRL-2023-0432, Case Reviewer Number: 2023-0062; cleared 16 Feb 2023

14:15 - 14:30: Protective effect of a high heat capacity mattress on sleep during heat
exposure
Fabien Sauvet *, Florane Pasquier ? ; Jonathan Monin 3 Pascal Van Beers ?, Pierre-Emmanuel

Tardo-Dino *, Michael Quiquempoix *, Mathias Guillard *, Keyne Charlot *, Mathieu Nedelec *

'French Armed Forces Biomedical Research Institute (IRBA), France
’INSEP, France
*Percy military Hospital, France

Purpose: Sleep is an essential part of physical and psychological recovery in military
environments. However, sleep is strongly affected by heat exposure, through circadian
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thermoregulation dysfunction. Acute exposure to heat environments can disrupt sleep duration
and quality. Recent publications demonstrated that high heat capacity mattress improve sleep
duration and quality, particularly after physical exercise through lowering central temperature
during the night. The aim of the present study was to assess the protective effect of a high heat
capacity mattress (HHCM) on sleep duration and quality during night heat exposure compared
with a control mattress (CM). Methods: Fifteen healthy young athletic participant (> 4 h-day1l
physical activity), without sleep disorders were included. A randomised double-blind crossover
design was used to evaluate the impact of HHCM compared with CM on sleep and temperature
during heat night exposure condition (32°C) and a temperate night exposure condition (22°C).
Participants slept four nights in laboratory conditions: two nights at 22°C (HHCM and CM), and
two nights at 32°C (HHCM and CM). Relative humidity was 40 + 5%. Participants time in bed
was 9 h (22:00 to 07:00). In all conditions, sleep was recorded by polysomnography. Core body,
skin, room, and mattress surface temperatures were continuously recorded. Results: Compared
with the temperate night exposure, heat night exposure had a lower total sleep time (TST) (-60.8
+ 27.1 min, p <0.01), rapid eye movement (REM) duration (-16.5 + 5.2 min, p = 0.03), and sleep
efficiency (6.2 + 2.1%, p = 0.04), and higher awakening after sleep onset (+16.3 + 4.1 min, p =
0.03) and fragmentation. At 22°C we there was no beneficial effect of HHCM compared with CM
on sleep. However, higher TST (+21.4 + 16.1 min, p < 0.05), sleep efficiency (+ 5.0 + 3.7 %, p =
0.04), REM duration (+ 13.2 £ 5.1 %, p = 0.04), and lower awakening duration (- 11.1 £ 4.3 min, p
= 0.03) were demonstrated with HHCM compared with CM in the 32°C condition. These effects
were associated with lower skin (-0.22 + 0.06°C, p < 0.01) and core body temperature (-0.21
+ 0.02°C, p < 0.01). Conclusions: Sleeping on a HHCM during heat exposure has a protective
effect on several sleep parameters, and limits increases in body temperature, compared with
CM in a healthy population. HHCM could be used as a countermeasure for promoting sleep in
athletes or soldiers, during training or missions in a hot environment. Military Impact: Acute
heat exposure decreases sleep duration and quality. A HHCM could mitigate the negative effects
of heat exposure on sleep.
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Board 1: Military occupational injury risk analysis using machine learning decision trees

Joseph R Pierce *, Qi Mi ?, Tyson Grier *, Anna Schuh-Renner *, Michelle Canham-Chervak *, Bruce
H Jones *, Mita Lovalekar ?, Bradley C Nindl ?

Defense Centers for Public Health-Aberdeen, USA
?University of Pittsburgh, USA

Purpose: Injuries are the leading cause of medical encounters among U.S. Army soldiers. A
recent machine learning decision tree analysis indicated only previous injuries were predictors
of future injuries among male soldiers. There may, however, be different injury risk factors
for soldiers in different military occupational specialties (MOSs). This study utilised decision
tree algorithms to potentially identify different injury risk factors among male soldiers from
multiple MOSs. Methods: Enlisted male soldiers from an Army light infantry brigade of
Armor (n = 426), Infantry (n = 411), and Mechanical Maintenance (n = 388) MOSs completed
surveys capturing demographics, anthropometrics, previous injury occurrence within 6 and
12 months, and health-related behaviours (e.g., tobacco use, physical training). Soldiers also
completed field-expedient fitness tests (functional movement screen, Army Physical Fitness
Test (APFT), agility tests, etc.). Machine learning analysis was conducted using Classification
and Regression Trees (CART) algorithms via R 3.6.3, rpart (v 4.1.15) package. Based on 10fold
cross-validation, the one standard error rule (1-SE rule) was used to find the optimal number of
tree splits. Prospective injuries (6- or 12-month follow-up) were identified in medical records by
International Classification of Diseases Ninth Revision (ICD-9) codes and included acute and
overuse musculoskeletal (sprains, bone stress injuries, etc.) and non-musculoskeletal (blisters,
heat injuries, etc.) injuries. Sensitivity, specificity, and F1 score (harmonic mean of precision
and recall) were used to assess model performance. Results: MOS-specific injury incidence at
6- and 12-months follow-up, respectively, was: Armor, 37.8% and 55.4%; Infantry, 37.5% and
56.4%; Mechanical Maintenance, 48.2% and 67.0%. CART analysis by MOS yielded different
decision tree models; however, the models shared similar F1 values (range = 0.620 - 0.642). For
most models, one split was optimal, with an injury 6 months prior predicting future injuries at
6- or 12-months follow-up. Only the Armor model (sensitivity = 0.658; specificity = 0.717; F1
value = 0.620) contained an additional split (APFT 2-mile run time =13 min) for soldiers injured
6 months prior. No other health behaviours or fitness factors predicted future injury within
6- or 12-months among men in these MOSs. Conclusions: Despite using MOS-specific injury
prediction models, the most important factor predicting a future injury through 12-months
follow-up was an injury 6 months prior to the investigation. Only one additional measure
(APFT 2-mile run 213 min) was a predictor of future injury in previously injured Armor soldiers.
Military Impact: The current machine learning CART analysis provides updated information
for MOS-specific injury predictions. Injury type and location may influence military decision
tree models and requires further investigation.
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Board 2: The probability of becoming an Operator given specific Test resultS P(OITS):
design and preliminary acceptance results of the physical testing part of a nationwide
study

Alain Doessegger *, Martin Flueck ?, Thomas Gsponer >, Thomas Wyss *, Gilgen-Ammann Rahel *,
Christian Protte *, Oliver Faude *

'Swiss Federal Institute of Sport Magglingen, Switzerland
2University of Fribourg, Switzerland

3Stadl Partners GmbH, Switzerland

*University of Basel, Switzerland

Purpose: Job dropout due to health problems are common in Special Operation Forces (SOF).
Selection of training responders aims to ensure operational fitness—the readiness to respond
at any time—and to protect against overuse and injuries. A nationwide study aimed to identify
potentially capable operators and provide individually tailored training recommendations
based on genotypes and actual performance parameters to the tactical athlete community.
Here we present the study design and acceptance results. Methods: Physical fitness data,
gene polymorphisms, and training habits were collected from candidates applying for SOF in a
pre-selection process and from current operators using REDCap as an electronic data capture
tool. Fitness parameters including impulse (“power”), maximal muscular strength, strength
endurance, short-, mid-, and long-term endurance, blood markers, executive function, and
psychological traits were measured. Fitness tests are strongly related to SOF specific key job
performance indicators (KPI). Polymerase chain reaction analysis (PCR) was used to assess
eight gene polymorphisms, as well as gene methylations of stress markers. Training habits and
psychological traits were collected by questionnaire. Based on these data, individually tailored
training recommendations were provided to the SOF. Data from current operators are used as
benchmark to compare with candidate’s performance levels. Acceptance of the operationalisation
test parameters from KPI were validated by online questionnaire using Likert scale acceptance
with a sample of active SOF operators and Police officers. Results: Testing procedures, PCR
analyses, and anonymisation procedure of SOF operators are established. Fitness tests are
covering the main critical success factors and KPI of SOF. Acceptance rate of the physical fitness
tests range from 65% (standing long jump) to 100% (reaction tests). Conclusions: Operators
highly agree with the tests covering their job requirements that could identify potentially capable
operators. Genotypes and training habits together may explain the phenotypes or fitness profile
of tactical athletes. Individualised training recommendations seem to be welcome among
tactical athletes. Physical performance tests will be repeated after a training phase to identify
training responders. Selection or dropout will be observed prospectively. The probability of
dropout or musculoskeletal injury will be calculated using a Bayesian approach. A predictive
model for the dropout will be calculated, taking into consideration the effect of training on the
test results. The interdisciplinary study design allows to prospectively study training response
and dropout rate. Military Impact: SOF candidates may benefit from individualised training
recommendations, while the Armed Forces may benefit from evidence-based selection tests and
operationally fit personnel.
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Board 3: Upper respiratory tract infection detection with wearable technology

Christina D Young *, Charlotte V Coombs *, Rebecca L Knight *, Julie P Greeves !, Thomas J
O’Leary *

!Army Health and Performance Research, UK,

Purpose: Upper respiratory tract infections—including COVID-19—can be easily transmitted
and outbreaks can disrupt military training and affect deployability. Infectiousness can peak
before symptoms present, and early detection methods may facilitate decision-making to reduce
transmission. British Army recruits, training staff, and healthcare workers may be at an increased
risk of upper respiratory tract infections due to working and living in proximity with others.
This study aimed to quantify the incidence of upper respiratory tract infections and COVID-19
in service personnel, and to test the efficacy of wearable devices for the early detection of upper
respiratory tract infections and COVID-19. Methods: 172 British Army Personnel (mean + SD,
age 25.3 £ 7.4y, height 1.77 £ 0.13 m, body mass 80.3 + 14.7 kg) volunteered to participate. For
thirty consecutive days, participants self-administered a throat and nose swab for detection
of COVID-19, reported daily symptoms of COVID-19, completed the Jackson common-cold
questionnaire for the detection of upper respiratory tract infections, and wore a smartwatch
during sleep. A daily risk score (high or low) of upper respiratory tract infections was determined
from the wearable using a commercially available algorithm. Diagnostic performance of the risk
score was calculated using sensitivity, specificity, and positive and negative predictive values
(PPV and NPV). Results: 2,653 throat and nasal swabs were analysed. COVID-19 was not
detected in any participant, but the incidence of COVID-19-specific symptoms was 1 per 131
days. The incidence of any upper respiratory tract infection symptoms (Jackson score > 6) was
1 per 73 days. The performance of the wearable algorithm for detecting any upper respiratory
tract infection on the day symptoms occurred (sensitivity = 22%, specificity = 84%, PPV =6% |,
NPV =96%), and 1 day (sensitivity = 20%, specificity = 85%, PPV = 6%, NPV = 95%) and 2 days
(sensitivity = 17%, specificity = 85%, PPV = 6%, NPV = 95%) before symptoms developed was
moderate. Conclusions: The wearable device and algorithm in this study was not sensitive for
detecting COVID-19 or upper respiratory tract infections in a high-risk military population. The
high number of high-risk warnings when no infection or symptoms were present was likely due
to other physiological disturbances in military training or employment. Military Impact: There
is currently insufficient evidence to support the use of wearable devices for identifying upper
respiratory tract infections in a military population. Symptom reporting should be prioritised,
but studies should examine the symptomology of illness in a military population to identify
sensitive detection methods.

Board 4: Development and implementation of an onboard physical load monitoring and
feedback system for high-speed craft operators

Lotte Linssen *, Kaj Gijsbertse *, Jan U van Baardewijk *, Thijs Hasselaar ?, Pepijn de Jong ? Joost
de Haan 3, Pierre Valk *

!The Netherlands Organization (TNO) for Applied Scientific Research, The Netherlands
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“Maritime Research Institute Netherlands (MARIN), The Netherlands
’Royal Netherlands Army, The Netherlands

Purpose: Repeated high-impact shocks experienced by marine personnel operating high-
speed craft can cause significant physical discomfort, and in some cases, may result in spinal
injuries. An adequate monitoring and feedback system can inform operators about their actual
and cumulative physical load and therefore mitigate injury risk. However, existing onboard
monitoring systems do not capture human body-related measures. Moreover, current injury
risk prediction models lack marine-specific data, as they are primarily based on data from
automotive crash and lifeboat drop tests. In response, our research has focused upon on the
development of instrumentation technology that measured acceleration forces on the boat, seat,
and human body as an integral system. Additionally, we aimed to evaluate the relationship
between cumulative physical load and injury risk through a longitudinal trial, with the aim of
improving current injury risk models. Methods: The following measurement set-up was used:
three accelerometers were placed at the front, back, and middle of the craft, one accelerometer
placed on each seat, and two accelerometers placed on the spine (thoracic-1 and lumbar-1).
Discomfort events during the ride could be indicated via discomfort buttons, and physical
complaints before and after the ride was collected with a pre- and post-ride questionnaire.
Laboratory and onsite tests were performed to assure for reliable data collection before trial
start. Results: This integral approach resulted in an on-board objective and subjective load
monitoring and feedback system. One crew (n = 10) is currently participating in a longitudinal
study (8 to 12 months), in which they use the monitor technology during their training and
operations. This provides a database to determine the relation between physical load and injury
risk. Conclusions: There is currently insufficient evidence to determine the relationship between
physical load and injury risk. However, this promising technology development can be used as
a blueprint for managing injury risk while operating high speed craft. Furthermore, it will add
to the specification guidelines for future high-speed craft that go even faster, where controlling
and mitigating the injury risk is key. Military Impact: Providing feedback to operators about
their perceived physical load and injury risk allows for informed decisions about their strategies
and training intensity. Additionally, this system allows for the evaluation of new seats or craft
that intend to reduce the physical load and enhance safety of operators.

Board 5: New data analytics approach to marksmanship training
Paddy Little *, Al Lipowski ?

!Cervus Defence and Security Ltd, UK
“British Army, UK

Purpose: XCALIBR is a new digital marksmanship capability designed to establish a high
fidelity individual and collective record of marksmanship performance. Two particular features
stand out in this approach: the use of the MantisX commercial off-the-shelf device, measuring
weapon deflection in and around the moment of shot release, and; the use of digitally paired
Location of Miss and Hit Targets in standard and static Live Fire Marksmanship Training
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(LFMT), and in dynamic Live Fire Tactical Training (LFTT), an area almost entirely unmeasured
hitherto. The purpose of the capability and the study was to investigate the impact of putting
rich performance and diagnostic data not only into the hands of coaches, but also directly
into the hands of individual users. Methods: The XCALIBR Infantry Training Centre (ITC)
project consisted of nine work packages conducted over a 12-month period to progressively
develop and deliver XCALIBR to support three recruit platoons on successive ITC intakes.
A project design was developed to exploit historical data on Annual Combat Marksmanship
Tests (ACMT) at ITC, and some sampling of control groups during the LFTT component. An
enduring design limitation throughout was the need to operate unobtrusively entirely within
the existing ITC program, which meant there was limited control over LFTT conduct variables.
A wide range of data science methods were used to analyse, in depth, a large and rich dataset.
The generative pass rate for two groups were assessed using the Bayesian Monte Carlo Python
library (PyMC). This allowed a comparison of the distributions of possible pass rates that could
have generated the observed pass rates in the XCALIBR and control groups. In another study
we look at the activity before each shot and the impact it had on performance; specifically, we
focused on the movement recorded by GPS in the two minutes preceding the shot, where the
GPS position is given every 5 s. Results: High density intervals did not overlap in this analysis
indicating that the underlying pass rate for the XCALIBR group is significantly higher than for
the control group. The hit percentage plotting indicated that the hit percentage is higher for shots
where there was less than 20 metres of movement preceding the shot. Conclusions: Without
any change to the existing ITC training program, the first-time pass rate of the culminating
ACMT was approximately doubled. Despite significant experimental variability, significant
improvements were also detected in the most demanding LFTT component. Military Impact:
Changes could be made on the marksmanship program format driven by new data sources,
with significantly greater clarity and insight available on performance and diagnostic analytics.
This in turn offers the prospect of higher standards inside the same program envelope and/or
the existing standard met in a more compressed program.

Board 6: Ergonomic fit evaluation of personal protective equipment using 3D scan
technology

Laura Ahsmann ?, Marc Duineveld *, Marielle Besselink-Weghorst *

Netherlands Organization for Applied Scientific Research, The Netherlands

Purpose: This study examines the potential use of 3D intersection analysis of military
protective equipment on ergonomic fit assessment. This type of assessment could be used to
evaluate potential problems of fit of both rigid and non-rigid materials in relation to personal
characteristics and specific clothing and equipment configurations. Methods: An ergonomic fit
evaluation methodology is proposed using 3D scanning technology in combination with post-
processing analyses in 3D manipulation software (Artec Studio and Autodesk Meshmixer).
3D scans are made of (part of) the human body, and the interface geometry of the protective
equipment. A combined configuration scan is used for alignment processing steps. In post-
processing steps, a Boolean difference analysis is executed to generate the intersecting
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geometry between the scans of the body and protective equipment. To validate the relevance
of 3D scan data to assess discomfort, subjective data on locally perceived discomfort (Borg-
scale) is collected and compared to the intersection data. The methodology was assessed in
a fit evaluation of helmets in combination with over-ear hearing protection (n = 29). The 3D
local spatial intersection values (in mm) between 3D scans of the head and the helmet were
compared to the subjective discomfort rating at the same location on the head. Results: Results
show that higher rates of discomfort can be backed by the 3D spatial intersection data. The
assessment required the notion of material properties and the shifting of wearables caused by
contact. Besides intersection values, the 3D fit evaluation methodology also provides insights
on differences in body type (in this case the head shape). Conclusions: 3D fit evaluation using
intersection analysis shows promising results as assessed in a helmet fit evaluation related to
discomfort, as it reveals accurate spatial contact area and indentation of rigid and non-rigid
materials between the body and the worn equipment. An accurate prediction was made of
potential problems related to fit and discomfort, especially when accounting for differences
in material properties and soft-tissue artefacts. Military Impact: Every user is different and
one size fits nobody. This methodology can be used to accurately evaluate or predict the fit
of personal protective equipment or clothing of a selected population. It could also be used to
adjust, design, and develop ergonomically appropriate or even custom-made equipment and
clothing. With a demand for more and more body-worn equipment, potential future fit-related
issues could be evaluated.

Board 7: Development of early warning systems: how to assess one’s physiological
individual baseline information

Theresa Schweizer *, Petra Ribiczey-Riiegger *, Rahel Gilgen-Ammann *

'Swiss Federal Institute of Sport Magglingen, Switzerland

Purpose: Heat and fatigue-related health issues can be reduced by monitoring the soldier’s
individual health state and creating an early warning system (i.e., digital twin). Individual
baseline, comprising heart rate (HR), core body temperature (CBT), skin temperature (Tskin)
and HR variability (HRV), is crucial to provide a reference point to identify any deviations from
an individual’s normal or expected range. Most studies use short-term (3 to 5 min) or long-
term (24 h) baseline measurements (BMs) to establish individual baselines. This pilot study
investigated the variability and equivalence of individual baseline values in short and long BMs
obtained in a military field environment. Methods: Twenty-two male recruits (mean age 21.1y)
of the Swiss Armed Forces completed three short, standardised BMs (3 x 3 min lying, standing,
walking) followed by 21 h long free-living BMs (day and night), on two non-consecutive days
(military routine). Participants wore four devices: Polar Verity Sense for HR, Polar H10 for RR
intervals, CALERAresearch for CBT and Tskin. Resting HR was calculated from lying. Root
mean square of successive differences (RMSSD) was derived from rr-intervals. Intra-BMs
variability was assessed using coefficient of variation (CV). Differences and equivalence of
means between corresponding BMs were assessed using Wilcoxon signed-rank test and two
one-sided tests. Data quality was analysed, and recruits with incomplete data or artefacts were
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removed. Results: Eight recruits were included in the analysis after data quality check. For short
BMs, CVs were 1% for CBT and Tskin. For HR, CVs were 10% for lying and walking and 4 - 18%
for standing. For long BMs, CVs were 4% for CBT and Tskin. For HR, CVs were 13 - 22% for day
and 6 - 22% for night. Comparing corresponding BMs, significant differences were found in CBT
(night), Tskin (day), and HR (walking) (p < 0.05). No statistically significant differences were
found between the other BMs for CBT, Tskin, HR, resting HR, and RMSSD (p > 0.05). However,
two one-sided tests showed no significant equivalence (p > 0.05). Conclusions: HR showed
high intra-BM variability, even in short, standardised BMs. Additionally, night measurements
showed differences in individual baseline values. Despite no significant difference between
both occasions in most parameters, there is insufficient evidence to support the equivalence of
these individual baseline values. Military Impact: To develop accurate early warning systems in
military settings, individual baselines should be monitored over a longer period, for both short
standardised and long free-living BMs. It is recommended to control all possible influencing
factors as well as monitor individual baseline information not only on one single occasion.

Board 8: Finite element modelling framework for evaluating the effectiveness of protective
plates in minimising tissue damage resulting from a non-penetrating ballistic impact

Yoram Epstein *, Maayan Lustig *, Amit Gefen *

Tel Aviv University, Israel,

Purpose: Injuries in the torso (chest, abdomen, and spine) are relatively common in a combat
environment and constitute ~30% of all injuries. A penetrative insult results with mechanical
damage and internal organ disruption that may be debilitating and might even be fatal. To
minimise injury, protective armour is part of the soldier’s equipment. However, even a non-
penetrative blunt trauma might cause severe tissue damage that can be fatal. The latter is due
blocking of the ballistic threat by an armour, which is accompanied by rapid and immediate
deformations of the armour that translates to mechanical energy absorbed in the tissues behind
the armour and injury. This process is referred to as Behind Armor Blunt Trauma (BABT).
No reproducible realistic measure exists to quantitative or even qualitative assess BABT. The
objective of this study was to develop a novel, anatomically accurate, finite element modelling
framework as a decision-making tool to evaluate and rate the biomechanical efficacy of protective
plates in protecting the torso from battlefield-acquired non-penetrating impacts. Methods: The
finite element simulations resemble a non-penetrating ballistic impact of a 5.56 mm bullet with
different types of protective plate. A three-dimensional model of the torso and its inner organs was
reconstructed, and two Kevlar-29 ballistic protective plates were modelled, representing generic
designs of threat-level III and IV plates (according to NIJ Standard-0101.06). The performance
of each plate was quantitatively evaluated and objectively compared based on biomechanical
metrics that develop in internal tissues of vital organs immediately after the impact, specifically,
the pattern of strains and stresses in the tissues. Results: The results indicated that plate
level-IV induces greater tissue strains and stresses post the ballistic impact than plate level-
III. The area under volumetric tissue exposure histograms of strains and stresses for the skin
and adipose tissues, were 16.6 - 19.2% and 17.3 - 20.3% greater in the case of plate level-IV,
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for strains and stresses, respectively. Conclusions: Due to the larger and heavier structure of
plate level-IV, higher strains and stresses were observed. Our modelling system provides a
versatile, powerful testing framework for both industry and clients of protective plates, at the
prototype design phase, or for quantitative standardised evaluations of candidate products in
purchasing decisions and bids. Military Impact: Using this innovative approach, it is possible
to considerably shorten development and procurement processes of protective gear and to carry
out advanced experiments after initial evaluation using computational models.
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Board 9: A smartphone application tests your physical performance: how accurately does
the 4-minute all out run measure your endurance performance? A pilot study

Regina Oeschger *, Rahel Gilgen-Ammann *

'Swiss Federal Institute of Sport Magglingen, Switzerland

Purpose: The Swiss Armed Forces have released a sports app for tailor-made fitness training.
The integrated training recommendation takes into account the current endurance capacity.
This is done by means of a digital fitness self-test. The Cooper test (12-min run), which is
widely used in the military setting, is too long for the digital self-test and it is difficult for
untrained people to choose the right pace. This study aims to investigate whether a 4-min all
out run is a valid method for assessing endurance performance. Methods: In this pilot study six
students (one women, age 27.5 £ 6.7 y, height 1.75 £ 0.12 m, body mass 69.5 + 5.6 kg) completed
a 4-min self-paced all out outdoor run on a 300 m flat circular track. Average speed (v4MIN;
km-h-1) was calculated. To determine the maximum oxygen uptake (VO2max) and the final
speed (VEND; km-h-1), a graded protocol from initial 7.5 km'h-1 with 7% constant incline and
a speed increase of 0.5 km-h-1 every 30 s to exhaustion on a treadmill (CPET mixing chamber;
COSMED). Pearson correlations and linear regressions were calculated with the VO2max,
vEND, and v4MIN values. Results: Participants achieved a mean v4MIN of 15.6 + 2.5 km'h-1.
The VO2max (mean 51.0 + 8.7 ml'min-1'kg-1) and the v4MIN (model 1; r = 0.945; p = 0.004;
95% CI: 0.575 - 0.994) as well as the VEND (mean 13.8 + 2.2 km'h-1) and the v4MIN (model 2;
r = 0.968; p = 0.002; 95% CI: 0.731 - 0.997) were strongly correlated. The linear regression of
model 1 had a corrected R2 of 0.867 (F = 33.676, p = 0.004), model 2 had a corrected R2 of 0.922
(F = 59.870, p = 0.002). Conclusions: The preliminary results of this pilot study showed that
the 4-min all out run performance can accurately estimate both VO2max and vVEND. Thus, this
test has great potential and will be further investigated within a larger sample size. Military
Impact: The Swiss Armed Forces offer their recruits and soldiers a digital solution for physical
training before, during, and between military service. A digital fitness test that can be carried
out independently, regardless of time and place, and without special equipment, supports
the responsible sports coaches. The 4-min all out run is a promising solution to assess the
endurance performance of military personnel and is an alternative to conventional laboratory
and field tests.

Board 10: Soldier strength responses to prolonged load carriage during a 72-hour mission
Angela Boynton *, Morgan Salazar *, Maria Talarico *, Jessica Schindler ?, Kevin O’Fallon ?, Seth

Elkin-Frankston ?, Victoria G Bode ?

'US Army DEVCOM Analysis Center, USA
2US Army DEVCOM Soldier Center, USA

Purpose: While the cardiopulmonary and biomechanical responses to military load carriage
have been studied extensively, changes in muscular strength associated with this physically
demanding task are not well documented. The extent to which load carriage-related changes
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might persist over the course of subsequent mission activities are additionally unknown.
This study investigated the acute and sustained effects of prolonged load carriage on soldier
strength capacities within the context of a 72-hour mission. Methods: One-hundred thirty-six
male U.S. Army Infantry Soldiers completed loaded ruck marches at the beginning (INFIL) and
end (EXFIL) of a 72-hour mission. Participants carried approximately 40 kg over a 13 km INFIL
ruck march and approximately 33 kg over an 11.7 km or 7 km EXFIL ruck march. Isometric
strength was assessed immediately before (PRE) and after (POST) each event. Maximum force
was measured from three repetitions each of grip, pinch, hip flexion, knee extension, lumbar
flexion, lumbar extension, biceps curl, upright row, deadlift, and calf raise tasks. Independent
paired t-tests or Wilcoxon signed rank tests were performed between PRE and POST INFIL
measures and between PRE INFIL and PRE EXFIL measures to identify acute and persistent
effects, respectively. Results: Statistically significant decreases from PRE to POST INFIL were
identified for grip (mean 95% CI, -0.7 [-3.9, 2.4] %, p = 0.044), hip flexion (-0.5 [-6.8, 5.8] %,
p = 0.029), knee extension (-6.5 [-12.5, —=0.6] %, p < 0.001), lumbar extension (-6.5 [-11.3,
-1.7] %, p < 0.001), biceps curl (-3.8 [-6.8, —0.8] %, p < 0.001), deadlift (-11.2 [-14.7, -7.6]
%, p < 0.001), and calf raise (-8.8 [-13.2, —4.4] %, p < 0.001). Pinch and lumbar extension did
not significantly differ between PRE and POST INFIL. Between PRE INFIL and PRE EXFIL a
statistically significant decrease was only observed for grip (-2.8 [-7.3, 1.6] %, p < 0.001). For all
other measures, PRE EXFIL values either did not significantly differ from or were significantly
increased from PRE INFIL values. Conclusions: Prolonged load carriage induces acute deficits
in soldier hand, leg, and trunk strength, and reductions in grip strength can persist over a 72-hour
mission. Future studies should evaluate relationships between near- and long-term impacts of
identified strength deficits on individual task and overall mission performance and explore the
potential for mitigation of load carriage effects through targeted physical training of the affected
muscle groups. Military Impact: Reductions in individual soldier and collective squad strength
following a strenuous ruck march can negatively affect readiness and performance. Operational
effectiveness may be improved by anticipating and accounting for these effects during training
and mission planning.

Board 11: Functional movement screen performance of US Army activeduty light infantry
soldiers

Maria Talarico *, Jennifer Sperlein *, Angela Boynton *, Kevin O’Fallon ?, Wade Elmore ?

'US Army DEVCOM Analysis Center, USA
2US Army DEVCOM Soldier Center, USA

Purpose: The Functional Movement Screen (FMS)™ is a tool designed to quantify movement
quality and asymmetries in movement patterns with the potential to identify injury risk. Little
information is available on functional movement characteristics of US light infantry soldiers.
This study aimed to provide overall FMS™ performance of US Army infantry units and identify
relationships between self-reported injury history and FMS™ performance. Methods: Three-
hundred and ten US Army light infantry soldiers (4 females, 306 males) completed the FMS™
while rested and prior to physically demanding activities (e.g., maximal strength tests). FMS™

CONTENTS 60



FUTURE SOLDIER

was completed by soldiers across six US Army Divisions at six installations. Soldiers self-
reported injury history prior to testing. Injury history included any injuries in the soldier’s lifetime
and included: (1) activity during which the injury / injuries were sustained, (2) type of injury /
injuries, and (3) location of injury / injuries. Total screen scores from FMS™ were calculated out
of a possible 21 points and were reported descriptively. Multiple linear regression models were
conducted to identify the influence of injury history on FMS™ total screen score and sub-scores
while controlling for division and years of active duty. Results: Overall, soldiers with any injury
history had a total screen score 0.78 points lower (14.5) than those with no injury history (15.2)
(p =0.02). Soldiers from the 82nd Airborne had a total screen score 1.6 points higher than that
of 4th Infantry Division (p = 0.02). Soldiers with a history of a lower leg injury had a total screen
score 1.94 points higher than those with no lower leg injury history (p = 0.01). Those with a
sprained ankle history had a total screen score 1.00 points lower than those with no sprained
ankle history (p = 0.04). Conclusions: Over 75% of light infantry soldiers reported a history
of injury; of those with an injury history, lower body injuries were a significant contributor
to functional movement performance. Consideration of injury history and other individual
factors are warranted when evaluating soldier physical performance for optimal readiness and
injury mitigation as these factors directly influence functional movement. Military Impact:
Movement screening provides critical baseline operational readiness information that can
expose the implications of immense physical stressors and injury sustainment. Attention to
functional movement prior to duty and field operations can be used to better inform operational
performance and may mitigate vulnerability.

Board 12: The physiological demands of helicopter winch rescue in water and over land

Ben Meadley *, Ella Horton *, Luke Perraton *, Kelly-Ann Bowles *, Joanne Caldwell *

Monash University, Australia

Purpose: Personnel working in helicopter rescue teams perform demanding work in remote
wilderness and open water. This study aimed to determine the physiological workload during
critical helicopter search and rescue tasks. We sought to assess relative physiological demands
and maximal acceptable work duration of helicopter rescues to inform physical employment
standards for this population. Methods: To assess the physiological demands of winch
rescue, 14 flight paramedics (12 men / two women, mean + SD, age 44.3 + 5.4 y, experience
7.1 £ 5.2 y) completed a peak oxygen consumption test on a treadmill, and land and water task
simulations. The land simulation consisted of a 250 m walk at a gradient of 18% carrying 43.4
kg of equipment. The water simulation consisted of two repetitions of a 50 m open water swim,
wearing water rescue equipment to retrieve a mannequin (mass) from a life raft, followed by a
25 m tow of the mannequin. During all simulations, expired gases were collected to determine
oxygen uptake (VOZ2). Blood lactate, heart rate, and ratings of perceived exertion (RPE, 6-20)
were recorded. Maximal acceptable work duration was calculated from expired air. Results:
Land task simulation VO2 was 41.7 £ 4.5 mL-kg-1'min-1, equalling 86 + 11 % of VO2peak. Land
task duration was 7.0 £+ 3.6 min, representing 53 + 27 % of calculated maximal acceptable work
duration (13.2 + 9.0 min). Peak blood lactate was 11.1 £ 3.9 mmol'L-1 or 99 * 33 % of maximum.
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Peak heart rate was 173 = 11 b'min-1 or 93 * 6 % of maximum, and peak RPE was 17 £ 2 or
94 + 8 % of maximum. Swim task simulation VO2 was 36.7 + 4.4 mL-kg-1'min-1, equating to
81 % 12 % of VO2peak. Swim task duration was 10.2 + 1.1 min, representing 47.6 + 4.8 % of
calculated maximal acceptable work duration (21.0 £ 15.6 min). Peak blood lactate was 8.1 +
2.4 mmol'L-1 or 61 * 18 % of maximum. Peak heart rate was 167 £ 15 b'min-1 or 103 £ 9 %
of maximum, and peak RPE was 16 + 2 or 80 + 10 % of maximum. Conclusions: Paramedics
performing land and water-based rescue from a helicopter are required to perform complex life-
saving tasks at 80 to 85% of their maximal aerobic capacity for extended durations. The results
of this study provide a foundation for task-to-test analyses for this occupation. Military Impact:
Personnel staffing helicopter rescue teams are required to work at high physiological workloads
and should undergo scientifically validated physical tests related to their job tasks to ensure
capability.

Board 13: Alterations in gait markers during a timed ruck march using single inertial
measurement unit

Vanessa J Ramirez *, Peter Finch *, Kyla Driver *, Rebecca E Fellin ?, Mark Buller *

'U.S. Army Research Institute of Environmental Medicine, USA
2U.S. Army Combat Capabilities Development Command Soldier Center, USA

Purpose: Musculoskeletal injuries (MSKIs) are the main threat to Army readiness and soldier
health. Ruck marching and running are primary sources for knee, low back, and ankle injuries.
Identifying gait changes with unobstructive equipment may provide an opportunity for early
MSKI mitigation. This study examined gait parameters and how they changed over the course
of a timed ruck march. Methods: This cross-sectional observational study, recruited nineteen
male soldiers (mean * SD; age = 24 + 3 y; height =1.77 + 0.07 m; body mass = 81.2 + 8.4 kg) that
took part in a timed (under 3-h) 12-mile ruck march with combat load (27.2 kg). Each participant
was instrumented with one inertial measurement unit (IMU) (APDM, Portland, OR) on the
left medial shank above the boot line. Step length, stance time, and cadence were measured.
Yaw—the twisting around the vertical axis—tibial external rotation was derived from the
magnetometer data by calculating a baseline vector using the mean of the previous three steps
and then calculating the offset. Change in gait over time was examined during flat and uphill (>
3%) segments near the start and end of the march route. For each set of march segments (flat
or uphill), variable means + SD were compared using a paired t-test, with a < 0.05. Results:
There were no differences in cadence and stance time. Yaw did not change on the flat terrain but
increased 2.12 (95% CI: 0.52 - 3.78, p = 0.006) on the last uphill segment compared to the first.
Step length decreased at the end of the course for both the flat (mean difference: 0.06 m, 95%
CI: 0.02 - 0.12, p = 0.01) and uphill segments (mean difference: 0.05 m, 95% CI: 0.02 - 0.09, p =
0.008). Conclusions: An IMU detected meaningful changes in gait during a timed ruck march,
including increased yaw and decreased step length from the first uphill segment to the second.
Changes in tibial rotation elucidate changes in hip and ankle rotation, which are both moderate
predictors for injury risk during prolonged ambulatory tasks. This study also shows how terrain
plays a role in gait deviations, which cannot be accounted for in laboratory-based (treadmill)
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studies. Military Impact: Wearing an IMU during ruck marching may identify MSKI risk by
tracking alterations in temporospatial gait parameters that may predispose soldiers to injury.

Board 14: Association of blood biomarkers to force-on-force engagement, small unit
lethality, and in-field performance

Jason Soares ', Chad R Straight *, Meghan O’Donovan *, Clifford Hancock *, Kenneth Racicot *,
Laurel A Doherty *

'US Army DEVCOM Soldier Center, USA

Purpose: There is an ongoing need to understand the near real-time physiological status of
Warfighters, and at present there is no reliable objective measure of readiness or degradation
during in-field operations. Methods: Fifteen dismounted infantry squads (n = 120 soldiers)
were tested while conducting force-on-force engagements in a Battle Drill 2A (BD2A squad
attack), which was repeated on three consecutive days. Squads underwent capillary finger
blood sampling pre- and post-engagement to test for blood biomarkers (chemistries, electrolytes
and haematology) traditionally associated with physical performance. Each squad was also
rated on performance metrics (e.g., communication, fire effectiveness) by four military Observer
Controllers to distinguish squads of varying proficiencies. Results: Analysis of variance
revealed differences between squads in multiple biomarkers, including glucose, creatinine and
anion gap (all p < 0.05). Net total carbon dioxide content (TCO2) of squad leaders correlated
positively to overall (p = 0.43; p = 0.017) and specific performance (p = 0.46; p = 0.011) metrics,
but collective metrics didn’t correlate to squad summary statistics of blood biomarkers (p =
0.055). Squad leader net TCO2 also correlated positively to 9 of 15 performance component
scores (p < 0.05). Pre-mission rehearsal scores were negatively correlated to squad leader net
glucose (p = -0.48; p = 0.009), TCO2 (p = 0.35; p = 0.019), and squad mean glucose (p = -0.31;
p = 0.036); positive correlation to dispersion of squad anion gap was also observed (p = 0.34; p
= 0.029). Squad dispersion of net glucose also correlated to component scores on violence of
action (p = 0.42; p = 0.005), but did not correlate with fire effectiveness, leadership, or surprise
(all p > 0.05). Task component scores on consolidation of security positively correlated to
dispersion of net creatinine (p = 0.45; p = 0.002) and urea (p = 0.33; p = 0.028), but negatively
correlated to squad mean creatinine (p = —0.32; p = 0.034) and dispersion of anion gap (p =
—-0.36; p = 0.019). Conclusions: Using a minimally invasive approach to collect blood in a
field setting revealed differences between squads in specific biomarkers, which are related to
collective performance metrics. These results provide a roadmap for how biomarker-based in-
field performance quantification can be accomplished in operational scenarios and identify
physiological markers that may influence operational performance. Military Impact: Developing
non- or minimally invasive physiological assessments will improve fieldable prediction tools for
Warfighter readiness based on molecular biomarkers associated with performance.
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Board 15: Weighted counter movement jump braking force variables in response to military
specific load carriage

Christopher Vine *, Steve McGuire ?, Sam D Blacker *, Sarah Coakley ° Oliver Runswick *, Steve
Myers *

'University of Chichester, UK
2Plymouth Marjon University, UK
3St Mary’s University, UK
“*King’s College London, UK

Purpose: The countermovement jump (CMJ) is widely used in occupational research to assess
neuromuscular fatigue and performance. Improved force plate portability, technology, and
affordability mean that high fidelity force data can be gleaned more routinely and in field-based
scenarios. Changes in CMJ variables, which describe modifications in jumping strategies, have
previously been used to profile neuromuscular fatigue. Recently braking force variables have
been linked to injury risk clusters. The aim of this study was to investigate changes in CMJ
braking force variables following treadmill load carriage. Methods: Twelve physically active
civilian men (age, 27 £ 6 y; stature, 1.83 + 0.05 m; body mass, 80.6 *+ 8.0 kg; maximal oxygen
uptake, 52.7 + 5.5 mL-kg-1'min-1) completed three weighted CMJs (20 kg) on a pair of portable
force plates (sample rate 1000 Hz). Measurements were taken pre-, post-, and 30-, 60-, 120-
min post- walking on a treadmill carrying 25 kg of external load (20 minutes at 5.1 km'h-1; 40
minutes at 6.5 km'h-1, and; 8 x 9 s shuttles at 11 km'h-1 with 11 s recovery). The CMJ braking
phase was identified from the point of peak negative velocity to the instant of positive velocity.
Braking phase duration, average force, rate of force development (BRFD) and stiffness were
calculated from the average of the three weighted CMJs at each measurement point. Results:
A main effect for measurement point was observed for average force (p < 0.001, w2 = 0.013),
BRFD (p = 0.002, Kendall’s W = 0.364), and stiffness (p = 0.018, w2 = 0.020), but not for braking
phase duration (p = 0.116, Kendall’'s W = 0.154). Specifically, average pre- to 120 min post-load
carriage changes were 12.3% (p > 0.05) for braking phase duration, —4.7% (p < 0.001) for average
force, —26.4% (p = 0.017) for BRFD, and —-17.1% (p = 0.022) for stiffness. Attenuations at the
other intermediary measurement points were typically progressive up to 120 min post-exercise.
Conclusions: Collectively, these data show braking phase variables are compromised for at
least two-hours following fast load carriage. Future investigations are required to further explore
how likely undesirable changes in jump mechanics could impair military performance and / or
increase injury risk. Military Impact: Force plates—and specifically CMJ variables—show the
potential to be used as an easily employed indicator of physical performance readiness and
injury mitigation within military populations; particularly given the development of software to
automatically calculate CMJ variables.
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Board 16: The relationship between isometric mid-thigh pull force-time characteristics and
2-km load carrying performance in trained British Army soldiers

Jonpaul Nevin *, Kim Bowling ?, Charles Cousens ?, Robert Bambrough * Michael Ramsdale ?

'Buckinghamshire New University, UK
’Royal Army Physical Training Corps, UK
*Royal Marines, UK

Purpose: Load carriage is recognised as a fundamental military occupational task. As such, the
aim of this study was to assess the relationship between isometric force-time characteristics
and loaded march performance. This study also aimed to investigate the relationship between
isometric force-time characteristics and standing long jump (SLJ) performance. Methods:
Thirty-nine, male British Army infantry soldiers (age 31 * 6 y; height 1.76 + 0.07 m; body mass
85.8 £ 11.5 kg) performed three isometric mid-thigh pull (IMTP) trials, three SLJ trials, and
a 2-km loaded march carrying an external load of 25 kg. Within-session reliability between
repeated trials was assessed via use of intra-class correlation coefficient (ICC) whilst the
relationships between all variables were assessed using Pearson’s correlation coefficient.
Results: Both the IMTP (ICC [95% CI] = 0.96 [0.94 - 0.98]) and SLJ (ICC [95% CI] = 0.91
[0.84 - 0.95]) demonstrated an excellent level of reliability. However, isometric peak force (r
[95% CI] = -0.06 [-0.37 - 0.26], p = 0.72), relative peak force (r [95% CI] = -0.14 [-0.43 - 0.19],
p = 0.41), and rate of force development (r [95% CI] = - 0.14 [-0.43 - 0.19], p = 0.41), displayed
only a small correlation with loaded march time to completion. In contrast, isometric relative
peak force displayed a large positive relationship with SLJ performance (r [95% CI] = 0.55
[0.28 - 0.73], p < 0.01). Conclusions: Body mass, body composition, aerobic capacity, and
lower and upper limb strength have all been identified as key determinants of load carriage
performance. However, whilst dynamic measures of strength have been shown to display a
strong relationship with load carrying ability, these data demonstrates that isometric force-time
characteristics display only a trivial relationship. Indeed, data from this study demonstrate that
absolute isometric peak force accounts for 0.03% and relative isometric peak force 1.80% of the
total variance observed in 2-km loaded march performance. Given these findings practitioners
should be aware that improvements in isometric force-time characteristics may not necessarily
transfer to improvements in load carrying performance. However, relative isometric strength
measures appear to demonstrate a strong relationship with standing long jump performance.
Military Impact: The use of isometric force-time characteristics as proxy measures of load
carrying ability should be questioned. However, relative isometric strength measures appear to
demonstrate a strong relationship with standing long jump performance. Isometric testing may
have utility in assessing explosive strength, monitoring neuromuscular fatigue, and assessing
training readiness in military populations.
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Board 17: Impact of combat equipment on respiratory muscle power during load carriage
performance

Mark T White *, Michael J Decker ?, Mark G Abel ®, Mark A Faghy *, Colin D Hubbard °, Joseph W
Duke °, Andrew W Subudhi °

'Rocky Mountain University of Health Professions, USA
2Case Western Reserve University, USA

*University of Kentucky, USA

“University of Derby, UK

*Northern Arizona University, USA

®University of Colorado - Colorado Springs, USA

Purpose: Endurance performance is reduced during severe-intensity activity due to greater
respiratory muscle power demands and the subsequent metaboreflex-response regulatory
effect on locomotor blood flow. The purpose of this research was to investigate the effects
of ground-based personal protective combat equipment configurations on respiratory muscle
power during load carriage performance. Methods: Nine male Soldiers (Active-Duty, n = 5;
Reserve Officer Training Corps, n = 4) having operational experience with body armour and
load carriage (up to 38.5 kg) participated in this study’s assessment procedures over 6 visits.
Visits 1 - 2 gathered baseline data for maximal exercise metabolism, pulmonary function, and
body composition. Visits 3 - 6, data was collected while participants performed a standardised
load carriage protocol, i.e., Sustainment March (SMAR, 60-min with 1% grade at 5.6 km-hr-1).
During the load carriage trials, subjects Power of Breathing (Pb, Joules per minute [J-min-1])
was assessed at five timepoints (time point 1 to 5 [TP1-TP5]) under four combat equipment
configurations (NL, No Load = 0.0 kg; BA, Body Armor = 13.5 kg; LC, Load Carriage = 25 kg;
BA+LC = 38.5 kg). Results: Repeated measure analysis of variance performed on SMAR TP15
Pb (Mean + SEM, sample size; TP1 Pb =70.06 + 4.90 J-min-1, 34; TP2 Pb =87.65 + 6.65 J-min-1,
34; TP3 Pb = 95.06 + 8.08 J'min-1, 34; TP4 Pb = 100.71 £ 9.90 J-min-1, 34; TP5 Pb = 105.47 +
11.64 J'min-1, 34) revealed a statistically significant increase in respiratory muscle power over
time (F(1.407, 26069.32) = 19.08, p < 0.001, n? = 0.366). Factorial analysis of variance identified
statistically significant differences in Pb across configurations within timepoints (TP1 F(3, 31)
=14.94, p < 0.001, n* = 0.591; TP2 F(3, 31) = 26.11, p < 0.001, n? = 0.716; TP3 F(3, 30) = 29.79,
p < 0.001, n® = 0.749; TP4 F(3, 30) = 29.27, p < 0.001, n? = 0.745; TP5 F(3, 30) = 28.57, p <
0.001, n? = 0.741). Conclusions: The increased scaling-weight in different combat equipment
configurations increased the required respiratory muscle power necessary to perform standard
sustainment load carriage task. Military Impact: This scientific knowledge-product improves
the focal point of future science and technology efforts directed toward solving the Soldier’s
“lighten the load” issue, i.e., revise current PPE MILSPECSs to include respiratory muscle power
as an Indexed metric.
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Board 18: A comparison between different military ranks’ performance in a 3.2 km loaded
march test

José M Magraner *, Willian C Botta *, Fdbio A Campos *, Jodo P Borin ?

'Brazilian Air Force, Brazil
2State University of Campinas, Brazil

Purpose: The military’s need to use its biomotor capabilities during its work activities means
physical training is a key element in maintaining the readiness levels of tactical athletes
(military and public security agents). The assessment of physical performance in simulated
tasks seems to be a good parameter for assessing readiness, however, the curricular differences
that exist in training courses for soldiers and officers can generate discrepancies regarding the
level of general physical readiness of the troops. This study aimed to verify differences between
Brazilian Air Force (BAF) soldiers and cadets in their performance and physiological response
in a 3.2 km loaded march test. Methods: Thirty-seven male members of the BAF (18 soldiers
and 19 cadets, age 20.0+ 0.2y, 1.75 £ 0.01 m, 73.0 £ 1.9 kg) completed a 3.2 km loaded (14 kg)
march test. The participants were rested and had to complete the established circuit as fast as
possible without running. Total time, rating of perceived exertion (RPE), and heart rate (HR)
(baseline and immediately after exercise) were collected. RPE showed a normal distribution
and was compared using Student’s t test for independent samples. Total time and HR variation
were compared using Mann-Whitney U tests. The significance level adopted for the study was
p < 0.05. Results: Total time (soldiers: 31.20 £ 0.47 min; cadets: 29.04 + 0.68 min), HR variation
(soldiers: 77 + 4 bpm; cadets: 46 + 4 bpm) and RPE (soldiers: 8.5 + 0.2; cadets: 6.4 + 0.2) showed
significant differences between the groups (p < 0.01). Spearman’s correlation test showed a
moderate correlation between the HR variation and RPE (r = 0.56, p < 0.001). Conclusions:
Were found significant differences between the soldiers and cadets related to perceived exertion
and time spent performing a 3.2 km loaded march test. The number of field exercises in officer
training courses may be related to better performance obtained by the cadets. Military Impact:
To improve soldiers’ physical readiness, the BAF’s soldier training course could have a higher
workload of field exercises and loaded marches.

Board 19: Performance of British Army personnel in a swimming representative military
task

Sarah Needham-Beck *, Tessa Maroni *, Faye Walker *, Christopher Vine *, Daniel Moore *, Julie
Draper ?, Barry Alexander ?, Steve Myers *, Sam D Blacker *

1University of Chichester, UK
2Army Headquarters, UK

Purpose: A job task analysis was undertaken with representatives of all British Army role-
groups to evaluate job tasks involving working in and / or around water. Findings were used to
inform the design of a new swimming representative military task (RMT), which was evaluated
in an experimental trial to quantify: (1) best-effort performance, (2) test-retest reliability, and (3)
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differences between serving personnel and recruits. Methods: RMT performance was measured
twice in a group of 103 serving personnel (89 men, 11 women) and once in a group of 65 recruits
(49 men, 16 women). Whilst wearing fatigues and webbing, participants entered the water feet
first until their head was submersed, removed and passed out webbing, swam 50 m, and then
stayed afloat for up to 10 min. Performance was compared using independent sample t-tests
and test-retest reliability was assessed using intra-class correlation coefficients (ICC), 95%
confidence intervals, and limits of agreement (LoA). Results: In trial 1, 85% of serving personnel
and 74% of recruits successfully completed all elements of the RMT, which increased to 93% in
serving personnel for trial 2. Time to remove webbing (U = 3060.0, rb = —-0.068, p = 0.463) and
total time in water (U = 3319.5, rb = 0.011, p = 0.904) were similar between groups. On average,
serving personnel were quicker to complete the 50 m swim than recruits (91 £ 24 s vs 100 + 26 s;
U =2575.0, b =-0.192, p = 0.039). Across trials 1 and 2, all three timed RMT elements showed
moderate to high correlational reliability (ICC range: 0.462 to 0.791) with relatively wide LoA
of -9to 5s, -31to 26 s, and —213 to 267 s for time to remove webbing, 50 m swim time, and
total time in the water, respectively. Conclusions: Performance data were used to inform the
final test standard. A small learning effect was noted between trials 1 and 2, with performance
improving on average during trial 2. Wide LoA meant that individual scores may vary on retests;
suggesting familiarisation may be important. Total time in the water demonstrated the largest
variation, which was largely influenced by the proportion of the 10 min afloat time that was
completed. Military Impact: Implementing a regular swimming assessment that is reflective of
in-service role requirements has the potential to improve operational effectiveness and reduce
adverse events.

Board 21: The effect of marching speed on approximated centre-of-mass vertical movement
during treadmill marching

Jon Wheat *, Brooke Hoolihan ? Danielle Vickery-Howe * Jace Drain * Ben Dascombe ?, Kane
Middleton 3

'Sheffield Hallam University, UK

2University of Newcastle, Australia

°’La Trobe University, Australia

“Defence Science and Technology Group, Australia

Purpose: Control of centre-of-mass (COM) vertical motion during gait is important. Too
much or too little motion can increase metabolic and energetic cost. A monotonic relationship
between walking speed and vertical COM movement has been demonstrated (loaded and
unloaded), with greater displacement at faster speeds. However, this relationship has not been
investigated in military personnel. Therefore, the aim of this study was to investigate soldiers’
COM vertical motion during loaded marching across a range of military-relevant marching
speeds. Methods: Seventeen Australian Army soldiers (5 females, 12 males; height 1.78 £ 0.09
m, body mass 81 + 16 kg, age 25 + 5 y) completed four 12-min walking trials on an AMTI dual-
belt instrumented treadmill. Participants performed trials carrying 23 kg of external load at four
walking speeds (3.5 km'h-1, self-selected [5.02 + 0.24 km'h-1], 5.5 km'h-1, 6.5 km'h-1). COM
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location was approximated using the midpoint of reflective markers attached to the anterior
and posterior superior iliac spines of the pelvis that were tracked using a Vicon motion capture
system (120 Hz). COM vertical movement was measured using the standard deviation and
mean range (mean maximum - mean minimum) across 20 strides during the second minute of
each trial. Linear mixed models were used to assess the effects of speed on these variables (0 =
0.05). Paired-sample t tests were performed where significant main effects were found. Results:
There was a significant effect of speed on standard deviation (p =0.001), whereby COM vertical
position varied more as speed increased (mean + standard error; 3.5 km'h-1: 11.6 £ 0.4 mm, self-
selected: 17.4 £ 0.7 mm, 5.5 km'h-1: 19.2 + 0.7 mm, 6.5 km'h-1: 22.1 £ 1.0 mm, p = 0.001). There
was a significant effect of speed on mean range (p = 0.001), whereby it increased significantly
with increasing speeds (3.5 km'h-1: 36.1 £ 1.3 mm, self-selected: 52.3 + 1.9 mm, 5.5 km'h-
1: 57.6 £ 2.1 mm, 6.5 km-'h-1: 65.5 = 3.0 mm, p = 0.002). Conclusions: In line with previous
research in non-military populations, military personnel demonstrated a monotonic increase
in vertical COM motion with increased speed. Participants possibly increased vertical COM
displacement at faster speeds to reduce metabolic cost through mechanical energy exchange,
but this speculation requires further research. Military Impact: Lower-limb strength training
might help military personnel maintain or improve load carriage efficiency at faster speeds by
improving mechanical energy exchange during marching.

Board 22: Temporal effect of backpacking on isokinetic variables in the knee joint after a
12 km simulated military road march: a pilot study

Fabio A Machado *, Runer A Marson *, Samir E da Rosa *, Eduardo C Martinez *, Felipe J Braganga
Milione ?, Victor M Machado de Ribeiro dos Reis >,

‘Brazilian Army Research Institute of Physical Fitness, Brazil
?Physical Education College of the Brazilian Army, Brazil
*University Trds-os-Montes e Alto Douro, Portugal

Purpose: Due to the regular physical demands placed on military personnel, such as carrying
external loads, they are known as tactical athletes. Mechanical stress on the lower extremities
can impair combat performance. An Army task’s primary stressors are load carrying and
muscle exhaustion. This study investigated the temporal effects of a 12 km simulated road
march (SRM) without (NL) and with (LC) backpack load (20 kg) on isokinetic variables in the
dominant knee joint. Methods: Ten male military personnel (age: 19.2 + 0.4 y; height: 173 £ 6
cm; body mass: 67.9 + 6.9 kg; body fat: 16.8 + 5.5 %) completed 3 days of evaluations (pre-test,
LC, and NL) each separated by 7 days. Pre-test included body composition assessment, and
isokinetic evaluations (602 s-1) in the knee flexor and extensor muscles (baseline). On the days
of walking with LLC and NL, a 12 km SRM was performed followed by a sequence (0, 2, 4, and
6 h) of isokinetic evaluations. The Shapiro-Wilks normality test was applied and confirmed
the parametric approach. Repeated measures ANOVA with Dunnett’s post-hoc was used to
compare the pre vs post isokinetic parameters for NL. SRM and LC SRM. Paired t-test was used
to compare NL vs L.C in the timeline after SRM. The level significance was p < 0.05. Results: In
the L.C condition, the post-SRM temporal effect on the peak torque (PT) normalised by the lean
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mass of the dominant lower limb (Nm'kg-1) was significant in knee extension (control = 22.8 +
3.0vs2h=18.7+ 2.8 Nm'kg-1, p=0.04 and vs 6 h =18.5 £ 2.7 Nm'kg-1, p = 0.03). At the same
timepoint, in flexion, there was no effect. There was no post-SRM temporal effect on knee flexion
and extension in the NL condition. The variables work in PT, time to PT, torque at 302, torque
at 0.2 s, and acceleration time changed post-SRM in knee flexion and extension in the NL and
LC conditions. Intergroup analysis (NL vs LC) showed that there was no significant difference
between 0, 2, 4, and 6 h. Conclusions: Adding load in a backpack generated neuromuscular
impairment of the extensor muscles, and these muscle group should receive attention during
military physical training. Military Impact: The velocity and load combinations should be
managed to identify optimal recovery times, improve troop performance during L.C, and mitigate
its harmful effects on the neuromuscular function.

Board 23: Associations among body composition, performance, and military occupational
demands

Runer A Marson *, Adriano T Pereira *, Samir E da Rosa ?, Bradley C Nindl *

Brazilian Army Research Institute of Physical Fitness, Brazil
2University Trds-os-Montes, Portugal
*University of Pittsburgh, USA

Purpose: To identify whether the military occupational demands can be predicted based on the
Soldier’s performance and body composition. Methods: 1340 military personnel were used for
analysis and allocated to two groups according to military occupational demands (Operational
[Op, n = 732; age = 33 £ 0 y; body mass = 78.9 + 0.4 kg] and Non-Operational [NOp, n = 608;
age = 37 = Oy; body mass = 78.6 = 0.4 kg]). The sample were tested for body composition and
performed the Brazilian Army Physical Fitness Test (BRAPFT). The ShapiroWilk test was used
to analyse the normal distribution. Independent Student’s t-test and Mann Whitney U test was
used to test for differences between Op and NOp. Logistic regression was used to predict a
categorical (Op and NOp) variable from a set of predictor variables (body composition and
BRAPFT). The mean and standard error of the mean was used for descriptive statistics. Results:
There was a significant difference in the abdominal circumference (NOp =90.2 £ 0.3 cm; Op =
89.2 + 0.3 cm; p < 0.001), fat percentage (NOp =32.8 £ 0.2%; Op =31.7 £ 0.2%; p = 0.04), waist
circumference (NOp =86.4 + 4.3 cm; Op =85.4 £ 3.2 cm; p = 0.03), 12-minute run distance (NOp
=2619.0 £ 12.7 m; Op = 2713.7 £ 10.3 m; p < 0.001), push-up performance (NOp = 28 * 0 rep;
Op =30+ 0 rep; p < 0.001), sit-up performance (NOp =59 + 1 rep; Op =65 £ 1 rep; p < 0.001),
and pull-up performance (NOp =6 + 0 rep; Op =7 £ 0 rep; p < 0.001) were significantly different.
The overall logistic regression model was statistically significant (X2(8) = 94.34; p < 0.05). The
Hosmer-Lemeshow test showed a nonsignificant chi-square (Chisquare = 12.84; p =0.117) and
correctly classified 59.8% of cases, although the explained variation was 9.1 % (R2). Significant
predictors were abdominal circumference (p < 0.001), 12 minutes run distance (p = 0.027), sit-
up performance (p < 0.001), and body fat percentage (p < 0.001), but waist circumference (p =
0.904), hip circumference (p = 0.362), push-up performance (p = 0.055), and pull-up performance
(p = 0.578) did not add significantly to the model. Conclusions: Operational personnel showed
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better body composition and performance value than non-operational. There is a significant
statistical significance in the comparison of the complete model with continuous models,
which indicates that the predictors are consistently differentiated by Op and NOp. However, the
correlation showed that there is a poor correlation between prediction and grouping. Military
Impact: The maintenance of the physical readiness of military personnel should be managed
following daily physical demands regardless of where the military is assigned.

Board 26: A new categorisation tool for physical fitness (CT-PF): efficient and valid
assessment of physical performance in personnel recruitment and military medical
assessments

Ulrich Rohde *, Thomas Ruether ?, Manuela Andrea Hoffmann *

‘Bundeswehr Institute for Preventive Medicine, Germany
?German Sport University Cologne, Germany

Purpose: High levels of strength, endurance, and speed are basic requirements for many
physically demanding military tasks like marches or field training. Hence, adequate physical
fitness is both a prerequisite for successful accomplishment (performance aspect) and an
important factor in long-term maintenance of health and physical fitness (prevention aspect).
Physical fitness is thus the basis for acquiring and maintaining operational readiness. For
years, however, numerous unfavourable daily habits have been adversely affecting health,
resilience, and physical fitness of the general population as well as many soldiers. Given the
physical demands of military service, reliable procedures for determining physical fitness
are becoming increasingly important for personnel recruitment and management or military
medical assessments. The aim of the study was to develop a categorisation tool for physical
fitness (CT-PF), with which physical fitness can be assessed and classified into performance
categories based on easy-to-determine predictors. Methods: Predictors for strength, endurance,
and speed were preselected and tested via multiple linear regressions against the standardized
Basic Military Fitness Tool (BMFT) as a reference criterion. The BMFT reproduces a profile
of general military requirements that was deduced from on-site analyses and was evaluated
scientifically. The final parameter selection was made (1) regarding the variance of the criterion
“BMFT total time” and (2) considering requirements in terms of personnel, time, material, and
infrastructural resources. Results: Fat free mass, maximum isometric voluntary contraction
of arm flexors and hand grip, sprint test, and 1000 m run of the Bundeswehr Basic Fitness
Test, and gender explain over 70% of the variance (corrected R2: 0.71). The CT-PF predictors
allow a sufficiently accurate characterisation of physical fitness with reference to a general
military requirement profile. Conclusions: CT-PF is an efficient method for valid and reliable
categorisation of physical fitness using a traffic light system “green-amber-red”. As it requires
only limited resources in terms of time, personnel, material, and infrastructure, it is ideally
suited for use in personnel recruitment and management or in military medical assessments.
Military Impact: Using CT-PF even enables targeted support for soldiers in basic training. It
opens up the possibility of tailoring training to suit target groups right from the beginning of
basic training to optimise performance development and to reduce dropout rates. CT-PF can
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provide valuable additional information for military medical assessments. The combination of
health and performance data opens up a wide range of options when it comes to prevention,
training and preparation for deployment.

Board 27: Repeated prolonged bouts of load carriage impact walking stability of soldiers
Aaron D Likens *, Kolby J Brink *, Kari L. McKenzie ?

'University of Nebraska at Omaha, USA
2US Army Combat Capabilities Development Command Soldier Center, USA

Purpose: To determine the effect of repeated bouts of prolonged load carriage on walking
stability using largest Lyapunov exponent (LLE) during a simulated 72-h mission. Methods:
Seven male US Army infantry soldiers (age 24 + 4 y, BMI: 26.8 £ 3.2 kg'm-2, body fat: 11.1 +
2.5%) completed a five consecutive day protocol to simulate activities experienced during a
72-h mission with one day pre and post mission: baseline day (BASE), 72-h mission (MIS1-3),
and one recovery day (REC). Tasks included simulated infiltration and exfiltration rucks, foot
patrols, and react to contact scenarios. Data are presented for simulated ruck tasks performed
on a treadmill on BASE and MIS1-3 days. Each day soldiers walked at constant speed of 1.35
m-s-1 for up to 2-h. An unloaded and loaded 10-min ruck (50% body mass loaded weight vest)
at 0% incline on BASE, a loaded 2-h ruck at 0% (10-min), 3% (50-min), —3% (50-min), and 0%
(10-min) inclines on MIS1 and MIS3, and a loaded 30-min ruck on at 0% (10-min), 3% (10-min),
-3% (10-min) on MIS2. Multilevel models (MLMs) were used to determine the rate of change in
the LLE calculated from sacrum acceleration during simulated rucking. Results: MLMs revealed
that load carriage reduced LLE in the mediolateral (ML) direction by 1.35 SDs compared with
the unloaded walk (t6.0 =-4.011, p = 0.007) during the 10min trials on BASE Day. Additionally,
loaded walking reduced LLE in the anteroposterior direction by 1.19 SDs (t6.0 = =3.419, p =
0.014) relative to unloaded walking on BASE Day. Interestingly, LLE increased by 0.07 SDs/10
min during the 2-h ruck march during the MIS1 day (t69.08 =3.360, p = 0.001). Conclusions:
Movement trajectories become less divergent during load carriage, suggesting dampened or
restrained lower back acceleration. Surprisingly, trajectory divergence increased throughout
the loaded walk on MIS1, although trajectory divergence remained below ‘normative’ levels that
were observed during unloaded walking during the initial BASE Day. Overall, gait dynamics
seem to be modified by load carriage. Those modifications may be an indicator of fatigue that
may increase injury risk. Military Impact: Load carriage is an essential military task. Soldiers
often carry extreme loads on multiple days for prolonged periods in both training and mission
scenarios. Much attention has been paid to the problem of detecting injury indicators during
loaded gait; however, no clear solution has been established. This research suggests that
nonlinear analysis of movement trajectories may be a potent biomarker to track changes in
walking stability that may indicate injury risk.
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Board 28: Effects of head borne loads on helmet stability during a simulated tactical
shooting task

Brian Higginson *, Martin Fultot *

!Galvion, USA

Purpose: Helmet stability is critical when performing operational tasks that require the use
of Night Vision Goggles (NVG’s). Different helmet load configurations have the potential to
influence helmet stability during these tasks. This study investigated the influence of different
head borne load configurations on helmet stability during a simulated tactical shooting task.
Methods: Six experienced tactical shooters were asked to perform a simulated dynamic tactical
shooting task in which there were three targets located in front of them. They were asked to
engage the target immediately in front of them, then neutralise a secondary target that was
located 602 to either the right or left of the first target. Both secondary targets presented at
the same time and involved a discrimination task in which only one was to be engaged. This
task was repeated four times (twice with a “friendly” target appearing to the right, twice with
it appearing to the left) under three conditions: 1) while wearing a ballistic helmet with no
load (HEL), 2) while wearing a helmet with deployed PVS-31 NVG’s (DEP-NCW), and 3) while
wearing deployed NVG’s with counterweight (DEP-CW). During the shooting task, average
helmet stability (helmet motion relative to the head) was quantified using 3D motion capture in
the frontal (roll) and transverse (yaw) planes from initiation of the task to final shot. Results:
Although helmet motion associated with roll tended to be larger than yaw across all conditions
(p = 0.057), it was only significantly larger (p = 0.038) in the DEP-NCW condition (mean + SE:
1.51 £ 0.372 vs 0.65 * 0.11°, respectively). Within motion measures, there was no significant
difference between loading conditions for roll (p = 0.380). There was a significant difference
across conditions for measures of yaw, with the unloaded HEL condition experiencing less
motion (p = 0.046) than the DEP-NCW condition (0.34 + 0.072 vs 0.65 * 0.112, respectively).
Yaw measure of motion were similar for the DEP-CW condition (0.52 * 0.09%) but was not
significantly different than the HEL condition (p = 0.063). Conclusions: For the operational task
performed, more helmet instability was associated with roll, but does not appear to be influenced
by helmet load; there is less motion associated with yaw, but yaw does appear to be influenced
by helmet loading. Both have the potential to adversely affect eye alignment while using NVG’s
Military Impact: Understanding the implications of how loads affect equipment usability is
of vital importance when quantifying performance and survivability of the warfighter. Helmet
instability while wearing NVG’s has greater operational implications than other head borne
loads due to potential for compromised eye alignment.
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Board 29: The effect of muscle activity on shooting accuracy
Jemma Coleman *, Jodie McClelland ? Kane Middleton ?

'DSTG, Australia
°La Trobe University, Australia

Purpose: Evaluation of small-arms weapons, including assault rifles, is generally undertaken
under controlled, static conditions, reducing the impact of the human on weapon performance.
As most weapons tested in this way show little difference in accuracy, metrics that better identify
the interaction between the weapon and the human are needed, and muscle activity may be a
suitable method. The current study aims to understand the relationship between muscle activity
and shooting accuracy. Method: Eighteen M4 qualified males used an M4 rifle from the low-
ready position, aligned the rifle with the target to shoot, returned to the low-ready, and repeated
60 shots “as fast as they accurately could”. Electromyography (EMG) was collected from eight
bilateral sites in the 200 ms before each shot and normalised to a maximal contraction. The 60
shots were repeated four times using different weapon configurations. Support hand position
(SHP) on the weapon was categorised based on the anteroposterior position along the barrel
(SHP1 proximal to SHP3 distal). A linear mixed model was built using jamovi with accuracy as
the dependent variable, muscle activity and SHP as fixed factors, and participant as a random
effect. Results: Accuracy was better with lower levels of EMG in the right upper (p < 0.001) and
mid trapezius (p = 0.040), and right bicep (p < 0.001). Accuracy was worse with lower levels of
EMG in the right brachioradialis (p = 0.002). Each muscle except biceps were affected by SHP
and in each case SHP2 was significantly less accurate than SHP1. Irrespective of SHP, accuracy
decreased by 2.3 mm per 1% increase in EMG for right upper trapezius, 1.5 mm for right mid
trapezius, 3.3 mm for right bicep, and improved by 5.1 mm for every 1% increase in EMG in
right brachioradialis. Conclusions: EMG of the shooting side is related to accuracy, as is SHP,
likely because of the effects on the quality of the trigger pull. Increased accuracy with increased
right brachioradialis activity and lowered activity in other muscles was only significant in SHP2
and may be related to pulling the weapon into the shoulder to increase stability. We hypothesise
that SHP1, which partially consists of the support hand wrapping around the magazine-well,
allowed the shooter to stabilise the weapon easier. Military Impact: Optimising the support
hand position should be considered when procuring a new assault rifle, and muscle activity
may be used as a metric to inform procurement decisions.

Board 30: Training and education on fitting and adjusting body armour: implications for
body armour fit
Celeste E Coltman *, Brooke R Brisbine *, Richard H Molloy ?

'University of Canberra Research Institute for Sport and Exercise, Australia
?Defence Science and Technology Group, Australia

Purpose: A high prevalence of ill-fit has been reported among Australian male (22%) and
female soldiers (64%) wearing current issue body armour systems, which can affect operational
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performance. Although fit-related issues have been attributed to body armour design and sizing
limitations, previous research with female soldiers suggests that insufficient training on fitting
and adjusting the system may confound fit-related problems. Methods: 77 male and 31 female
soldiers (mean age: 23 £ 5 y; mean time enlisted: 4 + 4 y) from the Australian Army answered
questions about the training and education that they received on fitting and adjusting their
body armour system. A subset of participants (20 male and 15 female) participated in a series of
focus groups, in which participants spoke about their experience with body armour, including
training and education. Results: 27% of participants did not feel that they received sufficient
training on how to fit their body armour system. In the focus groups, participants noted that
they ‘were given a video [tutorial on how to assemble their body armour], but it didn’t really
work’ and many were left with incorrectly adjusted systems that were either ‘really painful’, or
unsafe due to ‘the quick release being put together wrong’. These issues were more commonly
reported by female soldiers, who tended to experience more difficulty with fit and adjustment of
the system in general—'‘it would have been beneficial if one of our female small group instructors
had come around and [given] us some tips or something...a lot of the stuff that I experienced,
my male peers did not.” Another participant noted that the videos alone may not be sufficient to
understand individual adjustment on a new system, but rather that ‘an actual physical lesson’
may be required. Conclusions: Based on feedback from soldiers it is reasonable to presume that
some instances of reported ill-fit may be relieved by providing additional support and training
to soldiers about how to assess system fit and adjust their own body armour. Military Impact:
Although evidence supports the need for design modifications and expansion of the current
sizing range to improve fit of body armour systems, a more immediate and cost-effective solution
to relieve some prevalence of ill-fit reported by some soldiers may be the implementation of
educational programs that inform users about correct fit and adjustment of their body armour
systems.

Board 31: Accuracy of mission specific military variant wearable ECG monitor compared
to existing clinical and commercial monitors

Bryndan Lindsey *, Casey Hanley *, Lucy Reider *, Samantha Snyder ?, Yuanyuan Zhou ?, Jae Kun
Shim ?, Jin-Oh Hahn ?, Eyal Bar-Kochba *

*Johns Hopkins APL, USA
2University of Maryland, USA

Purpose: Physiological monitoring of soldiers can provide indicators of readiness and
performance. Specifically, electrocardiogram (ECG) is used to measure physiological stress via
heart rate (HR) as well as fatigue using heart rate variability (HRV). Despite demonstrated use
of wearable devices for ECG monitoring, commercial options lack features desired for military
use such as ruggedness, extended battery life, and long-range secure data transmission.
Recently, the Mayo Clinic has designed a chest-worn physiologic monitor (OMNI), which
records high-resolution data from multiple sensors and include the above desired military
features. This study investigated the accuracy of the OMNI relative to a clinical-grade ECG as
well as existing commercial sensors. Methods: 54 young, healthy individuals (men / women
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=37/ 17, age = 22.2 + 3.6 y, height = 1.73 £ 0.09 cm, body mass = 70.1 + 11.2 kg) completed
a submaximal graded exercise test while wearing a ground-truth clinical grade ECG monitor
(Biopac) and a randomly assigned chest-based ECG monitor (OMNI, Polar H10, Equivital EQ-
02, Zephyr Bioharness 3). All participants also wore two wrist-based photoplethysmography
(PPG) devices (Garmin Fenix 6 and Empatica E4) on randomly assigned wrists. Bland-Altman
analyses of agreement, concordance correlation coefficient (CCC), and root-mean-squared-
error (RMSE) were used to determine the accuracy of the RR interval duration of each device
relative to clinical ECG. Additionally, linear mixed modelling was performed to measure the
effects of device and exercise intensity on error. Results: Chest-based devices showed superior
agreement with Biopac compared to wrist-based in terms of mean bias, CCC, and RMSE, with
OMNI demonstrating the best scores on all agreement metrics. The linear mixed model showed
no significant main or interaction effects for the chest-based devices. However, significant
effects were found for Garmin and Empatica devices (p < 0.001) as well as the interaction
effects between both Garmin and Empatica and exercise intensity (p < 0.001). Conclusions:
The OMNI device shows excellent agreement with clinical ECG and is at least as accurate as
other commercial ECG monitors. Additionally, our results demonstrated that wrist-based PPG
devices are significantly less accurate than chest-based ECG devices and show proportional
bias as they tend to underestimate HR at low exercise intensities and overestimate HR at high
exercise intensities. Military Impact: Chest-based ECG devices are preferred over wrist-based
PPG devices for soldier physiological monitoring due to superior accuracy over a range of
exercise intensities. The OMNI device presents as an attractive option due to its excellent
agreement with clinical-grade ECG and suite of additional military-relevant features.

Board 32: U.S. Army Medical Research and Development Command Military Operational
Medicine Science and Technology Research Program overview

Elizabeth Russell Esposito *, Malena Rone *, Ronald Matheny *, Carl Soffler *
'U.S. Army Medical Research and Development Command, U.S.A.

Purpose: U.S. Army Medical Research and Development Command Military Operational
Medicine Research Program (MOMRP) mission is to support readiness of the force across the
lifecycle of the warfighter. MOMRP is the science and technology planning and budgeting
activity for knowledge and materiel products to develop effective biomedical countermeasures
against operational stressors and to prevent physical and psychological injuries during training
and operations to maximise the health, readiness, and performance of Service members and
their families. Methods: The objective is to provide an overview of MOMRP related to warfighter
performance and readiness. Results: MOMRP strategically plans for and executes research and
development across four research focus areas: 1) Environmental Health and Protection focusing
on environmental and occupational contaminant exposure monitoring and health assessment,
and human performance optimisation in extreme environments. 2) Injury Prevention focusing
on the neurosensory system, including hearing loss and vestibular issues; musculoskeletal
injury prevention, treatment, and rehabilitation; and development of exposure standards
for repeated blast exposures. 3) Physiological Health and Performance focusing on fatigue
mechanisms and countermeasures, to include cognition and performance enhancement, and the
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role of nutrition in physical performance and recovery. 4) Psychological Health and Resilience
focusing on psychological disorders, substance abuse, and suicide prevention. Conclusions:
As global militaries develop novel concepts for the future warfighter, joint collaboration on
core concepts will function as a force multiplier and aid in the realisation and implementation
of these capabilities. Military Relevance: The Program Area Managers will relay information
on the mission, vision, capability gaps, and current efforts, which can be addressed by subject
matter experts in the field to provide innovative medical solutions to the warfighters.

Board 33: Psychophysiological changes observed during military tasks in a training
subterranean compound

Mickey Scheinowitz *, Yuval Eshed *, Meir Ore ?, Eden Avital *, Dan Grinstein *, Itay Ketko °, Tom
Zalmenson *, Yair Bar-Haim *

Tel Aviv University, Israel
“Ministry of Health, Israel
*[srael Defense Forces, Israel

Purpose: Data regarding soldiers’ strain under subterranean environments (SubT) is scarce.
This study aimed to investigate the psychophysiological strain associated with performing
military tasks in SubT. Methods: Thirteen active duty and trained male soldiers signed an
informed consent form after the study protocol was approved by the Israeli Defense Force
Medical Crops Institutional Review Board Committee. The participants were exposed to a
200 m SubT and were required to operate a stretcher or disassemble / assemble a weapon
as fast as possible. SubT conditions were monitored for O, and CO., and were normoxic,
with minimal light. There was no control group. Before entering the SubT, during, and after
exiting the SubT the participants underwent cognitive tests using the Flanker task, subjective
measures of anxiety (VAS, visual Analog Scale) and Ratings of Perceived Exertion (RPE), blood
lactate levels, and continuous measurement of heart rate (HR) and gas exchange (VO., VE)
using the K5 device (COSMED). Post-SubT values were compared with pre-SubT values within
the same participants. Results: HR was significantly increased from 115 * 8 b'min™ to 162 *
10 b'min™ during the SubT and decreased to baseline values (109 + 10 b-min™) after exiting
the SubT. VO, was also increased from 754 =+ 90 mL'min to 2201 + 479 mL'min* during the
SubT and decreased to pre-values after exiting the SubT. VE was increased to a maximal value
of 67 £ 9 L'min* at the SubT and returned to baseline values after exiting the SubT. The RPE
was increased from 1 + 1 to 4 + 2, while anxiety and VAS scales were unchanged. Flanker
results were not significantly changed. Blood lactate was, however, significantly increased
from 1.3 £ 0.5 to 7.2 £ 3.5 mmol'L! and was 4.8 + 1.9 mmol'L! even 10 minutes after exiting
the SubT. Conclusions: Both objective (HR, VO., VE) and subjective (RPE, VAS) measures of
exertion reflected low aerobic strain in a training SubT compound. However, lactate levels were
significantly elevated and remained high even during 10 minutes of recovery after exiting the
SubT. Additional investigation is warranted to understand the slow recovery pattern of blood
lactate and its impact on performance in subsequent activities. Military Impact: SubT induces
mental and cognitive strain in addition to physiological strain which may impact subsequent
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activities. The current data may aid in suggesting improved operational competence of the
combat soldiers by optimising their physical and mental training processes.

Board 34: Evaluation of the physical demands of logistic soldiers in the Swedish Armed Forces

Lena Norrbrand *, Roger Kélegdrd *, Antonis Elia *, Michail E Keramidas * Mikael Gronkuvist *, Bjorn
Johannesson *, Dilja Sayfulaeva *, Lars Berg *, Ola Eiken *

KTH Royal Institute of Technology, Sweden

Purpose: In the process of improving performance and reducing injury risk for soldiers in the
Swedish Armed Forces, specific training regiments and tests need to be developed. The tasks
conducted by a logistic soldier may include handling delivery of food, water, fuel, supplies,
and ammunition to other soldiers in the field. Thus, this study assessed the physical demands
experienced by logistic soldiers during a single regular task and two common soldiering tasks,
which are considered physically demanding. Methods: Three tasks were chosen for testing; 1)
loading of food supply into a truck: 96 boxes (~12 kg / box) were lifted, carried 10 m, loaded on
a truck (height 1.3 m), stacked on pallets (maximum height 1.6 m), and secured; 2) stretcher
carry: soldiers ran 300 m, lifted the casualty (dummy 101 kg) onto a stretcher, which was carried
back 300 m, and; 3) digging: soldiers dug a fox hole in forest terrain. Twelve logistic soldiers (3
women, 9 men) performed the tasks at a regiment in the south of Sweden. Loading the truck and
stretcher carry were performed in a group of two while wearing full combat uniform. Digging
a fox hole was performed in a group of three while wearing boots, trousers, and a T-shirt.
Time to finish, oxygen uptake (VO.; L'min*) and heart rate (HR; b'min) were measured in all
soldiers, except for VO, during digging (n = 8). VO, and HR were averaged across the entire
task. Ratings of perceived exertion (RPE; scale range: 6-20) was obtained from all soldiers
immediately after the tests. Results: Loading of food supply into a truck (26 + 3 min) resulted in
a VO, and HR of 2.7 £ 0.6 L'min* and 178 + 12 b'min, respectively. During the stretcher carry,
the soldiers worked for 14 + 2 min at 2.7 £ 0.5 L'min?, and at 169 + 10 b'min". Furthermore,
during digging the soldiers worked at 2.3 £ 0.5 L'min’, and at 160 + 9 b-min™ for 40 min. RPE
was self-reported as “hard/very hard” for loading of food supplies into a truck (16, range: 14-
20), stretcher carry (16, range: 13-19), and digging (16, range: 13-19). Conclusions: The regular
tasks of the logistic soldiers may be at least as physically demanding as common soldiering
tasks, which are performed within the Swedish Armed Forces. Military Impact: The physical
demands of soldiers’ regular, occupation-specific tasks should be considered when creating
strength and endurance exercise programmes.

Board 35: Using heart rate within a squad to predict squad cohesion

Victoria G Bode *, Jayne Allen ? Kevin O’Fallon *, Clifford Hancock *, Prsni Patel ®, Julie Cantelon
! Seth Elkin-Frankston *

!Combat Capabilities Development Command Soldier Center, USA
2US Army Research Institute for the Behavioral and Social Sciences, USA
*Center for Applied Brain and Cognitive Sciences, USA
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Purpose: The future Army operating concept emphasises optimisation of soldier and squad
performance. Predicting squad cohesion (i.e., trust and adaptability to the situation, one
another, and mission accomplishment) will become increasingly important; however, it is
unclear how to predict squad cohesion using quantitative metrics. Physiological status can
be derived from heart rate data collected by devices soldiers commonly wear (e.g., fitness
watches). Previous literature has seen a relationship between heart rate and trust, and by
further linking squad cohesion and heart rate, squad leaders and unit commanders would have
better insight into squad performance and support better mission planning. To evaluate this
relationship, we investigated the interaction between physiological status derived from heart
rate and squad cohesion. Methods: 161 participants across fifteen squads participated in a 72h
field exercise which included an infiltration and exfiltration ruck march, during which squad
cohesion and physiological status were assessed. Squads rucked while wearing their full Kit,
including helmets and weapons (averaging 37 kg). Soldiers’ self-reported team processes such
as adaptability, efficacy, and trust before, during, and after the 72-hour mission. Heart rate was
collected using a chest physiological status monitor and synchronisation was calculated using
the root mean square deviation of individuals heart rates to the squad average. A bivariate
correlation was used to find relationships between squad cohesion scores and soldier heart
rate root mean square deviation during the infiltration and exfiltration rucks, respectively.
Results: The heart rate synchronisation was calculated for all squads (mean + SD; infiltration:
6.99 + 3.31 b'min!; exfiltration: 5.28 + 5.28 b-min™) with a range of 1.51-17.47 b-min"'. While no
significant correlations were found for the infiltration ruck, the exfiltration ruck was correlated
to pre-mission adaptability (r = —0.209, p = 0.039) and emotional strain (r = 0.338; p = 0.027).
Conclusions: Squad heart rate synchronisation during a ruck march may be related to pre-
mission team adaptability and emotional strain. While heart rate trends seem to be similar
within a squad over the mission duration, factors such as terrain, squad fitness levels, and age
may be more important contributors to the relationship than squad cohesion. Military Impact:
Using heart rate to predict qualitative metrics, such as squad cohesion, would allow leadership
to make more informed decisions during mission planning. As heart rate is readily available on
most commercial devices, obtaining heart rate values is easy and cost effective per soldier and
should be considered when looking for a predictive metric.

Board 36: Oxygen uptake (VO:) and pulmonary ventilation (V) during military surface fin
swimming in a swimming flume: effects of surface immersion

Olivier Castagna *, Jean-Eric Blatteau ?, Arnaud Druelle ® Jordan Amara *, Jean-René Lacour °

Military Biomedical Research Institute, France
2Ste Anne Military Hospital, France

*French Navy Diving School, France

“French Navy, France

*Université Jean Monnet, France

Purpose: During military fin swimming, we suspected that oxygen uptake (VO.) and pulmonary
ventilation (V) might be higher than what is commonly known (used) in the military diving

79 CONTENTS



DELIVERING HUMAN ADVANTAGE

community. In this framework, we compared these variables in the responses of trained
military divers during land cycling and snorkelling exercises. Methods: Eighteen male military
divers (age 32.3 + 4.2 y; height 1.78 + 0.05 m; body mass 76.4 + 3.4 kg; BMI 24.1 + 2.1 kg'm-2)
participated in this study. They performed two test exercises on two separate days: a maximal
incremental cycle test (land condition) and an incremental fin swimming (fin condition) in
a motorised swimming flume. Results: The respective fin and land VO, _ were 3.70 + 0.39
L'min-1 and 4.03 £ 0.63 L'min-1 (p = 0.07) and these values were strongly correlated (12 =
0.78, p < 0.01). Differences in VO, __ between conditions were large for those with larger land
VO, (r2=0.4p=0.01). Fin V___ values were significantly lower than land V___ values (p =
0.01). This result was related to both the significantly lower land tidal volume (Vt) and breath
frequency (f) (p < 0.01 and p < 0.04, respectively). Consequently, the in V,__ / VO, _ ratios
were significantly lower than the corresponding ratios for land values (p < 0.01) with the fin
and land V___not correlated (r> = 0.28, p = 0.523). Other parameters measured at exhaustion,
especially the indicators of haematosis, were similar in fin and land conditions. Furthermore,
no significant differences between land and fin conditions were observed for peak values for
heart rate, blood lactate concentration, and respiratory exchange ratio. Conclusions: Surface
immersion did not significantly reduce the VO, _ in trained divers relative to land conditions.
As long as VO, remained below VO, __, the V_ values were similar in the two conditions. Only
at VO, __ was V; higher on land. Although reduced by immersion, V___ provided adequate
pulmonary gas exchange during maximal fin swimming. We hypothesise that the lower fin V__
does not impair performance, but rather that it corresponds to an appropriate adjustment linked
to enhanced pulmonary vascularisation. Military Impact: The results presented here suggest
that the ventilatory regime of military divers may exceed the limits set by scuba breathing
apparatus standards, but this conclusion will need to be confirmed.

Board 45: Evaluating sleep patterns and perceptions of sleep quality between British Army
basic training programmes

Alex J Rawcliffe *, Shaun Chapman ?, Andrew J Roberts *

'Army Recruiting and Initial Training Command, UK
?Defence Academy, UK

Purpose: Achieving good quality sleep is critical to optimal cognitive and physical performance
during basic training (BT), yet routine sleep restriction and poor sleep quality are frequently
observed. The Army’s BT programme is frequently reviewed and subsequently modified relative
to changes in focus, policy and/or practice. The most recent Common Military Syllabus 21
(CMS21) suggests greater opportunity for improved sleep duration by reducing the volume of
evening activity from that of the previous BT programme (CMS18). To assure these sleep-related
changes, this study evaluated recruit sleep patterns and perceptions of sleep quality between
CMS21 and CMS18. Methods: Full data sets from 93 (CMS18) and 122 (CMS21) recruits (age:
23 + 5 y) were used for analysis. Participants wore a sleep ring each night of BT with sleep
indices extracted from propriety software and visualised using a custom R script. Perceptions
of sleep quality and sleep disturbances were recorded and later extracted from a weekly online

CONTENTS 80



FUTURE SOLDIER

sleep questionnaire for descriptive analysis. A mixed-model ANOVA determined differences
in objective sleep indices between CMS course and training week (week 1-12). Results: Total
sleep time (TST) (~30 min) only statistically differed (bi-directional) between CMS courses
for a small number of BT weeks (weeks 1, 7, and 8). Despite these differences, TST was
similarly inadequate during both CMS courses (mean + SD, 05:48 + 00:45 hh:mm), with > 80%
of participants experiencing substantial sleep restriction relative to national recommendations
(7-9 h per night). The weekly average time in bed (TIB) recorded during both CMS courses
was ~06:30 hh:mm with a 22:30 = 02:10 hh:mm bedtime and a 05:00 £ 01:06 hh:mm wake-
time, thereby demonstrating poor sleep scheduling. The weekly average time spent awake (after
falling asleep) was 01:19 £ 00:10 hh:mm, with noise (45%), stress / anxiety (19%), and muscle
soreness (14%) reported as the most common sleep disturbing factors during both courses.
Routine early morning wake times (= 0400 h) and late-night military admin were identified as
other key factors preventing adequate TIB, and by extension, TST. All participants took ~10-
15 min to fall asleep at night, suggesting high levels of sleep pressure and why >77% of all
participants reported falling asleep “with ease”. Conclusions: There is no evidence to suggest
that changes made within CMS21 improved recruit sleep duration or quality from CMS18.
Military Impact: Sleep should be recognised as a critical component of Army BT given the
magnitude of sleep restriction observed. Prioritising better sleep duration and quality is likely
to enhance the health, performance, and lived experience of recruits during BT.
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Board 37: Energy expenditure during operational circumstances: an approach using and
improving available monitoring systems recently trialled in units of the Dutch Armed
Forces

Marc Duineveld *, Kaj Gijsbertse *, Douwe Mol *, Olaf Binsch *

INetherlands Organization for Applied Scientific Research, The Netherlands

Purpose: Light infantry units, such as the Royal Netherlands Marine Corps and the Dutch
Airmobile Brigade, face challenges in isolated environments with limited supplies. To optimise
tactical decision-making and mitigate exhaustion, real-time monitoring of energy expenditure
(EE) can be crucial. This study aims to evaluate and select suitable monitoring systems
within the Dutch Ministry of Defence (MoD) for monitoring EE. Methods: A narrative review
of literature on monitoring systems in the Western military was conducted. Additionally,
technical inquiries were made to assess the monitoring systems currently used within the MoD.
Iterative trials with advanced monitoring systems are planned. A six-month validation study
will be conducted, comparing wearables with the COSMED K5 as a reference standard for
EE measurement. Results: The literature review identified distinct categories for monitoring
systems requirements: sensors, functionalities, specifications, data quality, and applicability
/ limitations. Data security was incorporated due to MoD emphasis. Out of nine available
systems, two exhibited the maturity and capability to address these specific requirements. The
key components encompassed technology readiness level, functionalities, and data security,
which, when combined, will result in a high-quality monitoring system suitable for further
research. Conclusions: Though the two systems had different emphases on performance, an
integrated system shows promising potential for real-time monitoring in military contexts. The
next stage of this study will focus on testing this integrated system for data security and valid
sensor information during EE measurement under operational circumstances. Military Impact:
This method of evaluating, selecting, combining, and assessing existing systems presents an
alternative to the lengthy and expensive process of acquiring new products. The findings will
contribute to making informed decisions on improving accessible monitoring systems. The
current monitoring systems will be presented, including their specifications and the criteria
that we applied to select the best two systems for monitoring EE.

Board 38: Using a novel multi-array facial electromyography for fatigue evaluation during
an anaerobic exercise test

Itay Ketko ', Rawan Ibrahim *, Yael Hanein *, Mickey Scheinowitz *, Itay Ketko *, Rawan Ibrahim ?,
Yael Hanein ?, Mickey Scheinowitz ?

Israel Defense Forces, Israel
2Tel-Aviv University, Israel

Purpose: Facial expressions quantification through surface electromyography (SEMG) have a
great potential in fatigue evaluation. Yet, this topic has not been widely studied, apparently due
to a technological gap that does not allow convenient and accurate measurement during exercise.
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Recently, a new flexible multi-array electrode sensor was developed, allowing high-resolution
and long-term recording. The aim of the current study was to use facial electromyography
for understanding the “expression of effort” during an anaerobic exercise. Methods: Five
healthy (age 31 * 3 y) and recreationally active participants (two men) performed the Wingate
anaerobic cycling exercise test. Facial sticker, covering the forehead, zygomatic, buccal, nasal,
and labial regions by 16 embedded electrodes was used for continuous recording of sSEMG
signal throughout the exercise and during the recovery period. Peak and mean mechanical
power output were calculated. The root mean square (RMS) of the SEMG signal recorded from
each electrode was calculated, and then averaged along the exercise. Paired t-tests were used
to analyse differences in RMS and facial expressions. Results: Peak and mean power outputs
were 513 £ 139 W and 396 + 89 W, respectively. The average RMS reached a maximal value of
150 + 37 uV at the peak power phase, compared with 126 + 41 pV at the mean power phase (p
< 0.05). There was a strong positive correlation between the mechanical power output and the
RMS (Spearman rho = 0.62). A gradual decrease in RMS was measured during the recovery
period presenting a significant difference between the first minute of recovery and the rest prior
to the test (28 £ 5 uV and 16 * 2 nV, respectively, p < 0.01). However, after the second minute
of recovery, the RMS returned to rest values (18 £ 3 uV, p = 0.2). Non-frowning muscles activity
was more dominant than frowning along the test (p < 0.05). However, only non-frowning muscle
activity differed between peak power and mean power output phases (p < 0.05). Conclusions:
Our sEMG sticker is highly stable during short and intense exercise. Spatial and temporal
differences in facial expression were detected during this short and intense type of exercise
along with the increase in the mechanical power outputs. We do not know yet whether facial
SEMG signal follows the muscles activity or vice versa; further studies are needed to address this
question. Military Impact: Identifying soldiers’ fatigue during exercise or demanding cognitive
tasks is important for avoiding over-training, and to maintain readiness. Once the “face of
effort” is fully understood, we will be able to monitor, in real-time, fatigue related measures in a
military oriented environment.

Board 39: A mixed-reality environment for the assessment of situational awareness of the
dismounted soldier

Ivo Stuldreher *, Nienke de Groes *, Birgit van der Stigchel *, Jikke Reinten *, Maarten Michel *

Netherlands Organisation for Applied Scientific Research, The Netherlands

Purpose: Soldiers in the field are increasingly presented with information technologies, such as
military smart phones and augmented reality. These technologies are in part aimed at enhancing
the situational awareness (SA) to optimise performance. Therefore, it is important to measure
to what extent an information technology impacts the soldier’'s SA. However, measuring a
soldier’s SA in realistic scenarios proves difficult. Therefore, we aim to develop a standardised
mixed-reality environment where the SA of the dismounted soldier can be assessed under the
addition of new information technologies. Methods: At the basis of the environment lies the
Mobile Immersive Cognitive Environment (MICE), a mixed-reality setup consisting of a self-
paced treadmill surrounded for 180° by five 4K UHD 75” monitors on which the virtual mission
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environment is presented. The user can move around in the virtual environment by walking on
the treadmill, while using real-world devices, such as an augmented reality headset. The user
has to avoid detection by enemy aerial and surface drones, while performing a realistic task. SA
is assessed both through task performance and filling out in-situ SA questionnaires during the
task. Results: The mixed-reality research facility was successfully piloted with SMEs. Custom
software was developed in collaboration with MultiSIM, using their D-SIM framework. Two
scenarios, an urban reconnaissance and navigation task, were developed in which the SA of the
dismounted soldier can be assessed implicitly (e.g., how much of the assigned area has been
reconnoitred and how often the user has been detected). Additionally, standardised events were
developed through which greater insight is obtained in specific aspects of SA. For instance, the
unexpected appearance of a drone was included to assess reaction time and decision making
and an ambush is used to assess the predictive ability. Conclusions: Our environment allows
for testing the impact of novel information technologies on SA of the dismounted soldier in
relevant, realistic scenarios, while retaining control of events. The two current scenarios and
multitude of events allow for varied yet comprehensive assessment of SA. A next step is to
validate our measures of SA and establish baseline values for SA. Military Impact: With this
environment, we aim to contribute to the enhanced information position of our dismounted
soldier. Our environment can serve as a test-bed, where the impact on SA of novel information
technologies can be tested quickly and comprehensively, to enhance the development process
of such technologies.

Board 40: Emerging methods for quantifying human-system performance with automatic
small arms platforms

Frank Morelli *, Maria Talarico *, Francis J. Battersby ?

'U.S. Army DEVCOM Analysis Center, USA
2 U.S. Army DEVCOM Armaments Center, USA

Purpose: Data loss is commonplace for automatic burst firing due to typically wider dispersion
patterns. This effect makes reliable characterization of shot group spatial localization difficult,
with data loss exacerbated at extended distances. Methods: Acoustic targetry featuring two
expanded acoustic envelopes were used to characterize dispersion patterns at multiple ranges.
Two weapons were used: (1) M240 medium machine gun and (2) M249 squad automatic weapon.
Shooters completed 5- and 7-round bursts with rest between trials. Hit count was calculated as
a percentage of shots collected and total shots taken. Shooters fired at targets from 300 m to 600
m to determine whether the targetry could gather data at each distance. Descriptive statistics
and one-way ANOVAs were performed to determine effects of range on shot groups and mean
radial error (MRE). Tukey HSD post hoc analysis was conducted for significant main effects (a
priori a: p < 0.05). Results: For M240 trials, a larger percentage of shots was recorded at 400m
(42% [5rds], 75% [7rds]) than 300m (38% [5rds] and 45% [7rds]), with no data collected beyond
400 m. For M249 trials, shot recording decreased as range increased (main effect of range on
shot % [p < 0.001]). Post hoc testing indicated shot percentage at 500 m differed from 300 m (p
< 0.001) and 400 m (p = 0.03). No significant difference was observed between 300 m and 400
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m (p = 0.053). As target range increased, MRE of all shots collected decreased (p < 0.001). MRE
at 500 m was smaller than at 300 m (p < 0.001) and 400 m (p < 0.01). Average MRE of shots at
300 m did not significantly differ from 400 m (p = 0.32). When accounting only for hits, MRE
was unchanged across ranges (p = 0.72). Conclusions: For M240 trials, results were adversely
affected by the smaller targetry acoustic window (10’ x 10’; data capture limited to 400 m). Wider
spatial capture through targetry acoustic envelope improvements (20’ x 20’) afforded improved
data capture for the M249 assessment (500 m), despite degraded aeroballistic characteristics
and greater environmental aberration (i.e., wind drift) as ranges increased for the smaller M249
projectile (5.56 mm vs 7.62 mm for the M240). Military Impact: While acoustic targetry can
score machine gun burst data at extended ranges, questions remain about effectiveness of
these instrumentation approaches at ranges beyond 500 m when used in isolation. A combined
sensors approach may be more effective for characterizing target engagement performance.

Board 46: The development of a flight sensing shirt to monitor the physiological status of
military pilots and prevent unexplained physiological events

Kaj Gijsbertse *, Charlotte Kjellander *, Pradeep Panditha *, Shavini Stuart *, Erik Frijters ?, Pierre
Valk *, Boris Kingma *

'The Netherlands Organization for Applied Scientific Research, The Netherlands
°Royal Netherlands Airforce, The Netherlands

Purpose: Unexplained physiological events among military pilots can lead to reduced flight
performance and safety. To better understand and prevent these events, reliable sensors are
needed to monitor a pilot’s physiological status and provide feedback. However, introducing
such sensors into the environment of pilots is challenging due to adverse conditions and
aviation regulations. In response, our research focuses on the development of a flight sensing
shirt, a smart garment with integrated sensors for reliable and robust physiological monitoring
during flights, with the aim of increasing flight performance and preventing loss of life and
aircraft. Methods: The development of the flight sensing shirt includes the integration of
printed electronics into the garment of the pilot. We have explored and evaluated various sensor
solutions and sensor placement with respect to data quality and comfort. Additionally, aviation
regulations related to fire-repellent and electro-magnetic signature were incorporated into the
design of the flight sensing shirt. These steps were included in an iterative process leading to
various prototypes. Evaluation of shirt prototypes in the human centrifuge and flight simulator
“DESDEMONA” allow us to introduce operational conditions and disturbances in a controlled
manner. We collected bio-signals and accelerations of the participants using strict test protocols.
Results: The dry electrode technology employed involved the use of ultra-thin medical-grade
skin-contact sensors for electrocardiogram and bio-impedance monitoring. These sensors are
placed on a stretchable circuitry that is printed on thermoplastic polyurethane substrates, which
in turn are seamlessly laminated onto fabrics to create a slim and comfortable fit for the garment.
Analysing the collected bio-signals, we can draw parallels between the quality of the measured
bio-signals and factors such as the sensor materials, measurement position, fabrics, and shirt
design. Through these tests, we have gained valuable insights into two main challenges: motion
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artifact of sensors, which relates to the robustness of skin-electrode contact and measurement,
and the interconnection of stretchable circuitry with readout electronics. Conclusions: The
developed flight sensing shirt was able to monitor electrocardiogram, bio-impedance and
accelerations in flight conditions, however considerable technological challenges remain. The
results point to technological solutions and next steps to increase the robustness of the system.
Additionally, advanced algorithms are required to interpret the signals. Military Impact: The
development of novel sensor solutions has the potential to improve flight performance and
safety, as well as having significant implications in other military domains such as health
monitoring and smart triage of wounded combatants.

Board 47: Markerless motion capture can detect meaningful changes in joint angles at the
shoulder when wearing body armour

Ayden McCarthy *, Jodie Wills *, Jordan Andersen *, Gavin K Lenton ?, Aaron J Beach ?, Tim Doyle *

Macquarie University, Australia
2VALD, Australia

Purpose: Musculoskeletal injuries are one of the leading causes of financial burden, dropout,
and loss of workdays in the military (Dijksma et al., 2022, BMJ Mil Health, 168(2), 136-140).
Discrete kinematic measures such as range of motion (ROM) and peak angles can indicate
an individual’s physical capacity and injury risk (Adesida et al., 2019, Sensors, 19(7), 1597).
Technology to measure and monitor these indicators may help to mitigate this problem.
Markerless motion capture technology has great potential for assessing the kinematic profile
of military personnel (McCarthy et al., 2023, Ergonomics, 66(3), 406-418). Methods: Eighteen
healthy civilians (10 females and 8 males; age 30.2+£0.6y; height 1.72+0.11m; body mass,
72.3+14.8kg) completed frontal (abduction / adduction) and sagittal plane (flexion/ extension)
shoulder and hip movement tasks and three dynamic movement tasks (two squat variations
and a drop jump) assessing the hip and knee. Participants completed three repetitions for each
task under two conditions (no body armour [NBA] and 9 kg body armour [BA]). The HumanTrak
measured ROM values for each movement task and condition. Averaged ROM values for NBA
and BA conditions were compared using a paired sample t-test (p < 0.05). Additionally, mean
differences (MD) and Cohen’s d effect size (ES) were calculated. ESs were classified as trivial (d
<0.2), small (d > 0.2), moderate (d > 0.5), large (d > 0.8), and very large (d > 1.3). Results: The
shoulder and hip frontal plane tasks were significantly different (p < 0.05). ES for the shoulder
ranged from large to very large, with MD of 13.92 - 20.1%, while the hip ES was moderate, with
MD of 3.352 - 3.44°2. Shoulder flexion was significantly different, with a moderate ES and a MD
of 8.55°. All other sagittal plane tasks demonstrated no significant differences, had trivial effect
sizes, and MD of 2.56°. During the dynamic tasks, hip and knee values showed no significant
differences, had trivial to moderate ES, and MD of 0.37° - 5.44°. Conclusions: Shoulder ROM
is significantly decreased when body armour is worn. However, there are minimal differences
in the ROM at the hip and knee across all observed tasks, except for the hip frontal plane
tasks. Markerless motion capture is a useful tool to track meaningful changes at the shoulder
to identify alterations in movement patterns, which may improve the monitoring of soldiers and
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lead to decreased injury risk due to early identification of movement concerns. Military Impact:
Markerless motion capture is a time-efficient test to identify shoulder injury risk factors.
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Board 41: Investigating the potential of non-invasive brain stimulation to augment cognitive
functioning

Yvonne M Fonken *, Charelle Bottenheft ', Annemarie Landman *, Heleen Pennings ', Annabel
Horssen *, Koen Hogenelst *, Jan van Erp *, Olaf Binsch *

'TNO, The Netherlands

Purpose: Brain stimulation can be used to influence neural activity by applying electrical
currents, magnetic fields, or ultrasound waves to the central nervous system. Here we
investigated how various non-invasive brain stimulation technologies can be used to augment
cognitive functioning to benefit performance in a military context. Methods: We performed a
literature review focusing on the potential for improving cognitive functioning of the following
non-invasive brain stimulation technologies: transcranial magnetic stimulation (TMS),
transcranial electrical stimulation (tES), peripheral nerve stimulation (PNS), and focused
ultrasound stimulation (FUS). Results: We found that the most promising type of non-invasive
brain stimulation for cognitive augmentation is PNS, particularly stimulation of the vagus nerve
(VNS). This method shows effects on improving alertness, attention, mood, wakefulness, as
well as increasing neuroplasticity to benefit learning and memory. Both tES and TMS also show
promising avenues for improving cognition. However, high variability in results across studies
as well as high inter-individual variability make these methods less attractive for cognition
augmentation applications at this moment. FUS is a nascent technology that is not sufficiently
researched yet for its potential in cognitive augmentation. However, FUS can target deep brain
structures whereas TMS and tES only target superficial sites, and therefore is a technology
worth monitoring. Based on this literature review we selected VNS to evaluate performance on
various cognitive tasks in an experiment. In this experiment we will test alertness, learning,
memory, and attention in sleep deprivation circumstances using cognitive lab tasks, as well
as operational performance in a VR close quarter battle scenario. Conclusions: VNS seems
to be the most promising non-invasive brain stimulation method for cognitive augmentation.
Stimulation induced improvements of cognitive functioning have the potential to improve
operational performance. Moreover, VNS application is straightforward and has minimal side
effects. Compared with other non-invasive brain stimulation methods, VNS appears to show
the most robust response and is easiest to implement; VNS devices are already in use for at-
home treatment of cluster headaches. Military Impact: Non-invasive brain stimulation has the
potential to improve cognitive performance, with applications in learning, attention, alertness,
wakefulness, and mood. This method can be used to improve performance of human operators
in a wide variety of applications within the military.

Board 42: Development of a guideline to effectively implement exoskeletons in a military
context

Minke Geerts *, Milene Catoire *, Jikke Reinten *, Saskia Baltrusch *, Aijse De Vries *

Netherlands Organisation for Applied Scientific Research, The Netherlands
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Purpose: The physical workload of military personal is high due to the type of tasks performed,
the duration of the tasks, and the context in which the tasks are performed. The high physical
workload has a direct negative impact on operational performance in the short-term and on
(sustainable) employability in the long-term. Exoskeletons are a mitigation option that could
reduce the physical workload. Commercial exoskeletons are widely available, butimplementation
of these exoskeletons in a military context has turned out to be challenging. Therefore, the
aim of this study was to develop a method to effectively implement exoskeletons in a military
setting. Methods: A phased approach was used to develop the exoskeleton implementation
method or guideline. First a broad set of target groups were visited. At these target groups a
thorough workplace assessment was performed focusing on tasks, environment, context, and
physical complaints. Second, based on literature and the performed workplace assessments a
set of criteria was composed that should give insight into the potential of a task or workplace
for the implementation of exoskeletons. Next, a target group selection was made, and the
selected target groups were matched with a commercially available exoskeleton. The matched
exoskeletons were then introduced and evaluated on a small scale. Parallel to all these efforts,
interviews and observations were conducted at workplaces where exoskeletons were already
in use. All information gathered in these different phases was converged to an exoskeleton
implementation method / guideline. Results: The result of this study is a guideline which has
been developed to implement exoskeletons in a military context. The guideline consists of
four steps: (1) workplace assessment, (2) matching (of exoskeletons), (3) evaluation, and (4)
implementation. Each of these steps should be taken to allow effective use of exoskeletons
in a military context. Conclusions: In practice, the implementation and effective usage of
exoskeletons in a military context appears to be challenging, although many exoskeletons are
already commercially available (mainly the civil market). This guideline or method is a first step
to more effectively and therefore more successfully implement available exoskeletons in the
military context and thereby unlock the potential of these exoskeletons in the Armed Forces.
Military Impact: Use of this method will make the application of exoskeletons in the military
context easier and more effective, thereby positively impacting operational performance and
sustainable employability of military personal.

Board 43: Cortical neural dynamics track adaptation when walking with an ankle
exoskeleton

Courtney A Haynes *, Seongmi Song ? J Cortney Bradford *

'US DEVCOM Army Research Laboratory, USA
?Texas A & M University, USA

Purpose: The objective of this work was to quantify cortical neural modulations as novice
users learned to cooperate with a plantarflexion-assist ankle exoskeleton. Methods: Twenty-
two participants (15 men, 7 women) walked on a treadmill at 1.2 m's-1 for 5 min while wearing
bilateral ankle exoskeletons powered OFF and ON (PRE). Participants then completed an
acclimation period of ~45 min of treadmill walking during which the exoskeleton assistance
was turned off and on at random intervals. This provided participants with ~20 min practice of
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walking with the assistance both on and off. Finally, participants repeated the 5 mins walking
with the exoskeleton powered OFF and ON (POST). Throughout all walking trials, 128-channel
electroencephalography (EEG), 10-channel electromyography (EMG), and lower body
kinematics were recorded. Metrics of cortical neural activity, muscle activation, spatiotemporal
gait characteristics, and sagittal plane joint kinematics were computed for the 5 min steady-
state OFF and ON conditions before and after acclimation. Statistical differences were analysed
using a 2 x 2 ANOVA with factors of time (PRE vs POST) and actuation (OFF vs ON). Results:
EEG analyses identified five clusters within cortical brain regions for which alpha (8-13 Hz),
beta (13-30 Hz), and theta (4-8 Hz) frequency band power were evaluated. The POST trials
resulted in greater alpha band synchrony for left and right somatosensory cortices and the
right sensorimotor cortex compared with PRE. Beta band power also significantly increased
in the right sensorimotor cortex in POST trials compared with PRE. Gait event related power
fluctuations decreased during POST trials in the theta, alpha, and beta frequency bands
compared with PRE. Initially, stride length shortened, and step width increased in the ON
condition, but with practice stride length increased and step width decreased. Muscle activity
also decreased with practice. Conclusions: Increases in alpha and beta band power suggest
decreased motor cortical engagement with practice. Larger step width for the ON condition
suggests some perceived instability with the exoskeleton, but a reduction in step width for
POST trials suggests that participants return towards a more typical gait with practice. Cortical
dynamics align with more established biomechanical metrics of positive gait adaptation when
learning to walk with an exoskeleton. Military Impact: In the interest of developing adaptive
physical systems for military applications, it is critical to understand human adaptation. If we
can identify physiological metrics that track soldier state and reflect the quality of the human-
system interaction, these metrics can be provided as feedback to the system’s controls to
facilitate optimal interaction.

Board 44: ‘RAS-EVAC’ - the feasibility of Robotics and Autonomous Systems for military
medical evacuation

Trevor Dobbins *, Ryan Meeks *, Donna Martin ?

‘Rheinmetall BAE Systems Land, UK
?Defence Science and Technology Laboratory, UK

Purpose: Military medical evacuation (MEDEVAC) is a complex mission that exposes
personnel to dangers on the front line. Risks will multiply in a future operating environment
(FOE) consisting of increasingly pervasive and lethal threats. Patient survivability is being
defined by gradually decreasing timescales (e.g., The Platinum 10-minutes), which demands
innovative solutions. Robotics and Autonomous Systems (RAS) are developing rapidly and
driving disruptive transformations in civilian sectors. The ability of RAS to operate quickly,
autonomously, and persistently suggests that there may be feasible MEDEVAC applications.
Method: This research collated system objectives, defined the FOE, and developed operational
vignettes that presented the challenges of military MEDEVAC. Alongside user personas and
Human-Machine Teaming (HMT) models, this helped characterise the user, system, and task
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requirements upon which to base metrics and feasibility judgments. Road-mapping activities
then identified relevant technologies, informed by a cross-industry review. Assessments were
made about technology maturity and timescales associated with the convergence of candidate
subsystems at the platform level. RAS concepts were developed to illustrate how RAS solutions
may be applied to the MEDEVAC challenges (e.g., Uncrewed Air Vehicles (UAVS) delivering
supplies to the point of injury, legged (bipedal and quadrupedal) RAS conducting casualty
evacuation (CASEVAC) in urban built environments, and Uncrewed Surface Vehicles (USVs)
moving casualties between ship hospitals). Results: Research outputs included: characterising
the operational context, system objectives, and high-level user, system, and task requirements
produced by an end-user group that provide a framework to assess RAS feasibility for MEDEVAC
applications; roadmaps identified candidate technologies and subsystems, and plotted their
readiness against the epochs and stages of HMT defined by the Army RAS Strategy, and; a RAS
MEDEVAC strategy that outlined if, when, and how RAS developments could be exploited, and
how this is best implemented to maximise trust and acceptance. Conclusions: Opportunities
for RAS to increase the effectiveness, responsiveness, and resilience of the MEDEVAC system
are many and varied. The military must not try to do too much, too soon or risk end user
scepticism, misuse, and abandonment. Instead, RAS must be introduced gradually so it can
prove itself to be demonstrably capable and reliable. This must be underpinned by measurable
requirements, policy, and legislation, to which compliance can be evidenced. Innovations from
civilian sectors must be harnessed, and MEDEVAC scenarios should be a core use-case when
developing new or procuring Commercial off the Shelf (COTS) solutions. Military Impact: RAS
has the potential to increase the effectiveness and resilience of the MEDEVAC system, reduce
bottlenecks, increase situational awareness, manage operational threats, and remove personnel
from danger to increase survivability.
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Thematic 5: Nutrition as a military capability to deliver human advantage:
more people, more ready, more of the time

Main Room
Description

This session aims to: provide a rationale for a system-approach to military nutrition; develop
a model for realising a military nutrition capability; and demonstrate the health, performance,
and estimated financial-return-on-investment associated with optimal nutrition. The session
will cover specific nutrient requirements of Service-entry trainees, through to personnel in high-
readiness units and/or undertaking unique, arduous roles in austere environments. Promoting a
military performance diet in-unit—through integrating nutrition education and food provision—
to support deployed duties will be discussed. Developments in smaller, lighter, nutritionally
optimised operational rations will be shared, combined with smart packaging technologies
to improve utility and minimise waste. Strategically incorporating dietary supplements—as
an adjunct to a food-first philosophy—will be discussed, as well as programmes embedding
nutrition/dietetic practitioners delivering risk-stratified person-centred interventions. Finally,
a value-chain analysis will be presented, illustrating the benefits of investing in a nutrition
military capability to deliver a health and performance advantage.

Background

To optimise performance and maximise lethality in all environments, military personnel must
achieve high levels of mission-preparedness to endure extended periods of physical and
cognitive activity, with unpredictable rest and recovery. Nutrition and diet behaviours should
provide the foundation for military health, sustaining normal (physical, cognitive, emotional)
function and promoting resilience to maintain and augment human performance. However, the
potential of personnel, historically, has been impaired by the quality of in-unit and operational
food provision, as well as soldier, sailor, and aviator nutrition knowledge and volitional dietary
behaviours. International militaries have therefore not fully maximised the value (people,
strategic, and financial) that a nutrition military capability could deliver, from force generation
through to frontline operational effectiveness. A system-approach to military nutrition—
developing strategic feeding solutions as a military core capability—is required to fully exploit
the health and performance benefits of food and nutrition to deliver human advantage.

Military Impact

This session will describe the unique needs and challenges of military feeding and nutrition,
and the fundamental role that food and dietary behaviours can play in delivering human
advantage. Military impact can be achieved through a systems approach—food provision,
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nudging environment, practitioner/service member knowledge, supporting culture, shared
motivation—to a nutrition military capability for optimal physical, cognitive, and emotional
performance across stages (i.e., prepare, perform, recover), in all environments. Improvements
may be achieved through mitigation and/or treatment of illness/injury, augmented performance,
and a more ready, more motivated, and more resilient fighting force. However, only through
personnel engaging with an optimised in-unit and operational food provision can these health
and performance benefits be realised. Thus, for maximum impact, militaries must shift their
thinking to recognise the importance of food and nutrition as an essential military capability—
contributing to a whole-system approach—that supports health, mitigates risk, and promotes
performance.

Presentations
Chair: Joanne L Fallowfield, Institute of Naval Medicine, UK
15:00 — 15:12: Nutrition as a military capability to deliver human advantage: rationale and

overarching model

Joanne L Fallowfield, Institute of Naval Medicine, UK

15:12 - 15:24: Optimising nutrition during initial military training

James P McClung, US Army Research Institute of Environmental Medicine, USA

15:24-15:36: Operational nutrition: technologies toreducelogistics and enable performance

Erin Gaffney-Stomberg, Combat Capabilities Development Command, USA

15:36-15:48: Arisk-stratified, practitioner-supported model for strategic dietary supplement
use in the military

Rosa Peterson, Defence Science and Technology Group, Australia

15:48 - 16:00: Nutrition for special operations forces and military members with unique
demands: environment, education, food provision and practitioner-support to maintain
military performance

Ashley Charlebois, Canadian Special Operations Forces command, Canada
Heidi Boilard, Department of National Defence, Canada

16:00 — 16:12: Nutrition as a military capability: measuring impact and estimating the
‘value’ return

Julia Carins, Griffith University, Australia

16:12 - 16:30: Questions and discussion
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Thematic 6: Human impact exposure in terrain military vehicles and
onboard high-speed boats compromises combat readiness and causes
severe and permanent injuries

Room 1
Description

Exposure to high-level whole-body impacts and whole-body vibration in military vehicles and
onboard high-speed boats can compromise combat readiness and cause acute and permanent
injuries. What impact levels and kinds of impacts are sustainable, which degrade operational
readiness, and which can cause injury, is however still unknown. Research and exposure
monitoring has until now focused solely on whole-body vibration. To uphold combat readiness
and avoid operational restrictions, exposure to impacts needs to be understood and controlled.
This session will present the state-of-the-art and the state-of-the-science, in this fast-evolving
field. Topics will include: impact vs vibration; impact-induced physical fatigue; impact-induced
cognitive impairment; injury mechanisms; injury rates on Special Forces boat operators; new
means for measuring whole-body impact, and; an ongoing prospective NATO study to establish
the real nature of human exposure to impacts and relevant limits for sustainable exposure.

Background

Injury rates seem to still increase with the increasing speeds and numbers of platforms. It is
well known that exposure to high-level impacts causes acute musculoskeletal injuries. New
data shows that whole-body impact also causes acute cognitive impairment, unconsciousness,
and also severe traumatic brain injury. It is now crucial to fill the knowledge gap and establish
what levels and what kinds of impacts are sustainable versus detrimental. This new knowledge
will allow for preventing injuries during training and for optimising operations for mission
success. Exposure to harmful impact magnitudes has no positive effect in training.

Military Impact

This session will cover an ongoing NATO study that will close a severe knowledge gap and
give the platform operators relevant real-time information about the severity of the exposure,
enabling them to optimise speed and exposure for the nature of the operation. This outcome
will yield enhanced combat readiness, more efficient units and operations, fewer debilitating
injuries, and reduced costs for training new operators.
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Presentations
Chair: Neil Mansfield, Nottingham Trent University, UK

15:00 - 15:06: NATO Study RTG 344 on human impact exposure onboard high-speed boats
Steve Myers, University of Chichester, UK

15:06 — 15:16: A clinical perspective on impact-induced injuries in Special Forces

Isabelle Vallee, Canadian Armed Forces, Canada

15:16 — 15:26: Severe traumatic brain injury high-speed boat whole-body-impact
Daniel Perl, Uniformed Services University of the Health Sciences, USA

15:26 — 15:36: Exposure to impact versus vibration. What we know and what we don’t know

Neil Mansfield, Nottingham Trent University, UK

15:36 — 15:43: Securing in-service personal ID integrity while surveying health and
symptoms

John J Fraser, US Naval Health Research Center, USA

15:43 - 15:50: Tracking immediate effects of whole-body impacts on cognitive capacity and
combat readiness.

Karen R Kelly, US Naval Health Research Center, USA

15:50 - 16:10: We can and must determine the real magnitudes and the real nature of the
injurious impacts. This knowledge is critical for controlling the exposure and optimising
the speed of transits

Johan Ullman, University of Gothenburg, Sweden

16:10 - 16:30: Questions and discussion
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Thematic 7: A multi-institution, multi-nation approach to develop a
biomarker-based, machine learning model to identify injury risk and
performance in military personnel

Room 2
Description

This session will discuss how the presenters and their research teams have formed a partnership
to address the research question of identifying injury risk and monitoring performance in
military personnel. The two institutions involved each have specific expertise in biochemical
and biomechanical biomarkers. This session will describe the mechanisms of collaboration,
funding, and partnerships that have formed to enable the larger team to address this important
area of interest for the militaries of two different nations. Presenters will provide results of
specific studies that have been completed focussing on bone health, inertial measurement units
monitoring, and predictive capabilities of biomechanical measures using a machine learning
approach. The aim of the session is: 1) show how two teams, geographically dispersed,
collaborate to answer a research question that would not be possible individually, and; 2)
provide results from completed studies in an effort to identify injury risk and performance in
military personnel.

Background

“Load monitoring” is commonplace in a sports setting, yet it is not often transferred effectively
in a military context. What is considered to be “load” is ever-changing and can range from
biomechanical load to a physiological stressor measured in the blood. Whatever definition of
“load” is accepted, it can have a positive or negative impact on personnel. Put simply, if the
load experienced creates a stimulus for adaptation and is paired with an appropriate recovery
environment, the individual will respond in a positive way. Conversely, if the load is too great
and/or inadequate recovery is provided, then there may be deleterious consequences—including
injuries and/or performance decrements. The military provides a multi-stressor environment,
and an individual may respond positively to one type of load while another responds negatively.
Additionally, it is likely that all stressors interplay with each other manifesting in either an
adaptation or maladaptation.

Military Impact

This research aims to provide a framework with which to quantify the load, in a broad sense,
of military tasks specific to dismounted combatants. Key to this approach is the use of a
machine learning model to develop a software tool, using inputs from wearable technology,
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that may provide relevant information to commanders about their personnel’s readiness from a
physical performance and injury-risk perspective. To date, the research team has developed an
unsupervised clustering technique which provides thresholds from biomechanical measures
to classify musculoskeletal injury risk in US Marine Corps Officer cadets (Bird et al., 2022;
Front Physiol, 13, 868002). The expansion of this approach to include a range of biomarkers
from wearable technology, discrete blood draws, screening measures, heart rate measures, and
others, and has the potential to provide actionable information to commanders and instructors
about the readiness of those under their command.

Presentations
Chair: Tim Doyle, Macquarie University, Australia

15:00 - 15:15: Challenges and benefits associated with multi-institutional, multi-national
research collaboration

Tim Doyle, Macquarie University, Australia

15:15 - 15:30: Physiological and integrated biomarker assessment during arduous military
training and operations

Bradley C Nindl, University of Pittsburgh, USA
15:30 - 15:45: Biomechanical biomarkers: What are they? How can we use them? What do
they tell us?

Jodie Wills, Macquarie University, Australia

15:45-16:00: Biomarkers of bone adaptation and fracture risk during initial military training

Kristen J Koltun, University of Pittsburgh, USA
16:00 - 16:15: Mobile biomechanics lab: practicality of inertial measurement units to
quantify in-field biomechanics

AuraLea C Fain, Macquarie University, Australia

16:15 - 16:30: Questions and discussion
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Thematic 8: Recommendations for military leadership, trainers,
clinicians, and researchers on preventing injuries

Room 3
Description

The prevention of musculoskeletal injuries continues to be a topic of interest for military
leadership, trainers, clinicians, and researchers. Often, strategies that can effectively reduce
the number of preventable injuries in the military exist; however, leadership and trainers are
either not aware of these strategies or are not able to effectively implement them. Conversely,
clinicians and researchers continue to study the reasons why preventable injuries happen and
continue to develop new strategies for preventing injuries. Unfortunately, this research and
these new strategies do not always make it to the leadership and trainers that are capable of
implementing the findings. The goal of this session is share recommendations for leadership,
trainers, clinicians, and researchers on how to better implement the existing evidence, best
practices, and knowledge; and to create new knowledge that can be implemented in the future.

Background

Musculoskeletal injuries remain amongst the top reasons why members of the military are
unable to deploy, unable to train, and medically discharged from the military. Given that many
militaries are currently experiencing challenges in recruitment and retention, preventing the
loss of members due to preventable musculoskeletal injuries has become a high priority for
nearly all militaries. Some musculoskeletal injuries are a result of accidents during either
training or sport; however, most military injuries are not accidents. Most military injuries can be
considered repetitive strain injuries. These are injuries that result from an excess of cumulative
loading demands being placed upon the body, without sufficient time allocated to rest and
recovery between loading bouts. These injuries are generally preventable.

Military Impact

The ultimate goal of this session is to provide insights to military leaders, trainers, clinicians, and
researchers on how to prevent musculoskeletal injuries more effectively in military members. By
sharing recommendations that are specifically targeted to each population described, a larger
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number of already effective strategies at preventing injuries can be implemented, and even more
effective strategies can be developed. The broad impact of this session is to prevent injuries in
military members, to create a larger and more effective fighting force.

Presentations
Chair: Thomas Karakolis, Defence Research and Development Canada, Canada

15:00 - 15:15: Recommendations for military leadership to prevent musculoskeletal injuries
in their personnel

Damien Van Tiggelen, Military Hospital Queen Astrid, Belgium

15:15 - 15:30: Recommendations for military trainers and clinicians to prevent
musculoskeletal injuries in their personnel

Graham White, Defence Science and Technology Laboratory, UK

15:30 - 15:45: Recommendations for researchers to prevent musculoskeletal injuries in
military personnel

Thomas Karakolis, Defence Research and Development Canada, Canada

15:45 - 16:00: Preventing overuse injuries in basic military training, theory and practice

Wes O Zimmermann, Royal Netherlands Army, The Netherlands

16:00 - 16:15: A classification model for musculoskeletal injuries risk factors in the military

Stefan Sammito, German Air Force Centre of Aerospace Medicine, Germany
16:15 - 16:30: Implementing strength and conditioning programs to generate resilience to
injury

Tara Reilly, Canadian Forces Morale & Welfare Services, Canada
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Oral Communication 5: Musculoskeletal Injury and Physiology
Tuesday 12th September, 17:00 to 18:00
Main Room

Chair: Julie Greeves, Army Health and Performance Research, UK
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17:00 - 17:15: Musculoskeletal injury prevalence during Army basic training
Andrew J Roberts *, Shaun Chapman *, Henry Ogden *, Alex J Rawcliffe *

‘Army Recruit Health and Performance Research, UK

Purpose: Musculoskeletal injuries (MSKIs) are the single greatest health and operational threat
presently faced by the recruit population, resulting in lost training time, reduced readiness,
lower mood state, chronic morbidity, and permanent discharge. Our data describes the current
incidence, prevalence, and nature of MSKIs across British Army basic training. Methods: A
retrospective analysis of the Army Recruiting and Initial Training Command MSKI database
was undertaken on data collected from Primary Care Rehabilitation Facilities at British Army
training units between 1st April 2020 and 31st March 2022 and compared with historical data.
To calculate prevalence (% recruits), data were expressed relative to the number of recruits
starting each training year. Results: MSKIs declined over the last decade, from highs of 47%
for men and 58% for women in 2013/14, to lows of 15% for men and 22% for women in 2020/21.
In 2021/22, overall prevalence (23% men; 25% women) increased above pre-COVID-19 records
in 2019/20 (15% men; 28% women). Overuse and trauma MSKIs accounted for 56% and 44% of
all MSKIs, respectively. Lower limb injuries continue to be the primary site of MSKI, accounting
for ¢.80% of both trauma and overuse MSKIs for both sexes. Previously (2016 to 2020), women
reported a ~50% higher prevalence of MSKIs than men (23% vs 36%), though this gap has
narrowed (19% vs 23%) over the last two years. The prevalence of overuse hip MSKIs in women
(2.3%) compared with men (0.7%) suggests women remain at greater risk of these injuries. The
knee (1.9 to 2.0%) and calf / shin (1.7 to 1.8%) were in the three most prevalent overuse injury
locations for both sexes. Overuse and trauma MSKIs were most common in week 1 (11 to 17%
total). Prevalence remained high in week 2 (11 to 14% total) and gradually dropped over time.
Conclusions: Despite the MSKI prevalence between sexes reducing, women continue to be
at an increased risk compared with men. Whilst it is likely COVID-19 force health protection
measures influenced MSKI prevalence between 2020 and 2022, we cannot establish how or to
what extent changes in MSSKI prevalence are due to COVID-19 or other factors. As the highest
number of injuries are experienced in the early stages of training, biopsychosocial factors at
these timepoints should be investigated. Military Impact: Strategies to reduce MSKIs should
focus on reducing the risk of lower limb overuse MSKIs, particularly those at the knee and calf
/ shin, early in training.

17:15 - 17:30: Helmet worn mass and implications for the neck - analysis of helmet
configuration, vibration, and g-force on neck load

Phil Newman *, Wayne Spratford *

'University of Canberra Research Institute for Sport and Exercise, Australia

Purpose: Helmets are increasingly used for carriage of vision or targeting aids and associated
power supply in infantry and aviators. As a consequence, helmets may become imbalanced and
require additional counterweights. This added mass has been associated with neck strain and
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injury in fast jet and rotary aircrew, and infantry. Whilst modelling of neck loads due to helmet
mass has occurred, predominantly this has been done in static postures. Additional vibration,
G-force, or percussive force, in addition to head movements, all have implications for neck
strain and injury. We report the results of dynamic neck load modelling comparing five helmet
configurations in simulated force exposures during role specific tasks. Methods: Three of our
previous studies collected three-dimensional trajectory data using a VICON Motion Capture
System from six participants wearing a Gentex HGU-56/P helmet (~1.66 kg), 19 participants
wearing HGU-55/P (1.21 kg), and nine participants wearing HGU-55/P with JHMCS (1.82 kg).
Participants performed an array of common headchecks and postures for standardised flight
scenarios. Using OpenSim software, a previously validated musculoskeletal neck model—
altered to incorporate the mass of the helmet and the ability to create different force exposures—
was used to derive cervical (C1, C4, and C7) kinematics and kinetics. A customised software
program was then used to integrate head on trunk kinematics, helmet mass properties, and
a range of force exposure profiles (vibration) to assign intervertebral neck loads in the upper
(C1), mid (C4), and lower (C7) regions. The software also enabled modelling of additional
helmet inertial properties, allowing Night Vision Goggles (NVG, total 2.22 kg mass) and NVG
with counterweight (NVG-CW, total 2.72 kg mass) to be evaluated on the HGU-56/P helmet,
making five separate simulated helmet configurations. Cumulative loads were compared
between helmet configurations using one-way ANOVA and proportional loads were compared
by ratio reference to the HGU-55/P. Results: All helmet configurations had a different effect
on neck loads. Increased forward mass resulted in 2 to 22% increases in cumulative segment
loading particularly at C1 and C7. The addition of vibration simulated from MH-60 Seahawk
resulted in 120 to 342% increase in cumulative load. Counter weighted helmets increased mean
joint moments by only 2% despite a 22% increase in total mass. Conclusions: Helmet design
and mass distribution influences which part of the neck is most loaded and by how much.
Optimisation of design needs to account for a more task representative approach of dynamic
head motion to evaluate altered helmet configurations more accurately. Military Impact: This
study proposes a novel non-invasive approach to evaluating helmet design and implications for
neck strain and injury. This approach could be used for improving helmet design and safety by
simulating the effects of force magnitude, force direction, mass distribution, total helmet mass,
and dynamic head motion.

17:30 — 17:45: A wearable non-invasive sensor system for in-flight measurement of neck
loads in rotary wing aircrew

Wayne Spratford *, Phil Newman *

'University of Canberra Research Institute of Sport and Exercise, Australia

Purpose: The prevalence of lower-back and neck pain among helicopter pilots is significant.
Research has reported rates ranging from 42 to 88% over 3- and 12-month time windows across
multiple nations. These injuries have been attributed to pilot anthropometrics and physical
fitness, as well as flight-related factors such as posture, vibration, mission length, helmet fit, or
load. To date, the ability to quantify load or the effect of helmet inertial parameters on load during
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flight in a non-invasive manner has been difficult. We report a method to estimate cervical load
in aircrew using a using a validated inertial sensor system worn in-flight capable of being used
across any helmet configurations or task. Methods: Three-dimensional trajectory data was
collected using a Motion Capture System from six participants performing common head checks
wearing a HGU-56/P helmet. Using OpenSim software, a validated musculoskeletal neck model,
altered to incorporate the mass of the helmet and the ability to perturbate gravity in all planes
was used to derive cervical (C1, C4, and C7) kinematics and kinetics. To enable a dataset that
could replicate all flying environments, 27 separate perturbations were undertaken across three
different helmet configurations (helmet only, with night vision goggles (NVG) and with NVG
and counterweight). Data was then then collected from 2.5 h of flight, where participants were
fitted with inertial sensors. A customised machine learning software program was then used
to integrate head on trunk kinematics (measured in flight by sensors), helmet mass properties,
and vibration to assign intervertebral neck loads based on laboratory collected data to the upper
(C1), mid (C4), and lower (C7) regions during flight. Results: Results showed an R2 agreement
between laboratory-based estimates and those in flight of 0.98, which equated to a ~1 Nm
difference at each vertebra for all gravity conditions. The model was also sensitive enough to
discern differences between all three helmeted conditions. Conclusions: The system presented
here provides an opportunity for cervical neck loads to be estimated during in-situ flight with
minimal interference to crew and has enough resolution to be able to detect differences between
helmet configurations. Military Impact: This study proposes a novel non-invasive approach to
monitoring neck load during flight for any helmet configuration. Results of which can then be
used to prospectively monitor load, compare with injury, better understand the link between
load and injury and to potentially act as an early warning system for potential injury.

17:45 — 18:00: The relative effect of headborne equipment and operational parameters on
musculoskeletal burden

Michael Vignos *, Melissa Yates *, Griffin Holt *, Kyle Ott *, Connor Pyles *, Marshall Tumperi *,
Marina Carboni ?, Jakob Hopping *, Quang Luong *

*Johns Hopkins University Applied Physics Laboratory, USA
2US Army Combat Capabilities Development Command - Soldier Center, USA
*Program Executive Office Soldier, USA

Purpose: Headborne equipment (i.e., head-supported mass, HSM) may increase risk for injury
and performance reductions, indicating a need for HSM requirements. HSM requirements
specific to dismounted operations do not exist, primarily due to limited understanding of the
effects of HSM on this population. In particular, the relative effect of HSM and operationally
relevant parameters (e.g., fitness level and activity) on musculoskeletal burden is unknown,
which could inform parameters to incorporate into HSM requirements. Thus, the objective of this
study was to investigate the effect of HSM and operational parameters relevant to dismounted
operations on musculoskeletal burden. Methods: A musculoskeletal model was parameterised
to vary HSM properties, sex, and neck muscle strength. The ranges of HSM mass and centre of
mass were based on fielded equipment. 50th percentile male and female models were created
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using reported stature and neck muscle strength. Variations in neck muscle strength were
created by varying the strength of the 50th percentile models between that of a 5th and 95th
percentile man and woman. This parameterised model was used within a probabilistic modelling
framework to create models that span a range of healthy individuals. Each model was then
used to simulate walking, running, and static postures. The simulation outcome metrics were
peak joint and muscle forces. Pearson’s correlation coefficients (r) were computed between each
input parameter and outcome metric. Muscle forces from the static simulations were input into a
model of neck muscle fatigue to compute the muscles’ time to exhaustion. Results: Preliminary
results indicate that cervical spine and neck muscle forces are more strongly associated with
neck posture than HSM properties. Specifically, peak forces at the skull-C1 and C7-T1 joints
and peak sternocleidomastoid force were moderately correlated with neck flexion angle (r =
0.68, 0.56, and 0.64, respectively), but not HSM properties. Neck muscle exhaustion times were
also most sensitive to posture with extreme neck extension angles (48°) resulting in exhaustion
times as short as 13 min. Conclusions: Posture may have a greater impact on neck injury
risk and performance than HSM properties. This suggests that both mission requirements and
HSM properties may need to be considered in HSM requirements for dismounted operations.
Investigation into the full tradespace of operational parameters is needed to assess which
factors are most important for HSM requirements. Military Impact: Mission requirements may
have a greater impact on musculoskeletal burden than HSM properties and, thus, should be
considered when establishing guidance for headborne equipment.
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Oral Communication 6: Trial Design, Methods, Conduct, and
Reporting

Tuesday 12th September, 17:00 to 18:00
Room 1

Chair: Sam D Blacker, University of Chichester, UK
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17:00 - 17:15: A change from change scores: regression to the mean in military fitness
Andrew Siddall *

1Defence Science and Technology Laboratory, UK

Purpose: To present and emphasise the need for adjusting for entry fitness when analysing
fitness adaptation, rather than change scores alone. Methods: The majority of fitness change
analysis in military studies compares start (pre-score) and end of training/intervention.
Typically, estimates of change are made via t-test or using change scores. These approaches
inherently contain information from the pre-score, and therefore are biased if the magnitude
of change is related to the pre-score. In the context of physical fitness, an example would
be if those of lower baseline fitness improve more than those of higher fitness. This effect
is well-established in exercise physiology (greater improvements in less fit, and diminishing
improvements for the very fit), but this is also highly relevant to group-based training in the
military, where personnel are often trained together to a similar end-goal. Additionally, in many
cases, if groups are compared (e.g., training establishments, men and women, smokers and
non-smokers) these are not randomised groups, which further complicates analysis methods.
Results: When analysing military fitness adaptation, change scores and typical comparison of
means are likely unsuitable. Although a rudimentary approach for analysing this is sometimes
splitting samples into quantiles of fitness, this reduces the amount of information that can be
gained from analysis and has other serious flaws. At the very least, change scores should be
regressed against baseline scores to assess the presence of “regression to the mean”. Formally,
baseline fitness should be used as a covariate (i.e., in an analysis of covariance; ANCOVA). This
has the resultant effect that fitness change (as a result of training/intervention) will be different
at different points on the fitness spectrum but can be estimated using the regression model.
When comparing groups in the military context, the randomisation of participants assumption
is often violated, and therefore it may be appropriate to allow different regression slopes for
each group and examine interaction effects. Conclusions: Military environments, specifically
group-based training practices, are highly likely to induce a form of regression to the mean in
personnel improving fitness (i.e., lower fit individuals having greater improvement than those
with higher fitness). Researchers in Defence should look to employ more comprehensive analysis
than change scores alone to understand training effects. Military Impact: Defence populations
are often attempting to quantify training improvement and employing more suitable analysis
will enable better understanding of training needs. © Crown Copyright 2023, Dstl

15:15 — 17:30: Developing a framework for measuring soldiers and squads during a 72-h
field mission

Victoria G Bode *, Christina Caruso *, Donald Varieur *, John J Christopher ? Pooja Bovard >
Tina Burke *, Julie Cantelon *; Elizabeth Dhummakupt °, Kari L. McKenzie *, Meghan O’Donovan
! Kenneth Pitts °, Kenneth Racicot *, J Josiah Steckenrider ’, Tracey Smith 8 Jose D Villa *, John
Ramsay’, Marianna Eddy *, Seth Elkin-Frankston *
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!Combat Capabilities Development Command Soldier Center, USA

2U.S. Army Aberdeen Test Center, USA

*Draper, USA

‘Walter Reed Army Institute of Research, USA

°U.S. Army DEVCOM Chemical Biological Center, USA

°U.S. Army Research Institute for the Behavioral and Social Sciences, USA
’U.S. Military Academy, USA

8U.S. Army Research Institute of Environmental Medicine, USA

Purpose: Soldiers train for combat missions lasting up to 72 h without resupply. While soldiers
are expected to conduct mission-critical tasks under combat conditions, the Army does not
have the capability to fully capture the soldier experience in response to sustained periods of
physical and mental stress. To address this challenge, we present a cross-domain framework to
characterize soldier and squad performance during a 72-h field exercise. Methods: To develop an
operationally relevant cross-domain test and evaluation framework, we aimed to embed multiple
well-controlled activities into an existing situational training exercise. In partnership with an
active-duty U.S. Army unit, we implemented a series of high-fidelity assessments and measures
to evaluate abilities to shoot, move, communicate, navigate, and sustain operational performance
throughout a situational training exercise. Baseline skills, abilities, and performance for each
participant were collected over the course of a 2-week period which included Pre-Mission
Baseline, Mission Execution (a routine unit-designed 72-h training exercise that began and
ended with a live-fire “stress shoot”), and Post-Mission Recovery (the five days post-mission).
Embedded within the operational objectives were daily assessments of socio-emotional status,
cognitive performance, biomarker samples (saliva, blood), and physiological performance (e.g.,
strength). Results: Using the data collected while embedded with the unit, a six-day cross-
domain test and evaluation framework was designed and successfully demonstrated with two
active-duty U.S. Army Infantry Company units, including a total of 141 soldiers. Results show
the utility of incorporating well-controlled, yet field attainable assessment tools into an existing
72-h training exercise. This approach enables the scientific military community to evaluate
and characterise soldier performance using rigorous methodologies that are less obtrusive
than laboratory assessments. Conclusions: This cross-domain framework demonstrates an
approach to evaluate multiple domains per soldier, squad, and platoon during operational
training exercises. This capability will enable decision makers to identify factors that contribute
to, or degrade, performance. Future studies may use this design to better evaluate soldier
performance in operationally relevant environments. Military Impact: Militaries require the
ability to evaluate performance in a holistic and operationally relevant manner. This study
can guide predictive model development, development of performance assessment measures,
and readiness decision aids to optimise battlefield awareness and performance trends on key
performance outcomes.

CONTENTS 110



FUTURE SOLDIER

17:30 — 17:45: 10 years in the making: the development of a human factors assessment
toolkit for the New Zealand Defence Force

Adam Dooley *, Graham Fordy

Defence Technology Agency, New Zealand
?Australian Defence Apparel New Zealand

Purpose: Robust and repeatable evaluations of the equipment that soldiers, sailors, and aviators
wear are essential to ensure effectiveness and safety in training and on operations. As such, the
Defence Technology Agency (DTA) developed a Human Factors Assessment (HFA) toolkit which
has been refined over the past decade and applied across a range of contexts. The purpose of this
study is to describe the development of the toolkit from 2013 to 2023 and to provide directions
for future development. Methods: Five representative DTA studies were selected and reviewed
to elucidate how the original HFA toolkit has been developed for equipment evaluations across
maritime, land, and air domains. These studies were selected to show the breadth of equipment
and apparel that the toolkit has been used to assess, the major changes that have occurred, the
current state of the toolkit, and areas for further refinement. Results: During 2013/2014, DTA
developed an HFA toolkit focussed specifically on combat mobility for dismounted soldiers.
The processes adopted have subsequently guided human factors evaluations of items such
as civilian covert stab vests, maritime combat ensembles, and tri-service personal protective
equipment. While the original toolkit was based on the Marine Corp-Load Effects Assessment
Program (MC-LEAP), the toolkit has subsequently been refined away from strict adherence
to a set of prescribed activities; the current state being a battery of tools from which the most
appropriate can be selected. Further, each bespoke assessment battery has been developed
using ‘co-creation’ methods, with stakeholders used as partners in the process of experimental
design. This approach relies on military experts and human factors researchers collaborating
to produce an assessment schedule that is both relevant to the military task and has sufficient
scientific rigour to ensure exploitable insights. The current toolkit, however, remains largely
mandrolic and labour intensive, which provides an opportunity for improvement. Conclusions:
The HFA toolkit has undergone significant development since its inception. The end-state is
a battery of tools that reflect the varied roles, tasks, and equipment used by NZDF personnel
and a process for developing new assessments. The result is a robust and repeatable, yet
dynamic and flexible HFA toolkit. To improve efficiency, further development is required to
embed mobile data capture, post-processing, and visualisation applications. Military Impact:
The assessment of military capability must reflect the roles and tasks undertaken by specific
end-users. Adherence to rigid processes and a finite set of assessment activities may reduce
exploitation of the insights.
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17:45 - 18:00: Canadian Armed Forces Return to Duty program for ill and injured personnel:
the development and implementation of a data collection trial

Julie Coulthard *, Jennifer EC Lee *

Department of National Defence, Canada

Purpose: The Return to Duty (RTD) programme aims to reintegrate Canadian Armed Forces
members following a significant life-altering illness / injury back into the workplace once
medically ready. Yet, historically, the outcome for the majority of personnel on RTD has been
transition out of the military. Current limitations in available data on programme participants
make it difficult to identify potential predictors of a successful outcome. To address this gap,
efforts have recently moved towards developing a tool to facilitate the collection of data around
the programme. Methods: A data collection trial was launched at an Army base which included
information captured by RTD Coordinators on every participant that entered their programme
between April 2018 and March 2020. Data were collected at intake, three-month intervals, and at
programme exit on various demographic, military, health, and programme characteristics using
a data collection tool developed for the trial. A cumulative incidence function was generated
to estimate the overall marginal probability of RTD over the duration of the programme.
Associations between RTD and a range of factors that were captured using the tool were
also examined in a series of competing-risks regressions. Results: Overall, approximately 70
percent of all RTD participants returned to active duty while the remainder transitioned out of
the military (n = 205). Findings indicated that the rate of RTD among participants increased at
around 3 months and began to level off around 9 months, suggesting that the likelihood of RTD
after this window is diminished. Lower rates of RTD were observed among participants with 15
or more years of service compared with those with less than 5 years of service in the military,
and among those not yet assigned a work placement at 3 months relative to those who were.
Conclusions: This study represents a first step in addressing the gap in our current knowledge
about the characteristics of military members participating in the RTD programme and the
limited number of metrics that are available to assess the programme and track participants
on a continual basis. While preliminary, the findings demonstrate how the RTD data collection
tool might be used to identify the factors associated with programme outcomes. Military
Impact: This study addressed current limitations in available data on programme participants
and identified potential factors associated with retention and transition programme outcomes.
Continued design and implementation of a national data collection mechanism is underway,
based on lesson learned from the trial.
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17:00 — 17:15: Functional fitness training for the German mountain infantry

Jennifer Schlie *, Tina Winterstein *, Tom Brandt *, Timo Schinkéthe *, Andrea Schittenhelm *,
Marie Heiber *, Ingo Seidelmeier !, Annette Schmidt *

'University of the Bundeswehr Munich, Germany

Purpose: Functional fitness training (FFT) and military fitness share many commonalities.
Particularly in divisions like the mountain infantry where constantly varying physical tasks as
ruck marches, climbing, skiing, and intensive combat situations must be managed while carrying
heavy external loads in rough, alpine terrain under extreme weather conditions. FFT aims to
prepare athletes for multifaceted challenges like weighted runs, overhead lifts, weight pulling
and pushing, and technical skills like robe climbing. It can be adapted to any situation and carried
out with minimal equipment, making it beneficial during field deployments. Consequently,
FFT could be relevant for everyday military duties and serve to identify and address physical
deficits among soldiers. The present study aimed to investigate the need for and feasibility of
a FFT program in mountain infantrymen. Methods: Data on strength (Dr. Wolff BackCheck®,
Germany), aerobic capacity during weighted uphill running (Quark CPET, COSMED, Italy), body
composition (mBCA 515, Seca, Germany), and chronic pain (Questionnaire) were acquired in a
mountain infantry company. Subsequently, a 15-week FFT program was designed and handed
out to the supervisor with brief instructions. It comprised two weekly 60 min training sessions,
supplemented by two 25 min pliability sessions. Everything could be carried out with minimal
equipment and without qualified coaches. Results: We recruited 24 male mountain infantrymen
(height:1.82+0.10m, body mass: 82.0+10.5kg, body fat: 16.8 +4.3 %). Trunk flexion strength was
70.1 £ 18.9 kg and trunk extension strength was 93.5 + 22.5 kg, resulting in a flexion / extension
ratio of 0.75. Maximum aerobic capacity was 51.5 + 5.6 mL-kg-1'min-1. 82.4 % indicated having
experienced chronic pain within the past three months. In 52.9 %, the pain caused limitations
in their ability to work. After completion of the 15 weeks FFT program, the application during
field deployments (in total 6 weeks) was identified as a specific challenge with low workout
participation. Conclusions: The participants indicated chronic pain that regularly restricted
their working ability. Presumably, the measured trunk flexion / extension ratio—indicative of
muscular imbalances—results in physical deficits and pain. Military Impact: To improve the
unit’s long-term readiness, a comprehensive training regimen needs to be integrated into daily
duty, combining cardiovascular, strength, and mobility exercises with minimal effort. Future
investigations should address long-term FFT interventions among different military units and
help convincing military leaders of the need, applicability, and effectiveness.

17:15 - 17:30: Thermo-physiological properties of summer military uniforms with different
water-repellent finishes

Joo-Young Lee *, Seung-Hyun Kim *, Giulio Sebastiaan Tan ?, Ga-Young Lim *, Yoon-Jeong Back *

Seoul National University, Korea
2VU University, Netherlands
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Purpose: The summer combat uniform used in Korea lacks water repellency. Adding water-
repellent properties to the summer uniform may increase the heat strain experienced by soldiers
during summer due to the finishing process. This study aimed to evaluate the physiological
and psychological strain during human wear trials of newly developed water repellent combat
uniforms. Methods: Twelve healthy males (age: 22.4 + 1.7 y, height: 174 £ 3 cm, body mass:
70.9 + 10.4 kg) participated in three experimental conditions: Control (current uniform) and two
different types of water-repellent finishing uniforms, namely WR-M (Water repellent finishing
by Company M) and WR-T (Company T). The water repellency of the fabric was evaluated
based on ISO 4920 as Grade 2 for Control, 3 for WR-M, and 4 for WR-T. Clothing insulation
(Icl), measured using a thermal manikin, was 0.65, 0.67, and 0.65 clo for Control, WR-M, and
WR-T, respectively. All participants wore half-sleeves, shorts, socks, combat uniform (shirt and
pants), combat vest, combat boots, and combat backpack (2.6 - 2.7 kg in total clothing mass
excluding combat boots and 20-kg backpack). Each trial consisted of 130 min, which included
20-min rest followed by two bouts of 40-min walking and 10-min rest. All trials were conducted
in a climate chamber at an air temperature of 25°C with 50% relative humidity. Results: Oxygen
consumption at the end of the 2nd exercise was 1,685 + 503, 1,744 + 236, and 1,675 + 312
mL-'min-1 without any difference among the three conditions. No significant differences were
found in rectal temperature, auditory canal temperatures, heart rate, blood pressure, blood
lactate concentration, total sweat rate, and the ratings of perceived exertion among the three
conditions. Mean skin temperature was higher for WR-M (35.1 + 0.6°C) and WR-T (35.0 £ 0.5°C)
when compared with Control (34.6 £ 0.5°C) during the 2nd exercise (p = 0.025). However, no
differences in mean skin temperature were found during other phases of the experiment. At
the end of the 1st or 2nd exercise, oxygen consumption and clothing microclimate on the chest
were greater for WR-M compared with both Control and WR-T (p < 0.05). In particular, during
rest or exercise, participants reported feeling less hot, less humid, and less uncomfortable while
wearing Control and WR-T compared with WR-M (p < 0.05). Conclusions: The physiological
and psychological impacts of water-repellent combat uniforms were found to vary based on
the specific differences in water-repellent finishing. Adding water-repellent finishing (WR-M)
to the current combat uniform did not result in increases in soldiers’ physiological strain and
improved subjective evaluation. Military Impact: Adding water-repellent finishing to summer
combat uniforms could prove to be beneficial for soldiers during outdoor training, although it is
important to consider the use of advanced water-repellent finishing technologies.

17:30 — 17:45: The relationship between the U.S. Army’s new combat fitness test and a
simulated marksmanship performance task

Jose D Villa *, Peioneti Lam *, Stephanie AT Brown *, John J Christopher ? Linda DeSimone *,
Meghan O’Donovan *, Clifford Hancock *, Wade Elmore *, Seth Elkin-Frankston *, Victoria G Bode
! K Blake Mitchell *

US Army Combat Capabilities Development Command Soldier Center, USA
2US Army Aberdeen Test Center, USA

Purpose: The U.S. Army recently implemented a more mission-oriented fitness evaluation test
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called the Army Combat Fitness Test (ACFT). The ACFT incorporates six tasks relevant to
the physical demands of combat. Although the ACFT doesn’t assess marksmanship ability,
there may be some indirect relationships between the two, as physical fitness and strength is
required for weapon handling and effective shooting. Methods: 155 male, active-duty Infantry
U.S. Army Soldiers (age: 23.1 £ 3.4 y) completed the ACFT and a simulated marksmanship
individual shooting scenario (ISS) task, comprised of static and dynamic engagements. The
ISS assesses the entire marksmanship process of moving, positioning, and engaging targets.
Pearson correlations were run to assess the relationship between overall ACFT scores and
ISS performance measures. Besides the probability of hit measures, lower scores indicate
better marksmanship performance (i.e., negative correlations with ACFT scores are associated
with better performance). Results: There were significant correlations between ACFT score
and several lethality measures, including weak correlations with dynamic probability of hit
(r(153) = 0.237, p < 0.01), probability of lethal hit (r(153) = 0.198, p < 0.05), dynamic accuracy
(r(153) = -0.284, p < 0.001), and static precision (r(153) = -0.213, p < 0.01). Weak, significant
correlations were also found with weapon handling stability measures during pre-shot aiming,
including trigger control during static (r(153) = -0.229, p < 0.01) and dynamic (r(153) = —0.250,
p < 0.01) engagements, as well as static horizontal stability (r(153) = -0.217, p < 0.01) and
vertical stability (r(153) =-0.182, p < 0.05). A weak, significant correlation was also found with
time between target engagements (r(153) = —0.316, p < 0.001). Conclusions: Higher scores in
the ACFT are weakly associated with an increased probability of hitting targets and making
centre-of-mass hits, as well as with better shot accuracy and precision. Higher ACFT scores
were also associated with better pre-shot weapon handling and quicker transitions between
targets. Bigger samples and follow-on analysis with ACFT subtasks and their relationship with
specific marksmanship outcomes are required to validate these relationships further. Military
Impact: The presented analysis provides initial evidence that the ACFT can provide valuable
insight on soldiers’ readiness beyond only physical fitness. Although the ACFT doesn’t
assess marksmanship ability, there are several skills that may be beneficial in both situations,
including hand-eye coordination, upper and lower body strength, balance, stability, agility, and
endurance. Improvements in these areas could lead to better marksmanship ability.

17:45 - 18:00: HRV myth-busting: considerations for the measurement and interpretation
of heart rate variability

Andrew Siddall *, Katrina Hinde *, Nicola Armstrong *, Graham White *

'Defence Science and Technology Laboratory, UK

Purpose: To provide an overview of key practical, theoretical, and methodological considerations
around the use of heart rate variability (HRV) and explore the literature behind some emerging
claims pertinent to Defence. Methods: A non-systematic review was conducted by searching
extant literature across the following purposes: (1) Summative information about the underlying
physiology of HRV; (2). Reviews and meta-analyses of HRV to identify well-established correlates
of HRV; (3). Published guidance and standards for HRV research, particularly methodological
considerations and assessments of evidence quality; (4). Specific, emerging, or novel claims
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in HRV; (5). Studies and claims which may be pertinent to Defence and Security personnel. In
relation to HRV claims, reviewed evidence was categorised in terms of research quality (unclear
/ weak to strong) and evidence for existence of the claim itself (unclear / low to high). Results:
The process identified the following themes: performance (task, job, or athletic), executive
function, fatigue / sleep, readiness / recovery, HRV-guided training, and early identification of
infection. General HRV-related considerations could be summarised into (1) HRV is non-specific
and has complex physiological underpinning; (2) there is no catch-all analysis approach or HRV
parameter; (3) different HRV parameters and recording durations are not interchangeable; (4) not
all monitoring technologies are made equal; and (5) valid baselining of participants is vital. The
following areas that were ostensibly linked to HRV were given research quality and evidence
strength ratings, respectively: cognitive / executive function (moderate, medium), “resilience”
(moderate, unclear), “task / job / athletic performance” (weak, low), “readiness / recovery”
(unclear / weak, low), “training prescription” (strong, low), and “early warning of infection”
(strong, medium / unclear). Conclusions: If interpreted and analysed appropriately, HRV can
represent an opportunity to gain valuable information on human health and adaptation. However,
HRV can fluctuate for many reasons, and is non-specific. Linking nervous system activity to
specific stressors is complex, and this review presents the continual need to be critical while
exploring the interaction between humans and constantly improving technologies. Military
Impact: There is an increasing use of wearable technologies in military populations which
claim to measure HRV, and associated outcomes. Overemphasising or misunderstanding the
interpretation and “predictive” power of HRV can misdirect health and fitness advice, policy,
and research focus. Aiding end-users and scientists to understand how, and in what contexts,
to interpret HRV will help the suitable use of these technologies. ©Crown Copyright 2023, Dstl
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17:00 - 17:15: An ethical, legal, and societal aspects framework for military human
enhancement

Koen Hogenelst *, Marc Steen *, Heleen Huijgen *

'TNO, The Netherlands

Purpose: In an ongoing pursuit to enhance military com