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R E V I E W  A R T I C L E

     T
he fl ight helmet is a vital component of the aircrew 

protective equipment. Th e helmet ’ s primary function is 

to protect the head from impact during a crash landing, 

a hard landing, or during exposure to other fl ight hazards,  14 , 16   

but it is also being frequently used as a  “ mounting platform for 

numerous combat-essential devices ” .  14   As a result, devices such 

as night vision goggles (NVG) or heads-up display (HUD) 

units are used with increasing frequency. NVG allow pilots to 

enhance their visual capacity under low light conditions while 

HUD allow pilots to maintain their line-of-sight without having 

to look down or away from the horizon in order to obtain 

information from their instruments during fl ights. Additional 

devices, however, come at the cost of the increased mass and 

also alter the center of gravity of the helmet.  62   

 NVG – induced neck strain is an increasing concern among 

military helicopter communities, including the United King-

dom,  102 , 103 , 106   Sweden,  2 , 90   Holland,  95  –  97   the United States,  15 , 33   

and Canada.  31 , 46 , 80   Th e point prevalence in general population 

adults from Canada and the United States is 15% and 14%, 

respectively;  25 , 29   the lifetime prevalence of neck pain among the 

general population of adult Canadians is approximately 

67%.  24 , 25   Th e prevalence of neck pain among helicopter aircrew 

is consistently described as higher than the general popula-

tion  1 , 4   with varying rates in the published literature. In Austra-

lia, the point prevalence is reported as 29%,  88   comparable to the 

1-yr prevalence reported in Dutch helicopter aircrew.  97   In 

Sweden, the 3-mo prevalence of reported neck pain is 57%. In 

the United Kingdom, the prevalence ranges by squadron from 

38 to 81% among helicopter pilots and airload masters  106   while 

a recent report from the United States Army reveals 58% of 

helicopter aircrew report neck pain related to fl ying.  102   Th e 

lifetime prevalence of neck pain in Canadian Forces (CF) 

helicopter pilots and fl ight engineers operating the CH-146 

Griff on helicopter is reported in the range of 81 – 84% and 

exceeds 90% among a subset of the population who have logged 

more than 150 hr of NVG-fl ight hours during their career.  1   

Most concerning, prior injury has proved an excellent predictor 

of future injury when it comes to the spinal column of helicopter 

aircrew.  4 , 88   

 Th e issue of spinal column injuries and discomfort in heli-

copter aircrew is not new. One of the earliest documented 

cases predates World War II when a French helicopter test 
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pilot recounted an endurance flight as  “ shaken up in an 

uncomfortable seat for an hour of fl ight, the pilot hastens to land 

and get back to the hangar to take care of his stiff  spots ” .  7   Modern 

reports began appearing in literature approximately 40 yr 

ago.  27 , 83 , 86   Bowden  11   described back pain in helicopter aircrew 

as being comparable to that experienced by truck drivers and 

heavy equipment operators in civilian industries. Early attempts 

to understand the issue through questionnaire surveying indi-

cated aircrew typically experienced dull pain in the lumbar area 

during fl ight and persisting aft er mission completion.  10   While 

neck pain and injury had been identifi ed in fi xed-wing fi ghter 

pilots exposed to high +G z  forces,  63   at the time helicopter aircrew 

almost exclusively reported back pain, rarely in the neck and 

shoulder region.  27   Literature related to neck pain and injury in 

helicopter aircrew did not begin to emerge until later during the 

1990s, when unique equipment requirements were needed to 

accommodate the increasing number of female pilots joining 

fl ight operations.  78   Women were perceived as more susceptible 

to injury due to diff erences in neck strength and fl exibility com-

pared to men, which consequently lead to increased literature 

related to neck pain and injury in helicopter aircrew.  59   

 Lower back pain (LBP) is among the most common occupa-

tional health problems  101   and prevalence of LBP in the Canadian 

and American adult population is 18%  17   and 26%, respectively.  29   

LBP is a well-documented issue in helicopter pilots with a life-

time prevalence of 61 – 80% worldwide.  12 , 39 , 88   Findings from an 

epidemiological review of occupational LBP report helicopter 

pilots have the highest rates among occupations requiring a 

seated position for more than half of the workday.  65   Survey data 

from United States Navy helicopter pilots by Phillips  77   indicate 

that 88% of pilots report experiencing LPB during at least half of 

their fl ights and 34% of these pilots admit that their LBP nega-

tively aff ects their situational awareness. LBP continues to be 

more prevalent than neck pain among helicopter aircrew  102   but 

logic and this review will suggest these injuries are more likely 

related, as suggested by a recent report,  103   rather than exclusive. 

 When the spinal column is considered as a whole, helicop-

ter aircrew are at increased risk for chronic injuries of the 

spinal column related to the specifi cs of their working envi-

ronment. Th is review of literature focuses on these specifi cs as 

they pertain to neck injuries but also discusses the related ele-

ments of the back pain epidemic that is well documented in this 

population. Th e reasoning for this is multifold:

   1) Th e spinal column acts in concert to support the weight of the 

head in a caudal direction; mass on the head is supported by 

the cervical spine, which is in turn supported by the thoracic 

spine, which is further supported by the lumbar and sacral 

spine as the load is ultimately supported by the pelvic girdle.  

  2) Th e posture required to perform occupational duties is one 

of the most commonly discussed factors in investigations of 

back and neck injuries in this population.  

  3) Th e vibration associated with the working environment, 

also commonly cited as a stressor, is transmitted and aug-

mented in a rostral direction as found by multiple teams of 

researchers.   

  Th is review will briefl y discuss the anatomy of the spinal col-

umn, specifi c hypotheses related to neck injuries, the diff er-

ences between fl ying in the day and night environment from an 

ergonomic perspective, specifi cs related to the helmet loads and 

masses currently employed by helicopter aircrew, and the ben-

efi ts off ered by physical training to optimize fi tness and increase 

the physiologic work capacity.  

    METHODOLOGY 

 A comprehensive search of the relevant literature was con-

ducted as it related to neck injuries and neck pain in military 

helicopter personnel. Searches were performed using PubMed, 

OVID, Web of Science, Google Scholar, and the Cochrane 

Library databases. Th e following criteria were used to search 

these databases:

  1.    Access to full text articles, reports, books, and book chapters 

in English;  

 2.    Inclusion of the terms  “ neck pain ”  or  “ neck injury ”  with at 

least one of the following:  “ helicopter ” ,  “ aircrew ” ,  “ pilot ” , 

 “ night vision goggle ” , and  “ military ” ; and  

 3.    Publication between the years 1975 and 2014.   

  Th e bibliography of each publication was reviewed to iden-

tify any relevant sources that were not identifi ed using the pri-

mary search strategies indicated.   

 SPINAL ANATOMY 

 Th e spinal column consists of 26 bones that articulate in more 

than 30 joints to form a curved and fl exible structure that pro-

tects the spinal cord, supports the axial skeleton, transfers the 

load of the trunk to the lower limbs, connects the thorax ’ s mus-

culoskeletal structures, and, perhaps most importantly, pro-

vides the base of support for the skull.  3 , 21 , 69   Th e head support 

allows the body ’ s command and control center, the brain, to 

observe its environment and the use of NVG enhances this 

functional requirement under low-light conditions. 

 Th e cervical spine is composed of seven bones that are the 

smallest and most delicate of the spinal column.  69   Th e structure 

of the bones of the cervical spine and the locations of the mus-

cles associated with the cervical spine are responsible for the 

significant amount of head movement, including flexion, 

extension, rotation, and combinations of fl exion or exten-

sion with rotation. However, this delicacy also makes the 

cervical spine a fragile region when large forces are applied 

in stantaneously (i.e., as a result of sudden impact in a motor 

vehicle accident or contact sports) or over an extended period 

of time (i.e., cumulative loading as seen in normal NVG fl ight 

over an aircrew member ’ s career).   

 IMAGING RESULTS OF CERVICAL SPINE 

 Objective imaging fi ndings of degenerative symptoms caused 

by repeated cervical and lumbar spine loading among pilots 

have been studied. Helicopter aircrew are the most likely fl iers 

to have radiographic changes such as spondylitis, spondylar-

thritis, osteophytic spurring or arthrosis deformans in the cer-

vical spine.  8 , 56   Landau et al.  64   used magnetic resonance imaging 
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(MRI) to assess the prevalence of lumbar and cervical degen-

erative changes in three subpopulations of pilots (fi ghter pilots, 

transport pilots, and helicopter pilots) who did not have a his-

tory of signifi cant neck or back trauma. Cervical disc degenera-

tion was found in 50% of the helicopter pilots, most commonly 

in the C5-C6 and C6-C7 joints. By comparison, 80% of trans-

port pilots and 30% of fi ghter jet pilots had demonstrable cervi-

cal spine disease on MRI. As compared to the sample of 

transport pilots, the helicopter pilot sample had a greater sever-

ity of disc degeneration despite being, on average, 8 yr younger.  64   

Disc degeneration was assessed on a scale of posterior hernia-

tion where the helicopter pilots averaged a grade of 3.0, while 

the transport pilots averaged a grade 2.6. Caution should be 

used when interpreting these results as MRI fi ndings are poorly 

associated with severity of back and neck pain symptoms in the 

general population  98   and, for the purpose of this review, that 

caveat will shift  the focus back to neuromuscular causes and 

solutions of neck pain among the helicopter community. 

 Estimates suggest the maximum tolerance of the structures 

of the cervical spine for single exposure to compressive forces 

without risk of injury is 2414 N for individuals 20 to 40 yr of age 

and 1738 N for individuals over the age of 40.  57   While normal 

military helicopter fl ight will not exceed those values, the same 

study estimates that prolonged muscle loads should not exceed 

1% of an individual ’ s maximal voluntary contraction (MVC). 

However, the helmet alone in neutral posture can result in an 

18 – 28% increase in muscular activity in the neck as assessed 

with EMG prior to the addition of NVG or exposure to +G z  

forces.  87   Th e diffi  culty with interpreting these values as they 

relate to helicopter aircrew is the complexity of the job and the 

mobility it demands. Helicopter aircrew do not maintain a 

static neutral position while in fl ight and, as demonstrated 

mathematically by Hidalgo et al.,  57   small changes in cervical 

posture can result in large increases in the forces placed upon 

the ligaments, bone, intervertebral discs, and muscles. Forde 

et al.  32   demonstrated the increased cumulative load to be more 

pronounced over the duration of a simulated mission when the 

neck must support an NVG-equipped fl ight helmet as compared 

to the helmet alone.   

 NECK PAIN DEFINITIONS AND INJURY HYPOTHESES 

 A commonly agreed upon defi nition of neck pain is diffi  cult to 

obtain. When the pain is muscular in nature, the term neck 

myalgia is oft en used and neck myalgia is a component of the 

category of injuries referred to as upper extremity muscle disor-

ders (UEMD).  67 , 99   Visser and Dieën ’ s  100   defi nition of UEMD as 

 “ disorders of muscle tissue proper, excluding tendon disorders 

and disorders of the tendinous insertions ”  with injuries charac-

terized by subjective symptoms such as sensation of constant 

muscle fatigue, muscle stiff ness, and radiating pain may be too 

limiting due to its exclusion of tendinous injuries. Further dif-

fi culties in defi ning neck pain consistently relates to the mecha-

nism of injury; the forces and duration of application of these 

forces can vary greatly between overuse or cumulative load 

injuries and single exposure high impulse load injuries (e.g., 

what is oft en seen in fast-jet aircrew exposed to  .  +4 G z ) are 

diffi  cult to compare to cumulative loading injuries (e.g., heli-

copter aircrew exposed to low +G z  and helmets with increased 

mass). 

 Neck pain research indicates pain and dysfunction to be 

multifactorial. External psychosocial factors, physical loading 

factors, and the psychological and biological characteristics of 

the individual are important  13 , 70 , 72   in addition to internal fac-

tors such as muscle degeneration and/or impaired neuromus-

cular function resulting from chronic overuse.  22 , 23   Posture, low 

+G z  forces while using NVG, vibration while using NVG, and 

the overall weight and weight distribution of the helmet are 

reported as perceived causes of neck pain among aircrew.  95 , 96 , 106   

A link between sex and neck pain has been suggested, with a 

decreased tolerance of certain helmet mounted loads [i.e., aft -

loaded helmets such as the case would be with the use of NVG 

with a counterweight (NVGcw)] among female aircrew  9   and an 

increased incidence of neck pain as compared to their male 

colleagues.  95   Other studies have not supported this fi nding 

but cannot refute them due to a male predominance among 

research participants.  51   

 With a poor correlation between radiographic fi ndings and 

neck pain, applicable theories should focus on cervical soft  tis-

sue structures. Panjabi  74   presents a clear and logical multifacto-

rial hypothesis for neck pain that incorporates the soft  tissue 

structures. Th e proposed mechanism is cumulative micro-

trauma to the ligamentous structures as a result of an extended 

period of submaximal loading that results in impaired muscle 

function, including  “ muscle coordination and individual mus-

cle force characteristics, i.e. onset, magnitude, and shut-off  ” .  74   

Other proposed mechanisms for injury in the literature include 

the  “ Cinderella hypothesis ”   61 , 85 , 89   or the  “ nitric oxide/oxygen 

ration ”  hypothesis.  30   Th ese similar hypotheses propose that 

sustained submaximal muscular contractions, particularly in 

the trapezius muscles, result in occlusion of capillaries and arte-

rioles within the muscle. Th e occlusion severity is more pro-

nounced as a result of physiological vasoconstriction in the 

setting of stress (including sustained periods of mental alert-

ness) or as a result of head-forward posture.  30 , 89   As will be pre-

sented in a later section, decreased muscular perfusion and 

oxygenation also occurs as a result of whole body vibration 

(WBV).  68   Oxygen delivery and aerobic respiration at the cellu-

lar level is not possible in the heterogeneously occluded regions 

of the muscle and is measurable through a shift  in the red-ox 

state of cytochrome-c oxidase (CtOx), the fi nal enzyme in the 

electron transport chain. Th ese shift s in the CtOx state are doc-

umented in the trapezius muscles of helicopter pilots fl ying a 

simulator.  50   Eriksen  30   states the  “ most eff ective non-pharmoco-

logical measure may be to reduce exposure to prolonged head-

down neck fl exed positions and psychosocial stress at work ”  in 

order to address localized ischemia contributing to neck pain. 

 Specifi c to helicopter aircrew, research strongly suggests a 

signifi cant muscular component to the cervical injuries associ-

ated with NVG-use.  31 , 46 , 80   Using near infrared spectroscopy 

(NIRS), muscle perfusion to the trapezius muscles increased 

during simulated NVG missions as compared to day missions  47   

that occurred regardless of cockpit seat side.  49   While this may 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 86, No. 1 January 2015  49

NECK PAIN IN HELICOPTER AIRCREW — Harrison et al.

seem to contradict the  “ nitric oxide/oxygen ration ”  hypothesis, 

Eriksen  30   states even small regions of occlusion, perhaps not 

appreciable by NIRS evaluation, may be suffi  cient to cause 

frequent exacerbations of neck pain. In support of the hypotheses 

identifying heterogeneous occlusion and hypoxia as a cause of 

myalgia, an acute decrease in the concentration of CtOx was 

observed during simulated NVG missions while an increase was 

observed to occur during day missions.  50   Forde et al.  32   found an 

increase in time spent in a fl exed or head-down posture during 

simulated NVG missions as compared to day missions. To 

further support the muscular component of neck strain, 

Salmon et al.  81   reported increased cervical muscle strength and 

endurance as a result of a 12-wk training program with decreased 

self-reports of pain. Th e specifi c benefi ts off ered by physical 

training will be discussed in greater detail in a later section.   

 DAY AND NIGHT WORKING ENVIRONMENTS 

 Th e working environment of helicopter aircrew has been the 

subject of much scrutiny due to the long-documented issue of 

LBP among this population.  34 , 35 , 44   Posture, pilot height, and 

vibration are the most oft en cited concerns for increased risk of 

low back pain. A helicopter pilot ’ s posture has been linked to 

physiological fi ndings of increased spinal muscle activity or 

fatigue during simulated  79   and actual  66   fl ight. Th e in-fl ight 

cervical spinal posture of helicopter pilots is described as fl exed 

and axially rotated due to the location of particular fl ight 

controls.  28 , 66 , 75   Specifi cally, this posture allows the pilot to 

operate the collective control, responsible for the pitch of the 

rotor blades, which is located to the left  and below the pilot ’ s 

seat. 

 Th e majority of the available literature related to neck pain 

has focused primarily on fast-jet aircrew  41  –  44   with a more recent 

shift  toward the inclusion of helicopter aircrew.  31 , 46 , 90   Sub-

stantial diff erences exist between the working environments of 

fast-jet and helicopter aircrew and these diff erences infl uence 

both the mechanism of injury and the subsequent methods of 

mitigation. Fast-jet operations may expose aircrew to maximal 

forces between +4.0 G z  and +7.0 G z  while helicopter aircrew 

rarely exceed +2.0 G z . 
 42 , 71 , 104   Th e helmets of fast-jet aircrew 

range in mass from 1.31 kg  –  2.15 kg  41 , 43   while a CF helicopter 

fl ight helmet, when equipped with NVGcw, may have a mass of 

3.7 kg.  104   In fast-jet aircrew, the mean muscular strain, as indi-

cated by percentage of a maximal voluntary contraction (MVC), 

has been reported to fall between 5 – 20% MVC during most 

missions.  71   Hamalaien  41   suggests the mass of the helmet alone 

necessitates a counter-moment that is comparable to 15% MVC 

to maintain a neutral head position. Under high +G z  exposure, 

the in-fl ight peak muscular strain of cervical neck fl exors 

reportedly ranges from 40 – 80% of MVC, with the highest 

recorded value of in-fl ight strain being 257% of prefl ight MVC 

under standard conditions.  38 , 71   In fact, the recorded peak strain 

during in-fl ight maneuvers for all cervical muscle groups 

exceeded 100% of the prefl ight MVC on at least one occasion 

during fl ight maneuvers.  71   As a result of these factors, fast-jet 

aircrew can oft en identify the specifi c moment at which their 

injury occurred. 

 In helicopter aircrew, previous studies have identifi ed 

increased G-force exposure, accumulated fl ying hours, head 

position, vibration, body posture, airframe and cockpit ergo-

nomics, and head supported device use as the most common 

causative factors of neck pain while overall physical fi tness is 

described as protective.  4 , 94 , 106   All of these factors are similar to 

the factors associated with low back pain among helicopter air-

crew.  88   In helicopter aircrew, the weight of the helmet alone can 

cause an 18% and 28% increase in muscular activity in the ster-

nocleidomastoid and cervical erector spinae muscles, respec-

tively, as compared to resting conditions; with NVG, this 

increase becomes 29% and 34% for the sternocleidomastoid 

and cervical erector spinae, respectively.  87   Th us for helicopter 

aircrew, the injury is oft en more insidious as result of chronic 

exposure to forces countered by submaximal muscular 

contractions. 

 In a recent study with helicopter aircrew, only two variables 

are required to accurately predict risk of neck pain: the height of 

the crewmember and the length in hours of their longest NVG 

mission.  52   Th is is consistent with a recent U.S. Army study in 

which aircrew members at anthropometric extremes for body 

mass, neck circumference, leg length and height were at an 

increased risk of both back and neck pain.  102   To further support 

the argument that a link exists between low back and neck pain 

in this population, height was recently identifi ed as the most 

important predictor of back pain among United States Navy 

helicopter aircrew.  73   Specifi cally, for every 1 inch (2.5 cm) in 

additional height above 71 inches (180 cm), the individual is 

9.3% more likely to experience low back pain. Th e authors 

suggest these  “ taller pilots are more at risk for signifi cant LBP 

due to greater need to  ‘ hunch over ’  during fl ight … . ”   73   

 In addition to the increased helmet mass, NVG do have 

another limitation. While they do provide optical clarity during 

low-light conditions, they do so through a much smaller fi eld of 

view. Normally, the human eyes provide a fi eld of view of 

approximately 200° horizontally and 135° vertically.  105   NVG 

can reduce that fi eld of view to approximately 40° both horizon-

tally and vertically.  26 , 37   As a result, the aircrew member cannot 

rely on peripheral vision at night in the same manner as they 

can during the day. Th ey must move their head and neck to a 

greater extent in order to bring objects of interest directly into 

this limited fi eld of view. Th e C7/T1 joint serves as the point of 

origin for moment calculation of neck fl exion, extension, and 

rotational postures, where the head ’ s center of gravity is 

assumed at the ear canal.  32   Th e additional anterior mass of the 

NVG shift s the center of gravity forward and up, thus increas-

ing the distance of the perpendicular moment arm while also 

requiring an increased muscular force to compensate for its 

weight moment.  87   Forde et al.  32   demonstrated that this resulted 

in increased mobility and changes in posture that, when com-

bined with the increased mass of the helmet with NVG or 

NVGcw, resulted in increased moments, peak loads, cumula-

tive loads, and shear forces as compared to simulated day 

missions. 

 Another constant in the environment of helicopter air-

crew is vibration, with one source describing helicopters as 
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 “ thousands of parts vibrating in close formation ” .  109   In the case 

of helicopter fl ight, the vibration is a result of the main rotors. 

Th e amplitude and/or frequency of the vibration from the 

rotors can be increased operationally (fl ight speed, in-fl ight 

maneuvers, environmental conditions, and altitude) but the 

transmitted vibration spectrum can only be decreased by care-

ful aircraft  and seat design.  55   Whole body vibration (WBV) 

transmitted to the entire body through the seat of moving vehi-

cles is linked to performance decrements such as fatigue, and to 

medical problems such as chronic pain, degenerative disease in 

the spinal column, and damage to the peripheral nervous 

system.  55 , 68 , 84   Similar to the previously presented hypotheses 

linking low-level muscular contractions of the trapezius during 

head-forward posture and decreased muscle perfusion,  30 , 89   

Maikala and Bhambhani  68   report WBV can cause acute 

changes in blood volume, perfusion, and oxygenation in a 

working muscle. 

 Currently, the unmodifi ed helicopter cockpit seat only sup-

presses 6 – 15% of vibration transmission.  58   It has been reported 

that 4.5 – 5.5 Hz is the frequency range at which the maximum 

WBV energy transfer to the human spine occurs  68   and recent 

work in a helicopter and seat identical to what is employed by 

the CF ’ s tactical helicopter squadrons indicates this range to be 

one of the principal harmonics of the aircraft  ’ s vibration spec-

trum.  18 , 19   As a result, the magnitude of vibration experienced 

by pilots at the head and neck is roughly double that of the mag-

nitude of vibration experienced at the lower back.  18 , 19   Th is cor-

relates with earlier fi ndings that posture and helmet load 

positively infl uences seat-to-head vibration transmissibility and 

muscle activity.  90 , 91   Th erefore it is reasonable to hypothesize the 

vibration profi le of the CH-146 in the setting of an unbalanced 

helmet load such as with NVG could be synergistic in their con-

tribution to the rates of neck pain reported by helicopter air-

crew. Chen et al.  19   report an adaptive seat cushion prototype 

eff ectively suppressed vibration in the range of approximately 5 

Hz while the use of a magneto-rheological seat suspension system 

suppressed vertical vibration transmission by 76% on a 50 th  

percentile male helicopter pilot.  58   Th is fi nding indicates that 

modifi ed seats may be an eff ective countermeasure to mitigate 

vibration transmission to reduce the risk of negative health 

outcomes.   

 HELMETS, MASSES, AND LOADS 

 Typical fl ight helmets weigh approximately 1.5 kg.  12   More 

specifi cally, a CF helicopter fl ight helmet has a mass of 1.4 kg 

while a CF helmet equipped with NVGcw has a mass of approx-

imately 3.7 kg.  104   NVGcw represents an additional mass of 

0.05 – 0.4 kg as compared to NVG alone.  96 , 104   NVGcw are dem-

onstrated to have a benefi cial eff ect on decreasing the metabolic 

activity of the trapezius muscles during simulated missions  48   

and the NVGcw mass results in the smaller neck muscles, such 

as the sternocleidomastoid and splenius capitis, experiencing 

increased muscular activity, as assessed by electromyography 

(EMG), in a laboratory setting with dynamic postures 

designed to simulate in-fl ight tasks with NVG and NVGcw.  51   

Using static biomechanical analysis, Th uresson et al.  92   found 

 Fig. 1.        The centers of mass of the various helmet confi gurations used by heli-

copter aircrew: A) the head, alone; B) the helmet alone; C) NVG; D) NVGcw. From 

Forde et al. (28); reproduced with permission from the authors.    

the moment-reducing eff ect from NVGcw increased in the 

neutral position as compared to NVG. But, in a fl exed non-

neutral posture, the moment reducing eff ect of NVGcw is not 

apparent. Th is supports an inverse relationship between neck 

fl exion and NVGcw based relief; NVGcw provide less relief as 

the neck is increasingly fl exed.  45   Improved helmet fi t and bal-

ance alone are reported to be enough to decrease the subjec-

tive discomfort reported by helicopter aircrew even in the 

setting of an unbalanced load with respect the head ’ s anatomi-

cal center of gravity.  96   

 Th e center of mass of a fl ight helmet typically resides for-

ward and superior to the natural pivot point of the neck.  15 , 32 , 87   

Th is results in a constant moment acting on the muscles of the 

neck, in particular the extensor groups, when the head is in 

neutral position. Butler and Alem  16   suggest an upper limit for 

helmet torque of 90 N  •  cm −1  during long duration helicopter 

fl ight ( .  4 h) in male subjects to limit the biomechanical stress 

on the cervical structures; Barazanji and Alem  9   confi rmed this 

upper limit for women during static laboratory testing with 

diff erent helmet confi gurations. However, as Butler  15   illustrates 

and as Forde et al.  32   quantifi es, very little time is spent in fl ight 

in a neutral posture while wearing either a helmet or NVG. 

Forde et al.  32   identifi ed the location of the centers of mass of the 

various diff erent confi gurations of the CF helicopter fl ight 

helmet  –  helmet alone vs. helmet with NVG vs. helmet with 

NVGcw  –  and reported slightly diff erent results than Butler.  15   

Forde et al.  32   suggest the helmet-only confi guration results in a 

center of mass that is superior and posterior to the center of 

mass of the head. However, the other confi gurations, NVG and 

NVGcw, still remain forward and superior ( Fig. 1 ), as reported 

by others.  15 , 45 , 87   Th is alteration in the center of mass has 

quantifi able eff ects during head movements to bring the fi eld of 

view below the horizon.  53       

 Sovelius et al.  87   suggest lowering the center of gravity of a 

helmet ’ s weight has a more signifi cant impact on relieving 
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cervical muscle loading than decreasing the weight of the NVG 

systems currently in use. Th is is consistent with pioneering work 

in the realm of helmet masses, centers of gravity, and neck muscle 

fatigue; however, it would seem this knowledge that a  “ forward 

and high ”  confi guration is the least desirable confi guration has 

not been applied despite being available for 30 yr.  76   Philips and 

Petrofsky  76   used loads comparable to the current NVG and 

NVGcw systems to suggest that if a balanced helmet load could 

not be achieved, it was more desirable to have a load that was 

 “ forward and low, ”   “ aft ward and low, ”  or  “ right lateral and low, ”  

as compared to  “ center and high. ”  Th e benefi t of a more 

centered load in relation to the occiput and atlantio-axial joint 

extends beyond just comfort while performing regular fl ight 

duties. In the extreme circumstances during which loading 

may be instantaneously increased (i.e., during impact in a crash 

scenario), Ashrafi uon et al.  6   used manikin models to illustrate 

the increased emergency safety associated with a load with a 

lower center of gravity specifi c to helicopter fl ight helmets and 

NVG equipment. Brozoski et al.  14   similarly demonstrated 

decreased tolerance for deviation from the natural center of 

gravity of the head as the helmet mass increased during simu-

lated impacts. 

 More recent work does not fully support the inclusion of a 

lateral imbalance favoring increased loading on the right side. 

Isometric testing has demonstrated a decreased strength and 

endurance capacity of the right-sided cervical muscles as 

compared to the left  in a helicopter aircrew population.  50 , 51   

Further, when monitoring muscle metabolism with NIRS 

during simulated missions, results indicated increased muscle 

meta bolism in the musculature on the right side of the cervical 

spine,  47   regardless of cockpit seat side.  49   In additional work on 

the lumbar region, authors have noted increased EMG activity 

in the musculature on the right side of the lumbar spinal 

column  66   and sources hypothesize the left -leaning in-fl ight 

posture demanded by the operation of the collective and cyclic 

controls contributes to this phenomenon.  75 , 79   Regardless, 

despite the use of NVGcw in an eff ort to move the center of 

mass toward a more natural location, it remains forward and 

high as compared to the natural anatomy.  32   

 Th e addition of mass to a fl ight helmet does not automati-

cally result in a balanced load. Gallagher et al.,  36   in a laboratory 

setting with 4 kg and 6 kg helmets, reported that aircrew pre-

ferred to wear a heavier but balanced helmet for a prolonged 

period of time as compared to a lighter helmet with centers of 

gravity similar to the current helicopter helmet models. Most 

recently, Van de Oord et al.  95 , 96   demonstrated that custom work 

to optimize the fi t of the helmet to the individual crewmember 

can reduce neck pain and discomfort despite an unbalanced 

operational load. Th is suggests helmet balance and helmet fi t 

contribute signifi cantly to the development or prevention of 

neck pain among aircrew members. Research with United 

States Army helicopter aircrew reported helmet size did not 

correlate with head circumference.  102   Th is strongly suggests 

there is room for improvement in optimizing helmet fi t to 

enhance balance and decrease neck strain. It would seem 

prudent and cost eff ective for future work to prioritize the 

development of a more balanced helmet with customizable fi t 

rather than focusing solely on a lighter helmet and NVG system.   

 BENEFITS OF PHYSICAL FITNESS AND TRAINING ON AIRCREW 

WORK CAPACITY 

 In the general population with chronic neck pain, the addition 

of exercise to the treatment regimen is benefi cial in both the 

short-term  13 , 20 , 40   and the long-term.  40 , 107 , 108   In fl ight-related 

neck pain, a recent shift  toward physical fi tness and training has 

occurred to provide  “ better muscle conditioning … , enhanced 

muscle coordination, and head support strategies … to prevent 

neck injuries stemming from the extra mass of the helmet ” .   87   

Research to evaluate the associated factors of fl ight-related neck 

pain in British aircrew suggest aerobic exercise, weight training, 

and neck strength training were all preventative in their relation-

ship with neck pain.  106   Van den Oord et al.  93   measured diff er-

ences in neck muscle strength and cervical range of motion 

between aircrew with and without neck pain. Th ese results 

indicated those without pain trend toward greater, nonsignifi -

cant, strength and cervical range of motion as compared to their 

symptomatic colleagues. 

 In fast-jet aircrew, increased neck muscle strength is sug-

gested to protect and stabilize the head and neck muscles dur-

ing brief episodes of increased loading as a result of +G z  
 3   while 

other studies suggest it is the cumulative +G z  loading rather 

than the peak +G z  load that is a better predictor of neck pain.  60   

Th e ideology behind the link in strength and injury is function-

ally stronger neck muscles will be able to maintain the head in a 

neutral position to overcome the gravitational accelerations. 

However, in helicopter aircrew, the link between decreased 

neck strength in terms of a maximal voluntary contraction and 

injury is not supported by the literature;  3 , 51 , 94   one study reports 

increased  “ physical fatigue ”  at the end of NVG fl ight duties 

among aircrew with neck pain as compared to their pain-free 

colleagues.  94   Th is is supported by work with EMG in which 

diff erences were observed between the normalized median 

frequency of neck muscles in either fl exion  3   or extension  54   in 

helicopter aircrew with and without pain; those with pain 

tended to have a blunted EMG signal as compared to their 

healthy colleagues. Ang et al.  5   provide evidence that specifi c 

training of the neck musculature can improve the work capac-

ity of those muscles as assessed by EMG and decrease reports 

of pain among helicopter aircrew. Th us, the hypothesis specifi c 

to helicopter aircrew suggests training programs focus on 

muscular endurance and general fi tness to limit the eff ects 

of cumulative exposure to the multiple factors that contribute 

to neck pain as opposed to programs intending to increase 

strength.  51 , 82 , 106   

 Aft er Wickes et al.  106   suggested a protective link between 

regular physical exercise, in this case aerobic fi tness in the form 

of participation in a self-selected activity (e.g., jogging, soccer, 

racquet sports), researchers have tested either the relationship 

between neck muscle function or the effi  cacy of neck strength-

ening programs on reported pain. Sovelius et al.  87   note it is 

the sternocleidomastoid that demonstrated increased EMG 

activity in order to maintain a neutral posture in response to the 
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additional load of either a fl ight helmet or a fl ight helmet with 

NVG. Harrison et al.  51   report the smaller muscles of the neck 

(i.e., sternocleidomastoid and splenius capitis) are more prone 

to fatigue during submaximal endurance testing as compared 

to the larger muscle groups (i.e., the mid and lower trapezius) 

while seated in a cockpit chair. Ang et al.  5   found a supervised 

exercise regimen, specifi cally focused on neck and shoulder 

exercises, signifi cantly reduced rates of neck injury in a 1-yr 

follow-up. Additionally, this benefi t is possible with as little as 

1 h per week for 6 wk dedicated to performing the specifi c exer-

cises. With respect to addressing the neuromuscular compo-

nent of training specifi city, Sovelius et al.  87   suggest a benefi t 

from the use of head loading and trampoline training. While 

simulating changes in +G z  loading (approximately 0 – 4 +G z ), 

the trampoline also provides a means by which to introduce 

low-level repetitive loading to aircrew training programs. 

 Salmon et al.  81   randomly distributed a group of helicopter 

aircrew for a 12-wk intervention as participants in either an 

endurance-training program (ETP) or a coordination-training 

program (CTP). Th e ETP group performed dynamic move-

ments with resistance designed to equal 30% of each partici-

pant ’ s baseline MVC while the CTP participants performed low 

load isometric exercises focused on the deep cervical stabilizer 

muscles. Compared to control subjects, both ETP and CTP 

groups resulted in signifi cantly reduced subjective neck pain, 

and additionally, increased MVC and muscular endurance. 

Th ese results further suggest that neck-specifi c exercise pro-

grams, like improved helmet fi t, can reduce neck pain in an effi  -

cient and inexpensive manner.   

 RECOMMENDATIONS 

 Th e factors that contribute to the occurrence of neck pain 

among helicopter aircrew are multifactorial. Helmet mass, the 

distribution and balance of the helmet mass, the number of 

fl ight hours logged with NVG, the use of NVGcw, the height of 

the crewmember, the vibration of the helicopter, the in-fl ight 

posture required to perform essential duties, the overall fi tness 

of the crewmember, and the neck/shoulder specifi c fi tness of 

the crewmember are just some of the examples of factors 

identifi ed in the literature as being contributory. Th e question 

now is what can be done about these factors? 

 Th e focus of future research should address all of these issues 

as it is highly unlikely that any one of them, alone, will be suffi  -

cient to reduce the incidence of neck pain among helicopter 

aircrew. Ergonomists and industry should make a conscious 

eff ort to design equipment that has a lower center of gravity as 

suggested by research, the earliest of which is 30 yr old.  77 , 87   

As has already started, industry and research should continue 

to design new seats that meet the safety requirements for 

military flight while reducing vibration transmission to the 

crewmember.  19 , 58   

 Future ergonomic and biomechanical work should quantify 

the duration of time, in fl ight, that each crewmember spends 

in specifi c postures and make certain each crewmember has a 

customized helmet fi t performed. Head forward fl exion is 

linked to reports of neck pain and discomfort in the general 

population,  30 , 89   but other than what is reported by Weirstra  104   

and Forde et al.,   32   little is known about the in-fl ight tasks and 

postures of helicopter crewmembers, particularly fl ight engi-

neers. Obtaining this information would likely dictate changes 

to the unregulated manner in which aircrew choose to use 

NVGcw based on personal preference. Better fi tting helmets will 

also likely help to decrease neck pain and irritation during night 

fl ights.  96   Beyond the optimized fi t, perhaps not every crew-

member has an in-fl ight posture and loading profi le that war-

rants the use of NVGcw. 

 Lastly, fi tness is an obvious solution that oft en appears to be 

overlooked. In the helicopter community, encouragement of a 

structured fi tness program that regularly includes either aero-

bic fi tness  106   or neck-specifi c exercises to address muscular 

endurance and posture  5 , 81 , 82   is the most likely to provide nearly 

immediate improvements in the current neck pain situation in 

the helicopter community.  1     

 CONCLUSIONS 

 Th e issue of neck pain as a result of military helicopter opera-

tions persists. Numerous research projects are publishing 

results that consistently highlight the same areas of con-

cerns  4 , 46 , 90   as have been highlighted by this review. Th e under-

lying commonality among the factors is the need for a 

kinesiological approach that incorporates both a human-factors 

engineering perspective as well as a focus on the neuromuscu-

lar and hemodynamic physiology in order to fully address the 

issues.      

 ACKNOWLEDGMENTS 

 Funding was provided by the Canadian Institute for Military and Veteran 

Health Research (CIMVHR), contract W7714-125624/001/SV. 

  Authors and affi  liations:  Michael F. Harrison, M.D., Ph.D., Brendan Coff ey, 

M.Sc., Wayne J. Albert, Ph.D., Steven L. Fischer, Ph.D., School of Kinesiology & 

Health Studies, Queens ’  University, Kingston ON, Canada; Michael F. Harrison, 

M.D., Ph.D., Department of Emergency Medicine, Henry Ford Hospital, 

Detroit MI; and Wayne J. Albert, Ph.D., Faculty of Kinesiology, University of 

New Brunswick, Fredericton NB, Canada.  

  REFERENCES 

   1.       Adam   J   . Results of NVG-induced neck strain questionnaire study in CH-

146 Griff on aircrew. Toronto (ON): Defence R&D Canada, Toronto;  2004 ; 

TR 2004-153.  

   2.       Ang   B   . Neck pain in air force pilots: on risk factors, neck motor 

function and an exercise intervention [dissertation]. Stockholm, Sweden: 

Karolinska Institutet;  2007 .  

   3.       Ang   B,     Linder   J,     Harms-Ringdahl   K   .  Neck strength and myoelectric 

fatigue in fi ghter and helicopter pilots with a history of neck pain .  Aviat 

Space Environ Med.   2005 ;  76 ( 4 ): 375  –  380 .  

   4.       Ang   B,     Harms-Ringdahl   K   .  Neck pain and related disability in helicopter 

pilots: a survey of prevalence and risk factors .  Aviat Space Environ Med. 

  2006 ;  77 ( 7 ): 713  –  719 .  

   5.       Ang   BO,     Monnier   A,     Harms-Ringdahl   K   .  Neck/shoulder exercise for 

neck pain in air force helicopter pilots: a randomized controlled trial . 

 Spine.   2009 ;  34 ( 16 ): E544  –  E551 .  

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 86, No. 1 January 2015  53

NECK PAIN IN HELICOPTER AIRCREW — Harrison et al.

   6.       Ashrafi uon   H,     Alem   NM,     McEntire   BJ   .  Eff ects of weight and center of 

gravity location of head-supported devices on neck loading .  Aviat Space 

Environ Med.   1997 ;  68 ( 10 ): 915  –  922 .  

   7.       Auff ret   R,     Delahaye   RP,     Metges   PJ   , VICENS. Vertebral pain in helicopter 

pilots. Washington (DC): NASA;  1980 ; NASA-TM-75792.  

   8.       Aydo ğ    ST,     Turbedar   E,     Demirel   AH,     Tetik   O,     Akin   A,     Doral   MN   .  Cervical 

and lumbar spinal changes in diagnosed four-view radiographs of 732 

military pilots .  Aviat Space Environ Med.   2004 ;  75 ( 2 ): 154  –  157 .  

   9.       Barazanji   KW,     Alem   NM   . Tolerance of females to head-supported devices 

during simulated helicopter vibration. Fort Rucker (AL): U.S. Army 

Aeromedical Research Laboratory;  2000 ; Report No. USAARL-2000-16.  

   10.       Beach   A   . A review of the pilot backache problem in the CH113 

Labrador helicopter. Downsview (ON): Defense and Civil Institute of 

Environmental Medicine;  1985 ; No. DCIEM-85-R-49.  

   11.       Bowden   T   .  Back pain in helicopter aircrew: a literature review .  Aviat 

Space Environ Med.   1987 ;  58(5) : 461  –  467 .  

   12.       Bridger   RS,     Groom   MR,     Jones   H,     Pethybridge   RJ,     Pullilnger   N   .  Task and 

postural factors are related to back pain in helicopter pilots .  Aviat Space 

Environ Med.   2002 ;  73 ( 8 ): 805  –  811 .  

   13.       Bronfort   G,     Evans   R,     Nelson   B,     Aker   PD,     Goldsmith   CH,     Vernon   H   .  A 

randomized clinical trial of exercise and spinal manipulation for patients 

with chronic neck pain .  Spine.   2001 ;  26 : 788  –  97 .  

   14.       Brozoski   FT,     Mobasher   AA,     McEntire   BJ,     Alem   NM   . Mass and location 

criteria of head-supported devices using articulated total body simulations. 

Ft. Rucker (AL): US Army Aeromedical Research Laboratory;  1998 :1-10; 

USAARL Report No. 98-42.  

   15.       Butler   BP   . Helmeted head and neck dynamics under whole-body 

vibration [dissertation]. Ann Arbor (MI): University of Michigan;  1992 .  

   16.       Butler   BP,     Alem   NM   . Long-duration exposure criteria for head-supported 

mass. Ft. Rucker (AL): US Army Aeromedical Research Laboratory; 

 1997 :1-61; USAARL Report No. 97-34.  

   17.       Cassidy   JD,     Côté   P,     Caroll   LJ,     Kristman   V   .  Incidence and course of low back 

pain episodes in the general population .  Spine.   2005 ;  30 ( 24 ): 2817  –  2823 .  

   18.       Chen   Y,     Wickramasinghe   V,     Zimcik   D   . Adaptive mount approaches 

for helicopter seat vibration control. In: Proceedings of ICAST. 18 th  

International Conference on Adaptive Structures and Technologies; 

October 3-5 2007, Ottawa, ON, Canada; Red Hook (NY): Curran 

Associates, Inc.;  2007 .  

   19.       Chen   Y,     Wickramasinghe   V,     Zimcik   DG   .  Development of adaptive 

helicopter seat systems for aircrew vibration reduction .  J Vibration 

Control.   2008 ;  2009 ( 15 ): 1809  –  1825 .  

   20.       Chiu   TTW,     Hui-Chan   CWY,     Cheing   G   .  A randomized clinical trial of 

TENS and exercise for patients with chronic neck pain .  Clin Rehabil. 

  2005 ;  19 ( 8 ): 850  –  60 .  

   21.       Coakwell   MR,     Bloswick   DS,     Moser   R   .  High-risk head and neck 

movements at high G and interventions to reduce associated neck injury . 

 Aviat Space Environ Med.   2004 ;  75 ( 1 ): 68  –  80 .  

   22.       Conley   MS,     Stone   MH,     Nimmons   M,     Dudley   GA   .  Specifi city of resistance 

training responses in neck muscle size and strength .  Eur J Appl Physiol. 

  1997a ;  75 ( 5 ): 443  –  8 .  

   23.       Conley   MS,     Stone   MH,     Nimmons   M,     Dudley   GA   .  Resistance training 

and human cervical muscle recruitment plasticity .  J Appl Physiol.   1997b ; 

 83 ( 6 ): 2105  –  2111 .  

   24.       Côté   P,     Cassidy   DC,     Caroll   L   .  Th e Saskatchewan health and back pain 

survey: the prevalence of neck pain and related disability in Saskatchewan 

adults .  Spine.   1998 ;  23 ( 15 ): 1689  –  1698 .  

   25.       Côté   P,     Cassidy   DJ,     Caroll   LJ,     Kristman   V   .  Th e annual incidence and 

course of neck pain in the general population: a population-based cohort 

study .  Pain.   2004 ;  112 ( 3 ): 267  –  273 .  

   26.       Craig   J,     Task   L,     Filipovich   D   .  Development and evaluation of the 

panoramic night vision goggle. Wright-Patterson AFB  ( OH ): Air Force 

Research Laboratory;  1997 ; AFRL-HE-WP-TR-2002-0082.  

   27.       Delahaye   RP,     Auff ret   R,     Metges   PJ,     Poirier   JL,     Vettes   B   . Backache in 

helicopter pilots. In: Physiopathology and pathology of spinal injuries in 

aerospace medicine. Neuilly-sur-Seine, France: NATO Advisory Group 

for Aerospace Research and Development (AGARD); 1982. AGARD-

AG-250.  

   28.       de Oliviera   CG,     Nadal   J   .  Back muscle EMG of helicopter pilots in fl ight: 

eff ects of fatigue, vibration, and posture .  Aviat Space Environ Med.   2004 ; 

 75 ( 4 ): 317  –  322 .  

   29.       Deyo   RA,     Mirza   S,     Martin   BI   .  Back pain prevalence and visit rates: 

estimates from U.S. national surveys, 2002 .  Spine.   2006 ;  31 ( 23 ): 2724  –

  2727 .  

   30.       Eriksen   W   .  Linking work factors to neck myalgia: the nitric oxide/oxygen 

ratio hypothesis .  Med Hypotheses.   2004 ;  62 ( 5 ): 721  –  726 .  

   31.       Forde   KAM   . Neck loads and postures experienced by Canadian Forces 

helicopter pilots during simulated day and night fl ights [dissertation]. 

Fredericton, Canada: University of New Brunswick;  2009 .  

   32.       Forde   KA,     Albert   WJ,     Harrison   MF,     Neary   JP,     Croll   J,     Callaghan   JP   .  Neck 

loads and posture exposure of helicopter pilots during simulated day and 

night fl ights .  Int J Ind Ergon.   2011 ;  41 ( 2 ): 128  –  135 .  

   33.       Fraser   S,     Alem   N,     Chancey   VC   . Helicopter fl ight performance with 

head-supported mass. Proceedings of American Helicopter Society 

62 nd  Annual Forum. May 9-11, 2006 ; Phoenix, AZ. Alexandria (VA) : 

American Helicopter Society; 2006; 63(3):1903 – 12.  

   34.       Froom   P,     Barzilay   J,     Caine   Y,     Margaliot   S,     Forecast   D,     Gross   M   .  Low back 

pain in pilots .  Aviat Space Environ Med.   1986 ;  57 ( 7 ): 694  –  695 .  

   35.       Froom   P,     Hanegbi   R,     Ribak   J,     Gross   M   .  Low back pain in the AH-1 Cobra 

helicopter .  Aviat Space Environ Med.   1987 ;  58 ( 4 ): 315  –  318 .  

   36.       Gallagher   HL,     Caldwell   EE,     Albery   C,     Pellettiere   J   .  Neck muscle fatigue 

resulting from prolonged wearing of weighted helmets [abstract] .  Aviat 

Space Environ Med.   2007 ;  78 : 233 .  

   37.       Geiselman   EE,     Craig   JL   . Panoramic night vision goggle update. Wright-

Patterson AFB (OH): Air Force Research Laboratory;  1999 :1-6;.AFRL 

Report ASC 99-2379.  

   38.       Green   ND,     Brown   L   .  Head positioning and neck muscle activation during 

air combat .  Aviat Space Environ Med.   2004 ;  75 ( 8 ): 676  –  680 .  

   39.       Grossman   A,     Nakdimon   I,     Chapnik   L,     Levy   Y   .  Back symptoms in aviators 

fl ying diff erent aircraft  .  Aviat Space Environ Med.   2012 ;  83 ( 7 ): 702  –  705 .  

   40.       Haldeman   S,     Carroll   L,     Cassidy   D,     Schubert   J,     Nygren   A   .  Th e Bone 

and Joint decade 2000-2010 Task Force on neck pain and its associated 

disorders .  Spine.   2008 ;  33 : 55  –  57 .  

   41.       Hämäläinen   O   .  Flight helmet weight, +Gz forces, and neck muscle strain . 

 Aviat Space Environ Med.   1993 ;  64 ( 1 ): 55  – 5 7 .  

   42.       Hämäläinen   O,     Vanaranta   H   .  Eff ect of Gz forces and head movements 

on cervical spinae muscle strain .  Aviat Space Environ Med.   1992 ; 

 63 ( 8 ): 709  – 7 16 .  

   43.       Hämäläinen   O,     Vanharanta   H,     Bloigu   R   .  +Gz related neck pain: a follow-

up study .  Aviat Space Environ Med.   1994 ;  65 ( 1 ): 16  – 1 8 .  

   44.       Hansen   OB,     Wagstaff    AS   .  Low back pain in Norwegian helicopter aircrew . 

 Aviat Space Environ Med.   2001 ;  72 ( 3 ): 161  – 16 4 .  

   45.       Harms-Ringdahl   K,     Ekholm   H,     Schuldt   K,     Linder   J,     Ericson   MO   . 

 Assessment of jet pilots’ upper trapezius load calibrated to maximal 

voluntary contraction and a standardized load .  J Electromyogr Kinesiol. 

  1996 ;  6 ( 1 ): 67  –  72 .  

   46.       Harrison   MF   . Th e investigation of muscular factors in night vision goggle 

induced neck strain in Canadian Forces helicopter aircrew [dissertation]. 

Regina, Canada: University of Regina;  2009 .  

   47.       Harrison   MF,     Neary   JP,     Albert   WJ,     Veillette   DW,     McKenzie   NP,     Croll   JC   . 

 Trapezius muscle metabolism measured with NIRS in helicopter pilots 

fl ying a simulator .  Aviat Space Environ Med.   2007a ;  78 ( 2 ): 110  –  116 .  

   48.       Harrison   MF,     Neary   JP,     Albert   WJ,     Veillette   DW,     McKenzie   NP,     Croll 

  JC   .  Physiological eff ects of night vision goggle counterweights on neck 

musculature of military helicopter pilots .  Mil Med.   2007b ;  172 ( 8 ):

 864  –  870 .  

   49.       Harrison   MF,     Neary   JP,     Albert   WJ,     Veillette   DW,     McKenzie   NP,     Croll   JC   . 

 Helicopter cockpit seat side and trapezius muscle metabolism with night 

vision goggles .  Aviat Space Environ Med.   2007c ;  78 ( 10 ): 995  –  998 .  

   50.       Harrison   MF,     Neary   JP,     Albert   WJ,     McKenzie   NP,     Veillette   DW,     Croll 

  JC   .  Cytochrome oxidase changes in trapezius muscles with night vision 

goggle usage .  Int J Ind Ergon.   2010 ;  40 ( 2 ): 140  –  145 .  

   51.       Harrison   MF,     Neary   JP,     Albert   WJ,     Croll   JC   .  Neck pain and muscle 

function in a population of CH-146 helicopter aircrew .  Aviat Space 

Environ Med.   2011 ;  82 ( 12 ): 1125  –  1130 .  

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



54  AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 86, No. 1 January 2015

NECK PAIN IN HELICOPTER AIRCREW — Harrison et al.

   52.       Harrison   MF,     Neary   JP,     Albert   WJ,     Croll   JC   .  A predictive logistic 

regression equation for neck pain in helicopter aircrew .  Aviat Space 

Environ Med.   2012 ;  83 ( 6 ): 604  –  608 .  

   53.       Harrison   MF,     Forde   KA,     Albert   WJ,     Croll   JC,     Neary   JP   .  Infl uences of 

posture and helmet load on neck muscle activation [abstract] .  Aviat Space 

Environ Med.   2013 ;  84 ( 4 ): 363 .  

   54.       Harrison   MF,     Neary   JP,     Albert   WJ,     Chester   VL,     Croll   JC   . Diff erentiation 

of physiologic measures of neck myalgia using principal components 

analysis. In: Aiken AB, Belanger SAH, editors. Beyond the Line: Military 

and Veteran Health Research. Kingston, Canada: McGill-Queen’s 

University Press; 2013:3 – 19.  

   55.       Hart   SG   . Helicopter HUMAN FACTORS. In: Human Factors In Aviation. 

San Diego (CA): Academic Press, Inc.; 1988.  

   56.       Hendriksen   I,     Holewijn   M   .  Degenerative changes of the spine of fi ghter 

pilots of the Royal Netherlands Air Force (RNLAF) .  Aviat Space Environ 

Med.   1999 ;  70 ( 11 ): 1057 - 1063 .  

   57.       Hidalgo   JA,     Genaidy   AM,     Huston   R,     Aranti   J   .  Occupational biomechanics 

of the neck: a review and recommendations .  J Hum Ergol (Tokyo).   1992 ; 

 21 ( 2 ): 165  –  181 .  

   58.       Hiemenz   GJ,     Hu   W,     Wereley   NM   .  Semi-active magnetorheological 

helicopter crew seat suspension for vibration isolation .  J Aircr.   2008 ; 

 45 ( 3 ): 945  –  952 .  

   59.       Hodgdon   JA,     Pozos   RS,     Feith   SJ,     Cohen   BS   . Neck and back strain profi les 

of rotary-wing female pilots. San Diego (CA): Naval Health Research 

Centre;  1997 .  

   60.       Kang   S,     Hwang   S,     Lee   ET,     Yang   S,     Park   J   .  Measuring the cumulative 

eff ect of G force on aviator neck pain .  Aviat Space Environ Med.   2011 ; 

 82 ( 11 ): 1042  –  1048 .  

   61.       Knardahl   S   .  Psychophysiological mechanisms of neck pain in computer 

work: the blood vessel  –  nociocepter interaction hypothesis .  Work Stress. 

  2002 ;  16 ( 2 ): 179  –  189 .  

   62.       Knight   JF,     Baber   C   .  Neck muscle activity and perceived pain and 

discomfort due to variations of head load and posture .  Aviat Space 

Environ Med.   2004 ;  75 ( 2 ): 123  –  131 .  

   63.       Knudson   R,     McMillan   D,     Doucette   D,     Seidel   M   .  A comparative study of 

G-induced neck injury in pilots of the F/A-18, A-7, and A-4 .  Aviat Space 

Environ Med.   1988 ;  59 ( 8 ): 758  –  760 .  

   64.       Landau   DA,     Chapnick   L,     Yoff e   N,     Azaria   B,     Goldstein   L,     Atar   E   .  Cervical 

and lumbar MRI fi ndings in aviators as a function of aircraft  type .  Aviat 

Space Environ Med.   2006 ;  77 ( 11 ): 1158  –  1161 .  

   65.       Lis   AM,     Black   KM,     Korn   H,     Nordin   M   .  Association between sitting and 

occupational LBP .  Eur Spine J.   2007 ;  16 ( 2 ): 283  –  298 .  

   66.       Lopez-Lopez   JA,     Vellejo   P,     Rios-Tejada   F   .  Determination of lumbar 

muscular activity in helicopter pilots: a new approach .  Aviat Space 

Environ Med.   2001 ;  72 ( 1 ): 38  –  43 .  

   67.       Luopajärvi   T,     Kuorinka   I,     Virolainen   M,     Homberg   M   .  Prevalence of 

tenosynovitis and other injuries in the upper extremities in repetitive 

work .  Scand J Work Environ Health.   1979 ;  5 ( Suppl.3 ): 48  –  55 .  

   68.       Maikala   RV,     Bhambhani   YN   .  In vivo lumbar erector spinae oxygenation 

and blood volume measurements in healthy men during seated whole-

body vibration .  Exp Physiol.   2006 ;  91 ( 5 ): 853  –  866 .  

   69.       Marieb   EN   . Human anatomy & physiology. Menlo Park (CA): Benjamin/

Cummings Publishing Company, Inc.;  1998 .  

   70.       Nikander   R,     Malkia   E,     Parkkari   J,     Heinonen   A,     Starck   H,     Ylinen   J   .  Dose-

response relationship of specifi c training to reduce chronic neck pain and 

disability .  Med Sci Sports Exerc.   2006 ;  38 ( 12 ): 2068  –  2074 .  

   71.       Oksa   J,     Hamalainen   O,     Rissanen   S,     Myllyniemi   J,     Kuronen   P   .  Muscle 

strain during aerial combat maneuvering exercise .  Aviat Space Environ 

Med.   1996 ;  67 ( 12 ): 1138  –  1143 .  

   72.       Oldervoll   LM,     Ro   M,     Zwart   JA,     Svebak   S   .  Comparison of two physical 

exercise programs for the early intervention in the neck, shoulders and 

lower back in female hospital staff  .  J Rehabil Med.   2001 ;  33 ( 4 ): 156  –  161 .  

   73.       Orsello   CA,     Phillips   AS,     Rice   GM   .  Height and in-fl ight low back pain among 

military helicopter pilots .  Aviat Space Environ Med.   2013 ;  84 ( 1 ): 32  –  7 .  

   74.       Panjabi   MM   .  A hypothesis of chronic back pain: ligament subfailure 

injuries lead to muscle control dysfunction .  Eur J Spine.   2006 ;  15 ( 5 ):

 668  –  676 .  

   75.       Pelham   TW,     White   H,     Holt   LE,     Lee   SW   .  Th e etiology of low back pain 

in military helicopter aviators: prevention and treatment .  Work.   2005 ; 

 24 ( 2 ): 101  –  110 .  

   76.       Phillips   CA,     Petrofsky   JS   .  Neck muscle loading and fatigue: systematic 

variation of headgear weight and center-of-gravity .  Aviat Space Environ 

Med.   1983 ;  54 ( 10 ): 901  –  5 .  

   77.       Phillips   AS   . Th e scope of back pain in navy helicopter pilots [dissertation]. 

Monterey (CA): Naval Postgraduate School;  2011 .  

   78.       Pokorski   T   . Analysis of fl ight gear for female pilots. Pensacola (FL):Naval 

Aeromedical Research Laboratory;  1994 .  

   79.       Pope   MH,     Wilder   DG,     Donnermijer   DD   . Muscle fatigue in static and 

vibrational seating environments. In: Backache and back discomfort. 

Neuilly-sur-Seine, France: NATO-AGARD;  1986 ; 21: 1-25.9; AGARD-

CP-378  

   80.       Salmon   DM   . Th e effi  cacy of exercise therapy in reducing neck pain and 

fatigue in CH-146 CF aircrew [dissertation]. Regina (SK): University of 

Regina;  2009 .  

   81.       Salmon   DM,     Harrison   MF,     Sharpe   D,     Candow   DG,     Albert   WJ,     Neary 

  JP   . Th e eff ect of neck muscle training on self-reported pain in CH-146 

Griff on helicopter aircrew. In: Aiken AB, Belanger SAH, editors. Shaping 

the future: military and veteran health research. Kingston (ON): Canadian 

Defence Academy Press; 2011a. p. 79 – 105.  

   82.       Salmon   DM,     Harrison   MF,     Neary   JP   .  Neck pain in military helicopter 

aircrew and the role of exercise therapy .  Aviat Space Environ Med.   2011b ; 

 82 ( 10 ): 978  –  987 .  

   83.       Schulte-Wintrop   HC,     Knoche   H   . Backache in UH-1 D helicopter crews. 

In: Operational Helicopter Aviation Medicine. Neuilly-sur-Seine, France: 

NATO-AGARD;  1978 ; AGARD CP255.  

   84.       Seidel   H,     Heide   R   .  Long-term eff ects of whole-body vibration: a critical 

survey of the literature .  Int Arch Occup Environ Health.   1986 ;  58 ( 1 ): 1  –  26 .  

   85.       Sjøgaard   G,     Lundberg   U,     Kadefors   R   .  Th e role of muscle activity and 

mental load in the development of pain and degenerative processes at the 

muscle cell level during computer work .  Eur J Appl Physiol.   2000 ;  83 ( 2-

3 ): 99  –  105 .  

   86.       Sliosberg   R   . Backache in helicopter pilots: Analysis, etiology, treatment, 

and prevention. In: Translations of reports and communications of the 

11th International Aeronautical and Cosmonautical Medical Congress 

in Europe, Madrid, 1962, pp145-151. Library Trans. 1857. Farnborough, 

Royal Aircraft  Establishment;  1975 .  

   87.       Sovelius   R,     Oksa   J,     Rintala   H,     Huhtala   H,     Siitonen   S   .  Neck muscle strain 

when wearing helmet and NVG during acceleration on a trampoline . 

 Aviat Space Environ Med.   2008 ;  79 ( 2 ): 112  –  6 .  

   88.       Th omae   MK,     Porteus   JE,     Brock   JR,     Allen   GD,     Heller   RF   .  Back pain in 

Australian military helicopter pilots: a preliminary study .  Aviat Space 

Environ Med.   1998 ;  69 ( 5 ): 468  –  73 .  

   89.       Th orn   S   . Muscular activity in light manual work  –  with reference to 

the development of muscle pain among computer users. [dissertation]. 

Göteborg, Sweden: Chalmers University of Technology;  2005 .  

   90.       Th uresson   M   . On neck load among helicopter pilots: eff ects of head-

worn equipment, whole-body vibration and neck position [dissertation]. 

Stockholm, Sweden : Karolinska Institutet;  2005 .  

   91.       Th uresson   M,     Ang   B,     Linder   J,     Harms-Ringdahl   K   .  Mechanical load and 

EMG activity in the neck induced by diff erent head-worn equipment and 

neck postures .  Int J Ind Ergon.   2005a ;  35 ( 1 ): 13  –  18 .   

   92.       Th uresson   M,     Ang   B,     Linder   J,     Harms-Ringdalh   K   .  Intra-rater reliability 

of electromyographic recordings and subjective evaluation of neck 

muscle fatigue among helicopter pilots .  J Electromyogr Kinesiol.   2005b ; 

 15 ( 3 ): 323  –  331 .  

   93.       van den Oord   MHAH,     De Loose   V,     Sluiter   JK,     Frings-Dresen   MHW   . 

 Neck strength, position sense, and motion in military helicopter crew 

with and without pain .  Aviat Space Environ Med.   2010a ;  81 ( 1 ): 46  –  51 .  

   94.       van den Oord   MHAH,     De Loose   V,     Meeuwsen   T,     Sluiter   JK,     Frings-

Dresen   MHW   .  Neck pain in military helicopter pilots: prevalence and 

associated factors .  Mil Med.   2010b ;  175 ( 1 ): 55  –  60 .  

   95.       van den Oord   MHAH,     Frigns-Dresen   MHW,     Sluiter   JK   .  Optimal helmet 

use and adjustments with respect to neck load: the experience of military 

helicopter aircrew .  Int J Ind Ergon.   2012a ;  42 ( 1 ): 73  – 7 9 .  

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 86, No. 1 January 2015  55

NECK PAIN IN HELICOPTER AIRCREW — Harrison et al.

   96.       van den Oord   MHAH,     Steinman   Y,     Sluiter   JK,     Frings-Dresen   MHW   .  Th e 

eff ect of optimised helmet fi t on neck load and neck pain during military 

helicopter fl ights .  Appl Ergon.   2012b ;  43 ( 5 ): 958  –  964 .  

   97.       van den Oord   MHAH,     Sluiter   JK,     Frings-Dresen   MHW   .  Diff erences in 

physical workload between military helicopter pilots and cabin crew .  Int 

Arch Occup Environ Health.   2014 ;  87 ( 4 ): 381  –  386 .  

   98.       Videman   T,     Battie   M,     Gibbons   L,     Maravilla   K,     Manninen   H,     Kapiro   J   . 

 Associations between back pain history and lumbar MRI fi ndings .  Spine. 

  2003 ;  28 ( 6 ): 582  –  588 .  

   99.       Viikari-Juntura   E   .  Neck and upper limb disorders among slaughterhouse 

workers: an epidemiologic and clinical study .  Scand J Work Environ 

Health.   1983 ;  9 ( 3 ): 283  –  290 .  

   100.       Visser   B,     van Dieën   JH   .  Pathophysiology of upper extremity muscle 

disorders .  J Electromyogr Kinesiol.   2006 ;  16 ( 1 ): 1  –  16 .  

   101.       Waddell   G,     Burton   AK   .  Occupational health guidelines for the management 

of low back pain at work: evidence review .  Occ Med.   2001 ;  51 ( 2 ): 124  –  135 .  

   102.       Walters   PL,     Cox   JM,     Clayborne   K,     Hathaway   AJ   . Prevalence of neck and 

back pain amongst aircrew at extremes of anthropometric measurements. 

Ft. Rucker (AL): US Army Aeromedical Research Laboratory; 2012; 

USAARL Report No 2012-12.  

   103.       Walters   PL,     Gaydos   SJ,     Kelley   AM,     Grandizio   CM   . Spinal pain and 

occupational disability: a cohort study of British Apache AH Mk1 pilots. 

Ft. Rucker (AL): US Army Aeromedical Research Laboratory; 2013; 

USAARL Report No 2013-20.  

   104.       Weirstra   BT   . Ergonomic assessment of fl ight engineers at 403 SQN. Camp 

Gagetown (NB); Physiotherapy Report 6600-1.  2001 .  

   105.       Werner   E   . Manual of Visual Fields. New York (NY): Churchill Livingstone; 

 1991 .  

   106.       Wickes   S,     Scott   J,     Greeves   J   .  Epidemiology of fl ight-related neck pain 

in Royal Air Force (RAF) aircrew [abstract] .  Aviat Space Environ Med. 

  2005(3) ;  76 : 298 .  

   107.       Ylinen   J,     Takala   EP,     Nykanen   MJ,     Hakkinen   AH,     Malkia   E,    et al.   

 Active neck muscle training in the treatment of chronic neck pain in 

women: a randomized controlled trial .  JAMA.   2003 ;  289 ( 19 ): 1509  –

  1516 .  

   108.       Ylinen   J,     Takala   EP,     Nykanen   MJ,     Kautiainen   HJ,     Hakkinen   AH, 

    Airaksinen   OVP   .  Eff ects of twelve-month strength training subsequent 

to twelve-month stretching exercise in treatment of chronic neck pain .  J 

Strength Cond Res.   2006 ;  20 ( 2 ): 304  –  8 .  

   109.       Young   WR   . Th e helicopters. Alexandria (VA): Time-Life Books;  1982 .      

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access


