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Abstract

This review investigates whether there is evidence of an association between car driving and low back pain, and evidence
that whole-body vibration contributes to low back pain in car drivers. The evidence of an association between various
physical, psychosocial and individual factors and low back pain in car drivers was also investigated. From 23
epidemiological studies of low back problems in groups that reported car driving, nine studies fulfilled simple criteria for
detailed review: four cross-sectional studies, three case-control studies and two longitudinal studies. The definition of low
back pain was often unclear and, mostly, the physiological mechanisms causing low back pain were not considered. Eight
of the nine studies concluded that there was an increase in low back pain among car drivers but there was little
consideration of the influence of the many physical factors, individual factors and psychosocial factors that might be
associated with an increase in low back pain. Consequently, there is insufficient evidence to form a conclusion on whether
whole-body vibration, postural stressors or other factors, specific or not specific to driving, are common causes of low back
problems in car drivers.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

The possibility that exposure to whole-body vibration may cause disorders of the body has been the subject
of many epidemiological studies. Reviews of epidemiological studies of persons occupationally exposed to
whole-body vibration conclude that long-term exposure to whole-body vibration is associated with increased
risk of low back pain, sciatic pain and degenerative changes in the spinal system [1-4]. Some reviews have
suggested that other health problems, such as digestive and reproductive system disorders, peripheral nervous
system disorders and vestibular and visual problems may also be increased among professional drivers [1,2].

The cause of increased prevalence of low back pain in populations is often uncertain. However, studies have
found associations between low back pain and physical factors such as heavy manual work [5-10] and
awkward postures held while working or driving [5,7,8,10]. Many studies have also found psychosocial
factors, such as job satisfaction or stress [11,12] and individual factors (age, gender, anthropometrics, tobacco
consumption, etc.) to be associated with back pain [13-20].
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Previous critical reviews of epidemiological studies of groups exposed to whole-body vibration have mostly
considered tractor drivers, truck drivers, bus drivers, helicopter pilots, and drivers of heavy off-road machines
(e.g. earth moving machines, cranes, excavators) [1-4,21]. Car drivers are sometimes considered as a control
group in epidemiological studies. Although car drivers are usually exposed to a lower level of whole-body
vibration than drivers of some other vehicles, long durations of exposure of vibration, prolonged sitting, and
other factors common to car driving might be associated with low back pain.

This critical review was performed to investigate the quality of epidemiological studies of back pain among
car drivers. The review considers studies published during the last 30 years and looks for evidence of an
association between car driving and low back pain, evidence that low back pain in car drivers is caused by
vehicular vibration, and evidence of an association between other physical, psychosocial and individual
factors and low back pain in car drivers.

2. Methods
2.1. Source and selection of reviewed studies

Most of the reviewed epidemiological studies were found in the Human Response to Vibration Literature
Collection at the Institute of the Sound and Vibration Research at the University of Southampton, United
Kingdom. A search for related papers was also carried out on the Internet and in the Medline database
(National Library of Medicine, United States of America). Electronic searches used various combinations of
the following terms: whole-body vibration, driving, car, low back pain, herniated lumbar disc, sciatica, and
epidemiology.

All epidemiological studies relevant to selected search terms were examined but only studies that fulfilled the
following simple criteria were chosen for review: (i) epidemiological study, (ii) investigation of occurrence of
low back pain or sciatica, (iii) investigation of car driving as a factor leading to low back problems. Because of
the very small number of relevant studies, the selection criteria were based on the nature of the studies and not
the quality of the studies. The text below provides information from which the quality of the studies can be
judged.

2.2. Analysis of reviewed studies

Each study was analysed and summarised in tabular form under nine headings: (i) author and year of
publication; (ii) study design; (iii) subject group; (iv) control group; (v) data source; (vi) confounders
controlled for; (vii) driving exposure description; (viii) health outcome; and (ix) author’s conclusion.

3. Results and discussion
3.1. Characteristics of study populations

Twenty-three studies were found [11,22-44]. Each of the studies is summarised in Table 1.

The influence of car driving was considered in all 23 studies. However it is mainly from nine studies that
information specific to car drivers is available (e.g. factors associated with back problems in car drivers as
opposed to factors associated with back problems in a wider group) [23,28,30,38-42,44].

These nine study populations were considered populations of ‘car drivers’, as indicated by the profession of
the participants (taxi drivers [42,44], commercial travellers [30], professional drivers (taxi drivers, instructor
drivers) [28], rally drivers [38,39]) or because their reported hours of driving exceeded 20 h per working week
[23,40,41]. The remaining 14 studies were not considered to be populations of ‘car drivers’ because either there
was no information on driving hours, or there were insufficient hours driven per week, or there was no
information on the number of participants (or a low number of participants) driving for long durations. The
following critical review therefore focuses on only nine epidemiological studies of low back pain among car
drivers.
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Four of the nine papers reported low back pain in professional drivers (taxi drivers, insurance, real estate,
technical salesmen and service advisors) [28,30,42,44]. Two studies investigated rally drivers and their co-
drivers [38,39]. In four studies, the subject groups were not selected on the basis of whether their occupation
or leisure time involved driving: two studies of the general public [23,41], and one study of monozygotic
twins [40].

The research methods, how the study and control populations were chosen, and how some cases were
excluded from each study, were described in all nine studies [23,28,30,38-42,44], but the response rate was
reported in only six studies [23,28,39,40,42,44].

Four studies used a cross-sectional design with a single examination of the relationship between disease and
the variables of interest in the selected population [39,41,42,44]. Three studies used a case-control design,
where individual cases of disease were matched with individuals from a control group (the matching was based
mainly on age and gender) [23,28,38]. The remaining two studies used a longitudinal design, where subjects
were followed over a period of time with continuous or repeated monitoring of risk factors and health
outcomes [30,40]. In one longitudinal study, the baseline was cross-sectional [30] and in another the baseline
was case-control [40].

The comparison of epidemiological studies in this area is complex: there are differences in study design,
study populations, measures of driving exposure, influencing risk factors and methods of analysis. Bovenzi
and Hulshof [4] in their literature review used a quality rating that allowed them to select studies. The rating
system was based on objective criteria such as the assessment of whole-body vibration exposure, assessment of
health effects and methodology, etc. The adoption of the selection criteria used by Bovenzi and Hulshof would
exclude all of the published studies of back problems in car drivers. Lings and Leboeuf-Yde [21] defined a
quality criteria rating for their literature review based on the presence of a relevant control group, description
of sampling methods, response rate, description of vibration dose, definition of the prevalence of low back
pain in relation of exposure, etc. A rating system could be based on criteria for adequately considering and
reporting relevant factors, such as those summarised in Tables 2 and 3. It would be essential to meet some of
the criteria, but the most powerful studies would tend to be those that met the greatest number of criteria.
With only nine studies to consider, it was decided that a rating system for selecting studies was inappropriate
for the purposes of this review.

The study designs employed in some of the nine reviewed investigations are sufficient to doubt any
conclusions. For example, some cross-sectional studies had no suitable control and all such studies are
vulnerable to the ‘healthy worker’ effect in which those with symptoms leave the study population.

3.2. Methods of collecting information

The primary methods of collecting data were questionnaires and personal interviews. In four studies, the
source of information was a self-administered health questionnaire [28,39,42,44], which was mostly based on
the Nordic Musculoskeletal Questionnaire developed by Kuorinka et al. [45]. Only three papers reported how
the questionnaire was modified to suit the selected population [28,38,42]. Five studies used an oral interview
[23,30,38,40,41]. X-rays were obtained in two studies [23,42], and magnetic resonance images (MRI) in two
other studies [38,40]. One study used diagnostic tests [23] (functional tests of muscular endurance, strength,
flexibility and standing balance, straight leg raising test).

Almost all studies described the methods used to determine whether diseases were associated with
population characteristics. Mostly, either the odds ratio or the relative risk was used as the quantitative
measures of risk associated with a specific factor. Three studies used logistic regression to calculate odds ratios
[30,42,44] and two studies calculated the relative risk [23,28] for individual factors that might contribute to the
occurrence of back problems.

A clear definition of the back problems investigated was missing or unclear in five studies. The most
frequently reported type of investigated low back problem was a herniation of an intervertebral disc (a rupture
of the outer casing of an intervertebral disc allowing the soft nucleus of the disc to prolapse and rupture
adjacent ligaments or press on a sciatic nerve and cause pain radiating down to legs) [23,38,40]. In five
studies the type of back problem was not specified and often merely characterised as ‘low back pain’ or
‘musculoskeletal problems’.



L. Gallais, M.J. Griffin | Journal of Sound and Vibration 298 (2006) 499-513

506

SOX SOX ON ON SOA ON SOX SOX SOX SOA [#1] uayd
SOA SOA SOA SOA SOA SOA SOA SOA SOA SOA [zp] wayd
SOX ON SOX ON SOX SOA SOX ON ON SOX  [1¥°z€] 191104
SOA SOA SO SO ON SOA SOA SOA ON SO [ov] omieg
l6€]
pajiodar JoN SOX ON ON SOX SOA SOA SOX PIoYSUBIA
ON ON SOX ON ON SOX SOX ON SOX SO [8¢] uewopIp
ON SO SOA ON AN A SO ON SO SO [og] e
SOX ON SOX ON SOX ON SOX SOX SOX SOA [82] S19qpoH
pairodar J0N SO SO SO SO SO ON SO [c7] Kas[oy
s10308] $10J0®.) s10308] uoneUIIEXd MITAIOIU]
[BI00SOYOASd  [BOISAU(] [enpIarpuy [BOIPSJNl  /adreuuonsand)
uonendod
parpms
PaqLIosap PaqLIOSap Jo uornogjes
ATedpo AJTespo 91e1 9suodsal pue spoyjow ‘ou
swoqold sasA[eue payrodal IOALIp  JOo uondiIosdp  Q0UdIQJAI puk
J10J P[[OJIU0D SI0J0R] SIY  Moeq Jo adA L [eonsnels 90In0s el A[1ed)) Jo "dnooQ 191D Joyine IsIrg

SIOALIP JBD JO SIIPNIS PAJO[s UIU dY} Ul PAGLIOSIP SONSLIAORIRYD

zlqeL



507

L. Gallais, M.J. Griffin | Journal of Sound and Vibration 298 (2006) 499-513

‘PaleSNSIAUL 10U 1010B]—ON
‘punoj sem ured yoeq MO[ PUB 10J0J YSLI UdOMIOq UONBIOOSSE OU—(—) SO X
"SIOALIP Ted ul ured yorq mo] Jo doudjeadld ay) paoudnyur 10308J YSU—(+) SO

(+)sex ON ON ON (+) sex (=) sox (+)sex ON ON ON ON ON  [p¥] woyd
(=) sox ON ON ON (=) sox (=) sex (+) sex ON (+) 9K (+) s9x (+) s9x (+) 9k [ep]l wayd
[1¥cel
(=) sox ON ON ON ON ON (+) sox (=) sox (=) sox (=) sox (=) sox (=) sox Ioyiog
ON ON ON ON (=) sox (=) s0x (=) sox (=) sox ON ON ON oON  [ov] omeg
[6€]
ON ON ON ON ON ON (+) sox ON ON ON ON ON  PlRYsuely
[8¢]
ON ON ON ON ON ON (=) sox ON ON ON (=) sox ON URTIAPIA
(+) s9x (+) sox ON (+) 9K ON ON (+) 9K (+) s9x (+) 89X (=) sox (=) sox (+) 9k [og] mog
ON ON ON ON ON ON (+) sox ON ON ON (+) sox ON [8¢] S12qpoH
ON ON ON ON ON ON (+) sex ON ON ON ON ON  [eT] Aosjoy
Sunyem Surpuog

/3urpuelg Sunig Suikire) 29 Sunsimm, Sumyry Sunauqg Supjowg j10dg 1ING By 19puaD)
‘ou dduaIjax
S10108] pue
[e100s0YoAsq SI0J0BJ [BIISAYJ SI1010%]J [eNPIAIPU] JOYINe ISIg

SIOALIP IBD JO SAIPNIS PaJod[as dulu oy} ul pajesnsoaul ured yovq Mo[ 10J $10108] STy
€ 9lqeL



508 L. Gallais, M.J. Griffin | Journal of Sound and Vibration 298 (2006) 499-513
3.3. Effects of car driving

The studies differ in the type and the quality of the information provided on exposure to driving.

3.3.1. Exposure to vibration

Information on the relationship between low back pain and whole-body vibration in the reviewed studies is
unsatisfactory and consideration of a dose-response relationship minimal. Only one study reported the
lifetime occupational driving hours and the frequency-weighted vibration driving hours (number of hours
spent in driving jobs multiplied by an estimate of the frequency-weighted vibration magnitude for the
corresponding vehicle type as measured according to an International Standard) [41]. This study found no
tendency towards increased risk of low back pain in drivers compared with non-drivers, even though the
drivers experienced greater levels of whole-body vibration.

3.3.2. Duration of driving

Six studies investigated back problems among participants divided into subgroups related to their duration
of driving (e.g. driving for more than 2 h per day, driving for more than half of the working day, more than 5
years of driving, etc.) [23,30,40—42,44]. Two studies formed subgroups according to driving distance (e.g.
annual mileage, weekly mileage, annual kilometres) [30,41]. In two studies, subjects were rally drivers and their
co-drivers. Rally driving was characterised by driving at high speed (up to 200 km per hour) on poor quality
roads with extreme vibration and shock impacts from frequent jumps (2-5m up to 20m) [38,39]. All except
two of these studies concluded that drivers with increased duration of exposure to driving had increased risk of
low back pain. In a study of taxi drivers it was found that a greater number of years of taxi driving was not
associated with increased prevalence of low back pain, although driving for more than four hours per day was
associated with low back pain [43]. Some studies of drivers occupationally exposed to levels of whole-body
vibration greater than those in cars, have found increased occurrence of back pain with increasing duration of
driving [13-15,46,47].

The authors of only one of the reviewed studies considered the effect of the model of car and car features as
potentially influencing factors for low back problems [41].

3.4. Physical factors influencing back pain in car drivers

The physical risk factors investigated are summarised in Table 3.

All except five of the nine studies discussed the influence of factors other than driving tasks on the
occurrence of back problems [30,40,42,44].

The most frequently considered influencing factors were lifting (3 studies), frequent twisting and bending
(3 studies), carrying heavy loads (1 study), and standing (1 study).

3.4.1. Lifting

Repetitive heavy lifting has been found to be an important risk factor for low back pain in many previous
studies [5-10]. In this review, lifting was investigated as a risk factor in only three of the nine studies [40,42,44]
and in none of these was lifting found to be associated with low back pain. Whether lifting will have an effect
on back pain will depend on the extent of lifting, but this was not usually reported. Possibly, the absence of an
effect of lifting in some studies may arise from only a few of the population performing heavy or frequent
lifting. Alternatively, the study designs were insufficiently sensitive to detect this well-established cause of low
back pain.

3.4.2. Twisting and bending

Three studies considered twisting and bending in car drivers [40,42,44], but only one found a relationship
between bending and twisting and low back pain [44]. Many other studies have found that twisting and
bending are associated with increased risk of low back pain [5,7,8,10].
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3.4.3. Other physical factors

Among the nine populations of car drivers, one study found the carrying of heavy loads a risk factor for low
back pain in the cross-sectional stage of the study but not in the longitudinal stage of the study [30]. The same
study investigated the influence of standing on back problems and concluded that standing increased low back
pain at the cross-sectional stage of the study, although there was no relation with low back pain over the
longitudinal stage of the study [30].

3.5. Effects of individual factors and psychosocial factors on low back pain in car drivers

Of the nine studies of car drivers, the influences of individual risk factors (e.g. gender, age, body size) and
psychosocial risk factors (e.g. stress) were investigated in seven studies [28,30,38,40—42,44]. The individual risk
factors and the psychosocial risk factors investigated are summarised in Table 3.

3.5.1. Gender

Of three studies that compared the occurrence of low back pain between males and females, two found a
higher probability of developing low back problems among female participants [30,42]. This is consistent with
other studies [16,17], although it should be taken in account that women report a slightly higher level of many
symptoms [12,35]. The remaining six studies of car drivers did not investigate the influence of gender on low
back pain.

3.5.2. Age

Many studies have found that the risk of back pain increases with age [13,14]. In the studies reviewed here,
only two found the prevalence of low back pain to be greater with increased age [28,42], while three studies
found that age did not increase the risk of low back pain [30,38,41]. In the remaining studies, age was not
investigated as a risk factor for low back pain. The influence of age is likely to be complex. For example, older
drivers with back pain may be more likely to leave their job. Age may co-vary with the characteristics of the
car, so older drivers may drive cars of a different size or with different features, such as automatic gearboxes.

3.5.3. Smoking

Smoking is a commonly reported risk factor for back problems [18-20]. The mechanisms associating low
back pain with smoking are not proven. One explanation is that smoking increases chronic coughing which
puts more pressure on the intervertebral disc and influences disc prolapse and sciatica. Another explanation is
that smoking changes disc nutrition and reduces bone mineral content, making the disc more vulnerable to
microfractures [11,25,26]. Three of the nine studies of car drivers considered the influence of smoking: one
study found that smoking increased low back pain in the cross-sectional part of the study but not in the
follow-up study [30], and two studies did not find an influence of smoking on low back pain in car drivers
[40,41].

3.5.4. Psychosocial factors

Psychosocial factors (stress, depression, anxiety, etc.) have relationships with back pain [11,12] but the
evidence is too limited to be certain of the mechanisms. Psychosocial stress was investigated in only four of the
nine studies. Two studies found that psychosocial stress was not related to low back pain [41,42], whereas
another two found an association between psychosocial factors and low back pain in commercial drivers and
in taxi drivers [30,44].

3.5.5. Other individual factors

Three studies investigated the relationship between body mass index and low back problems. One study
reported that a higher body mass index was a risk factor leading to low back pain [42], but the other two
studies did not find a link between low back pain and body mass index [30,41].

Two studies reported an increased risk of low back pain when investigating the relationship between
participation in sport and low back pain [30,42] whereas another study that considered the influence of sport
did not discover an increased risk of low back pain [41].
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3.6. Is the evidence presented in the reviewed studies sufficient to conclude that driving a car is a risk factor for
low back pain?

Many of the studies may be considered unsatisfactory due to the lack of information about driving, and a
critical review could cast doubt on the interpretation of most studies. Nevertheless, the body of evidence
cannot be lightly dismissed—the risk of back pain among car drivers merits consideration.

Overall, seven of the nine studies reviewed here concluded that there is a relation between low back pain and
car driving [23,28,30,39,41,42,44]. However, the strength of the evidence on which this conclusion is based
varies greatly between the studies. A relation between low back pain and driving is consistent with, but not
necessarily explained by, the conclusion of the literature review of Bovenzi and Hulshof [4] who were mainly
concerned with driving environments having high levels of whole-body vibration (truck, tractor, bus drivers,
crane operators, etc.).

Even if car drivers have increased risk of back pain relative to non-drivers, the means of reducing the problem
are not obvious without more information on the cause of any increase. In some studies, back problems may
have arisen because those driving cars had been at increased risk from some other activity or influencing factor.
Indeed, in the extreme, while some people may have back problems as a result of driving cars, others may be
driving cars because they have back problems! The cause—effect relationships might be better understood if more
studies had explored systematically the chronology of the back pain, such as the extent to which it occurs in
association with car driving (e.g. while driving, after driving, at other times, and the onset of pain in relation to
variations in driving patterns) and its seriousness (e.g. the extent of the disability).

Back pain in car drivers might be associated with driving, sitting, or some environmental influence while
driving. From the published studies it is not clear the extent to which factors related to car design (e.g., back
posture during sitting, forces at the feet when operating foot pedals, load from the arms, head posture, back
movement, twisting to look rearward while reversing, forces during entry and exit from a car) influence the
risk of low back pain. Some of these factors (e.g. sitting posture) are likely to be important for both car drivers
and car passengers. The more constrained posture of drivers than passengers might influence the risks of back
pain. The influence of sitting for long periods without breaks or physical activity has been considered in only a
few studies. Only one of the nine studies focusing on car drivers tried to investigate the importance of some of
the above factors [44].

One of the many potential risk factors for back pain in car drivers is exposure to whole-body vibration.
However, the reviewed studies do not allow any conclusions on whether different exposures to vibration
among car drivers are associated with different risks of low back pain.

Overall, the risks of back pain from car driving appear to be less than those associated with some other
occupations and activities. From 12,907 people who responded to a population survey, Palmer et al. [48]
examined associations between low back pain and exposure to whole-body vibration from cars, vans, buses,
coaches, trains and motor cycles after excluding those exposed to whole-body vibration in industrial vehicles.
In both men and women, there were significant trends for increased low back pain in those most exposed
compared with those least exposed, but the risks from work with the hands above shoulder height and
occupational lifting were all relatively more important than the risks from exposure to whole-body vibration
from cars, vans, buses, coaches, trains and motor cycles.

In each population of car drivers, and in each individual car driver, there are different risk factors, so some
may be at high risk and others at no measurable risk. Studies that have considered physical risks to the back
(such as frequent lifting, carrying heavy loads, twisting and bending) have clearly demonstrated increased risk
of low back pain. It can be anticipated that reducing these risks among car drivers will be likely to reduce the
risks of low back pain.

Although for the population as a whole the risk to the back from car driving may be low relative to some
other activities, there will be some at greater than average risk (e.g. some driving with exceptionally poor
postures). Large numbers of persons drive cars and so even a small excess risk will result in large numbers with
back pain. It therefore seems appropriate to seek a better understanding of the risk factors among car drivers
and identify how to reduce them. Further research is required to clarify the role of driving in the development
of low back pain, the factors associated with the development of back pain in car drivers, and the means of
reducing the risks.
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3.7. Limitation of the review

As in all reviews, there may be various sources of bias in the presented results. For example, studies with
negative results are less likely to be submitted and accepted for publication (a reporting bias and a publication
bias) and they may be less likely to be referenced by others and become known to subsequent reviewers. There
may be a selection bias arising from the omission of some studies because they were not identified using key
words, because they have not been published in the English language, or because they were excluded after
misunderstanding the nature of the study.

The conclusions from this review are based on the findings of only nine studies that fulfilled weak criteria for
inclusion (an epidemiological study of low back pain in car drivers). The populations can be considered to be
‘car drivers’ on the basis of their profession or their reported hours of driving. There are many other studies of
the influence of some of the reviewed risk factors on low back pain, but they do not include sufficient car
drivers to meet the criteria for inclusion in this review of low back pain among car drivers.

4. Conclusion

Epidemiological studies of the relation between car driving and back problems require care in their
preparation and caution in their interpretation. There are many limitations that arise from factors such as the
study design, the choice of study population, sample size, type of question, response rate, and the large
number of factors that can influence back pain.

The reviewed studies mostly conclude that car driving is associated with increased risk of low back
problems. The incomplete consideration of important risk factors in many studies suggests caution in
accepting the presented conclusions, but it seems possible that some car drivers are at increased risk of back
problems. Some studies have reported increased risk of low back pain with increased driving, but no study has
shown that the risk of low back pain is greater with increased exposure to whole-body vibration from car
driving. From the published studies reviewed here it cannot be concluded that the whole-body vibration
experienced by car drivers has been found to be a cause of low back problems.

Further studies are needed to clarify the relationship between risk factors and low back pain in car drivers.
Epidemiological studies should take into account the potential risk factors (including posture, driving
duration, sitting while not driving, exposure to whole-body vibration, individual risk factors, physical risk
factors, and psychosocial risk factors) that may be associated with low back pain in car drivers.
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