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Objective To determine the relationship between whole body vibration (WBV) induced helicopter flights and
degenerative changes of the cervical and lumbar spine.

Methods We examined 186 helicopter pilots who were exposed to WBV and 94 military clerical workers at a
military hospital. Questionnaires and interviews were completed for 164 of the 186 pilots (response rate, 88.2%)
and 88 of the 94 clerical workers (response rate, 93.6%). Radiographic examinations of the cervical and the lumbar
spines were performed after obtaining informed consent in both groups. Degenerative changes of the cervical and
lumbar spines were determined using four radiographs per subject, and diagnosed by two independent, blinded
radiologists.

Results There was no significant difference in general and work-related characteristics except for flight hours
and frequency between helicopter pilots and clerical workers. Degenerative changes in the cervical spine
were significantly more prevalent in the helicopter pilots compared with control group. In the cervical spine
multivariate model, accumulated flight hours (per 100 hours) was associated with degenerative changes. And
in the lumbar spine multivariate model, accumulated flight hours (per 100 hours) and age were associated with
degenerative changes.

Conclusion Accumulated flight hours were associated with degenerative changes of the cervical and lumbar

spines in helicopter pilots.
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INTRODUCTION

Transportation systems such as airplanes, trains, sea
vessels, and cars induce whole body vibrations (WBV)
that affect pilots and passengers. WBV refers to the trans-
fer of low-frequency vibrations to the whole body from
the body contact area, such as the seat of a truck, tractor,
bus or other vehicle, or the floor of a workplace. Pro-
longed exposure to WBV causes physiological effects and
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is associated with musculoskeletal disorders and diseases
of the nervous, digestive, and circulatory systems [1-5].

In musculoskeletal disorders, the incidence of low back
pain, degenerative osteoarthritis, disc changes, and her-
niated nucleus pulposus in spines are higher in employ-
ees with job categories involving WBV exposure than in
those without WBV exposure [6-8].

Helicopter pilots are exposed to higher WBV levels than
fixed-wing aircraft pilots [9]. Helicopters are increasingly
used for firefighting, rescue, sightseeing tours, and mili-
tary operations. Recent studies have observed lower back
and neck pain in helicopter pilots [10-14].

Causes include occupational conditions, such as long
work duration, flight time, flight accelerations, WBYV, hel-
mets and headgear, and awkward postures during the
flight, as well as general conditions, such as age, being
overweight, smoking, and drinking [15-17].

Some studies have shown that fixed-wing aircraft pilots
and helicopter pilots have more degenerative changes in
the cervical and lumbar spines than non-flying controls
[18,19], but other studies have reported no relationships
between musculoskeletal disorders suffered by pilots
and job-related factors, especially regarding WBV [20,21].
There is currently insufficient evidence to indicate an
exposure-response relationship between exposure to
seated WBV and lower back disorders [22,23]. This study
was carried out to examine the relationship between he-
licopter flight and degenerative changes in the cervical
and lumbar spines.

MATERIALS AND METHODS

Subjects

We examined 186 military helicopter pilots who had
undergone annual pilot physical examinations at a mili-
tary hospital and 94 military clerical workers who had
also received annual general physical examinations. The
helicopter pilots were exposed to WBV, and 0.76 m/s” was
the mean overall level of exposure to WBV per pilot ac-
cording to the ISO 2631-1 method of International Orga-
nization for Standardization [24].

The helicopter pilots examined in this study regularly
wore standard flight helmets of Korea Air Force during
the day. During night operations they may also have had
night vision goggles attached to their helmets. Pilots fly
12 hours per week during the daytime and three hours

per week during the nighttime.

Unlike helicopter pilots, clerical workers are not ex-
posed to WBV. The military clerical workers examined in
this study otherwise worked in the same workplaces as
the exposed group and there were few differences in the
office working conditions between the two groups. Con-
sidering the similarity of the working conditions in both
groups, except for exposure to WBYV, and in order to re-
duce the bias due to the healthy worker effect, we decid-
ed to use military clerical workers as a control group. The
clerical workers each worked eight hours per day typing
and correcting official documents using computers.

Questionnaire

Basic demographic variables and past disease histories
of the subjects were surveyed using written question-
naires and interviews that were given during the medi-
cal examinations. Among the survey subjects, all who
commuted long distances by car, were exposed to WBV
while enjoying hobbies like motorcycle riding, mountain
terrain bicycle riding, off road driving or had suffered
any injury or disease that could trigger musculoskeletal
diseases like ligament injury of knee and ankle joint,
spondylolisthesis or scoliosis, were excluded. Question-
naires and interviews were completed for 164 of the 186
helicopter pilots (response rate, 88.2%) and 88 of the 94
clerical workers (response rate, 93.6%).

The questionnaire consisted of items relating to gen-
eral and work-related characteristics. Information was
obtained regarding age, height, weight, smoking, alcohol
consumption (any alcoholic beverages more than once
a week or less than once a week), and exercise (exercise
more than three times per week for more than 1 hour
each time, or not). Participant body mass indexes (BMI)
were categorized as normal (<23 kg/m?), overweight (>23,
<25 kg/m?), or obese (=25 kg/m?”) according to the Korean
Society for the Study of Obesity standards for Koreans
[25]. Questions concerning work-related characteristics
included length of service, accumulated flight hours, and
average flight hours per day.

Radiographic examinations

Since radiographic examinations of the cervical and the
lumbar spines were not included in the annual health
examinations of either the helicopter pilots or the cleri-
cal workers, radiographic examinations of the cervical
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and the lumber spines were performed after obtaining
informed consent from the study subjects. Four views of
the cervical and lumbar spines (anteroposterior, lateral,
and both obliques) of each subject were obtained. All
radiographs were independently reviewed by two radi-
ologists. To reduce bias, the radiologists were given no
information relating to the subjects’ occupations. Degen-
erative changes of the lumbar spine were defined when
there were severe disc height changes (<25% of adjacent
discs), any osteophyte formation or any endplate sclero-
sis [26]. Degenerative changes of the cervical spines were
defined when there were any abnormalities such as ir-
regular odontoid processes, suggestions of narrowed fo-
ramina, hypertrophic or subluxated facets, lipping and/
or narrowing of disk spaces, or any other osteophytic or
ankylosis findings of the cervical spine [27]. Severe verte-
bral problems such as spondylolysis, spondylolisthesis,
kyphosis, and scoliosis were excluded from the degenera-
tive changes considered in this study.

Statistical analyses

To determine the significance of any differences be-
tween the exposed and control groups in general and
work-related characteristics and radiologic findings, the
chi-square test was used for discrete variables and Stu-
dent t-test was used for continuous variables. To identify
factors affecting degenerative changes in the cervical
and lumbar spines of the two groups, a logistic regres-
sion analysis was used to obtain crude odds ratios. Flight

hours, flight frequency, service length, and age were set
as each variable because they are correlated with each
other. Adjusted BMI, drinking, smoking, and exercise
were set as common variables. Multivariate logistic
regression analyses were also used to correct for the ef-
fects of age, length of service (<10 years, >10 years), flight
hours, and flight frequency.

Accumulated flight hours were used for the statistical
analysis because it was impossible to directly measure
accumulated WBV. The accumulated flight hours and
flight frequency were analyzed and expressed in units of
100 hours and 100 times, respectively. Statistical analyses
were based on a significance level of 0.05.

RESULTS

The age of the pilots was younger than that of the
control group. However, the average BMI of the pi-
lots (meanz*standard deviation [SD], 24.1+2.30 kg/m?)
was significantly higher than that of the control group
(mean+SD, 23.5+2.64 kg/m’; p<0.05). Conversely, there
were more smokers in the control group (exposed group
vs. control group, 51.2% vs. 77.3%; p<0.05). Most mem-
bers of both groups exercised regularly, but the number
of pilots who exercised regularly was slightly higher (ex-
posed group vs. control group, 90.2% vs. 80.7%; p<0.05).
There was no significant difference in drinking habits
between the two groups (82.9% vs. 80.7%). The average
length of service was longer in the control group. The

Table 1. General and work-related characteristics and radiographic results for subjects

Variable Exposed group (n=164) Control group (n=88)
Age (yr)* 34.9+5.12 39.6+6.36
2029 31 (18.9) 3(3.4)
30—39 105 (64.0) 38 (43.2)
40-49 28 (17.1) 47 (53.4)
Service length (yr)®
<10 79 (48.2) 35(39.8)
>10 85 (51.8) 53 (60.2)
Accumulated flight hours 1,409.8+1,112.98 -
Daytime flight hours 2.5+0.89 -
Cumulative flight frequency 824.4+1,078.75 =
Degenerative changes in the cervical spine” 68 (41.5) 16 (18.2)
Degenerative changes in the lumbar spine 46 (28.0) 23 (26.1)

Values are presented as meantstandard deviation or number (%).

p<0.05 by “Student t-test, “chi-square test.
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Table 2. Odds ratio (OR) of degenerative changes in the spine (results of logistic regression analysis)

Lumbar spine

Crude OR

Cervical spine

Crude OR

Adjusted OR

Adjusted OR

Category

Variable

(95% CI)
1.08% (1.02—1.14)

(95% CI)
1.07 (1.05—1.10)
1.05” (1.02—1.08)
1.179 (1.11-1.24)

(95% CI)
1.08% (1.02—1.14)

(95% CI)
1.08Y (1.05—1.11)
1.07” (1.04—1.10)
1.06Y (1.02—1.11)
2.66Y (1.52—4.64)

CI, confidence interval; Adjusted, adjusted by body mass index, smoking, drinking, and exercise.

“Statistical significance at 95% CI.

Increase by 100 flight hours

Accumulated flight hours

0.98 (0.94—1.04)
1.15Y (1.06—1.24)

1.01 (0.96—1.06)

Increase by 100 flight times

Cumulative flight frequency

Age (yr)

1.04 (0.97—1.12)

Increase by 1 year

777" (3.74—16.14)  1.86 (0.72—4.82)

1.02 (0.43—2.39)

<10 versus =10

Service length (yr)

pilots averaged 1,409.8 accumulated flight hours, with an
average of 2.5 flight hours per day, and 824.4 times of cu-
mulative flight frequency.

Degenerative changes in the cervical spine were sig-
nificantly more prevalent in the pilots. The prevalence
of lumbar spine degenerative changes was also a little
higher in the pilots, but the difference was not significant
(Table 1).

The univariate and multivariate logistic regression
models for the associations between risk factors and de-
generative changes in the cervical and lumbar spines are
presented in Table 2. In the cervical spine multivariate
model, accumulated flight hours (per 100 hours) was as-
sociated with degenerative changes. And in the lumbar
spine multivariate model, accumulated flight hours (per
100 hours) and age were associated with degenerative
changes (Table 2).

DISCUSSION

Degenerative changes in the cervical and lumbar spines
are related to age [18-20], gender, obesity, smoking, trau-
matic injury, and disease [2,6,20]. Degenerative changes
do not necessarily lead to clinical symptoms such as pain
or other functional limitations [28]. However, as observed
in previous studies of the associations between lower
back pain and WBV [10,11,17,20,29], severe degenerative
changes may aggravate existing clinical symptoms and
cause motion impairments.

In the present study, radiographs of the cervical and
lumbar spines of subjects showed that degenerative
changes in the cervical spine were significantly more
frequent in subjects exposed to WBYV, but that degenera-
tive changes in the lumbar spine were not significantly
different between the two groups. Interestingly, previous
studies reported more degenerative changes in the lum-
bar spines of people exposed to WBV [10,20,29], which
may indicate that helicopter pilots could also develop
degenerative changes of the spine, especially in the lum-
bar discs, from continuous WBV exposure during flights
[22,30,31]. Our findings may be confounded by the fact
that the exposed group was younger, smoked less, and
participated in more regular exercise than the control
group.

However, differences in degenerative changes in the
cervical spine between our two groups were observed.
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This is especially noteworthy, given that our results for
lumbar spine degeneration were affected by differences
in demographic variables. Indeed, firm conclusions have
never been drawn about the relationship between expo-
sure to seated WBV and neck disorders [32,33]. It seems
likely that occupational factors that may have affected
our results, such as helmet weight [15,18,34,35] and neck
posture [36-38], were not sufficiently accounted for in the
present study. Since our subjects regularly wear helmets
and goggles, it is possible that, along with WBYV, effects of
the helmets and goggles on neck posture and weight were
responsible for the degenerative changes in the necks of
the helicopter pilots.

In our multivariable analysis, factors affecting degen-
erative changes in the cervical spine included accumu-
lated flight hours, and factors affecting degenerative
changes in the lumbar spine included accumulated flight
hours and age. Among these factors, accumulated flight
hours was influential in both cervical and lumbar spines
degeneration. This finding is consistent with those of
previous studies showing that accumulated flight hours
was related to degenerative changes of the cervical [19]
and lumbar spines [10,29]. Although age is an important
factor in degenerative changes of the spine, there was no
statistically significant relationship between age and de-
generative changes of the cervical spine in this study. We
thought the reason for this result is that subjects of this
study were soldiers and therefore, were restricted in age.

This study was limited by its cross-sectional approach.
The temporal order and causal relationships between
variables were difficult to assess while evaluating past
exposures. There were differences in covariates, such as
age and BMI between the exposed group and the control
group, although these factors were corrected for by sta-
tistical methods to avoid distortion of the results. We did
not consider the weights of helmets or pilot posture, al-
though these factors may have contributed to degenera-
tive changes in the neck as much as WBV. However, other
factors that may affect degenerative changes in the spine,
such as WBV from non-occupational sources (sports or
trauma, etc.) were excluded in the study design, to mini-
mize their impact.

We did not use precise measurement techniques, such
as magnetic resonance imaging, so it is possible that min-
ute degenerative changes in our subjects were missed.
Additionally, accumulated WBV was not measured di-
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rectly, but by using the proxy of accumulated flight hours.
Despite these limitations, in the multivariate analysis, we
found that long flight times were related to degenerative
changes of the neck and lumbar spine in helicopter pi-
lots. Our findings should be further considered in future
studies.

In this study, we found that WBY, along with other fac-
tors, is related to degenerative changes of the spine in
helicopter pilots. Factors affecting degenerative changes
in the cervical spine included accumulated flight hours,
and factors affecting degenerative changes in the lumbar
spine included accumulated flight hours and age. We
confirmed that accumulated flight hours was influential
in both cervical and lumbar spines degeneration.

To protect pilots, more studies of WBV along the x-, y-,
and z-axis, the use of back and neck rests, and assess-
ments of the effects of age, would be beneficial, as well
as examinations of anthropometric data including the
weight of ergonomic peripheral devices worn by pilots.
Such studies would aid the implementation of preventive
measures to safeguard helicopter pilots in the future.
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