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Abstract
Purpose The aim of this systematic literature review was
to evaluate the association between whole-body vibration
(WBV) and low back pain (LBP) and sciatica with special
attention given to exposure estimates. Moreover, the aim
was to estimate the magnitude of such an association using
meta-analysis and to compare our findings with previous
reviews.
Methods The authors systematically searched the PubMed (National Library of Medicine, Bethesda), Nioshtic2
(National Institute for Occupational Safety and Health
(NIOSH, Morgantown), and ScienceDirect (Elsevier,
Amsterdam) databases for records up to December 31,
2013. Two of the authors independently assessed studies to
determine their eligibility, validity, and possible risk of bias.
Results The literature search gave a total of 306 references out of which 28 studies were reviewed and 20 were
included in the meta-analysis. Exposure to WBV was
associated with increased prevalence of LBP and sciatica
[pooled odds ratio (OR) = 2.17, 95 % confidence interval
(CI) 1.61–2.91 and OR 1.92, 95 % CI 1.38–2.67, respectively]. Workers exposed to high vibration levels had a
pooled risk estimate of 1.5 for both outcomes when compared with workers exposed to low levels of vibration. The
results also indicate that some publication bias could have
occurred especially for sciatica.
Conclusions This review shows that there is scientific
evidence that exposure to WBV increases the risk of LBP
and sciatica.
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Introduction
Occupational exposure to whole-body vibration (WBV)
from the operation of vehicles has long been acknowledged as one risk factor for low back pain (LBP) and sciatica. Sciatica presents with symptoms of pain, numbness,
or tingling throughout the distribution of the sciatic nerve,
thus radiating from the lower back into the legs. Several
overviews and reviews on this relation have been presented
and during the last 15 years eight systematic reviews (Bakker et al. 2009; Bernard 1997; Bovenzi and Hulshof 1999;
Burdorf and Sorock 1997; Hoogendoorn et al. 1999; Lings
and Leboeuf-Yde 2000; Waters et al. 2007; Vingård and
Nachemsson 2000) addressing the association between
WBV and LBP have been published in English (Table 1).
The table shows which articles were included in each
review and in cases where the authors assessed the quality
of the articles the table shows how many of those meet the
requirement of high quality.
In the reviews, a total of 57 articles (Anderson 1992;
Barnekow-Bergkvist et al. 1998; Bongers et al. 1988a, b,
1990a, b, c; Boshuizen et al. 1990b, c, d, 1992; Bovenzi
and Betta 1994; Bovenzi et al. 2002; Bovenzi and Zadini
1992; Brendstrup and Biering-Sorensen 1987; Brown et al.
1998; Burdorf et al. 1991, 1993; Burdorf and Zondervan 1990; Burton et al. 1996; Chernyuk 1994; Dupuis
and Zerlett 1987; Futatsuka et al. 1998; Heliovaara 1987;
Heliovaara et al. 1991; Hoy et al. 2005; Jensen and Tuchsen 1995; Johanning 1991; Kelsey et al. 1984; Kelsey and
Hardy 1975; Kumar et al. 1999; Langauer-Lewowicka et al.
1996; Leclerc et al. 2003; Liira et al. 1996; Macfarlane
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13

Bovenzi and Hulshof
(1999)

Waters et al. (2007)

Bakker et al. (2009)

A 6 (HQ 6) Leclerc
et al. (2003), Macfarlane et al. (1997),
Manninen et al.
(1995), Niedhammer et al. (1994),
Pietri et al. (1992)
and van Poppel
et al. (1998)

Bakker et al. (2009)

Bovenzi and Hulshof
(1999)

A 17 (HQ 17) Bongers
et al. (1988a, b, 1990a,
b, c), Boshuizen et al.
(1990b, c, d, 1992),
Bovenzi and Betta
(1994), Bovenzi and
Zadini (1992), Brendstrup and BieringSorensen (1987), Burdorf
et al. (1993), Johanning
(1991), Magnusson et al.
(1996), Sandover et al.
(1994) and Schwarze
et al. (1998)

Boshuizen et al. (1990c,
A 13 (HQ 13)
1992), Bovenzi and Betta
Boshuizen et al.
(1994), Brendstrup and
(1990c, 1992),
Biering-Sorensen (1987),
Bovenzi and Betta
Burdorf et al. (1993) and
(1994), Bovenzi
Schwarze et al. (1998)
et al. (2002),
Brendstrup and
Biering-Sorensen
(1987), Burdorf
et al. (1993), Burdorf and Zondervan
(1990), Dupuis
and Zerlett (1987),
Hoy et al. (2005),
Kumar et al. (1999),
Miyashita et al.
(1992), Schwarze
et al. (1998) and
Zimmermann and
Cook (1997)

Waters et al. (2007)
Macfarlane
et al. (1997),
Manninen
et al. (1995)
and Pietri
et al. (1992)

Hoogendoorn
et al. (1999)

Table 1  Summary of previous systematic reviews and included articles in the, respectively, review

Pietri et al. (1992)

Boshuizen et al.
(1990c, 1992) and
Bovenzi and Betta
(1994)

Pietri et al. (1992)

Boshuizen et al.
Boshuizen et al.
(1990c, 1992),
(1990c, 1992) and
Bovenzi and Betta Bovenzi and Betta
(1994), Burdorf
(1994)
et al. (1993) and
Burdorf and
Zondervan (1990)

Bongers et al. (1988a, Boshuizen et al.
(1990c, 1992),
1990c), Boshuizen
et al. (1990c, 1992), Bovenzi and Betta
(1994), Bovenzi
Bovenzi and Betta
(1994), Bovenzi and and Zadini (1992),
Johanning (1991)
Zadini (1992), Burand Magnusson
dorf et al. (1993),
et al. (1996)
Johanning (1991)
and Magnusson
et al. 1996)

Burdorf and Sorock
(1997)

Vingård and
Bernard (1997)
Nachemsson (2000)

Bongers et al.
Bovenzi and Betta
(1990c), Boshui(1994), Bovenzi
zen et al. (1990c,
and Zadini (1992),
1992), Bovenzi
Burdorf et al.
(1993), Magnusson and Betta (1994),
Bovenzi and
et al. (1996), SanZadini (1992),
dover et al. (1994)
and Schwarze et al. Johanning (1991)
and Magnusson
(1998)
et al. (1996)

Bovenzi and Betta
(1994), Burdorf
et al. (1993),
Miyashita et al.
(1992) and
Schwarze et al.
(1998)

Lings and LeboeufYde (2000)
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Lings and LeboeufYde (2000)

Hoogendoorn et al.
(1999)
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Bakker et al. (2009)

Waters et al. (2007)

Bovenzi and Hulshof
(1999)
A 5 (HQ 4)
Macfarlane
et al. (1997),
Manninen
et al. (1995),
Nuwayhid
et al. (1993),
Pietri et al.
(1992), Riihimaki et al.
(1994)

Hoogendoorn
et al. (1999)

Pietri et al. (1992)
and Riihimaki et al.
(1994)

Pietri et al. (1992)

(Bovenzi and Betta
(Bovenzi and Betta
1994; Bovenzi and
1994; Bovenzi
Zadini 1992; Liira
and Zadini 1992;
Burdorf et al. 1993; et al. 1996; Magnusson et al. 1996)
Magnusson et al.
1996; Masset and
Malchaire 1994)

Riihimaki et al.
(1994)

Burdorf and Sorock
(1997)

Vingård and
Bernard (1997)
Nachemsson (2000)

(Bovenzi and Betta
A 21 (HQ 5)
1994; Bovenzi
Anderson (1992),
and Zadini 1992;
Barnekow-BergLiira et al. 1996;
kvist et al. (1998),
Magnusson et al.
Bovenzi and Betta
1996)
(1994), Bovenzi
and Zadini (1992),
Brown et al.
(1998), Burdorf
et al. (1993), Burton et al. (1996),
Chernyuk (1994),
Futatsuka et al.
(1998), Jensen and
Tuchsen (1995),
Langauer-Lewowicka et al. (1996),
Liira et al. (1996),
Magnusson et al.
(1996), Masset and
Malchaire (1994),
Miyashita et al.
(1992), Nehring
and Wolf (1990),
Sandover et al.
(1994), Schwarze
et al. (1998),
Simon-Arndt et al.
(1997), Smeathers
and Wright (1990)
and Xu et al.
(1997)

Lings and LeboeufYde (2000)
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Bernard (1997)

Vingård and
Nachemsson (2000)

Table 1  continued

Bakker et al. (2009)

Waters et al. (2007)

Bovenzi and Hulshof
(1999)

Hoogendoorn
et al. (1999)

Lings and LeboeufYde (2000)

Burdorf and Sorock
(1997)

Boshuizen et al.
A 19 Bongers et al.
(1990c, 1992),
(1988a, 1990c),
Bovenzi and Betta
Boshuizen et al.
(1994), Bovenzi
(1990c, 1992),
and Zadini (1992),
Bovenzi and Betta
Burdorf et al.
(1994), Bovenzi
(1991), Johanning
and Zadini (1992),
Burdorf et al. (1991, (1991), Magnusson
et al. (1996) and
1993), Burdorf and
Riihimaki et al.
Zondervan (1990),
(1994)
Johanning (1991),
Kelsey and Hardy
(1975), Magnusson
et al. (1996), Magora (1972), Masset
and Malchaire
(1994), Riihimaki
et al. (1989, 1994),
Skov et al. (1996),
Toroptsova et al.
(1995) and Walsh
et al. (1989)

Boshuizen et al.
Bongers et al.
A 14 Bongers
(1990c, 1992),
(1990c), Boshuizen
et al. (1990c),
et al. (1990c, 1992), Bovenzi and Betta
Boshuizen et al.
(1994), Bovenzi and
Bovenzi and Betta
(1990c, 1992),
Bovenzi and Betta (1994), Bovenzi and Zadini (1992), Burdorf et al. (1991),
Zadini (1992), Bur(1994), Bovenzi
Johanning (1991),
and Zadini (1992), dorf et al. (1991),
Liira et al. (1996),
Johanning (1991),
Burdorf et al.
Magnusson et al.
(1991), Heliovaara Kelsey and Hardy
(1987), Heliovaara (1975) and Magnus- (1996) and Pietri
et al. (1992)
son et al. (1996)
et al. (1991),
Johanning (1991),
Kelsey et al.
(1984), Kelsey
and Hardy (1975),
Liira et al. (1996),
Magnusson et al.
(1996) and Pietri
et al. (1992)

Vingård and
Bernard (1997)
Nachemsson (2000)
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In the diagonal, is indicated the numbers of articles (A) included in the review as well as the number of articles respective authors assessed meet the requirement of high quality (HQ). The rows
indicate the articles that are common between the reviews

A 13 Bongers et al.
(1990c), Boshuizen et al. (1990c,
d, 1992), Bovenzi
and Betta (1994),
Bovenzi and Zadini
(1992), Burdorf
et al. (1991),
Johanning (1991),
Liira et al. (1996),
Magnusson et al.
(1996), Pietri et al.
(1992), Riihimaki
et al. (1994) and
Saraste and Hultman (1987)
Burdorf and Sorock
(1997)
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Bakker et al. (2009)

Waters et al. (2007)

Bovenzi and Hulshof
(1999)

Hoogendoorn
et al. (1999)

Lings and LeboeufYde (2000)

Vingård and
Bernard (1997)
Nachemsson (2000)

Burdorf and Sorock
(1997)
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et al. 1997; Magnusson et al. 1996; Magora 1972; Manninen et al. 1995; Masset and Malchaire 1994; Miyashita
et al. 1992; Nehring and Wolf 1990; Niedhammer et al.
1994; Nuwayhid et al. 1993; Pietri et al. 1992; Riihimaki
et al. 1989, 1994; Sandover et al. 1994; Saraste and Hultman 1987; Schwarze et al. 1998; Simon-Arndt et al. 1997;
Skov et al. 1996; Smeathers and Wright 1990; Toroptsova
et al. 1995; Walsh et al. 1989; van Poppel et al. 1998; Xu
et al. 1997; Zimmermann and Cook 1997) were included
and the majority of these reviews demonstrated an association between WBV and LBP and sciatica. However, the
criteria for including or excluding studies in the reviews
varied among the different authors. Thus, studies included
in one review might not have been found in another. All
reviewers focused on “low back pain” based primarily on
symptoms assessed with the Standardized Nordic questionnaire for the analysis of musculoskeletal symptoms (Kuorinka et al. 1987). A few reviewers also included “low back
disorders”, “low back morbidity”, “sciatica”, and “disability”. The criteria for which study design is included
in the reviews also varied. Bakker et al. (2009), for example included only prospective cohort studies. Moreover,
some of the previous reviews included studies that lacked
information on the vibration exposure while other reviews
emphasized the evaluation of the quality of the exposure
assessments. Five of the eight published systematic reviews
included quality assessments of the original studies.
Many of the original studies compared WBV-exposed
workers with manual labour or office workers not exposed
to WBV. Selections of appropriate reference groups are
crucial for the validity of the subsequent estimations of
the relative risks. The differences between the exposed and
non-exposed groups are sometimes considerable; not least
of which is the static posture with restrained movements
that vehicle driving entails. Only a few cases have investigators attempted to control for such differences by taking into account various influencing confounding factors.
One strategy to overcome confounding factors between
vibration-exposed and non-exposed workers has been to
compare the same groups of vibration-exposed workers
with varying exposure levels. Vingård and Nachemsson
(2000) noted in their review that high-exposure helicopter
pilots showed higher risks than low-exposure occupations.
Waters et al. (2007) demonstrated in their meta-analysis of
studies with different operator exposure groups that drivers
with high vibration exposure were at higher risk than drivers with low vibration exposure. This result was consistent
with the findings of Bovenzi and Hulshof (1999).
In spite of the large number of reviews, there is still a
scientific need for a review with strict criteria on the estimates of exposure in relation to symptoms. We emphasized
the importance of the exposure assessment in the current
systematic review and included only studies that measured
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or estimated the exposure to vibration and endeavoured to
include prospective longitudinal studies.
Our aim was to provide a systematic literature review of
the association between WBV and LBP and sciatica with
special attention paid to exposure estimates. Moreover,
the aim was to estimate the magnitude of such an association using meta-analysis and to compare our findings with
previous reviews. Furthermore, the aim was to investigate
whether the effect size might differ according to the possible risk of bias.

Materials and methods
Search strategy
The systematic literature review followed the preferred
reporting items for systematic review and meta-analyses
(PRISMA) guidelines (Moher et al. 2009) and was based
on original scientific articles. The databases used for the
search were PubMed (National Library of Medicine,
Bethesda), Nioshtic2 (National Institute for Occupational
Safety and Health (NIOSH, Morgantown) and ScienceDirect (Elsevier, Amsterdam). The reason for searching
the slightly overlapping databases was that the databases
index articles from partially different journals. The following search string was used to identify relevant studies in the
databases: exposure (vibration, whole body, vibration exposure, occupation, driving and work), local (back), disease
(low back pain, disc degeneration, spinal degeneration,
lumbar disc, sciatica) and symptoms (pain, radiating pain).
Our search was limited to studies in humans, and the search

Fig. 1  Flowchart of the search
strategy and selection of studies to assess the association
between WBV and LBP or
sciatica
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covered articles published until December 31, 2013. Only
articles written in English were accepted, and we excluded
case reports, letters, editorials, guidelines, and comments.
We also searched the reference lists of the included studies.
Study selection
The article selection process was conducted according to the
PRISMA guidelines, Fig. 1. Two of the authors independently
examined all titles and abstracts. We scrutinized the full text of
relevant papers and determined whether they met the inclusion
criteria. We included articles with both exposure assessments
of WBV estimated via database or measurements and health
outcomes in the form of LBP or low back disorder and sciatica
(Fig. 1). In case of disagreement, all three authors discussed
each article until consensus was reached.
Possible risk of bias
Criteria focusing on the assessment of possible risk of bias
for the methods (2–20 points) and exposure assessment
(0–25 points) were used to assess the overall quality of the
studies. Risk of bias in reported studies was assessed on the
individual components of study design, confounding exposures and possible effect modification from various factors
(Table 2). Possible bias in exposure was estimated according the precision in the estimates of current exposure time,
previous acceleration, previous exposure and the quality
of the technical measurements. The resulting estimation of
the various components was added together and the studies ranked in accordance to sum of the estimation of possible bias. These criteria were modified from Bovenzi and
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Table 2  Criteria for the assessment of possible risk of bias
Criterion
Method
Study design
Selection
 Control of individual confounding factors
 Control of psychosocial confounding factors
 Control for previous LBP complaints
 Control for biomechanical exposure
Exposure
 Current exposure time (hours/day)
Information about previous acceleration
Information about previous exposure (years)
Information about previous exposure (hours/day)
Quality of technical measurements

Alternative

Score

Randomized controlled trial/cohort/case–control/cross section
Response rate higher than 70 % or falling off at follow-up
less than 30 %
Yes/no
Yes/no
Yes/no
Objective measures/subjective estimates/no information

8/6/4/2
2/0
2/0
2/0
2/0
4/2/0

Objective measures/subjective estimates/no information
Objective measures/subjective estimates/no information
Objective measures/subjective estimates/no information
Objective measures/subjective estimates/no information

5/2.5/0
5/2.5/0
5/2.5/0
5/2.5/0

Good/acceptable/bad

5/2.5/0

Hulshof (1999). Two of the authors independently assessed
the risk of bias for the studies. In case of disagreement, the
authors discussed the relevant criterion until consensus,
but only minor disagreements in scores between the two
authors occurred. The studies were classified as “low risk
of bias” (score equal or higher than 10 for both methodology and exposure) or “unclear risk of bias” (score less than
10 for either methodology or exposure) based on the score.

et al.’s test) (Egger et al. 1997) and Duval and Tweedie’s trim
and fill method (Duval and Tweedie 2000).
All calculations were performed with the statistical programme Comprehensive Meta-Analysis Version 3.0 (Biostat, Englewood, USA).

Meta‑analysis

We identified 28 relevant studies on the associations
between WBV exposure and LBP or sciatica. Of these,
two were identical (Okunribido et al. 2006, 2008) and
we excluded the second one to be published (Okunribido
et al. 2008). This resulted in 27 articles being included in
this review, and their assessments scores for exposure and
method are given in Table 3. The table also indicates study
design and used definition of LBP and sciatica within each
study. The quality assessment resulted in 11 studies of low
risk of bias and 16 of unclear risk of bias.
Seven studies could not be used in the meta-analysis.
Boshuizen et al. (1990a) investigated the prevalence of
LBP among three groups of drivers, but the study did not
present data in such way that the data could be included
in the meta-analysis. Tamrin et al. (2007) studied risk factors associated with LBP among bus drivers, but the study
did not use a control group and the study did not reveal a
significant association between measured WBV and LBP
among the bus drivers. Noorloos et al. (2008) investigated
whether body mass index increased the risk of LBP in a
population exposed to WBV, but the study groups were
similar to the ones analysed by Tiemessen et al. (2008),
and therefore, this study was not included in the metaanalysis. Palmer et al. (2008) conducted a case–control
study of patients suffering from LBP who were referred

Studies that reported a risk estimate (odds ratio) for LBP or
sciatica were eligible for the meta-analysis. Furthermore,
studies were also chosen although they did not report any
risk estimates but they presented data that made it possible
to calculate an unadjusted odds ratio. In order to study the
influence of the magnitude of the vibration exposure on the
outcome, studies on the same groups of vibration-exposed
workers but with varying exposure levels were gathered.
The lowest exposure group in each study was defined as
“low exposure” and the highest exposure group as “high
exposure”. The comparisons of estimates have been made
in accordance with Altman and Bland (2003).
We conducted random-effects meta-analyses and the
tested the heterogeneity between the different studies using
Cochran’s chi-square (Q test) and the I2 statistic (Ioannidis
et al. 2007; Petitti 2001). The small-study effect and the risk
of bias effect were assessed by cumulative meta-analysis
and by subgroup analysis. For cumulative meta-analysis, the
studies were ranked in descending order by grading scores.
Publication bias was examined with funnel plots. Asymmetry of the funnel plots was assessed by three statistical methods: the rank correlation method (Begg and Mazumdar’s
test) (Begg and Mazumdar 1994), regression analysis (Egger

Results
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Table 3  Identified studies and study design, outcome and definition [low back pain (LBP) and/or sciatica (Sc)], quality assessments score for
exposure and method and total score and the risk of bias (low or unclear)
Study

Study design

Outcome

Exposure Method Total Risk of bias

Bovenzi et al
(2002)

Cross section

25

10

35

Low

Bongers et al.
(1990c)

Cross section

22.5

10

32.5

Low

Bovenzi
(2009)

Prospective cohort
(2 year)

15

16

31

Low

Bovenzi
(2010)

Prospective
cohort (2
year)

15

16

31

Low

Tiemessen
et al. (2008)

Prospective cohort
(1 year)

LBP/Sc
LBP def/question about ache, pain, or stiffness in the lower
part of the back during the previous 12 months
Sc def/question about radiating pain in one or both legs in
the previous 12 months
LBP/Sc
LBP def/question about regularly experience pain or stiffness
Sc def/question about the back pain radiate to one of your legs
LBP
LBP def/question about pain or discomfort in the low back area
with or without radiating pain in one or both legs, lasting l day or
longer in the previous 12 months
LBP
LBP def/question about pain or discomfort in the low back area
with or without radiating pain in one or both legs, lasting l day or
longer in the previous 12 months
LBP
LBP def/question about pain or discomfort in the low back area
with or without radiating pain in one or both legs, lasting l day or
longer in the previous 12 months

17.5

12

29.5

Low

15

14

29

Low

17.5

10

27.5

Low

15

10

25

Low

15

10

25

Low

15

10

25

Low

10

14

24

Low

15

4

19

Unclear

5

12

17

Unclear

Schwarze
Prospecet al. (1998)a tive cohort
(4 year)
Cross section
Bovenzi and
Zadini
(1992)
Boshuizen
et al. (1992)

Cross section

Bovenzi and
Cross section
Betta (1994)

Bovenzi et al.
(2006)

Cross section

Burdorf et al.
(1993)

Cross section

Johanning
(1991)

Cross section

Palmer et al.
(2012)a

Case–control

13

LBP
LBP def/lumbar syndrome was defined as any kind of symptoms
like lumbago or sciatica in the lumbar region and in the sacral area
LBP/Sc
LBP def/low back symptoms: any low back complaint, i.e. leg pain,
acute low back pain, or low back pain (12 months)
Sc def/leg pain: radiating pain in one or both legs (12 months)
LBP/Sc
LBP def/question about regularly experience pain or stiffness
Sc def/question about the back pain radiate to one of your the past
12 months
LBP/Sc
LBP def/question about ache, pain or stiffness in the lower part of
the back within the previous 12 months
Sc def/question about lifetime experience of radiating pain in one or
both legs
LBP
LBP def/question about pain or discomfort in the low back area
between the twelfth ribs and the gluteal folds, with or without
radiating pain in one or both legs, lasting 1 day or longer in the
previous 12 months
LBP
LBP def/LBP was defined as pain located in the lumbar region that
had persisted for at least a few hours the past 12 months
LBP/Sc
LBP def/question about back complaints during last year
Sc def/Sc was computed by a combination of different responses
and defined as recurrent (more than three times per year) or
lasting(more than 1 week) pain in the lower back and radiating
down the leg to below knee level
LBP
LBP def/cases were a consecutive series of patients from the study
population referred for MRI of the lumbar spine during 2003–
2006 to the radiology department at the public hospital

Int Arch Occup Environ Health
Table 3  continued
Study

Study design

Outcome

Boshuizen et al.
(1990c)

Cross section

Magnusson
et al. (1996)

Cross section

7.5
LBP/Sc
LBP def/questions about back pain and LBP was defined as back
pain lasting several weeks or longer, or back pain occurring more
than five times a month, which lasted several days or longer.?
Sc def/questions about back pain and “prolapsed disc” included
workers with or without present back pain with a history of prolapsed discs
12.5
LBP
LBP def/Not clear stated but used modified Nordic questionnaire for
the analysis of musculoskeletal symptoms (12 month or 7 days)

(Milosavljevic Cross section
et al. (2012)a
(Okunribido
et al. (2006)
Palmer et al.
(2003)

Cross section

(Palmer et al.
2008)a

Case–control

Johanning
et al. (2006)

Cross section

Hoy et al.
(2005)

Cross section

Cross section

Cross section
Joubert and
London
(2007)
Kumar et al.
Cross section
(2001)
Noorloos et al. Cross section
(2008)a

Exposure Method Total Risk of bias
10

17.5

Unclear

4

16.5

Unclear

LBP
LBP def/LBP was defined as having had at least one episode in the
past 12 months
LBP
LBP def/questions about pain and/or symptoms past 12 months
LBP/Sc
LBP def/was defined as back pain lasting a day or longer during the
previous 12 months in an area between the twelfth ribs and the
gluteal folds
Sc def/sciatica were defined as LBP which radiated down the leg to
below the knee.

10

6

16

Unclear

10

6

16

Unclear

8

15.5

Unclear

LBP
LBP def/cases were a consecutive series of patients from the study
population referred for MRI of the lumbar spine during 2003–
2006 to the radiology department at the public hospital
LBP/Sc
LBP def/back pain lasting more than 1 day in the past 12 months
Sc def/sciatica pain at least once a week in past year
LBP
LBP def/questions about symptoms and pain in the back, during the
last 12 months
LBP
LBP def/question about back pain during the past year

5

10

15

Unclear

10

4

14

Unclear

7.5

6

13.5

Unclear

7.5

6

13.5

Unclear

LBP
LBP def/self reported regular ache back complaints

7.5

4

11.5

Unclear

LBP
LBP def/question about pain or discomfort in the low back area during the past 12 months?

7.5

4

11.5

Unclear

7.5

Tamrin et al.
(2007)a

Cross section

LBP
LBP def/question about aching, pain or discomfort during the past
12 months (low back and upper back)

7.5

4

11.5

Unclear

Boshuizen et al.
(1990a)a

Cross section

LBP
LBP def/the prevalence of low back pain lasting several days or
longer

5

4

9

Unclear

Rozali et al.
(2009)

Cross section

LBP
LBP def/was defined as back pain or discomfort in the lower back
region between the twelfth rib and gluteal folds, with or without
radiating pain down one or both legs, lasting 1 day or longer in the
previous 12 months

5

4

9

Unclear

a

Not included in the meta-analysis

for magnetic resonance imaging (MRI). Cases were a consecutive series referred for a lumbar MRI because of LBP
and controls were age- and sex-matched subjects who

underwent X-rays for other reasons. Because the LBP leads
to a referral for MRI, we judged that the data were not
comparable with LBP found by general questionnaires, and
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this study was not included in our meta-analysis. Palmer
et al. (Palmer et al. 2012) also conducted a similar investigation on the same study group with the aim to study the
relation between WBV and prolapsed lumbar intervertebral
disc (PID) and nerve root entrapment among patients with
LBP. In this case, we also judged that the data could not be
included in the meta-analysis. Milosavljevic et al. (2012)
found an association between WBV and LBP among quad
bike users. However, the data were presented in such way
so they could not be used in further analysis. Furthermore,
the study by Schwarze et al. (1998) was omitted since they
used a definition of “lumbar syndrome” that included both
LBP and sciatica.
Meta‑analysis of exposed versus unexposed groups
Figures 2 and 3 show the results of the meta-analysis of
studies comparing risk for LBP and sciatica between groups
exposed to WBV versus the reference group not exposed to
WBV. The analysis has also been divided between studies
of low and unclear risk of bias. Within the two risk of biasgroups, the studies have been ranked in descending order
according to their total score (Table 3). For each study,
the odds ratio, 95 % confidence interval (lower and upper
limit), z value and p value are shown.
Among the included studies, comparisons between
exposed and unexposed groups were conducted in 15
studies for LBP and 9 studies for sciatica. For the LBP

Fig. 2  Statistics and Forest plot from the random-effect meta-analysis on the occurrence of LBP between the groups exposed to WBV
versus non-exposed reference groups. The sizes of the dots for the
individual studies are proportional to the study weight. The blue dots
indicate the subgroups of risk of bias (low, unclear) and the red dot
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outcome, the pooled estimate had an odds ratio of 2.17
(95 % CI 1.61–2.91) and the heterogeneity was 85 %
(p < 0.01). Only small differences between studies of low
and unclear risk of bias were observed (2.29 vs. 2.06) and
heterogeneity [83 % (p < 0.01) vs. 88 % (p < 0.01)]. The
results for the sciatica outcome (Fig. 3) gave a pooled odds
ratio of 1.92 (95 % CI 1.38–2.67) and a heterogeneity of
70 % (p < 0.01). However, the pooled risk estimate for the
studies with low risk of bias (n = 5) was 1.99 (95 % CI
1.31–3.02) and the heterogeneity was 39 % (p = 0.16),
while the pooled risk estimate of the studies with unclear
risk of bias (n = 4) was 1.82 (95 % CI 1.07–3.10) and the
heterogeneity was 80 % (p < 0.01).
If the analysis were divided between studies with
adjusted and unadjusted odds ratios, the outcome for LBP
gave a pooled risk estimate for the studies (n = 6) with
adjusted odds ratios of 2.96 (95 % CI 1.65–5.30) compared
to 1.64 (95 % CI 1.36–1.96) for studies (n = 9) with unadjusted odds ratios. The corresponding pooled risk estimate
for the sciatica outcome was 2.53 (95 % CI 1.88–3.39;
n = 5) vs. 1.15 (95 % CI 0.97–1.37; n = 4).
The funnel plot of the studies included in our meta-analysis for LBP (15 studies) or sciatica (9 studies) and exposure to WBV is presented in Figs. 4 and 5, respectively. For
the LBP outcome, the studies were distributed symmetrically around the estimated effect suggesting little effect of
publication bias. Neither Begg’s (p = 0.37) nor Egger’s
(p = 0.07) tests showed evidence of publication bias and

indicates the overall summary. The studies have been sorted in order
from highest to lowest scores in Table 2. Asterisk indicates that the
study presented data that made it possible to calculate an unadjusted
odds ratio (colour figure online)
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Fig. 3  Statistics and Forest plot from the random-effect meta-analysis on the occurrence of sciatica between the groups exposed to WBV
versus non-exposed reference groups. The sizes of the dots for the
individual studies are proportional to the study weight. The blue dots
indicate the subgroups of risk of bias (low, unclear) and the red dot

indicates the overall summary. The studies have been sorted in order
from highest to lowest scores in Table 2. Asterisk indicates that the
study presented data that made it possible to calculate an unadjusted
odds ratio (colour figure online)

Fig. 4  Funnel plot with pseudo 95 % confidence limits for publication bias in studies of the association between the prevalence of LBP
among groups exposed to WBV versus non-exposed reference groups

Fig. 5  Funnel plot with pseudo 95 % confidence limits for publication bias in studies of the association between the prevalence of sciatica among groups exposed to WBV versus non-exposed reference
groups

the trim and fill method imputed no missing studies (random-effect model). For the sciatica outcome, there was an
asymmetrical tendency suggesting that some medium sized
and small studies with negative or null findings were not
published. Only Egger’s test (p < 0.01), but not Begg’s test
(p = 0.47), showed evidence of publication bias. The trim
and fill method imputed three missing studies to the left of
the mean (random-effect model).
Meta‑analysis of low‑ and high‑ exposure groups
In Figs. 6 and 7, the exposure to WBV has been divided
between groups with low and high exposures. The analysis
has also been divided between studies of low and unclear
risk of bias. For LBP, the pooled risk estimate was 1.51
(95 % CI 1.30–1.75) for the 13 included studies and the
heterogeneity was 44 % (p = 0.05). The pooled risk estimates for the studies with low risk of bias and unclear risk

of bias were similar (1.64 vs. 1.48), but the heterogeneity
differed [62 % (p = 0.01) vs. 0 % (p = 0.60)].
The sciatic results showed a pooled risk estimate of 1.48
(95 % CI 1.19–1.84) for the six included studies and the
heterogeneity was 0 % (p = 0.58). The odds ratio for the
studies with a low risk of bias (OR = 1.82) was higher
than that of studies with unclear risk of bias (OR = 1.44).
The same pattern was found for the heterogeneity [9 %
(p = 0.35) vs. 0 % (p = 0.75)].
The analysis of publication bias in the form of funnel
plots for the LBP and sciatica outcomes shows that for both
outcomes the studies are distributed symmetrically around
the estimated effect, suggesting little publication bias (data
not shown). For LBP, Begg’s (p = 0.04) but not Egger’s
(p = 0.12) tests showed evidence of publication bias and
the trim and fill method imputed four missing studies to
the left of the mean. The corresponding values for sciatic
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Fig. 6  Statistics and forest plot from the random-effect meta-analysis on the occurrence of LBP between the groups with low and
high exposure to WBV. The sizes of the dots for the individual studies are proportional to the study weight. The blue dots indicate the
subgroups of risk of bias (low, unclear) and the red dot indicates the
overall summary. The studies have been sorted in order from highest

to lowest scores in Table 2. Asterisk indicates that the study presented
data that made it possible to calculate an unadjusted odds ratio. Double asterisk indicates that the study presented estimates that made it
possible to calculate the difference between estimates (colour figure
online)

Fig. 7  Statistics and forest plot from the random-effect meta-analysis on the occurrence of sciatica between the groups with low and
high exposure to WBV. The sizes of the dots for the individual studies are proportional to the study weight. The blue dots indicate the
subgroups of risk of bias (low, unclear) and the red dot indicates the
overall summary. The studies have been sorted in order from highest

to lowest scores in Table 2. Asterisk indicates that the study presented
data that made it possible to calculate an unadjusted odds ratio. Double asterisk indicates that the study presented estimates that made it
possible to calculate the difference between estimates (colour figure
online)

outcome were p = 0.45 and p = 0.31 for Begg’s and Egger’s tests, respectively, and the trim and fill method imputed
one missing study to the left of the mean.

doubled. It is interesting to note that our results are more
or less the same as presented in the earlier reviews, (Bakker et al. 2009; Bernard 1997; Bovenzi and Hulshof 1999;
Burdorf and Sorock 1997; Hoogendoorn et al. 1999; Lings
and Leboeuf-Yde 2000; Waters et al. 2007; Vingård and
Nachemsson 2000) although there has been a clear difference in the inclusion and exclusion criteria and that our
review cover more resent published articles. Our use of
more stringent criteria for inclusion has led to a slightly
higher risk of LBP and sciatica due to WBV exposure compared with the previous reviews.

Discussion
This systematic literature review and meta-analysis shows
that workers who are exposed to WBV have an increased
risk of both LBP and sciatica compared to non-exposed
groups. The pooled estimates of the risk are approximately
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Our attempt to compare the same groups of vibrationexposed individuals by contrasting high exposure with low
exposure showed a pooled risk estimate of about 1.5 for
both LBP and sciatica that indicates a possible exposure–
response relationship. However, in the included studies, the
exposures occurred at many different levels and were quantified in different ways. This means that those who in one
study were considered low-exposed might in another study
be regarded as highly exposed.
Results of this review could have been biased by confounding exposures. Workers exposed to WBV often have
exposure to prolonged sitting and to unfavourable working
postures, and both of these factors can also cause LBP (Lis
et al. 2007). Because these factors have a strong correlation
with exposure to WBV, it has been difficult to consider these
factors separately in the analyses and to assess whether they
reinforce each other´s harmful effects. An indication of such
confounding could be the somewhat smaller pooled risk
estimates when comparing low- and high- exposure groups
of workers as opposed to the pooled risk estimates found
when comparing exposed workers to reference groups.
Some of the studies included in the meta-analysis controlled
for potential confounders in the estimates, but others did
not. Our comparison of studies that controlled or not controlled for such confounding factors clearly demonstrate
their significant impact since the adjusted risk estimates are
more or less doubled compared with the unadjusted risk
estimates. Moreover, the case definition for low back pain
and sciatica differ between different studies and in many
studies the outcomes did not include information on the frequency and severity of LBP or sciatica. Different recall periods and different case definitions were used, but the most
commonly used outcome assessment was a questionnaire
asking about LBP in the previous year. A limited number
of prospective studies on the role of WBV in the occurrence
of LBP or sciatica have also been published. Results from
cross-sectional studies are particularly vulnerable to effects
from “healthy worker” selection or “healthy worker” survival. This effect leads to the risk of exposure being underestimated. In our review, we found some examples of studies where the groups exposed for a short time had a higher
risk than those who were exposed for a long time, and this
indicates a possible “healthy worker” selection (Li and Sung
1999). Unfortunately, the proportion of prospective studies
is too small to be able to make a comparison between the
different study designs.
One of the strengths with this review is the strict exposure criteria for a study to be included in the final analysis.
Inclusion of the study also required that there were either
measurements or estimates of exposure in combination with
defined health outcomes. This has resulted in excluding relevant studies based on clinical examinations with very high
quality scores, but where no quantification of the exposure

was presented. This can also be seen as a limitation because
we have included studies that presented information about
the vibration exposure in which the outcome and the exposure time have only been estimated by a questionnaire.
There might be a publication bias in favour of positive
results between WBV and the studied effects. Publication
bias arises when studies showing a statistically significant
positive association are more likely to be reported or published than studies with a negative or null association. Publication bias is more likely to affect small studies, which tend
to show larger risk estimates than larger studies. The results
(funnel plots) indicate that some publication bias could have
occurred for sciatica. In addition, we only included articles
published in English language journals and there is scientific literature published in other languages that has been
ignored. However, we believe from the consistent findings
in other reviews that this “language bias” would not cause a
significant shift in our final assessment. A further limitation
for generalizing our results is that all of the risk estimates
we have included in the meta-analysis only apply to male
workers. Therefore, no conclusion about the risk for women
exposed to WBV can be drawn.
In summary, this review shows that there is scientific
evidence that exposure to WBV increases the risk of LBP
and sciatica. The pooled odds ratio shows a doubled risk
for both outcomes. Adverse posture and prolonged sitting
correlate with exposure to WBV, but these potential confounders have only been taken into account in a small number of the reviewed studies. However, it is unlikely that the
overall risk pattern can be explained by other confounding
factors. The novel finding of this review is that it shows
clear evidence in the literature that exposure to WBV also
increases the risk of sciatica.
The results of the review shows that one should strive
to have the lowest exposure to WBV as possible. Unfortunately there are insufficient data to determine what a “safe”
level is for the whole body, i.e. a level at which risk is not
increased. There is a need for further research on the relationship between dose and response that take into account
possible interactions with other factors such as prolonged
sitting and unfavourable working postures.
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