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1 Introduction 

1.1 Helmet-Induced Neck Pain 

Neck pain is a serious and widespread problem among helicopter aircrew, affecting 75% of pilots and 
Flight Engineers (FEs) (Chafé & Farrell, 2016) over the course of their careers. This pain is believed to be 
the result of a combination of helmet system weight, profile, fit, posture, and centre of mass imbalance 
due to Night Vision Goggles (NVGs). As these are essential equipment, solutions must be found to 
mitigate their effects.  

A 2014 survey of Royal Canadian Air Force (RCAF) CH-146 Griffon aircrew found that neck pain was 
positively correlated with increased NVG flight hours, helmet fit, mission flight time, and certain tasks 
(e.g. “downward scanning” for pilots, “laying prone” for FEs) (Chafé & Farrell, 2016). Neck pain was not 
correlated with age, gender, weight, height, or total flight hours. 

The survey results led to proposed immediately implementable solutions: “smart-scheduling” of sorties 
that promote muscle rest and recovery, exercises, education, and the minimisation or adjustment of  
high-risk tasks. The 03aa01 Neck- and Back-trouble Mitigating Solutions Work Breakdown Element 
(WBE) was implemented to propose, develop, and assess solutions that reduce the risk of chronic neck 
pain. The primary WBE deliverable is advice on various near-term solutions that can be immediately 
implemented for CH-146 Helicopter aircrew. 

However for purposes of completion, this State-Of-the-Art-Report (SOAR) presents some  
mid- and far-term technological solutions that may not be immediately implementable, but will require 
careful thought, planning, and significant resources in any integration into current aircraft platforms and 
Aviation Life Support Equipment (ALSE). It also focuses on body-borne equipment, which may have the 
potential to reduce neck loading intensity. 

Chapter 2 begins with a description of current helmet systems worn by RCAF as well as other nations’ 
aircrew. Chapter 3 suggests future technologies that have the potential to lighten or support future helmet 
systems. The SOAR concludes with a summary of potential mid- and far-term mitigating solutions 
towards reducing chronic neck pain. 
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Figure 3: Distribution of weight in HGU 56/P helmet system by component. 

From this, it is readily apparent that the largest potential for weight savings lies in the helmet shell, 
NVGs, and counter-weights. Intuitively, reducing the weight of the helmet system should decrease the 
strain on the neck; however, as above, the helmet profile (directly related to the helmet mass moment of 
inertia) increases the momentum necessary for head movements, that is a heavier and lower profile 
helmet may be preferable to a lighter but higher profile system. Anecdotally, some Griffon aircrew prefer 
the older, heavier, lower profile SPH 5 helmet than the lighter but higher profile HGU-56/P. 

Beneath the shell are layers of Gentex Thermoplastic Liner (TPL) added by ALSE technicians to fit to the 
individual pilot’s head. As seen in Figure 3, these do not add substantially to the weight of the helmet 
system, but they may impact helmet fit. 

The center of mass affects the overall stress induced on the neck by the system. Despite adding mass over 
all, counter-weights act to relieve stress by shifting the center of mass back towards the center of the 
head; however, they do so only when the body is in a neutral position, such as during transit seated, where 
the resultant torque at night is less than the torque during the day (Figure 4). In all other postures adopted 
during flight, such as scan slung load, counter-weights add to the compression and shear forces, and 
torque experienced by aircrew (Farrell, Tack, Nakaza, Bray-Miners, & Farrell, 2014; Tack, Bray-Miners, 
Nakaza, Osborne, & Mangan, 2014). 

Finally, as the sound reduction provided by the helmet alone is limited due to air pathways and the use of 
lightweight materials, ear cups augmented by in-ear protection are also worn beneath the helmet. 
Potential for weight savings in terms of communications equipment is limited; however, a reduced profile 
is possible with the use of alternative auditory equipment.  

Shell

Liner

Comms

NVGs

Counter
Weights
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Additionally, this HUD displays weapons and targeting information, impact detection functions, and 
FLIR. The weight of the overall system is similar to that of the HGU-56/P. However, the profile (inertia) 
is considerably larger. The center of mass is balanced on both sides of the head as opposed to at the front 
(and back, if using counterweights). This could potentially lead to fewer neck strain problems, but this 
would have to be verified. 

The BAE Striker II helmet system is another integrated system that was developed for both fixed and 
rotary wing aircraft. This helmet system uses a single high definition night-vision camera mounted in a 
central location above the pilot’s eyes, projected onto the visor. Use of the Striker II system would be 
identical to using helmet-mounted NVGs, only with a drastically improved field of view. This would 
allow the pilot to use peripheral vision for many maneuvers which would require turning the head with 
conventional NVGs. However, the profile of the Striker II (and presumably weight) is extended above 
and beyond the head. This will yield higher inertia values and therefore require additional muscle 
activation to move the helmet. 

Another in-use strategy for reducing neck strain, discomfort, and hot spots is to include a liner customised 
for the aircrew member. As previously mentioned, multiple liners are used to ensure correct fit. Having a 
customised liner would reduce mass and bulk, and thus the moment of inertia required for head 
movements. 3D printing would allow for the scanning of an individual aircrew member’s head, and the 
liner produced would be custom-fitted to that shape.  

The production of a custom liner is a service provided at an additional cost by Gentex as well as Thales’ 
TopOwl. Gentex uses injection molding techniques while Thales employs 3D scanning. As 3D scanners 
are already used for equipment and clothing fit at major bases within the CAF itself, it would be possible 
to utilise this technology as an in-house mitigating solution: this is done for some USAF fast jet helmet 
systems where ALSE specialists obtain 3D scans of aircrew using a portable Minolta scanner, from which 
the liner is machine-produced. 

Thus, there are a number of commercially available helmet systems that have better mass properties than 
the current helmet, which might mitigate neck strain as a result. These helmets, in combination with a 
customised liner, have the potential to reduce aircrew muscle activation and neck loading. 
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4 Conclusions 

With a prevalence rate as high as 75%, neck strain is endemic throughout the rotary wing aircrew 
population of the RCAF. The current in-service helmet, the HGU-56P with counterbalance, has not 
mitigated this effect; though lighter than the previous SPH 5 service helmet, it is higher in inertia 
properties. Accordingly both mass, centre of mass, and inertia must be taken into account for any helmet 
systems adopted in the future. 

In addition to other immediately implementable measures, such as exercise, education, and smart 
scheduling, the adoption of a new helmet system may afford a potential mid- to far-term mitigating 
solution. Other helmet systems introduced in this report, offer reduced mass and profile (and therefore 
reduced inertia), as well as a better balanced system. Up-front costs for a new system may be offset by 
savings in treatment for affected pilots. 

Other technologies presently available to augment the current helmet system offer another potential 
solution. 3D liner printing is already in use by other nations; use of this technology results in lower profile 
and better, custom fit. Custom earplugs, bone conduction ear pieces, and throat mics could replace the ear 
cups and boom mic — beyond savings in weight, this would allow for the helmet shell itself to be 
redesigned smaller, fitted closer to the head, thus minimising inertia. 

Finally, far-term solutions may offer the possibility of eliminating NVG/counterweight, and even helmet 
weight, altogether. Tethers, overhead suspension systems, and active support systems could support the 
helmet in place of the neck; however, these require alterations to the already densely packed aircraft and 
have the potential to interfere with life-saving equipment or obstruct egress. Graphene-embedded contact 
lenses will have a negligible profile and mass. Mitigating vibration with passive (near-term mitigating 
solutions) and active cushion systems (far-term mitigating solutions) will also reduce the effect of  
head-borne mass properties on the neck. 

We conclude that while helmets and helmet-mounted technologies have been identified they may not be 
technologically mature enough, operationally implementable, or fiscally feasible to pursue at the moment. 
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