Review

X. Chen, PhD, Division of Physiothera-
py, School of Health and Rehabilitation
Sciences, University of Queensland,
Brisbane St Lucia, Queensland 4072,
Australia. Address all correspondence
to Ms Chen at: xiaogi.chen@ugq.net.au.

B.K. Coombes, PhD, School of Biomed-
ical Sciences, University of Queensland.

G. Sjggaard, DrMedSci, Department of
Sport Science and Clinical Biomechan-
ics, Faculty of Health Sciences, Univer-
sity of Southern Denmark, Odense,
Denmark.

D. Jun, PhD, School of Health and
Rehabilitation Sciences, University of
Queensland.

S. O’Leary, PhD, School of Health and
Rehabilitation Sciences, University of
Queensland, Brisbane, and Department
of Physiotherapy, Royal Brisbane and
Women’s Hospital, Queensland Health,
Brisbane St. Lucia, Queensland.

V. Johnston, PhD, School of Health and
Rehabilitation Sciences, University of
Queensland.

[Chen X, Coombes BK, Sjegaard G,
et al. Workplace-based interventions for
neck pain in office workers: systematic
review and meta-analysis. Phys Ther.
2018;98:40-62.]

© 2017 American Physical Therapy
Association

Published Ahead of Print:
October 23, 2017

Accepted: October 1, 2017

Submitted: September 2, 2016

Workplace-Based Interventions for
Neck Pain in Office Workers:
Systematic Review and Meta-Analysis

Xiaoqgi Chen, Brooke K. Coombes, Gisela Sjggaard, Deokhoon Jun, Shaun O’Leary,
Venerina Johnston

Post a comment for this
article at:
https://academic.oup.com/ptj

Backg round. At present, there is no consolidated evidence for workplace-based inter-
ventions for the prevention and reduction of neck pain in office workers.

Purpose. The purpose of this review was to investigate the effectiveness of work-
place-based interventions for neck pain in office workers.

Data Sources. MEDLINE, PEDro, CINAHL, and CENTRAL were searched for trials pub-
lished since inception and before May 31, 2016.

Study Selection. Randomized controlled trials (RCTs) were considered when they
met the following criteria: population consisted of office workers, intervention(s) was per-
formed at the workplace, outcome measures included neck and/or neck/shoulder pain in-
tensity and incidence/prevalence, and comparator groups included no/other intervention.

Data Extraction. Data were extracted by 1 reviewer using predefined data fields and
checked by a second reviewer. Risk of bias was assessed by 2 independent reviewers us-
ing the 2015 Cochrane Back and Neck Group guidelines. Evidence quality was evaluated
using the Grading of Recommendations Assessment, Development, and Evaluation system.

Data Synthesis. Twenty-seven RCTs were included. There was moderate-quality
evidence that neck/shoulder strengthening exercises and general fitness training were
effective in reducing neck pain in office workers who were symptomatic, although the
effect size was larger for strengthening exercises. Greater effects were observed with
greater participation in exercise. Ergonomic interventions were supported by low-quality
evidence.

Limitations. Data could not be obtained from some studies for meta-analysis and as-
sessment of risk of bias. Reporting bias might have been present because only studies in
the English language were included.

Conclusions. Workplace-based strengthening exercises were effective in reducing
neck pain in office workers who were symptomatic, and the effect size was larger when
the exercises were targeted to the neck/shoulder. Future RCTs of ergonomic interventions
targeted at office workers who are symptomatic are required. More research on neck pain
prevention is warranted.
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Interventions for Neck Pain in Office Workers

eck pain is a prevalent and bur-

densome condition particularly

in office workers compared to
other occupations.'> The annual prev-
alence of neck pain in office workers
varies from 42% to 63%,'45 and office
workers have the highest incidence of
neck disorders among all other occupa-
tions, at 17% to 21%.%7 Approximately
34% to 49% of workers report a new
onset of neck pain during a 1-year
follow-up.'258 The impact of neck pain
is significant not just for the individual,
but also for industry and society.3 Work-
ers who do not return to work within 1
to 2 months are at high risk of develop-
ing disability and may cease work alto-
gether.3 Costs associated with neck pain
place a burden on employers, society,
and the individual through care-seek-
ing behavior, reduced productivity, and
workers’ compensation claims.39:10

Workplace-based interventions are be-
coming important to reduce the bur-
den of neck pain. This is due to the
increasing responsibility of companies
toward employee health, and the poten-
tial cost-savings and productivity gains
associated with a healthy workforce.?
Workplace-based interventions are
broadly grouped into those that target
the workers’ health and/or knowledge
(eg, exercise, education), or those that
target the job task and environment (eg,
ergonomics). Recent reviews conduct-
ed on workplace-based interventions
found very low to low quality, or mixed
evidence for the beneficial effects of
exercise and ergonomic interventions
on neck pain severity. However, these
reviews examined all occupational cat-
egories, including office workers.311:12
In contrast, other reviews have stud-
ied solely office workers, but not per-
formed meta-analysis, nor considered
the potential influence of individual
factors, such as neck pain presence at
baseline, or intervention characteristics,
including participation in an interven-
tion.13-15 Current reviews have also not
distinguished between studies investi-
gating workers with and without neck
symptoms (general population of office
workers), and those with symptoms (of-
fice workers who are symptomatic). It is
relevant to also investigate the effective-
ness of workplace interventions in the
general population of office workers

given the lack of evidence for the pre-
vention of neck pain.!

The aim of this systematic review
was to investigate the effectiveness
of workplace-based interventions on
the prevention and reduction of neck
pain in office workers in comparison
to other or to no interventions. This
review extends previous reviews by
doing subgroup analysis of 2 study
populations—office workers who were
symptomatic (ie, with neck pain) and
a general population of office work-
ers (ie, with or without neck pain)—
and by exploring potential sources of
heterogeneity, including the influence
of participation rates.

Methods

This review followed the PRISMA
guidelines for reporting systematic re-
views and meta-analyses.!'® The Pros-
pero registration number of this review
is 42014006905. Although the original
intent of the review (as stated in Pros-
pero) was to include an additional pri-
mary outcome (ie, neck disability), and
possibly secondary outcome(s), the
preliminary literature search revealed
inconsistency, and a lack of such stud-
ies that met the inclusion criteria of the
review. In addition, a large amount of
research on pain was encountered dur-
ing the preliminary literature search,
warranting the review to focus on the
neck pain outcome only.

Data Sources and Searches

The electronic databases including
MEDLINE (via PubMed), PEDro, CIN-
HAL, and CENTRAL (via Cochrane
Central Register of Controlled Trials)
were used to search for literature from
their inception to May 31, 2016. Stud-
ies were restricted to those written in
English, and in peer-reviewed literature.
The search strategy was reviewed by a
university librarian (J.H.), and exam-
ples of the search terms used included
“neck pain AND workplace AND office
work” (Appendix). Additional sources
were obtained from manual searching
of relevant systematic reviews. Two re-
viewers (X.C., D.J.) independently per-
formed the identification and screen-
ing (of titles and abstracts), and the
eligibility assessment (of full texts).

Discrepancies were resolved by a third
reviewer (B.K.C.).

Study Selection

Randomized controlled trials (RCTs)
were included if the following criteria
were present: the population consisted
of office workers performing comput-
er work for most of their work time;
the intervention was performed on-
site at the workplace only, and out-
come measures included pain intensity
or incidence/prevalence of neck pain.
Prevalence was considered as the num-
ber/proportion of cases of neck pain,
while incidence was considered as
the number/proportion of new cases
identified at a given time. Studies were
excluded if participants had neck pain
due to complex or severe pathological
conditions such as radiculopathy, whip-
lash-associated disorders, headache/
dizziness related to neck pain, fracture,
tumor, infections, and systemic diseas-
es. Interventions performed partially
at the worksite (eg, outpatient clinic
combined with workplace interven-
tions), or those performed in combina-
tion with manual therapy and physical
therapy adjuncts, such as traction, acu-
puncture, neck collars, or nonportable
electrotherapy, were excluded. Studies
reporting only a combined assessment
of neck, shoulder, and arm/hand pain
were also excluded.

Data Extraction and Quality
Assessment

One author (X.C.)) independently ex-
tracted data using predefined data fields,
and another author (B.K.C.) checked
the accuracy of extracted data.'” The
predefined data fields were customized
on the basis of the PICO (Population,
Intervention, Control, and Outcomes)
process and a modified Template for In-
tervention Description and Replication
(TIDieR) checklist.’®8 Data were sub-
grouped based on the type of interven-
tion (eg, exercise, ergonomic interven-
tion) and study population (eg, general
population of office workers who were
symptomatic). In addition to the a priori
defined groups of “general population
of office workers” and “office workers
who were symptomatic,” we defined a
third subgroup, “at risk office workers,”
who are at risk of neck pain, which was
relevant for only 1 trial.>
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Interventions for Neck Pain in Office Workers

Risk of bias was assessed by 2 inde-
pendent reviewers (X.C., D.J.) using the
updated 2015 guidelines for systematic
reviews from the Cochrane Back and
Neck Group (12 questions).’ The tool
assessed selection, performance, attri-
tion, detection, and reporting biases.
The possible results of the assessment
include “high,” “low,” or “unclear” risk
of bias. In the event where authors
could not be contacted for information
or where information is unavailable, the
criterion was scored as “unclear.”’® In
the category of participation in an inter-
vention, the percentage of participation
was calculated for each study interven-
tion group where available. For the er-
gonomic interventions, the percentage
of participation in all preset ergonomic
modifications was calculated. As there
are no current recommendations for
distinguishing between high and low
risk of bias for participation, we judged
studies with participation rates of great-
er than or equal to 50% as having a low
risk of bias and those with participation
rates of less than 50% as having a high
risk of bias.

Data Synthesis and Analysis

When studies demonstrated clinical
homogeneity (ie, similar study in-
tervention, comparator intervention,
postintervention time frames, and pain
outcome),? data were pooled using a
weighted mean difference. Statistical
heterogeneity was examined using the
12 statistics, with values of 25%, 50%,
and 75% indicating low, moderate, and
high heterogeneity, respectively.20

For continuous data, standardized mean
differences (SMD) with 95% CI in pain
intensity were calculated with a ran-
dom-effects model.2! The SMD (95% CD
for pain intensity was calculated by hav-
ing the mean differences between the
intervention and comparator groups di-
vided by the pooled SD. The SMD was
used, as it standardizes the results of
studies to a uniform scale before they
are combined.?! A positive SMD (>0)
indicated an effect in favor of the in-
tervention, and a negative SMD (<0)
favored the comparator.22 When the CI
did not cross 0, effects were deemed
statistically significant.22 An SMD of less
than 0.5 indicated a small effect, SMDs

of 0.5 to 0.8 indicated a medium effect,
and an SMD of greater than 0.8 indicat-
ed a large effect.22.23

For dichotomous data, relative risk
(RR) with corresponding 95% CI were
calculated using postintervention neck
pain incidence/prevalence values with
a random-effects model.2! The inter-
vention was favored when RR was
greater than 1, and the comparator was
favored when RR was less than 1. Point
estimates of effect were deemed statis-
tically significant if the 95% CI for RR
did not cross 1.22 An RR of 1 to 1.25
or 0.8 to 1 indicated a small effect, an
RR of 1.25 to 2 or 0.5 to 0.8 indicated
a medium effect, and an RR of greater
than 2 or less than 0.5 indicated a large
effect.22.23

Data to calculate effect statistics were
obtained from postintervention (fi-
nal values) or, where possible, change
from baseline values. If available, in-
tention-to-treat data were used in fa-
vor of per-protocol data. Authors were
contacted for additional data when not
available in the published manuscript.
All statistics were calculated using
RevMan5 (version 5.3).2!

Qualitative analyses to evaluate the
quality of evidence for single trials
and the overall quality of evidence for
pooled analyses were done using Grad-
ing of Recommendations Assessment,
Development, and Evaluation criteria.2!
In these criteria, 5 main domains (risk
of bias, imprecision, inconsistency, in-
directness, and publication bias) are
used to categorize evidence quality. The
quality of evidence for all individual or
pools of RCTs begin as high quality, and
quality could be downgraded by 1 or 3
levels to very low, low, or moderate evi-
dence.'%2¢ Downgrading for risk of bias
was applied when the included studies
(eg, Chiarotto et al?>) did not meet at
least 50% of the 12-item checklist by
Furlan et al.? For a set of trials, risk of
bias was applied when more than 25%
of total participants were from stud-
ies that did not meet the 50% cutoff of
the same checklist.1926 Downgrading
for inconsistency was applied when
there was high statistical heterogene-
ity (I2275%), or when the direction of

the study results was different in the
majority (275%) of studies.!” Evidence
was downgraded for indirectness when
there was uncertainty about the gener-
alizability of the results based on the in-
clusion criteria defined in this review.!®
Imprecision was downgraded when a
large CI was observed, when CIs were
not reported in 1 or more studies, or
when only 1 small study reported the
outcome (total number of participants:
<300).19:26 Publication bias was down-
graded when the study results provid-
ed differed from the original protocol
or study objectives.’ The criterion was
scored as “unclear” if the authors could
not be contacted or if the information is
no longer available.?®

The following definitions of quality of
evidence were applied in this review:
high-quality evidence means further
research is very unlikely to change
confidence in the estimate of effect;
moderate-quality  evidence  means
further research is likely to have an
important impact on confidence in the
estimate of effect and may change the
estimate; low-quality evidence means
further research is very likely to have
an important impact on confidence in
estimate of effect and is likely to change
the estimate; and very low-quality
evidence means very little confidence
in the effect estimate.!®

Results

Figure 1 shows the process of study
selection, leading to 35 papers meeting
the inclusion criteria. Several papers
reported data from the same RCT (e,
same study population and trial registra-
tion numbers). To avoid double-count-
ing, the results of studies from the same
RCT were combined, analyzed, and
referenced as a single RCT as follows:
Andersen et al,?’-2° Blangsted et al30-33
Martin et al, 3435 Bernaards et al,3%37 and
Voerman et al.33° (These groups of
RCTs were written by different authors
but represent the same study popu-
lation and share the same RCT trial
registration numbers; the earliest publi-
cations of the groups of RCTs are cited
here to represent each group.) Hence, a
total of 27 RCTs were interpreted from
the 35 papers, as reflected in the rest of
this review. Four trials were identified

42 W Physical Therapy Volume 98 Number 1

January 2018

610z Adenuer gz uo Jasn yiewuaq uiayinog Jo Aysianiun Aq 94929G1/01/1L/86/A01Sqe-9jo1e/d/woo dnoojwapeoe//:sdny woly papeojumoq



Interventions for Neck Pain in Office Workers

MEDLINE (294)
PEDro (178)
CINAHL (142)
CENTRAL (121)

735 records identified
through search strategy

19 additional records identified
through manual searching of
systematic reviews

screened

561 after duplicates removed and

472 records excluded after
screening

89 full texts assessed for eligibility

54 full texts excluded

15 outcome not neck pain
17 not office workers
4 off-site interventions

16 non-RCT or pseudo RCT
1 insufficient data
1 congress paper

27 RCTs (from 35 papers) included in systematic review

7 studies included in quantitative synthesis
(meta-analysis)

Figure 1.

Study selection. RCT = randomized controlled trial.

for their clustered RCT design.527:3240 In
this review, clustering did not have an
impact on the pooled effect sizes, as the
studies that were being pooled were
adjusted for clustering in their original
analyses.?7:32 Table 1 displays the char-
acteristics of the included trials, and a
summary of the review results is pre-
sented in Table 2.

All included RCTs recruited office work-
ers performing mostly computer work,
with some studies targeted at specific
occupational groups such as call center
workers?! and medical secretaries.42
Some studies recruited a general pop-
ulation of office workers (with or with-
out neck pain),?7324344 while others
solely targeted office workers who were
symptomatic (with neck pain).36.42:4546
The criteria for office workers who
were symptomatic varied between stud-

ies, with some using a self-reported
pain rating scale (eg, pain intensity,
>3/10),27:2830-35 and others combining
both pain intensity and duration (eg,
pain intensity of at least 2 of 10 during
the previous 3 months).47:48 Other stud-
ies specified additional clinical criteria,
such as trapezius myalgia® and tension
neck syndrome.%

Twelve RCTs studied the effectiveness
of exercise interventions, 8 studied
ergonomic interventions, and 7 studied
other interventions (ie, breaks, cogni-
tive behavioral therapy [CBTI, educa-
tion, and myofeedback). Most RCTs
addressing  exercise  interventions
(67%), education, breaks, and myofeed-
back interventions (71%) focused on
office workers who were symptomat-
ic; whereas only 13% of trials of ergo-
nomic interventions were undertaken

in the symptomatic population. Of the
exercise trials, 2 presented data for of-
fice workers who were symptomatic
separately as a subgroup,?7:2830-33 and
1 trial studied the “at risk office work-
ers,” defined as workers without neck
pain (at baseline), but lower than nor-
mal neck flexion range and neck flexor
muscle endurance.>

Four exercise RCTs reported the pres-
ence of musculoskeletal symptoms fol-
lowing strength training, but there were

no lasting effects or major complica-
tions.27:32:47,49

Assessment of Risk of Bias

Risk of bias of the included trials is pre-
sented in Figure 2. All RCTs did not meet
the patient and care provider blinding
criteria, as it is not possible for the type
of interventions performed in this review.
Also, all RCTs did not meet the outcome
assessor blinding criteria, as the prima-
ry outcome (pain) was self-reported.’®
Overall, 11 RCTs (41%) were rated “un-
clear” for participation, and 5 trials (19%)
were rated high risk of bias. Ninety-two
percent of the exercise RCTs reported
participation; in comparison, the rates
were 43% for the other interventions
(ie, breaks, CBT, education, and myo-
feedback) and 25% for the ergonomic
interventions. Of the exercise trials that
reported participation, 73% scored low
risk of bias. Sixty-seven percent of the
other intervention trials, and only 50%
of the ergonomic trials that reported
participation scored low risk of bias.
Seven RCTs (26%) were rated “unclear”
for their randomization methodologies.
Concealed allocation was performed in
a minority of the trials (26%).

Effects of Neck/Shoulder-Specific
Strengthening and Endurance
Exercises

Nine  trials527324547-51  jnvestigated
the effectiveness of workplace-based
strengthening exercises consisting of
resistance exercises targeted to the
neck/shoulder region using dumbbells
or resistance band/tubing compared
to no training. Most interventions were
for 20 minutes per session, 3 sessions
per week, and the intervention periods
were at least 10 weeks.
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Table 1.
Characteristics of Included Trialse
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, | Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% CI)
Neck/shoulder | Office Andersen Job: 449 office | Type: 3 strengthening No training Average 3 intervention | 56% of partic-
strengthening | workers in etal, 201227 | workers from | intervention arms: 1 x 60 (no pain for groups com- | ipants partici-
exercise vs no | general (Denmark)b< | a national (1 h/wk), 3 x 20 (20 min, 3 | intervention) | last 3 mo | bined: pated at least
training public admin | times/wk), 9 x 7 (7 min, 9 on 0-9 SMD =0.14 20 min/wk
authority times/wk) scale (-0.08 to
Description: Specific 0.37)de
strength training using 5
dumbbell exercises: front
raises, lateral raises, reverse
flies, shrugs, and wrist
extensions
Providers: Experienced
exercise instructors
Mode: Face-to-face in a
group
Duration: 20 wk
Blangsted Job: 549 office | Type: Dynamic and specific | No training Average SMD =-0.22 | 45% of
et al, 200832 | workers from | strength training, (general pain for (-0.49 to participants
(Denmark)bc | a public admin | 20 min, 3 times/wk health coun- | last 3 mo | 0.04)¢ participated at
authority Description: Dynamic resist- | seling) on 0-9 least 20 min/
ance training included seat- scale wk (mean of
ed static exercises for the 54% the first
neck and explosive rowing half and 35%
and kayaking ergometer the second half
exercises for the shoulders; of the interven-
specific resistance training tion)
with dumbbells included
shoulder extension, ab-
duction, and lift Providers:
Experienced exercise
instructors
Mode: Face-to-face in a
group
Duration: 52 wk
Kietrys et al, | Job: 72 office | Type: Strength training No training Current SMD =0.19 74% of
200750 (US) | workers from a | twice daily (deep breath- | pain on (-0.38 to planned train-
university and | Description: Resistance ing and ankle | 0-10 0.75)df ing attended
from insur- training included isometric | pumps) scale (average daily

ance, physical
therapy, and
software com-
panies

neck rotation with manual
resistance (5-s hold, 5 rep-
etitions), shoulder shrugs,
and scapular retraction with
elastic band resistance (12
repetitions each)

Provider: Not reported
Mode: Face-to-face in a
group

Duration: 4 wk

frequency of
exercise = 1.47
times/d)

(Continued)
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Table 1.
Continued
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% qI)
Office Andersen Job: 256/449 | Type: 3 strengthening No interven- | Average 3 intervention | 56% of
workers who | et al, 201227 | office workers | intervention arms: 1 x 60 tion pain for groups com- participants
were symp- | (Denmark)b< | (subset of (1 h/wk), 3 x 20 (20 min, 3 last 3 mo | bined: participated at
tomatic general pop- times/wk), 9 x 7 (7 min, 9 on 0-9 SMD =0.23 least 20 min/
ulation from times/wk) scale (-0.07 to wkd
Andersen et al, | Description: Specific 0.52)de
2012%) from a | strength training using 5
public admin | dumbbell exercises: front
authority raises, lateral raises, reverse
Condition: flies, shrugs, and wrist
Neck/shoulder | extensions
pain with Providers: Experienced
intensity of 23 | exercise instructors
(of 9) Mode: Face-to-face in a
group
Duration: 20 wk
Blangsted Job: 100/549 | Type: Dynamic and specific | No training Average SMD = 0.46 45% of
et al, 200832 | office workers | strength training, 20 min, 3 | (general pain for (0.07 to 0.86)¢ | participants
(Denmark)be< | (subset of times/wk health coun- | last 3 mo participated at
general pop- Description: Dynamic resist- | seling) on 0-9 least 20 min/
ulation from ance training included seat- scale wk (mean of
Blangsted ed static exercises for the 54% the first
et al, 200832) | neck and explosive rowing half and 35%
from a public | and kayaking ergometer the second half
admin au- exercises for the shoulders; of the interven-
thority specific resistance training tion)d
Condition: with dumbbells included
Neck pain shoulder extension, abduc-
with intensity | tion, and lift
of >3 (of 9) Providers: Experienced
exercise instructors
Mode: Face-to-face in a
group
Duration: 52 wk
Anders- Job: 48 female | Type: Strength training, No training General SMD =1.29 87% of
enetal, participants 20 min, 3 times/wk (general pain for (0.20 to 2.38)¢ | planned ses-
200840 from banks, Description: Specific health coun- | last 3d sions attended
(Denmark)? | post offices, strength training using seling) on 0-100
national admin | 5 dumbbell exercises: VAS

offices, and an
industrial pro-
duction unit
Condition:
Trapezius
myalgia

T-arm row, shoulder
abduction, elevation, re-
verse flies, and upright row
Provider: Exercises were
supervised

Mode: Face-to-face in a
group

Duration: 10 wk

(Continued)
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Table 1.
Continued
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% qI)
Andersen Job: 198 office | Type: 2 strengthening No training Worst 2 min/d: SMD | 2 min/d: 65%
etal, 201147 | workers intervention arms: 2 min/d, | (general pain in =0.60 (0.32 of planned
(Denmark)? | Condition: 12 min/d, 5 times/wk health last week | to 1.03) training ses-
Neck/shoulder | Description: Both interven- | counseling) on 0-10 12 min/d: sions attended
pain with tion groups did resistance NRS SMD = 0.90 12 min/d: 66%
intensity of training with elastic tubing, (0.54 to 1.26) | of planned
>2 (out of 10) | performing shoulder ab- 2 min+12 training ses-
during the ductions (lateral raises) min/d: sions attended
past 3 mo, Providers: Physical ther- SMD =0.74
at least 30 d apists (0.43 to 1.05)
during the Mode: Face-to-face initially
past year and then individually
thereafter
Duration: 10 wk
Andersen Job: 47 office | Type: Scapular functional No interven- | Pain SMD =0.93 70% of
et al, 201448 | workers from a | training, 20 min, 3 times/wk | tion in last (0.26 to 1.59)¢ | planned train-
(Denmark)? | university Description: Scapular month on ing sessions
Condition: exercises targeting serratus 0-9 scale attended
Neck/shoulder | anterior and lower trapezius
pain with muscles to a high extent
intensity of >3 | and upper trapezius muscle
(out of 9) in to a lower extent; elastic
the previous bands were provided for
month extra resistance if required
Provider: Experienced
exercise instructor
Mode: Face-to-face in a
group
Duration: 10 wk
Viljanen Job: 393 Type: Dynamic muscle train- | No interven- | Average SMD =-0.08 | 39% of
et al, 20035" | female office ing, 30 min, 3 times/wk tion pain in (-0.33 to planned train-
(Finland) workers from | Description: Dynamic last week | 0.17)f ing sessions
a health care muscle training using on 0-10 attended
center dumbbells to activate large scale
Condition: muscle groups in the neck/
Nonspecific shoulder region, followed
neck pain of by stretching
>12 wk Provider: Physical therapist
Mode: Face-to-face in a
group
Duration: 12 wk
Neck/shoulder | Office Vasseljen Job: 33 female | Type: Group strengthening | Individual Average SMD = 0.04 86% of
strengthen- workers who | et al, 19954 | office workers | at workplace, 30 min, physical pain in (-0.76 to planned train-
ing exercise were symp- | (Norway) Condition: 3 times/wk therapy (1 h, | last week | 0.84)4f ing sessions
vs physical tomatic Neck/shoulder | Description: Strengthening | twice/wk) on 0-10 attended
therapy pain with exercises consisted of 4 arm VAS
intensity of exercises (shoulder abduc-
>3 (out of 6) tion, flexion, and extension
for last 6 mo and modified push-ups),5?
and 2 wk, and | each performed for 10
pain for >3 d repetitions, 3 sets, using
continuously dumbbells or body weight
for last 2 wk Provider: Physical therapist
Mode: Face-to-face in a
group
Duration: 5-6 wk
(Continued)
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Interventions for Neck Pain in Office Workers

Table 1.
Continued
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% qI)
Combined “At risk of- Sihawong Job: 567 office | Type: Stretching twice/ No interven- | Pain RR =2.20 Stretching:
neck/shoulder | fice workers” | et al, 20145 | workers workday and neck muscle tion incidence: | (1.50 to 3.22)7 | 30% of
endurance (Thailand) Condition: endurance training twice/ pain for planned train-
training and “Lower than wk at home >24 h ing sessions
stretching vs normal” neck | Description: Stretching ex- in last attended
no interven- flexion range | ercises for upper trapezius, month; Endurance
tion (<54.1°) or levator scapulae, pectoralis, pain training: 57%
neck flexor and rectus capitis posterior intensity: of planned
endurance muscles were performed >30 mm training ses-
(<395s) for 30 s each; endurance on 0- to sions attended
training for long muscles 100-mm
(ie, longus capitis, longus VAS
colli, and rectus capitis
anterior and lateralis) was
performed 10 times; exer-
cises were prompted by a
text message
Provider: Not reported
Mode: Individually at work
(endurance training) and at
home (stretching)
Duration: 52 wk
Neck/shoulder | Office Galinsky Job: 90 data Type: Stretching during No stretching | “Feeling Stretching not | Breaks in which
stretching workers in et al, 200753 | entry oper- work breaks during work State more effective | participants
exercise vs no | general (Us) ators Description: Stretches were | break times Question- | than no stretched/total
stretching targeted at the neck, shoul- naire” on | stretching no. of breaks:
ders, back, and upper body 1-5 scale | (P>.05) 25%-39%
and required no more than
2 min to perform
Provider: Principal inves-
tigator
Mode: Individually
Duration: 8 wk
Whole- Office Sjégren Job: 126 office | Type: Whole-body light No interven- | Pain in Whole-body 75% of
body light workers who | et al, 200554 | workers from | resistance exercise once/d tion last week | light resistance | planned train-
resistance were symp- | (Finland) admin com- for first 5 wk and then 1 or on 0-10 exercise more | ing sessions
exercise vs no | tomatic panies 2 times/d for next 10 wk Borg effective than | attended
intervention Condition: Description: Whole-body CR10 no interven-
Neck/shoul- progressive light resist- Scale tion (P =.002)
der pain or ance exercise consisted
headache of dynamic symmetrical
restricting movements: upper body
normal daily extension/flexion, trunk
activities for rotation to right/left, knee
last 12 mo extension/flexion, 20
repetitions
Provider: Physical therapist
Mode: Individually except
for 3 group sessions that
were supervised face-to-
face at 5-wk intervals
Duration: 15 wk
(Continued)
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Interventions for Neck Pain in Office Workers

Table 1.
Continued
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% qI)
General fitness | Office Blangsted Job: 549 office | Type: All-around physical No training Average SMD =-0.20 | 30% of
exercise vs no | workers in et al, 200832 | workers from | activity, T h/wk (general pain for (-0.44 to participants
training general (Denmark)< | a public admin | Description: Participants health coun- | last 3 mo | 0.05)¢ participated at
authority were motivated to increase | seling) on 0-9 least 20 min/
their daily physical activ- scale wk (mean of
ities at their worksite and 31% the first
during leisure time via half and 28%
pep talks and “contract” the second half
setting; activities such of the interven-
as Nordic walking and tion)
running were started, and
exercise instruments such
as steppers were placed
next to copy machines to
encourage activity
Providers: Experienced
exercise instructors
Mode: Face-to-face in a
group
Duration: 52 wk
Grgnnin- Job: 79 office | Type: Aerobic exercise, 55 No interven- | Pain Aerobic phys- | Not reported
gaeter et al, | workers from | min, 3 d/wk tion in last ical exercise
199244 an insurance Description: Aerobic month on | more effective
(Norway) company exercises were dynamic and 4-point than no inter-
rhythmical, at moderate scale us- | vention
intensity, and aimed at im- ing Health | (P <.05)
proving physical capacity, Question-
muscle strength, flexibility, naire Pain
and relaxation of neck, Index
back, and shoulder muscles
Providers: Instructors with
university-level sport edu-
cation and aerobic dance
certification
Mode: Face-to-face in a
group
Duration: 10 wk
Office Blangsted Job: 113/549 | Type: All-around physical No training Average SMD = 0.43 30% of
workers who | et al, 200832 | office workers | activity, 1 h/wk (general pain for (0.06 to 0.81)7 | participants
were symp- | (Denmark)b< | (subset from Description: Participants health coun- | last 3 mo participated at
tomatic Blangst- were motivated to increase | seling) on 0-9 least 20 min/
edetal, their daily physical activities scale wk (mean of
20083?) from | at their worksite and during 31% the first
a national leisure time via pep talks half and 28%
public admin | and “contract” setting; the second half
authority activities such as Nordic of the interven-
Condition: walking and running were tion)s
Neck pain started, and exercise in-
with intensity | struments such as steppers
of 23 (out were placed next to copy
of 9) machines to encourage

activity

Providers: Experienced
exercise instructors
Mode: Face-to-face in a
group

Duration: 52 wk

(Continued)
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Interventions for Neck Pain in Office Workers

Table 1.
Continued
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% qI)
Anders- Job: 48 female | Type: General fitness train- | No training General SMD = 0.40 83% of
en et al, participants ing, 20 min, 3 times/wk (general pain for (-0.67 to planned train-
2008b*? from banks, Description: Participants health coun- | last 3 d 1.47)4 ing sessions
(Denmark)? | post offices, performed high-intensity seling) on 0-100 attended
national admin | general fitness training with VAS
offices, and an | legs only (without holding
industrial pro- | onto handlebars) on a
duction unit Monark bicycle ergometer
Condition: (Monark Exercise AB, Vans-
Trapezius bro, Sweden)
myalgia Provider: Exercises were
supervised
Mode: Face-to-face in a
group
Duration: 10 wk
Qigong vs no | Office Skoglund Job: 37 office | Type: Qigong (Chinese No Current/ | Qigong not 83% of
intervention workers in etal, 201154 | workers from | martial arts) intervention average/ | more effective | planned train-
general (Sweden) the electronic | Description: Participants worst than no ing sessions
and elec- performed Qigong as a pain in intervention attended
trotechnical group activity while watch- last week | (P> .05)
sectors ing a video daily for 17-25 on 0-10
min; the training involved scale”0
movements, breathing, and
verbal instructions
Provider: Video of Qigong
program
Mode: Video activity in a
group
Duration: 6 wk
Multiple Office Gerr et al, Job: 376 office | Type: 2 intervention arms, | No Pain Alternate Alternate ergo-
ergonomic workers in 200555 (US) | workers from | consisting of alternative er- | intervention incidence: | ergonomics: nomics: 25%
adjustments general insurance, gonomics (from protective pain RR=0.93 fully compliant
(eg, keyboard, financial, and | factors identified for neck severity of | (0.63 to 1.37) | to all preset
monitor, food product | and upper body in a pilot >6 on any | Conventional | ergonomic
mouse) vs No companies study) and conventional day of ergonomics: adjustments
intervention and univer- ergonomics (from industry the week | RR=0.99 Conventional
sities recommendations) using (0.67 to 1.47) | ergonomics:
Description: Both alter- 0-10 VAS 38% fully
native and conventional compliant to
ergonomics involved ergo- all preset
nomic adjustments, such ergonomic

as keyboard, monitor, and
mouse angles at various
degrees

Provider: Study staff
member

Mode: Face-to-face indi-
vidually

Duration: 26 wk

adjustments

(Continued)
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Interventions for Neck Pain in Office Workers

Table 1.
Continued

Intervention
Category

Main
Population
Analyzed

Study
(Country)

Participants’
Job
Description
and
Condition

Intervention Type/
Dosage, Description,
Provider, Mode of
Delivery, and
Duration

Comparator
Intervention

Outcome

Findings for
Intervention
vs Control,
Reported as
P Value or
Effect Size,
When
Possible
(95% CI)

Participation
of
Intervention
Group

Martin et al,
200335 (US)¢

Job: 16 female
clerical and

office workers
from a college

Type/Description: Work
injury prevention program
consisting of education (on
posture, stretching, and
proper use and positioning
of office supplies), work-
station redesign (chairs,
monitors, and keyboards
were readjusted on the
basis of a worksite analysis
and worker input), and
individually tailored task
modifications (eg, stretch-
ing and changing positions
throughout the day)
Provider: Master of Occupa-
tional Therapy students and
principal investigator
Mode: Face-to-face indi-
vidually

Duration: 4 wk

No interven-
tion

Pain on
1-4 Likert
severity
scale

RR = -0.46
(-1.52to
0.61)

Not reported

Mahmud
et al, 20154
(Malaysia)

Job: 179 office
workers

Type/Description: Lecture
on office ergonomics
followed by a practical
one-on-one session with

a trainer who provided
assistance on adjustment of
workstation

Providers: Trainers from the
National Institute of Safety
and Health

Mode: Face-to-face in a
group and individually
Duration: 26 wk

No interven-
tion

Pain in
the last 6
mo (yes
or no)

Workstation
adjustments
more effective
than no
intervention
(P <.0001)

Not reported

Office
workers who
were symp-
tomatic

Mekhora
et al, 200045
(Thailand)

Job: 80 office
workers
Condition:
Tension neck
syndrome

Type/Description: Work-
station adjustments were
performed on the basis of
recommendations from
computer software (IntelAd
version 1.2; for individual
participants; examples of
recommendations included
changes to height of seat
base, keyboard home row,
center of monitor, and
footrest height

Provider: Not reported
Mode: Face-to-face indi-
vidually

Duration: 26 wk

No interven-
tion

Pain in
the morn-
ing and
afternoon
on 0-10
VAS

Workstation
adjustments
more effective
than no
intervention
(P<.0001)

Not reported

Ergonomic
interventions
(alternative
mouse Vs
conventional
mouse)

Office
workers in
general

Conlon et al,
200843 (US)>

Job: 206 office
workers from
an aerospace
engineering
firm

Type/Description: Alterna-
tive mouse (vertical handle,
flat base for ulnar support,
and roller ball for tracking)
Provider: Not reported
Mode: Face-to-face indi-
vidually

Duration: 52 wk

Conventional
mouse (LED
for mouse
tracking,
hand pronat-
ed)

Pain
incidence:
worst
pain in
last week
of >5

on 0-10
scale

RR =1.57
(0.63 to 3.89)

Not reported

(Continued)
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Interventions for Neck Pain in Office Workers

Table 1.
Continued
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% qI)
Rempel et al, | Job: 182 cus- | Type/Description: Trackball | Conventional | Pain RR=1.61 Not reported
200656 (US)> | tomer service | (Marble Mouse; Logitech, mouse incidence: | (0.91 to 2.87)
employees Fremont, California) worst
from a large Provider: Trained research pain in
health care associate last week
company Mode: Face-to-face indi- of >5
vidually on 0-10
Duration: 52 wk scale
Ergonomic Office Conlon et al, | Job: 206 office | Type/Description: Forearm | No forearm Pain RR =0.62 Not reported
interventions | workers in 200843 (US) | workers from board (butterfly shaped) board incidence: | (0.25 to 1.55)
(arm support | general an aerospace | attached to desk at incli- worst
Vs no support) engineering nation upwards at 5° and pain in
firm padded forearm support last week
Provider: Not reported of >5
Mode: Face-to-face indi- on 0-10
vidually scale
Duration: 52 wk
Cook and Job: 59 Type/Description: Forearm | No forearm Pain in RR =1.62 64% (used
Burgess- newspaper call | support (using desk surface) | support last week | (0.54 to 4.83) | forearm
Limerick, center workers | and maintenance of neutral or within support all the
20044 shoulder elevation last 12 time)
(Australia) Provider: Not reported mo
Mode: Face-to-face indi-
vidually
Duration: 6 wk
Rempel et al, | Job: 182 cus- | Type/Description: Arm No arm board | Pain RR=1.83 Not reported
2006%6 (US) | tomer service | board (wraparound padded incidence: | (1.03 to 3.26)
employees arm support on edge of Worst
from a health | desk) pain in
care company | Provider: Trained research last week
associate of >5
Mode: Face-to-face indi- on 0-10
vidually scale
Duration: 52 wk
Ergonomic Office Fostervold Job: 150 em- Type/Description: Low High monitor | Pain Low more Not reported
interventions | workers in et al, 200648 | ployees from monitor line of sight (at line of sight symptom | effective than
(low vs high general (Norway) an insurance —-30° to horizontal line) (at -15°) ques- high monitor
monitor company Provider: Not reported tionnaire | line of sight
angle) Mode: Face-to-face indi- developed | (P=.039)
vidually in-house
Duration: 52 wk
Group edu- Office Bernaards Job: 466 Type/Description: Work No interven- | Current, | Work style 82% of
cation vs no workers who | et al, 200736 | employees style behavior education tion average, education not | participants
intervention were symp- | (the from insur- (behavioral change for and worst | more effective | who attended
tomatic Netherlands)< | ance, science, | posture, workplace adjust- pain in than no inter- | >3 of total
energy, trans- | ments, breaks, and coping last 4 wk | vention of 6 group
portation, and | with job demands) on 0-10 (P> .05) meetings
tax offices Provider: Specially trained NRS
Condition: counselor
Neck stiffness/ | Mode: Face-to-face in a
tingling =1 group
time/wk for Duration: 26 wk
last 6 mo and/
or 2 wk
(Continued)
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Interventions for Neck Pain in Office Workers

Table 1.
Continued
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% qI)
Kamwendo | Job: 79 medi- | Type/Description: 2 inter- No interven- | Morning, | Traditional Traditional
and Linton, cal secretaries | vention arms: Traditional tion noon, and | and reinforced | neck school:
199142 Condition: neck school (lectures twice afternoon | neck school 100% of
(Sweden) Neck/shoulder | weekly on prevention of pain not more planned ses-
pain in previ- | work-related neck/shoulder intensity | effective than | sions attended
ous year pain [eg, anatomy, etiology, on 0-100 | no interven- Reinforced
and self-care measures]); VAS tion (P> .05) neck school:
reinforced neck school 98% of
(traditional neck school plus planned ses-
individualized workstation sions attended
and psychological inter-
vention)
Provider: Physical therapist
Mode: Face-to-face in a
group (traditional neck
school) and individually
(reinforced neck school)
Duration: 4 wk
Cognitive be- | Office Grgnnin- Job: 79 office | Type/Description: Cognitive | No interven- | Pain Cognitive be- | Not reported
havioral stress | workers in gaeter et al, | workers from | behavioral stress man- tion in last havioral stress
management | general 199244 an insurance agement of lifestyle and month on | management
Vs no inter- (Norway) company health issues (diet, smoking, 4-point not more
vention common health problems) scale us- effective than
for 55 min, 3 d/wk ing Health | no interven-
Providers: Principal investi- Question- | tion (P> .05)
gator, psychiatrist, medical naire Pain
officer, and scientist special- Index
izing in stress research
Mode: Face-to-face in a
group
Duration: 10 wk
Supple- Office Galinsky Job: 101 data | Type/Description: Supple- Conventional | Current Supplemen- Not reported
mentary vs workers in et al, 2000%8 | entry oper- mentary work breaks (extra | work breaks discom- tary more
conventional | general (Us) ators 5-min break/h of work shift) | (15-min fort: effective than
work breaks Provider: Not applicable breaks during | “Feeling | conventional
Mode: Individual first and State work breaks
Duration: 8 wk second halves | Question- | (P=.0002)
of shift) naire” on
1-5 scale
Galinsky Job: 90 data Type/Description: Supple- Conventional | Current Supplemen- Supplementa-
et al, 200752 | entry opera- mentary work breaks (extra | work breaks discom- tary more ry: Mean of 6
(Us) tors processing | 5-min break/h of work shift) | (15-min fort: effective than | breaks/d
income tax Provider: Not applicable breaks during | “Feeling conventional | Conventional:
forms Mode: Individual first and State work breaks Mean of 3
Duration: 8 wk second halves | Question- | (P=.03) breaks/d
of shift) naire” on
1-5 scale
Office van den Job: 268 office | Type/Description: Extra No interven- | Pain in SMD =-0.13 | Not reported
workers who | Heuvel et al, | workers from breaks (5-min break after tion/conven- | last week | (-0.46 to
were symp- | 2003% (the | a social secu- | computer use of 35 min tional breaks | on 1-10 | 0.20)
tomatic Netherlands) | rity allowance | and microbreak of 7 s after scale
company each continuous use of 5
Condition: min)
Current neck/ | Provider: Not applicable
shoulder Mode: Individual

complaints for
>2 wk

Duration: 8 wk

(Continued)
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Interventions for Neck Pain in Office Workers

Table 1.
Continued
Intervention Main Study Participants’ Intervention Type/ Comparator | Outcome | Findings for | Participation
Category Population | (Country) Job Dosage, Description, Intervention Intervention of
Analyzed Description Provider, Mode of vs Control, Intervention
and Delivery, and Reported as Group
Condition Duration P Value or
Effect Size,
When
Possible
(95% CI)
Myofeedback | Office Sandsjo Job: 65 female | Type/Description: Myofeed- | No interven- | Average Myofeed- Not reported
Vs N0 myo- workers who | et al, 20106 | office workers | back-based teletreatment tion pain back-based
feedback were symp- | (the Neth- from rehabili- | (muscle biofeedback for in last teletreatment
tomatic erlands and | tation centers | relaxation of the trapezius month on | not more
Sweden) and patient muscle plus teleconsulta- 0-10 VAS | effective than
websites and tions) no interven-
medical secre- | Provider: “Therapist” tion (P> .05)
taries Mode: Individual
Condition: Duration: 4 wk
Average neck/
shoulder pain
in the past
month of >3
(of 10) on VAS
Voerman Job: 79 female | Type/Description: Myo- Ergonomic Current Myofeedback | Not reported
et al, job counselors | feedback training (upper counseling pain on training and
200723 (the | and medical trapezius muscle biofeed- 0-10 VAS | ergonomic
Netherlands | secretaries back) and individualized counseling
and Swe- Condition: ergonomic counseling not more
den)< Neck/shoulder | Provider: “Therapist” effective than
symptoms for | Mode: Face-to-face ergonomic
>30 d during | individually (ergonomic counseling
the last year counseling) alone (P> .05)
Duration: 4 wk

aBold type indicates statistically significant results (P < .05). NRS = numerical rating scale, RR = relative risk, SMD = standardized mean difference, VAS = visual

analog scale.

bStudy selected for meta-analysis.

<Single study representing duplicate articles (with same randomized controlled trial numbers).
dData not reported in published study and provided by author(s) on request.

eReported results (insignificance) differed from original published results (significance) because of unadjusted estimates. In original published study, estimates
were adjusted on the basis of sex and baseline neck pain.
'Final values rather than changes from baseline scores were used for SMD calculations.

gParticipation rates were based on total office worker population.

Three of these RCTs studied a general
population of office workers, each find-
ing no significant effect on neck pain
intensity.?7:3250 The intervention length
for these studies was 4,50 20,27 and 5232
weeks, with participation rates of 74%,
56%, and 45%, respectively. Data from
the 4-week intervention could not be
subjected to a meta-analysis due to
lack of data for change from baseline
and the short intervention period.>0
Meta-analysis of the other 2 trials2428
(n = 674) found moderate quality evi-
dence (downgraded for inconsisten-
cy) for the ineffectiveness of neck/
shoulder strengthening in comparison

to no training in a general population
of office workers (SMD = -0.03; 95%
CI = -0.39 to 0.33) (Fig. 3A). However,
the high heterogeneity between the tri-
als (I2= 77%) possibly was related to dif-
ferences in intervention lengths (given
that similar exercises and total training
durations [60 min/wk]) were reported).

Six trials studied the effects of neck/
shoulder strengthening exercises in
office workers who were symptomatic
in comparison to no training.27:3247-49,51
Although the intervention periods
varied from 10 to 52 weeks, all trials
showed a positive effect in favor of

exercise intervention except for a sin-
gle trial, which had the lowest partic-
ipation at 39% (SMD = -0.08; 95% CI
= 0.33 to 0.17).5! Change from base-
line data could not be obtained for this
trial (with the lowest participation) and
hence was excluded from meta-analy-
sis.5! Meta-analysis of the other 5 tri-
als (n = 605) found moderate-quality
evidence (downgraded for inconsist-
ency), and a medium effect of neck/
shoulder strengthening exercises in
office workers who were symptomat-
ic (SMD = 0.59; 95% CI = 0.29 to 0.89)
(12 = 57%) (Fig. 3B). For the 5 trials
subjected to a meta-analysis, there
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Interventions for Neck Pain in Office Workers

Table 2.
Summary of Evidence for Effectiveness of Workplace-Based Interventions for Neck Pain Intensity, Incidence, or Prevalence in Office Workers®
Intervention vs Population Studies Risk of | Inconsistency | Indirectness | Imprecision | Quality? Conclusionc
Comparator Bias
Category
Exercise interventions
Neck/shoulder Office workers | Blangsted et al, | Not Serious (-1)¢ Not serious Not serious DEDO No difference
strengthening vs no in general 200832 serious (SMD = -0.03;
training Andersen et al, 95% Cl =-0.39
201227 to 0.33)
Kietrys et al,
200750.d
Office workers | Blangsted et al, | Not Serious (-1)¢ Not serious Not serious DEDO Medium effect
who were 200832 serious in favor of
symptomatic | Andersen et al, strengthening
2008b*° (SMD = 0.59;
Andersen et al, 95% Cl = 0.29
201147 to 0.89); the
Andersen et al, greatest effects
201227 were found for
Andersen et al, studies with the
201448 highest participa-
Viljanen et al, tion rates
2003514
Neck/shoulder Office workers | Vasseljen etal, | Not Not applicable | Not serious Serious (-1)/ | ®@®DO No difference
strengthening vs phys- | who were 199546 serious (SMD = 0.04;
ical therapy (individu- | symptomatic 95% Cl =-0.76
alized) to 0.84)
Combined neck endur- | “At risk office | Sihawong et al, | Not Not applicable | Not serious Not serious PEDD Large effect
ance and stretching vs | workers” 20145 serious in favor of
no intervention combined
endurance and
stretching (RR
= 2.20; 95% Cl
= 1.50 to 3.22)
Neck/shoulder stretch- | Office workers | Galinsky et al, Very Not applicable | Not serious Serious (=1)" | @000 No difference
ing exercise vs no in general 200752 serious (P> .05)
stretching (-2)9
Whole-body light Office workers | Sjogren et al, Not Not applicable | Not serious Serious (1)) | ®@®DO In favor of
resistance exercise vs who were 200553 serious whole-body
no training symptomatic light resist-
ance training
(P <.01)
General fitness exercise | Office workers | Blangsted et al, | Not Very serious Not serious Serious (-1)" | ®DOO Conflicting
Vs no training in general 200832 serious -2y evidence’
Grgnningaeter
etal, 19924
Office workers | Blangsted et al, | Not Not serious Not serious Serious (-1)k | ®@®DO Small effect in
who were 200832 serious favor of general
symptomatic | Andersen et al, fitness exercise
2008b*? (SMD = 0.43;
95% Cl =0.08 to
0.78)
Qigong (Chinese Office workers | Skoglund et al, | Not Not applicable | Not serious Serious (-1)f | ®@®DO No difference
marital arts) vs no in general 201154 serious (P> .05)
intervention
Ergonomic interventions
Multiple ergonomic Office workers | Gerr et al, Not Serious (1) Not serious Serious (-1)" | ®BOO Conflicting
adjustments (eg, in general 200555 serious evidence!
keyboard, monitor, Martin et al,
mouse) vs no inter- 200335
vention Mahmud et al,
201540
(Continued)
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Table 2.
Continued
Intervention vs Population Studies Risk of | Inconsistency | Indirectness | Imprecision | Quality? Conclusionc
Comparator Bias
Category
Office workers | Mekhora et al, | Very Not applicable | Not serious Serious (-1)/ | @000 In favor of
who were 200045 serious multicomponent
symptomatic (-2)9 ergonomic inter-
vention (P < .01)
Alternative mouse vs Office workers | Conlon et al, Not Not serious Not serious Serious (-1)k | ®@DDO No difference
conventional mouse in general 200843 serious (RR =1.60; 95%
Rempel et al, Cl =0.99 to 2.60)
200656 (P=.06)
Arm support vs no arm | Office workers | Cook and Bur- | Not Very serious Not serious Not serious @00 Conflicting
support in general gess-Limerick, serious -2y evidence’
20044
Conlon et al,
20084
Rempel et al,
200656
Low vs high monitor Office workers | Fostervold et al, | Not Not applicable | Not serious Very serious @200 In favor of low
angle in general 200657 serious (=2)th monitor angle
(P < .05)/
Other interventions
Group education vs no | Office workers | Bernaards et al, | Not Not serious Not serious Serious (-1)" | ®@®DO No difference
intervention who were 200736 serious (P>.05)i
symptomatic | Kamwendo and
Linton, 199142
Cogpnitive behavioral Office workers | Grenningaeter | Serious | Not applicable | Not serious Serious (1) | ®®0O0O No difference
stress management in general etal, 19924 (-1)9 (P> .05)
training vs no interven-
tion
Supplementary vs con- | Office workers | Galinsky et al, Very Not serious Not serious Very serious @000 In favor of
ventional work breaks | in general 200058 serious (=2)" supplementary
Galinsky et al, (-2)9 work breaks
200752 (P < .05)/
Office workers | van den Heuvel | Not Not applicable | Not serious Serious (1) | ®®DO No difference
who were et al, 2003%° serious (SMD =-0.13;
symptomatic 95% Cl =-0.46
to 0.20)
Myofeedback (muscle | Office workers | Sandsjo et al, Serious | Not serious Not serious Not serious @DPDO No difference
biofeedback interven- who were 201060 (-1)9 (P> .05)
tion) vs no myofeed- symptomatic | Voerman et al,
back 2007a37

9Bold type indicates significant differences between intervention and comparator groups. -1 = downgraded by 1 level, -2 = downgraded by 2 levels,
RR = relative risk, SMD = standardized mean difference.
OO0 = very low, PAOO = low, BHPO = moderate, POADD = high.
«Conclusions were based on reported results or effect statistics (SMD or RR) calculated using the random-effects model, when possible.
dTrial excluded from meta-analysis.
eHigh statistical heterogeneity.

‘One small study reporting an outcome.

9High risk of bias.

hCls not reported in 1 or more studies.
No effect sizes displayed because of lack of change from baseline data.
Inconsistency in intervention length, population size, and/or direction of results.
kLarge Cls in 1 or more studies.

was an observed trend toward higher
SMD effect size with higher participa-
tion (45%—-87%). A participation rate of
greater than or equal to 66% was asso-
ciated with an SMD of medium to large
effect sizes (0.74-1.29) (Fig. 3B).

A single trial (n = 33) of moderate-qual-
ity evidence (downgraded for impre-
cision) compared group-based neck/
shoulder strengthening exercises with
individualized physical therapy and
found no differences between the

interventions in the reduction of neck
pain intensity in office workers who
were symptomatic (SMD = 0.04; 95% CI
= -0.76 to 0.84).96 In this trial, the inter-
vention period was short (5-6 weeks),
but the strengthening group had high
participation at 86%.%6
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Figure 2.
Summary of review authors’ judgments about each risk-of-bias item for each included study.

One further large RCT (n = 567)
of high-quality evidence recruited
participants without neck pain but low-
er than normal neck flexion range and
neck flexor muscle endurance (“at risk
office workers”).> A large effect was
found in favor of 52 weeks of com-
bined neck endurance and stretching
exercises (RR = 2.20; 95% CI = 1.50 to
3.22) in reducing neck pain incidence
in the “at risk office workers” compared
to no intervention. However, the par-
ticipation levels in the trial varied from
30% (stretching exercise) to 57% (neck
endurance exercise). The low participa-
tion in stretching may be related to the
higher frequency of exercises expect-
ed by the study protocol (daily during
break times versus twice per week for
endurance exercise).

Effect of General Fitness Training
Two trials (n = 628) of low quality
(downgraded for inconsistency and
imprecision) found conflicting evi-
dence for the effectiveness of gener-
al fitness exercises on reducing neck
pain intensity in a general population
of office workers.3243 Of the 2 trials, a
large 52-week study (n = 549) found in-
significant differences between 1 hour
of general fitness training per week
(consisting of activities such as Nordic
walking and running) and no training
(SMD = -0.20; 95% CI = —0.44 to 0.05).32
The other, smaller trial (n = 79) of 10
weeks found significant effectiveness of
aerobics exercise (55 minutes, 3 times
per week) compared to no intervention
P <.05).%

Two RCTs (n = 127) studied the ef-
fect of 1 hour of general fitness train-
ing per week on office workers who
were symptomatic in comparison to
no training.324 In the trial that found a
significant effect, training consisted of
52 weeks of all-around fitness exercises
involving the whole body,>? while the
other that trial that found no significant
effect consisted of 10 weeks of purely
leg cycling.# When the 2 studies were
pooled, meta-analysis found moder-
ate-quality evidence (downgraded for
imprecision) of a small effect in favor
of 1 hour of general fitness training
per week on reducing pain intensity in
office workers who were symptomatic

56 M Physical Therapy Volume 98 Number 1

January 2018

610z Adenuer gz uo Jasn yiewusq uiayinog Jo Aysianiun Aq 94929G1/01/1/86/A0e1Sqe-9|o1ue/id/woo dnoojwapeoe//:sdny wouy papeojumoq



Interventions for Neck Pain in Office Workers

Comparator Experimental
Study Mean SD Total Mean SD Total Weight SMD (95% Cl)
Blangsted et al, 200832 0.04 1.89 123 0.45 1.75 102 48.1% -0.22 (-0.49 to 0.04)
Andersen et al, 201227 -0.58 1.95 101 -0.85 1.86 348 51.9% 0.14 (-0.08 to 0.37)
Total 224 450 100.0%  -0.03 (-0.39 to 0.33)

Heterogeneity: Tau2=0.05; Chi2=4.36,df=1 (P=.04); 12=77%
Test for overall effect: Z=0.18 (P=.86)

(B)

Comparator Experimental
Study Mean SD Total Mean SD Total Weight SMD (95% ClI)
Andersen et al, 201227 -0.97 2.36 58 -1.46 2.1 198 20.4% 0.23 (-0.07 to 0.52)
Blangsted et al, 200832 -0.2 2.23 55 -1.22 2.1 45 18.2% 0.46 (0.07 to 0.86)
Andersen et al, 201147 0.1 1.63 64 -1.55 245 128 20.1% 0.74 (0.43 to 1.05)
Andersen et al, 201448 0.57 24 19 -1.7 24 20 12.9% 0.93 (0.26 to 1.59)
Andersen et al, 2008b%® 0 14 6 -1.8 1.3 12 7.3% 1.29 (0.20 to 2.38)
Total 202 403 100.0% 0.59 (0.29 to 0.89)
Heterogeneity: Tau2=0.06; Chi2=9.29, df =4 (P=.05); 12=57%
Test for overall effect: Z=3.80 (P=.0001)
Comparator Experimental
Study Mean SD Total Mean SD Total Weight SMD (95% CI)
Andersen et al, 2008b*® 0 14 6 -1.2 3.5 8 10.8% 0.40 (-0.67 to 1.47)
Blangsted et al, 2008%2 -0.2 2.23 55 -1.21 2.38 58 89.2% 0.43 (0.06 to 0.81)
Total 61 66 100.0% 0.43 (0.08 to 0.78)

Heterogeneity: Tau2=0.00; Chi2=0.00, df=1 (P =.95); 12=0%
Test for overall effect: Z=2.39 (P=.02)

Figure 3.

Forest plot
Favors no training Favors exercise
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—a—
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— 00—
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Forest plot
Favors no training Favors exercise
- A
— 00—
——
2 1 0 1 2

Standardized mean differences (SMDs) calculated from change from baseline values for individual studies and pooled analysis based on ran-
dom-effects model (in order of increasing SMD and where weight = weighted average?'). (A) Forest plot for improvement in pain intensity
after neck/shoulder strengthening exercises versus no training in a general population of office workers (with or without neck pain) on the
basis of a pooled analysis of 2 trials. (B) Forest plot for improvement in pain intensity after neck/shoulder strengthening exercises versus no
training in office workers who were symptomatic (with neck pain) on the basis of a pooled analysis of 5 trials. (C) Forest plot for improvement
in pain intensity after general fitness exercises versus no training in office workers who were symptomatic (with neck pain) on the basis of a

pooled analysis of 2 trials.

(SMD = 0.43; 95% CI = 0.08 to 0.78)
(12 = 0%) (Fig. 30).

Effects of Other Exercise Types

Three trials studied the impact of other
exercise types, including stretching,>?
light whole-body resistance exercise,>?
and Qigong (Chinese martial arts).54 A
single trial (n = 90) of very low-quality
evidence (downgraded for risk of bias
and imprecision) found that 8 weeks of
neck/shoulder stretching exercise alone
was ineffective in reducing neck pain

intensity compared to no stretching in a
general population of office workers.>2
In another single trial (n = 126) of mod-
erate-quality evidence (downgraded
for imprecision), 15 weeks of whole-
body resistance exercise was found to
be effective in reducing neck pain in
office workers who were symptomatic
compared to no intervention.5> A fur-
ther single trial of moderate-quality ev-
idence (downgraded for imprecision)
found 6 weeks of daily Qigong ineffec-
tive in reducing neck pain in a general

population of office workers compared
to no intervention.>*

Effects of Ergonomic
Interventions

The effect of multiple adjustments to the
workstation (eg, combined keyboard,
monitor, and mouse changes) was stud-
ied in 4 trials.3540.4555 Of these, 3 trials
(n = 571) found low-quality evidence
(downgraded for inconsistency and im-
precision) of conflicting results for the
effectiveness of multiple workstation
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Comparator Experimental
Study Events Total Events Total Weight Relative risk (95% Cl)
Conlon et al, 200843 11 103 7 103 28.6% 1.57 (0.63 to 3.89)
Rempel et al, 200656 25 83 14 75 71.4% 1.61(0.91 to 2.87)
Total 186 178 100.0% 1.60 (0.99 to 2.60)

Heterogeneity: Tau2=0.00; Chi2=0.00, df=1 (P=.96); 12=0%

Test for overall effect: Z=1.90 (P=.06)

Figure 4.

Favors conventional mouse

Forest plot

Favors alternate mouse

R

Forest plot for improvement in pain incidence with an alternative mouse intervention versus a conventional mouse in a general population
of office workers (with or without neck pain) on the basis of a pooled analysis of 2 trials (in order of increasing relative risk [RR] and where
weight = weighted average?'). The RRs were calculated using pain incidence or prevalence values of the individual studies, and the pooled
analysis was based on the random-effects model (in order of increasing RR and where weight = weighted average??).

adjustments on neck pain incidence in
a general population of office work-
ers compared to no intervention.35:40.55
Only one 26-week trial (n = 80) stud-
ied the impact of multiple workstation
adjustments on office workers who
were symptomatic and found it effi-
cacious compared to no intervention
(P < .0001).%5 This trial was, however, of
very low quality (downgraded for risk
of bias and imprecision), and participa-
tion was not reported.4>

Three RCTs studied the impact of an
alternative mouse®35¢ and arm sup-
portit#56 on neck pain incidence/
prevalence in a general population of
office workers. Meta-analysis of two
52-week trials (of moderate-quality
evidence, downgraded for imprecision)
(n = 364) suggested the alternative
mouse (eg, vertical handle/trackball)
may be important in reducing neck pain
incidence, as the results neared signifi-
cance (RR = 1.60; 95% CI = 0.99 to 2.60)
(12 = 0%) (P = .06) (Fig. 4).935¢ Three
trials (n = 447) of low-quality evidence
(downgraded for inconsistency) found
conflicting evidence for the effect of
arm support compared to no arm sup-
port in reducing neck pain incidence/
prevalence. Two of these trials found
6 weeks or 52 weeks of arm support
ineffective.#:43 The third 52-week trial
found a beneficial effect of arm sup-
port; however, there was no assessor
blinding and the attrition rate was
31%.5¢ The 3 trials also had large differ-
ences in intervention lengths (6 versus
52 weeks).41:43:56

A single 52-week trial (n = 150) found
a downward-angled computer mon-
itor more effective compared to an
upward-angled monitor in reduc-
ing neck pain (P = .04), but this was
low-quality evidence (downgraded for
imprecision).5”

Effects of Other Workplace-
Based Interventions

Eight trials studied the effects of oth-
er workplace-based interventions, in-
cluding education,304 CBT,* work
breaks,525859 and myofeedback.38:60
Two trials (n = 545) of moderate-
quality evidence (downgraded for im-
precision) supported the ineffectiveness
of 4 to 26 weeks of group education ver-
sus no intervention on reducing neck
pain intensity in office workers who
were symptomatic (P>.05).342 There
was low-quality evidence (downgraded
for risk of bias and imprecision) based
on a single trial (n = 79) for the inef-
fectiveness of 10 weeks of CBT on re-
ducing neck pain intensity in a general
population of office workers (P> .05).44
Two trials (n = 191) of very low-quality
evidence (downgraded for risk of bias
and imprecision) found that 8 weeks
of supplementary work breaks were
effective in reducing neck pain inten-
sity in a general population of office
workers>258 (P < .05), but another trial
(n = 268), which was of moderate qual-
ity (downgraded for imprecision), failed
to find its effectiveness in office work-
ers who were symptomatic.>® Two trials
(n = 144) of moderate quality (down-
graded for risk of bias) found myofeed-

back (muscle biofeedback) intervention
ineffective in reducing neck pain inten-
sity in office workers who were symp-
tomatic (P > .05), but the intervention

periods were only 4 weeks in both tri-
als.38.60

Discussion

This systematic review of 27 RCTs
provides evidence for the impact of
workplace-based interventions on neck
pain in office workers. Most evidence
focused on exercise interventions, with
less attention directed toward ergonom-
ic interventions. A key finding of the
review was that neck/shoulder-specific
strengthening exercise was effective in
reducing neck pain intensity in office
workers who were symptomatic, but
did not demonstrate effectiveness in
a general population of office work-
ers. The latter finding may represent a
floor effect, as individuals who are pain
free at baseline may dilute the impact
of the intervention on pain intensity.
Evidence on the prevention of neck
pain in office workers was very limited.
However, there is high-quality evidence
based on a single trial that combined
neck endurance and stretching exercis-
es might be efficacious for the “at risk
office workers.”> For ergonomic inter-
ventions, the available, albeit limited
evidence suggests that multiple work-
station adjustments are effective in of-
fice workers who are symptomatic,
while evidence for a general population
of office workers was conflicting and of
low quality. The lack of high-quality er-
gonomic intervention trials targeted at
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office workers who were symptomatic
warrants future research.

This study extends previous reviews by
examining the impact on both intensity
and incidence/prevalence of neck pain.
Moreover, analysis was performed sep-
arately for a general population of of-
fice workers (ie, with or without neck
pain), as well as a subpopulation of
office workers who were symptomat-
ic. As intervention effects were unique
to the subpopulation studied, this rep-
resents an important strength of the
review. Several limitations were asso-
ciated with the interpretation of this
review’s results. First, data could not be
obtained from some authors for a more
comprehensive analysis. Second, our re-
view has focused on self-reported pain.
While pain is often the major concern
of an affected individual, future reviews
may need to also target more function-
al outcomes (ie, neck disability, sick
leave). Third, reporting bias might be
present, as only studies in the English
language were included.

In comparison to the present review,
a previous review found exercise
interventions ineffective compared to
no interventions in workers with work-
related arm, neck, or shoulder com-
plaints.'? The review was, however, not
specific to office workers, and hence
only 1 of their 5 studies was included in
this review.5! Our results were consistent
with another review of neck/shoulder
strengthening and stretching exercises
for neck disorders in the symptomatic
(working/nonworking)  population.6!
However, the same review also found
evidence for the ineffectiveness of gen-
eral fitness exercises. In comparison,
our review included an additional large
study (n = 549)32 for meta-analysis, and
found a small effect in favor of gener-
al fitness exercises for office workers
who were symptomatic. The present
review also explored factors that may
influence the effectiveness of exercise
training regimens on pain outcomes.
The type of training was one of the fac-
tors that appeared important because
in office workers who were sympto-
matic, strengthening exercises that
were specifically targeted to the neck/
shoulder region produced superior ef-
fect sizes than general fitness training.

Additionally, this review observed that
higher participation in exercise influ-
ences the size of the effect, with SMDs
ranging from 0.74 to 1.29 for studies
reporting participation rates of 66%
to 87% but SMDs of 0.23 and 0.46 for
studies with participation rates of 56%
and 45%, respectively. Interestingly, the
longer-duration RCTs (20-52 weeks)?7:32
reported reduced participation (45%—
56%), which may have also influenced
their pain outcomes. Our findings sup-
port previous evidence which found a
significant dose-response relationship
between participation in a training in-
tervention and neck pain reduction.6263
As it is out of scope of this review to
robustly analyze the effect of participa-
tion on effect size, future studies should
consider using specific methods such
as the complier average causal effect to
estimate treatment effect among com-
pliers.%4 Although ergonomic strategies
are considered best practice at work-
places for office workers,% our review
found low-quality and conflicting ev-
idence to support the implementation
of multiple workstation adjustments in
a general population of office workers.
Ergonomic interventions which directly
influence neck posture, such as varying
monitor angle placement, may be effi-
cacious for some office workers,>” while
an alternative mouse use may be prom-
ising in reducing neck pain incidence.
Generally, this review found the ergo-
nomic trials were of lower quality and
smaller sample size than the ergonomic
interventions, and hence more ergo-
nomic RCTs are required to form firmer
conclusions. Evidence was generally not
in favor of the other workplace-based
interventions such as group education,
CBT, and myofeedback in office work-
ers who were symptomatic. These inter-
ventions were not specifically targeted
to the neck/shoulder, which may ex-
plain the lack of effect. There was very
low-quality evidence to suggest that
taking additional work breaks can help
reduce discomfort in a general popu-
lation of office workers.5258 However,
no effect was found in office workers
who were symptomatic, which suggests
that work breaks alone are probably in-
sufficient for the individuals who were
symptomatic and might benefit more
from exercise.

The results from this review are rele-
vant for employers and policymakers.
Our results suggest that exercise in-
terventions are best targeted toward
symptomatic or “at risk” office work-
ers. However, given that approximately
half of office workers may suffer from
neck pain within a 12-month peri-
od, 1258 it could be argued that inter-
ventions should be offered to all office
workers irrespective of their neck pain
status. Logistical and equity issues may
also limit undertaking workplace inter-
ventions for select groups of workers.
This review could not make firm con-
clusions on the effects of most ergo-
nomic interventions due to the lack of
RCTs targeted at office workers who
were symptomatic.

Several methodological issues were
identified in this review. Forty-one per-
cent of the RCTs were rated “unclear”
for participation, as most of these
studies did not report participation
(performance bias). In addition, most
studies did not report concealed allo-
cation, potentially contributing to se-
lection bias. However, it is understood
that concealed allocation can be diffi-
cult to perform logistically due to the
risk of contamination (eg, in an open-
plan workplace). Furthermore, 30% of
the RCTs had unclear randomization
methodologies. There were also issues
surrounding the use of neck pain as a
measurement of intervention impact.
Pain intensity was of limited value in
detecting intervention impact in indi-
viduals without neck pain at baseline
(ie, many of those in the general pop-
ulation). In addition, the surveyed time
frames for pain varied considerably,
from pain in the last 3 days® to pain
in the last 12 weeks.?” We suggest fu-
ture studies use a combination of pain
intensity and incidence outcomes, par-
ticularly for those studying the preven-
tion of neck pain. Future studies should
also provide clear criteria for the clas-
sification of neck case/incidence sta-
tus and pain survey time frames. We
also recommend subgroup analyses of
symptomatic, asymptomatic, and pos-
sibly “at risk” groups to be performed.
Inconsistencies in definitions have been
acknowledged in previous studies to
affect study outcomes %97 hence future
research with specific case definitions
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and subgrouping of the study popu-
lation may yield more consistent and
stronger clinical recommendations.
Future studies should also consider
reporting both intention-to-treat and
per-protocol results based on achiev-
ing a minimum participation level. A
recent study recommended 70% partic-
ipation as the cutoff point for per-pro-
tocol analysis,% a recommendation that
is supported by our observation that
participation of greater than or equal to
66% was associated with a larger effect
size. However, more studies are need-
ed to confirm the recommendations for
cutoffs and standards for reporting par-
ticipation. We additionally recommend
future studies to adopt transparency
with the reporting of adverse effects.
Finally, research on primary neck pain
prevention was limited and more stud-
ies in this area are warranted.
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Appendix.

General Search Strategy Used in This Study?®

Neck Pain Terms

Work Setting Terms

Population Terms

Neck pain®

Cervicalgia

Cervicodynia

“Trapezius myalgia”

Complaints of the arm, neck, shoulder,
“Tension neck syndrome”

“Tension neck syndromes”

“Workplace intervention”
“Workplace interventions
Workplace?

"

Work

Worksiteb

“Work environment”
Compan?

Officeb
Organization®
Organisation®
“on-site”

Office work®

Visual display operator?
Visual display unit?
Visual display terminal®
Computerb

Employ®

aTerms in each column were combined using a Boolean “OR” operator. The 3 main categories were then combined using a Boolean “AND” operator. The
restrictions “English language” and “human studies” were applied when available.
bTruncation was used in this term.

Following is an example of the search strategy applied in one of the electronic databases used in this review.

MEDLINE Search Strategy

(neck pain* or cervicalgia or cervicodynia or “trapezius myalgia” or complaints of the arm neck shoulder or “tension neck
syndrome” or “tension neck syndromes”) AND (“workplace intervention” or “workplace interventions” or workplace* or work-
site* or “work environment” or company* or office* or organization* or organisation* or “on-site”) AND (office work* or visual
display operator* or visual display unit* or visual display terminal* or computer* or employ*) NOT surger*

Added filters: “English” and “Human”
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