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Objective Back pain is common in the working population. This systematic review with network meta-analysis
(NMA) aimed to compare the effects of interventions for preventing back pain among office workers.

Methods We searched eight databases and additional sources up to March 2021. We included randomized con-
trolled trials (RCT) and cluster RCT focusing on office workers, comparing work-related interventions aimed
at preventing back pain (defined as pain in any part of the spine) to a control condition and assessing back pain
and/or work absence. Further outcomes considered were adverse events and participants’ satisfaction. We per-
formed both frequentist and component NMA. Risk of bias (RoB) was evaluated using RoB 2 and certainty of
the evidence (CoE) was assessed using GRADE.

Results We screened 9809 records and included 24 studies with a total of 7080 participants. RoB was assessed as
“some concerns” or “high” for all studies and outcomes. Included studies investigated multicomponent interven-
tions, ergonomics, physical activity, education, behavioral interventions and no/minimal interventions. Effects
were mostly not statistically significant and based on low/very low CoE. Physical activity probably reduces
days of work absence slightly [mean difference (MD) -1.10, 95% confidence interval (CI) -2.07— -0.13], and
combining physical activity and ergonomics may reduce back pain intensity (standardized MD -0.41, 95% CI
-0.80—-0.02) when compared to no/minimal intervention. A large proportion of participants were satisfied with
the interventions, adverse events were rarely assessed.

Conclusions We observed mostly minor effects of interventions on back pain and work absence among office
workers. The practical relevance of these effects is questionable.

Keyterms computer worker; musculoskeletal pain; neck pain; occupational health; primary prevention; seden-

tary behavior; workplace.

Low-back and neck pain are leading causes of years
lived with disability worldwide (1, 2). The global point
prevalence of low-back pain was 7.0% in 2019, with
over half a billion persons worldwide suffering from
low-back pain (3). Back problems cause high direct
healthcare costs and additionally indirect costs due to
high numbers of lost work days (4). A sedentary life-
style is regarded as an important risk factor for back
pain (5, 6). Accordingly, work-related interventions to

prevent and manage back pain among office workers
have become increasingly popular (7-9).

In previous systematic reviews, physical activity (8,
10) and ergonomic interventions (7, 8, 10) have dem-
onstrated certain beneficial effects on back pain among
office workers, however, results are inconsistent across
different reviews and studies (7-9). For other interven-
tions, such as education or behavioral interventions,
no beneficial effects for back pain among office work-
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ers have been found so far (8). It has to be noted that
interventions examined in previous systematic reviews
were often heterogeneous (8, 9) and partly contained
intervention components that were not individually
evaluated, such as additional behavioral components (8,
10). The available meta-analyses are mostly based on
small subsamples of the included studies, partly because
of the mentioned heterogeneity (8—10). Over the past
years, work-related back pain interventions including
multiple components and focusing on various aspects,
such as physical, psychosocial and workplace factors,
have gained increased attention (11). Such multicom-
ponent interventions have, eg, been included in recent
systematic reviews targeting workers (12) or the general
population (13). A quantitative summary of results of the
included multicomponent interventions and other types
of interventions has, however, only been possible to a
very limited extent in those systematic reviews (12, 13).
To address the complexity and heterogeneity of work-
related back pain interventions, we therefore aimed at
conducting a comprehensive systematic review with
network meta-analysis (NMA). While traditional pair-
wise meta-analysis is a useful method to compare two
interventions, NMA enables comparing and ranking the
effects of multiple interventions in a single analysis (14).
As a further advantage, direct evidence from available
pairwise comparisons of interventions is complemented
by indirect evidence derived from the available network
of interventions (14). Additionally, effects of single
components included in multicomponent interventions
can be further investigated using component NMA
(CNMA) (15). To the best of our knowledge, interven-
tions for preventing back pain among office workers
have not been summarized in a systematic review with
NMA or CNMA so far.

Therefore, this systematic review with NMA aimed to
investigate the effects of different work-related interven-
tions for preventing back pain among office workers. The
specific aims were (i) to determine the effects of different
interventions on back pain (defined as pain in any part
of the spine) and work absence, (ii) to explore potential
intervention-related adverse events and participants’ satis-
faction with the interventions, (iii) to combine direct and
indirect evidence and rank different intervention strategies
based on their effects using NMA, and (iv) to rate the cer-
tainty of evidence (CoE) for the investigated outcomes.

Methods

This systematic review is reported in accordance with
the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) 2020 statement (16) and
the extension for reporting NMA of healthcare inter-
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ventions (17) (supplementary material, www.sjweh.fi/
article/4070, table S1).

Protocol and registration

This systematic review was conducted according to
an a priori developed and published protocol (18).
Additionally, the protocol is registered in PROS-
PERO (www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42021232469). Any deviations from the
protocol as well as methods that were planned but could
not be conducted, are reported in supplementary table S2.

Eligibility criteria

Parallel-group and crossover randomized controlled
trials (RCT) and cluster RCT fulfilling the following
criteria were included:

Types of participants. Studies had to focus on people per-
forming office work in an employment-related context.
We aimed at including studies primarily investigating
people without back pain at baseline. However, given
the widespread prevalence and recurrent nature of back
pain (19), we also considered studies including propor-
tions of participants with back pain (defined as pain
in any part of the back, ie, the neck, upper back and/
or lower back, possibly extending to other parts of the
body, eg, the shoulder or buttocks). When we developed
our review, we anticipated that the majority of studies
would include both participants with and without back
pain. This was backed by the results of our preliminary
searches and was consequently backed by the results of
our final searches (only one study included exclusively
people without back pain at baseline). We excluded
studies specifically designed to investigate back pain
treatment effects, ie, studies in which all participants
had back pain at baseline, were unable to work, or had
a specific predisposition such as reduced spinal mobility
or a history of back pain in recent months.

Types of interventions. We included studies investigating
work-related interventions aimed at preventing back
pain and delivered within workplace settings. We have
predefined the considered types of interventions in our
protocol (18). Based on these predefined categories and
in alignment with the actual interventions found, the fol-
lowing intervention categories were chosen (for defini-
tions see supplementary table S3): “Behavioral interven-
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tion”, “education”, “ergonomics”, “exercise equipment”,
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“physical activity”, “multicomponent intervention with
physical activity”, “other multicomponent intervention”,
and “no/minimal intervention”. We decided to differen-
tiate between multicomponent interventions including

and not including physical activity considering previous



reviews that demonstrated beneficial effects of physical
activity alone or in combination with other interventions
on back pain (eg, 13, 20, 21.).

Types of outcome measures. The primary outcomes of
interest for our review were non-specific back pain
(numbers of participants with at least one episode of
back pain or intensity of back pain) and work absence
(numbers of participants absent from work or numbers
of work absence days). Non-specific back pain was
defined as pain in any part of the back, ie, the neck,
upper back and/or lower back (possibly extending to
other parts of the body, eg, the shoulder or buttocks),
without an underlying specific pathology such as trauma,
inflammatory disease or neoplasm (22). To be included
in our review, studies had to contain a follow-up assess-
ment of either back pain or work absence of >24 weeks
post-baseline. The secondary outcomes of interest were
adverse events (numbers of participants who experi-
enced an adverse event) and self-reported satisfaction
with the intervention.

Information sources and search strategy

Electronic searches. We searched the following electronic
databases from their inception up to 3 March 2021:
Cochrane CENTRAL, MEDLINE via PubMed, Web of
Science, CINAHL, PsycINFO, PEDro, SPORTDiscus
and Academic Search Premier. We used a sensitive
search strategy with terms (MeSH terms and relevant
keywords) related to the population/health problem of
interest (back pain) and intervention setting (workplace)
(supplementary table S4). We applied no language
restrictions for the search but included only studies
reported in English or German. We documented any
potentially relevant studies published in other languages
(supplementary table S5). Studies for which only a brief
summary (eg, conference abstract) was available were
excluded.

Searching other resources. We searched the following
sources for ongoing or unpublished studies on 16 April
2021: International Clinical Trials Registry Platform of
the World Health Organization (ICTRP), German Clini-
cal Trials Register (DRKS) and ClinicalTrials.gov. We
checked the reference lists of all included studies and of
relevant systematic reviews, and we contacted experts in
the field for further potentially relevant studies.

Data collection and analysis

Selection of studies. Two sets of two reviewers indepen-
dently assessed all retrieved records in a two-stage pro-
cess (screening of titles/abstracts followed by screening
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of potentially relevant full texts). Any disagreements
were discussed and resolved, if necessary, involving a
third reviewer.

Data extraction and management. Two sets of two review-
ers independently extracted the following details for
each included study using a purpose-developed, piloted
data extraction sheet: First author, publication year,
study design, country, study duration, sample sizes
(total and per intervention group), participants’ age,
gender and highest level of education, work setting and
occupations, description of interventions, outcomes (and
outcome measures), results for each outcome of interest
and each intervention group and information on funding
sources and potential conflicts of interest. Any discrep-
ancies between reviewers were resolved through discus-
sion, involving, if needed, a third reviewer. For studies
reported in multiple records, we aggregated the available
information and defined a primary report which we used
as a reference for the results section. See supplementary
table S6 for an example of extracted data.

We extracted results for the primary outcomes for
all reported time points >24 weeks from baseline and
for secondary outcomes for all time points reported. In
order to consider a timeframe appropriate for our pri-
mary preventive research question and at the same time
include as many studies as possible in our analyses, we
conducted our main analyses using the results assessed
closest to 12 months. Further follow-up measurements
were considered in additional analyses (see further).

Assessment of risk of bias in included studies. We assessed
risk of bias (RoB) using the updated Cochrane RoB
2 tool (23). Two sets of two reviewers independently
assessed RoB for each included study and primary
outcome (discrepancies were resolved as described
above). Where measurement methods were comparable
for multiple outcomes (eg, questionnaire assessment),
we grouped them and assessed them together per study.
The RoB 2 tool comprises five domains and an addi-
tional domain for cluster RCT (23). RoB is rated for
each domain resulting in an overall RoB judgement of
either “low RoB”, “some concerns” or “high RoB” (23).

Measures of treatment effect. We used risk ratios (RR)
with 95% confidence intervals (CI) for dichotomous data
and mean differences (MD) with standard deviations
(SD) for continuous data. Where an outcome had been
obtained using different measurements (eg, different
pain scales), we used Hedges’ g as standardized mean
difference (SMD). We prioritized mean change scores
from baseline to follow-up over mean scores at follow-
up, where both were available.
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Unit of analysis issues. For cluster RCT, we used cluster-
adjusted effect estimates reported in the original studies,
if study authors applied an appropriate analysis method
to account for clustering (24). If cluster-adjusted effect
measures were unavailable, we adjusted for cluster-
ing following Cochrane guidance (25), ie, we reduced
the sample size of the respective cluster RCT to its
“effective sample size” considering the “design effect”
[which depends on the average cluster size as well as
the intracluster correlation coefficient (ICC)]. The same
approach was applied to binary outcomes. As none of
the included cluster RCT reported calculated ICC, we
assumed an ICC of either 0.05 or 0.02 based on the
reported assumed ICC in included cluster RCT and car-
ried out the analyses for both scenarios. As differences
in the results were small, we present the results of the
analyses using the more conservative [CC of 0.05. If the
average cluster size for a trial could not be determined,
we calculated the effective sample size by assuming the
maximum of all design effects across all other included
cluster RCT.

Dealing with missing data. If data were missing or unclear,
we contacted the study authors for further information. In
case of missing SD and standard errors (SE), we calcu-
lated SD using reported CI following Cochrane guidance
(26). If neither SD, SE, CI or P-values were reported in a
study, we imputed the median of reported SD from other
included studies (27).

Assessment of risk of publication bias. We assessed pub-
lication bias in networks with at least ten studies by
examining comparison-adjusted funnel plots (28) and
conducting Egger’s linear regression test for funnel plot
asymmetry (29).

Data synthesis. We performed three analysis steps. First,
we conducted random-effects pairwise meta-analyses
for all direct comparisons of interventions with other
interventions. For two studies (30, 31) which examined
“ergonomics” in more than one study arm, we pooled
results for this intervention category for the meta-
analyses and the subsequent NMA (32). We present the
results of the pairwise comparisons using forest plots
(supplementary figure Sla—c). For each pairwise meta-
analysis, we examined statistical heterogeneity among
studies using Cochran’s Q test and the I? statistic (33).
If we found considerable heterogeneity for a direct
comparison (ie, I> >75%) (34), we performed leave-
one-out meta-analyses and generated Baujat plots (35)
to identify potential outliers. Based on this, we excluded
one study (36) from the pairwise meta-analyses and
further NMA for the outcomes back pain intensity and
days of work absence (supplementary table S7a—b and
supplementary figure S2a-b).
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In a second step, we conducted NMA using a fre-
quentist approach (37) including all available interven-
tions categorized as described above. Summary effect
estimates along with their 95% CI are provided in
league tables (displaying NMA effects compared with
direct effects) (14). We illustrated the network structure
for each outcome using network graphs (38). For each
NMA, we ranked interventions according to P-scores
(37), which can take values between 0 and 1 and indi-
cate the probability of being more effective compared to
other interventions. To illustrate the potential impact of
RoB, we generated network graphs with colored edges
representing the overall RoB of the studies contributing
to the respective comparisons (28).

Lastly, we conducted additional CNMA to evaluate
the effects of single components in multicomponent
interventions (15). For these analyses, we identified
the intervention components within our intervention
categories “multicomponent intervention with physical
activity” and “other multicomponent intervention”.

Most studies reported defined back pain localiza-
tions (eg, neck or lower back) which we combined to
an overall outcome “back pain” (ie, back pain intensity
or participants with back pain) for our main analyses.
If studies reported more than one localization, we used
only one of them for our analyses, following the hier-
archy (i) lower back, (ii) neck (-shoulder), (iii) upper
back, (iv) back including various regions. We chose this
approach considering global burden of disease rankings
(1) and the known high numbers of lost work days due
to low-back and neck pain (4).

All analyses were performed with R using the R
packages meta (39) and netmeta (40). See supplemen-
tary table S8 for an example of the analytical code.

Additional analyses. Pre-specified additional analyses
were conducted (18). We performed sensitivity analy-
ses excluding studies with high RoB from the NMA to
assess the impact of RoB on our results. To account for
a possible impact of follow-up duration, we performed
additional NMA that separately considered results
assessed in the timeframe from 24 weeks to <12 months
(medium-term) and after >12 months (long-term) using
the longest available follow-up per study. We further-
more conducted additional NMA for different back
pain localizations (lower-back pain, neck [-shoulder]
pain, upper back pain and back pain including various
regions) and different intervention durations (<6 months
and >6 months, based on the longest intervention in
each individual study). The additional NMA for differ-
ent follow-ups and intervention durations could only be
performed for participants with back pain as there were
too few studies with overlap for the same intervention
categories for the other outcomes.



Assessment of transitivity. To explore the assumption of
transitivity (41), we assessed the distribution of possible
effect modifiers (age, gender and intervention duration)
across the available direct comparisons as well as the
characteristics of further variables (delivery of interven-
tions and study settings). We found no serious imbalances
and therefore concluded that the assumption of transitivity
was not violated.

Assessment of consistency. To evaluate consistency, we
used the node splitting approach (42) and a design-by-
treatment interaction model to test for design incon-
sistency in the whole network (43). We did not detect
substantial inconsistency in our NMA.

Rating the certainty of the evidence. Two sets of two
reviewers independently rated CoE derived from our
NMA following the GRADE (Grading of Recommen-
dations Assessment, Development and Evaluation)
approach (44, 45) (disagreements were resolved as
described above). Applying GRADE for NMA involves
a three-step procedure including rating the certainty of
the available direct and indirect estimates as well as
network estimates (44—46). The approach results in four
possible levels of certainty: High, moderate, low and
very low (44). For the reporting of results, we followed
the GRADE guidance on communicating findings of
systematic reviews (47).

Identification of new studies via databases and registers

Eisele-Metzger et al

Results

Our search resulted in 16 557 records, with 9809 records
remaining after removal of duplicates. Screening of titles
and abstracts resulted in 386 full texts that were assessed
for eligibility. We finally included 24 studies, reported
in 38 articles (30, 31, 36, 48-82), in our qualitative
synthesis and 18 studies, reported in 29 articles (30, 31,
36,48-51, 55-59, 62, 63, 65, 66, 6875, 78-82), in our
meta-analyses. We identified three potentially relevant
ongoing studies, reported in four articles (83—86). The
study selection process including the main reasons for the
exclusion of studies after full text screening is shown in a
PRISMA flow diagram (16, 87) (figure 1). We contacted
17 authors (36, 49, 50, 52, 54-57, 59, 60, 64-66, 70,
74, 77, 80) to request additional data, of which 9 (36, 50,
55-57, 66, 74, 77, 80) responded and 3 (55, 66, 74) were
able to provide the requested information.

Study characteristics

An overview of the study characteristics is given in
table 1. Of the 24 studies included, 13 were cluster RCT
(49, 50, 54-56, 59, 60, 68, 70, 71, 74, 77, 80) and 11
parallel-group RCT (30, 31, 36, 52, 57, 64—66, 72, 75,
76). Of the studies, 18 had two intervention arms, 3 had
three (31, 49, 52) and another 3 had four (30, 60, 76).

Figure 1. PRISMA flow diagram
of the study search and selection
process. The diagram was cre-
ated using software provided by
Haddaway et al (87).

c
% Records identified from: Records removed before screening:
= Databases (n = 15,051) > Duplicate records (n = 6,748) .
z Registers (n = 1,506) !
s
Records screened Records excluded
(n=9,809) (n=9,423)
[
% Reports sought for retrieval Reports not retrieved
g (n = 386) (n=0)
@
Reports excluded:
— Wrong population (n = 170)
Reports assessed for eligibility Wrong study design (n = 39)
(n = 386) Follow-up < 24 weeks (n = 35)
Conference abstract/no original
research (n = 22)
Duplicate (n = 21)
No occupational setting (n = 18)
No aim to prevent back pain (n = 17)
Wrong outcomes (n = 17)
— - - Foreign language (n = 5)
3 New studies m_cluded in review Ongoing study (n = 4)
g (n=24)
3 Reports of new included studies
£ (n=38)
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The studies reported on a total of 7080 participants. The
study duration (from enrolment of participants to the last
follow-up) ranged from approximately 9 to 40 months
but was not clearly reported in many cases. Maximum
follow-up from baseline ranged from 6 to 24 months.
The majority of included studies were conducted in
Europe or the USA.

Participant characteristics and setting. Participants were
office workers, employed in different areas, such as
administration, engineering or healthcare. Participants’
highest level of education was not reported in many
studies, but in those in which it was reported, often a
substantial proportion of participants had higher educa-
tion (eg, university degrees; see table 1). All but one
(72) study included participants with back pain or some
other musculoskeletal complaints at baseline in addi-
tion to pain-free participants. Mean age of populations
ranged from 29 to 49 years. All studies included male
and female participants, with a higher proportion of
females in most studies.

Intervention characteristics. Following the classifica-
tion mentioned before (supplementary table S3), studies
included the following intervention categories: “behav-
ioral intervention” (N=2), “education” (N=2), “ergonom-
ics” (N=13), “physical activity” (N=4), “multicompo-
nent intervention with physical activity” (N=3), “other
multicomponent intervention” (N=14) and “no/minimal
intervention” (N=19). “Exercise equipment” was not
included in a study as a stand-alone intervention but
as an intervention component in one “multicomponent
intervention with physical activity” and two “other mul-
ticomponent interventions”. Interventions varied in their
modes of delivery, eg, they were group-based (eg, training
sessions or lectures), delivered on an individual basis (eg,
counselling), included environmental changes (eg, adjust-
ing the workplace or adding equipment to the workplace)
or included self-directed information material (eg, leaflets
or online-videos). Durations of interventions ranged
from zero (for no intervention) up to a maximum of 24
months. See supplementary table S9 for a more detailed
description of all interventions with their assignment to
the intervention categories.

Funding and conflicts of interest. Most of the included
studies (N=14) were not commercially funded, 3 were
(at least partially) commercially funded (57, 66, 77)
and for 7, funding was unclear (30, 50, 52, 54, 64,
72, 75). In 11 studies, authors declared that they had
no potential conflicts of interest (30, 31, 36, 54, 56,
57,70, 71, 74, 76, 77), in 2 studies, potential conflicts
were reported (59, 80) and 11 studies did not disclose
conflicts of interest.
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Risk of bias in the included studies

The results of our RoB assessment for the included stud-
ies considering the primary outcomes are displayed in
figure 2a—b. If RoB varied for different outcomes (eg,
back pain assessed by questionnaire and work absence
assessed using organizational records), we present both
assessments. Overall RoB was judged as either some or
high concerns for all studies. Main domains of concern
in many studies were missing outcome data (high loss
to follow-up) and lack of blinding (of participants, pro-
viders and outcome assessors). Furthermore, the major-
ity of studies did not refer to a pre-specified analysis
plan (accessible study protocol). The overall RoB for
the comparisons contributing to the different NMA is
illustrated in network graphs with colored edges (supple-
mentary figures S3a—c).

Results of the data synthesis

We were able to include 18 studies in our quantitative data
synthesis (pairwise meta-analyses and NMA/CNMA). An
overview of the NMA results for our primary outcomes
is provided in table 2, and the structure of the networks
is displayed in figure 3a—c. An overview of the GRADE
evaluation of CoE for the NMA of the primary outcomes
is provided in supplementary table S10a—c. CoE was rated
as low or very low for most comparisons, with few excep-
tions for the outcome days of work absence.

Participants with back pain. For this outcome, we per-
formed a NMA including 13 studies (15 pairwise compar-
isons, 2070 participants) (supplementary figure S4a-b).
Compared to “no/minimal intervention”, the included
active interventions [“multicomponent intervention with
physical activity” (RR 0.76, 95% CI 0.52-1.11; low
CoE), “physical activity” (RR=0.65, 95% CI 0.40-1.07;
low CoE), “other multicomponent intervention” (RR
0.91, 95% CI 0.70-1.18; low CoE), “ergonomics” (RR
1.11, 95% CI 0.76-1.63; low CoE), “behavioral inter-
vention” (RR 1.08, 95% CI 0.50-2.31; very low CoE),
“education” (RR 0.75, 95% CI 0.45-1.26; low CoE)]
may not reduce the number of participants with back
pain. For the other comparisons, results were comparable
(supplementary table S10a). Ranking interventions using
P-scores indicated that “physical activity” (P-score=0.87)
might provide the greatest benefit compared to the other
interventions, however, this needs to be interpreted with
caution given low CoE and no statistically significant
results (supplementary table S11). Results were similar
for the additional CNMA (supplementary table S12 and
supplementary figure S5). For six studies, results can be
presented only qualitatively (supplementary table S13) as
data were not reported in sufficient detail or in a format
we could use for quantitative analysis (52, 54, 60) or



Table 1. Characteristics of included studies. [SD=standard deviation; RCT=randomised controlled trial; NR=not reported].
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Study, Study Mean Highest levelof ~ Setting/ Intervention Name of Longest Outcomes
country design age(SD);  education [N (%)] occupations classification interventions follow-up
(total N N female (N randomised) (months)
randomised) gender (%)
Andersen  Cluster RCT 45.0 NR Office workers (pub-  Physical activity ~ Specific resistance 12 Participants with neck
2008, (549) (9.4 397 lic administration training (180) (-shoulder) pain®, neck
Denmark (64.4%) authority) Multicomponent  All-round physical (-s:)houlder) pain intensi-
interventionin-  exercise (187) ty", adverse events
cluding physical
activity
Education Reference
intervention (182)
Baydur Cluster RCT 36 (8.4);69 Elementary school: Office workers Other multi- Participatory ergo- 13 Participants with neck
2016, (116) (59.5%) 1(0.9%), Junior  (municipality) component nomic intervention (-shoulder) pain®
Turkey high school: 2 intervention (58)
(1.7%), Sen!or No/minimal Control group (58)
high school: intervention
37(31.9%),
University: 76
(65.5%)
Bohr RCT(154) 42.5(SD NR Agents (centralised Education Traditional 12 Participants with painin
2000, NR); 133 resgrvation_ facility for education (51) various regions
USA (86.4%) an mtgrnatlonal trans- Ergonomics Participatory
portation company) education (50)
No/minimal Control group (53)
intervention
Brakenridge Cluster RCT 38.9(8.0); >University: Office workers (inter- ~ Other multi- Organisational 12 Participants with neck
2018, (153) 70(45.8%) 121(84%) national propertyand component support (87) (-shoulder) pain, par-
Australia infrastructure group)  intervention ticfpants vlviFh Iower})ack
Other multi- Organisational pain, participants with
component support + tracker upper back pain, neck
intervention (66) (-shoulder) pain inten-
sity, lower back pain in-
tensity, upper back pain
intensity, intervention
satisfaction
Brisson Cluster RCT 43(SDNR); NR Workers employed in  Ergonomics Ergonomic training 6 Participants with neck
1999, (774) N female alarge university and program (N (-shoulder) pain®, par-
Canada gender NR !n other i_nstitqtion_s randomised NR) tic_ipants with lower back
(80%) |nvo!ved inuniversity  No/minimal Reference group (N pain®
services intervention randomised NR)
Coenen Cluster RCT 45.6 Post school educa- Office workers ata Other multi- Stand up Victoria 12 Days of work absence®,
2017, (231) (9.4); 158  tion: 151(66.8%) governmentdepart-  component (136) intervention satisfac-
Australia (68.4%) men? (managers/ intervention tion, adverse events
administrators, profes- no/minimal Control group (95)
sionals/associates, intervention
clericals/sales/service)
Conlon RCT(206) 42.9 High school: 17 Engineers and profes- No/minimal Conventional mouse 12 Participants with neck
2008, (9.8)% 57  (8.5%)? College: sionalsthatsupport intervention (52) (-shoulder) pain®, neck
USA (27.8%)°  70(33.8%)°, engineering projects  grgonomics Alternative mouse (-shoulder) pain intensity
Graduate school:  (e.g. programmers, (52)
121(58.5%)? graphic designers, . )
project developers) Ergonomics Conventional mouse
at an aerospace engi- + forearm support
neering firm board (51)
Ergonomics Alternative mouse
plus forearm support
board (51)
Dalager RCT(387) 44(10); NR Office workersfrom  Physical activity ~ Training group (193) 12 Neck (-shoulder) pain in-
2017, 286 (74%) two private compa- No/minimal Control group (194) tensityb, lower back pain
Denmark nies, two publicmu-  iniervention intensityb, upper back
nicipalities, and two pain intensityb, days of
national boards work absence ®
Edwardson  Cluster RCT 41.2(11.1); NR Hospital employees  Other multi- Stand More At Work 12 Participants with neck
2018, (146) 116 (79%) conducting sedentary component Intervention (77) (-shoulder) painb,
UK work at the office intervention participants with lower
No/minimal Control group (69) back pain®, days of work

intervention

absenceb, intervention
satisfaction
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Table 1. continues

Study, Study Mean Highest level Setting / Intervention Name of Longest Outcomes
country design age(SD);  of education occupations classification interventions follow-up
(total N Nfemale [N (%)] (N randomised) (months)
randomised) gender (%)
Eklof Cluster RCT NR NR White-collar workers ~ Other multi- Individual feedback 6 Participants with painin
2006, (396) (banking, transport, ~ component 97) various regions
Sweden manufacturing indus-  intervention
try, software engineer- - gtper myl;- Supervisor feedback
ing, public administra- component (106)
tionand wholesale)  jntervention
Other multi- Group feedback (98)
component
intervention
No/minimal Control group (95)
intervention
Gerr RCT(356) AgeNR; college graduates: Newly hired persons  Ergonomics Alternate Participants with neck
2005, 279 258(71.3%)® working with a com- intervention (121) (-shoulder) pain®
USA (77.1%)° pu'gerworkstation in Ergonomics Conventional
office settings intervention (122)
No/minimal No Intervention (113)
intervention
Other multi- Usual practice (123)
component
intervention
Joines RCT(100) AgeNR; High school: 9 Clinical researchersat  Ergonomics Intervention group 6 Neck (-shoulder) pain in-
2015, 85(89.4%) (9.5%), Junior a university/medical (N randomised NR) tensity, lower back pain
USA College (1-2 centre No/minimal Control group intensity, upper back
yrs.): 28 (29.5%), intervention (N randomised NR) pain intensity, interven-
College graduates: tion satisfaction
42 (44.2%),
Graduate school:
16 (16.8%)
Karatrantou RCT(40)  43.4(5.9); NR Administrative office  Physical activity ~ Training group (20) 6 Participants with neck
2020, 21(58.3%) staff No/minimal Control group (20) (-shoulder) pain®, par-
Greece intervention ticipants with lower
back pain®, participants
with upper back pain®,
pain intensity - various
regions °, days of work
absence®, intervention
satisfaction, adverse
events
King RCT(23) NR NR Office workers (re- Behavioural Biofeedback mouse 6 Pain intensity - various
2013, search organisation)  intervention (11) regions®, intervention
Canada No/minimal Control group (12) satisfaction
intervention
Konradt RCT(127) AgeNR; NR University employees ~ Other multi- Sit-stand office 24 Participants with neck
2020, 68 (58.6%) (scientific, services) ~ component desks (58) (-shoulder) pain®, par-
Germany intervention ticipants with lower back
No/minimal Control group (69) pain ® neck (-sbhoulder)
intervention pain intensity °, lower
back pain intensity ®
Lee Cluster RCT 29.0(6.1)% Undergraduate: 16 Office workers (dis- Ergonomics Ergonomic worksta- 9 Neck (-shoulder) pain in-
2020, (64) 41(64.1%)° (25%), Graduate:  tance education sector tion intervention (32) tensity ®, lower back pain
Brazil 48 (75%) of a university) No/minimal Control group (32) intensity °, upper back
intervention pain intensity ®
Mahmud Cluster RCT 34.4 High school: Office workers (bur-  Other multi- Office ergonomics 12 Participants with neck
2010, (179) 9.4)% 78(43.5%)?, sary, registry, library, ~ component training (89) (-shoulder) pain®, par-
Malaysia 134 Technical certifi-  research management intervention ticipants with lower back
(74.9%)°  cate/diploma: 50 ~ centre, professional  No/minimal Control 90 pain®, participants with
(28.0%) 2, Degree  and continuing educa- in(t)e[rr\lllgmi]c?n ontrol group (90) upper back pain®, days
(bachelor's/ tion, centre of informa- of work absence®
post-degree): 36 tion and communica-
(20.2%) a, Other:  tion technology)
15(8.3%)®
Meijer Cluster RCT 44 (SD NR Office workers (re- Behavioural Computer mouse 8 Participants with pain in
2009, (354) NR); 166 gional governmental  intervention with feedback signal various regions®
Netherlands (46.9%) institute) (178)
No/minimal Control group (176)
intervention
Table continues
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Study, Study Mean Highest level Setting / Intervention Name of Longest Outcomes
country design age(SD);  of education occupations classification interventions follow-up
(total N Nfemale [N (%]] (N randomised) (months)
randomised) gender (%)
Moore RCT(54)  49.3 NR University employees  Physical activity  Daily exercise 12 Participants with lower
2012, (SD NR); (clerical, education- (N randomised NR) back pain®
USA 23(76.7%)? al, a(_iministration, No/minimal Normal activity
nursing, laboratory interyention (N randomised NR)
assistant) with seden-
tary job
Pereira Cluster RCT 42.7(10.7%; Primary to year 12: Office workers (public Multicomponent Ergonomicsand ex- 12 Neck (-shoulder) pain
2019, (763) 452(59%) 85(23.2%)¢, service, administra- interventionin-  ercise training (381) intensity ®, days of work
Australia University: 230 tion, manufacturing/  cluding physical absence®, intervention
(62.7%)? Trade  construction, higher  activity satisfaction, adverse
college: 52 education, insurance  gtner multi- Ergonomics and events
(14.2%) 2 and local government) component health promotion
intervention (382)
Proper RCT(299) 43.9(8.9)% Highlyeducated: Civil servants of three ~ Other multi- Individual counsel- 9 Participants with lower
2003, 99(32.8%)* 196 (65.5%) * municipal services component ling (131) back pain®
Netherlands intervention
No/minimal Control group (168)
intervention
Rempel RCT(182) 40.0 High school: Registered nursesor  Ergonomics Ergonomic train- 12 Participants with neck
20086, (12.1) 47 (25.7%)¢, healthcare specialists ing (46) (-shoulder) pain, neck
USA 175 Some college: working attwo cus-  Ergonomics Ergonomic training + (-shoulder) pain in-
(95.3%)2  77(42.5%)2, tomer service centre trackball (45) tensity, intervention
Completed col- sites of a large health- satisfaction
lege: 59 (32.3%)® care company Ergonomics Ergonomic training +
armboard (46)
Ergonomics Ergonomic training +
trackball + armboard
(45)
Renaud Cluster RCT 42.3 No/primary educa- Office workers Other Dynamic 8 Participants with neck
2020, (244) (10.2)% tion: 7 (2.9%)2, (insurance company)  multicomponent  work intervention (-shoulder) pain, par-
Netherlands 146 Secondary educa- intervention (121) ticipants with lower back
(59.8%) 2  tion:78(32.0%)2, pain, pain intensity - vari-

Professional educa-
tion: 65 (26.6%)?,
University educa-
tion: 94 (38.5%) ®

Speklé Cluster RCT 44.1 NR Office workers (office

2010, (1,183) 9.4) 7 staff, local government

Netherlands 471 officials, engineers,
(39.8%)° consultants, teachers,

health care personnel,

nature conservation

professionals, research-

ers, managers)

ous regions, participants
absent from work

Multicomponent 12
intervention in-
cluding physical
activity
No/minimal
intervention

Intervention group
(605)

Participants with neck
(-shoulder) pain®, days of
work absence ®

Usual care (578)

2Not reported for total sample and calculated from reported groups.
bIncluded in quantitative data synthesis (NMA).

the compared interventions were assigned to identical
intervention categories (76, 77). Technically, the study
by Renaud et al (77) could have been included in the
CNMA (as intervention components differed between
the interventions), however, this would have resulted in
a disconnected network, so we refrained from doing so.

Back pain intensity. We performed a NMA including six
studies (eight pairwise comparisons, 1081 participants)
for this outcome (supplementary figure S6a—b). The
investigated active interventions [“multicomponent
intervention with physical activity” (SMD -0.23, 95% CI
-0.52-0.05; low CoE), “physical activity” (SMD -0.13,
95% CI -0.32-0.06; low CoE), “other multicomponent
intervention” (SMD -0.17, 95% CI -0.46-0.13; low

CoE), “ergonomics” (SMD -0.48, 95% CI -1.26-0.30;
very low CoE), “behavioral intervention” (SMD -0.15,
95% CI-0.95-0.65; very low CoE), “education” (SMD
-0.09, 95% CI -0.41-0.24; low CoE)] may not reduce
back pain intensity, compared to “no/minimal interven-
tion”. Results were similar for the other comparisons
(supplementary table S10b). The highest P-score (0.79)
was obtained for “ergonomics” (supplementary table
S14). In the additional CNMA, there was no statisti-
cally significant effect, except for a reduction in back
pain intensity for the combination of “ergonomics” and
“physical activity” (SMD -0.41, 95% CI: -0.80—-0.02)
compared to “no/minimal intervention” (supplementary
table S15 and figure S7). Results of five studies can be
presented only qualitatively (supplementary table S13)
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D4: Bias in measurement of the outcome.
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Domains:
D1 : Bias arising from the randomization process.
D1b: Bias arising from the timing of identification
and recruitment of Individual participants in
relation to timing of randomization.
D2 : Bias due to deviations from intended intervention.
D3 : Bias due to missing outcome data.
D4 : Bias in measurement of the outcome.
D5 : Bias in selection of the reported result.
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® High
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2 Noinformation

Figure 2a-h. Risk of bias assessment for the included (a) randomised controlled trials (RCT) and (b) cluster RCT at outcome level (outcomes given in paren-
theses). Outcomes were assessed using questionnaires, if not stated otherwise. 2 Assessed by physician; ® Assessed using organisational records; ¢ Assessed
using interviews and health diaries. Brakenridge 2018: We decided not to assess the overall RoB as no results were reported for the follow-up of interest. The

figure has been created using the robvis tool provided by McGuinness et al (101).

as data were not reported in sufficient detail or in a
format we could use for quantitative analysis (30, 54,
64, 77) or the compared interventions were assigned to
identical intervention categories (76).

Participants absent from work. This outcome was assessed
in only one study which compared two different “other
multicomponent interventions” (77). No statistically
significant differences were found between intervention
groups (supplementary table S13).

Days of work absence. For this outcome, we performed a
NMA including six studies (six pairwise comparisons,
1301 participants) (supplementary figure S8a—b). “Physi-
cal activity” probably reduces the number of days of
work absence slightly compared to “no/minimal inter-
vention” (MD -1.10, 95% CI -2.07— -0.13; moderate
CoE). The evidence is very uncertain about the effect
of “multicomponent intervention with physical activ-
ity” (MD 0.09, 95% CI -2.10-2.27; very low CoE) and
“other multicomponent intervention” (MD 0.20, 95%
CI -1.95-2.35; very low CoE) on days of work absence,
compared to “no/minimal intervention”. Compared to
each other, “multicomponent intervention with physical
activity”, “physical activity”” and “other multicomponent
intervention” may not reduce days of work absence (low/
moderate CoE; supplementary table 10c). “Physical activ-
ity” obtained the highest P-score (0.89) (supplementary
table S16). The additional CNMA revealed no statisti-
cally significant effects, except for a reduction in days of
work absence for “physical activity” compared with “no/

14 Scand J Work Environ Health 2023, vol 49, no 1

minimal intervention” (MD -1.17, 95% CI -2.13—-0.21),
supporting the results of the NMA (supplementary table
S17 and figure S9).

Intervention satisfaction. Intervention satisfaction (or
related constructs such as acceptability or enjoyment)
was assessed in eight studies (36, 54, 56, 59, 64, 65,
74, 76) using questionnaires or qualitative methods such
as interviews or focus groups. Due to heterogeneity of
assessment methods, no quantitative synthesis could
be conducted for this outcome. Results indicated that a
large proportion of participants was satisfied with the
interventions. There were few reports of problems that
may be associated with lower satisfaction, eg, an activity
tracker was perceived as not comfortable by one third of
participants in Brakenridge et al (54, 88). Further results
are summarized in supplementary table S18.

Adverse events. Adverse events were heterogeneously
monitored in only four studies, which precluded a quan-
titative synthesis. Two studies included only a brief
statement that adverse events were minor and transient
(49), or that no adverse events occurred (36). Coenen
et al (56) reported 31 adverse events in 29 participants
(affecting, eg, upper body, back or lower limbs, and
including, eg, headache, eye strain or tiredness) in their
intervention group (N=136; “other multicomponent
intervention”). Pereira et al (74) reported two adverse
events in one group (N=381; “multicomponent interven-
tion with physical activity”) and zero in the other group
(N=382; “other multicomponent intervention”).
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Figure 3a-c. Network graphs?forthe NMAs of the outcomes (a) participants
with back pain, (b) back painintensity, (c) days of work absence. 2 The size of
eachnodeisproportionaltothetotalnumberof participantsassignedtothe
respective intervention, the width of each line is proportional to the inverse
of the standard error of the respective direct comparison, the numbers on
thelinescorrespondtothe numbersofstudiescontributingtotherespective
direct comparison. [MC=multicomponent.]
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Additional analyses. Excluding studies with high overall
RoB resulted in little to no change in NMA results (sup-
plementary figure S10a—c and table S19a—c). Only for
the outcome participants with back pain, “physical activ-
ity” (which formerly had the highest P-score) dropped
out due to high RoB of the respective studies, resulting
in some change. The results of the additional NMA for
different back pain localizations (supplementary figure
S1la—g and table S20a-g) were similar to those of the
main analyses. However, some of the additional NMA
for different localizations were based on very few stud-
ies, resulting in minor changes. The sensitivity analyses
for medium- and long-term follow-up (supplementary
figure S12a-b and table S21a-b) as well as different
intervention durations (supplementary figure 13a—b and
table S22a-b) for the outcome participants with back
pain also confirmed the results of our main analysis.

Risk of publication bias

Testing for funnel plot asymmetry is recommended only
for syntheses of >10 studies (89). Therefore, we were
able to assess publication bias only for the outcome
participants with back pain. Examination of the compar-
ison-adjusted funnel plot and Egger’s linear regression
test (P=0.1582) revealed no evidence of funnel plot
asymmetry/publication bias (supplementary figure S14).

Discussion

Summary of main results

Our systematic review included 24 studies and synthe-
sized the available data for different interventions aimed
at preventing back pain among office workers on pain-
and work-related outcomes using NMA and CNMA
methodology. Furthermore, we assessed participants’
satisfaction with the interventions and adverse events,
where reported by the included studies. Overall, we
found only minor effects on back pain and work absence
that might be considered not practically important.

RoB of all included studies was judged as either
“some concerns” or “high risk”, and CoE was judged
as low to very low for most comparisons. This means
that our findings need to be interpreted with caution as
the effect estimates are partly very uncertain and future
research is very likely to have an important impact on
our confidence in the effect estimates and is likely to
change them.

The included studies investigated multicomponent
interventions, ergonomics, physical activity, education,
behavioral interventions and no/minimal interventions.
We found that physical activity probably reduces days
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Table 2. League tables with network and direct estimates 2 (95% confidence intervals) for the network meta-analysis of the primary outcomes.
[Cl=confidence interval; RR=risk ratio (RR<1 is beneficial); SMD=standardised mean difference (negative values are beneficial); MD=mean differ-
ence (negative values are beneficial); MCl=multicomponent intervention; int.=intervention]

Outcome: Participants with back pain (RR)
MCI with physical activity 1.09(0.73-1.65)

1.17(0.80-1.72)
0.84(0.53-1.32)
0.68(0.40-1.17)
0.71(0.30-1.65)
1.01(0.69-1.49)
0.76(0.52-1.11)

Physical activity
0.71(0.41-1.25)
0.58(0.31-1.09)
0.60(0.24-1.49)
0.86(0.58-1.30)
0.65(0.40-1.07)

Outcome: Back pain intensity (SMD)
MCI with physical activity -0.05 (-0.34-0.25)

-0.10(-0.36-0.16)
-0.06 (-0.28-0.15)
0.25(-0.58-1.08)
-0.08(-0.93-0.77)
-0.15(-0.42-0.13)
-0.23(-0.52-0.05)

Physical activity
0.04(-0.26-0.33)
0.35(-0.46-1.15)
0.02(-0.80-0.85)
-0.05(-0.33-0.24)
-0.13(-0.32-0.06)

Outcome: Days of work absence (MD)
MCI with physical activity -

1.19(-1.20-3.58)
-0.12(-0.59-0.35)
0.09(-2.10-2.27)

Physical activity
-1.30(-3.66-1.05)

Other MCI

0.82(0.52-1.30)
0.84(0.38-1.89)
1.21(0.68-2.17)
0.91(0.70-1.18)

-0.10(-0.33-0.14)

Other MCI

0.31(-0.52-1.15)
-0.01(-0.87-0.84)
-0.08(-0.41-0.25)
-0.17(-0.46-0.13)

-0.10(-0.57-0.37)

Other MCI

-1.10(-2.07--0.13)" 0.20(-1.95-2.35)

Ergonomics

1.03(0.44-2.42)
1.48(0.78-2.82)
1.11(0.76-1.63)

Ergonomics

-0.33(-1.45-0.79)
-0.39(-1.24-0.45)
-0.48(-1.26-0.30)

-2.12(-7.42-3.18)
-1.10(-2.07--0.13)®
0.64(-1.71-2.99)
No/minimal int.

Behavioural int.
1.44(0.57-3.61)
1.08(0.50-2.31)

Behavioural int.
-0.07(-0.93-0.80)
-0.15(-0.95-0.65)

0.98(0.67-1.45)
0.90(0.60-1.36)

Education
0.75(0.45-1.26)

-0.12(-0.40-0.16)
-0.07(-0.37-0.22)

Education
-0.09(-0.41-0.24)

0.82(0.55-1.22)
0.43(0.16-1.16)
0.91(0.70-1.18)
1.11(0.76-1.63)
1.08(0.50-2.31)

No/minimal int.

-0.11(-0.31-0.09)
-0.26 (-0.67-0.15)
-0.48(-1.26-0.30)
-0.15(-0.95-0.65)

No/minimal int.

aNetwork estimates are shown in the lower triangles (direction of comparisons: interventions in the columns versus interventions in the rows), estimates of the avail-

able direct pairwise comparisons in the upper triangles (direction of comparisons: interventions in the rows versus interventions in the columns).

vP<0.05.

of work absence slightly when compared to no/minimal
intervention, however the effect was small and based on
only one study (57). Additionally, we found that the com-
bination of physical activity and ergonomics may result in
a reduction of back-pain intensity when compared to no/
minimal intervention. No statistically significant differ-
ences were found for any other comparison and outcome.
Ranking interventions using P-scores indicated that physi-
cal activity may be considered more effective for the out-
comes days of work absence and participants with back
pain when compared to the other interventions, but the
effects may be regarded as very small. For the outcome
back-pain intensity, the highest P-score was obtained for
ergonomics. The ranking must be interpreted with caution
given the predominantly low CoE and absence of statisti-
cally significant effects. Participants’ satisfaction with
the interventions was diversely assessed in the included
studies, with mainly positive results. Adverse events were
only rarely investigated and mostly poorly described.

Comparison with other systematic reviews

This is the first systematic review with NMA and CNMA
on interventions for preventing back pain among office
workers. As the included individual studies investigated
a range of different interventions, in particular many
multicomponent interventions including various com-
binations of components, the analyses we performed
can give more insights than traditional pairwise meta-
analysis. Our results are broadly in line with previously
published systematic reviews that found some, though
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inconsistent, effects for physical activity (8, 10) and
ergonomics (7-10) for preventing back pain among
office workers. Several other systematic reviews on
interventions for preventing low-back pain in the general
population have found more consistent effects in favor
of physical activity or physical activity combined with
education (13, 20, 90, 91), probably indicating that
these interventions show clearer effects in other popula-
tions or specifically in low-back pain. In our additional
analyses focusing on lower-back pain, however, we
found no considerable differences from our main analy-
ses, contradicting the argument that effects might be
more evident in preventing lower-back pain. There are a
range of other systematic reviews that examined physi-
cal activity as secondary prevention of back pain, i.e.
as a treatment for patients with back pain: eg, a recent
Cochrane review with 249 included studies showed
small beneficial effects of physical activity in treating
chronic low-back pain (92). This result is supported
by further systematic reviews on the effects of physical
activity in chronic low back and neck pain treatment
(eg, 93, 94.). Comparing these results to the results of
our systematic review, it seems conceivable that the
primary preventive effects of physical activity on back
pain may be smaller and more difficult to achieve and
identify within trials than treatment effects. Furthermore,
effects may vary for different populations, eg, patients
with persistent back pain, general population with and
without (subclinical) back pain and workers in different
work settings.



Strengths and limitations of the review and evidence

We conducted this systematic review in line with estab-
lished quality standards: (i) the review was based on
a prospectively registered and published protocol; (ii)
we used rigorous methods following, as far as possible,
Cochrane methods; (iii) an experienced information
specialist (KG) co-developed and conducted our com-
prehensive searches, which comprised a broad range of
electronic databases and additional sources; (iv) study
selection, data extraction and RoB/GRADE assessments
were done independently in duplicate, with a third
reviewer being involved if needed; and (v) an experi-
enced statistician with specific expertise in meta-analy-
sis and NMA methods (GS) co-developed and conducted
our comprehensive and rigorous analysis methods for
synthesizing the results of the included studies.

The limitations of our review primarily relate to the
low to very low CoE from the included studies. Results
may be influenced by the moderate to high RoB that
was identified for all original studies as well as the
imprecision of nearly all of the obtained effect estimates.
High loss to follow-up was one main point of concern
in many studies. The resulting small sample sizes may
have contributed to the high extent of imprecision for
many comparisons. A further weakness of all included
studies was lack of blinding of participants and interven-
tion providers, resulting in certain RoB. Poor reporting
in some of the original studies [eg, concerning outcome
data and assessment methods, intervention characteris-
tics and definitions of study types (eg, clustering)] led
to a certain vagueness in our description of study char-
acteristics as well as exclusions from our quantitative
synthesis. Contacting authors was, unfortunately, often
not successful in receiving the needed data.

We set out to determine the effects of work-based
interventions for preventing back pain among office
workers. Ideally, this would have resulted in a synthesis
of studies on populations including exclusively people
without back pain at baseline. However, all but one of
the identified studies examined mixed samples of people
with and without pain at baseline. This means that the
results cannot unambiguously be attributed to people
without back pain, ie, to primary prevention. While we
consider that this may be viewed as a limitation of our
review, we think that it tends to reflect “everyday life”
and that it is therefore justified.

We had to limit our review to a selection of primary
and secondary outcomes of interest. We acknowledge
that further outcomes may be of interest for answer-
ing the review question, including, eg, the costs of the
interventions. The included studies employed a variety
of outcome measurements, which affected the compara-
bility for the quantitative synthesis of results and may
have caused certain heterogeneity. For example, studies
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used different reference periods to assess pain intensity,
such as intensity in the preceding seven days or the past
month. However, statistical heterogeneity was accept-
able in all of our analyses. Although NMA allow the
combination of direct and indirect evidence from the
original studies, many of our results are based on only
few studies and/or only indirect evidence (as can be
seen in the network graphs). Lastly, for our NMA and
CNMA, we had to classify interventions according to
their content which may have been influenced by incom-
plete reporting of interventions in the original studies
as well as subjective opinions of the reviewers. On the
other hand, several reviewers conducted and agreed on
classification which was built on previous reviews.

Research implications

We were able to include a solid number of original
studies in our systematic review. However, none of
the included studies was judged to be at low RoB, and
CoE in our results was predominantly low to very low.
Therefore, future studies should particularly address
methodological shortcomings. Froud et al (95) have
pointed out that many trials on back pain interventions
are not adequately powered. Future studies should
thus include sample sizes large enough to detect also
small-to-medium effect sizes (95). Furthermore, study
investigators should try to minimize the extent of loss
to follow-up and report transparently on the extent of
and reasons for loss to follow-up if it occurred (96).
A recent review indicates that insufficient blinding
can lead to larger effect estimates and may therefore
be an important source for potential bias (97). Thus,
even though blinding may sometimes be difficult to
implement in this type of trials, future trials should
attempt to blind all persons involved as far as possible
(conceivable options for blinding participants could, eg,
be an attention control group or a placebo intervention)
(98). Additionally, authors should refer to an a priori
registered protocol and focus on concise reporting, eg,
of the planned interventions and outcome assessment
methods. Lastly, adverse events were collected in very
few of the included studies and, apart from one study,
only poorly reported. Future studies should adequately
collect adverse events and precisely report assessment
methods and number and nature of occurred events for
all intervention groups.

Practice implications

The findings from this systematic review indicate that
interventions aimed at preventing back pain among
office workers may lead to only small effects on back
pain and work absence, which might be considered not
practically meaningful in some contexts. When com-
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paring all interventions that have been investigated in
the included studies, physical activity and ergonomics
appeared the most promising interventions. However,
readers should keep in mind that the CoE is limited and
that further research may lead to different results. As
most of the included primary studies focused on mixed
populations with and without baseline back pain, results
from this systematic review can probably not unambigu-
ously be transferred to people without back pain.

Acknowledgements

We would like to thank Dr. Marc Krause, Dr. Birgit
Schauerte and Dr. Sebastian Voigt-Radloff for their
support in initiating the project and developing the
grant application. Furthermore, we thank all authors of
included primary studies who kindly provided additional
data and information.

The authors declare no conflicts of interest. This
project was supported by the German Federal Minis-
try of Education and Research [Bundesministerium
fiir Bildung und Forschung (BMBF)], grant number:
01EL2024. The funding body has no role in the study
design, the collection, analysis, and interpretation of
data, the writing of this report or the decision to submit
the article for publication.

References

1. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M,
Abbasifard M et al.; GBD 2019 Diseases and Injuries
Collaborators. Global burden of 369 diseases and injuries
in 204 countries and territories, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019.
Lancet 2020 Oct;396(10258):1204-22. https://doi.
org/10.1016/S0140-6736(20)30925-9.

2.  Hurwitz EL, Randhawa K, Yu H, C6té P, Haldeman S.
The Global Spine Care Initiative: a summary of the global
burden of low back and neck pain studies. Eur Spine J 2018
Sep;27(Suppl 6):796-801. https://doi.org/10.1007/s00586-
017-5432-9.

3. Chen S, Chen M, Wu X, Lin S, Tao C, Cao H et al. Global,
regional and national burden of low back pain 1990-2019:
A systematic analysis of the Global Burden of Disease study
2019. J Orthop Translat 2021 Sep;32:49-58. https://doi.
org/10.1016/j.j0t.2021.07.005.

4. United States Bone and Joint Initiative. The burden of
musculoskeletal diseases in the United States. Fourth edition
Rosemont, IL: United States Bone and Joint Initiative; 2020.
Available from: https://www.boneandjointburden.org.

5. Baradaran Mahdavi S, Riahi R, Vahdatpour B, Kelishadi

1 8 Scand J Work Environ Health 2023, vol 49, no 1

10.

11.

12.

13.

14.

15.

16.

R. Association between sedentary behavior and low back
pain; A systematic review and meta-analysis. Health Promot
Perspect 2021 Dec;11(4):393-410. https://doi.org/10.34172/
hpp.2021.50.

Dzakpasu FQ, Carver A, Brakenridge CJ, Cicuttini F,
Urquhart DM, Owen N et al. Musculoskeletal pain and
sedentary behaviour in occupational and non-occupational
settings: a systematic review with meta-analysis. Int ] Behav
Nutr Phys Act 2021 Dec;18(1):159. https://doi.org/10.1186/
$12966-021-01191-y.

Hoe VCW, Urquhart DM, Kelsall HL, Zamri EN, Sim
MR. Ergonomic interventions for preventing work-related
musculoskeletal disorders of the upper limb and neck among
office workers. Cochrane Database Syst Rev. 2018(10).

Chen X, Coombes BK, Sjogaard G, Jun D, O’Leary S,
Johnston V. Workplace-Based Interventions for Neck Pain
in Office Workers: Systematic Review and Meta-Analysis.
Phys Ther 2018 Jan;98(1):40-62. https://doi.org/10.1093/
ptj/pzx101.

Driessen MT, Proper KI, van Tulder MW, Anema JR,
Bongers PM, van der Beek AJ. The effectiveness of physical
and organisational ergonomic interventions on low back
pain and neck pain: a systematic review. Occup Environ
Med 2010 Apr;67(4):277-85. https://doi.org/10.1136/
0em.2009.047548.

Frutiger M, Borotkanics R. Systematic Review and
Meta-Analysis Suggest Strength Training and Workplace
Modifications May Reduce Neck Pain in Office Workers.
Pain Pract 2021 Jan;21(1):100-31. https://doi.org/10.1111/
papr.12940.

Schaafsma FG, Anema JR, van der Beek AJ. Back pain:
prevention and management in the workplace. Best Pract
Res Clin Rheumatol 2015 Jun;29(3):483-94. https://doi.
org/10.1016/j.berh.2015.04.028.

Roman-Liu D, KamiNska J, Tokarski T. Effectiveness
of workplace intervention strategies in lower back pain
prevention: a review. Ind Health 2020 Dec;58(6):503—-19.
https://doi.org/10.2486/indhealth.2020-0130.

de Campos TF, Maher CG, Fuller JT, Steffens D, Attwell S,
Hancock MJ. Prevention strategies to reduce future impact
of low back pain: a systematic review and meta-analysis.
Br J Sports Med. 2021 May;55(9):468-76. https://doi.
org/10.1136/bjsports-2019-101436.

Salanti G. Indirect and mixed-treatment comparison,
network, or multiple-treatments meta-analysis: many
names, many benefits, many concerns for the next
generation evidence synthesis tool. Res Synth Methods
2012 Jun;3(2):80-97. https://doi.org/10.1002/jrsm.1037.

Riicker G, Petropoulou M, Schwarzer G. Network
meta-analysis of multicomponent interventions. Biom
J 2020 May;62(3):808-21. https://doi.org/10.1002/
bim;j.201800167.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ
2021 Mar;372(71):n71. https://doi.org/10.1136/bmj.n71.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid
CH, Cameron C et al. The PRISMA extension statement
for reporting of systematic reviews incorporating network
meta-analyses of health care interventions: checklist and
explanations. Ann Intern Med 2015 Jun;162(11):777-84.
https://doi.org/10.7326/M14-2385.

Eisele-Metzger A, Schoser DS, Grummich K, Schwarzer G,
Schwingshackl L, Biallas B et al. Work-related interventions
for preventing back pain-protocol for a systematic review
and network meta-analysis. Syst Rev 2021 Aug;10(1):241.
https://doi.org/10.1186/s13643-021-01768-5.

Hoy D, Brooks P, Blyth F, Buchbinder R. The Epidemiology
of low back pain. Best Pract Res Clin Rheumatol
2010 Dec;24(6):769-81. https://doi.org/10.1016/j.
berh.2010.10.002.

Huang R, Ning J, Chuter VH, Taylor JB, Christophe D,
Meng Z et al. Exercise alone and exercise combined with
education both prevent episodes of low back pain and related
absenteeism: systematic review and network meta-analysis
of randomised controlled trials (RCTs) aimed at preventing
back pain. BrJ Sports Med 2020 Jul;54(13):766—70. https://
doi.org/10.1136/bjsports-2018-100035.

Sowah D, Boyko R, Antle D, Miller L, Zakhary M, Straube
S. Occupational interventions for the prevention of back
pain: overview of systematic reviews. J Safety Res 2018
Sep;66:39-59. https://doi.org/10.1016/j.jsr.2018.05.007.

Krismer M, van Tulder M; Low Back Pain Group of the Bone
and Joint Health Strategies for Europe Project. Strategies for
prevention and management of musculoskeletal conditions.
Low back pain (non-specific). Best Pract Res Clin
Rheumatol 2007 Feb;21(1):77-91. https://doi.org/10.1016/].
berh.2006.08.004.

Sterne JA, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS,
Boutron I et al. RoB 2: a revised tool for assessing risk of
bias in randomised trials. BMJ 2019 Aug;366:14898. https://
doi.org/10.1136/bm;.14898.

Hooper R, Forbes A, Hemming K, Takeda A, Beresford L.
Analysis of cluster randomised trials with an assessment of
outcome at baseline. BMJ 2018 Mar;360:k1121. https://doi.
org/10.1136/bmj.k1121.

Higgins J, Eldridge S, Li T. Chapter 23: Including variants
on randomized trials. In: Higgins J, Thomas J, Chandler
J, Cumpston M, Li T, Page M, et al., editors. Cochrane
Handbook for Systematic Reviews of Interventions version
61 (updated September 2020): Cochrane; 2020.

Higgins J, Li T, Deeks J. Chapter 6: Choosing effect
measures and computing estimates of effect. In: Higgins
J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et
al., editors. Cochrane Handbook for Systematic Reviews
of Interventions version 61 (updated September 2020):
Cochrane; 2020.

Furukawa TA, Barbui C, Cipriani A, Brambilla P,
Watanabe N. Imputing missing standard deviations
in meta-analyses can provide accurate results. J Clin
Epidemiol 2006 Jan;59(1):7-10. https://doi.org/10.1016/].
jelinepi.2005.06.006.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Eisele-Metzger et al

Chaimani A, Higgins JP, Mavridis D, Spyridonos P, Salanti
G. Graphical tools for network meta-analysis in STATA.
PLoS One 2013 Oct;8(10):e76654. https://doi.org/10.1371/
journal.pone.0076654.

Egger M, Davey Smith G, Schneider M, Minder C. Bias
in meta-analysis detected by a simple, graphical test. BMJ
1997 Sep;315(7109):629-34. https://doi.org/10.1136/
bm;j.315.7109.629.

Conlon CF, Krause N, Rempel DM. A randomised controlled
trial evaluating an alternative mouse and forearm support on
upper body discomfort and musculoskeletal disorders among
engineers. Occup Environ Med 2008 May;65(5):311-8.
https://doi.org/10.1136/0em.2006.032243.

Gerr F, Marcus M, Monteilh C, Hannan L, Ortiz
D, Kleinbaum D. A randomised controlled trial of
postural interventions for prevention of musculoskeletal
symptoms among computer users. Occup Environ
Med 2005 Jul;62(7):478-87. https://doi.org/10.1136/
0em.2004.015792.

Riicker G, Cates CJ, Schwarzer G. Methods for including
information from multi-arm trials in pairwise meta-analysis.
Res Synth Methods 2017 Dec;8(4):392—403. https://doi.
org/10.1002/jrsm.1259.

Higgins JP, Thompson SG, Decks JJ, Altman DG.
Measuring inconsistency in meta-analyses. BMJ
2003 Sep;327(7414):557-60. https://doi.org/10.1136/
bm;j.327.7414.557.

Deeks J, Higgins J, Altman D. Chapter 10: Analysing
data and undertaking meta-analyses. In: Higgins J,
Thomas J, Chandler J, Cumpston M, Li T, Page M, et
al., editors. Cochrane Handbook for Systematic Reviews
of Interventions version 61 (updated September 2020):
Cochrane; 2020.

Baujat B, Mahé C, Pignon JP, Hill C. A graphical method for
exploring heterogeneity in meta-analyses: application to a
meta-analysis of 65 trials. Stat Med 2002 Sep;21(18):2641—
52. https://doi.org/10.1002/sim.1221.

Karatrantou K, Gerodimos V, Manouras N, Vasilopoulou
T, Melissopoulou A, Mesiakaris AF et al. Health-
promoting effects of a concurrent workplace training
program in inactive office workers (HealPWorkers): a
randomized controlled study [with consumer summary].
Am J Health Promot 2020 May;34(4):376-86. https://doi.
org/10.1177/0890117119899781.

Riicker G, Schwarzer G. Ranking treatments in frequentist
network meta-analysis works without resampling methods.
BMC Med Res Methodol 2015 Jul;15(1):58. https://doi.
org/10.1186/s12874-015-0060-8.

Schwingshackl L, Schwarzer G, Riicker G, Meerpohl JJ.
Perspective: Network Meta-analysis Reaches Nutrition
Research: Current Status, Scientific Concepts, and Future
Directions. Adv Nutr 2019 Sep;10(5):739-54. https://doi.
org/10.1093/advances/nmz036.

Balduzzi S, Riicker G, Schwarzer G. How to perform a
meta-analysis with R: a practical tutorial. Evid Based Ment

Scand J Work Environ Health 2023, vol 49, no 1 1 9



Interventions for preventing back pain among office workers

Health 2019 Nov;22(4):153-60. https://doi.org/10.1136/
ebmental-2019-300117.

40. Riicker G, Krahn U, Koénig J, Efthimiou O, Davies A,
Papakonstantinou T et al. Network Meta-Analysis using
Frequentist Methods, R-package Version 2.1-0 2022.
Available from: https://cran.r-project.org/package=netmeta.

41. Chaimani A, Caldwell D, Li T, Higgins J, Salanti G. Chapter
11: Undertaking network meta-analyses. In: Higgins J,
Thomas J, Chandler J, Cumpston M, Li T, Page M, et
al., editors. Cochrane Handbook for Systematic Reviews
of Interventions version 63 (updated February 2022):
Cochrane; 2022.

42. Dias S, Welton NJ, Caldwell DM, Ades AE. Checking
consistency in mixed treatment comparison meta-
analysis. Stat Med 2010 Mar;29(7-8):932—44. https://doi.
org/10.1002/sim.3767.

43. Veroniki AA, Vasiliadis HS, Higgins JP, Salanti G.
Evaluation of inconsistency in networks of interventions.
Int J Epidemiol 2013 Feb;42(1):332—45. https://doi.
org/10.1093/ije/dys222.

44. Puhan MA, Schiinemann HJ, Murad MH, Li T, Brignardello-
Petersen R, Singh JA et al.; GRADE Working Group. A
GRADE Working Group approach for rating the quality of
treatment effect estimates from network meta-analysis. BMJ
2014 Sep;349:25630. https://doi.org/10.1136/bm;j.g5630.

45. Brignardello-Petersen R, Bonner A, Alexander PE,
Siemieniuk RA, Furukawa TA, Rochwerg B et al.; GRADE
Working Group. Advances in the GRADE approach
to rate the certainty in estimates from a network meta-
analysis. J Clin Epidemiol 2018 Jan;93:36—44. https://doi.
org/10.1016/j.jclinepi.2017.10.005.

46. Brignardello-Petersen R, Mustafa RA, Siemieniuk RA,
Murad MH, Agoritsas T, Izcovich A et al.; GRADE Working
Group. GRADE approach to rate the certainty from a
network meta-analysis: addressing incoherence. J Clin
Epidemiol 2019 Apr;108:77-85. https://doi.org/10.1016/].
jelinepi.2018.11.025.

47. Santesso N, Glenton C, Dahm P, Garner P, Akl EA,
Alper B et al.; GRADE Working Group. GRADE
guidelines 26: informative statements to communicate
the findings of systematic reviews of interventions. J Clin
Epidemiol 2020 Mar;119:126-35. https://doi.org/10.1016/].
jelinepi.2019.10.014.

48. Andersen LL, Christensen KB, Holtermann A, Poulsen
OM, Sjegaard G, Pedersen MT et al. Effect of physical
exercise interventions on musculoskeletal pain in all body
regions among office workers: a one-year randomized
controlled trial. Man Ther 2010 Feb;15(1):100—4. https://
doi.org/10.1016/j.math.2009.08.004.

49. Andersen LL, Jorgensen MB, Blangsted AK, Pedersen
MT, Hansen EA, Sjogaard G. A randomized controlled
intervention trial to relieve and prevent neck/shoulder pain.
Med Sci Sports Exerc 2008 Jun;40(6):983-90. https://doi.
org/10.1249/MSS.0b013e3181676640.

50. Baydur H, Ergor A, Demiral Y, Akalin E. Effects of

20 Scand J Work Environ Health 2023, vol 49, no 1

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

participatory ergonomic intervention on the development
of upper extremity musculoskeletal disorders and disability
in office employees using a computer. J Occup Health 2016
Jun;58(3):297-309. https://doi.org/10.1539/joh.16-0003-
OA.

Blangsted AK, Segaard K, Hansen EA, Hannerz H, Sjogaard
G. One-year randomized controlled trial with different
physical-activity programs to reduce musculoskeletal
symptoms in the neck and shoulders among office workers.
Scand J Work Environ Health 2008 Feb;34(1):55-65.
https://doi.org/10.5271/sjweh.1192.

Bohr PC. Efficacy of office ergonomics education.
J Occup Rehabil 2000;10(4):243-56. https://doi.
org/10.1023/A:1009464315358.

Bohr PC. Office ergonomics education: a comparison of
traditional and participatory methods. Work 2002;19(2):185—
91.

Brakenridge CL, Chong YY, Winkler EA, Hadgraft NT,
Fjeldsoe BS, Johnston V et al. Evaluating Short-Term
Musculoskeletal Pain Changes in Desk-Based Workers
Receiving a Workplace Sitting-Reduction Intervention. Int
J Environ Res Public Health 2018 Sep;15(9):E1975. https://
doi.org/10.3390/ijerph15091975.

Brisson C, Montreuil S, Punnett L. Effects of an ergonomic
training program on workers with video display units. Scand
J Work Environ Health 1999 Jun;25(3):255-63. https://doi.
org/10.5271/sjweh.432.

Coenen P, Healy GN, Winkler EA, Dunstan DW, Owen N,
Moodie M et al. Pre-existing low-back symptoms impact
adversely on sitting time reduction in office workers. Int
Arch Occup Environ Health 2017 Oct;90(7):609—18. https://
doi.org/10.1007/s00420-017-1223-1.

Dalager T, Justesen JB, Sjogaard G. Intelligent Physical
Exercise Training in a Workplace Setting Improves
Muscle Strength and Musculoskeletal Pain: A Randomized
Controlled Trial. BioMed Res Int 2017;2017:7914134.
https://doi.org/10.1155/2017/7914134.

Dunstan DW, Wiesner G, Eakin EG, Neuhaus M, Owen N,
LaMontagne AD et al. Reducing office workers’ sitting time:
rationale and study design for the Stand Up Victoria cluster
randomized trial. BMC Public Health 2013 Nov;13(1):1057.
https://doi.org/10.1186/1471-2458-13-1057.

Edwardson CL, Yates T, Biddle SJ, Davies MJ, Dunstan
DW, Esliger DW et al. Effectiveness of the Stand More AT
(SMArT) Work intervention: cluster randomised controlled
trial. BMJ 2018 Oct;363:k3870. https://doi.org/10.1136/
bm;j.k3870.

Eklof M, Hagberg M. Are simple feedback interventions
involving workplace data associated with better working
environment and health? A cluster randomized controlled
study among Swedish VDU workers. Appl Ergon
2006 Mar;37(2):201-10. https://doi.org/10.1016/j.
apergo.2005.04.003.

Eklof M, Hagberg M, Toomingas A, Tornqvist EW.
Feedback of workplace data to individual workers,



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

workgroups or supervisors as a way to stimulate working
environment activity: a cluster randomized controlled study.
Int Arch Occup Environ Health 2004 Oct;77(7):505-14.
https://doi.org/10.1007/s00420-004-0531-4.

Johnston V, Chen X, Welch A, Sjogaard G, Comans TA,
McStea M et al. A cluster-randomized trial of workplace
ergonomics and neck-specific exercise versus ergonomics
and health promotion for office workers to manage neck
pain - a secondary outcome analysis. BMC Musculoskelet
Disord 2021 Jan;22(1):68. https://doi.org/10.1186/s12891-
021-03945-y.

Johnston V, O’Leary S, Comans T, Straker L, Melloh
M, Khan A et al. A workplace exercise versus health
promotion intervention to prevent and reduce the economic
and personal burden of non-specific neck pain in office
personnel: protocol of a cluster-randomised controlled trial.
J Physiother 2014 Dec;60(4):233. https://doi.org/10.1016/j.
jphys.2014.08.007.

Joines S, James T, Liu S, Wang W, Dunn R, Cohen S.
Adjustable task lighting: field study assesses the benefits in
an office environment. Work 2015;51(3):471-81. https://doi.
org/10.3233/WOR-141879.

King TK, Severin CN, Van Eerd D, Ibrahim S, Cole D,
Amick B 3rd et al. A pilot randomised control trial of
the effectiveness of a biofeedback mouse in reducing
self-reported pain among office workers. Ergonomics
2013;56(1):59-68. https://doi.org/10.1080/00140139.2012
733735.

Konradt U, Heblich F, Krys S, Garbers Y, Otte KP.
Beneficial, adverse, and spiraling health-promotion effects:
evidence from a longitudinal randomized controlled trial of
working at sit-stand desks. J Occup Health Psychol 2020
Feb;25(1):68-81. https://doi.org/10.1037/0cp0000161.

Krause N, Burgel B, Rempel D. Effort-reward imbalance
and one-year change in neck-shoulder and upper extremity
pain among call center computer operators. Scand J
Work Environ Health 2010 Jan;36(1):42-53. https://doi.
org/10.5271/sjweh.2881.

Lee S, DE Barros FC, DE Castro CS, DE Oliveira
Sato T. Effect of an ergonomic intervention involving
workstation adjustments on musculoskeletal pain in
office workers-a randomized controlled clinical trial. Ind
Health 2021 Mar;59(2):78-85. https://doi.org/10.2486/
indhealth.2020-0188.

Mahmud N, Kenny DT, Md Zein R, Hassan SN. The
effects of office ergonomic training on musculoskeletal
complaints, sickness absence, and psychological well-
being: a cluster randomized control trial. Asia Pac J
Public Health 2015 Mar;27(2):NP1652-68. https://doi.
org/10.1177/1010539511419199.

Mahmud N, Kenny DT, Md Zein R, Hassan SN. Ergonomic
Training Reduces Musculoskeletal Disorders among Office
Workers: Results from the 6-Month Follow-Up. Malays J
Med Sci 2011 Apr;18(2):16-26.

Meijer EM, Sluiter JK, Frings-Dresen MH. Effectiveness

72.

73.

74.

75.

76.

71.

78.

79.

80.

Eisele-Metzger et al

of a feedback signal in a computer mouse on upper
extremity musculoskeletal symptoms: a randomised
controlled trial with an 8-month follow-up. Occup Environ
Med 2009 May;66(5):305-11. https://doi.org/10.1136/
0em.2008.041483.

Moore C, Holland J, Shaib F, Ceridan E, Schonard C,
Marasa M. Prevention of low back pain in sedentary healthy
workers: a pilot study. Am J Med Sci 2012 Aug;344(2):90—
5. https://doi.org/10.1097/MAJ.0b013e3182364942

Pedersen MT, Blangsted AK, Andersen LL, Jorgensen
MB, Hansen EA, Sjogaard G. The effect of worksite
physical activity intervention on physical capacity, health,
and productivity: a l-year randomized controlled trial. J
Occup Environ Med 2009 Jul;51(7):759-70. https://doi.
org/10.1097/JOM.0b013e3181a8663a.

Pereira M, Comans T, Sjegaard G, Straker L, Melloh M,
O’Leary S et al. The impact of workplace ergonomics
and neck-specific exercise versus ergonomics and health
promotion interventions on office worker productivity: A
cluster-randomized trial. Scand J Work Environ Health 2019
Jan;45(1):42-52. https://doi.org/10.5271/sjweh.3760.

Proper KI, Hildebrandt VH, Van der Beek AJ, Twisk JW, Van
Mechelen W. Effect of individual counseling on physical
activity fitness and health: a randomized controlled trial in a
workplace setting. Am J Prev Med 2003 Apr;24(3):218-26.
https://doi.org/10.1016/S0749-3797(02)00645-1.

Rempel DM, Krause N, Goldberg R, Benner D, Hudes M,
Goldner GU. A randomised controlled trial evaluating the
effects of two workstation interventions on upper body pain
and incident musculoskeletal disorders among computer
operators. Occup Environ Med 2006 May;63(5):300—-6.
https://doi.org/10.1136/0em.2005.022285.

Renaud LR, Jelsma JG, Huysmans MA, van Nassau
F, Lakerveld J, Speklé EM et al. Effectiveness of
the multi-component dynamic work intervention to
reduce sitting time in office workers - Results from a
pragmatic cluster randomised controlled trial. Appl
Ergon 2020 Apr;84:103027. https://doi.org/10.1016/j.
apergo.2019.103027.

Sjegaard G, Justesen JB, Murray M, Dalager T, Segaard
K. A conceptual model for worksite intelligent physical
exercise training--IPET--intervention for decreasing life
style health risk indicators among employees: a randomized
controlled trial. BMC Public Health 2014 Jun;14(1):652.
https://doi.org/10.1186/1471-2458-14-652.

Speklé EM, Heinrich J, Hoozemans MJ, Blatter BM, van
der Beek AJ, van Dieén JH et al. The cost-effectiveness of
the RSI QuickScan intervention programme for computer
workers: results of an economic evaluation alongside a
randomised controlled trial. BMC Musculoskelet Disord
2010 Nov;11:259-71. https://doi.org/10.1186/1471-2474-
11-259.

Speklé EM, Hoozemans MJ, Blatter BM, Heinrich J, van
der Beek AJ, Knol DL et al. Effectiveness of a questionnaire
based intervention programme on the prevalence of arm,
shoulder and neck symptoms, risk factors and sick leave in

Scand J Work Environ Health 2023, vol 49, no 1 21



Interventions for preventing back pain among office workers

81.

82.

83.

84.

85.

86.

87.

88.

89.

22

computer workers: a cluster randomised controlled trial in
an occupational setting. BMC Musculoskelet Disord 2010
May;11:99-109. https://doi.org/10.1186/1471-2474-11-99.

Ting JZ, Chen X, Johnston V. Workplace-Based Exercise
Intervention Improves Work Ability in Office Workers:
A Cluster Randomised Controlled Trial. Int J Environ
Res Public Health 2019 Jul;16(15):E2633. https://doi.
org/10.3390/ijerph16152633.

Welch A, Healy G, Straker L, Comans T, O’Leary S, Melloh
M et al. Process evaluation of a workplace-based health
promotion and exercise cluster-randomised trial to increase
productivity and reduce neck pain in office workers: a RE-
AIM approach. BMC Public Health 2020 Feb;20(1):180.
https://doi.org/10.1186/s12889-020-8208-9.

Aegerter AM, Deforth M, Johnston V, Ernst MJ, Volken
T, Luomajoki H et al.; NEXpro collaboration group.
Correction to: On-site multi-component intervention to
improve productivity and reduce the economic and personal
burden of neck pain in Swiss office-workers (NEXpro):
protocol for a cluster-randomized controlled trial. BMC
Musculoskelet Disord 2020 Jul;21(1):488. https://doi.
org/10.1186/s12891-020-03507-8.

Aegerter AM, Deforth M, Johnston V, Ernst MJ, Volken T,
Luomajoki H et al. On-site multi-component intervention to
improve productivity and reduce the economic and personal
burden of neck pain in Swiss office-workers (NEXpro):
protocol for a cluster-randomized controlled trial. BMC
Musculoskelet Disord 2020;21(1):1-10.

Chen C, Dieterich AV, Koh JJ, Akksilp K, Tong EH,
Budtarad N et al. The physical activity at work (PAW) study
protocol: a cluster randomised trial of a multicomponent
short-break intervention to reduce sitting time and increase
physical activity among office workers in Thailand. BMC
Public Health 2020 Sep;20(1):1332. https://doi.org/10.1186/
$12889-020-09427-5.

Parker RA, Manner J, Sivaramakrishnan D, Baker G,
Stoddart A, Lloyd S et al. Design, rationale and analysis
plan for the Stand Up for Health trial in contact centres: a
stepped wedge feasibility study. Pilot Feasibility Stud 2020
Sep;6(139):139. https://doi.org/10.1186/s40814-020-00683-
1.

Haddaway NR, McGuinness LA. PRISMA2020: R package
and ShinyApp for producing PRISMA 2020 compliant flow
diagrams (Version 0.0.2). Zenodo; 2021.

Brakenridge CL, Healy GN, Winkler EA, Fjeldsoe BS.
Usage, Acceptability, and Effectiveness of an Activity
Tracker in a Randomized Trial of a Workplace Sitting
Intervention: Mixed-Methods Evaluation. Interact J] Med
Res 2018 Mar;7(1):e5. https://doi.org/10.2196/ijmr.9001.

Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau
J et al. Recommendations for examining and interpreting
funnel plot asymmetry in meta-analyses of randomised
controlled trials. BMJ 2011 Jul;343:d4002. https://doi.
org/10.1136/bm;j.d4002.

Scand J Work Environ Health 2023, vol 49, no 1

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Shiri R, Coggon D, Falah-Hassani K. Exercise for the
Prevention of Low Back Pain: Systematic Review and
Meta-Analysis of Controlled Trials. Am J Epidemiol 2018
May;187(5):1093-101. https://doi.org/10.1093/aje/kwx337.

Steffens D, Maher CG, Pereira LS, Stevens ML, Oliveira
VC, Chapple M et al. Prevention of Low Back Pain: A
Systematic Review and Meta-analysis. JAMA Intern
Med 2016 Feb;176(2):199-208. https://doi.org/10.1001/
jamainternmed.2015.7431.

Hayden JA, Ellis J, Ogilvie R, Malmivaara A, van Tulder
MW. Exercise therapy for chronic low back pain. Cochrane
Database Syst Rev 2021 Sep;9(9):CD009790.

Searle A, Spink M, Ho A, Chuter V. Exercise interventions
for the treatment of chronic low back pain: a systematic
review and meta-analysis of randomised controlled trials.
Clin Rehabil 2015 Dec;29(12):1155-67. https://doi.
org/10.1177/0269215515570379.

de Zoete RM, Armfield NR, McAuley JH, Chen K,
Sterling M. Comparative effectiveness of physical
exercise interventions for chronic non-specific neck
pain: a systematic review with network meta-analysis of
40 randomised controlled trials. Br J Sports Med 2020
Nov;bjsports-2020-102664.

Froud R, Rajendran D, Patel S, Bright P, Bjerkli T, Eldridge
S et al. The Power of Low Back Pain Trials: A Systematic
Review of Power, Sample Size, and Reporting of Sample
Size Calculations Over Time, in Trials Published Between
1980 and 2012. Spine 2017 Jun;42(11):E680-6. https://doi.
org/10.1097/BRS.0000000000001953.

Akl EA, Briel M, You JJ, Sun X, Johnston BC, Busse JW
et al. Potential impact on estimated treatment effects of
information lost to follow-up in randomised controlled trials
(LOST-IT): systematic review. BMJ 2012 May;344:¢2809.
https://doi.org/10.1136/bmj.e2809.

Freed B, Williams B, Situ X, Landsman V, Kim J, Moroz A
et al. Blinding, sham, and treatment effects in randomized
controlled trials for back pain in 2000-2019: A review and
meta-analytic approach. Clin Trials 2021 Jun;18(3):361-70.
https://doi.org/10.1177/1740774520984870.

Boutron I, Guittet L, Estellat C, Moher D, Hrobjartsson A,
Ravaud P. Reporting methods of blinding in randomized
trials assessing nonpharmacological treatments. PLoS
Med 2007 Feb;4(2):e61. https://doi.org/10.1371/journal.
pmed.0040061.

McGuinness LA, Higgins JP. Risk-of-bias VISualization
(robvis): an R package and Shiny web app for visualizing
risk-of-bias assessments. Res Synth Methods 2021
Jan;12(1):55-61. https://doi.org/10.1002/jrsm.1411.

Received for publication: 4 May 2022



