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ABSTRACT

Objective: Neck pain is a burdensome musculoskeletal disorder in office workers. Workplace 

interventions aim to prevent and minimise the effect of neck pain and improve work quality. 

However, the summed effect of workplace interventions on neck pain in office workers remains 

unclear. This systematic review with meta-analysis and meta-regression evaluated the summed 

effect of workplace interventions on neck pain in office workers.

Methods: We searched 7 electronic databases to January 2020 for randomised clinical trials. Two 

authors selected studies, independently extracted data and assessed risk of bias. Meta-analyses 

were carried out along with normalised trend plots.

Results: Twenty-nine trials, including 8 of high-quality, met our inclusion criteria. Normalised 

trend plots indicate that neck strengthening demonstrated the sharpest decrease in pain scores. Pre- 

and post-outcome measure effect of activity performance and workplace modification resulted in 

significant improvements in self-reported neck pain (p <= 0.001). Meta-regression was used to 

evaluate time effect, but was not significant. 

Conclusions: There is low-quality evidence that neck strengthening and tailored workstation 

modifications are effective at reducing neck pain in office workers. Further high-quality research 

methodology, including clinicians, is important to evaluate this summed effect.

Keywords: Computer workers, physical factors, workplace intervention, randomised controlled 

trials, outcome measure, muscle strengthening.
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INTRODUCTION

Neck pain is defined as pain experienced in the musculoskeletal structures of the posterior neck or 

shoulders, in the absence of radiculopathy and serious pathology; e.g., tumor, fracture, infection 

etc.1,2 Physical (or biological) exposure, such as high levels of sedentary and prolonged static 

muscular contraction and cervical loading, extreme working postures, poor ergonomics and 

repetitive tasks increase the risk of developing neck pain.3,4 Psychosocial factors including work-

related stress and job strain, low co-worker support and decreased job security also increase the 

risk of developing neck pain.4-6 Together, biological and psychosocial factors are referred to as 

biopsychosocial factors and include several domains pertaining to the physical (environmental and 

occupational), emotional (cognitive) and social environments, and the individual on personal and 

societal levels.4,7

After low back pain, neck pain is the second-most prevalent and burdensome of the 

musculoskeletal disorders (MSD), accounting for significant workplace disability and long-term 

absenteeism in developed countries.8-10 The incidence of workplace neck pain is correlated to the 

type of work being performed: dentists, nurses and office workers have a prevalence of neck pain 

exceeding 50%, and the prevalence of annual absenteeism due to neck pain varies from 5% to 

10%.8 Computer workers have the highest incidence of neck pain, higher than what is observed in 

the general population.4,8,11 Individual factors, such as age, gender, low physical activity, stress, 

anxiety, depression, smoking and education also contribute to the association of neck pain.4,11 A
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Sedentary behaviours have increased in developed countries, which is particularly true in office 

settings.9,10 Approximately two-thirds of the global population will experience at least one episode 

of neck pain in their lifetime and prevalence is highest in the middle aged.8,9 A study on global 

burden found MSD to have a mean annual incidence of 488 per 100,000 in 2010, which was an 

8.5% increase from 1990.12 Global neck pain figures are predicted to account for the next largest 

number of years lived with disability compared to other MSD.8,9,13

Workplace interventions are strategies to prevent, minimise or eliminate workplace health hazards 

and aim to promote quality work ability.14,15 There is a wide range of interventions reported in the 

literature, with some testing a single modification of the physical environment to those testing two 

or more types of interventions (e.g., those measuring mental ability and musculoskeletal resistance 

training with multiple variables). The effects of multimodal interventions for neck pain in 

populations other than office workers have also been investigated in systematic reviews. These 

interventions include exercises such as group gymnastics, fitness programs, aerobics, spinning, 

graded exercise programs, stretching and strengthening,16-18 multidisciplinary biopsychosocial 

rehabilitation,19,20 ergonomic interventions,21 and return-to-work programs.22,23 Overall, there is 

moderate-quality evidence that long-term, multidimensional workplace interventions (particularly 

those focusing on mental and physical health education, relaxation and breaks, physical 

environment modifications and musculoskeletal resistance training) reduce self-reported neck pain 

and disability.24

However, the variation in target groups, follow-up time and outcome measurements across studies 

is a pertinent limitation in recent reviews. Aas et al.,24 a Cochrane review, recognised these 

limitations, which made meta-analyses difficult. Another review, which included a meta-analysis 

component, by Chen et al.,25 evaluated the effect of workplace interventions on neck pain in office 

workers. They encountered significant heterogeneity in their meta-analyses, of which included few 

studies. Study differences like intervention length and type of intervention can also be difficult to 

account for in meta-analyses and may lead to difficult interpretations. For instance, Chen et al.25 

only evaluated whether physical intervention programs work in the broadest sense. Therefore, this 

systematic review with meta-analysis and meta-regression aimed to determine the effectiveness of A
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workplace interventions on reducing neck pain in adult (18-70-year-old) office workers compared 

to no intervention, usual care, or other workplace interventions accounting for time effect and 

intervention types.

METHODS

Search strategy

Potential studies were identified with computer-aided searches (to 20 January 2020) in the 

following electronic databases: CENTRAL (Cochrane Library), PubMed, EMBASE 

(ExcerptaMedica Database), CINAHL (Cumulative Index to Nursing and Allied Health 

Literature), Web of Science, OTseeker (Occupational Therapy Systematic Review of Evidence), 

and PEDro (The Physiotherapy Evidence Database). The search strategies for PubMed and 

EMBASE was developed based on the Cochrane Handbook for Systematic Reviews of 

Interventions (CHSRI)26 and the 2015 updated method guidelines for systematic reviews in the 

Cochrane Back Review Group (CBRG).27 Searches for CINAHL were based on randomised 

controlled trials (RCTs) search filters used at the Norwegian Knowledge Centre for the Health 

Services. Searches in the other databases were adapted as indicated from the search strategy for 

PubMed. Overall, search terms included MeSH and descriptive terms, such as, ‘neck pain’ 

‘workplace’ and ‘sick leave’, which were also expanded to include all trees. Details of the search 

strategy are provided in Appendix 1. Due to the diversity of terms used to describe workplace 

interventions, where possible ‘intervention’ sections in the included database searches were 

purposely left open to gather as much information as possible. The study search protocol was 

performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement (Figure 1).28 No study protocol was published or made publicly available 

prior to conducting this systematic review.

Selection criteria

Inclusion criteria are presented in Box 1. Peer-reviewed, RCTs written in English were included. 

Studies had to include adults aged 18-70 years who reported neck pain. Participants who also 

reported secondary shoulder pain were included, providing it coincided with the primary neck A
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pain. Participants from all job sectors in which the majority of time spent was working in office 

conditions (e.g., administrative, consulting, financial services, government jobs and human 

resources etc.) were included. Participants had to be currently working or otherwise still connected 

with a workplace by means of employment agreements (permanent or temporary).

Studies incorporating both group-based and/or individual-based interventions conducted at the 

workplace were included. Interventions could be investigating body functions, activity 

performance, participation, environmental factors or personal factors. These interventions have 

been previously defined in Aas et al.24 and are presented in Appendix 2. We further expanded 

physical activity to include any intervention focusing on the execution of a task or action, 

including, but not limited to any physical exercise or program performed within the workplace. 

Inclusion of physical exercises aligns with the biopsychosocial framework of health and function 

conceptualised by the World Health Organization’s (WHO) International Classification of 

Functioning, Disability and Health (ICF).29 The interventions could be a single strategy or as part 

of a multimodal approach, named with different intervention program labels (i.e., modified work, 

participatory ergonomic, ergonomic workplace visit, return-to-work and multidimensional 

interventions).

Studies measuring at least one of the following outcomes recommended by the CBRG27 to review 

physical factors were included: pain severity or pain prevalence (self-reported on a Visual 

Analogue Scale (VAS), Numerical Rating Scale (NRS) or Verbal Rating Scale (VRS), or 

measured as the proportion of those with pain); and, work absenteeism (e.g., time on benefits, 

number of hours/days on sick leave/lost time, proportion of individuals returning to work, 

employment status, and shift in employment status to working/part-time working/sick listed, 

disability pension and early retirement), and work presenteeism (e.g., workstation habits and 

ergonomics knowledge and assessments).26 Studies were also included if they reported on global 

improvement (e.g., proportion of participants recovered or improved, measured by an overall 

judgement of improvement or intervention effectiveness), functional status or wellbeing/quality of 

life. 
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Studies were considered eligible if they compared workplace intervention to no intervention, usual 

care or another workplace intervention for neck pain in office workers. Usual care was defined as 

care that is usually received by patients in daily practice (e.g., expert advice or informative 

handouts) and its inclusion has been effectively rationalised by Aas et al.24 providing sound 

justification for use in this review. No intervention was defined as participants not receiving any 

intervention (e.g., expert advice, handouts, exercise, workplace modification etc.). These subtypes 

comprised the control group.

Box 1. Inclusion criteria

Design

 Peer-reviewed randomised controlled trials
 Written in English

Participants

 Adult age, i.e., 18-70 years old
 Self-reported neck pain
 Self-reported secondary shoulder pain providing it coincided with the primary neck pain
 Currently working or otherwise still connected with a workplace (permanent or temporary)

Intervention

 Workplace interventions that incorporate group-based and/or individual-based interventions
 Interventions conducted at the workplace
 Interventions could be investigating body functions, activity performance, participation, 

environmental factors or personal factors

Outcome measures

 Pain severity, prevalence or proportion of those with pain (e.g., self-reporting Visual Analogue 
Scale, Nordic Musculoskeletal Questionnaire)

 Work absenteeism (e.g., number of hours/days on sick leave/lost time)
 Global improvement (e.g., proportion of participants recovered or improved, measured by an overall 

judgement of improvement or intervention effectiveness), functional status or wellbeing/quality of life

Comparisons

 Workplace intervention compared to no intervention
 Workplace intervention compared to usual care
 Workplace intervention compared to another workplace interventionA
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Studies that reported neck pain due to a specific pathological cause (e.g., cervical radiculopathy, 

tumours, infections, fracture, inflammatory process etc.), secondary analyses (e.g., studies which 

have used data that was previously collected in another analysis), pilot studies and studies that 

included workers outside office settings (e.g., medical or construction workers etc.) were excluded 

from this review. Clinical and healthcare interventions conducted outside the workplace were also 

excluded.

Eligibility screening

We followed the CHSRI26 and the 2015 updated method guidelines for systematic reviews in the 

CBRG27 for peer-reviewed RCTs that met inclusion criteria. The titles and abstracts (if available) 

of all identified studies were collected and duplicates were removed before study selection. Two 

review authors pilot tested the interpretation of the inclusion criteria on a sample of ten studies, 

including those considered to be eligible, some not eligible and some questionable. Thereby, the 

inclusion form was revised. The full text of studies whose abstracts appeared to meet our inclusion 

criteria, those for which we could not decide based on the abstract, or studies for which there was 

no abstract, were obtained and independently screened by the same two review authors to 

determine if they met inclusion criteria. The same review authors independently extracted the data 

from the included studies onto a standardised form that includes characteristics of the participants, 

interventions, outcomes and results. The form was developed based on experiences of others and 

we pilot tested it on three included studies. Consensus was used to solve disagreements; if 

disagreements persisted, a third review author was consulted.

Data extraction and analysis

Data from studies were organised according to the WHO ICF.29 The ICF has conceptualised a 

biopsychosocial model that describes health and function. The ICF and the International 

Classification of Diseases (ICD-10) form the two core classification systems of the WHO, where 

diseases, disorders and disabilities are included.29 The ICF emphasises functioning as a health 

component, where the environment is considered a major contributor to the accomplishment of A
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activities and tasks. The nomenclature used is based on the positive description of functioning, 

activity and participation. This framework includes all functions of the body and the patient’s 

ability to perform daily activities and socially integrates their work and community.29 Ideally, 

standardised outcome measures would incorporate all the domains of functioning and disability: 

healthcare providers would be able to consider patient-specific functional limitations in 

assessment and intervention procedures, and then develop a patient-centered management plan.29 

A systematic review evaluated three neck pain self-reporting instruments: Neck Bournemouth 

Questionnaire (NBQ), Neck Disability Index (NDI) and Neck Pain Disability Scale (NPDS).30 

These three outcome measures demonstrated a sound balance and distribution of items across the 

ICF components.30 Furthermore, these outcome measures have shown to be reliable, consistent 

and valid.31-33

Quality assessment

The risk of bias was assessed using the 7-item criterion in RevMan 5.3 software as recommended 

by the CBRG.26,27 The criterion was scored as ‘high risk’, ‘low risk’ or ‘unclear risk’ and was 

reported as a summary of risk of bias (Figure 2). A study with low risk of bias was defined as one 

that met, at minimum, criteria 1 (randomisation), 2 (allocation concealment), 5 (attrition bias) and 

any three of the other criteria. Selections of studies for risk of bias were independently assessed 

and consensus on the final results was reached.

Approximately half of the results were from continuous outcomes (musculoskeletal discomfort, 

pain intensity (worst pain, average pain, current pain), and days on sick leave), and the other half 

was dichotomous outcomes (prevalence of: neck pain, discomfort, those reporting much stress, 

recovered, disabled, months without symptoms, and musculoskeletal sick leave).

We dealt with missing data according to the recommendations in the CHSRI26; we contacted 

original investigators to request missing data. We assessed the overall quality of the evidence for 

our primary outcomes by using an adapted Grading of Recommendations, Assessment, A
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Development and Evaluations (GRADE) approach as recommended in the CHSRI26 and by the 

updated CBRG method guidelines.27

Whether we had sufficient data to combine the results statistically or not, we assessed the overall 

quality of the evidence for our primary outcomes by using an adapted GRADE approach. The 

quality of the evidence was based on the performance against five domains: limitations of the 

study design, inconsistency, indirectness (inability to generalise) and imprecision (insufficient or 

imprecise data) of results and publication bias across all studies that measure that outcome. The 

same review authors independently performed the GRADE analysis. The quality started at high 

when at least two studies with a low risk of bias provided results for the outcome and reduced by 

one level for each of the domains not met.

High-quality evidence: There were consistent findings among at least 75% of studies with no 

limitations of the study design, consistent, direct and precise data and no known or suspected 

publication biases. Further research is unlikely to change either the estimate or our confidence in 

the results.

Moderate-quality evidence: One of the domains was not met. Further research is likely to have an 

important impact on our confidence in the estimate of effect and may change the estimate.

Low-quality evidence: Two of the domains were not met. Further research is very likely to have an 

important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very-low-quality evidence: Three of the domains were not met. We are very uncertain about the 

estimate.

No evidence: No studies were identified that addressed this outcome.

Meta-analysis

Meta-analyses were carried out using random effects, applying the DerSimonian and Laird 

approach.34 Model choice was determined by the between-study heterogeneity of pooled results, 

which was quantified and assessed using the I2 statistic.35,36 Models were stratified by ICF domain 

and by time. Both between group and within group pre-post effect estimates were carried out, A
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consistent with established methods, with pre-post estimates applied using Glass’ delta.26 Meta-

analyses and meta-regression were carried out using Stata v.16.0 and associated updates.43 

Descriptive analyses were used to depict trends observed in the studies over time. Data were 

normalised based on minimum within-study values for each VAS measure and trends depicted as 

relative change from baseline over time. Trend analyses were carried out using R v.3.3.1.37

RESULTS

Overall, 4,532 references were identified, and 29 RCTs that investigated the effect of workplace 

interventions on neck pain in office workers were included in this review. The description of 

interventions in included studies, using ICF29 is presented in Table 1, and the characteristics of the 

studies are presented in Table 2. Appendix 3 gives justification for the exclusion of the 56 full-text 

studies from this review and references are presented in Appendix 4.

Characteristics of studies

Outcome measures and their timing are described in Table 2. All 29 studies reported pain severity 

or pain prevalence that varied from 52% to 92%; however, only seven studies measured sickness 

absence.38-44 In all studies, participants were assumed to be working full- or part-time. Two studies 

reported harms or adverse effects, which included non-permanent back, shoulder or knee pain39 

and one study reported no harm.44 There were varying types of workplace interventions examined 

across the 29 studies, and so ICF terminology and grouping of interventions according to ICF 

components was used to ensure consistency among interventions.29 Interventions were grouped 

into those targeting: (i) mental health education; (ii) physical education and relaxation breaks; (iii) 

activity performance modification; and, (iv) physical modification (Table 1). No workplace 

interventions targeted modifications of social or attitudinal environments, participation or personal 

factors.

Risk of bias
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In all studies, the first author was contacted for missing information concerning risk of bias 

criteria; however, none provided additional data. All studies had adequate sequence generation as 

this was an inclusion criterion (only RCT-design). Furthermore, all studies appeared to be free 

from selective outcome reporting. Only four articles reported concealed allocation. When the other 

authors were asked to clarify this, three authors reported adequately performed allocation 

concealment, and two authors reported inadequately concealed allocation. In two articles, this 

issue remains unclear. We presented risk of bias in a modified risk of bias summary (Figure 2). 

Eight studies were rated as having low risk of bias. All studies, regardless of their risk of bias, 

were included in this review and the overall quality of evidence was determined using an adapted 

GRADE (Table 3).

Participants

The total number of participants in the 29 included studies was 8,384, of which 5,313 participants, 

who could be accounted for, were female (mean age 45 years, 63.37%) and 2,146 (mean age 46, 

25.6%) were male; and 5,582 participants (66.58%) received workplace interventions (Table 2). 

Five studies did not report on gender numbers or percentages.45-49 Attempts were made to contact 

these authors; however, no gender raw data could be ascertained. Therefore, the above gender 

figures do not represent the entire participant population of this review. All 8,384 participants 

were included in the systematic review, and 1,674 participants were included in the meta-analysis. 

The included studies dealt with office or computer workers of varying job types: secretaries, 

technicians and architects, administration, computer programmers and researchers.48,49 One of 

these studies included office workers who were medical secretaries.40

Qualitative analysis

Visual Analogue Scale

Of the 29 included studies, the VAS was the most used self-reporting instrument that measured 

treatment effect on pain. There were 10 studies that reported VAS scores over the intervention 

period;38,39,43,45,50-55 enabling descriptive summarisation of the absolute change in VAS scores 

(Figure 3). Li et al.56 and Ting et al.57 also reported VAS scores; however, were not included in the A
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descriptive analyses due to heterogeneity in follow-up time or not reporting on follow-up VAS 

scores. These studies evaluated activity performance and mental and physical function. Plots of 

the normalised change in VAS across these studies indicate that, across the range of interventions 

evaluated, a reduction in VAS by 0.5 to 2 points was experienced up to 52-weeks after 

intervention (Figure 4). In contrast, changes in VAS scores in the control groups worsened, 

remained relatively flat, or decreased by 1.5 points. The workplace intervention groups 

demonstrated more steep decreases in VAS scores at follow-up compared to control groups. The 

isometric strength training (IST) group in Andersen et al.,50 12-minute resistance training 

(12MRT) group in Andersen et al.,45 and neck stretching and strengthening exercises (NSSE) 

group in Tunwattanpong et al.54demonstrated the sharpest decrease in VAS scores at 10- and 13-

week follow-up. The dynamic muscle training (DMT) and progressive relaxation training (PRT) 

groups in Viljanen et al.55 also demonstrated sharp decreases in VAS scores at 13-weeks; however, 

VAS scores increased at 26- and 53-weeks. Similarly, VAS scores maintained at the 26- and 52-

week timeframe in the all-round physical activity (APA) and strength resistance training (SRT) 

groups in Andersen et al.51 The VAS scores in the stress-coping strategies and workplace 

adjustments (WS) and stress-coping strategies and workplace adjustments plus physical activity 

(WSPA) groups in Bernaards et al.38 demonstrated a decrease in VAS scores that was not 

maintained at 26- and 52-weeks.

WS group reported a change of approximately 1 in VAS score compared to the WSPA group at 

52-week follow-up in Bernaards et al.38 The control group in Viljanen et al.55 demonstrated a 

sharper decrease in VAS score at 13-week follow-up compared to other control groups; however, 

scores then increased at 26- and 52-week follow-up. All groups except two reported an overall 

decrease in VAS scores; however, these changes were slight compared to the mean change in 

scores in the workplace intervention groups and were not sustained over time. The control groups 

in Andersen et al.45,50,51 were the only groups to report higher mean VAS scores at follow-up.

Nordic Musculoskeletal Questionnaire

The Nordic Musculoskeletal Questionnaire (NMQ) was the second-most used self-reporting 

instrument, although was subject to lack of statistics reported across studies and therefore, not 

analysable. In the studies that presented raw data, a decrease in NMQ scores at follow-up times for A
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the three items (i.e., intensity, duration and status) was evident. This was particularly true in 

studies that included interventions targeting activity performance. For instance, activity 

performance, e.g., muscle stretching, strengthening/conditioning exercises, and work environment 

modifications, e.g., workstation and equipment adjustments. Gram et al.53 measured the effect of 

supervised neck strength training with and without supervision, and Esmaeilzadeh et al.39 

measured ergonomic training and workplace adjustments. Decreases in pain and disability scores 

in the intervention groups at 20-week and 6-month follow-up, respectively, and increased scores in 

controls were evident. However, it was not possible to quantitatively appraise these findings.

Quantitative analysis

Limited studies reported intervention versus control results at comparable follow-up times, solely 

for activity performance interventions. These interventions did not exhibit a statistically significant 

effect at 6- (z: 0.47; p: 0.635) and 12-months (z: 0.48; p: 0.630) (Figure 4). These results may have 

been affected by contamination of the study populations, as the intervention and control groups 

were administered in the same office settings; the discussion section elaborates further on 

implications. Of note, Anderson et al.51 reported results, but exhibited between group differences 

at baseline, which were significant (z: 37.94; p: <=0.001), so was excluded.

There were enough studies available to evaluate the pre- and post-VAS effect of activity 

performance and modifying physical workspace by way of meta-analysis. The overall effect of 

activity performance pre- to post- was statistically significant (z: 3.96; p: <=0.001) as was 

modifying physical workspace (z: 6.28; p: <=0.001), Figure 5. The time effect of activity 

performance was evaluated using meta-regression. There was a decreasing beneficial effect with 

increasing time; however, the slope did not approach statistical significance (β: -0.015; p: 0.491).

DISCUSSION

Overall findings and applicability of evidence
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Descriptive appraisal of VAS scores suggests that activity performance interventions may 

decrease self-reported neck pain at 10 weeks (Figure 3). The common feature across these 

interventions is muscle strengthening. Note that in Figure 3 change in VAS control were not 

reported for Conlon et al.52 and Rempel et al.,43 as these RCTs had a four-arm treatment group, 

and no control group. Our meta-analysis finding that activity performance reduces self-reported 

pain, pre- post-, supports the descriptive finding (Figure 5). Study group contamination may have 

been a factor in the control versus intervention studies – Bernaards et al.38 and Viljanen et al.55 

(Figure 4) – as both studies administered the intervention and control groups in the same setting. 

The consequence of such contamination would result in an effect size decreasing to the null, which 

is evident in the meta-analysis. We therefore exclude these study results, based on a weight-of-

evidence approach. Based on the studies evaluated, dynamic, progressive neck and shoulder 

muscle strengthening and stretching38,43,52-55 and generalised physical activity38 may be effective at 

reducing self-reported neck pain in office workers in the short- to medium-term. Studies 

evaluating the effect of isometric and concentric muscle training on neck pain have shown to 

accurately discriminate between adults with and without neck and shoulder pain and reduce self-

reported neck pain and improve health-related quality of life in workers.58,59 Encouraging 

participation in physical exercise also decreases sedentary behaviours at computer workstations.18

Modification of the physical workspace, again using meta-analysis applying pre- and post-

measures, also resulted in a statistically significant improvement in self-reported neck pain (Figure 

5).37,38,52-55 It is important to emphasise that pre-post meta-analysis, while less common, is an 

acceptable formof measuring effect and has defined approaches.26,60 In this particular analysis, 

potentially confounding factors like recovery are absent, strengthening the confidence in our 

findings. In this study, we had no choice to conduct this form of analysis, due to the lack of 

comparability in the between group form. For both activity performance and medication of the 

physical workspace, it appears as through specific interventions do not matter, so long as the 

intervention introduced meets the categories criteria, as noted by the consistent effect sizes across 

both domains, regardless of the particular intervention applied (Figure 5). We consider this 

tentative and requires further research.

Based on descriptive analyses, interventions that had least effect on self-reported neck pain 

intensity were those focusing on ergonomic training only or a combination of ergonomic training A
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and workstation adjustments (Figure 3). Chen et al.25 previously completed a meta-analysis of 

alternative computer mouse interventions. Workstation alterations may not be as effective at 

reducing self-reported neck pain in office workers when compared to active participation in 

physical exercise. Providing ergonomic workstation adjustments alone may not reduce the severity 

of neck pain; although, providing ergonomic counselling has shown to reduce neck pain in office 

workers and may be a useful workplace intervention strategy.8,52

Our finding that both activity performance and modification of physical workspace is also 

consistent with the notion that multidimensional interventions could be beneficial. In fact, the 

current literature supports the use of long-term, multidimensional workplace interventions for 

reducing neck pain in office workers. For instance, these interventions include exercises such as 

group gymnastics, fitness programs, aerobics, spinning, graded exercise programs, stretching and 

strengthening,18,24 multidisciplinary biopsychosocial rehabilitation,20 ergonomic interventions,21 

and return-to-work programs.23,61 However, the variations in target groups, interventions, follow-

ups and outcome measurements make it difficult to evaluate the individual effects. These are also 

examples that introduce methodological and statistical complexities in appraising their marginal 

effects of individual components in multi-intervention studies. It is therefore no surprise that there 

is no consensus on the most effective workplace intervention for work-related neck pain in the 

current literature; although, based on our study results, we reason that activity performance and 

modification of physical performance could be two important components.

Clinical and investigative considerations

We recommend clinicians who manage office workers for neck pain focus on providing neck and 

shoulder muscle strengthening, conditioning and stretching exercises as part of their overall 

management strategy. Researchers should also focus on quantifying the effect of varying neck and 

shoulder strengthening and stretching exercises on office workers with neck pain in future studies. 

Moreover, due to the complexity of the factors that determine painful symptoms in the neck and 

shoulders, there is understandable difficulty in achieving positive results through the exclusive 

application of workplace interventions. Thus, it is essential to carry out high-quality studies to 

compare strengthening and stretching exercises and other measures, such as physical factors A
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(ergonomic adjustments and task adjustments) and psychosocial factors (stress and anxiety, 

workplace policy, attitudes and abilities of work, and co-worker and organisational support).3,5,15,62 

We further recommend that a self-reported VAS of 3/10 be considered as a desired threshold for 

interventions to cross. Previous studies in pain and function indicate that VAS self-report of 3/10 

is the point at which clinically meaningful differences in function are apparent.63,64 We 

hypothesise that effective workplace interventions will reduce and sustain pain levels to below this 

threshold. We note that studies evaluating activity performance had higher baseline pain scores 

than modifying physical workspace studies (Figure 5). Based on the results realised (Figure 5) and 

based on larger sample sizes and larger standardised mean difference, we reason that activity 

performance may have greater benefit than workspace modification. We note that the time of 

follow-up differ, which could affect long-term outcomes. While both exhibited beneficial effects, 

further research is needed to evaluate the abilities of these approaches to cross what we reason to 

be the 3/10 clinically important threshold.

Quality and implication of the evidence

The overall result from this review is one of low-quality evidence, as revealed by our GRADE-

analysis (Figure 2 and Table 3). Ten RCTs were included in the descriptive analysis with a 

population size of 2,562. Six trials were included in the meta-analysis, which had a small study 

population size of 1,674, when compared to the total study population of 8,384 across the 29 

included trials. This finding reflects that of a previous Cochrane review and systematic review.24,25 

The study population in several trials was low, one as low as 22 participants.47 It could be argued 

that our specific selection criteria reduced the overall robustness of evidence gained from the 

studies; however, our objective was to obtain data from office workers specifically. The diversity 

of primary studies evaluating the outcomes of workplace interventions for meta-analysis is a 

challenging task in general.14,58,65 There is still a need for high-quality studies with larger study 

populations. Studies should include adequate sequence generation, allocation concealments and 

assessor blinding in their methodologies, which are important considerations in performing high-

quality trials. Moreover, no study protocol was published or made publicly available prior to 

conducting this systematic review, thus causing possible publication bias. However, we believe 

the inclusion of 8 high-quality RCTs, enhanced research standards and protocols, and careful A
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statistcial considerations and techniques assisted in containing publication bias in this systematic 

review.

The specific content, duration, intensity and methodology of the interventions varied across 

studies, limiting comparison. There were also differences in the delivery and standardisation of the 

interventions, along with a wide range of interventions introduced. The measurement of outcomes 

varied considerably and was another significant reason for the inability to conduce more 

comprehensive meta-analyses. Most studies recorded pain, MSD and prevalence of disability 

using varying self-reporting instruments. Some instruments used across the studies were 

standardised, such as the NMQ, while others were global MSD scales or non-standardised (i.e., 

developed in-house). The use of in-house, non-validated instruments was also a limitation. These 

instruments included a headache scale, total tenderness scores and muscle strength 

measurements.45,53 Standardised instruments used included psychosocial questionnaires, such as 

the Depression Anxiety Stress Scale 21 (DASS-21) and Short-Form 36 (SF36), and a Northwick 

Park Neck Pain Questionnaire (NPNPQ); however, instrument data was presented in isolation and 

in several forms across the studies and was captured at varying follow-up times. This was a 

significant issue as baseline neck pain scores were at time ambiguous and made it a challenge to 

examine changes at follow-up. None of the instruments used in the 29 studies effectively measure 

most items across the ICF-domains at same time points;29 thus, neck pain and disability in the 

pooled population could not have been adequately measured quantitatively. Ideally, standardised 

self-reporting instruments would incorporate all the domains of functioning and disability: 

healthcare providers would be able to consider patient-specific functional limitations in 

assessment and intervention procedures, and then develop a patient-centered management plan.29 

A systematic review evaluated three neck pain self-reporting instruments: Neck Bournemouth 

Questionnaire (NBQ), Neck Disability Index (NDI) and Neck Pain Disability Scale (NPDS).22 

These three self-reporting instruments demonstrated a sound balance and distribution of items 

across the ICF components.22 Furthermore, these self-reporting instruments have shown to be 

highly reliable and have adequate internal consistency and validity.22,31-33 The use of WHO’s ICF 

could have provided a conceptual framework of reference based on common terminology.29 The 

absence of interventions targeting the ICF-domains “attitudinal- and social-environment” may 

have also caused the lack of effectiveness. This is of concern because clinical interventions, such A
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as cognitive-based therapy combined with workplace intervention, diagnostic assessments 

followed by participant reassurance have shown to be effective at reducing MSD and might be 

plausible causes for our inconclusive results.7,66,67

CONCLUSIONS

This systematic review with meta-analysis and meta-regression found low-quality evidence that 

neck and shoulder muscle strengthening and workstation modifications, compared to no 

intervention or usual care, is effective at decreasing self-reported neck pain in office workers in 

the short- and medium-term. Further research, involving clinicians, is important to evaluate the 

efficacy of these potential multidimensional workplace interventions for neck pain, as the quality 

of available evidence was low. Moreover, there is still a need for high-quality studies with well-

designed multidimensional workplace interventions, which are tailored towards neck pain in office 

workers and conducted at the workplace. We recommend researchers use the ICF terminology in 

future studies to ensure that all relevant dimensions of health and functioning are addressed. 

Additionally, we recommend future studies that aim to quantify neck pain and disability use a 

combination research-validated self-reporting instruments that provide a sound balance and 

distribution of items across the ICF components.
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Table 1

Description of interventions in included studies using the ICF.

Study Interventions 
targeting mental 
body functions [BF-
mental health 
education]

Interventions targeting 
body functions
[BF-physical 
education] [BF-
relaxation-breaks]

Interventions modifying activity 
performance [A-modification]

Interventions modifying physical 
environment
[E-physical modification]

Intensity / frequency

Andersen 2008 IG1: specific resistance and static training of 

neck and shoulder muscles with dumbbells

IG2: all-round physical exercise (i.e., increase 

any physical activity during leisure and work)

IG1: 2-3 sets of 10-15 reps 

adding weight if able to 

perform >15 reps

IG2: indefinite

Andersen 2011 Both intervention groups focusing on 

increasing strength and endurance of neck 

muscles to reduce neck pain symptomology

IG1: 5 x week (total 10 & 60 

min/week) slow & controlled 

until failure

IG2: 5-6 sets of 6-12 reps in 

progressive manner

Andersen 2014 Increasing maximal muscles strength and 

pressure pain threshold (PPT) to reduce neck 

pain symptomology

Scapula training 3 x 20 min 

for 10 weeks

Bernaards 2007 IG1: increasing 

awareness of coping 

with high work 

demands

IG1: awareness of taking 

breaks and body posture

IG2: moderate to heavy intensive physical 

activities

IG1: adjustments of workplace Six 15-60 min meetings for 6 

months. Four large meetings 

<10 persons, two small 

meetings <3 persons with 
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trained counsellor or 

standardised protocol

Blangsted 2008 IG2: motivated to 

increase daily physical 

activity (e.g., walking, 

running, step counters)

IG1: dynamic resistance, static exercise for 

neck and shoulders

IG1: 2-3 sets of 10-15 reps 

(10-15 reps max)

IG2: permanent, visits from 

instructor 1-4 times per 

month

Conlon 2008 IG1: conventional computer mouse

IG2: alternative mouse with neutral 

forearm posture

IG3: conventional mouse and forearm 

support board

IG4: alternative mouse and forearm 

support board

Permanent, one 

unannounced visit after one 

month to confirm compliance

Cook and 
Burgess-
Limerick 2004

Workstation and postural corrections Permanent, weekly visits to 

check compliance

Esmaeilzadeh 
2014

Ergonomic brochure Ergonomic training and workstation 

evaluation

2 sessions at 90 minutes
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Fostervold 2006 IG1: 15º lower than a horizontal line to 

the midpoint of the screen

IG2: low line of sight: 30º lower than a 

horizontal line to the midpoint of the 

screen

Permanent

Gerr 2005 IG1/2: ergonomic and workplace 

adjustments (i.e., keyboard, mouse 

positions, head tilt etc.)

Gram 2014 IG1: planned exercises involved strength 

training of neck and shoulder muscles with 

supervision throughout intervention period

IG2: as above, but with minimal supervision

60 sessions (3x20 weeks), 

3WS had instructors 

supervising 10 hr (30 

sessions x 20min), while 

3MS had instructor 

supervision for 40-60 min

Hedge 1999 Downward tilted computer keyboard 

on a tray

Permanent

Kamwendo and 
Linton 1991

IG1: interview by a 

psychologist on 

psychosocial work 

factors to arrive at a 

personal coping 

strategy

IG2: education about

body function and 

ergonomics, included

pause-gymnastics and

relaxation

IG1: workplace visit, discussion of 

ergonomic adjustments

IG1:4 hr + 2hr 

IG2: 4 hr

Ketola 2002 IG1: worksite visit 

including taking breaks 

IG1: Worksite visit including; layout 

environmental conditions of the 

IG1: 1.5 to 2 hr
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during work, pay 

attention to work posture. 

The worker could 

participate actively

IG2: group training 

session: encouraging to 

take short pauses

workroom, and adjustments of the 

workstation.

IG2: group training session: 

encouraged to evaluate workstation 

and implement change, and ask for 

equipment if needed

IG2: 1 hr

Ketola 2004 IG1: 1-hr training session 

on ergonomics and 1-

page informative leaflet

IG2: worksite visit and ergonomic 

improvements such as altering 

workstation equipment

IG1: 1.5 to 2 hr

IG2: 1 hr

Li 2017 IG1: progressive resistance training

IG2: fixed resistance training

IG1: 8-12 reps held 5 secs 

at 50-70% resistance at 2- 

and 4-week follow-up

IG2: as above, but fixed at 

70% resistance during 6-

weeks

Mahmud 2011 Ergonomic training over 1 day, 2 

sessions about understanding 

relationship of ergonomics and MSK 

complaints and adjusting workstations

1 day of training with 2 

separate sessions:

lectures on office 

ergonomics and stretches, 

and sec on practical aspect 

training
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Mahmud 2015 Ergonomic training over 1 day, 2 

sessions about understanding 

relationship of ergonomics and MSK 

complaints and adjusting workstations

1 day of training with 2 

separate sessions:

lectures on office 

ergonomics and stretches, 

and sec on practical aspect 

training

Mongini 2012 Relaxation exercises in 

quiet room

Postural exercises for 

hips, back and neck

Visual feedback: placed labels around 

workstation to reduce neck contraction

Relaxation: once/twice a day 

for 10-15 min

Postural: 8-10 times every 2-

3 hr

Visual: indefinite

Pereira 2019 IG1: individualised neck-specific exercise 

training

IG2: health promotion information 

All participants received a workstation 

ergonomic assessment and 

individualised best-practice ergonomic 

intervention

IG1: 20 mins 3 x week using 

resistance bands, two 

sessions in first week 

supervised

IG2: weekly series of health 

promotion 1 hr seminars for 

12 weeks, exercise 

information not included

Rempel 2006 IG1: ergonomic training (involving 

postural advice and workstation 

adjustments)

IG2: trackball and ergonomic training

IG1: frequency/intensity and 

duration of training not clear

IG2: trackball indefinite

IG3: forearm support 
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IG3: forearm support and ergonomic 

training

IG4: forearm support, trackball and 

ergonomic training

indefinite

IG4: trackball and forearm 

support indefinite

Robertson 2013 IG1: instructional Systems Design 

approach of two phases: lectures and 

mandatory practice period. Pre-training 

and post-training ergonomics 

knowledge tests

IG2: ergonomic and workstation 

overview

Over 4 days both groups 

learned about computer-

based customer service task 

and 15 days of 8 hr/day

Sihawong 2014 Neck and shoulder muscles stretches and 

endurance training

Participants held muscle in 

stretched position for 30 

secs once and performed 

twice each workday. For 

endurance, each muscle 

was contracted 10 times/day

Taieb-Maimon 
2012

IG1: personal training to improve 

working conditions and practical 

instruction to modify workspace.

IG2: ergonomic training and photo-

training feedback

IG1: 20 min

IG2: displayed every 20 min
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Ting 2019 IG2: lectures on 

healthy eating and 

weight loss, smoking, 

relaxation and stress 

management

IG1: progressive neck/shoulder strengthening 

and postural exercises

IG1: 20 min sessions 3 x wk 

for 12 wk

IG2: 1 hr lecture per wk for 

12 wk

Tunwattanapong 
2016

Neck stretching, shoulder stretching, shoulder 

rolling, trunk stretching, and back extension 

exercises

20-30 reps/session with 

duration of 10-15 

min/session. Two sessions/ 

day, 5 x week for four weeks

van den Heuvel 
2003

IG1: five min rest every 

35 min introduced by a 

computer program

IG2: four physical exercises of 45 secs 

duration

IG1: 5 min rest every 35min 

and 7sec rest every 5 min.

IG2: as above + physical 

exercises of 45 sec 

durations

Viljanen 2003 IG2: progressive 

relaxation, autogenic 

training, functional 

relaxation and systematic 

desensitization

IG1: 1-3kg dumbbells to maximum reps for 

large neck and shoulder muscles

IG1: no frequency or 

intensity indicated, but 

maximum reps, 3 exercises 

and stretches at fifth week 

and performed training in 

group with instructor 

feedback

IG2: No frequency or 

intensity indicated, but 

different techniques at 
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twelfth week

Voerman et al. 
2007

IG1: Instructed to relax 

as a response to the 

myofeedback

IG2:  workplace visit included 

ergonomic investigation (work task, 

work hour, workload)

IG2: workplace visit included 

ergonomic investigation and modifying 

the existing workstation

4 weeks

Note: Hour (hr); Intervention group (IG); Minutes (min); Musculoskeletal (MSK); Repetitions (reps); Seconds (secs).

Table 2

Summary of the characteristics of included studies.

Study 
(Country)

Participants Intervention Control Outcomes Timeframe Baseline neck pain

Andersen et 
al. 2008
(Denmark)

Office workers from 

a national Danish 

public admin 

IG1: specific 

resistance/static 

training of neck and 

Usual care (general 

health counselling), 

n = 182

Change in maximal muscle strength and 

intensity of neck/shoulder pain (VAS)

Baseline and at 

6- and 12-month 

follow-up

Neck pain intensity (0-9 

VAS), mean (SD):
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authority, total n = 

549

F, n = 397 (mean 

age = 45)

M, n = 219 (mean 

age = 47)

shoulder muscles, n 

= 180

IG2: increase 

physical activity 

levels, n = 187

Duration of pain during last 3 months (5-

item ordinal scale), participation in 

intervention (6-item scale)

IG1: 5.0 (0.2)

IG2: 5.0 (0.2)

Control: 4.8 (2.8)

Andersen et 
al. 2011
(Denmark)

Office workers from 

white collar 

organisations, total 

n = 198 (mean age 

= 43)

IG1: 2 min 

resistance training of 

shoulder muscles 

with elastic tubing, n 

= 66

IG2: as above, but 

12 min, n = 66

Usual care 

(information on 

general health), n = 

66

Change in intensity of neck/shoulder pain 

(VAS), palpable tenderness of 

neck/shoulder muscles (PPT)

Isometric muscle strength of shoulder 

muscles

Baseline and at 

10-week follow-

up

Neck pain intensity 

previous 3 months (0-10 

VAS), mean (SD):

IG1:  5.2 (1.9),

IG2:  5.2 (2.1),

Control: 4.5 (1.9)

Andersen et al 
2014
(Denmark)

Office workers from 

admin departments 

of a large 

university, total n = 

47 (mean age = 44)

F, n = 37

M, n = 10

Isometric scapula 

function training, n = 

24

Usual care, n = 23 Change in neck and shoulder pain (VAS)

Maximal muscle strength and palpable 

tenderness of neck/shoulder muscles (PPT)

Baseline and at 

10-week follow-

up

Pain intensity previous 

month (0-9 VAS), mean 

(SD):

Intervention: 5.7 (1.9),

Control: 5.4 (1.5)

Bernaards et 
al. 2007

Computer workers 

in head-offices of 7 

IG1: Work style 

group (WS), n = 152

No intervention, n = 

158

Behavioural change. Baseline and at 

6- and 12-

Worst pain (0-10 VAS), 

mean (SD):
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(Netherlands) Dutch companies, 

total n = 446 (mean 

= 44)

F, n = 187

M, n = 259

IG2: WS and 

lifestyle physical 

activity (PA)-group, 

n = 156

Pain intensity and disability at work (11-

point scales), number of days with and 

without symptoms

months follow-

up IG1: 5.3 (2.4)

IG2: 5.1 (2.2)

Control: 5.1 (2.3)

Blangsted et 
al. 2008
(Denmark)

Office workers from 

a public admin 

authority, total n = 

549

F, n = 354 (mean 

age = 45)

M, n = 195 (mean 

age = 45.7)

IG1: specific 

resistance training, n 

= 180

IG2: all-round 

physical exercise, n 

= 187

Usual care 

(informed about 

general health), n = 

182

Neck pain symptomology and intensity 

(NMQ), and perceived work ability (WDI)

Baseline and at 

4-5- and 12- 

months follow-

up

1-year prevalence neck 

pain, 0-100 scale, mean:

IG1: 55.8 (men), 88.1 

(women)

IG2: 67.2 (men), 80.0 

(women)

Control: 75.7 (men), 85.2 

(women)

Conlon et al. 
2008
(USA)

Office workers from 

an aerospace 

engineering firm,

total n = 206 (mean 

age = 43)

F, n = 57

M, n = 149

IG1: conventional 

computer mouse, n 

= 52

IG2: alternative 

mouse with neutral 

forearm posture, n = 

52

IG3: conventional 

mouse and forearm 

support board, n = 

51

IG4: alternative 

mouse and forearm 

support board, n = 

51

Change in neck/shoulder pain intensity 

(VAS)

Baseline and 

12-month follow-

up

Neck pain intensity (0-10 

VAS), mean (SD):

IG1: 1.60 (2.03)

IG2: 1.75 (1.86)

IG3: 1.83 (2.32)

IG4: 2.22 (2.18)
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Cook and 
Burgess-
Limerick 2004
(Australia)

Office workers from 

newspaper call 

centre, total n = 59 

(mean age = 39)

F, n = 54

M, n = 5

Individual 

workstation 

assessments, n = 30

Usual care 

(standardised 

workstation 

corrections), n = 29

Work patterns and discomfort (non-

standardised questionnaire), MSK pain 

(NMQ)

Mouse use, wrist rests and position of 

keyboard (non-standardised questionnaires)

Baseline and 6- 

and 12-week 

follow-up

Not reported, baseline 

MSK pain, percentage:

Intervention: 79%

Control: 71%

Esmaeilzadeh 
et al. 2014
(Turkey)

Computer workers 

from Instanbul 

University Faculty 

of Medicine, total n 

= 94 (mean age = 

35)

F, n = 26

M, n = 9

Ergonomic training 

and workstation 

evaluation, n = 47

No intervention, n = 

47

Ergonomic exposure (modified Ergonomic 

Questionnaire), MSK symptoms and pain 

intensity (modified NMQ)

Medical care or use and sickness absence 

(non-standardised survey), functional status 

(UEFS), QoL (SF36)

Baseline and 6-

month follow-up

Pain intensity (1-10 VAS), 

mean (SD):

Intervention: 3.3 (1.8),

Control: 2.8 (1.7)

Fostervold et 
al. 2006
(Norway)

Office workers from 

insurance 

company, total n = 

150 (mean age = 

41)

Computer screen 

angle - high line of 

sight (HLS), n = 75

Computer

screen angle –

down line of

sight (DLS), n = 75

Reduce subjective symptoms, optometric 

status, MSK load and other health related 

variables (non-standardised questionnaires)

Baseline and at 

12-month follow-

up

Not reported, neck and 

shoulder discomfort, 

percentage:

HLS: 73.5%

DLS: 75.0%

Gerr et al. 
2005
(USA)

Computer workers 

from insurance, 

financial and food 

IG1: protective 

ergonomic and 

workplace factors, n 

No intervention, n = 

119

Weekly exposure and symptom diary, pain 

intensity (VAS), occupational stress (JCQ), 

ergonomic assessment standard checklist

Baseline and 6-

month follow-up

Not reported, history of 

neck/shoulder disorder, 

percentage:
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product companies 

and universities, 

total n = 362 (mean 

age not reported)

F, n = 279

M, n = 83

= 126

IG2: standardised 

ergonomic and 

workplace 

adjustments, n = 

130

IG1: 34.2%

IG2: 33.6%

Control: 42%

Gram et al. 
2014
(Denmark)

Office workers from 

national public 

admin authority, 

total n = 351 (mean 

age = 46)

F, n = 218

M, n = 133

IG1: supervised 

neck muscle 

strength training, n = 

126

IG2: as above but 

with minimal 

supervision, n = 124

No intervention, n = 

101

Neck pain and disability (NMQ)

Headache frequency/intensity (non-

standardised questionnaire)

Baseline and at 

20-week follow-

up

Neck pain (0-9 VAS), 

mean (SD):

IG1: 5.0 (1.6)

IG2: 4.9 (1.7)

Control: 4.8 (1.6)

Hedge et al. 
1999
(USA)

Office workers from 

a large office 

faculty, total n = 46 

(mean age = 37)

F, n = 34

M, n = 12

Downward

tilted computer

keyboard on

a tray (DT), n = 23

Conventional

keyboard on

a flat tray (CT), n = 

23

Physical dimensions of workstation, visual 

display unit work, workstation comfort

MSD (non-standardised questionnaire)

Baseline and at 

3- week follow-

up

Not reported, neck pain 

prevalence, percentage:

DT: 70%

CT: 54%

Kamwendo 
and Linton 

Office workers 

(medical 

IG1: traditional neck 

school, n = 25

No intervention, n = 

26

Ergonomic knowledge (non-standardised 0-

49-point MCQ), fatigue, workload, pain and 

Baseline and at 

4-week and 6-

Neck pain not clearly 

defined, during the 
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1991
(Sweden)

secretaries), total n 

= 79

F, n = 79 (mean 

age = 39)

IG2: reinforced neck 

school, n = 28

headache (VAS)

Sickness absence (days)

month follow-up previous year 63% of the 

420 secretaries had neck 

pain

Ketola et al. 
2002
(Finland)

Office workers 

(secretaries, 

technicians, 

architects, 

engineers or 

draftspersons), 

total n = 109 (mean 

age = 48)

F, n = 64

M, n = 45

IG1: intensive group, 

n = 37

IG2: ergonomic 

education, n = 35

Usual care (1-page 

informative leaflet), 

n = 32

Education on MSD (5-point scale, modified 

NMQ), MSK strain and pain (5-point scale)

Level of ergonomic knowledge (self-rated 

scale), workload (computer usage in mins, 

software monitoring usage)

Baseline and at 

2- and 10-month 

follow-up

Not reported, neck pain 

prevalence, percentage:

IG1: 78%

IG2: 77%

Control: 77%

Ketola 2004
(Finland)

Office workers from 

3 municipal admin 

units, total n = 109 

(mean age not 

reported)

F, n = 64

M, n = 45

IG1: intensive group, 

n = 39

IG2: ergonomic 

education, n = 35

Usual care (1-page 

informative leaflet), 

n = 35

Education on MSD (modified NMQ) and 

workstation ergonomics (7-point scale)

Baseline and 2- 

and 10-month 

follow-up

Not reported, neck pain 

prevalence, percentage 

13.3%

Li et al. 2017
(China)

Office workers from 

six workplaces, 

IG1: progressive 

resistance training, n 

Usual care 

(information about 

Change in neck pain intensity (VAS, NDI) Baseline and 2-, 

4- and 6-week 

Neck pain intensity (0-10 

VAS), mean (SD):
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total n = 109 (mean 

age = 34)

F, n = 109

= 38

IG2: fixed resistance 

training, n = 35

workplace 

ergonomics, stress 

management, 

relaxation/ 

meditation and 

diet), n = 36

Maximal isometric neck strength (hand-held 

dynamometer), and palpable tenderness of 

neck/shoulder muscles (PPT)

and 3-month 

follow-up IG1: 5.25 (1.29)

IG2: 5.37 (1.11)

Control: 5.21 (1.24)

Mahmud et al. 
2011
(Malaysia)

Office workers from 

registry, library, 

research and 

education centre 

and information 

technology units, 

total n = 128 (mean 

age = 34)

F, n = 74

M, n = 54

Office ergonomics 

training, n = 58

Usual care (leaflet 

about ergonomics), 

n = 70

MSD over 6 months (modified NMQ)

Workstation habits, psychological well-

being, and sick leave (DASS-21)

Baseline and at 

6- month follow-

up

Neck pain prevalence, 

percentage:

Intervention: 51.2%

Control: 63.6%

Mahmud et al. 
2015
(Malaysia)

Office workers from 

6 units, total n = 

127 (mean age = 

34)

F, n = 95

M, n = 32

Office ergonomics 

training, n = 58

Usual care (leaflet 

about ergonomics), 

n = 69

MSD over 6 months (modified NMQ)

Workstation habits, psychological well-

being, and sick leave (DASS-21)

Baseline and at 

6-month and 12-

month follow-up

Neck pain prevalence, 

percentage:

Intervention: 50%

Control: 62%

Mongini et al. Office workers from Relaxation and No intervention, n = Change in frequency and pain index of Baseline and 6- Neck pain prevalence, 
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2012
(Italy)

Turin municipal, 

total n = 1913 

(mean age = 47)

F, n = 1618

M, n = 151

postural exercises 

and visual feedback, 

n =923

990 headache or neck/shoulder pain (number of 

days/month)

and 12-month 

follow-up

percentage:

Intervention: 61%

Control: 59%

Pereira et al. 
2019
(Australia)

Office workers from 

14 workplaces, 

total n = 763 (mean 

age = 42)

F, n = 452

M, n = 311

IG1: individualised 

neck-specific 

exercise training, n = 

381

IG2: health 

promotion 

information, n = 382

N/A Health-related productivity (WHO’s HPQ), 

Monetized productivity loss (presenteeism, 

absenteeism using HPQ), sickness absence

Baseline and 

12-week and 12-

month follow-up

Not reported

Rempel et al. 
2006
(USA)

Office workers 

(customer service 

operators), total n = 

182 (mean age = 

40)

F, n = 173

M, n = 9

IG1: ergonomic 

training, n = 46

IG2: trackball and 

ergonomic training, 

n = 45

IG3: forearm support 

board and 

ergonomic training, 

N/A Change in MSK pain levels across four 

treatment groups (VAS)

Baseline and 

12-month follow-

up

Neck/shoulder pain 

prevalence (0-10 VAS), 

mean (SD):

IG1: 2.1 (2.2)

IG2: 2.9 (2.9)

IG3: 2.6 (2.8)

IG4: 2.0 (2.4)

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

n = 46

IG4: forearm support 

board, trackball and 

ergonomic training, 

n = 45

Robertson et 
al. 2013
(USA)

Office workers, 

total n = 22 (mean 

age = 45)

IG1: Ergonomic 

lectures and 

training, n = 11

IG2: Minimal training 

such as overview of 

work setting, but 

without coaching, n 

= 11

N/A MSK and visual discomfort/pain and task 

performance (quantity and accuracy, 0-10 

scale)

Performance outcomes: number of faxes 

completed for the day, accuracy of entering 

the faxes (quality control, 0-300 scale)

Baseline and at 

19-day follow-up

Not clear, baseline quality 

scores, mean (SD):

ET: 224.9 (65.4)

Control: 190.1 (64.1)

Sihawong et 
al. 2014
(Thailand)

Office workers from 

12 large 

enterprises, total n 

= 567 (mean age = 

37)

F, n = 254

M, n = 313

Stretching and 

endurance of neck 

and shoulder 

muscles, n = 285

No intervention, n = 

282

12-month incidence of neck pain (NMQ, 

NDI), self-rate ergonomics, workstations 

and work environment conditions

Neck flexion, neck flexor endurance

Pain intensity, disability level, QoL (SF36v2) 

health status, job content questionnaire

Baseline and at 

12-month follow-

up

Not clear, baseline scores 

for neck flexion range of 

motion, mean, (SD):

Intervention: 27.1 (3.6)

Control: 26.3 (7.6)

Taieb-Maimon Office workers IG1: office No intervention, n = Von Korff neck pain severity assessment Baseline and at Not reported
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et al. 2012
(Israel)

(administration, 

computer 

programmers, 

researchers), total 

n = 60 (mean age 

not reported)

ergonomic training, 

n = 20

IG2: self-modelling 

photo-training, n = 

20

20 procedure (now and last year, 10-point 

scale), global MSK discomfort (0-10 scale).

RULA measuring tool analyse sitting 

postures, validated ergonomic 

questionnaire, DASH

6-week follow-

up

Ting et al. 
2019
(Australia)

Office workers from 

14 private and 

government 

workplaces, total n 

= 350 (mean age = 

42)

F, n = 193

M, n = 157

IG1: neck/shoulder 

strengthening 

exercise, n = 177

IG2: health 

promotion 

intervention, n = 173

N/A Change in neck pain intensity (VAS)

Work ability (non-standardised survey), 

physical activity (International Physical 

Activity Questionnaire), psychological 

distress (Kessler 6 scale)

Baseline and 

12-week and 12-

month follow-up

Neck pain intensity (0-9 

VAS), mean (SD):

IG1: 1.77 (2.26)

IG2: 1.50 (2.00)

Tunwattanapo
ng et al. 2016
(Thailand)

Office workers, 

total n = 96 (mean 

age = 35)

F, n = 87

M, n = 9

Neck/shoulder, trunk 

and back stretching 

exercises, n = 41

Usual care 

(brochure on 

ergonomics), n = 

46

Pain, neck functions, and quality of life 

(VAS, NPNPQ)

QoL (SF36)

Baseline and at 

4-week follow-

up

Neck pain prevalence (0-

10 VAS), mean (SD):

Intervention: 6.7 (1.2)

Control: 6.2 (1.0)

van den 
Heuvel et al. 
2003
(Netherlands)

Office workers from 

a social security 

allowance 

company, total n = 

IG1: software 

program to stimulate 

breaks, n = 97

Usual care, n = 90 Perceived overall recovery from complaints 

after 8-week (7-point scale)

Frequency and severity of complaints and 

Baseline and at 

3-month follow-

up

Not reported
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268 (mean age = 

39)

IG2: as above plus 

software program to 

encourage 

exercises, n = 81

number of keystrokes a day

Viljanen et al. 
2003
(Finland)

Office workers from 

a healthcare 

centre, total n = 

393

F, n = 393 (mean 

age = 45)

IG1: dynamic 

muscle training, n = 

135

IG2: progressive 

relaxation training, n 

= 128

No intervention, n = 

130

Change in neck pain intensity (VAS)

Neck disability, subjective work ability (non-

standardised 0-10 scale questionnaire), 

cervical range of motion (inclinometer), 

dynamic muscle strength, sick leave owing 

to neck pain (non-standardised ordinal 

scale)

Baseline and at 

3-, 6- and 12-

month follow-up

Not reported, baseline 

neck pain intensity, mean 

(SD):

IG1: 4.8 (2.3)

IG2: 4.8 (2.3)

Control: 4.1 (2.2)

Voerman et al. 
2007
(Netherlands 
and Sweden)

Office workers (job 

counsellors and 

medical 

secretaries), total n 

= 79

F, n = 79 (mean 

age = 51)

Myofeedback 

training and 

ergonomic 

counselling 

(Mfb/EC), n = 42 

Ergonomic 

counselling (EC), n 

= 37

N/A Change in neck pain intensity (VAS, PDI)

Psychosocial factors (EQ5D, VAS, FABQ)

Baseline and at 

3- and 6-month 

follow-up

Neck pain in last year 

(binary question), 

percentage:

Mfb/EC: 92.9%

EC: 91.9%

Note: Chinese lam assessment of stages of employment readiness (C-LASER); Chinese state trait and anxiety inventory (C-STAI); Depression anxiety stress scale-21 (DASS-21) 

Electrode electromyography (EMG); EuroQol 5D (EQ5D); Females (F); Fear-avoidance beliefs questionnaire (FABQ); Health and Work Performance Questionnaire (HPQ); 

Intervention group (IG); Job Content Questionnaire (JCQ); Males (M); Musculoskeletal (MSK); Musculoskeletal discomfort (MSD); Musculoskeletal-eyestrain-psychosocial-stress-
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study (MEPS); Multiple-choice questions (MCQ); Neck disability index (NDI); Neck pain severity assessment procedure (NPSAP); Nordic Musculoskeletal Questionnaire (NMQ); 

Northwick Park Neck Pain Questionnaire (NPNPQ); Pain disability index (PDI); Pain-pressure threshold (PPT); Standard deviation (SD); Quality of life (QoL); Range of motion 

(ROM); Rapid upper limb assessment (RULA); Short-Form 36 version 2 (SF36v2); Work Disability Index (WDI); World Health Organisation (WHO); Visual analogue scale (VAS).

Table 3

Grading of Recommendations, Assessment, Development and Evaluations (GRADE) of the included studies.

GRADE criteria
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Study 1. Limitation of the 
study design

2. Inconsistency 3. Indirectness 
(inability to 
generalise)

4. Imprecision 
of results 
(insufficient or 
imprecise data)

5. Publication 
bias (across all 
studies 
assessing the 
outcome)

Conclusion from the 
GRADE-assessment

Two-component workplace intervention versus no intervention

Bernaards et al. 2007 Serious (-1)3 No downgrade No downgrade Serious (-1)1 Unlikely Pain: Moderate-quality 

evidence

Sickness absence: No 

evidence2

Gerr et al. 2005 Very serious (-2)4,8 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Very low-quality 

evidence

Sickness absence: No 

evidence2

Gram et al. 2014 Very serious (-2)4,8 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Very low-quality 

evidence
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Sickness absence: No 

evidence2

Kamwendo and Linton 
1991

Very serious (-2)6 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Very low-quality 

evidence

Sickness absence: Very low-

quality evidence

Taieb-Maimon et al. 
2012

Very serious (-2)4,8 No downgrade No downgrade Very serious (-

2)5

Unlikely Pain: Very low-quality 

evidence

Sickness absence: No 

evidence2

Viljanen et al. 2003 Serious (-1)5,8 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Low-quality evidence

Sickness absence: Very low-

quality evidence

One-component workplace intervention versus no intervention

Esmaeilzadeh et al. 
2014

Serious1,3 No downgrade No downgrade Serious (-1)1 Unlikely Pain: Low-quality evidence

Sickness absence: Low-quality 
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evidence

Mongini et al. 2012 Serious4 No downgrade No downgrade Serious (-1)4 Unlikely Pain: Moderate-quality 

evidence

Sickness absence: No 

evidence2

Sihawong et al. 2014 Serious (-1)3 No downgrade No downgrade Serious (-1)1 Unlikely Pain: Moderate-quality 

evidence

Sickness absence: No 

evidence2

Two-component workplace intervention versus usual care

Andersen et al. 2008 Serious (-1)3 No downgrade No downgrade Serious (-1) Unlikely Pain: Moderate-quality 

evidence

Sickness absence: No 

evidence2

Andersen et al. 2011 Serious (-1)3 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Moderate-quality 

evidence

Sickness absence: No 
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evidence2

Blangsted et al. 2008 Serious (-1)8 No downgrade No downgrade Serious (-1)1 Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2

Ketola et al. 2002 Serious (-1)7 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Low-quality evidence

Sickness absence: Very low-

quality evidence

Ketola 2004 Serious (-1)1,3 No downgrade No downgrade Serious (-1)1,3 Pain: Low-quality evidence

Sickness absence: Very low-

quality evidence

Li 2017 Serious (-1)1,3 No downgrade No downgrade Serious (-1)1,3 Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2

van den Heuvel et al. 
2003

Serious (-1)8 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Low-quality evidence

Sickness absence: Low quality 

evidence
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One-component workplace intervention versus usual care

Andersen et al. 2014 Serious (-1)4 No downgrade No downgrade Very serious (-

2)5

Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2

Cook and Burgess-
Limerick 2004

Very serious (-2)1,4 No downgrade No downgrade Very serious (-

2)1,8

Unlikely Pain: Very low-quality 

evidence

Sickness absence: No 

evidence2

Mahmud et al. 2011 Very serious (-2)4,8 No downgrade No downgrade Very serious (-

2)1

Unlikely Pain: Very low-quality 

evidence

Sickness absence: Very low-

quality evidence

Mahmud et al. 2015 Serious (-1)8 No downgrade No downgrade Very serious (-

2)5

Unlikely Pain: Very low-quality 

evidence

Sickness absence: Low quality 

evidence 
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Tunwattanapong et al. 
2016

Serious (-1)3 No downgrade No downgrade Very serious (-

2)5

Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2

Physical environment modifications versus another physical environment modification

Fostervold et al. 2006 Serious (-1)3 No downgrade No downgrade Serious (-1)1 Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2

Hedge et al. 1999 Serious (-1)4 No downgrade No downgrade Serious (-1)1 Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2

Conventional mouse versus alternative mouse and neutral forearm posture versus conventional mouse and forearm support board versus alternative 
mouse and forearm support board

Conlon et al. 2008 Very serious (-2)1,4 No downgrade No downgrade Serious (-1)1 Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2
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Individualised neck-specific exercise training versus health promotion information

Pereira et al. 2019 Serious (-1)7 No downgrade No downgrade Serious (-1)7 Unlikely Pain: Low-quality evidence

Sickness absence: Moderate-

quality evidence

Ergonomic training versus ergonomic training and trackball versus ergonomic training and forearm support

Rempel et al. 2006 Very serious (-2)1,3 No downgrade No downgrade Serious (-1)1 Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2

Ergonomic education and training versus minimal training and workstation overview without coaching

Robertson et al. 2013 Very serious (-2)4,8 No downgrade No downgrade Very serious (-

2)5

Unlikely Pain: Very low-quality 

evidence

Sickness absence: No 

evidence2

Progressive neck/shoulder strengthening versus lectrures on healthy eating, weight loss, smoking and stress management

Ting et al. 2019 Serious (-1)3 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Low-quality evidence

Sickness absence: No 
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evidence2

Active modifications and physical environmental modifications versus physical health education, relaxation and breaks

Voerman et al. 2007 Serious (-1)9 No downgrade No downgrade Serious (-1)5 Unlikely Pain: Low-quality evidence

Sickness absence: No 

evidence2

Note: 1. Total number of events being < 300 and thus have wide confidence intervals and likelihood of random errors; 2. Sickness absence is not an outcome in this study; 3. Lack of 

blinding of participants, care providers and outcome assessors; 4. Lack of concealed allocation, lack of/unclear blinding of participants and care provider, or large loss to follow up; 5. 

Total number of participants being < 400 and thus have wide confidence intervals and likelihood of random errors; 6. Unclear allocation concealment, lack of blinding of participants 

and care provider, unclear blinding of outcome assessor, and unclear addressing of incomplete outcome data; 7. Unclear allocation concealment and lack of blinding of participants 

and care provider; 8. Lack of concealed allocation, and lack of blinding of participants, care provider or outcome assessor; 9. Unclear allocation concealment and lack of blinding of 

participants, care provider and outcome assessor.
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TABLE CAPTIONS

Table 1. Description of interventions in included studies using the ICF. Note: Hour (hr); 

Intervention group (IG); Minutes (min); Musculoskeletal (MSK); Repetitions (reps); Seconds 

(secs).

Table 2. Summary of the characteristics of included studies. Note: Chinese lam assessment of 

stages of employment readiness (C-LASER); Chinese state trait and anxiety inventory (C-STAI); 

Depression anxiety stress scale-21 (DASS-21) Electrode electromyography (EMG); EuroQol 5D 

(EQ5D); Females (F); Fear-avoidance beliefs questionnaire (FABQ); Health and Work 

Performance Questionnaire (HPQ); Intervention group (IG); Job Content Questionnaire (JCQ); 

Males (M); Musculoskeletal (MSK); Musculoskeletal discomfort (MSD); Musculoskeletal-

eyestrain-psychosocial-stress-study (MEPS); Multiple-choice questions (MCQ); Neck disability 

index (NDI); Neck pain severity assessment procedure (NPSAP); Nordic Musculoskeletal 

Questionnaire (NMQ); Northwick Park Neck Pain Questionnaire (NPNPQ); Pain disability index 

(PDI); Pain-pressure threshold (PPT); Standard deviation (SD); Quality of life (QoL); Range of 

motion (ROM); Rapid upper limb assessment (RULA); Short-Form 36 version 2 (SF36v2); Work 

Disability Index (WDI); World Health Organisation (WHO); Visual analogue scale (VAS)

Table 3. Grading of Recommendations, Assessment, Development and Evaluations (GRADE) of 

the included studies. Note: 1. Total number of events being < 300 and thus have wide confidence 

intervals and likelihood of random errors; 2. Sickness absence is not an outcome in this study; 3. 

Lack of blinding of participants, care providers and outcome assessors; 4. Lack of concealed 

allocation, lack of/unclear blinding of participants and care provider, or large loss to follow up; 5. 

Total number of participants being < 400 and thus have wide confidence intervals and likelihood 

of random errors; 6. Unclear allocation concealment, lack of blinding of participants and care 

provider, unclear blinding of outcome assessor, and unclear addressing of incomplete outcome 

data; 7. Unclear allocation concealment and lack of blinding of participants and care provider; 8. 

Lack of concealed allocation, and lack of blinding of participants, care provider or outcome 

assessor; 9. Unclear allocation concealment and lack of blinding of participants, care provider and 

outcome assessor.
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Figure 1. Flowchart of selection process as per the PRISMA 2009 guidelines.

Figure 2. Quantitative summary of risk of bias: green (low risk), yellow (unclear risk) and red 

(high risk).

Figure 3. Absolute change from zero in WHPI groups (a) and controls (b) in Visual Analogue 

Scale (VAS) scores from baseline to follow-up for neck pain in office workers. Note: 12MRT (12-

minute resistance training); 2MRT (2-minute resistance training); APA (all-round physical 

exercise); DMT (dynamic muscle training); ET (ergonomic training only); ET+AB (ergonomic 

training and arm-board); ET+TB (ergonomic training and trackball); ET+TB+AB (ergonomic 

training, trackball and arm-board); ETWA (ergonomic training and workplace assessment); IST 

(isometric scapula training); MSNST (minimal supervision neck strength training); NSSE (neck 

and shoulder strengthening exercises); PRT (progressive relaxation training); RCT (randomised 

controlled trial); SNST (supervised neck strength training); SRT (strength and resistance training); 

VAS (visual analogue scale); WS (stress-coping strategies and workplace adjustments); WSPA 

(stress-coping strategies and workplace adjustments plus physical activity).

Figure 4. Activity performance interventions versus control at (a) 6- and (b) 12-month follow-up.  

Bernaards et al.38 included work-style modification as well. Mean pain scores are standardised to a 

0-10 score. Note: No. (number of subjects); SD (standard deviation); SMD (standardised mean 

difference); CI (confidence interval).

Figure 5. Effect of interventions pre- post- by ICF classification, where interventions do not span 

multiple ICF domains. Mean pain scores are standardised to a 0-10 score. Note: No. (number of 

subjects); SD (standard deviation); SMD (standardised mean difference); CI (confidence interval).
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APPENDICIES 

 

Appendix 1. Detailed search strategy 

The search strategy for EMBASE expanded and prefixed ‘neck’, ‘office’ and ‘work’ terms 

and only included articles with these terms: ‘Treatment outcomes’, ‘questionnaires’ and 

‘health-promotion’ and their synonyms were also expanded and articles with all possible 

terms were included.  

EMBASE full string search: 

1 Clinical Article/ 

2 exp Clinical Study/ 

3 Clinical Trial/ 

4 Controlled Study/ 

5 Randomized Controlled Trial/ 

6 Major Clinical Study/ 

7 Double Blind Procedure/ 

8 Multicenter Study/ 

9 Single Blind Procedure/ 

10 Phase 3 Clinical Trial/ 

11 Phase 4 Clinical Trial/ 

12 crossover procedure/ 

13 placebo/ 

14 or/1-13 

15 allocat$.mp. 

16 assign$.mp. 

17 blind$.mp. 

18 (clinic$ adj25 (study or trial)).mp. 

19 compar$.mp. 

20 control$.mp. 

21 cross?over.mp. 

22 factorial$.mp. 

23 follow?up.mp. 

24 placebo$.mp. 
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25 prospectiv$.mp. 

26 random$.mp. 

27 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).mp. 

28 trial.mp. 

29 (versus or vs).mp. 

30 or/15-29 

31 14 and 30 

32 human/ 

33 Nonhuman/ 

34 exp ANIMAL/ 

35 Animal Experiment/ 

36 33 or 34 or 35 

37 32 not 36 

38 31 not 36 

39 37 and 38 

40 38 or 39 

41 neck muscles.mp. 

42 exp NECK/ 

43 whiplash injuries.mp. 

44 neck.mp. 

45 exp neck pain/ 

46 exp neck muscle/ 

47 musculoskeletal disorder$.mp. 

48 or/41-47 

49 40 and 48 

50 exp workplace/ 

51 worksite.mp. 

52 sick leave.mp. or exp medical leave/ 

53 or/50-52 

54 53 and 49 

 

CENTRAL search strategy included MeSH and descriptor terms such as ‘neck pain’, 

‘workplace’ and ‘sick leave’, which were also expanded to include all trees. PubMed search A
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strategy included articles with ‘neck pain’ and the prefix ‘work’ and ‘office’. CINAHL search 

strategy included terms such as ‘neck’, ‘workplace’, ‘worksite’, ‘workplace intervention’ and 

‘musculoskeletal disorder’, in which ‘neck’ was prefixed. Web of Science searches included 

‘neck’ and ‘work’ as prefixes and ‘office’. OTseeker keyword searches included ‘work’ and 

its synonyms within the musculoskeletal or connective tissue injuries/disorders discipline and 

clinical trials. PEDro search strategy for abstract of titles was ‘work’ as a prefix, ‘head or 

neck’ in body part, ‘musculoskeletal’ in subdiscipline and ‘clinical trial’ in method in which 

all search terms were matched. 
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Appendix 2. Types of interventions included based on five domains of pain and disability. 

 

Body function Activity performance Participation Environmental factors Personal factors 

Both physical and mental 

function; i.e., education and 

advice about workplace 

challenges, cognitive 

behavioural therapy and 

reassurance that there is no 

harm being active, stress 

management and advice on 

correct positions, changing 

positions, relaxation, breaks, 

health risk screening 

Graded or progressive 

activity (muscle stretching, 

strengthening/conditioning, 

work-task performance 

adjustments and general 

physical exercise or 

programs), methods of 

working, biomechanical work 

techniques, lifting, pushing 

and pulling techniques 

(actual changes not just 

advice), job rotation, task 

adjustments) 

Workload modifications, 

lighter work, 

organisational 

leadership, work 

duration, reduced 

working hours, part-

time work, flexible 

working hours, active 

sick leave, sick leave 

Physical, social and attitudinal factors, 

i.e., workstation design, work layout 

changes, new equipment (chairs, 

tables, light, computer mouse, 

keyboard, lifting aid, office design, 

work space changes, communication 

and contact between supervisor and 

employee about social and attitudinal 

aspects, early contact, supervisor’s 

and colleagues’ abilities and attitudes, 

workplace culture, occupational health 

services, organisational changes, offer 

of work accommodation 

Life cycle adaptation, lifestyle 

redesign, changed habits, 

age-related adjustments, 

individually tailored programs 

and supportive work culture 
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Appendix 3. Justification of excluding full-text studies from this review. 

 

Study Justification for exclusion 

 

Aarås 1999 Study criterion not met: allocation by availability of participants is not an 

adequate method of randomisation. Hence, the study is not a randomised 

controlled trial. 

Amick 2003 Study criterion not met: non-randomised study. 

Andersen 2012 and 

2013 

Studies were a secondary analysis: nested in a larger study (Andersen 2011) 

that was included in this review. 

Arnetz 2003 Participant criterion not met: study included workers outside the office setting. 

Brisson 1999 Study criterion not met: non-randomised methods. 

Blödt 2014 Intervention criterion not met: not conducted in workplace, app-based 

intervention. 

Borgchrevink 1998 Participant criterion not met: 25% of the included not working (student, 

housewives, and militaries). 

Brakenridge 2018 Study criterion not met: study was a secondary analysis. 

Bultmann 2009 Participant criterion not met: study included workers outside the office setting. 

Dalager 2017 Study criterion not met: study was a secondary analysis. 

Danquah 2017 Study criterion not met: study was a secondary analysis. 

DeKraker 2008 Study criterion not met: outcome was not to measure the effect of workplace 

intervention on neck pain. 

Driessen 2008 Participant criterion not met: study included workers outside the office setting. 

Driessen 2011 Participant criterion not met: study included workers outside the office setting. 

Galinski 2000 Intervention criterion not met: study included rest break intervention and 

evaluated only forearm, wrist and hand discomfort. 

Galinski 2007 Study was a secondary analysis: follow up study from Galinski 2000 and did 

not use VAS instrument, instead using a 5-point scale. 

Grønningaeter 1992 Study criterion not met: study presented results that make it difficult to include 

for any analyses. 

Gram 2012 Participant criterion not met: study included industrial workers. 

Greene 2005 Study criterion not met: assignment of participants to groups occurred in an 

alternating fashion; one participant to the control group and the next to the 

interventions group. This is not an adequate method to ensure random 

sequence generation. 

Haldorsen 1998 Intervention criterion not met: lack of workplace component in the 

intervention. 

Haldorsen 2002 Intervention criterion not met: lack of workplace component in the A
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intervention.  

Haukka 2008 Participant criterion not met: included participants working in a kitchen, i.e., 

chefs, cooks, kitchen aids etc. 

Henning 1997 Study criterion not met: assignment of interventions was split between two 

separate workplace groups with different methods of intervention, data 

collection and follow-up timeframes. 

Hutting 2013 Participant criterion not met: study included members of the general public. 

Holtermann 2010 Participant criterion not met: study included industrial workers, construction 

workers and cleaners. 

Horneij 2001 Participant criterion not met: study included nursing aides and assistants. 

Jakobsen 2015 Participant criterion not met: study included healthcare workers. 

Jay 2014 Participant criterion not met: study included workers in a laboratory setting. 

Jensen 2005 Participant criterion not met: study included workers other than just office 

workers. 

Kietrys 2007 Study criterion not met: study did not present results in a form usable for our 

purposes. 

Lindegaard 2013 Study was a secondary analysis: nested in a larger study (Andersen 2011) 

that was included in this review. 

Martin 2003 Study criterion not met: study did not use VAS or NMQ instruments, rather 

using ordinal scale to measure neck pain intensity. 

Meijer 2006 Participant criterion not met: patients with pain in upper extremities, not neck 

pain. 

Mekhora 2000 Study criterion not met: study did not present results in a form usable for our 

purposes. 

Mongini 2008 Study criterion not met: study used non-randomised methods.  

Mongini 2009 Study was a secondary analysis: nested in Mongini 2008. 

Mongini 2010 Study was a secondary analysis: nested in Mongini 2008. 

Morken 2002 Participant criterion not met: study included steel factory workers. 

Rasotto 2015 Participant criterion not met: study included manufacturing workers. 

Rempel 2007 Participant criterion not met: study included sewing machine operators. 

Robertson 2003 Study criterion not met: study used non-randomised methods. 

Robertson 2009 Study criterion not met: study used quasi-experimental, longitudinal field 

design 

Rota 2011 Study criterion not met: study was a controlled, non-randomised trial. 

Sandsjö 2010 Study criterion not met: study did not present results in a form usable for our 

purposes and the intervention was partly performed outside of the workplace. 

Shuai 2015 Participant criterion not met: study included school teachers. 

Sjögren 2005 Study criterion not met: study did not use VAS instrument, using Borg CR10 

instead. A
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Skoglund 2011 Study criterion not met: did not specify hours working at a computer and did 

not present results in a form usable for our purposes. 

Skouen 2006 Intervention criterion not met: lack of workplace component in the 

intervention. 

Sundstrup 2014 Participant criterion not met: study included slaughterhouse workers. 

Taimela 2000 Study criterion not met: a portion of the study included home-based 

exercises. 

Takala 1994 Participant criterion not met: study included printing company workers. 

Tsang 2018 Participant criterion not met: study included general population, not just office 

workers. 

Tsang 2019 Participant criterion not met: study included participants who received 

intervention outside of workplace 

Vasseljen 1995 Study criterion not met: a portion of the intervention was conducted in 

physiotherapy clinics.. 

Veiersted 2008 Participant criterion not met: study included hairdressers. 

Zebis 2011 Participant criterion not met: study included industrial workers. 
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Appendix 4. References for the studies excluded from this review. 

 

1. Aarås A, Ro O, Thorsen M. Can a more neutral position of the forearm when 

operating a computer mouse reduce the pain level for visual display unit operators? A 

prospective epidemiological intervention study. Int J Hum-Comput Int. 1999;11:79-

94. 

2. Amick BC 3rd, Robertson MM, DeRango K, et al. Effect of office ergonomics 

intervention on reducing musculoskeletal symptoms. Spine. 2003;28:2706‐ 2711. 

3. Andersen CH, Andersen LL, Gram B, et al. Influence of frequency and duration of 

strength training for effective management of neck and shoulder pain: a randomised 

controlled trial. Br J Sports Med. 2012;46:1004-1010. 

4. Arnetz BB, Sjögren B, Rydehn B, Meisel R. Early workplace intervention for 

employees with musculoskeletal-related absenteeism: A prospective controlled 

intervention study. J Occup Environ Med. 2003;45:499-506. 

5. Brisson C, Montreuil S, Punnett L. Effects of an ergonomic training program on 

workers with video display units. Scand J Work Environ Health. 1999;25:255-263 

6. Blödt S, Pach D, Roll S, Witt CM. Effectiveness of app-based relaxation for patients 

with chronic low back pain (Relaxback) and chronic neck pain (Relaxneck): study 

protocol for two randomized pragmatic trials. Trials. 2014;15:490. 

7. Borchgrevink GE, Kaasa AA, McDonagh D, Stiles TC, Haraldseth O, Lereim I. Acute 

treatment of whiplash neck sprain injuries. Spine. 1998;23:25-31. 

8. Brakenridge CL, Chong YY, Winkler EAH, 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;15:1975. 

9. Bultmann U, Sherson D, Olsen J, Hansen CL, Lund T, Kilsgaard J. Coordinated and 

tailored work rehabilitation: a randomized controlled trial with economic evaluation 

undertaken with workers on sick leave due to musculoskeletal disorders. J Occup 

Rehab. 2000;19:81-93. 

10. Dalager T, Justesen JB, Sjøgaard G. Intelligent physical exercise training in a 

workplace setting improves muscle strength and musculoskeletal pain: a randomized 

controlled Trial. Biomed Res Int. 2017;7914134. 

11. Danquah IH1, Kloster S, Holtermann A, Aadahl M, Tolstrup JS. Effects on 

musculoskeletal pain from “Take a Stand!” - a cluster-randomized controlled trial 
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reducing sitting time among office workers. Scand J Work Environ Health. 

2017;43:350-357. 

12. De Kraker H, De Korte EM, Van Mil FL, Rijs BP, Bongers PM. The effect of a 

feedback signal in a computer mouse on hovering behaviour, productivity, comfort 

and usability in a field study. Ergonomics. 2008;51:140-155. 

13. Driessen MT, Anema JR, Proper KI, Bongers PM, van der Beek AJ. Stay@Work: 

Participatory Ergonomics to prevent low back and neck pain among workers: design 

of a randomised controlled trial to evaluate the (cost-)effectiveness. BMC 

MusculoskeletDisord. 2008;9:145. 

14. Driessen MT, Proper KI, Anema JR, Knol DL, Bongers PM, van der Beek AJ. The 

effectiveness of participatory ergonomics to prevent low-back and neck pain--results 

of a cluster randomized controlled trial. Scand J Work Environ Health. 2011;37:383-

393. 

15. Galinsky TL, Swanson NG, Sauter SL, Hurrell JJ, Schleifer LM. A field study of 

supplementary rest breaks for data-entry operators. Ergonomics. 2000;43:622-638. 

16. Galinsky TL, Swanson NG, Sauter SL, Dunkin R, Hurrell JJ, Schleifer LM. 

Supplementary breaks and stretching exercises for data entry operators: a follow-up 

field study. Am J Ind Med. 2007;50:519-527. 

17. Grønningaeter H, Hytten K, Skauli G, Christensen CC, Ursin H. Improved health and 

coping by physical exercise or cognitive behavioural stress management training in a 

work environment. Psychol Health. 1992;7:147-163. 

18. Gram B, Holtermann A, Søgaard K, Sjøgaard G. Effect of individualized worksite 

exercise training on aerobic capacity and muscle strength among construction 

workers--a randomized controlled intervention study. Scand J Work Environ Health. 

2012;38:467-475. 

19. Greene BL, DeJoy DM, Olejnik S. Effects of an active ergonomics training program 

on risk exposure, worker beliefs, and symptoms in computer users. Work. 

2005;24:41-52. 

20. Haldorsen EM, Kronholm K, Skouen JS, Ursin H. Multimodal cognitive behavioral 

treatment of patients sicklisted for musculoskeletal pain: a randomized controlled 

study. Scand J Rheumatol. 1998;27:16-25. 

21. Haldorsen EM, Grasdal AL, Skouen JS, Risa AE, Kronholm K, Ursin H. Is there a 

right treatment for a particular patient group? Comparison of ordinary treatment, light A
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multidisciplinary treatment, and extensive multidisciplinary treatment for long-term 

sick-listed employees with musculoskeletal pain. Pain. 2002;95:49-63. 

22. Haukka E, Leino-Arjas P, Viikari-Juntura E, et al. A randomised controlled trial on 

whether a participatory ergonomics intervention could prevent musculoskeletal 

disorders. Occup Environ Med. 2008;12:849-856. 

23. Henning RA, Jacques P, Kissel GV, Sullivan AB, Alteras-Webb SM. Frequent short 

rest breaks from computer work: effects on productivity and well-being at two field 

sites. Ergonomics. 1997;40:78-91. 

24. Hutting N, Staal JB, Heerkens YF, Engels JA, Nijhuis-van der Sanden MW. A self-

management program for employees with complaints of the arm, neck, or shoulder 

(CANS): study protocol for a randomized controlled trial. Trials. 2013;14:258. 

25. Holtermann A, Jørgensen MB, Gram B, et al. Worksite interventions for preventing 

physical deterioration among employees in job-groups with high physical work 

demands: background, design and conceptual model of FINALE. BMC Public Health. 

2010;10:120. 

26. Horneij E, Hemborg B, Jensen I, Ekdahl C. No significant differences between 

intervention programmes on neck, shoulder and low back pain: a prospective 

randomized study among home-care personnel. J Rehabil Med. 2001;33:170-176. 

27. Jakobsen MD, Sundstrup E, Brandt M, Jay K, Aagaard P, Andersen LL. Effect of 

workplace- versus home-based physical exercise on musculoskeletal pain among 

healthcare workers: a cluster randomized controlled trial. Scand J Work Environ 

Health. 2015;41:153-163.  

28. Jay K, Brandt M, Sundstrup E, et al. Effect of individually tailored biopsychosocial 

workplace interventions on chronic musculoskeletal pain, stress and work ability 

among laboratory technicians: randomized controlled trial protocol. BMC 

MusculoskeletDisord. 2014;15:444. 

29. Jensen IB, Bergström G, Ljungquist T, Bodin L. A 3-year follow-up of a 
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