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Abstract
Objectives: Low back pain in pilots of military helicopters is widely discussed in the world literature. Vibrations and impro
per seat configuration cause that cervical, thoracic and lumbar spine might be exposed to overloading. The aim of the study 
was to determine the incidence and intensity of pain in the spine as well as to identify subjective risk factors of back pain 
and its effect on the pilot’s actions while flying a helicopter. Materials and Methods: 112 pilots, aged 25−56 years (mean 
age: 34.8±6.3 years), actively flying helicopters, participated in the questionnaire survey. The questionnaire containing five 
groups of questions, elaborated by the authors, was used. Results: 70% of the pilots reported pain complaints. Pain was lo
calized in different parts of the spine. Uncomfortable body posture during prolonged flights resulting from the lack of lum
bar support exerted the highest effect on pain provocation. Conclusions: This questionnaire survey enabled to determine 
the prevalence of pain, its type and intensity. Knowledge on low back pain imposes the necessity to eliminate the negative 
environmental effect on helicopter pilotage. Elimination of risk factors is possible through appropriate physical exercises 
and adjustment of pilots’ seats. The authors plan to conduct – in the future – detailed annual examinations among pilots 
with back pain and, based on the results, to elaborate a prophylactic program containing simple forms of isometric and 
isotonic training involving paravertebral and deep abdominal muscles designed specifically for pilots of military helicopters.
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INTRODUCTION

In the world literature, there are numerous articles de
scribing pain in different segments of the spine in pilots of 
military helicopters [1–5]. The most frequently affected is 
low back, and the pain tends to increase with the duration 
of a flight. This pain may be caused by: vibrations, contact 

of the body with a vibrating seat and control system ele
ments, lack of an adequate seat shock absorption system 
and long-lasting forced asymmetrical body position [6].  
It is worth reminding that low back pain is a very common 
ailment not only in pilots. Low back pain is a poorly de
fined term, but it represents the symptoms of discomfort  
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2. Pain localization and intensity (in VAS scale).
3. Subjective causes of pain.
4. Effect of pain on flying a helicopter.
5. Application of prophylactic or therapeutic exercises.

RESULTS 

Based on the obtained results, the authors divided the pi
lots into 2 groups. 
1. Group 1: 88 pilots, aged between 25 and 56 years 

(mean age: 35.6±6.6 years), complaining of back 
pain. BMI in this group was within 21.9–34.15 
(mean: 26.48±2.58). 

2. Group 2: 24 pilots, aged between 25–40 years (mean 
age: 31.9±3.8 years), who did not report back pain. 
BMI in this group was 21.45–30.9 (mean: 26.03±2.59).

The analyzed groups differed statistically significantly with 
the age at p = 0.010386. The group of pilots complaining 
of back pain was older (mean 35.6) than the group without 
such pain (mean: 31.9 years).
There was also a statistically significant difference regard
ing BMI. In both groups, the pilots were slightly over
weight (26.48 and 26.03). Although there is no statistical 
difference between the groups, this information should be 
taken into account when prophylactic training is created. 
Overweight is a risk factor for lumbar stenosis. 
The obtained results were analyzed statistically with the 
nonparametric MannWhitney test, bearing in mind the 
following parameters: the number of hours flown annual
ly, the total number of the flown hours, and the pilot’s age. 
It was found that in the case of pilots suffering from back 
pain, the number of the flown hours was statistically 
higher − over 1000 hours, in comparison with the pilots 
without back pain. 
Their total number of the flown hours was 712 hours on 
average. No statistically significant differences were seen 
in the number of the hours flown annually. The details of 
the analysis are shown in Table 1.

and pain felt in the area of the back and buttocks. In 
the USA, low back pain affects about 30 million people and 
the cost of the treatment is about 8 billion US dollars [9].
Studies on low back pain were also conducted by Polish 
authors. Mazurek et al. [7] described pain in the thoracic-
lumbar segment of the spine, intensifying with age, in heli
copter pilots. Similar results were reported by Rąpała [8]. 
The obtained results indicated that a forced flexed posi
tion during the flight, the number of flown hours and age 
were the main causes of back pain. However, in the Polish 
literature, there is no detailed analysis of back pain in the 
pilots of military helicopters.
Using an opportunity resulting from the participation of 
a group of pilots in a specialist training in the Military 
Institute of Aviation Medicine, the authors carried out 
a questionnaire survey concerning the prevalence of pain 
while flying various types of military helicopters.

OBJECTIVES

The aim of the study was to determine the prevalence 
and degree of pain intensity in various levels of the spine 
as well as to identify the pain subjective risk factors and 
an effect on pilotage actions while flying military heli
copters.

MATERIALS AND METHODS

This questionnaire survey was participated by 112 active 
pilots of military helicopters, aged 25–56 years (mean 
age: 34.8±6.3 years), Body Mass Index (BMI) from 21.39 
to 34.15 (mean: 26.38±2.58). All pilots mostly flew as 
the first pilot. After obtaining the participants’ informed 
consent and the approval of the Ethical Commission 
of MIAM, the questionnaire survey was commenced.
The questionnaire used contained 5 groups of questions:
1. Anthropometric data and the degree of loading with 

flights (total and annual). 
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The pilot flew the following helicopters: Mi-2: 29 pilots; 
Mi-8: 30 pilots; Mi-24: 10 pilots; W-3W: 27 pilots, and  
SW-4: 16 pilots. No statistically significant differences were 
found between the groups as for the type of the aircraft. 
The results for Group 1, i.e. the pilots suffering from back 
pain, were additionally analyzed (see Table 2). The high
est percentage (92%) of the pilots complained of low back 
pain, while 36% − of thoracic spine pain. 
The most frequent cause of pain was uncomfortable pos
ture during prolonged flights. A pilot’s posture is modera-
tely flexed in the lumbar spine (due to seat configuration). 
Thoracic spine is rotated to the right because of the loca
tion of the power control column. Additionally, a pilot’s 
head is protruded in order to observe the ground as well 
as steer and manage the devices. 
Pilots, according to the labor law provisions, should have at 
maximum 6 flight hours daily. Occasionally, during a weath
er disaster (e.g. a flood) or rescue actions, the working time 
might be significantly exceeded. Intensive flights happen dur
ing real combat flights. During these extreme situations, 42% 
and 22% of pilots, respectively, reported pain (see Table 2). 
The effect of pain on the piloting effectiveness was also 
analyzed (see Table 3). Nearly half of the analyzed Polish 
military pilots reported that pain reduced their attention 
concentration and influenced negatively the flight perfor
mance. Severe pain can destroy flight readiness, mild back 
pain can be distracting, and minimal pain can contribute 
to a pilot’s psychological discomfort while flying.

Table 1. Effect of selected factors on back pain development

Analyzed parameters
Group 1 Group 2

x SD x SD
Annual flown hours (n) 104.30 79.50 90.00 70.70
Total flown hours (n) 1053.40* 699.40 712.60 510.60
Age of pilot (years) 35.60* 6.60 31.90 3.80
Body Mass Index 26.48 2.58 26.03 2.59

* Differences statistically significant at p<0.05;
x – mean value in the group; SD – standard deviation.

Table 2. Localization, intensity, prevalence, duration,  
and cause of back pain reported by the pilots in the group with 
back pain (N = 88)

Analyzed parameters Pilots
(%)

Localization of back pain
cervical spine 52
thoracic spine 36**
lumbar spine 92**

Pain intensity in VAS scale
from 1 to 5 68
from 6 to 10 32

Prevalence
rarely (at least once a month, but less than once 
a week)

75

frequently (at least once a week) 25
Pain onset

during the flight 77
directly after the flight 23

Cause of back pain
vibration 34
uncomfortable posture 83**
prolonged flights (in rescue actions, weather 
disasters)

42*

intensive (combat) flights 22
head loading 31

* Statistically significant differences in relation to the annual number of 
the flown hours at p < 0.05.
** Statistically significant differences in relation to the total number of 
the flown hours at p < 0.05.

Table 3. Effect of back pain on task performance during 
the flight

Type of activity Pilots
(%)

Impediment of circular observation 13
Impediment of flying the helicopter 23
Reduced concentration 48
No effect on flight activities 16
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high numbers of the flown hours who were flying various 
types of helicopters. The majority of respondents (83%) 
suffered from low back pain. The pain persisted during 
everyday activities in 68% of the examined RAF pilots. 
In the opinion of these authors, the pain most frequently 
affected the lumbar segment of the spine and intensified 
accordingly to the duration of flights.
The prevalence of back pain was also analyzed by 
Mohler [11] who surveyed 131 Australian military he
licopters pilots. In reply to 69 questions, 16% of the re
spondents reported regular low back pain. Twenty-eight 
percent described it as discomforting, and 39% of respon
dents suffered from low back pain occasionally.
The researchers from the Military Institute of Aviation 
Medicine dealt with back pain already at the end of the 
eighties. The studies carried out by Falkowski [12] aimed at 
evaluating Xray pathologies in the osteoarticular system 
in 34 pilots exposed to vibrations while flying an Mi-2 he
licopter. Radiological results of these studies have shown 
that the frequency and amplitude of the vibrations in the 
helicopter of this type, ranging from 2 Hz to 20 Hz, did 
not produce marked changes in the osteoarticular system.
The above is confirmed by our results. Despite the fact 
that pilots subjectively relatively often indicated vibrations 
as the factor causing back pain (34%), this factor was sta
tistically insignificant. Other risk factors such as intensive 
flights or helmet weight were also insignificant. 
Similar studies were carried out by other Polish au
thors from the Military Institute of Aviation Medicine, 
e.g. Bembnowski and Miszczak [13] who examined pilots 
radiologically and showed that characteristic symptoms in 
these pilots who complained of back pain were a decrease 
in the physiological lordosis, increased neck muscles tone 
and limited spine mobility indicating impaired functioning 
of the ligamentous and muscular structures. 
Researchers in several armies have tried to solve the prob
lem of back pain during the flight. In RAF [10], lumbar 
spine support has been fitted for each pilot. This way, the 

This questionnaire survey aimed also at discovering what 
precautionary activities the pilots undertake to prevent 
back and neck pain, such as practicing various prophylactic 
physical exercises (see Table 4). Only 50% of the surveyed 
pilots with back pain and 50% of the surveyed pilots with
out back pain practiced spine strengthening-stabilizing or 
endurance physical fitness exercises. It is very alarming 
that only 5% of the pilots with back pain in this group took 
advantage of professional physiotherapeutic assistance.

DISCUSSION

It seems that in the military rotary wing aviation the 
threshold number of the flown hours producing back pain 
is 1000 hours, and the threshold pilot’s age is 35 years. This 
data corresponds to the peak of morbidity in the general 
population being 35–55 years.
The subjective risk factors for the onset of back pain were 
uncomfortable posture during a flight and prolonged 
flights. The pilot’s seat in the helicopter made comfort
able posture impossible and no possibility to change it 
additionally induced the onset of pain. Prolonged flexed 
body posture may produce postural pain or discogenic 
pain. Pilots have no possibility to change their posture un
til the flight has ended.
Cunningham et al. [10] investigated the prevalence of 
back pain. They surveyed experienced RAF pilots with 

Table 4. Prophylactic activities of pilots with back pain

Type of exercises Pilots
(%)

Strengthening-stabilizing exercises 50
Stretching 31
Enhancing physical fitness 55*
Specialist, individual exercises under 

a physiotherapist’s supervision 
5

Physiotherapy 7

* Statistically significant differences in relation to the annual number of 
the flown hours at p < 0.05 (p = 0.02091).
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and special rehabilitation programs should be introduced 
as back pain in pilots caused: concentration disturbances 
in 55% of the study subjects, earlier mission termination 
in 16%, and 7% of the examined pilots refused to continue 
the flight. In the Polish rotary wing aviation, interference 
with their concentration was reported by 48% of the exa-
mined pilots in comparison with 55% in the Australian 
studies.
Lis et al. [17] also observed a dependence of back pain and 
ischialgia on the sitting position lasting many hours as well 
as sitting in asymmetrical posture and additional harmful 
effect of vibrations on the pilots. The authors investigating 
the effects of vibrations came to controversial conclusions. 
De Oliviera et al. [18] examined 12 helicopter pilots dur
ing 2-hour flights. Using EMG, the fatigue of sacrospinal 
muscles was recorded. No statistically significant changes 
were noted. The authors concluded that vibrations did not 
cause back pain. 
Bridger et al. [19] carried out the studies includ
ing 246 RAF pilots in Great Britain, analyzing in detail 
the tasks performed in the cabin. They found that 80% of 
these pilots suffered from back pain. The most frequently 
(in 72%) back pain affected the pilots flying in bad weath
er, basing exclusively on dash-board readings. The second 
pilots and instructors suffered from back pain less fre
quently (24%). The pilots were convinced that back pain 
did not result from vibrations.
Similar conclusions were drawn by Norwegian researchers 
Hansen et al. [3]. They stated that low back pain in helicop
ter pilots during a flight concerned 50.5% of the examined 
pilots, whereas back pain during military missions 49.3%. 
The pilots complained of back pain 6 times more often than 
other crew members. Nearly half of the pilots (48.6%) were 
convinced that pain reduces the quality of their work and 
affects the flight safety. The prevalence of back pain de
pended on the total number of flown hours. 
Helicopter pilots are exposed to factors unfavorable from 
the ergonomic point of view. This is confirmed by the studies 

comfort of the body during the flight has been improved 
in the supported sitting position, which has led to reducing 
the lumbar spine pain.
The support of the lumbar spine enables proper spine 
positioning and maintains physiological lordosis without 
increasing muscular tone. Stevanović and Jovelić [14], 
summing up their studies, recommend spine support. This 
conclusion results from the outcome of the muscular activ
ity registered with surface EMG. Lopez-Lopez et al. [15] 
observed the variable tone of the sacrospinal muscles dur
ing manual helicopter piloting caused by asymmetrical 
posture (bent and rotated to the right). This posture ex
erts unfavorable effect on the nucleus pulposus position
ing within annulus fibrosus, making it move backwards 
and aside. This predisposes to annulus fibrosus damage 
and back pain.
The concentration disturbances in our results were simi
lar to those noted in the studies of Tomea et al. [16], but 
what is rarely mentioned, some of the articles underline 
that over 90% of pilots suffer back and neck pain. It means 
that in extreme cases pilots have to be grounded and go 
into surgery. An unknown number of pilots may continue 
the flight despite their adverse physical and psychological 
condition. Generally speaking, any form of back pain can 
influence a pilot’s situational awareness (defined as an in
ternalized mental model of the current state of the flight 
environment) and decrease the flight safety. It is obvious 
that any kind of stressor (also back pain) affects situation
al awareness, including attentional narrowing, reduction 
in information intake and in working memory capacity. 
This potentially leads to mistakes or adversely impacts 
tactical and strategical goals. All of these items are close
ly connected with concentration impairment. It is worth 
stressing that in our study no respondent discontinu ed 
the flight, landed earlier or refused to fly, due to the ex
perienced ailment. 
Tomae et al. [16], based on the results of their studies, 
concluded that a pilot’s seat needs to be reconstructed 
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2. Determination of the causes facilitates finding the 
way to eliminate an effect of unfavorable environ
ment on piloting helicopters.

3. The relationship between back pain and the number 
of the flown hours was shown.

4. The number of pilots knowing the nature of back 
pain and undertaking precautionary activities is 
insufficient. The authors plan to conduct, in the 
future, detailed annual examinations among pi
lots with back pain and – based on the results – to 
elaborate a prophylactic program containing simple 
forms of isometric and isotonic training, involving 
paravertebral muscles and deep abdominal muscles, 
designed specifically for the pilots of military heli
copters.
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