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Background: Professional drivers have been found to be at 
high risk for developing low back pain. However, the exact 
reasons are poorly understood.
Objectives: To assess the prevalence of LBP among Israeli 
professional urban bus drivers, and evaluate the association 
between LBP in drivers and work-related psychosocial and 
ergonomic risk factors.
methods: A total of 384 male full-time urban bus drivers 
were consecutively enrolled to this cross-sectional study. 
Information on regular physical activity and work-related 
ergonomic and psychosocial stressing factors was collected 
during face-to-face interviews. The prevalence of LBP was 
assessed using the Standardized Nordic Questionnaire.
results: From the total cohort, 164 bus drivers (45.4%) 
reported experiencing LBP in the previous 12 months. 
Ergonomic factors associated with LBP were uncomfortable 
seat (odds ratio 2.6, 95% confidence interval 1.4–5.0) and 
an uncomfortable back support (OR 2.5, 95% CI 1.4–4.5). In 
the group of drivers with LBP, 48.5% reported participation 
in regular physical activities vs. 67.3% in the group without 
LBP (P < 0.01). The following psychosocial stressing factors 
showed significant association with LBP: “limited rest period 
during a working day” (1.6, 1.0–2.6), “traffic congestion on 
the bus route” (1.8, 1.2–2.7), “lack of accessibility to the bus 
stop for the descending and ascending of passengers” (1.5, 
1.0–1.5), and “passengers' hostility” (1.8, 1.1–2.9). 
conclusions: Work-related ergonomic and psychosocial 
factors showed a significant association with LBP in Israeli 
professional urban bus drivers. Prevention of work-related 
stress, organizational changes targeted to reduce stressful 
situations, improvement in seat comfort, and encouraging 
regular sports activity need to be evaluated as prevention 
strategies for LBP in professional bus drivers.
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aBstract:

keY wOrds:

LBP = low back pain
OR = odds ratio
CI = confidence interval

w ork-related musculoskeletal disorders, especially 
low back pain, cause substantial economic losses to 

individuals as well as to the community. Professional drivers 
have been found to be at high risk for developing LBP due 
to prolonged sitting and vehicle vibration [1-5]. Among the 
different types of work-related musculoskeletal disorders that 
could potentially be associated with professional driving, LBP 
has been reported the most extensively [2,4-6]. A study on the 
prevalence of LBP in bus drivers, truck drivers, and sedentary 
workers indicated that 81% of American bus drivers and 49% 
of Swedish bus drivers have experienced LBP during their 
present job [2]. Male truck drivers were four times more 
likely than sedentary workers to develop a herniated lumbar 
disk [7], and 80% of motor coach operators have experienced 
back or neck pain as compared to 50% of non-drivers [1]. 

Importantly, work-related musculoskeletal disorders in 
professional drivers are associated with both ergonomic and 
psychosocial risk factors. The most commonly identified 
physical factors are prolonged sitting, whole-body vibration, 
ergonomic mismatch among drivers (disparity between anthro- 
pometric sizes of the drivers and their physical environment), 
the type of vehicle seat, and driving mechanisms (automatic 
or not automatic, etc.) [2,5-7]. Individual factors such as age, 
gender, weight, height, body mass index, and general health 
status are also associated with the work-related ailments of 
drivers [2,3]. 

Numerous studies have indicated the importance of psy-
chosocial factors (job satisfaction, mental demands, poor 
supervisor ratings, etc.) regarding the incidence of LBP and 
injury among professional drivers [2,4,8]. In a large study 
of 1449 urban transit drivers, high levels of psychological 
demands and job dissatisfaction were strongly correlated 
with reported spinal injuries [7] and absenteeism [2,8]. 
Psychosocial stress among professional bus drivers might be 
caused by factors such as difficult traffic conditions, passenger 
hostility, short lunch breaks, or lack of accessibility to the 
lavatory. This stress can cause muscle tightness, mechanical 
strain on spinal structures, and fatigue that could lead to 
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traumatic injury [9]. We did not find any study that directly 
assessed the association between the psychosocial stressing 
factors (e.g., difficult traffic conditions and passenger hostil-
ity) and LBP in professional bus drivers. 

The aims of this study were twofold: to assess the preva-
lence of low back pain among Israeli professional urban bus 
drivers, and evaluate the association between and work-
related psychosocial and ergonomic risk factors.

suBJects and methOds

This cross-sectional study was conducted among urban bus 
drivers employed by the largest public transportation company 
in the Tel Aviv Metropolitan region. This company employs 
about 15,000 bus drivers. A total of 384 full-time male bus 
drivers were randomly recruited to the study, regardless of 
their health status and the presence of LBP. Since the number 
of female bus drivers was negligible, they were excluded from 
the study. Drivers with a history of traumatic road or work 
accidents were also excluded from the study. All subjects 
signed an informed consent form. The study was approved 
by the Human Ethics Committee (Helsinki) of Reut Hospital, 
Tel Aviv. The population was cooperative, and only 12 drivers 
declined to participate in the study for personal reasons. Each 
subject participated in a face-to-face interview in which he 
was asked his age, stature, weight, sports and physical activity, 
and health status (chronic morbidity). During the interview, 
the study participants completed a questionnaire on ergo-
nomic and psychosocial stressing factors. 

ergOnOmic and PsYchOsOcial stressing FactOrs

A pilot qualitative study was initially conducted to develop 
a questionnaire for evaluating work-related ergonomic and 
psychosocial stress factors among professional bus drivers. 
Fifteen randomly selected drivers were observed by an 
experienced ergonomic and occupational health researcher 
(D.A-N.) during their driving sessions. This was followed by 
interviews to discuss the observations. Based on the obser- 
vations, interviews and a review of the literature, the first 
variant of the questionnaire was developed. This question-
naire was used to conduct pilot face-to-face interviews to 
identify possible sources of misinterpretations and inter-
viewer biases. The final version of the questionnaire and 
the precise protocol of the interview were then designed. To 
minimize possible interviewer biases, all interviewers studied 
the protocol of the interview and were specially trained in 
interviewing techniques. 

The final variant of the questionnaire included two parts: 
The first, the ergonomic questionnaire, evaluated the comfort 
of the workstation, such as the seat, back support and steering 
wheel, which were evaluated on a Likert-type four-point scale 
(4 = very comfortable, 3 = comfortable, 2 = uncomfortable, 

and 1 = very uncomfortable). The second assessed work-
related psychosocial stressing factors, i.e., the bus driver's 
stress level in specific situations that he encounters in his 
everyday work. Responses were ranked using a Likert-type 
six-step scale (6 = extremely stressful, 5 = very stressful, 4 = 
moderately stressful, 3 = mildly stressful, 2 = slightly stressful, 
and 1 = not stressful at all). The following statements were 
tested: “the rest period is too short during the working day,” 
“traffic congestion on the bus route,” “lack of accessibility to 
the bus stop for the descending and ascending of passen-
gers,” “the lunch break is too short,” “lack of accessibility to 
the lavatory,” “not enough time for exchanging money and 
buying tickets at the cashier” (in Israel, when the bus driver 
returns to the central bus station he deposits the money with 
the cashier and receives a new set of tickets), and “passengers' 
hostility.” 

The ergonomic and psychosocial stressing factors were 
converted to dichotomous variables. In the ergonomic data, 
answers of "very comfortable" (ranking 4) or "comfortable" 
(ranking 3) were considered as comfortable, and answers of 
"uncomfortable" (2) or "very uncomfortable" (1) were consid-
ered as uncomfortable. In the psychosocial data, the answers 
"extremely stressful" (6) and "very stressful" (5) were consid-
ered as stressful, whereas all other answers were considered 
as "not stressful."

lBP evaluatiOn

All study participants were asked to complete the modified 
Nordic Low Back Pain Questionnaire [10]. They were asked 
if they had LBP during the last 12 months (ache, pain or 
discomfort) for a day or longer. Those responding "yes" were 
included in the LBP group and were asked to indicate on a 
body chart all sites of pain and discomfort they have experi-
enced. All others responding with "no" were assigned to the 
non-LBP group. Similar methods are widely used in studies 
of work-related LBP. 

statistical analYsis

The differences between groups (individuals with and without 
LBP) were examined by Student's t-test (for continuous vari-
ables) and a χ2 test (for categorical variables). The differences 
in individual characteristics, ergonomic and psychosocial 
factors between groups with and without LBP were exam-
ined by a χ2 test and the associations were described by the 
odds ratio with 95% confidence interval. Logistic regression 
analysis was performed to evaluate the association between 
individual characteristics, ergonomic and psychosocial risk 
factors, and occurrence of LBP. In addition, all independent 
variables with significant associations were included in the 
multivariate logistic regression model. A stepwise procedure 
was used with entry probability of 0.05, and removal of 0.10. 
For the final model, OR and 95% CI were calculated. 
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LBP group, 26.8 ± 3.8 for the non-LBP group). The preva-
lence of chronic diseases was distributed equally between 
the groups. 

The prevalence of drivers who participated in regular 
physical activities was significantly higher in the non-LBP 
group (67.3%) than the LBP group (48.5%) (P < 0.01). No dif-
ference between the two groups was found in relation to the 
prevalence of tenure position or the seniority of the drivers. 

The results of a comparison between drivers with and 
without LBP regarding comfort of the workstation and psy-
chosocial stressing factors are shown in Table 2. Drivers with 
LBP more frequently complained of uncomfortable seats (OR 
2.6, 95% CI 1.4–5.0) and uncomfortable back support (2.5, 
1.4–4.5). There was no significant difference between the 
groups in the reporting of an uncomfortable steering wheel 
(1.4, 0.7–2.7). 

Regarding psychosocial stressing factors, there was a sig-
nificantly higher proportion of complaints in the LBP group 
about having a limited rest period during a working day (1.6, 
1.0–2.6), traffic congestion on the bus route (1.8, 1.2–2.7), the 
lack of accessibility to the bus stop for the descending and 
ascending of passengers (1.5, 1.0–1.5), and passenger hostility 
(1.8, 1.1–2.9). There was no difference in complaints or other 
psychosocial stressing factors between groups.

The results of the logistic regression analysis revealed three 
main variables associated with LBP in professional urban bus 
drivers [Table 3]: regular physical activity (2.13, 1.37–3.31), 
an uncomfortable seat (2.20, 1.16–4.18), and complaints of 
a traffic jam on bus routes (1.66, 1.07–2.57). The proportion 
of the variance that was explained by the model was 10% 
(Nagelkerke R-square = 0.10). 

discussiOn

The present study evaluated the 
association between work-related 
ergonomic and psychosocial stress- 
ing factors and LBP in Israeli pro-
fessional urban bus drivers. The 
main results of our study were as 
follows: 

A high (45%) 12 month preva-•	
lence of LBP among professional 
urban bus drivers

Traffic congestion on bus routes,•	  
passenger hostility, too short a rest 
period during a working day, and 
the lack of accessibility to the bus 
stop for the descending and ascend-
ing of passengers are possible psy-

results

The study group comprised 361 male bus drivers. Among 
them, 164 drivers (45.4%) complained of LBP and were 
included into the LBP group; another 197 drivers (54.6%) 
were included in the non-LBP group [Table 1]. The drivers 
in the LBP group were significantly younger than the drivers 
in the non-LBP group (mean age 45.0 ± 9.5 years and 47.0 
± 10 years, respectively, P = 0.04). Drivers in both groups 
were on average overweight (mean BMI 27.2 ± 3.9 for the 

with lBP (n=164) without lBP (n=197) P value*

individual and work 
characteristics

Age (yrs) 45.0 ± 9.5 47.0 ± 10.0 0.04

Stature (m) 1.75 ± 0.07 1.74 ± 0.07 0.63

Weight (kg) 83.8 ± 14.3 82.4 ± 14.3 0.34

BMI (kg/m2) 27.2 ± 3.9 26.8 ± 3.8 0.35

Tenure position 46 (28.8%) 60 (31.1%) 0.35

Seniority (yrs) 17.1 ± 10.2 18.9 ± 11.5 0.61

Regular physical activity 79 (48.5%) 132 (67.3%) 0.01 >

health-related 
characteristics

Hypertension 23 (14.0%) 21 (10.7%) 0.34

Chronic heart diseases 5 (3.0%) 9 (4.6%) 0.45

Diabetes mellitus 5 (3.0%) 13 (6.6%) 0.12

table 1. Descriptive statistics of the studied sample, by low back pain in the 
previous last year

Student's t-test for continuous variables, χ2 test for dichotomous variables. Statistically 
significant differences (P < 0.05) are marked in bold.

with lBP 
(n=164)

without 
lBP (n=197)

P 
value* Or 95% ci

w
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ct
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s

Uncomfortable seat 34 (20.7%) 18 (9.1%) < 0.01 2.6 1.4–5.0

Uncomfortable back support 41 (25.0%) 23 (11.7%) < 0.01 2.5 1.4–4.5

Uncomfortable steering wheel 21 (12.8%) 19 (9.6%) 0.34 1.4 0.7–2.7

Ps
yc
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ci
al

 s
tr

es
s 

fa
ct

or
s

Inadequate rest period during the working day 64 (39.3%) 55 (28.1%) 0.02 1.6 1.0–2.6

Traffic congestion on bus routes 98 (60.5%) 90 (45.7%) < 0.01 1.8 1.2–2.7

Lack of accessibility to the bus stop for the 
descending and ascending of passengers

86 (52.8%) 82 (41.6%) 0.03 1.5 1.0–1.5

Lunch break too short 36 (22.1%) 38 (19.4%) 0.52 1.1 0.7–1.9

Lack of accessibility to the lavatory 53 (32.5%) 48 (29.4%) 0.08 1.5 0.9–2.4

Not enough time for exchanging money and 
buying tickets at the cashier

33 (20.2%) 31 (15.8%) 0.27 1.3 0.7–2.3

Exposure to passenger hostility 49 (30.2%) 38 (19.4%) 0.01 1.8 1.1–2.9

table 2. Self-perceived occupational risk factors, by low back pain in the previous year

Statistically significant differences (P < 0.05) are marked in bold.
Comparison tests: Student's t-test for continuous variables, χ2 test for dichotomous variables.

BMI = body mass index
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[4], in a 5 year prospective cohort study of 1449 transit opera-
tors, found that psychological job demands, job dissatisfac-
tion, and the high frequency of job-related problems were 
predictors of workers' compensation claims due to spinal 
injuries. Marginally significant associations were found for 
low supervisor support. Job strain, low decision latitude, and 
low co-worker support were not related to the incidence of 
spinal injuries. 

In the present study, four stressful situations showed a 
statistically significant association with LBP: traffic conges-
tion on the bus route, passenger hostility, inadequate rest 
period during the working day, and lack of accessibility to 
the bus stop for the descending and ascending of passengers. 
To the best of our knowledge, most of the aforementioned 
factors were not previously evaluated for bus drivers. A short 
resting period was previously found to be associated with 
LBP (OR 2.4) in truck drivers [16]. 

The exact mechanism underlying the association between 
work-related psychosocial stressing factors and LBP is still 
uncertain [17]. The major hypotheses include direct neuro- 
genic effects of psychological demand on muscle tension and 
the ensuing biomechanical strain and stress-related endo-
crine effects on musculoskeletal function [18]. Specifically for 
the topic of the present study, Svensson and Andersson [9] 

proposed that psychological stress contributes to increased tone 
in musculature, consequently causing increased mechanical 
strain on spinal structures. It also produces fatigue that could 
predispose drivers to traumatic injury. Competing hypotheses 
involve the direct effects of psychosocial factors or the psy-
chological strain regarding the perception and attribution of 
symptoms [17]. 

ergOnOmic risk FactOrs

Although sitting while driving is not equivalent to seden-
tary work, many experimental studies have investigated the 
link between a sitting posture and LBP. Early studies have 
indicated that sitting without lumbar support and a backrest 
could increase disk pressure [19] and the electromyographic 
activities of back muscles [20]. These findings led to the gen-
eral belief that prolonged sitting is harmful to the lumbar 

chosocial stressing factors associated with LBP among bus 
drivers 

An uncomfortable seat and back support are associated •	
with a higher prevalence of LBP 
Participating in sports activities is associated with a lower •	
prevalence of LBP.

the Prevalence OF lBP in PrOFessiOnal urBan Bus drivers

Our study indicated a 45% prevalence of LBP among Israeli 
professional bus drivers. This finding is comparable with a 
recent report by Robb and Mansfield [11] who found a 60% 
prevalence of LBP among professional truck drivers over 12 
months, and with another study among Taipei urban taxi 
drivers where the prevalence was 51% over 12 months [5]. 
Netterstrøm and Juel [12] evaluated the occurrence of LBP 
among 2045 professional urban bus drivers in Denmark and 
found a 57% prevalence of frequent LBP. Magnusson et al. 
[2] studied a group of American and Swedish bus drivers 
and found a 60% prevalence of LBP, which required, on 
average, 18 days sick leave. Compared with a group of truck 
and sedentary workers, the bus drivers experienced far more 
episodes of back pain than did non-drivers. The relatively 
lower prevalence of LBP that was found in the present 
study can probably be attributed to a new type of bus that 
was introduced a few years ago in Israel. The 12 month LBP 
prevalence is still very high among urban bus drivers and 
additional studies are needed to both identify the hazards 
and develop prevention strategies.

PsYchOsOcial stressing FactOrs

Relatively few studies have been conducted on the relationship 
between work-related psychosocial stress factors and muscu- 
loskeletal disorders. A prospective study of employees at a 
Boeing aircraft factory in Seattle, Washington found that 
psychosocial factors such as job dissatisfaction and poor 
supervisor ratings in the previous 6 months were predictive 
of back injury reporting [13].

A review by Bongers and co-authors [14] on the asso-
ciation between psychosocial factors and musculoskeletal 
disorders concluded that, because of the limited assessment 
of the physical workload, none of the studies presented con-
clusive evidence for an independent effect of work-related 
psychosocial factors. In a review published in 1997 by the 
National Institute for Occupational Safety and Health [15], it 
was concluded that psychosocial factors may represent gen-
eralized risk factors for musculoskeletal disorders, but that it 
was difficult to determine the relative importance of physical 
and psychosocial factors. 

Work-related psychosocial stressing factors such as job 
satisfaction, stress, mental demands, and poor supervision 
ratings were previously found to correlate with the incidence 
of LBP among professional drivers [2,4,8]. Krause and team 

Predictors ß se wald exp(ß)

95.0% ci for exp(ß)

lower upper

Non-participation 
in sports activities 

0.756 0.225 11.308 2.130 1.371 3.311

Uncomfortable seat 0.790 0.327 5.812 2.202 1.159 4.184

Traffic congestion 
on bus routes 

0.506 0.223 5.143 1.659 1.071 2.568

table 3. Logistic regression (final model): LBP at the last year as a dependent variable

r 2 = 10.0, χ2 = 23.0, P < 0.01
ß = regression coefficient, SE = standard error, Wald = (ß/SE)2, Exp(ß) = odds ratio
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spine; interestingly, sitting was even classified as a risk factor 
for LBP. However, the postulated harmful effect of prolonged 
sitting was not fully supported by epidemiological data. 
Recently, Lis and colleagues [21], in their systematic review, 
found that sitting itself does not increase the risk of LBP, but 
sitting for more than half a workday, combined with whole-
body vibration and/or awkward postures, does increase the 
likelihood of having LBP and/or sciatica, and it is the combi-
nation of those risk factors that leads to the greatest increase 
in LBP. Moreover, the epidemiological cross-sectional study 
of Chen et al. [22] showed a significant association among 
seat inclination, use of lumbar support, and LBP.

In the present study, an uncomfortable seat and uncom-
fortable back support were associated with a higher preva-
lence of LBP among professional bus drivers. Bus drivers 
often maintain awkward body postures for extensive periods 
during their work. These postures include slumped sitting, 
leaning on one side, bending and twisting, and excessive 
reaching. Drivers might adopt awkward postures to avoid 
discomfort caused by a poor ergonomic chair. These posi-
tions, combined with an uncomfortable chair, can place 
mechanical stress upon the spine and its surrounding soft 
structures and ultimately cause LBP. 

leisure-time PhYsical activitY

Evidence of the contribution of physical activity to the 
prevention and management of LBP is unclear. Despite 
the risk of activity-related injuries, some experts [23] 
found an association between physical activity and a lower 
risk of musculoskeletal disorders plausible. Randomized 
trials and epidemiological studies on exercise as a means 
of strengthening back and/or abdominal muscles and of 
improving fitness have resulted in only limited evidence of a 
positive effect on low back morbidity; empiric evidence, in 
particular, of the long-term effects of exercise is still lacking 
[24]. Toroptsova et al. [25], in their cross-sectional study of 
800 machine-building factory workers, found a significant 
association between the absence of sports activity and LBP. 

In the present study, the engagement in leisure-time physi-
cal activity was associated with a lower risk of LBP. We believe 
this is the first study to show such an association among pro-
fessional drivers. It is possible that despite inconsistent results 
in the literature concerning physical activity and LBP, most 
of the drivers in the current study reported that they walked 
in their free time, an activity that might have a positive effect 
on a sedentary occupation.

To date, very few studies have investigated the psychoso-
cial stressing factors. Moreover, psychosocial and ergonomic 
stressing factors were never studied among urban bus drivers. 
The results of our study showed that those stressing factors are 
very common among professional drivers and can contribute 
to work-related musculoskeletal morbidity. We present here 

new psychosocial risk factors that need to be considered for 
developing prevention strategies for LBP, especially among 
professional bus drivers.

inverse relatiOnshiP Between lBP and age

One of the less expected results of the present study was the 
inverse relationship between LBP and the age of the drivers. 
The most reasonable explanation for this relationship is the 
so-called healthy worker effect. It is known that bus driv-
ers leave their job due to back problems and adverse work 
conditions [4]. 

cOnclusiOns

The main conclusion to be drawn from this study is that both 
ergonomic and psychosocial stressing factors as well as lack of 
sports activity are associated with LBP in professional urban 
bus drivers. These associations should be further confirmed in 
prospective studies. However, even at the present stage, LBP 
prevention strategies such as the transition to comfortable 
seats, encouragement of sports activities, and organizational 
changes for reducing work-related stress are needed. 
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Recently, a deadly transmissible cancer has emerged in 
Tasmanian devils, the largest existing marsupial carnivore. This 
disease, devil facial tumor disease (DFTD), leads to the growth 
of large facial tumors that frequently metastasize to internal 
organs. DFTD is thought to be transmitted by biting, and leads to 
death of affected animals within months, usually by obstructing 
the animals' ability to feed. Consequently, in the last 10 years 

Tasmanian devil numbers have dropped by about 60%. There 
are no genetic tests, vaccines, or treatments available for this 

disease, and without intervention, models predict that DFTD 

could cause extinction of Tasmanian devils in the wild within 50 

years. Several lines of evidence suggest that DFTD is transmitted 

as a clonal allograft, whereby the cancer cells themselves are 

the agents of tumor transmission. Murchison and colleagues 
examined this hypothesis in detail by genotyping 25 tumor-
host pairs from around Tasmania at 14 microsatellite loci 
and at a variable mitochondrial polymorphism. DFTD tumors 
were indeed found to be genetically distinct from their hosts 
and almost completely genetically identical to one another, 
supporting the idea of transmission by allograft. 
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a deadly transmissible cancer in tasmanian devils transmitted by bites as allografts

In a cross-sectional community-based study, Brenner and 
co-workers compared 586 individuals who had undergone 
colonoscopy in the previous 10 years (but not in the pre- 
vious year) with no evidence of colorectal disease, with 
2701 who had not. Screening colonoscopy detected advanc- 
ed neoplasia in 6.1% of subjects with a previous colon- 
oscopy compared with 11.4% of those undergoing the 
procedure for the first time (adjusted prevalence ratio 
0.52). The authors also found, however, that while previous 
colonoscopy was strongly and inversely associated with 
the prevalence of advanced neoplasia in the left colon 

and rectum, there was no such association with advanced 
neoplasia in the right colon. They estimate that adjusted 
prevalence ratios were 0.33 for the left-sided colon and 
rectum but 1.05 for the right-sided colon. They point out that 
adenomas in the right colon are more likely to be sessile or 
flat, and therefore easier to miss with colonoscopy. Other 
explanations for missing right-sided neoplasms include 
incomplete colonoscopy or poorer bowel preparation in 
the right colon. 
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colonoscopy does not reduce right-sided advanced neoplasms




