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'a 7— Neck injury in military pilots
U — A

* Neck (cervical spine) injury is a threat to military pilots?

e Contributing factors
- Head-worn equipment
— Posture
- G-forces

* In-flight biomechanical data are expensive and difficult to
collect

* Computational models can aid in injury mitigation

Photos courtesy of DVIDS. The appearance of U.S. Department of

— Estimate forces in muscles, joints, |igaments’ and discs Defense (DoD) visual information does not imply or constitute DoD

endorsement.

— Supplement experimental (in vivo, cadaver, manikin) data

[1] Rumaithi M. Al., et al., Occupational Medicine, Vol. 73, No. 5, June 2023, Pages 236—242.
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Why musculoskeletal simulation? C
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* Net force and moment

— Simple, only depends on mass of head and helmet
— Neglects effects on cervical spine
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Why musculoskeletal simulation? C

RESEAREH

* Net force and moment

— Simple, only depends on mass of head and helmet
— Neglects effects on cervical spine

* Inverse dynamics
— Can be calculated from experimental data (with some assumptions)
— Neglects contributions from muscles
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" Why musculoskeletal simulation? LEF)

* Net force and moment

— Simple, only depends on mass of head and helmet
— Neglects effects on cervical spine

* Inverse dynamics
— Can be calculated from experimental data
— Neglects contributions from muscles

* Musculoskeletal simulation
— Accounts for muscle contributions to joint loading
— Resolves muscle redundancy
- Incorporates anatomy of muscles and bones
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Research Objective

Simulate cervical spine biomechanics during
exposure to high acceleration-induced forces
representative of flight maneuvers to
investigate joint reaction forces across various
body sizes and strengths

WWW.CFD-RESEARCH.COM



Methods: Cervical spine model LEF)

* Previously published cervical spine model?
— 24 degrees of freedom across 8 joints
- 84 musculotendon elements
— Coordinate coupler constraints drive cervical joint
angles as a function of head roll/pitch/yaw?
* Body size scaling

— Generated representative “small”, “medium”, and
“large” body sizes

- Based on measurements and 3D body scans from ‘ A R
ANSUR-II dataset?® 1.64m 175m 1.87 m

65.5 kg 76.2 kg 88.6 kg

* Strength scaled to 50" percentile values for male " ° ¥
and female* S\ V4= \ /i

' ‘ N
Female ~ | \ R
[1] A. Vasavada et al., Spine, vol. 23, no. 4, p. 412, Feb. 1998 \ /\ ‘j ‘L ,/‘; /\“
[2] A. White and M. Panjabi. Clinical biomechanics of the spine, 1990 VY a |
[3] C. Gordon et al., 2012 Anthropometric Survey of U.S. Army Personnel, 2016 '

[4] P. Roos et al., PLoS One, 15(1), 2020 51-752 Ii“ éfg Iin ;673 Ii“
-4 K8 -0 K8 -U K8
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Upright seated posture
HGU-55/P flight helmet

G-forces

— Custom OpenSim plugin dynamically varies the global acceleration
vector

— Dynamic flight acceleration profiles from sensor data

Simulation
— Static optimization (independent timesteps) in OpenSim 4.4
— Data from 15-minute flight

Assessed maximum magnitude of compressive joint loads
— Includes contributions from aircraft acceleration and muscle forces
— Contributions from shear and axial compression
— Averaged across body sizes

WWW.CFD-RESEARCH.COM
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: Dynamic acceleration profile
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Dynamic Flight Profile
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Results: Compressive joint loads Crz
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—
* Greatest compressive loads in C7-T1 joint Peak Joint Contact Forces
1200 T ,
- Males experienced higher compressive and shear loads == Male JCF £ 1 Standard Deviation
. . . . 1000 - === Female JCF + 1 Standard Deviation 1
— /I compressive and shear loads during periods of 1 aircraft
accelerations Z % |
g
* Limitations =" |
— Torso fixed at T1 o 1
— Cervical joint motion driven by constraints 200 1
o Limited information about disc and ligament loading 0

Compression Shear

Average Joint Contact Forces

Compression Shear
1000 r
= \ale JCF + 1 Standard Deviation
=== Female JCF + 1 Standard Deviation
800 | f Periods of
— ~5Gz
Z -
= 600} ! « acceleration
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«#~ Application
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. . " Neck Analysis Gui = O ¥
» Software application under development B e e cmmeon
* Features ot
Subject sex: Female
— Cervical spine model .
— Adjustable anthropometry k Equipment

Use equipment

— Pre-set or user-defined equipment kits
o Adjustable mass and inertia
— Provide acceleration profile as input

— Specify pilot static posture or dynamic
motion

Goal: Make insights from
computational models available for
decision-making without requiring
advanced biomechanics training
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Key Takeaways

* Computational models facilitate research into
mitigation of neck injury

* Simulations provided estimates of cervical joint loading
during a 15-minute dynamic flight

* QGreatest influence of Gz acceleration seen at C7-T1

* Software application under development to make this type of
analysis more widely available

* Future: Validation, assess effects of modeling assumptions,
deeper investigation of effects of size and strength

"4 Neck Analysis Gui = O X

MODEL SET UP SIMULATION SET UP GENERATE REPORT
Model
Subject sex:  [ILTES Female

Scale model

I}Equipmeni

Use equipment

.
Point of contact:
Nathan Pickle, PhD I
nathan.pickle@cfd-research.com R?E ARCH
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Background

Neck pain a debilitating problem
for RCAF helicopter pilots

The Canadian military is looking for ways to reduce the number of neck injuries seen in helicopter pilots,
which is attributed partly to heavy equipment. But there is no quick fix for the costly concern.

MIL-STD-1472H o108 oamns 0 & ©
B s et

1ISO 2631-1 — -
LS

DRDC | RDDC

Assessing Education and Exercise as Solutions
for Aircrew Neck-trouble



Background

20.2% of RCAF members Potential factors:
are female * Pelvis anthropometry
<6% of CAF operational +  Adipose tissue

pilots are female - Spinal flexibility

At least one piece of ALSE * Musculature difference
did not fit properly in 82% of « Mass differences

female CAF p|IOtS (Thorgrimson and

Breeck, 2025)






Methods

CH-146 Griffon - Bell 412
helicopter vibration profile

Accelerometers
* Platform

« Seat Pan

 Seat Pad

e Helmet




Methods

Participant mmm Height (cm) Seated Height (cm)

173.2 164.7 127.4
P2 41 M 195.6 173.8 127 1
P3 - M 166.4 175.5 127.7
P4 35 M 205.8 178.0 126.3
PS5 29 F 164.6 167.7 124.5
P6 21 F 188.8 164.5 127 1
P7 55 M 215.0 177.5 130.7
P8 29 M 149.4 183.4 131.4
P9 - F 115.0 159.8 119.0
P10 21 M 193.6 183.4 133.6

Mean - F=160.4, M=187.6 F=164.2, M=178.6 F=124.5, M=129.5



Methods

Subjective ratings
* |localized discomfort

Target tracking task
using cyclic

Left Side

Shoulder

Upper
Back

Left
Buttock
Left

Thigh

Right Side
Neck

Shoulder

Lower
Back

Right
Buttock

Right

Thigh

Discomfort Scale

0
0

1
2
3
4
5
6
7
8
9
1

No Discomfort

.5 Extremely little discomfort

(hardly noticeable)

Very little discomfort
Little discomfort
Moderate discomfort
Somewhat high discomfort
High discomfort

Very high discomfort

0 Extreme discomfort
(almost maximum)



Power Spectral Density

Power Spectral Density ((m/s)2/Hz)
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Results — Vibration

Linear correlation coefficients with vibration and sex

Accel. Seat Pan
Location

Harmonic 1 2 1 2

R? - Neutral 0.32 0.23 0.04 0.05

R? - Hover 0.002 0.04 0.12 0.02
R

Location

Harmonic 1 2 1 2

R? - Neutral 0.16 0.09 0.55 0.43

R? - Hover 0.15 0.09 0.48 0.46



Results — Vibration

1/rev Sex vs Head Vibration Helmet Neutral
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Head Vibration RMS

Results — Vibration

1.6
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1/rev Sex vs Head Vibration Helmet Hover

e % Vibration RMS
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Results - Vibration

Bell 412 Harmonics of the main rotor

amaic—Fsquensy —

1 5.4 Hz

2 10.8 Hz
3 16.2 Hz
4 21.6 Hz

Normalised apparent mass

2
. 4= Principal body resonance
4-6 Hz

1.5

1 = Second principal body

resonance 8t12 Hz
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O I L 1

0] 5 10 15 20

Frequency (Hz)
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Results - Discomfort

Change in discomfort before and after vibration exposure

N ER R R
(F) (M) | (M) (F) (F) (M) (F) (M)
- - - - 2~ 2~ - - - -

Neck

Shoulder - - - - ™ 4

Upper
back

Lower - - - - ™ ™ - - N
back

Buttock - - ™ - - - - - N2
Thigh
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Significance

Vibration standards were developed based on data from primarily

young male participants and vibration standards refer to only the
seat interface.

Design standards around vibration suppression systems and head
supported mass may not take into account sex differences, and
hence the accommodation of female aircrew.

We need research on what happens from seat to head and this
research needs to consider sex differences, for aircrew and other
vibration exposure.
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Next Steps

* Further evaluation with
more test subjects

* Other vibration profiles

» Mitigation
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Thank you

Hunter Marriott « Research Council Officer « hunter.marriott@nrc-cnrc.gc.ca

nrc.canada.ca * info@nrc-cnrc.gc.ca
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