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Back disorders and health problems among subway train
operators exposed to whole-body vibration

by Eckardt Johanning, MOl

JOHANNING E. Back disorders and health problems among subway train operators exposed to whole­
body vibration. Scand J Work Environ Health 1991;17:414-9. Back disease associated with whole-body
vibration has not been evaluated for subway train operators. A recent study demonstrated that this group
is exposed to whole-body vibration at levels above the international standard. To investigate this risk
further, a self-administered questionnaire survey was conducted among subway train operators (N = 492)
and a similar reference group (N = 92). The operators had a higher prevalence than the referents in all
aspects of back problems, particularly for cervical and lower back pain. In a multiple logistic regression
model, the odds ratio for sciatic pain among subway train operators was 3.9 (95 070 CI 1.7-8.6); the
operators also had a higher risk of hearing-related problems (odds ratio 3.2, 95 070 CI 0.6-17.4) and
of gastrointestinal problems (odds ratio 1.6, 95 070 CI 1.1-2.5). Although a cumulative dose-response
relationship could not be statistically demonstrated, the findings appear to be related to exposure to whole­
body vibration and inadequate ergonomic conditions.
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Musculoskeletal disorders of the back are a leading
cause of occupational injuries and disability in indus­
trialized countries. In 1987 disorders related to repeated
trauma (repetitive work procedures) accounted for
about 40 0,10 of all reported occupational illnesses in
private industry in the United States, and the numbers
are increasing. The total compensable cost for low­
back pain in the United States was estimated in 1986
to be USD ILl billion (1, 2). Several occupational
causes and risk factors for back problems have been
identified, such as lifting, bending, twisting, and highly
repetitive tasks (3).

Direct, long-term whole-body vibration, stemming
from engines and vehicles, has been recognized as a
mechanical stress factor for accelerated degenerative
spine disease, back pain, and prolapsed disks (4-8).
Poor body posture, inadequate seat support, and mus­
cular fatigue of the drivers have been described as
cofactors (9, 10).

A recent evaluation of exposure to whole-body vi­
bration in the New York City subway system revealed
vertical and lateral vibration at levelsclearly exceeding
the 8-h "fatigue decrease proficiency" limits set by the
International Organization for Standardization (11).
To investigate a possible correlation between the fre­
quent back complaints of subway train operators and
their exposure to whole-body vibration, a compara­
tive cross-sectional survey was conducted.
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Subjects and methods

As of the winter of 1989 the New York City Transit
Authority employed 2910 subway train operators and
507tower operators (switch board operators). Both of
these job titles are "end-promotional" positions within
the Metropolitan Transit Authority, and thus both
groups are considered to be very stable, with a low
turnover rate. The tower operators were chosen for the
study as a comparison group of workers unexposed
to whole-body vibration because their demographic
characteristics, job histories, and job responsibilities
are very similar to those of subway train operators.
Both groups are exposed to sustained sitting, and nei­
ther group is exposed to other relevant back loading
factors at work. Initially, in this study, the question­
naire forms were distributed haphazardly. Becausethis
first collection process did not achieve the desired
return results, a second computer-generated random
sample was selected for a postal questionnaire survey.
Response rates of 53 % for the subway train opera­
tors and 60 % for the tower operators were achieved.
Responses to each sampling were statisticallycompared
to assess potential differences. No differences were
found, and therefore the respondents to the two sur­
veys were merged (12, 13). By the end of May 1990,
832 fully completed questionnaires had been returned
for processing. Subjects of both groups (N = 248)with
a history of back problems or previous occupational
whole-body vibration exposure (ie, bus or truck driver)
prior to entering their current job title were excluded
to reduce the introduction of bias due to a condition
which was not associated with the current job title or
outcome of interest.

The job-health questionnaire was based on pre­
viously described questionnaires utilized in Scandina-



via and central Europe for vehicle operators and rail­
road personnel. It included questions about the work
conditions and general health complaints of the respon­
dents (14-16) . Questions related to back symptoms
were adopted from a screening manual developed by
a team of cumulative trauma disorder researchers (17)
for occupational epidemiologic surveys. Respondents
were asked about history, location, timing, and severity
of the back complaint symptomatology. Sciatic pain
was computed by a combination of different responses
and defined as recurrent (more than three times per
year) or lasting (more than one week) pain in the lower
back and radiating down the leg to below knee level.
Recurrent back pain was defined as pain lasting more
than one week and occurring more than three times
in the past year. Current low-back pain was defined
as pain at the time of the survey completion. To re­
duce over- and underreporting due to memory decay
and "telescoping biases," the questions were limited
to a period of one year before the survey. Respondents
were asked to rate complaints on an analogue five­
point scale with opposing adjectives ("never" to "al­
ways") (18). This technique was validated with a self­
administered questionnaire (19).

A total of 584 questionnaires were analyzed, 492
from subway train operators and 92 from tower oper­
ators. The mean age was 41.5 (SD 10) years, and the
mean employment duration was 9.8 (SD 7.4) years.
Males were in the majority in both job titles (table I).
Most of the subway train operators had worked pre­
viously for the Transit Authority as conductors, car
cleaners, or railroad clerks. Only 7 070 had entered their
position as a subway train operator directly from out­
side the Transit Authority. The tower operators
showed a similar pattern. A nonspecific question
regarding general health was answered without signifi­
cant differences. This result indicated a similar back­
ground level of health concerns among the compari­
son groups. For subway operators, seat exposure to
whole-body vibration is considered the most impor ­
tant risk factor for spinal problems. Representative,
simultaneous triaxial measurements on the seat pad
were conducted according to available standards (11,
20,21). The average weighted acceleration in the lateral
direction was 0.26 m/s2 [or 6 h, fatigue decreased
proficiency exposure limits (FDP-EL)], the vertical was
0.37 m/s2 (or 6 hand 5 min, FDP-EL). The vector
sum was 0.55 m/s2 (or 3 hand 44 min, FDP-EL).
High acceleration peaks in critical human body reso­
nance were present in all of the tested samples. A typi­
cal workshift in the cab lasts seven or more hours per
day. There have been no major structural improve­
ments made in the subway system over the past four
decades. Therefore, the duration of employment as a
subway train operator functioned as a proxy for the
cumulative exposure dose of whole-body vibration.

A data base (22) and the SYSTAT statistical pro­
gram (23) were used to process the data on a personal
computer and calculate routine statistics. Multiple

logistic regression models were used to adjust for pos­
sible confounders and to estimate the log of the odds
ratio for different categories of exposure.

Results

The subway train operators had a higher prevalence
of self-reported complaints in every category when
compared with the reference group; nearly three­
fourths of the subway train operators complained of
recurrent neck, upper back, or lower back pain - or
a combination of these - versus about one-half of the
referents. In particular low-back pain was mentioned
by 56 % of the subway train operators versus 36 %
for the tower operators. Neck pain was also rated rela­
tively higher with 31 % versus 24 %, respectively.
Lower or upper back pain at the time of the survey
was mentioned by 41 % of the subway train opera­
tors versus 25 % of the tower operators (figure 1).
Lower back problems were characterized predominant­
lyas "pain" or "stiffness," for both job titles. Other
symptoms included cramping, pins and needles or
numbness in the lower back and/or legs, and burning
or swelling. Sciatic pain was assessed through the com­
bination of responses that has already been described.
In the logistic regression model the odds ratio for
sciatic pain among subway train operators was 3.9
(95 % CI 1.7-8.6) when confounders and indepen­
dent variables [age, age2 [the quadratic term was used
to correct for an age-dependent effect (24)], gender,
job title and employment duration) were controlled for.
The duration of employment in the present job title
did not significantly change the likelihood of devel­
oping sciatic pain for any job title. There was a sig­
nificantly greater association for sciatic pain for
respondents who tended to sit more often or complain
more frequently about vibration at work. The medi­
cation usage rate to relieveback pain was lowest among
the tower operators. Worktime loss due to back prob­
lems showed no significant differences . Only a few in­
dividuals in each job category indicated long (one
month or more) work time losses. However, the sub­
jects with 11 or more years on the job and sciatic symp­
toms had a longer sick leave rate due to their back
problems. The subway train operators had the highest
rate of back injury reports, with 10 % versus I %

Table 1. Demographics of the respondents to the New York
City Transit Authority [ob-heatth survey of subway train oper­
ators.

Duration of

Male Age (years) employment

(%) (years)

Mean SO Mean SO

Subjects
(N =492) 95 39.8 11.8 10.4 11.7

Referents
(N=92) 75 44.3 10.4 7.7 7.2

415



80.......---------------------------------,

70,JI-- -

60,Jr-- -

soJl-- -

*' 40

30.J.I-- -

20.J.I---

10

O--¥=======

1---- - - - - - - - - - - - -- - - - - - - - -

Any back pain. Pain: Neck , Upper back, Lower back. Sciatica _ LBP, now. LaP, recurrent.

I~ Subjects [:=J Referents

Figure 1. Results of the job-health survey of the type and location of back problems experienced by subway t rain operators
with in the past year of the survey. Respondents with a history of back problems prior to entering the current exposure category
(job ti tl e) were excluded. (LBP = low-back pain)

Table 3. Results of the work environment factors in the job­
health survey of subway train operators.

Table 2. Results of logistic regress ion analyses of the job­
health survey of subway train operators. (95 % CI = 95 % con ­
fidence interval)

Variable Odds rat io 95 % CI P-value

Sciat ica pain 3.9 1.7-8.6 <0.03

Indigestion/gastro·
Intestinal problems 1.6 1.1-2.5 <0.05

Hearing 3.2 0.6-17.4 <0.005

among the tower operators. Twice as many of the sub­
way train operators (15 %) as compared with the tower
operators (7 0/0) reported that they had sought profes­
sional help because of back complaints or had a med­
ically confirmed back problem, such as disk hernia-

tion, strained or pulled muscle, curved spine, or blunt
trauma.

In addition the respondents were asked to rate work
factors and conditions. The responses were stratified
into seniority subgroups of I-10 or ~ I I years on the
job. The subway operators and the referents sit most
of the time while they are working, and there were no
significant differences between the job titles for sitting
at work. More than half of both seniority groups of
the subway train operators indicated that they were
sometimes bothered by vibration on the job. The
respondents with sciatic pain complained significant­
ly more frequently about vibration. The senior sub­
way operators complained more often about inade­
quate and poor room/cab temperature control. Be­
tween the two job categories there was no statisticall y
different rating for drafty conditions.

In a multiple logistic regression analysis of selected
outcome variables, the subway tra in operators had a
significantly higher health risk compared with the refer­
ents. The hearing problems of the subway train oper­
ators correlated with their noise complaints and em­
ployment duration when the subway train operators
and referents were compared. The relative risk (RR)
for the subway tra in operators was threefold (RR 3.2)

32
31
58

Referents
(N = 92)

(%)

90
17
86

Subjects
(N=492)

(%)

Cab space too small
Seat adequate
Need more relay/break time

Respons e
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that of the tower operators. The relative risk for the
outcome indigestion or stomach problems was 1.6
(table 2).

Only 17 010 of all the subway train operators noted
that the operator seat in the subway cab was adequate
for their job, and 90 010 would like more cab space.
The average space of the floor of the subway cab is
about 2 m- (ie, about one-tenth of the workspace of
the tower operators). All of the subway train opera­
tors indicated that they were frequently under time
pressure. The time pressure complaint rate was signifi­
cantly higher than in the reference group. A need for
more break or relay time was noted by 86 % of the
subway operators (table 3). The subway train opera­
tors did not record any particular vision problems dur­
ing exposure, and no significant differences in the
prevalence of headache complaints were measured.
There was no differential reporting of exhaustion
among the two job titles, although the odds ratio in
the regression model for women was 2.6.

Discussion

The principal finding in the study was a considerably
higher prevalence of various types of back symptoms
among the subway operators as compared with refer­
ents. The subway train operators had a nearly four­
fold risk of developing sciatic pain. The subway train
operators predominately reported lower back and neck
pain. They also had a significantly higher risk of in­
digestion or gastric problems and noise-related hearing
problems. The prevalence of complaints about the
work conditions (poor climatic control of the cab
among the more senior subway train operators, intense
noise, inadequate seat and cab design, and limited cab
space) was significantly higher for the subway train
operators. A perceived stressful work schedule was
overwhelmingly criticized by the subway train opera­
tors, most of whom complained about constant time
pressure and lack of recovery time. The respondents
with sciatic pain complained more frequently about
vibration. There was no true variation in vibration ex­
posure according to the exposure measurements, and,
due to the fact that drivers operate various train types
and use different routes during their career, it may be
that those with back problems are more sensitive to
vibration or that other factors unrelated to exposure
influence their responses. Overall, the results of the
job-health questionnaire agree with previous reports
on potential effects of whole-body vibration.

Care was taken to avoid possible selection biases and
to deal appropriately with confounders. Yet some of
the factors were beyond control. The response rate
in the postal sample was relatively low, being 53­
60 %. This rate is comparable to that of other postal
surveys in the United States (25). However, it may in­
troduce a sampling bias, overrepresenting respondents
with conditions which favor participation in the sur­
vey. From a sample of nonrespondents it was learned

4

that some transit workers were generally skeptical
about the utility of surveys, and a job-health survey
of transit workers in particular, or a negative attitude
existed against any solicitations of opinions. Three to
six percent of the postal survey candidates were inac­
cessible by any means.

Although cross-sectional surveys have their unique
methodological limitations, certain advantages of this
method have been noted by Monson (26). For exam­
ple, within a certain context, inferential statements can
be made on the basis of plausibility and already ex­
isting knowledge about disease pathogenesis. In the
present study a claim for a causal relationship between
the high prevalence of back problems among subway
train operators and whole-body vibration received sup­
port from previous epidemiologic reviews.(5, 7, 27).

The risk of the outcome sciatic pain did not increase
with the duration of employment when the subway
train operators and referents were compared. The ex­
planation may either be that the survey was not suffi­
ciently sensitive or that severe back pain forces sub­
way train operators to migrate out of the job, leaving
those operators with less symptomatic backs. This self­
selection process has been described earlier for bus
drivers (28, 29). Dutch investigators, who studied self­
reported back pain among tractor drivers and the rela­
tionship to an estimated vibration dose, also found that
the odds ratio for the more severe type of back pain
did not increase with the vibration dose (30). A sub­
sequent investigation of the subjects who left such
work may be of merit.

There are no comparative studies of subway opera­
tors available concerning their exposure situation, sub­
jective rating of physical stress factors, and health
problems, although public transportation personnel
and drivers are receivingmore and more attention from
investigators because of their preeminent rate of
chronic health problems and early disability. In one
recent German morbidity report it was found that, on
the average, mass transit bus, trolley, and subway train
operators were unable to operate their vehicle after a
mean employment of 21 years and a mean age of
49 years. The primary reasons were cardiovascular dis­
eases, musculoskeletal (particularly back disorders),
psychovegetative syndrome, and gastrointestinal dis­
eases (31). Other German investigators have described
similar complaints about ergonomic conditions and
work organization (14, 32). Nonetheless, in these
studies no exposure measurements or clinical evalua­
tions were done.

The few studies of railroad engineers and person­
nel in other European countries also found higher rates
of back disorders, cardiovascular disease, and diges­
tive and hearing problems. The first report came from
France as early as 1954 (15, 16,33,34). A high preva­
lence of cervical spondylosis and general spinal de­
generative changes were found for male Yugoslavian
railroad workers. Horizontal and vertical vibrations
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stemming from the track, train speed, and road level
were noted to be possible causes (35).

Biomechanical vibration can affect the muscle, liga­
ments, discs, and skeletal structure of the spine and
result in sciatica or other neurological complications
(36, 37). One recent study of construction workers
reported that progressive degenerative spinal changes
were associated with an increased risk of sciatic pain
(38, 39).

There is currently no known disorder that is caused
solely by whole-body vibration. Among tractor drivers,
truckers and interstate bus drivers, crane or earth­
moving equipment operators, and helicopter pilots
primarily exposed to vertical vibration a high rate of
back complaints and abnormal radiographs of the
spine (50 to 80 0J0) have been reported (9, 10,40-42).
On the basis of this study the higher prevalence of
sciatic pain among subway train operators may be ex­
plained by whole-body vibration. Considering the
previously reported higher vibration exposure levels in
the vertical direction in other vehicle types, the nearly
fourfold risk of sciatic pain among subway operators
in the present study may be related to the relatively
high lateral vibration combined with vertical vibration.
Some previous reports of a high prevalence of back
pain among professional drivers was associated with
higher vertical accelerations than measured in our
study. However, simultaneous multiaxis vibration may
result in increased cumulative biomechanical stress
when compared with predominantly unidirectional
vibration and may have more than an additive effect.
Both biomechanical data and epidemiologic studies on
lateral or combined vibration loads on the spine are
rare. Our findings indicate a need for further investi­
gations of multiaxis vibration.

Ambient noise levels of 80 to 90 dB(A), with peak
levels of 100 to 110 dB(A) have been measured in sub­
ways (43). An interaction between high noise levels and
whole-body vibration may increase the risk of vibra­
tion effects in addition to creating a higher likelihood
of hearing problems among subway train operators
(44, 45).

A further clinical evaluation of subway operators'
backs and magnetic resonance imaging of the spine to
detect and correlate possible morphological and bio­
chemical changes seems indicated. Work organiza­
tional and ergonomic improvements should be con­
sidered to reduce the health risks of subway operators.
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