
790  AerospAce Medicine And HuMAn perforMAnce Vol. 91, no. 10 october 2020

R E S E A R C H  A R T I C L E

Military helicopter and fighter pilots are a special popu-
lation at risk of neck pain, with epidemiological 
reports indicating a significantly higher annual prev-

alence of neck pain in combat pilots compared to the general 
population (46–83% vs. 30–50%, respectively) and at a younger 
age.9,37

Several factors expose pilots to an increased risk of flight-
associated neck pain (FANP): high G forces, heavy helmets, 
inadequate back support, and requirements for quick neck 
motion. During air combat flying maneuvers, acceleration can 
reach +9 Gz, multiplied by the weight of the head and helmet. 
This applies high axial compression on the cervical spine.14 In 
addition, the cockpit’s reclined sitting position provides no spi-
nal support for when pilots are upright checking their sur-
roundings (known as “checking six”).37 Helicopter pilots often 

wear night-vision aids that place an additional compressive and 
forward flexion load on the neck,33 along with longer sorties,7 
vibrations in the cockpit,31 and lack of neck support,37 all of 
which contribute to the development of FANP.

FANP may have a high functional impact on pilots. FANP 
may lead to decreased endurance and strength, and could limit 
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 BACKGROUND:  Flight-associated neck pain (FANP) is a serious problem in fighter pilots. Despite the high impact of FANP there is little 
evidence for effective management. However, self-kinematic training showed a positive effect in the general popula-
tion. The purpose of this study was to investigate the effectiveness of a self-kinematic training program using virtual 
reality in improving neck pain in fighter pilots.

 METHODS:  There were 45 pilots with FANP who were randomized to a control group (N 5 23) or a training group (N 5 22). Training 
participants were instructed to exercise using a personalized self-training program, for 20 min/wk, for 4 wk. Primary 
outcome measures were neck disability (NDI%) and mean velocity (° · s21), and secondary were pain, health status, 
accuracy, and isometric strength. Assessments were conducted by a blinded assessor and intention-to-treat analysis by 
a blinded statistician.

 RESULTS:  There were 40 pilots who completed the postintervention assessments, and 35 completed the 6-mo follow-up. Baseline 
measurements showed mild pain and disability (mean VAS 5 43 6 22.73, NDI 5 17.76 6 9.59%) and high kinematic 
performance. Compliance with self-training was poor. No differences were observed in self-reported measures and 
strength. Exercise duration was correlated with NDI% improvement.

 DISCUSSION:  This self-kinematic training promoted kinematic performance, but was ineffective in engaging the pilots to exercise, and 
consequently did not improve pain and disability. Poor compliance was previously reported in self-training for FANP, 
suggesting further studies should prioritize supervised training. Considering the high baseline kinematic performance, 
kinematics does not seem to be a key factor in FANP, and future exercise research should aim for intense strengthening 
to increase endurance to the high Gz pilots experience.
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flight duration.1,15 In 11–42% of cases, FANP can lead to a tem-
porary change in flying fitness status14,19 or even permanent fly-
ing disqualification.16 The high impact of neck pain on pilots 
and their functional requirements emphasizes the need for an 
effective treatment approach.

Several impairments which are commonly associated with 
neck pain in the general population have been studied. These 
include cervical range of motion (ROM),20 muscle strength,6 
and sensorimotor control.36 Sensorimotor control was inves-
tigated using measures of motion/position sense,12 oculomotor 
control,35 and kinematic measures such as velocity, smooth-
ness, and accuracy of cervical motion.5,17 These kinematic 
measures of neck motion are functionally relevant to mili-
tary pilots with neck pain, but have yet to be studied in this 
group.

Strong evidence, based on multiple randomized control tri-
als (RCTs) in the general population, supports the effectiveness 
of active exercise regimes for the treatment of neck pain. How-
ever, these include a variety of protocols and exercise types, 
with no specific regime proven most effective.10,11

Unfortunately, only three RCTs of methodological quality 
(PEDro 7–8) were identified that had investigated active inter-
ventions for FANP in combat pilots.2,13,18 Among these, one 
RCT found no effect of a self-exercise program on neck pain,18 
and the other two RCTs showed a significant improvement in 
the frequency of neck pain occurrence in the supervised train-
ing group compared to the control group.2,13 Other studies were 
either noncontrolled, of poor quality, or investigated passive 
interventions.

We recently investigated the effect of kinematic training in 
civilian patients with neck pain in two trials, first providing 
supervised training, and second promoting self/home-train-
ing.25,27 Good compliance and significant improvements were 
demonstrated in the Neck Disability Index (NDI) and velocity 
with notable effect sizes in kinematic training groups compared 
to control.25,27 Of the subjects, 74–84% perceived improvement 
or were satisfied with the exercise intervention. Significant 
advantages to the virtual reality (VR) training group were found 
in velocity, pain intensity, health status, and accuracy at two 
time points.25,27 The results demonstrated the advantages for 
the VR training group, which supported the use of home VR 
kinematic training for improving disability, neck pain, and 
kinematics in the short and intermediate term, and therefore 
directed this study’s objectives and methodology. The objective 
of this RCT was to evaluate the effectiveness of self- kinematic 
exercises using VR on neck pain, disability, and cervical kine-
matics in combat pilots.

METHODS

This study was designed as an RCT with concealed allocation 
and blinded assessments. The study was set up at Israeli Air 
Force bases. Recruitment was initiated via the Israeli Air Force 
Aeromedical Unit (IAMU) and via the squadron command-
ers. In addition, the units’ physiotherapists provided relevant 

information regarding the study to their pilot patients. Data 
collection was conducted between August 2016 and August 
2017. All subjects provided informed consent before enroll-
ment to the study. The ethics approvals were obtained from the 
Helsinki Committee of the Israel Defense Force (no. 1519) and 
from the institutional review board at the University of Haifa 
(no. 062/16). This trial was registered at the NIH clinical trial 
registry ClinicalTrials.gov (ID: NCT02979041).

Study Population
We included in the study fighter and helicopter pilots from the 
Israeli Air Force with acute, subacute, or chronic neck pain; 
with or without referral to the upper limbs; and with an average 
neck pain intensity (during the past week) of at least 20%  
[on a Visual Analog Scale (VAS)/100 mm]. Participants were 
excluded if they reported suffering from neurological disor-
ders, systemic disease, history of spinal surgery, or any disor-
ders that may have limited the ability to complete the study’s 
procedure.

Volunteering for this study were 58 aircrew members, of 
which 45 were found eligible. These 45 were comprised of 25 
fighter jet pilots, 16 fighter jet navigators, and 4 fighter helicop-
ter pilots. There were 41 young men and 4 female pilots in the 
study, reflecting the gender distribution in this unique popula-
tion (Table I).

A randomization scheme was generated using Random-
ization.com software (http://www.randomization.com). The 
randomization procedure was operated by the Air Force inves-
tigator, who was blinded to baseline assessments.

Experimental Equipment
An interactive VR system was used to evaluate and train cervi-
cal motion control. This system used hardware and software to 
provide simple, yet engaging games monitored via motion 
tracking. The system included a head-mounted display (HMD) 
(Oculus Rift, DK1, http://www.oculusvr.com) with a built-in 
3D tracker. The Oculus Rift DK2 integrates numerous sensors, 
including gyroscopes, accelerometers, and magnetometers, cal-
culating momentum and rotation tracking. To assess neck 
motion kinematics, we used angular displacement data: in yaw 
for cervical left and right rotation, and in pitch for flexion and 
extension.8

The individualized VR training software programs were 
installed on personal laptops for independent use by the sub-
jects. Every activation of the training setup generated an auto-
mated data output that included motion tracking data by time. 
The time record was used for monitoring exercising time, which 
reflected compliance.

During the interactive VR sessions, the subject’s head was 
visualized as an animated image of a pilot flying a small air-
plane, as shown in Fig. 1. The subject’s head movements con-
trolled interactions within the virtual environment and the 
various tasks stimulated different therapeutic aims. The VR 
software included three modules aimed at stimulating:  
1) increased ROM, 2) faster motion with a quick response, and 
3) increased neck motion accuracy.
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Self-Reported Outcome Measures

 1. Disability due to neck pain was measured by the NDI (%) 
and was the primary self-reported outcome measure.38 NDI 
is a 10-item self-rated instrument assessing disability asso-
ciated with neck pain. Each item is scored on a 0 to 5 rat-
ing scale and a higher score indicates greater disability. The 
NDI has proven to be a valid and reliable measure,21 with a 
minimal clinically important change (MCIC) of 7% being 
suggested.22

 2. The average pain intensity level during the past week was 
evaluated using the VAS (100 mm). VAS is a 100-mm line 
representing pain intensity, and has been established as a 

valid and sensitive pain intensity instrument which is com-
monly cited in neck pain studies. Researchers reported an 
MCIC of between 18 mm to 27 mm.22,34

 3. Health status was assessed using the quality of life tool 
EQ5D-VAS (EQ-5D™, www.euroqol.org). Patients self-rated 
their health status out of 100, with a 100 representing the 
best possible health state and 0 the worst possible health 
state.3 An MCIC of 10 points has been suggested for chronic 
low back pain.32

Performance Outcome Measures
Cervical kinematic measures were analyzed from data collected 
by the tracker for each of the four main directions: flexion, 
extension, and right and left rotation. Kinematic measures such 
as velocity and smoothness are reliable and valid diagnostic 
measures in patients with neck pain. The following kinematic 
variables were analyzed: peak and mean velocity, motion 
smoothness, and accuracy.

 1. Mean Velocity was the primary performance measure, 
in addition to peak velocity (secondary measure) of cervical 
motion (Vmean, Vpeak, respectively). Vmean was calculated as the 
mean of three maximal peak angular velocity results achieved 
from each direction. It has previously demonstrated 
repeatability and minimal detectable change (MDC) for a 
mean velocity of 14.31° · s21.24

 2. Cervical ROM was measured in four directions: flexion, 
extension, and right and left rotation. Prior studies noted 
ROM performance was maximized in VR assessment vs. 
conservative methodology, and VR ROM assessment was 
reliable, both for inter- and intratester reliability.23,28

 3. Time to Peak Velocity Percentage (TTP %) was the time 
from motion initiation to peak velocity moment as a per-
centage of total movement time, representing the ratio 
between the acceleration to deceleration phase in the veloc-
ity profile (MDC 7.31%).24

Table I. Methods for prescription of Kinematic Training program by impaired parameter.

STAGE A. CUTOFFS TO DEFINE KINEMATIC IMPAIRMENTS BASED ON NORMATIVE DATA FOR ROM23 AND FOR VELOCITY AND ACCURACY24

MEASURE DIRECTION ROM PEAK VELOCITY MEAN VELOCITY ACCURACY

flexion 56 167 50 Y: 45
extension 71 149 55 Y: 34
right rotation 76 220 67 X: 36
Left rotation 78 262 74 X: 43
condition for fail smaller than smaller than smaller than Larger than
Additional conditions 1 or more to fail 2 or more to fail 1 or more to fail

if there is a fail in 1 direction, exercise all directions
STAGE B. THE ALGORITHM FOR PRESCRIPTION OF KINEMATIC TRAINING PROGRAM BY IMPAIRED PARAMETER

IMPAIRED ELEMENT 1 2 3 4 5 6
none/All Accuracy Velocity roM Velocity Accuracy Velocity
roM roM Velocity roM Accuracy Velocity Velocity
Velocity Accuracy Velocity Velocity Accuracy Velocity Velocity
Accuracy Accuracy Velocity Accuracy Velocity Accuracy Velocity
Velocity & roM roM Velocity roM Accuracy Velocity Velocity
Velocity & Accuracy Accuracy Velocity Accuracy Velocity Accuracy Velocity
Accuracy & roM Accuracy Velocity roM Accuracy roM Accuracy

roM: range of motion.

Fig. 1. flow chart of recruitment process and drop-outs throughout the exper-
imental period.
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 4. Accuracy Error (°) was measured during the smooth head 
pursuit task in the accuracy module and assessed the dif-
ference between the target’s and the player’s position in 
degrees. The accuracy error was measured in the plane of 
motion, with the X axis for rotation and the Y axis for 
flexion-extension. These measures of accuracy were shown 
to be significantly sensitive and specific.24 MDC for these 
measures has not been previously investigated.

 5. Cervical Isometric Strength was measured in the cervical 
flexion and extension directions using a dynamometer 
(HF-1000N Digital Force Gauge Meter, by Zhengzhou 
Nanbei Instrument Equipment Co. Ltd, Zhengzhou, China) 
fixed to a static object and connected to the head of the  
subject with a strap system designated for this purpose. 
Patients with chronic neck pain showed strength deficits 
compared to healthy controls.29,30 Isometric strength test-
ing reliability has been reported as substantial to almost 
perfect (r 5 0.76–0.89) in patients with neck pain. The 
MDC was 8.7 for the flexors and 12.5 KgF for the neck 
extensors.30

Procedure
Following randomization, both groups (control and interven-
tion) continued physical therapy, if receiving any, and this was 
the control intervention. In addition, the intervention group 
subjects received equipment and guidance for a self-manage-
ment exercise program using a customized neck VR system.

The interactive VR exercise program was designed to train 
fast and accurate head control using three VR modules: ROM, 
Velocity, and Accuracy. We identified which of the three mod-
ules was impaired by the cutoffs presented in Table I, stage A. 
These cutoffs were based on previous normative data for ROM23 
and for velocity and accuracy.24

Once we mapped the impaired modules to be trained, we 
prescribed an individual program by the system presented in 
Table I (Stage B), aiming to train the impaired aspects more 
than others, but also to avoid side effects of prolonged VR use 
such as motion sickness. Each training program included six 
episodes of training in one session following the system pre-
sented in Table I, Stage B.

The VR training dosage was four times a week, 20 min/wk, 5 
min per session. A 1-min break was set in between VR training 
modules to avoid simulator sickness. Subjects were instructed 
to perform one free exercise in each interval, for 1–2 min, out of 
four exercises taught and practiced in the initial session with 
the treating physiotherapist. This VR dosage was based on find-
ings from previous clinical trials25,27 in civilian populations 
with neck pain, and intended to minimize time consumed from 
the pilots’ schedule to promote compliance.

Tailoring and instructing individual exercise programs was 
conducted by a qualified, experienced physiotherapist, who fol-
lowed up with intervention group subjects weekly through text 
messaging and phone calls. VR training was based on the pro-
gram for the general population, which has shown a positive 
effect on pain, disability, and kinematics.25,27

Training data records were retrieved from the subject’s com-
puter upon its return at the end of the intervention program. 
Recorded data was analyzed for performance and compliance 
measures. All subjects were assessed at baseline, at the comple-
tion of the intervention period after 4 wk, and self-reported 
measures were re-evaluated at 6 mo postintervention.

Statistical Analysis
The statistical analysis was performed by a blinded statistician 
and data were analyzed on an intention-to-treat basis. To 
account for the dropouts, the SAS's MI procedure for multiple 
imputations of missing data was used with the regression 
method to impute missing values.

In a preliminary analysis we searched for potential covari-
ates that could affect the results of the association between 
group and intervention effect. We conducted univariate analy-
sis on all baseline parameters (Table I) and found there was no 
significant association (P . 0.05) between baseline parameters 
and group, i.e., there were no covariates to adjust for. We con-
ducted an additional univariate analysis to examine the associa-
tion between groups (intervention vs. control group) for 
therapeutic effect measured by post-minus preintervention 
change and 6 mo post-minus preintervention change.

Group comparisons for continuous variables, which exhib-
ited normal distribution, were performed by using a two-
sample Student t-test and were reported by mean and standard 
deviation, and variables exhibiting abnormal distribution 
were compared by using the two-sample Wilcoxon test and 
reported by median and interquartile range. The Pearson Chi-
squared test was used for group comparisons of categorical 
variables. The association between training duration and the 
change in main outcome measures (post/pre-intervention) in 
the intervention group was evaluated by Spearman correla-
tion coefficient. A P-value of 0.05 was considered significant, 
and statistical analysis was performed by SAS for Windows, 
version 9.4.

RESULTS

Volunteering for this study were 58 aircrew members, of which 
45 were found eligible. These included mostly fighter jet pilots 
and navigators, and four fighter helicopter pilots, all of whom 
reported suffering from neck pain. The majority of the subjects 
were young men with healthy BMI, and there were four female 
pilots in the study, reflecting the gender distribution in this 
unique population (Table II).

The overall reported neck pain intensity and associated dis-
ability were mild, but of extended duration. There were 40% 
who reported unilateral symptoms and 60% bilateral symptoms 
as accepted in prolonged neck pain. Only 18% reported neuro-
genic symptoms such as pins and needles, altered sensation, or 
referred pain below the elbow level.

Subjects reported approximately 2 weekly hours of physical 
activity (Table II) and only a third of the subjects reported 
receiving treatment such as physiotherapy for their neck pain at 
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the time of recruitment. An acceptable dropout rate of 11% was 
recorded during the intervention period and an additional 12% 
dropped out at the 6-mo follow-up.

Overall, the study subjects reported mild levels of pain inten-
sity and associated disability (NDI). They reported a health status 
range of 80–84%, mainly due to neck pain as prestudy screening 
determined all subjects to be fit, healthy individuals.

There were no group differences in the performance base-
line measures, excluding isometric neck extensors strength. 
Intervention group subjects presented with higher isometric 
extensor strength than the controls (P , 0.05). In addition, 
extensor strength in both groups was higher than flexors. 
Velocity, TTP, and accuracy results reflect overall good kine-
matic neck control at baseline by both groups compared to pre-
vious data in patients with neck pain.25

The VR training included three modules intended to train 
ROM, velocity, and accuracy. Subjects in the intervention group 
received computerized equipment and the program to use for 
their training, and the VR training was recorded on the com-
puter. The instructed training regime was 20 min/wk, but on 
average, the majority of subjects did less than 10 min per week. 
Regarding the frequency of training over the 4-wk duration: 
four subjects trained only 2–12 min, six trained 26–37 min, five 
trained 47–74 min, and only four subjects followed the 

instructions and trained 92–147 min. Examination of the exer-
cising data indicated that nearly half of subjects in the interven-
tion group did not complete 1 d of exercise or only completed 
the exercises once weekly.

Table III presents the results in the intervention and control 
group at the three time points: baseline, postintervention, and 
6-mo follow-up. Group difference was analyzed for the change 
scores post-minus preintervention and 6 mo post-minus prein-
tervention (follow-up included only self-reported measures). 
Endpoints in Table III reported with an asterisk indicate signifi-
cant differences. Significant group differences were found in 
three kinematic parameters: peak velocity, mean velocity, and 
TTP%, with the intervention group benefitting from the 
improvements. No differences were found between groups in 
the pre/post change in ROM, isometric strength, pain intensity, 
or disability. The trained individuals experienced increased 
neck motion velocity and reached peak velocity later in their 
velocity profile: VR subjects’ TTP increased from 47.6 to 60.5% 
(12.9% increase) and controls’ TTP increased from 51.5 to 
56.3% (4.8% increase).

Spearman correlation assessed the relationship between 
total exercise time (min) and the outcome measures in the 
intervention group (N 5 22). These results showed a single sig-
nificant correlation between exercising duration and NDI 

Table II. Baseline results in the Training and control Groups, with P-Value for Group difference, by Types: demographic, self-reported, and performance.

DEMOGRAPHIC CHARACTERISTICS TRAINING (N 5 22) CONTROL (N 5 23) P-VALUE

Age, Mean (sd) 30 (5.8) 28 (5.1) 0.25
Gender, M, N (%) 21 (95%) 20 (87%) 0.32
BMi, Mean (sd) 24 (1.8) 23.2 (2.4) 0.22
symptoms’ duration, median (Q1, Q3) 36 (5.0, 84.0) 12 (6.0, 48.0) 0.30
pain distribution, N (%) 0.87
unilateral 9 (43%) 9 (39%)
Bilateral 12 (57%) 14 (61%)
neurogenic symptoms, N (%) 4 (18%) 4 (18%) 1.00
physical activity (Hours per week), median (Q1, Q3) 2.3 (1.0, 4.0) 2 (1.0, 3.0) 0.80
profession, N (%) 0.05
combat fighter pilot 15 (68%) 9 (39%)
combat fighter navigator 7 (32%) 10 (43%)
combat helicopter pilot 0 (0%) 4 (17%)
service type, N (%) 0.67
full time service 12 (55%) 14 (61%)
reserves service 10 (45%) 9 (39%)
Monthly sorties no. 10 (9.0, 16.0) 10 (8.0, 18.0) 0.85
SELF-REPORTED MEASURES TRAINING (N 5 22) CONTROL (N 5 23) P-VALUE
VAs pain (/100 mm), Mean (sd) 36.4 (22.8) 49.5 (21.1) 0.05
ndi %, Mean (sd) 17.6 (8.9) 17.9 (10.4) 0.91
eQ5d-VAs (/100), Mean (sd) 83.9 (10.2) 79.9 (15.9) 0.32
PERFORMANCE BASELINE MEASURES TRAINING (N 5 22) CONTROL (N 5 23) P-VALUE
roM flexion, median (Q1, Q3) 65.2 (65.1, 65.6) 65.2 (63.6, 65.9) 0.91
roM extension, median (Q1, Q3) 73.5 (70.9, 76.3) 73.3 (72.6, 75.2) 0.73
roM right rotation, median (Q1, Q3) 81.5 (80.2, 83.1) 80.9 (80.1, 81.8) 0.33
roM Left rotation, median (Q1, Q3) 80.1 (78.1, 81.7) 80.7 (80.2, 81.3) 0.29
isometric strength flexors (n), Mean (sd) 137.0 (32.2) 128.5 (43.6) 0.46
isometric strength extensors (n), Mean (sd) 190.1 (51.3) 157.6 (50.9) 0.04*
Global peak Velocity (° · s21), Mean (sd) 203.0 (67.4) 230.4 (69.2) 0.18
Global Mean Velocity (° · s21), Mean (sd) 125.4 (40.6) 145.0 (40.0) 0.11
Global TTp %, Mean (sd) 47.6 (14.7) 51.5 (13.1) 0.36
Global accuracy (°), median (Q1, Q3) 62.5 (60.1, 67.3) 66.2 (56.0, 75.6) 0.55

BMi: body mass index; eQ-VAs: european questionnaire health status VAs; roM: range of motion; TTp: time to peak velocity (%); Q1: 1st quartile; Q3: third quartile; *P , 0.05.
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(r 5 0.61), indicating that those who invested more time in 
exercising experienced significant improvement in their NDI 
(Table IV). Surprisingly, training duration was not correlated 
with the performance measures that were targeted in the train-
ing program, although it was found that kinematics improved 
significantly more in the intervention group compared to the 
control group.

DISCUSSION

This RCT investigated the effect of self-kinematic training using 
VR on neck pain, related disability, neck motion kinematics, 
and isometric neck strength. Findings showed a positive effect 
on kinematic performance in the training group as compared 
to the controls, and a positive relationship between exercising 
time and improvement in neck associated disability. This kine-
matic improvement in the intervention group was expected as 
this was the focus of the training program. However, results 
showed no change in self-reported measures such as pain inten-
sity and disability.

There may be a few explanations for the lack of effectiveness 
of the investigated intervention in changing pain and disability. 
Unfortunately, only 41% of participants exercised at least once a 
week. On one hand, even this partial compliance had a positive 
impact on the dynamic parameters of kinematics. On the other 
hand, the low compliance probably contributed a great deal to 
the lack of change in self-reported measures. Some indication 
for this explanation relies on the correlation results showing 
the ones who invested more time in exercising experienced 
higher improvement in their NDI. Compliancy issues with 
independent self-exercise programs have been previously 
detected as problematic in pilots with neck pain.18 Murray 
et al.18 conducted a similar RCT in military pilots, which included 

a self-administered training program group. Subjects were 
instructed to perform neck- specific exercises aimed at strength, 
endurance, and coordination three times a week for 20 min 
each time during working hours. Similarly to our study, there 
was no supervision or designated time for training, and only 
28.57% (N 5 35) of the subjects complied and reported training 
regularly (1–3 times/week).

Other researchers did not rely on self-training alone; for 
example, Lange et al.13 combined self-training with supervised 
sessions every 4 wk and reported better compliance—58% of 
subjects trained regularly (1–3 times/wk). Similarly, Ang et al.2 
investigated supervised exercises and reported a 77% compli-
ance with a daily regimen performed during working hours. 
Therefore, our conclusion for future studies in combat pilots is 
that training plans should include built-in schedules and super-
vised programs to ensure compliance.

The lack of significant change in clinical measures could also 
have been affected by flight timing that was not controlled, 
as neck pain onset was strongly associated with flight timing. 
In addition, baseline results showed that pilots with FANP 
reported a mild to moderate level of neck pain and mild dis-
ability, which was in line with previous studies conducted in 
this population.2,13,18 The majority of the pilots continued flying 
regularly and did not report a significant decline in their health 
status due to their neck pain. It is assumed, based solely on sub-
jective concern of the investigating clinicians, that the self-
reported measures were possibly under-reported, i.e., that some 
pilots reported lower levels of pain and disability than the real 
ones they experienced due to subjects’ caution of a potential 
effect on flying status or qualification. This could have poten-
tially created a flooring effect in these results.

Objectively, physical baseline measurements demonstrated 
acceptable kinematic performance for neck motion, show-
ing good ability to perform fast and accurate neck movements 

Table III. results of self-reported outcome Measures by Groups at the Three Time points: pre-, postintervention (1 mo), and 6-mo follow-up, and of performance 
outcome Measures at Two Time points: pre- and postintervention.

PRE POST 6-mo FOLLOW-UP

VR (N 5 22) CONTROL (N 5 23) VR (N 5 19) CONTROL (N 5 21) VR (N 5 18) CONTROL (N 5 17)

MEDIAN (Q1, Q3) MEDIAN (Q1, Q3) MEDIAN (Q1, Q3) MEDIAN (Q1, Q3) MEDIAN (Q1, Q3) MEDIAN (Q1, Q3)

ndi % 15 (12,22) 16 (10,20) 10 (6,26) 16 (8,20) 9 (6,18) 18 (6,26)
eQ5d-VAs 90 (75,90) 85 (75,90) 90 (75,90) 85 (80,90) 90 (70,92) 87.5 (50, 95)

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD
VAs pain % 36.4 22.9 49.5 21.1 25.7 24.0 26.9 22.3 23 22.2 24.5 22.3

PRE POST
PARAMETER TRAINING (N 5 22) CONTROL (N 5 23) TRAINING (N 5 19) CONTROL (N 5 21)

MEAN SD MEAN SD MEAN SD MEAN SD
isometric strength flx. (n) 137 32.2 128.5 43.7 152.5 41.9 140.9 38.8
isometric strength ext. (n) 190.1 51.3 157.6 50.9 209.6 68.5 177.6 59.1
Global peak Velocity (° · s21) 203.0 67.4 230.4 69.2 262.4* 94.9 242.4 60.5
Global Mean Velocity (°· s21) 125.4 40.6 145.0 40 168.7* 55.1 153.2 34.6
global TTp% 47.6 14.7 51.5 13.1 60.5* 11.6 56.3 12.5
Global accuracy (°), 62.5 (60.1, 67.4) 66.2 (56.0, 75.6) 51.2 (47.5, 56.7) 59.2 (54.8, 64.4)
Median (Q1, Q3)
global nVp 4.4 1.1 4.1 0.8 4.0 1.0 3.7 0.7

Q1: first quartile; Q3: third quartile; ndi: neck disability index; VAs: Visual Analog scale; eQ-VAs: european questionnaire health status VAs; flx: flexors; ext: extensors; TTp: time to peak 
velocity; nVp: number of velocity peaks, representing motion smoothness.
*P # 0.05, indicating a significant group difference in favor of the intervention group.
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through a large range of motion in spite of the reported 
FANP. The presented pilots’ performance seems overall 
better than our findings in individuals with neck pain in 
the general population and is comparable with asymptom-
atic data from a young, healthy population group.24,26 This was 
a limitation of our study design that should be addressed in 
future research by defining a kinematic impairment inclu-
sion criteria.

Isometric strength was not trained and was not affected by 
kinematic training. The strong evidence from interventional 
research established a consensus that strengthening should be 
an integral part of treatment in neck pain.10 However, further 
research is needed to examine this in pilots and to understand 
whether strengthening can also improve kinematics, or maybe 
kinematic training combined with strengthening can lead to a 
stronger therapeutic effect.

Another important factor that distinguished our findings 
from others was the outcome measure for change in neck pain. 
Similarly to Murray et al.,18 we measured pain intensity and 
associated disability at the time of assessment.4,20 Others 
preferred following neck pain frequency over a 3- to 6-mo 
period.2,13 Pain frequency may be more relevant than pain 
intensity as the episodes of flight-related neck pain are often 
acute following flight and recover after a few days, until the fol-
lowing sortie. Our future recommendation is to include all fly-
ing pilots and follow them prospectively for neck pain frequency, 
rather than including only those reporting pain, which limits 
the inclusion criteria and biases the change with spontaneous 
recovery that often occurs in between flights.

A few limitations have been identified in this study. The poor 
compliance in self-exercising was a major factor that limited 
our ability to draw conclusions on the efficacy of the investi-
gated intervention. Unfortunately, only 41% of subjects exer-
cised at least once a week. Participants explained they were very 
busy and did not find the time to practice. Lack of compliance 
in independent self-exercise programs has been previously 
identified to be a problem in pilots with neck pain.18

This training protocol, which was adapted from the gen-
eral population, may not be challenging enough for this high-
end population whose initial ability was very good; we did not 
define kinematic impairment as an inclusion criterion. This 
may explain why some participants demonstrated a ceiling 
effect as kinematic ability was too good to be improved with the 
prescribed training. Further investigation is needed with an 
inclusion criterion that relates to the impairment aimed at in 

Table IV. spearman correlation results Between Total exercise Time (min) during the 4 wk and the post-Minus 
preintervention difference in outcome Measures.

MEASURE POST-PRE INTERVENTION VAS PAIN NDI EQ5D-VAS

r 0.22 0.61 20.02
P-value 0.43 0.02* 0.94

GLOBAL MEAN VELOCITY GLOBAL ACCURACY GLOBAL TTP%
r 20.32 0.21 20.12
P-value 0.24 0.45 0.68

This correlation analysis was conducted only in the intervention group (N 5 22).
ndi: neck disability index; VAs: Visual Analog scale; eQ5d: european Quality of Life Questionnaire, health status VAs; r: spearman’s 
correlation coefficient; TTp%: time to peak velocity. *P # 0.05.

the intervention. A more 
challenging and supervised 
protocol addressing strength-
ening and kinematic training 
within working time should 
be considered.

A lack of RCT publica-
tions in this field can only be 
addressed by the international 
research community sharing 
their knowledge to advance 

therapeutic solutions as a joint effort. Lastly, more development 
is needed to address the contributing ergonomic and biome-
chanical contributing factors to FANP.

ACKNOWLEDGMENTS

Sincere thanks are extended to all the Air Force units and staff that hosted us 
and cooperated in this study. Our gratitude to Ms. Dana Hadar for her profes-
sional statistics advice.

Financial Disclosure Statement: The authors declare no conflicts of inter-
ests. This study was funded by an IDF-Medical corps’ research grant. In addi-
tion, Dr. Sarig Bahat has a patent US8679037B2 issued. This patent relates to 
the Neck VR system which was used for research only. We certify that no 
party having a direct interest in the results of the research supporting this 
article has or will confer a benefit on us or on any organization with which we 
are associated.

Authors and affiliations: Hilla Sarig Bahat, PT, Ph.D., Dmitry German, BPT, 
M.Sc., Galia Palomo, BPT, M.Sc. candidate, and Hila Gold, BPT, M.Sc. candi-
date, Department of Physical Therapy, Faculty of Social Welfare & Health Sci-
ences, University of Haifa, Mount Carmel, Haifa, Israel; and Yael Frankel Nir, 
M.D., Aerospace Medicine Unit, Israel Defence Force, Tel Hashomer, Israel.

REFERENCES

 1.  Ang B, Linder J, Harms-Ringdahl K. Neck strength and myoelectric 
fatigue in fighter and helicopter pilots with a history of neck pain. Aviat 
Space Environ Med. 2005; 76(4):375–380.

 2.  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.

 3.  Brooks R, Group E. EuroQol: the current state of play. Health Policy. 
1996; 37(1):53–72.

 4.  Carroll LJ, Hogg-Johnson S, van der Velde G, Haldeman S, Holm LW,  
et al. Course and prognostic factors for neck pain in the general 
population - Results of the bone and joint decade 2000-2010 task force on 
neck pain and its associated disorders. Spine (Phila Pa 1976). 2008; 33(4, 
Suppl.):S75–S82.

 5.  de Zoete RMJ, Osmotherly PG, Rivett DA, Farrell SF, Snodgrass SJ. 
Sensorimotor control in individuals with idiopathic neck pain and 
healthy individuals: a systematic review and meta-analysis. Arch Phys 
Med Rehabil. 2017; 98(6):1257–1271.

 6.  Dvir Z, Prushansky T. Cervical muscles strength testing: methods and 
clinical implications. J Manipulative Physiol Ther. 2008; 31(7):518–524.

 7.  Grossman A, Nakdimon I, Chapnik L, Levy Y. Back symptoms in aviators 
flying different aircraft. Aviat Space Environ Med. 2012; 83(7):702–705.

 8.  Hibbert S. Combinig the virtual and physical interaction environment. 
In: Göbel S, Ma M, Baalsrud Hauge J, et al. eds. Serious Games: First 
Joint International Conference, JCSG 2015. Huddersfield (UK): Springer; 
1915:192.

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. 91, no. 10 october 2020  797

necK pAin in piLoTs: An rcT—sarig Bahat et al.

 9.  Hoy D, March L, Woolf A, Blyth F, Brooks P, et al. The global burden of 
neck pain: estimates from the global burden of disease 2010 study. Ann 
Rheum Dis. 2014; 73(7):1309–1315.

 10.  Hurwitz EL, Carragee EJ, van der Velde G, Carroll LJ, Nordin M, et al. 
Treatment of neck pain: noninvasive interventions: results of the Bone 
and Joint Decade 2000–2010 Task Force on Neck Pain and Its Associated 
Disorders. Spine (Phila Pa 1976). 2008; 33(4, Suppl.):S123–S152.

 11.  Kay TM, Gross A, Goldsmith C, Santaguida PL, Hoving J, et al. 
Exercises for mechanical neck disorders. Cochrane Database Syst Rev. 
2005; (3):CD004250. Update in: Cochrane Database Syst Rev. 2012; 
(8):CD004250.pub4.

 12.  Kristjansson E, Treleaven J. Sensorimotor function and dizziness in neck 
pain: implications for assessment and management. J Orthop Sports Phys 
Ther. 2009; 39(5):364–377.

 13.  Lange B, Toft P, Myburgh C, Sjøgaard G. Effect of targeted strength, 
endurance, and coordination exercise on neck and shoulder pain among 
fighter pilots: a randomized-controlled trial. Clin J Pain. 2013; 29(1):50–
59.

 14.  Lange B, Torp-Svendsen J, Toft P. Neck pain among fighter pilots after the 
introduction of the JHMCS helmet and NVG in their environment. Aviat 
Space Environ Med. 2011; 82(5):559–563.

 15.  Lecompte J, Maisetti O, Guillaume A, et al. Neck strength and EMG 
activity in fighter pilots with episodic neck pain. Aviat Space Environ 
Med. 2008; 79(10):947–952.

 18.  Murray M, Lange B, Nørnberg BR, Søgaard K, Sjøgaard G. Self-
administered physical exercise training as treatment of neck and shoulder 
pain among military helicopter pilots and crew: a randomized controlled 
trial. BMC Musculoskelet Disord. 2017; 18(1):147.

 19.  Netto K, Hampson G, Oppermann B, Carstairs G, Aisbett B. Management 
of neck pain in Royal Australian Air Force fast jet aircrew. Mil Med. 2011; 
176(1):106–109.

 20.  Nordin M, Carragee EJ, Hogg-Johnson S, Wiener SS, Hurwitz ELet al. 
Assessment of neck pain and its associated disorders: results of the Bone 
and Joint Decade 2000–2010 Task Force on Neck Pain and Its Associated 
Disorders. Spine (Phila Pa 1976). 2008; 33(4, Suppl.):S101–S122.

 21.  Pietrobon R, Coeytaux RR, Carey TS, Richardson WJ, DeVellis RF. 
Standard scales for measurement of functional outcome for cervical 
pain or dysfunction: a systematic review. Spine (Phila Pa 1976). 2002; 
27(5):515–522.

 22.  Pool JJM, Ostelo RWJG, Hoving JL, Bouter LM, de Vet HCW. Minimal 
clinically important change of the Neck Disability Index and the 
Numerical Rating Scale for patients with neck pain. Spine (Phila Pa 1976). 
2007; 32(26):3047–3051.

 23.  Sarig Bahat H, Chen X, Reznik D, Lpdesj E., Treleaven J. Interactive 
cervical motion kinematics: sensitivity, specificity and clinically significant 
values for identifying kinematic impairments in patients with chronic neck 
pain. Man Ther. 2015; 20(2):295–302.

 24.  Sarig Bahat H, Croft K, Carter C, Hoddinott A, Sprecher E, Treleaven 
J. Remote kinematic training for patients with chronic neck pain: a 
randomised controlled trial. Eur Spine J. 2018; 27(6):1309–1323.

 25.  Sarig Bahat H, Igbariya M, Quek J, Treleaven J. Cervical kinematics of fast 
neck motion across age. J Nov Physiother. 2016; 6(5):306.

 26.  Sarig Bahat H, Takasaki H, Chen X, Bet-Or Y, Treleaven J. Cervical 
kinematic training with and without interactive VR training for chronic 
neck pain - a randomized clinical trial. Man Ther. 2015; 20(1):68–78.

 27.  Sarig Bahat H, Weiss PL, Laufer Y. Cervical motion assessment using 
virtual reality. Spine (Phila Pa 1976). 2009; 34(10):1018–1024.

 28.  Sarig Bahat H, Weiss PL, Laufer Y. Neck pain assessment in a virtual 
environment. Spine (Phila Pa 1976). 2010; 35(4):E105–E112.

 29.  Scheuer R, Friedrich M. Reliability of isometric strength measurements 
in trunk and neck region: patients with chronic neck pain compared with 
pain-free persons. Arch Phys Med Rehabil. 2010; 91(12):1878–1883.

 30.  Shahidi B, Johnson CL, Curran-Everett D, Maluf KS. Reliability and group 
differences in quantitative cervicothoracic measures among individuals 
with and without chronic neck pain. BMC Musculoskelet Disord. 2012; 
13(1):215.

 31.  Smith SD. Seat vibration in military propeller aircraft: characterization, 
exposure assessment, and mitigation. Aviat Space Environ Med. 2006; 
77(1):32–40.

 32.  Soer R, Reneman MF, Speijer BLGN, Coppes MH, Vroomen PCAJ. 
Clinimetric properties of the EuroQol-5D in patients with chronic low 
back pain. Spine J. 2012; 12(11):1035–1039.

 33.  Thuresson M, Ang B, Linder J, Harms-Ringdahl K. Neck muscle activity 
in helicopter pilots: effect of position and helmet-mounted equipment. 
Aviat Space Environ Med. 2003; 74(5):527–532.

 34.  Todd KH, Funk JP. The minimum clinically important difference in 
physician-assigned visual analog pain scores. Acad Emerg Med. 1996; 
3(2):142–146.

 35.  Treleaven J. Dizziness, unsteadiness, visual disturbances, and postural 
control: implications for the transition to chronic symptoms after a 
whiplash trauma. Spine (Phila Pa 1976). 2011; 36(25, Suppl.):S211–S217.

 36.  Treleaven J. Sensorimotor disturbances in neck disorders affecting 
postural stability, head and eye movement control. Man Ther. 2008; 
13(1):2–11.

 38.  Vernon H. The Neck Disability Index: state-of-the-art, 1991–2008. J 
Manipulative Physiol Ther. 2008; 31(7):491–502.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access


