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Abstract
Background: Work-related musculoskeletal disorders (WMSDs), especially low back pain and neck pain cause
substantial socio-economic losses. Professional drivers are particularly at high risk for developing back pain and
neck pain from prolonged sitting and vehicular vibration. This study assesses ergonomic exposure on the
developmental risk of WMSDs among bus drivers.
Methodology: A total of 280 male drivers with acute body pain in any region were randomly selected for the study,
and ergonomic information on driver’s seat was collected using a validated questionnaire. Then the exposure and
risks of developing WMSDS were assessed using Quick Exposure Check (QEC), Rapid Entire Body Assessment
(REBA), Rapid Upper Limb Assessment (RULA) and Nordic Musculoskeletal Questionnaire (NMQ).
Results: The results of QEC showed that back and shoulder had very high exposure followed by neck and wrist.
REBA revealed that nearly half (46%) of the drivers were at high risk of developing WMSDs, whereas14% were at
very high risk and 29% were at medium risk. As per RULA, 46% of bus drivers needed further ergonomic
investigation and modification of workstation/work style, indicating that the risk for WMSDs is potentially high.
Among others, 29% were at moderate risk and 14% were at low risk, whereas 11% were at very high risk, requiring
immediate change. From NMQ, it was found that 26% of drivers had musculoskeletal problems in the neck, 24% in
the back, 20% in the upper limbs (shoulder and wrists were equally affected), 6% in the knees and 4% in the ankles.
Conclusion: The current study evaluated the risks of developing WMSDs among bus drivers. Exposure to unsafe
ergonomic practices/conditions and health risks were evident from the findings of the study. Prospective studies are
necessary to confirm the cause and effect in this association. Ergonomic intervention measures with workplace
health promotion activities need to be implemented in order to reduce the risk of WMSDs among bus drivers.
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Background
Work-related musculoskeletal disorders (WMSDs) are painful
disorders of muscles, bones, nerves, tendons and other soft tissues due
to workplace activity. WMSDs are responsible for morbidity in many
working populations and are known to cause significant occupational
problems with increasing compensation and health costs, reduced
productivity, and lower quality of life [1]. WMSDs are a serious public
health problem given the high cost to the injured worker, his or her
family, employers, and society to a large extent. WMSDs are
considered to be multifactorial that are caused due to the interactions
between various risk factors, which result in conditions that vary
across different occupations [2]. Particularly, low back pain and neck
pain being common forms of WMSDs cause substantial economic
losses to individuals as well as to the community. Professional drivers
have been found to be at high risk for developing back pain due to
prolonged sitting and vehicular vibration [4-7].
Importantly, WMSDs in professional drivers are associated with
ergonomic as well as psychosocial risk factors. The most commonly
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identified physical factors are prolonged sitting, whole-body vibration,
ergonomic mismatch, i.e., disparity between anthropometric sizes of
the drivers and their physical environment including driving
mechanisms (automatic or manual, etc.). Individual factors such as
age, gender, weight, height, body mass index, and general health status
are also associated with work-related ailments of drivers. In the United
States, between 1992 and 1997, approximately 5% of the Tri-Met busdriver-workforce compensation claims were directly attributed to the
design of the bus operator’s seat. These claims had costed over
$204,000 that amounted to 23% of the total cost of all compensation
claims filed for that five year period [10]. Appropriate intervention
measures can significantly reduce the incidence and severity of
musculoskeletal injuries. It is estimated that proper ergonomic design
can reduce up to one-third of compensable occupational low-back
pain. Posture of the seated person is dependent on the design of the
seat itself, the work to be performed and individual sitting habits.
Seated posture is defined as the body position in which weight of the
body is transferred to a supporting area - ischial tuberosities of the
pelvis and their surrounding soft tissue. The biomechanical
considerations of seated postures include the spine, arms, and legs.
Muscles at the back of the thighs influence the relative position of
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spine and pelvis. The location and slope of the work area influence the
position of neck, shoulders, and upper extremities when an individual
is in a seated posture. Therefore, it is essential that not only the seat
but also the work to be performed also needs to be taken into
consideration [11,13].
The driver’s cabin is the area from which the driver directly controls
the operation of the bus. The seat, steering wheel, and pedals influence
the drivers' posture. Hence, knowing about the position/orientation of
driver's seat, steering column, wheel, and pedals in the driving cabin is
necessary to understand the causal factors of musculoskeletal injury
and discomfort. Bus manufacturers, however, often overlook the
necessity of designing the driver’s seat ergonomically as an integral
part of the driver’s cabin. Bus drivers often do some temporary
modification of the seat to improve their level of comfort which would
most likely interfere with the functionality. Consequently, the
incompatibility between comfort and function would result in injury
to the driver in the long run.
The risk factors of WMSDs among drivers would vary between
countries due to differences in racial background, geographical
location, ethnicity and socio-demographics. Although considerable
epidemiological studies have explored and reported on
musculoskeletal disorders among occupational drivers, few studies
have been conducted in India to date. This study focuses on assessing
personal as well as ergonomic risk of developing WMSDs among a
sample of bus drivers in their current occupational settings in
Chennai, India.

Methodology
The study was conducted in University bus depot of Chennai City,
which is the capital city of the Tamil Nadu, a southern Indian state.
Chennai is the fifth-largest city and fourth-most populous
metropolitan area in the country and 31st largest urban area in the
world having population of 4.7 million. A total of 280 bus drivers with
acute body pain in any region who produced informed consent, were
considered as cases and included for the study with simple random
sampling. Drivers with a history of traumatic road or work accidents
were excluded from the study. As the research interest is to know the
current exposure and risk levels for WMSDs among drivers; could be
the potential reason to exclude healthy bus drivers from this study. A
structured pre-tested interview was conducted to collect information
using the standardised pre-validated tools- driver seat ergonomics
questionnaire, Quick Exposure Check (QEC), Rapid Entire Body
Assessment (REBA), Rapid Upper Limb Assessment (RULA), and
Nordic Musculoskeletal Questionnaire (NMQ).
Driver seat ergonomics questionnaire contains basic demographic
information as well objective measurement of their seat with standard
inch tape. QEC is an observational method used to assess the level of
exposure to ergonomic risks, which provides 4 categories for
estimating the risk level. These risk levels named from 1 to 4 are
corresponding to low, moderate, high and very high levels of risk
respectively. REBA is a postural targeting method for estimating the
risks posed by work anywhere in the body. A REBA assessment gives a
quick and systematic assessment of the complete body postural risks to
a worker. As the posture moves away from the neutral position, the
risks score increases. RULA ergonomics technique evaluates
individuals’ exposure to postures, forces and muscle activities that
have been shown to contribute to the risk of development of WMSDs.
The result is a risk score between one and seven, where higher scores
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signify greater levels of apparent risk .To identify the body parts
having significantly higher frequencies of musculoskeletal problems
the NMQ has been used as part of a focused study on musculoskeletal
issues . Descriptive statistics (mean, standard deviation and
percentage) was used to summarize the data. Data analysis was
performed using R statistical software (3.0.1 version) .

Results
The mean age of 280 male bus drivers was 34.6 ± 9.5 (Mean ± SD).
The demographic data of bus drivers in Table 1 shows that more than
60% of drivers had been driving since the past>5years. Among all,
about 80% drivers were smokers and 68% of the subjects reported that
some occasional alcoholic drinks. Education of all drivers was
satisfactory, as only 20% of all drivers were not having any formal
education. Though the mean weight of drivers was 60 ± 11 (in kg), the
body mass index (BMI) shows 25.5 ± 4, indicating that almost all
drivers were overweight. The physical activity level of all drivers found
to be very poor as only 12% of drivers involved themselves in sports or
other non-professional physical activities. For Moderate, High and
Very High scores, there are likely to be several interactions that should
be identified and reduced. It is also possible that one or two
interactions are at the highest levels (i.e. 10 or 12) of exposure. These
should be addressed urgently. These interactions should be monitored
and reviewed as it may cause injury to the body in the long run. The
current personal exposure of bus driver’s assessed using QEC showed
that back and shoulder are the regions of very high exposure as
compared to the neck and wrist regions. Overall, the level of exposure
was low among the study group. Even if the exposure score is Low, it is
important to note that one or two interactions may be contributing
disproportionately to the score (i.e. a score of 8 or more); as shown in
Table 2.
Characteristic

Percentages
Age

25-35

68%

35-45

25%

45-55

07%
Education

Illiterate

20%

Primary

25%

Secondary

55%
Work Experience

<5 years

40%

>5years

60%
Smoking

Non- smokers

20%

Smokers

80%
Alcohol Consumption

Alcoholic

68%

Non-alcoholic

32%
Sports Activity

Yes

12%
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No

88%

Height (in m)

1.61 ± 0.12

Weight (in kg)

60 ± 11

BMI (Kg/m2)

25.5 ± 4

Table 1: Demographic Characteristics of Drivers.
Body Region

Low (%)

Medium (%)

High (%)

Very
(%)

Back

46.42

21.42

17.85

14.28

Neck

53.57

17.85

25

3.57

Shoulder

46.42

28.57

17.85

7.14

Wrist/Hand

39.28

25

32.14

3.57

High

The seat design, which is a direct contributing factor for postural
related physical pain, must also consider the physical characteristics of
the driver and the accommodations required that permit the full range
of seat adjustments. So a seat ergonomics and dimensions were
measured and compared with the International standards of bus/truck
drivers’ seat by Society of Automotive Engineers–International
Ergonomics Association (SAE-IEA) as shown in the Table 3. Because
of dearth of ergonomics studies in India lack of National guidelines on
Seat Ergonomics, authors tried to compare with International
guidelines in this study. Varied seat diameters have been observed
among the drivers; which might be because of lack of a standard
protocol for seat ergonomics in countrywide. All of the seats observed
had neither good cushion for back and neck nor any provision for
adjustment. Also, some drivers got habituated to use a separate
cushion in their seats according to personal comforts.

Table 2: Levels of Exposure among Drivers.
Pertinent Body Dimensions

Observed Value (in cm)

Standard Value (in cm)

Mean ± SD

SAE Referred Value

Distance from floor to under thigh with leg vertical

31.19 ± 2.21

20-25 (Adjustable)

Distance from chair backers to back of Knee

47.93 ± 3.66

42-58 (Adjustable)

Distance from seat cushion to base of neck

51.41 ± 3.27

55 ± 30

Width of driver's Seat at Shoulder Level

47.69 ± 4.42

43 ± 20

Width of driver's Seat at Girth (Measured at navel)

31.64 ± 3.49

50 ± 20

Width of driver's Seat at buttocks when seated

25.01 ± 3.11

--------

Table 3: Ergonomic Measurements of Driver’s Seats.
Risk assessment score (REBA) revealed that 46% of bus drivers had
high risk, while 14% had very high risk of developing any type of
WMSDs. Among all, 29% of bus drivers had medium risk, whereas a
very few (4%) had negligible risk of developing WMSDs. RULA score
indicates that 46% of bus drivers needed further investigation and
rapid modification of workstation/work-style, indicating that the risk
is high. Similarly, 29% had moderate risk and 14% had low risk of
developing WMSDs. But 11% of bus drivers were found to have very
high risk, indicating the urgency to implement change as indicated in
Figure 1.
In this study, the musculoskeletal complaints of bus drivers were
high in the neck (26%) and back (24%) regions. The shoulder and
wrist regions were equally affected with 20% reporting pain. The
regions of lowest complaints were knee and ankle, with complaints
from 6% and 4% of bus drivers respectively as shown in Figure 2.
Almost all drivers complained the same symptoms (as collected in
drivers’ ergonomic questionnaire) without work duty as well on the off
days or week-ends, which clearly indicates that symptoms were workrelated. This has been found that, reported body part pain correlates
with the higher exposure on the same part. As 30% of driver’s shown
high exposure on the neck region and same time 26% reported neck
pain. Similarly 32% have high exposure on the lower back; while 24%
reported Low back pain (LBP). The exposure to reported pain
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proportion remains same in neck region but in lower back it reduced;
because of higher functional adaptation on the lower back region.

Discussion
Our study showed a 26% self-reported 12-month prevalence of neck
pain among the participant professional bus drivers, followed by a 24%
prevalence of back pain and 20% prevalence of shoulder and wrist/
hand pain. Existing literature is ambiguous regarding prevalence of
neck and upper limb pain in professional drivers. Szeto and Lam [19]
found that prevalence of neck pain in Hong Kong bus drivers was
49%.

Figure 1: Risk Strategy- Action Plan; REBA-RULA Scores.
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force pillar of health protection [25,26] for all formal occupational
sectors. Considering driver professionals; such requirements of
physical fitness has not been standardized countrywide; which
suggests there is an urgent need for universal physical fitness
guidelines for different occupations in India; thus improving physical
fitness could prevent or reduce the incidence of MSDs.

Conclusion

Figure 2: Percentage of WMSDs Pain among Drivers.
Our study indicated a 24% prevalence of LBP among drivers, which
is comparable with a recent report by Robb and Mansfield [20] 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 over 12 months was found to be 51% [1].
Netterstrøm and Juel [22] evaluated the occurrence of LBP among
2045 professional urban bus drivers in Denmark, and found a 57%
prevalence of frequent LBP. In a study on a group of American and
Swedish bus drivers (Magnusson et al. [23]) studied, a 60% prevalence
of LBP was found, that required, on average, 18 days of sick leave. The
relatively lower prevalence of LBP that was found in the present study
can probably be attributed to lower reporting and ignorance about the
WMSDs. The 12-month LBP prevalence is still very high among
drivers and additional studies are needed to identify the hazards as
well as develop prevention strategies. In the present study, an
uncomfortable seat and uncomfortable back support were found to be
associated with a higher prevalence 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 positions, combined with an
uncomfortable chair, can place mechanical stress upon the spine and
its surrounding soft structures and ultimately cause back pain.A poor
ergonomically designed chair, with an uncomfortable seat and back
support in combination with an incorrect steering wheel position, may
cause or contribute to awkward body postures; also, prolonged sitting
and driver-seat mismatch were found to be significant occupational
risk factors for neck and back pain in the Hong Kong bus drivers study
by Szeto and Lam [19]. It best explains our study findings. Scores of
RULA and REBA indicated that risk was very high and further
investigations were required. Approximately, half of the studied
drivers had higher risk of developing WMSDs, thus indicating poor
ergonomics which needs immediate attention. Subjective evaluation of
workstations revealed that the workstation height and seat dimensions
were inappropriate, and did not meet the criteria of the International
standards of bus/truck drivers’ seat by the SAE-IEA.
The current study found lower proportion of drivers involved in
physical activity; thus all having some form of WMSDs pain during
the survey; this finding is consistent with previous study by Morken et
al. [24] who concluded that; a physically active lifestyle both at work
and at leisure was associated with fewer musculoskeletal disorders
among personnel. Physical fitness for duty is an important medical
component for readiness and an integral part of the fit and healthy
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The current study evaluated the risk of developing WMSDs in bus
drivers exposed to current ergonomic conditions. Study reveals that;
exposure to unsafe ergonomics and postural risks among bus drivers
were evident from the findings of Exposure (QEC) and Risk (REBA,
RULA) scores. It also was found that less involvement in physical
activity among the studied drivers resulted in to the higher risk of
WMSDs. The reported body region pain has the higher exposure.
Among all the body part neck and back region pain found to be
higher. As more than half of drivers have the higher risk of developing
WMSDs it have been indicated that further ergonomic investigation
and proper ergonomic intervention is much essential.
The limitations of this study include in its design; as a short case
study design did not allow us to study the influence of workstation
comfort and risk factors on the incidence of musculoskeletal
complaints. Prospective studies are necessary to confirm the cause and
effect in this association. Another limitation would be; the work
postures were observed only once for a brief period of about 15
minutes for each subject. Information on sick leave and the effect of
musculoskeletal symptoms on work and leisure activity was not able to
collect by the researchers; because of lack of proper documentation.
Despite these limitations, this study was able to add evidence of
unsafe ergonomics among bus drivers in their occupation who are
prone to have higher risk for WMSDs. A physical activity regimen
should be devised for all drivers and they are encouraged to participate
in extra-curricular physical activities to minimize the incidence of
WMSDs. Ergonomic intervention with workplace health promotion
was recommended to reduce WMSDs among bus drivers.

Acknowledgements
We are thankful to participants of the study who gave us
unconditional support, and the concerned authorities of QEC, REBA,
RULA and NMQ for permitting us to use their respective tools for this
research study.

References
1.
2.

3.
4.
5.

Karwowski W, Marras WS (2003) Occupational ergonomics: principles
of work design. CRC Press, Florida.
Yasobant S, Rajkumar P (2014) Work-related musculoskeletal disorders
among health care professionals: A cross-sectional assessment of risk
factors in a tertiary hospital, India. Indian J Occup Environ Med 18:
75-81.
Anderson R (1992) The back pain of bus drivers. Prevalence in an urban
area of California. Spine (Phila Pa 1976) 17: 1481-1488.
Magnusson ML, Pope MH, Wilder DG, Areskoug B (1996) Are
occupational drivers at an increased risk for developing musculoskeletal
disorders? Spine (Phila Pa 1976) 21: 710-717.
Hulshof CT, Verbeek JH, Braam IT, Bovenzi M, van Dijk FJ (2006)
Evaluation of an occupational health intervention programme on wholebody vibration in forklift truck drivers: a controlled trial. Occup Environ
Med 63: 461-468.

ISSN:2165-7556 JER, an open access journal

Citation:

Yasobant S, Chandran M, Reddy EM (2015) Are Bus Drivers at an Increased Risk for Developing Musculoskeletal Disorders? An
Ergonomic Risk Assessment Study. J Ergonomics S3: 011. doi:10.4172/2165-7556.S3-011

Page 5 of 5
6.

7.
8.
9.
10.
11.
12.
13.

14.
15.
16.

Krause N, Ragland DR, Fisher JM, Syme SL (1998) Psychosocial job
factors, physical workload, and incidence of work-related spinal injury: a
5-year prospective study of urban transit operators. Spine (Phila Pa 1976)
23: 2507-2516.
Chen JC, Chang WR, Chang W, Christiani D (2005) Occupational factors
associated with low back pain in urban taxi drivers. Occup Med (Lond)
55: 535-540.
Lyons J (2002) Factors contributing to low back pain among professional
drivers: a review of current literature and possible ergonomic controls.
Work 19: 95-102.
Kelsey JL, Hardy RJ (1975) Driving of motor vehicles as a risk factor for
acute herniated lumbar intervertebral disc. Am J Epidemiol 102: 63-73.
Johnston and Culberson, Inc., Loss Analysis Report.
Levy BS, Wegman DH (1995) Occupational Health – Recognizing and
Preventing Work-Related Disease. (3rdedn), Little, Brown, and
Company.
Chaffin DB, Andersson G (1991) Occupational Biomechanics. JohnWiley
and Sons.
Gilmore BJ, Bucciaglia J, Lowe B, You H, Freivalds A (1997) Bus
Operator Workstation Evaluation and Design Guidelines. TCRP Report
F-4, Transportation Cooperative Research Program (TCRP),
Transportation Research Board.
David G, Woods V, Buckle P (2005) Further development of the usability
and validity of the Quick Exposure Check (QEC). HSE Web Site.
Hignett S, McAtamney L (2000) Rapid entire body assessment (REBA).
Appl Ergon 31: 201-205.
McAtamney L, Nigel Corlett E (1993) RULA: a survey method for the
investigation of work-related upper limb disorders. Appl Ergon 24:
91-99.

17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sørensen F, et
al. (1987) Standardised Nordic questionnaires for the analysis of
musculoskeletal symptoms. Appl Ergon 18: 233-237.
Dean CB, Nielsen JD (2007) Generalized linear mixed models: a review
and some extensions. Lifetime Data Anal 13: 497-512.
Szeto GP, Lam P (2007) Work-related musculoskeletal disorders in urban
bus drivers of Hong Kong. J Occup Rehabil 17: 181-198.
Robb MJ, Mansfield NJ (2007) Self-reported musculoskeletal problems
amongst professional truck drivers. Ergonomics 50: 814-827.
Chen JC, Chang WR, Chang W, Christiani D (2005) Occupational factors
associated with low back pain in urban taxi drivers. Occup Med (Lond)
55: 535-540.
Netterstrøm B, Juel K (1989) Low back trouble among urban bus drivers
in Denmark. Scand J Soc Med 17: 203-206.
Magnusson ML, Pope MH, Wilder DG, Areskoug B (1996) Are
occupational drivers at an increased risk for developing musculoskeletal
disorders? Spine (Phila Pa 1976) 21: 710-717.
Morken T, Magerøy N, Moen BE (2007) Physical activity is associated
with a low prevalence of musculoskeletal disorders in the Royal
Norwegian Navy: a cross sectional study. BMC Musculoskelet Disord 8:
56.
Bohnker BK, Telfair T, McGinnis JA, Malakooti MA, Sack DM (2003)
Analysis of Navy Physical Evaluation Board diagnoses (1998-2000). Mil
Med 168: 482-485.
Yasobant S, Rajkumar P (2015) Health of the healthcare professionals: A
risk assessment study on work-related musculoskeletal disorders in a
tertiary hospital, Chennai, India. International Journal of Medicine and
Public Health, 5: 189-195.

This article was originally published in a special issue, entitled: "Driver Safety",
Edited by Jibo He

J Ergonomics

Driver Safety

ISSN:2165-7556 JER, an open access journal

