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Objective To update the evidence on the effectiveness of lumbar supports, education and
exercise in the primary prevention of low back pain at the workplace.

Methods A computerized search for controlled clinical trials published between 1997 and
2002 was conducted, and the methodological quality of the studies was assessed
using a criteria list. The available evidence was graded with a rating system for the
level of evidence. Effect sizes of individual studies were combined if the studies were
sufficiently similar.

Results Five new papers were identified for the update. These trials were added to the
previously available trials (n = 11). The methodological quality of most studies was
low. Since three of four RCTs on lumbar supports reported no effect, there is no
evidence for the effectiveness of lumbar supports. No evidence for education could
be found either, since all six RCTs showed negative results. The four RCTs on
exercise consistently reported a positive effect, indicating limited evidence for the
effectiveness of exercise.

Conclusion There is no evidence for the effectiveness of lumbar supports or education in the
primary prevention of low back pain at the workplace. There is limited evidence for
the efficacy of exercise, and the effect that can be obtained is moderate. There is still
a need for methodologically sound studies and studies on the cost-effectiveness of
exercise. Also the possible effect of lumbar supports in the treatment of back pain
needs further investigation.
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Introduction
Back pain is one of the most common complaints in
industrial countries. The reported lifetime prevalence

varies from 60 to 90% [1]. Furthermore, it is the one of
the most expensive disorders to society: the total direct
medical costs due to back pain were estimated at
US$367.6 million, and the total costs for absenteeism
and disability payments at US$3.1 billion and US$1.5
billion, respectively, for The Netherlands in 1991 [2].
More recent studies continue to show the major burden
of illness of back pain [3,4].

Work tasks and working conditions are often presumed
to play a role in the aetiology of back pain. Measures to
reduce the workload or increase the work capacity of
workers are implemented by employers in an attempt
to reduce the incidence of back pain and its associated
sick leave and compensation costs. Besides ergonomic
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adjustments in the workplace, interventions reducing the
workload may consist of providing education or training.
This type of intervention mostly consists of lifting
instructions for workers. Interventions increasing the
work capacity of workers include the prescription of
lumbar supports or providing exercise programmes.
Exercise can consist of specific exercises for strengthening
and increasing the endurance of back and abdominal
muscles. In addition, programmes aimed at increasing
physical activity in general may be implemented for the
prevention of back pain.

Although these interventions may be effective in the
reduction of certain risk factors for the occurrence of back
pain, the effectiveness of the interventions in the primary
prevention of back pain in the workplace is still under
debate. In this paper, primary prevention is interpreted as
the prevention of back pain among a population which
does not currently have back pain and has been pain free
in the previous months. In a previous systematic review
[5], no definite conclusions on the effectiveness of lumbar
supports, education or exercise could be drawn, due to
methodologically weak studies or inconsistent results.

In this paper, we update the evidence for the effect-
iveness of education, exercise and lumbar supports in the
primary prevention of back pain in an industrial setting,
by adding the results of studies published between 1997
and 2002 to the evidence reported in the previous
systematic review.

Methods

Selection of papers

The earlier review was based on a search of MEDLINE,
ERIC, EMBASE and Psychlit up to 1996. The search
from 1997 to September 2002 was restricted to
MEDLINE and Psychlit, because the other two
databases had not contributed much to the earlier search.
The following keywords were used: back pain, backache,
musculoskeletal diseases, orthoses, exercise, education,
prevention and controlled trial. No language restriction
was used. References in relevant publications were exam-
ined for additional studies. Abstracts and unpublished
material were not included. To be included in this review,
papers had to meet the following criteria: (i) controlled
clinical trial (CCT): a prospective design in which an
intervention group is compared with a concurrent control
group which is derived from the same setting as the
intervention group, and with randomized or non-
randomized allocation of subjects to the study groups;
(ii) intervention aimed at the prevention of back pain,
consisting of education, exercise or wearing a lumbar
support; (iii) no restriction to subjects with back pain at
the start of the study; and (iv) intervention initiated at the
workplace.

Assessment of methodological quality

All trials were scored according to the methodological
criteria listed in Table 1. These criteria are based on
generally accepted principles of intervention research. A
distinction is made in criteria for internal validity and for
external validity, precision and quality of reporting.
Similar criteria have been used in previous reviews
concerning therapeutic interventions for low back pain
[6,7]. The methodological quality of the studies was
assessed by two reviewers independently (M.P. and B.K.
for studies published before 1997; M.P. and W.H. for later
studies). The assessments resulted in a hierarchical list
based on the number of internal validity items scored
positive (Table 2).

Levels of evidence

Conclusions regarding the efficacy of a preventive
intervention were based on the strength of the available
evidence. The strength of the evidence was determined
according to a rating system, which was based on a best
evidence synthesis used in a previous comparable review
[8]. Since four or more RCTs were identified in the
literature search for each intervention, only this type of
study (and not CCTs) was included in the best evidence
synthesis. This rating system consisted of four levels of
evidence based on the number, the methodological
quality and the outcome of the studies at issue:

· Level 1, strong evidence: multiple RCTs of high quality
with consistent positive results.

· Level 2, moderate evidence: one RCT of high quality and
one or more relevant low quality RCTs. Consistent
positive outcomes of the studies.

Table 1. Criteria list for the methodological assessment of
controlled clinical trials on the prevention of back pain

Criteria (all items were scored yes/no)

Internal validity
A Similarity for relevant baseline characteristics
B Randomization procedure adequate
C Loss to follow-up < 20%
D Other interventions avoided
E Compliance measured in each group and satisfactory
F Blinded effect measurement
G Intention-to-treat analysis
External validity
H Homogeneity
I Adequate control group
J Outcome measures relevant
K Follow-up ≥6 months
Precision
L >50 subjects in smallest group
Quality of reporting
M Drop outs described per study group
N Interventions explicitly described
O Frequencies of most important outcome measures
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· Level 3, limited evidence: only one RCT of high quality
or multiple low quality RCTs. Consistent positive
outcomes of the studies.

· Level 4, no evidence: only one low quality RCT,
negative or contradictory outcomes of the studies, or
no relevant studies.

The  outcomes  of the studies  were  considered to  be
contradictory if <75% of the studies reported the same
outcome, otherwise outcomes were considered to be
consistent. Studies were rated to be relevant if at least
one of the following outcome measures was used: the
occurrence of back pain [that is, the occurrence of (new)
episodes of back pain (incidence), the number of persons
with back pain at a given moment (prevalence), the
number of days with back pain or a composite score for
back pain] and work loss (number of days or number of
episodes with sick leave).

A study was considered to be of high quality if the study
scored positive on at least four of the seven items on
internal validity (>50%), otherwise it was considered to
be of low methodological quality.

Data extraction and analysis

In order to be able to combine the outcomes of different

studies statistically, data were extracted from each study.
The following data were of interest: the number of
subjects in each study group, means and standard
deviations of data on sick leave and back pain incidence at
follow-up. This could be directly after the intervention
period or after an additional follow-up period.

It was expected that different outcome measures would
be used in the different studies and that the outcome
measures would be in the form of continuous data (e.g.
number of days lost from work, number of days/episodes
with back pain). Therefore, we have chosen the ‘effect
size’, and more particularly Cohen’s d [9] as the method
for estimating the combined effect. Cohen’s d is the
difference between the means of the outcome measure in
two intervention groups divided by the pooled standard
deviation of the means. The effect size consequently
expresses the magnitude of an effect as the number of
pooled standard deviations. Effect sizes were calculated
using data from the intervention group and the control
group from the latest measurement after follow-up. No
pre-test–post-test differences were used to calculate effect
sizes. If the (occupation of the) study population, the
intervention and the outcome measure were reasonably
similar, according to the reviewers, the combined effect
size was calculated [9]. The fixed effects model was used

Table 2. Methodological quality of controlled clinical trials on the effectiveness of interventions in the prevention of back pain

Authors [reference] Internal validity External validity/precision/quality of reporting

A B C D E F G Validity
score

H I J K L M N O

RCTs
Lumbar support

Van Poppel et al. [10] + + + – – – + 4 + + + + + + + +
Walsh and Schwartz [15] – + + – – – + 3 + + – + – – – +
Alexander et al. [16] – – + – – – + 2 – + – – – + – +
Reddell et al. [17] – – – – – – – 0 – + – + + – + –

Education
Van Poppel et al. [10] + + + – – – + 4 + + + + + + + +
Walsh and Schwartz [15] – + + – – – + 3 + + – + – – – +
Donchin et al. [21] – – + – – – + 2 – + – + – – – –
Daltroy et al. [12,20] – – – – + – + 2 + + + + + – + –
Fanello et al. [13] – + + – – – – 2 + + + + + + + +
Reddell et al. [17] – – – – – – – 0 – + – + + – + –

Exercises
Gundewall et al. [24] + – + – – – – 2 – + – + – – + +
Donchin et al. [21] – – + – – – + 2 – + – + – – – –
Horneij et al. [14] + – – – + – – 2 + + – + + + + –
Kellet et al. [25] + – – – – – – 1 – + – + + + + +

Non-randomized CCTs
Lumbar support

Thompson et al. [18] – – + – – – + 2 – – – – – + + –
Wassel et al. [11] + – – – – – + 2 – + + + + – + +
Anderson et al. [19] – – – – + – – 1 – + – + – – + –

Education
Versloot et al. [22] – – + – – – – 1 – + – + + – + +
Feldstein et al. [23] – – – – – – – 0 – + – – – – – –
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if homogeneity of the study effect sizes was not rejected.
Otherwise, the random effects model was used. Studies
were weighted using their variance in effect size.

Results
Over a period of five years (1997–2002), five papers were
published on the primary prevention of low back pain at
the workplace [10–14]. Only one of these papers [10]
reported on a study of relatively high methodological
quality.

Lumbar supports

We identified two new studies evaluating the effective-
ness of lumbar supports, bringing the total number of
studies to seven: four RCTs [10,15–17]—one of high
quality—and three non-randomized CCTs [11,18,19].
Characteristics of the studies are listed in Table 3.

Compliance with wearing the lumbar support was
reported in three studies only. In the study of Anderson
et al. [19], compliance was >80%, according to the
supervisors at the worksite. In the studies of Reddell
et al. [17] and Van Poppel et al. [10], compliance with
wearing the lumbar support was similar (42 and 43%,
respectively) and disappointingly low.

Only one of the four RCTs reported a positive effect of
wearing a lumbar support (in combination with educa-
tion), but only on the outcome measure lost days from
work and not on the incidence of low back pain. The other
three RCTs reported no effect of lumbar supports on the
incidence of low back pain or sick leave. After applying
the rating system for the level of evidence, the results
indicate that there is no evidence for the effect of lumbar
supports in the prevention of low back pain at  this
moment (level 4), because of consistent negative results
on the effectiveness of lumbar supports.

Including the CCTs in the best evidence synthesis
would not change this conclusion, because the results of
the studies would then be inconsistent.

In two of the RCTs [10,15], subgroup analyses based
on the history of back pain were performed. Both studies
reported that for subgroups of workers at high risk for low
back pain because of a history of low back pain or low
back at baseline, lumbar supports appeared to be (more)
effective compared with the control intervention.

Education

One new study considering the education of back pain
was identified [10], and new data on a previous study
[20] were presented in an additional paper [12].
Therefore, eight studies on the effectiveness of education
or back schools for the prevention of back pain were
included in this review: six RCTs [10,12,13,15,17,21]

and two non-randomized CCTs [22,23]. The studies are
listed in Table 4.

The type of education and the intensity of the classes
varied considerably among the studies. The least inten-
sive educational interventions consisted of one hour
training on body mechanics [15,17]. The most intensive
educational intervention was a back school consisting of
five sessions [21]: the first four 90 min sessions were given
during a 2 week period, the fifth session after 2 months.
Instructions on body mechanics, exercises for back and
abdominal muscles were given, and the subjects were
encouraged to exercise at home. The education pro-
gramme investigated in the study of Versloot et al. [22]
was the only programme that did not focus primarily on
body mechanics; instead, it focused on stress and coping
strategies. This was probably because the subjects of this
study were bus drivers, which was the only study
population without heavy lifting tasks.

None of the six RCTs (one of high quality) showed
any effect of education in the reduction of back pain
incidence or absenteeism, indicating that there is no
evidence that education, or at least the education pro-
grammes investigated in the studies at issue, is effective in
the prevention of back pain (level 4). This conclusion
would have been the same if the two CCTs were
included.

Exercise

One new study [14] on the effectiveness of exercise in the
prevention of back pain was identified, making a total of
four RCTs  (all of low quality) [14,21,24,25]. These
studies are listed in Table 5.

Exercise programmes consisted of exercises specifically
for back muscles during 13 months, with an average of six
sessions of 20 min per month [24], callisthenics exercises
for back and abdominal muscles for 40 min biweekly
during 3 months [21], weekly sessions of 35 min at work
plus 30 min at home with general stretching,
strengthening and cardiovascular exercises during 18
months [25], or an individually designed exercise
programme performed at least twice a week at home [14].
Compliance with the intervention programme was only
reported for the study by Kellet et al. [25], in which the
average attendance was 77% at each session.

All four RCTs reported a positive effect of exercise on
the incidence or perception of low back pain, although the
effect was not always statistically significant. All studies
were of low methodological quality, indicating only
limited evidence for the effectiveness of exercise in the
prevention of back pain at the workplace (level 3). For the
estimation of a combined effect size, the study of Horneij
et al. [14] could not be included. In this paper, no data on
the incidence of low back pain or sick leave were reported.
The size of the effect for the incidence of low back pain
was moderate, with an effect size of 0.53.
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Conclusions
The conclusion of the previous review [5] that
surprisingly little research has been carried out to
evaluate commonly used measures for the primary
prevention of low back pain is once again confirmed in
this update. In the 5 year period of 1997–2002, only four
new studies could be identified in the literature and one
additional paper of a previously published study. Also, the
methodological quality of the studies has not improved
much over recent years. In the large number of systematic
reviews that have been published over the years, the
message often was that much can be improved upon the
design of studies and the quality of the reporting on the
studies (e.g. description of the randomization procedure).
However, this message has not yet reached the majority
of researchers. The most common design flaws in the
more recent studies were still lack of blinded outcome
assessment and no measurement of compliance.

Efficacy

Lumbar supports

Based on the consistently negative results, there is no
evidence for the effectiveness of lumbar supports for the
primary prevention of back pain. This finding is in line
with the results of another systematic review on the
effectiveness of lumbar supports [26]. In that review,
moderate evidence was found that lumbar supports were
not effective in the primary prevention of low back pain,
while no evidence was found for the effectiveness in the
secondary prevention of low back pain.

Compliance is a confounding factor when studying the
effectiveness of lumbar supports. Because compliance
with wearing a lumbar support may be low in general, and
is a matter of self-selection (workers at risk for low back
pain may be more willing to wear a lumbar support), this

Table 3. Controlled clinical trials on the effectiveness of lumbar supports in the prevention of back pain at the workplace

Reference Subjects Interventions No. of
subjects

Follow-up
period
(months)

Main result (according to authors)

RCTs
[15] Warehouse workers 1. 1 h training on back pain prevention

and body mechanics, and lumbar support
2. 1 h training on back pain prevention
3. Control

27

27
27

6 No differences in back pain incidence
between groups (no data), but change in
pre-post training difference in mean days
lost from work in group 1 compared with
group 3. Group 2 no significant change:
(1) –2.5; (2) –0.6; (3) 0.4

[16] Health care workers 1. Lumbar support
2. Control

30
30

3 No differences after 3 months in number
of self-reported back pain between
groups: (1) 1; (2) 2

[17] Airline baggage
handlers

1. Lumbar support
2. 1 h training session on spine anatomy
and body mechanics
3. 1 h training session and lumbar support
4. Control

145
122

127
248

8 No differences in back pain incidence
rate, lost work days or compensation rate
between groups after 8 months (no data)

[10] Airline freight
handlers

1. Lumbar support
2. Education
3. Lumbar support and education
4. Control

66
73
59
70

12 No differences in back pain incidence or
number of days with sick leave between
groups

Non-randomized CCTs
[18] Hospital workers 1. Lumbar support, back school (8 h in

2–3 sessions) and instructions on
warm-up exercises
2. Back school (8 h in 2–3 sessions) and
instructions on warm-up exercises

41

19

3 Lumbar support use associated with
decreased experience of back pain in
logistic regression analysis after 3 months
(no data)

[19] Warehouse workers 1. Lumbar support
2. Control

1 worksite
2 worksites
(total: 266)

12 Reduction in number of episodes
(number of episodes/200 000 h worked)
after 12 months in group 1 (26.2)
compared with group 2 (39.0 and 29.4)

[11] Material-handling
employees of retail
merchandise stores

1. Required lumbar support use
2. Voluntary lumbar support use

3418
2893

6.5 No differences between groups 1 and 2.
No difference in OR for low back pain
incidence between lumbar support users
and non-users
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makes it difficult to be certain of the (lack of) effectiveness
of lumbar supports.

Two of the four RCTs reported that lumbar supports
might be effective for workers with low back pain or a
recent history of low back pain. This is also reported in
the review of Jellema et al. [26], who reported limited
evidence that lumbar supports were effective in the

treatment of low back pain. This warrants further research
on the effectiveness of lumbar supports in the treatment
of low back pain at the workplace.

Education

Although health professionals often mention having
success in educating individual patients on posture and

Table 4. Controlled clinical trials on the effectiveness of education or a back school programme in the prevention of back pain at the workplace

Reference Subjects Interventions No. of
subjects

Follow-up
period
(months)

Main result (according to authors)

RCTs
[15] Warehouse workers 1. 1 h training on back pain prevention and body

mechanics, and lumbar support
2. 1 h training on back pain prevention
3. Control

27

27
27

6 No differences in back pain
incidence between groups (no data),
but change in pre-post training
difference in mean days lost from
work in group 1 compared with
group 3. Group 2 no significant
change: (1) –2.5; (2) –0.6; (3) 0.4

[21] Hospital workers
with at least three
annual episodes of
back pain

1. Calisthenics exercises for back and abdominal
muscles, 45 min biweekly
2. Instructions on body mechanics and on exercises
for abdominal and back muscles. Four sessions of
90 min in 2 weeks plus fifth session after 2 months
3. Control

46

46

50

12 Reduction in incidence of low back
pain episodes (number of painful
months) after 12 months in group 1
(4.5) compared with group 2 (7.3)
or group 3 (7.4). No difference in
back pain incidence between group
2 and group 3

[12,20] Postal workers 1. Two sessions of 90 min with 1 week interval.
Education on biomechanics, causes of back pain,
lifting techniques, and exercises for relaxation,
strengthening and stretching. Reinforced by
observations of workstations, trained supervisors,
pamphlets or paycheque stuffers 1–2 times a year.
2. Control

1703

1894

66 No differences in rate of low back
pain episodes, median cost per
episode, time off from work per
episode, or rate of repeat episode
after return to work between groups

[17] Airline baggage
handlers

1. Lumbar support
2. 1 h training session on spine anatomy and body
mechanics
3. 1 h training session and lumbar support
4.Control

145
122

127
248

8 No differences in back pain
incidence rate, lost work days or
compensation rate between groups
after 8 months (no data)

[10] Airline freight
handlers

1. Lumbar support
2. Three sessions on lifting techniques within
12 weeks
3. Lumbar support and 3 sessions on lifting
techniques within 12 weeks
4. Control

66
73

59

70

12 No differences in back pain
incidence or number of days with
sick leave between groups.

[13] Hospital workers 1. Classes on safe postures and patient handling,
advice while performing typical workday tasks
2. Control

115

125

24 No differences in prevalence of
musculoskeletal complaints or
number of days with sick leave
between the groups. In group 1 less
subjects with episodes lasting more
than 30 days compared with group
2 during the follow-up period.

Non-randomized CCTs
[22] Bus drivers 1. Information on health, stress, coping strategies,

and relaxation exercises. Three sessions with
6 months intervals
2. Control

200

300

24 Reduction in mean length of
absenteeism (days) in group 1
(49.3) compared with group 2
(59.9) after 48 months follow-up

[23] Hospital workers 1. 2 h session on body mechanics and lifting
techniques plus 8 h practical time in 2 weeks
2. Control

30

25

1 After 1 month no change between
groups in composite back pain
scores (range 0–5): (1) 0.85; (2)
0.99 or in composite fatigue
scores(range 0–5): (1) 1.62; (2) 1.99
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lifting techniques, no effect of education in the primary
prevention of low back pain at the workplace could be
ascertained. This lack of evidence for the effectiveness of
education and lifting instructions at the workplace may
be partly due to the fact that these interventions aim at
changing behaviour of workers, which they often adopted
long ago. Changing behaviour is not achieved easily, and
is notoriously difficult. Another explanation may be that
most interventions described in this review were not very
intensive (a maximum of five sessions over a period of
2 months). These interventions are provided for large
groups of employees, which would make more intensive
interventions very costly. Employers might therefore not
be willing to invest in more intensive interventions.
Another explanation for the lack of effect may be that
these interventions were mostly not tailored to the
individual. It may be that individually tailored
interventions as opposed to group interventions may be
more effective in changing behaviour.

Exercise
Although the results of the four studies on exercise were
consistently positive, the evidence is only limited, because
of methodological flaws of the studies. This finding is in
line with a recent review on workplace physical activity
programmes [8]. In that review, strong evidence for the
effectiveness on the incidence of musculoskeletal dis-
orders was found.

In this review, only the effects of exercise on the
incidence of low back pain were considered. In the review
of Proper et al. [8], strong evidence was found for the
effectiveness of workplace physical activity programmes
in increasing physical activity levels. In addition, exercise
and physical activity may also have a role in reducing the
problem of overweight and obesity. Overall, these may be
important arguments for implementing exercise pro-
grammes at the workplace. However, compliance with
these programmes is often disappointing. Furthermore,
the compliant workers are often the ones whose need

Table 5. Controlled clinical trials on the effectiveness of exercise in the prevention of back pain at the workplace

Reference Subjects Interventions No. of
subjects

Follow-up
period
(months)

Main result (according to the
authors)

Effect sizea,
Cohen’s d (95% CI)

RCTs
[24] Hospital workers 1. Exercises specific for back

muscle strength and endurance.
6 × 20 min per month
2. Control

28

32

13 After 13 months decrease in
number of days with back pain
complaints in group 1 (53.9)
compared with group 2 (94.3)
and in mean number of days
lost from work: (1) 1.0; (2) 4.84

0.38 (–0.14 to 0.91)

[21] Hospital workers with
at least three annual
episodes of back pain

1. Calisthenics exercises for
back and abdominal muscles.
45 min biweekly
2. Instructions on body
mechanics and on exercises for
abdominal and back muscles.
Four sessions of 90 min in
2 weeks plus fifth session after
2 months
3. Control

46

46

50

12 Reduction in incidence of low
back pain episodes (number of
painful months) after 12
months in group 1 (4.5)
compared with group 2 (7.3) or
group 3 (7.4). No difference in
back pain incidence between
group 2 and group 3

0.69 (0.27 to 1.11)

[25] Managerial and shop
floor workers with
current or previous
back pain

1. General stretching,
strengthening, and
cardiovascular exercises.
35 min weekly plus 30 min
weekly at home
2. Control

58

53

18 After 18 months decrease in
number of episodes of back
pain in group 1 (0.27)
compared with group 2 (0.52)
and in number of sick leave
days due to back pain: (1) 2.73;
(2) 4.13

0.28 (–0.16 to 0.71)

[14] Home-care personnel 1. Individually designed
physical training programme.
Exercises focused on muscle
endurance, function, stretching,
and cardiovascular fitness.
Training programme should be
performed as often as possible
and at least twice a week
2. Work-place stress
management
3. Control

90

93

99

18 Trend of improvement in low
back pain at 12- and 18-month
follow-up in groups 1 and 2
compared with group 3.
Reduced perceived physical
exertion at work in group 1

–

aEffect size of the exercise intervention for the outcome measure incidence of back pain.
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is least, meaning those who are already physically
active. These are important barriers for employers for
implementing exercise programmes within their organ-
ization. Cost-effectiveness studies and subgroup analyses
investigating for which  employees  the intervention is
most beneficial might help ‘selling’ the intervention to
employers.

In summary, there is no evidence for the effectiveness
of lumbar supports or education in the primary
prevention of low back pain in the workplace. There is
limited evidence for the efficacy of exercise, and the effect
that can be obtained is moderate. There is still a need
for methodologically sound studies and studies on the
cost-effectiveness of exercise. Also the possible effect of
lumbar supports in the treatment of back pain needs
further investigation.
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