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Abstract
Objective
Clinicians need to know whether lumbosacral radiculopathy syndrome (LRS) can be attributed
to work. This review describes what work-related risk factors are associated with LRS.
Methods
A systematic review was performed in PubMed and Embase. Inclusion criteria were that LRS
was diagnosed by a clinician and workers exposed to work-related risk factors were compared to
workers less or not exposed. A quality assessment and a meta-analysis were performed, including a dose-response analysis.
Results
The search resulted in 7,350 references and 24 studies that fulﬁlled the inclusion criteria: 19
studies were rated as having a high risk of bias and 5 as having a low risk of bias. The median
number of LRS patients per study were 209 (interquartile range 124–504) and the total number
of participants was 10,142. The meta-analysis revealed signiﬁcant associations with heavy
physically demanding work (odds ratio [OR] 2.03, 95% conﬁdence interval [CI] 1.48–2.79),
bending or twisting of the trunk (OR 2.43, 95% CI 1.67–3.55), and lifting and carrying in
combination with bending or twisting of the trunk (OR 2.84, 95% CI 2.18–3.69). No signiﬁcant
associations were found for professional driving (OR 1.46, 95% CI 0.90–2.35) or sitting (OR
1.08, 95% CI 0.49–2.38). A dose-response relation was present per 5 years of exposure for
bending (OR 1.12, 95% CI 1.04–1.20), lifting (OR 1.08, 95% CI 1.02–1.14) and the combination of bending and lifting (OR 1.14, 95% CI 1.01–1.29).
Conclusions
Moderate to high-quality evidence is available that LRS can be classiﬁed as a work-related
disease depending on the level of exposure to bending of the trunk or lifting and carrying.
Professional driving and sitting were not signiﬁcantly associated with LRS.
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Glossary
CI = conﬁdence interval; GRADE = Grades of Recommendations, Assessment, Development and Evaluation; LRS =
lumbosacral radiculopathy syndrome; MEVORECH = Methodological Evaluation of Observational Research; OR = odds ratio.

Knowledge regarding the work-relatedness of lumbosacral
radiculopathy syndrome (LRS) is of importance for patients
and clinicians in order to answer questions regarding prevention and medical causation. For eﬀective prevention,
a prerequisite is knowing whether work-related risk factors
indeed matter in the onset of a disease.1 An exposure
dose-response relationship increases our conﬁdence in the
causality of the association.2 In addition, if data allow, clinically relevant threshold limits can be formulated.3,4 Regarding
medical causation, many countries provide ﬁnancial compensation when LRS is recognized as an occupational disease,
like the Unites States, Canada, and half of the countries in the
European Union, including Italy, France, and Germany.5,6
However, the particular decision criteria for this clinical assessment diﬀer among countries.5,6 No systematic review or
meta-analysis is available that answers this etiologic question
regarding work-related risk factors for LRS. Therefore, the 2
aims of this review were to assess whether (1) work-related
risk factors are associated with clinically assessed LRS and (2)
a positive dose-response relationship is present.

Methods
The systematic review and meta-analysis was performed in
line with the criteria of the PRISMA statement7 and was
registered by the international prospective register of systematic reviews (PROSPERO, crd.york.ac.uk) with the registration number CRD42015025763.
Inclusion criteria
The following inclusion criteria were used: the study was
written in English or German; the study presented original
data; participants were workers; LRS was diagnosed by a clinician without taking into account the diagnostics tests used;
work-related risk factors were described, for instance, in terms
of job or occupation, physical workload, or speciﬁc occupational activities like lifting, or movements or postures like
bending of the trunk. To get a good overview of the present
data, all study designs were included as long as the data were
described in terms of LRS present or not, and exposure was
described in terms of exposed/less or nonexposed. In addition, for the meta-analysis, we included self-reports about
exposure, researcher observations, or direct measurements if
at least 2 categories were described: exposed vs less or nonexposed regarding workers with or without LRS.
Literature search
Systematic literature searches were performed using PubMed
and Embase, both until March 29, 2017. The search strategy
involved combining searches for “lumbosacral radiculopathy
2
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syndrome,” terms for work-related exposure, and the Yale etiologic ﬁlter for epidemiologic studies on risk factors. The speciﬁc
terms used in both databases are available in Occupational
Diseases (appendix e-1, occupationaldiseases.nl/content/LRS).
Study selection
After duplicates from PubMed and Embase were removed, 2
reviewers (P.P.F.M.K., H.F.V.d.M.) independently checked
the fulﬁlment of the inclusion criteria. We ﬁrst screened titles
and abstracts and excluded studies that obviously did not
fulﬁll the inclusion criteria. Of the remaining references, we
obtained the full text and assessed them independently for
eligibility based on the full texts. We resolved disagreements
by discussion.
Data extraction
The following data were extracted by one author (P.P.F.M.K.)
and independently checked by a second author (H.F.V.d.M.):
author, year of publication, country, study design; case deﬁnition of LRS; sources of retrieving participants; number and
characteristics of participants like sex and age; exposure deﬁnition; exposure assessment; occupation of participants; deﬁnition of exposure categories; number of workers with or
without LRS for the described exposure categories; risk estimate and conﬁdence interval; and adjustment for confounding.
Quality assessment
Two reviewers (P.P.F.M.K., H.F.V.d.M.) independently
checked the risk of bias using a checklist based on the
Methodological Evaluation of Observational Research
(MEVORECH)—observational studies of risk factors for
chronic diseases.8,4 Ten categories were scored with 5 categories classiﬁed as major domains: exposure deﬁnition, exposure assessment, reliability of estimates, confounder
assessment, and methods of analyses. The 5 minor domains
were reported funding, conﬂict of interest, blinding, attrition,
and selective reporting. Every item was independently scored
by 2 reviewers (P.P.F.M.K., H.F.V.d.M.) as high, low, or unclear. Diﬀerences in outcome were mutually discussed until
consensus was reached.
For the overall score over the 10 domains, we distinguished
between studies with a high risk of bias and studies with a low
risk of bias. Low risk of bias was arbitrarily deﬁned as a low risk
of bias in at least 3 out of the 5 major domains and at least 2
out of the 5 minor domains. In the other cases, the study was
rated as having a high risk of bias.
Data analysis
To answer the ﬁrst research question, a meta-analysis is performed if risk factors are suﬃciently homogeneous across at
Neurology.org/N

least 2 studies. For each risk factor, the highest vs the lowest
exposures as reported in the studies will be used. We calculate
a pooled odds ratio (OR) and 95% conﬁdence interval (CI)
for each risk factor using a random eﬀects model in
Cochrane’s RevMan 5.3, both for the high- and low-risk
studies combined and only for the studies with a low risk of
bias, if possible. The results are presented as forest plots including the contribution of each study (weight) to the overall
eﬀect (Mantel-Haenszel, random) using RevMan 5.3.
For the second research question, a pooled exposure doseresponse analysis is performed for studies that report on more
than 2 exposure categories for a work-related risk factor. If these
data are available, we will ﬁrst transform the exposure to a standard metric consisting of a dose per working day in terms of level
and duration, for instance handling loads of more than 5 kg
(level) for at least 2 hours per working day (duration). Next, the
dose will be described per number of working years that this
exposure category was performed. If necessary, authors of included studies that had collected these types of data are contacted to provide their data using these exposure and dose terms.
Then we assign an exposure dose to the categories that were
reported by the authors and for which they reported LRS risks.
Next, we employ the GLST regression technique as described
by Orsini et al.9 implemented in STATA to calculate the

dose-response curve for that study, which is then represented by
the incremental OR per years of exposure, again if possible.
Finally, we combine these incremental ORs in a random-eﬀects
meta-analysis with the RevMan program 5.3 as described above.
GRADE
The Grades of Recommendations, Assessment, Development
and Evaluation (GRADE) framework for prognostic studies
was used to assess the quality of evidence for the relationship
between the work-related risk factors and LRS that were included in the meta-analyses.10 Four levels of quality are used:
high, moderate, low, and very low. The starting qualiﬁcation
of the quality of evidence of the studies in the meta-analyses
was high given the inclusion of only studies speciﬁcally focusing on work-related risk factors.10 Next, the quality of
evidence was downgraded based on the following 5 factors:
study strengths (majority of studies having high risk of bias),
consistency (I2 > 50%), indirectness (a priori not true, given
our inclusion criteria that the outcome LRS is diagnosed by
a physician), imprecision (range of the CI of studies >2.0),
and publication bias (yes or unclear). Finally, study ﬁndings
with moderate or large eﬀect sizes (i.e., lower limit of 95% CI
OR > 2.0 for studies with a low risk of bias) and the presence
of an exposure–response relationship resulted in an upgrade
of the quality of evidence.10

Figure 1 Flow chart of the included studies
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Results
The search resulted in a total of 7,350 references and after
inclusion 24 remained,11–34 of which 13 could be used for the
meta-analyses because exposure categories were described in
terms of occupational activities and not only as job titles
(ﬁgure 1).11,14,17–20,23,24,27–30,34
Description of included studies
The 24 studies were performed worldwide in 12 countries
(number of studies): Bangladesh (1), Bulgaria (1), China (2),
Croatia (1), Denmark (2), Finland (6), France (1), Germany
(2), Great Britain (1), Sweden (1), Taiwan (1), and United
States (5).11–34 Two studies were cross-sectional,23,31 15 casecontrol,11,13–15,19–22,24,26–29,33,34 and 7 cohort.12,16–18,25,30,32 The
median number of LRS patients per study was 209 (interquartile
range 124–504) and the total number of included patients was
10,142. Regarding the 13 studies included in the meta-analysis, 5
studies were rated as having a low risk of bias17,18,24,28,29 and 8 as
having a high risk of bias11,14,19,20,23,27,30,34 (data available from
Occupational Diseases) (table e-1, occupationaldiseases.nl/
content/LRS). The studies with low risk of bias all adjusted for
diﬀerences in age. Other confounders taken into account were
sex, body mass index, and smoking. The extracted data are
available in Occupational Diseases (appendix e-2, occupationaldiseases.nl/content/LRS).
Work-related risk factors
The following work-related risk factors (or combinations) were
studied (number of studies): job description (9), heavy physical workload (11, of which 1 could not be included in the meta-

analyses because data on cases and controls were not reported),
lifting and carrying (6, of which 1 could not be included in the
meta-analyses because data on cases and controls were not
reported), bending and twisting of the trunk (4), lifting and
bending of the trunk (2), driving a vehicle or being exposed to
whole body vibration (6), sitting without driving (2), physical
workload in general and driving a vehicle (1), and kneeling (1).
Data available from Occupational Diseases (table e-2, occupationaldiseases.nl/content/LRS) present the ﬁndings of the single
studies and the summarized results of the meta-analyses including the deﬁnition of the high exposed categories and the
reference categories for each risk factor. Heavy physically demanding work is associated with a signiﬁcantly increased OR of
2.03 (95% CI 1.48–2.79) for LRS (data available from Occupational Diseases [table e-2 and ﬁgure e-1, occupationaldiseases.
nl/content/LRS]). When only studies with a low risk of bias are
included, OR is 1.95 (95% CI 1.39–2.74) (data available from
Occupational Diseases [ﬁgure e-2, occupationaldiseases.nl/content/LRS]). A signiﬁcantly increased risk is also present for
bending or twisting of the trunk, both for the combined low and
high risk of bias studies (OR 2.43, 95% CI 1.67–3.55) (ﬁgure 2)
(data available from Occupational Diseases [table e-2, occupationaldiseases.nl/content/LRS]) and for only the low risk of bias
studies (OR 2.48, 95% CI 1.49–4.13) (data available from Occupational Diseases) (ﬁgure e-3, occupationaldiseases.nl/content/LRS). For lifting or carrying only, a signiﬁcant increased risk
was present for the low risk of bias studies (OR 1.70, 95% CI 1.
04–2.78) and not when low and high risk of bias were included
(OR 1.41, 95% CI 0.93–2.14) (data available from Occupational
Diseases) (table e-2, ﬁgures e-4 and e-5, occupationaldiseases.nl/

Figure 2 Risk of lumbosacral radiculopathy syndrome due to bending and twisting of the trunk based on low risk of bias
studies (green dot +) and high risk of bias studies (red dot −)

CI = confidence interval; MH = Mantel-Haenszel.
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content/LRS). For the combination of lifting and bending of the
trunk, 2 studies with a low risk of bias were present and resulted
in the highest signiﬁcant increased risk of all risk factors studied
(OR 2.84, 95% CI 2.18–3.69) (data available from Occupational
Diseases) (ﬁgure e-6 and table e-2, occupationaldiseases.nl/
content/LRS).

Figure 3 Dose-response relation between the risk of lumbosacral radiculopathy syndrome (odds ratio, including 95% confidence interval) and number of
years bending 20 degrees at least 1 hour a day
and lifting 5 kg during 2 hours per work day or 20
kg 10 times per work based on 3 studies17,28,29

No statistically signiﬁcant associations were found for professional driving or being exposed to whole body vibration
and sitting in the meta-analyses, regardless of the quality of the
study data available from Occupational Diseases (table e-2,
ﬁgures e-7, e-8, and e-9, occupationaldiseases.nl/content/
LRS). The symmetry of the funnel plot suggests no publication bias of the studies included in the meta-analyses (data
available from Occupational Diseases) (ﬁgure e-10, occupationaldiseases.nl/content/LRS).
Dose response
One cohort study and 2 case-control studies, all with a low risk of
bias, could be included in the meta-analysis to assess the risk in
terms of a dose-response relationship per 5 years of
exposure.17,28,29 A dose-response relation was present for
bending of the trunk of 20° or more for at least 1 hour per work
day with OR of 1.12 (95% CI 1.04–1.20) per 5 years of exposure,
for lifting at least 5 kg for 2 hours per work day or 20 kg at least
10 times per work day with OR of 1.08 (95% CI 1.02–1.14) per 5
years exposure, and for the combined exposure to the aforementioned bending and lifting, with OR of 1.14 (95% CI
1.01–1.29) per 5 years of exposure. An incremental OR of 1.14
means a 14% increase in LRS per 5 years of exposure. Then, after
10 years of exposure, a signiﬁcant increased risk is present (OR
1.30, 95% CI 1.02–1.66) and after 30 years of exposure, the OR
increases to 2.19 (95% CI 1.06–4.61) (ﬁgure 3).
GRADE
The rating of the evidence for the work-related risk factors
included in the meta-analyses varied between “very low” for
physical workload and “high” for the combination of lifting
and bending of the trunk (table 1). The latter is based on one
downgrade for publication bias (“unclear”) shifting the overall
quality from “high” to “moderate,” and 2 upgrades: one for an
eﬀect size larger than 2 of the lower limit of the 95% CI,
namely 2.18, shifting the evidence back from “moderate” to
“high,” and another upgrade for the presence of a doseresponse relationship. However, the latter upgrade does not
result in a higher level of evidence because the GRADE
evaluation already has reached the highest value of “high.”

Discussion
This review shows that LRS is associated with risk factors at
work, especially if this work consists of lifting and carrying,
and bending and twisting of the trunk. The evidence for the
combination of both risk factors was of high quality in
GRADE terms and substantiated by the fact that low risk of
bias studies showed that lifting and carrying itself and
bending and twisting of the trunk itself were both
Neurology.org/N

independent risk factors of LRS. This review explicitly
substantiates 2 important criteria for the likelihood of
causality, namely the presence of a dose-response relationship and a lower limit 95% CI larger than 2.2,35 This
overall high quality for the combination of both risk factors
implies in wording that “we are conﬁdent that the true
eﬀect lies close to that of the estimate of the eﬀect.”10
Especially, patients who perform heavy manual labor for
more than 10 years including frequent bending of the trunk
of more than 20° for an hour a day in combination with
daily lifting of loads of more than 20 kg more than 10 times
per day. These latter workers appear to have a more than
twofold higher risk compared to their age-similar counterparts
who do not perform this heavy manual labor for more than 10
years including the aforementioned bending and lifting. If true,
suﬃciently reducing lifting and bending of the trunk of 4
workers—the number needed to prevent—might result in
prevention of 1 LRS case. Of course, only intervention studies
of good quality can substantiate these assumptions.
In addition, the available evidence suggests that professional
driving might not be a risk factor in itself, although future
studies presenting new data, preferably using whole body vibration measurements for exposure classiﬁcation,24 might
change this point of view given the moderate quality of evidence in GRADE terms. The same goes for sitting at a desk
during work, with a low quality of evidence.
A strength of the present review is that meta-analyses were
performed including dose-response analyses. This was only
possible due to the fact that the authors of 2 of the 3 studies
that fulﬁlled the inclusion criteria were willing to reanalyze
their data in the same manner.28,29 A second strength of our
study is that only clinically assessed patients with LRS were
included. A third strength is that we calculated the workrelated risk not only for all included studies but separately for
Neurology | Volume , Number  | Month 0, 2018
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Table 1 Grades of Recommendations, Assessment, Development and Evaluation framework for the work-related risk factors for lumbosacral radiculopathy syndrome
included in the meta-analyses

Inconsistency,
I2 >50%: ↓

Indirectness,
Yes: ↓

Imprecision,
range,
confidence
interval effect
size >2.0: ↓

Publication
Bias, yes or
unclear: ↓

Dose–
response
present:
Yes ↑

Overall
quality
(high,
moderate,
low, very
low)

No. of
participants

No.
of
cases

No. of
studies

Physical
workload

15,033

1,288

10

2

High (6/10) ↓

80%↓

No

No: 1.48–2.79

Unclear↓

1.93 (1.39–2.74)

No

Very low

Bending and
twisting of
trunk

4,900

820

4

2

Low (1/4)

70%↓

No

No: 1.67–3.55

Unclear↓

2.48 (1.49–4.13)

Yes↑

Moderate

Lifting and
carrying

4,865

763

5

2

Low (2/5)

77%↓

No

No: 0.93–2.14

Unclear↓

1.70 (1.04–2.78)

Yes↑

Moderate

Lifting and
bending of
trunk

1,043

392

2

2

Low (0/2)

0%

No

No: 2.18–3.69

Unclear↓

2.84 (2.18–3.69)↑

Yes↑

High

Professional
driving

6,571

565

6

2

Low (3/6)

43%

No

No: 0.90–2.35

Unclear↓

1.23 (0.57–2.64)

No

Moderate

Sitting

505

225

2

2

Low (1/2)

77%↓

No

No: 0.49–2.38

Unclear↓

0.70 (0.37–1.30)

No

Low

Risk factor

Study
limitations,
majority of
studies high
risk of bias: ↓

Effect size lower
limit confidence
interval in low risk
of bias studies
>2.0:↑

Phase of
investigation (1 =
explorative, 2, 3 =
explanatory)
Phase 1: ↓

Neurology.org/N

the studies with a low risk of bias. In the latter case, lifting or
carrying also appeared to be a signiﬁcant risk factor for LRS.
This stresses the importance of valid and reliable exposure
assessments in etiologic studies. This also brings up an important limitation of our review: most studies are unblinded
case-control studies using self-reports for exposure assessment, which is an important source for recall bias and possibly
overestimation of exposure. For instance, only one study used
whole body vibration measurements for exposure classiﬁcation in the assessment of the risk of LRS due to professional
driving.24 In addition, we arbitrarily set criteria for low and
high risk of bias studies because MEVORECH has no predeﬁned cutoﬀ points. Moreover, given the relatively few
studies per risk factor, no reassuring assumption can be made
about publication bias. Another limitation of our review is that
only 11 studies adjusted for confounding of relevant nonwork-related risk factors like age14,17,18,24–26,28,29,32,33 and that
only 3 studies assessed the exposure using other methods than
self-reports or interviews to obtain more precise exposure
data.24,28,29 However, even if other methods than self-reports
were applied, cumulative exposure data, especially of trunk
bending postures, can only be roughly estimated over long
working periods in diﬀerent occupational tasks.

2.
3.

4.

5.
6.

7.

8.

9.
10.
11.
12.
13.
14.
15.
16.

Moderate to high-quality evidence is available that LRS can be
classiﬁed as a work-related disease depending on the level of
exposure to bending and twisting of the trunk and lifting and
carrying in physically demanding work. A policy to prevent
LRS should focus on work-related risk factors since no other
modiﬁable risk factors are known and given the probably
small number of workers needed for prevention of 1 LRS case.
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Saftić R, Grgić M, Ebling B, Splavski B. Case-control study of risk factors for lumbar
intervertebral disc herniation in Croatian island populations. Croat Med J 2006;47:593–600.
Seidler A, Bolm-Audorﬀ U, Siol T, et al. Occupational risk factors for symptomatic
lumbar disc herniation: a case-control study. Occup Environ Med 2003;60:821–830.
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