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The influence of exercise on pain, disability and quality of life in office
workers with chronic neck pain: A systematic review and meta-analysis

Luke Broady Jones, Ferozkhan Jadhakhan, Deborah Falla

Centre of Precision Rehabilitation for Spinal Pain, School of Sport, Exercise and Rehabilitation Sciences, College of Life and Environmental Sciences, University of
Birmingham, Edgbaston, Birmingham, B15 2TT, United Kingdom

ARTICLE INFO ABSTRACT

Keywords: Background: Exercise is recommended for office workers with neck pain. However, recent reviews evaluated the
Chror{lc neck pain effectiveness of workplace interventions only.
Exercise Objectives: To evaluate the effect of exercise on pain, disability, and quality of life (QoL) in office workers with
Strengthening . :

) chronic neck pain.
Office workers Desian: S . . ith lvsi
Effectiveness esign: Systematic review with meta-analysis.

Methods: Electronic databases were searched from inception to April 30, 2022, to identify studies in which
participants were adults aged >18 years undergoing any form of neck exercises (e.g., strengthening, motor
control) or physical activity (e.g., aerobic exercise) performed for a minimum of two-weeks without any other
additional treatment besides advice or education. Two reviewers independently screened papers and determined
the certainty of the evidence.

Results: Eight randomised controlled trials met the eligibility criteria. Seven studies reported a significant
decrease in Visual Analogue Scale (VAS) scores for neck pain intensity and five studies reported a significant
decrease in Neck Disability Index (NDI) scores following strengthening exercises. Only one study assessed the
effect of strengthening exercises on QoL and reported no significant effect. All eight included studies had a high
risk of bias and the overall certainty of evidence was low. Meta-analyses demonstrated a significant decrease of
neck pain intensity and disability for strengthening exercises compared to a control (p < 0.01).

Conclusion: There is low certainty of evidence that strengthening of the neck, shoulder and scapular musculature
is effective at reducing neck pain and disability in office workers. Further research evaluating the effect of ex-
ercise on QoL is required.

1. Introduction

Neck pain is a global healthcare burden with 10.2 million annual out-
patient care visits in the United States alone (Riddle and Schappert,
2007). Between 20% and 70% of adults will experience neck pain during
their lifetime (Sinnott et al., 2017) causing significant disability and
decreased quality of life for many (Ehsani et al., 2017).

Office workers report the highest annual incidence of neck pain
compared with all other occupations (Coté et al., 2009) with more than
50% experiencing neck pain during their career (Welch et al., 2020).
Considerable resources have focused on the treatment and prevention of
neck pain in office workers due to the legal responsibility employers
have for the health of their employees (Pereira et al., 2019). Workplace

interventions have been applied to encourage early return-to-work to
reduce the personal and socioeconomic consequences of musculoskel-
etal disorders (Aas et al., 2011). Both workplace ergonomic optimisation
and neck exercises have been shown to reduce neck pain (Mehrparvar
et al., 2014). However, Shariat et al. (2018) reported a significant
reduction in neck pain intensity (Mean Difference —9.99; 95% Confi-
dence Interval [CI] —13.63 to —6.36) for specific exercise compared to
ergonomic modification after 6 months, suggesting that ergonomic
modification only is not sufficient to reduce neck pain, emphasising the
importance of including exercises.

Due to the COVID-19 pandemic, millions of people were instructed to
work from home (WFH) (Bouziri et al., 2020). This further reduced the
level of physical activity in office workers who WFH compared to
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pre-COVID-19 levels (Brusaca et al., 2021), which has led to a ~50%
increase in neck pain severity (Moretti et al., 2020). Therefore,
home-based interventions have become vital for office workers. A recent
study showed that neck strengthening and stretching exercises
completed at home reduced neck pain in home-office workers (Anand
and Goyal, 2020). Furthermore, home-based yoga resulted in a signifi-
cant reduction in neck pain in office workers during the COVID-19
pandemic (Garcia et al., 2021), suggesting that this could be an effec-
tive strategy to reduce neck pain for individuals who WFH.

A review by Louw et al. (2017) evaluated the effectiveness of neck
exercises not restricted to the workplace on pain and quality of life in
office workers. However, the review demonstrated significant hetero-
geneity in the effect of combined studies, potentially due to a small
number of studies and a large discrepancy in the study sample sizes.
Since this review by Louw et al. (2017), further randomised controlled
trials have been published evaluating the effectiveness of home-based
interventions on neck pain in office workers (e.g., Tersa-Miralles et al.,
2021; Andersen et al., 2012). This emphasises the need to re-evaluate
the current evidence to assess if exercises are effective, which may
change how work-place interventions are applied in the future.

The aim of this review is to systematically evaluate the literature and
determine the effectiveness of any form of exercise (home-based or
workplace interventions) on reducing neck pain intensity and disability
and improving quality of life (QoL) in office workers with chronic neck
pain compared to passive treatment or no intervention.

2. Methods

This systematic review was conducted in line with the PRISMA
guidelines (Page et al., 2021), described in supplementary file 1. The
protocol was registered with the International Prospective Register of
Systematic Reviews (PROSPERO: CRD42021297535) on December
10th, 2021.

2.1. Eligibility criteria

Selection criteria for inclusion and exclusion of studies were formed
following the PICOS framework (Population, Intervention, Comparator,
Outcome and Study design) (Methley et al., 2014).

2.2. Population

e Male and or female participants aged >18 years
e Self-reported chronic non-specific neck pain lasting >6 months.
e Currently working an office-based occupation.

2.3. Interventions

Any form of neck exercises (e.g., strengthening, motor control) or
physical activity (e.g., aerobic exercise) performed for a minimum of
two-weeks without any other additional treatment besides advice or
education were eligible. The effects for each exercise intervention were
considered separately for studies comparing two or more types of ex-
ercise interventions (e.g., strengthening versus stretching exercises).

2.4. Comparator

No intervention or any non-exercise training intervention e.g., pas-
sive treatments which may include, but not limited to, manual therapy
or education only.
3. Outcome

The primary outcome was neck pain intensity, of which measures

may include the Numerical Pain Rating Scale [NPRS] (Ibrahim et al.,
2020) and the Visual Analogue Scale (VAS; Haefeli and Elfering, 2006).
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The secondary outcomes were disability such as the Neck Disability
Index (NDI; Vernon, 2008) and QoL measures such as the Verbal Rating
Short-Form Questionnaire (SF-36; Ware, 2000).

3.1. Study design

Randomised Controlled Trials (RCTs) that used one of more types of
exercise as a primary intervention published in the English language
were included.

3.2. Follow-up

Studies with a minimum of 2-weeks follow-up of outcomes were
included.

3.3. Setting
No restrictions were placed on the type of setting of studies.
3.4. Exclusion criteria

e Aged <18 years.

e Diagnosed with spinal pathology such as radiculopathy, whiplash,
tumour, fracture, dislocation, infection, or systemic disease.

e Exercise interventions coupled with other treatment techniques such
as manual therapy.

e Single case studies, case reports alongside review articles, letters,
editorials, pilot studies, study protocols, studies with only abstracts
and any other literature with no full text availability.

o Articles not published in English.

3.5. Sources of information

The following electronic databases was searched independently by
two reviewers (LBJ, FJ) from inception to April 30, 2022 to identify
potential literature: MEDLINE (OVID Interface), EMBASE (OVID Inter-
face), PsychINFO (OVID Interface), Web of Science, PubMed, Google
Scholar (first 20 pages), Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Physiotherapy Evidence Database (PEDro),
Cochrane Library and ZETOC. Key journals and grey literature were also
searched. Backward citation chaining was completed for relevant
studies. Forward citation chaining was not completed. Medical subject
headings (MeSH) and terms related to the eligibility criteria was used
with Boolean Operators “AND” and “OR” to conduct the literature
search. The full list of search terms and search strategy is presented in
supplementary file 2.

3.6. Study selection

The search strategy was discussed and finalised by the research team
which had expertise to formulate keywords and Boolean operators to
limit or expand searches. Two reviewers screened the databases inde-
pendently (LBJ, FJ). No language, date, study design or participant fil-
ters were applied during the search. Data from literature search results
was uploaded and managed in EndNote version 20 software (Clarivate
Analytics, Philadelphia, PA). The same two reviewers independently
removed duplicates, reviewed titles and abstracts for inclusion using the
eligibility criteria. This was then completed for full texts to identify the
final eligible articles. Any disagreement was discussed between both
reviewers and if a consensus was not reached, a third reviewer (DF) was
consulted.

3.7. Data collection process

The two reviewers’ independently extracted data from each included
full text study using a pre-defined data extraction sheet (see
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supplementary file 3). The following data items were extracted from
each study: authors, year of publication, study location, study design,
participant’s characteristics and outcomes of interest (pain, disability
and QoL measures), measures used to identify pain, disability and QoL,
intervention type (exercise), sample size, follow-up time, setting, and
items associated with risk of bias, summary statistics and methods for
statistical analysis. Extracted outcome data was pre- and post-
intervention mean and standard deviation (SD)/standardised mean
difference (SMD) and associated 95% confidence intervals (CI). In cases
where mean and SD were presented only as figures, Web Plot Digitizer
software tool (https://apps.automeris.io/wpd/) was used to extract
numerical data and this software has high reliability and validity (Dre-
von et al., 2017). In cases where raw data was not available, primary
authors were contacted twice with a third and final email sent two weeks
after. Both reviewers discussed and resolved any disagreement and
involved a third reviewer (DF) if necessary.

3.8. Risk of bias assessment

The Cochrane Risk of Bias tool V2 [RoB2] (Sterne et al., 2019) was
used to assess the risk of bias of all included studies (see supplementary
file 4) as recommended in the Cochrane Handbook for Systematic Re-
views of Interventions (Higgins et al., 2019). Bias was scored as “low
risk”, “unclear risk” or “high risk” for each type of bias. Types of bias
may include selection bias (random sequence generation and allocation
concealment), performance bias (blinding of patients/research team),
detection bias (blinding of outcome assessment), attrition bias (incom-
plete outcome data/lost to follow-up), and reporting bias (selective
outcome reporting.

3.9. Data synthesis

Data was pooled based on the following parameters: type, duration,
frequency and concentration of exercise intervention; type of effect
measures (mean difference/standardised mean difference) and
comparator type (e.g., no intervention, education only). For the effects
of exercise on pain and disability, a sub-group analysis was completed
based on the frequency of exercise completed per week. A meta-analysis
was completed using STATA Statistical Software version 17 (StataCorp,
College Station, Texas). Standardised mean difference and SD for pain
intensity, disability and QoL were extracted if calculable. Effect size (ES)
and standard error were calculated using Hedges’ g formula. The
magnitude of the ES was defined as small (0.2 to under 0.5), medium
(0.5-0.8), or large (above 0.8). A random effects meta-analysis using the
residual maximum likelihood (REML) estimation method (Partlett and
Riley, 2017) was completed when studies effect measures and target
parameters (population, intervention, control and outcome) were com-
parable. Heterogeneity was evaluated using the inconsistency 12 statis-
tical analysis. The magnitude of heterogeneity was classified according
to the I? statistic as follows: low heterogeneity (I> = 0-24%), moderate
T = 25-49%), substantial @ = 50-74%), and considerable @ =
75-100 %).

3.10. GRADE - certainty of evidence

The certainty of evidence was evaluated using the Grading of Rec-
ommendations Assessment, Development and Evaluation (GRADE)
approach (Balshem et al., 2011). The four domains used to assess the
certainty of evidence using GRADE included risk of bias, inconsistency,
indirectness and imprecision. The approach outlines four levels of cer-
tainty; “high”, “moderate”, “low” and “very low”. Randomised
controlled trials start with a maximum four points for a high-certainty
rating and non-randomised studies start with two points for a
low-certainty rating. Certainty was downgraded by one for each domain
rated “serious” and downgraded by two for each domain rated “very
serious”. Overall risk of bias was scored across all included studies and
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was downgraded by one if most studies had an unclear risk of bias with
potential limitations in multiple criteria or a high risk of bias with a
crucial limitation in one criterion. If most studies had a high risk of bias
with a crucial limitation in one criterion and potential limitation in
multiple criteria or crucial limitation in more than one criterion this was
rated as “very serious” and downgraded by two. Inconsistency refers to
variability in study results and was downgraded by one for each of the
following if present: point estimates vary widely across studies, CIs show
minimal or no overlap or the heterogeneity is considerable (12 =
75-100%). Imprecision was downgraded by one if the boundaries of the
CI cross the clinical decision threshold between recommending and not
recommending treatment. The second criterion used to assess impreci-
sion was determining the optimal sample size. One downgrade was
applied if the total number of participants included for each domain was
less than the number of patients generated by a conventional sample size
calculation. This calculation was completed using www.calculator.net/s
ample-size-calculator.html. Indirectness was downgraded by one if
there were differences in one of the following four domains; populations,
interventions, outcomes and indirect comparisons. If there were differ-
ence in more than one domain, this was downgraded by two. The
GRADE assessment was completed by two reviewers independently
where disagreement was resolved by discussion. If discussion did not
resolve any disagreements, a third reviewer (DF) was consulted.

4. Results

A total of 4671 studies were identified from the initial literature
search of databases. After duplicates were removed, 3329 studies
remained. A total of 3041 articles were excluded after screening titles
and 209 abstracts were excluded. Seventy-one full text articles were
excluded after full text review with reasons reported in supplementary
file 5. Eight RCT’s that met the inclusion criteria were included. Fig. 1
details the process of study selection using the PRISMA flow diagram
(Page et al., 2021). Characteristics of the included studies are described
in Table 1.

4.1. Study characteristics

A total of 1112 participants were included in the eight studies with
sample sizes ranging from 32 to 393 participants. Sixty-seven men (6%)
and 1045 women were included across the eight studies. Two of the
studies were from Denmark, two from China and Finland respectively,
and one each from Thailand and South Korea. Three of the studies
recruited participants from office buildings, two recruited from uni-
versity admin staff, two from occupational healthcare centres and one
study recruited elementary school workers. Screening questionnaires
were sent via email in two studies, physicians recruited eligible partic-
ipants in two studies and the exact method of recruitment was not
indicated in four studies. All included studies used purposive sampling.
Characteristics of included studies are described in Table 1.

4.2. Exercise frequency

Exercise frequency of the included studies ranged from three times
per week to daily. The most common exercise frequency was three times
per week which was completed by participants in four studies (Andersen
et al., 2014; Kang et al., 2021; Li et al., 2017; Viljanen et al., 2003). One
study evaluated the effects of exercise completed four times per week
(Ma et al., 2011). Participants in two studies completed exercises five
times per week (Andersen et al., 2011; Ylinen et al., 2003). The study by
Borisut et al. (2013) was the only one where participants completed
their exercises daily.

4.3. The effect of exercise on pain intensity

o Three times per week
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Fig. 1. Flow diagram of the study selection process and included studies.

Andersen et al. (2014) and Kang and colleagues (2021) evaluated the
effects of scapula training on neck pain. Both studies reported a signif-
icant decrease in pain intensity (VAS) for the intervention group over the
intervention period. However, a greater decrease was observed by Kang
et al. (2021) in VAS scores (SMD -3.94, SD 0.6, d = 1.2) compared to
Andersen et al. (2014; SMD -1.9, SD 0.5). Andersen et al. (2014) re-
ported a between group difference of 2.0 (95% CI 0.4-3.6) in favour of
the intervention group in the post-hoc analysis. Compared to cervical
spine stabilization exercises and stretches, scapula training significantly
reduced VAS (t = —2.712, p = 0.013) with strong effect size (d = 0.9;
Kangetal., 2021). Lietal. (2017) observed a significant decrease in VAS
scores for progressive neck resistance training (PRT) and fixed neck
resistance training (FRT) groups at 4-weeks (p < 0.001), 6-weeks (p <
0.001) and 3-months (p < 0.001) compared to the control group. Both
intervention groups demonstrated a significant between group differ-
ence compared to the control (p < 0.05). However, the PRT was more

effective compared to FRT in reducing VAS scores at 4-weeks (p =
0.031), 6-week (p = 0.035) and 3-month follow-ups (p = 0.026). Vil-
janen et al. (2003) found no significant difference (p > 0.05) in VAS
score at 3-month follow up for dynamic resistance training of the neck
and shoulder musculature (SMD -1.9, SD 0.3). Additionally, no signifi-
cant difference was observed between the training group and relaxation
group (ES -0.1, 95% CI -0.6 to 0.5), and control group (ES 0.2, 95% CI
-0.4 to 0.7) respectively.

e Four times per week

Ma et al. (2011) found that active exercise four times per week lead
to a significant decrease (p < 0.05) in VAS scores at a 6-week follow-up
(SMD -2.65, SD -0.25; Ma et al., 2011). Furthermore, a significant (p <
0.05) decrease was observed for the active exercise group compared to
the control group (p < 0.001). However, no difference was observed
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Table 1
Characteristics of included studies.
Intervention Control
Study Author Year Country Setting Number of Mean age (SD)  Gender (N) Number of Mean Gender
participants years participants age N)
(SD)
years
Effect of scapular function Andersen 2014 Denmark University 24 44 (13) 19 (females 23 45(11) 18
training on chronic pain et al. admin staff and 5 males females
in the neck/shoulder and 5
region: a randomised males
controlled trial
Effectiveness of small Andersen 2011 Denmark University 2-min 2-min 2-min 66 43(10) 58
daily amounts of et al. admin staff 66 44 (11) 58 females females
progressive resistance 12-min 12-min and 8 males and 8
training for frequent 66 42 (11) 12-min males
neck/shoulder pain: 58 females
randomised controlled and 8 males
trial
Effects of strength and Borisut 2013  Thailand Office SEE SEE Females only 25 29.32 Females
endurance training of et al. workplaces 25 32.72(3.11) (3.11) only
superficial and deep CFE CFE
neck muscles on muscle 25 30.40 (3.54)
activities and pain Combination Combination
levels of females with 25 30.16 (2.96)
chronic neck pain
Effects of a combination of ~ Kang 021 South Elementary 16 37.5(10.6) 10 females 16 35.8 9 females
scapular stabilization Korea school staff and 6 males (8.0) and 7
and thoracic extension (62.5%) males
exercises for office (56.3%)
workers with forward
head posture on the
craniovertebral angle,
respiration, pain, and
disability: A
randomised-controlled
trial
Comparison of the Li et al. 2017  China Office PRT PRT Females only 34 34.1 Females
effectiveness of workplaces 36 35.6 (7.9) 8.2) only
resistance training in FRT FRT
women with chronic 32 33.7 (9.0)
computer-related neck
pain: a randomised
controlled study
Comparing biofeedback Ma et al. 2011  China Outpatient Biofeedback Biofeedback Biofeedback 15 30.0 9 females
with active exercise and physiotherapy 15 31.3(8.6) 10 females (10.3) and 6
passive treatment for clinics Active Active and 5 males males
the management of exercise exercise Active
work-related neck and 15 34.2 (10.3) exercise
shoulder pain: a Passive Passive 11 females
randomised controlled treatment treatment and 4 males
trial 15 35.3(9.4) Passive
treatment
10 females
and 5 males
©
Effectiveness of dynamic Viljanen 2003  Finland Occupational DMT DMT Females only 130 44 Females
muscle training, et al. healthcare 135 45 (6.6) (7.4) only
relaxation training, or centres RT RT
ordinary activity for 128 43(7.3)
chronic neck pain:
randomised controlled
trial
Active neck muscle Ylinen 2003  Finland Occupational Strength Strength Females only 60 46 (5) Females
training in the et al. healthcare 60 45 (6) only
treatment of chronic centres Endurance Endurance
neck pain in women: a 59 46 (6)
randomised controlled
trial

Abbreviations: SEE: Strength Endurance Exercise; CFE: Craniocervical Flexion Exercise; SD: Standard Deviation; PRT: Progressive Resistance Training; FRT: Fixed
Resistance Training; DMT: Dynamic Relaxation Training; RT: Relaxation Technique.

between the active exercise group and passive treatment group (p = e Five times per week
0.455) and biofeedback training was significantly better at decreasing
VAS score compared to all other groups (p < 0.001). Both intervention groups in a study by Andersen et al. (2011)

demonstrated a significant reduction (p < 0.05) in VAS scores at a
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10-week follow-up (12-min SMD -1.8, 95% CI -2.4 to —1.2: 2-min SMD
-1.3, 95% CI -1.9 to —0.7). Furthermore, a significant decrease (p <
0.05) in VAS scores was observed when comparing a 12-min PRT and a
2-min PRT to the control group (SMD 0.1, 95% CI -0.3 to 0.5). However,
no significant difference was present between the two training groups (p
= 0.12). Ylinen et al., (2003) reported a significant decrease in VAS for
both strength and endurance groups compared to a control group (p <
0.001). However, no significant difference was observed between the
training groups, with 73% in the strength training group and 59% in the
endurance training group obtaining complete relief from pain.

e Daily

Borisut et al., (2013) reported a significant decrease in VAS scores
from baseline to 12-weeks for strength-endurance, cranio-cervical and
combined exercise groups (p = 0.002). No significant difference was
observed in the control group (p = 0.575). Post-hoc analysis showed a
significant difference (p < 0.001) between all four groups for VAS except
between the strength-endurance and cranio-cervical exercise groups
where no significant difference was observed.

4.4. The effect of exercise on disability
Six of the eight included studies evaluated disability using the NDL
e 3 times per week

Kang et al. (2021) and Li et al. (2017) reported a significant decrease
in NDI scores for all training groups. Furthermore, Li et al. (2017)
demonstrated a significant difference between the 2 training groups and
control group (p < 0.001). However, both studies found no significant
difference in NDI scores between the intervention groups. Viljanen et al.
(2003) was the only included study that observed no significant differ-
ence in NDI scores for the intervention group (SMD -14, SD -0.8).
Additionally, no significant (p < 0.05) difference in NDI scores was
observed between all 3 groups.

e 4 times per week

Ma et al. (2011) reported a significant decrease in NDI scores for the
active exercise group (SMD -5.72, SD -2.9) and a significantly greater
decrease compared to the control group at a 6-week follow-up (p <
0.001). No significant difference was found when comparing the active
exercise group to the passive treatment group (p = 0.076) and the
biofeedback group was found to be more effective in reducing NDI
scores (p = 0.003).

e 5 times per week

A significant decrease in NDI scores was observed for both training
groups (strength, SMD -40, 95% CI -48 to —32; endurance, SMD -35,
95% CI -42 to —28) in the study by Ylinen et al. (2003) at 12-months
follow-up. The between groups analysis demonstrated a significant dif-
ference between the training groups and control (p < 0.001). However,
no significant difference was observed between the strength and
endurance groups.

e Daily

Borisut et al. (2013) reported a significant decrease at 12-weeks
follow-up for the 3 intervention groups (p = 0.001) but not for the
control group (p = 0.091). Furthermore, a significant difference was
observed between all treatment groups and the control but no significant
difference between all intervention groups.
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4.5. The effect of exercise on quality of life

Viljanen et al. (2003) was the only study that assessed QoL using the
normal life limited by neck pain (0-10), subjective workability (0-10)
and work limited by pain scales (0-100). At a 3-month follow-up, no
significant difference was observed for the dynamic muscle training
group from baseline for all 3 outcome measures (normal life limitation
scale, SMD -1.5, SD -0.3; subjective workability, SMD -6.5, SD 0.4; work
limited by pain, SMD 5, SD -0.2). Furthermore, no significant difference
was observed for all 3 outcome measures of QoL when comparing the
dynamic muscle training to relaxation training and the control group.

4.6. Methodological appraisal

Risk of bias using the RoB2 is presented in Table 2. All eight studies
had an overall high risk of bias. Seven studies (Andersen et al., 2014;
Borisut et al., 2013; Kang et al., 2021; Li et al., 2017; Viljanen et al.,
2003; Ylinen et al., 2003) did not state if the allocation sequence was
concealed thus scoring some concerns to risk of bias for domain 1.
Andersen et al. (2011) was the only study that indicated concealment
thus scoring a low risk of bias. All studies scored some concerns to risk of
bias for domain 2.1 because participants were not blinded from the
assigned intervention and deviations from the intended intervention
were not indicated. Andersen et al. (2011, 2014) , Borisut et al. (2013);
Kangetal. (2021), Li et al. (2017), Viljanen et al. (2003) and Ylinen et al.
(2003) used an intention-to-treat analysis thus scoring a low risk of bias
for domain 2.2. Ma et al. (2011) scored a high risk of bias as
intent-to-treat analysis was not indicated and 12 participants dropped
out (16.6%) before 6-week follow up. Seven (87.5%) studies (Andersen
et al., 2014; Andersen et al., 2011; Borisut et al., 2013; Kang et al., 2021;
Lietal., 2017; Viljanen et al., 2003; Ylinen et al., 2003) scored a low risk
of bias for domain 3 as data was available for >95% of participants. Ma
etal. (2011) scored a high risk of bias as the reason for why participants
dropped out was not indicated. All 8 included studies had a high risk of
bias in measurement of the outcome. Blinding of participants in such
studies is difficult because participants must actively take part in the
intervention. Liu et al. (2011) reported 74% of trials involving muscle
strength training did not blind assessors. Self-reported outcomes were
included in all studies (e.g. VAS, NDI), thus the assessor being the
participant could not be blinded. A low risk of bias in selection of the
reported results was scored by all eight studies.

4.7. The effect of exercise on pain intensity — meta-analysis

Comparable data was combined for VAS (SMD and SD) from 5
studies (Andersen et al., 2014; Borisut et al., 2013; Li et al., 2017; Ma
et al., 2011; Viljanen et al., 2003) with similar population, intervention
and control to complete a meta-analysis. The forest plot showing the
overall effect of neck, shoulder and scapula strengthening exercises
versus no exercise for neck pain intensity (VAS) is shown in Fig. 2 and
reveals a significant overall effect for training. Sensitivity analysis
removed Viljanen et al. (2003) from the quantitative analysis due to the
low completion rate of the exercise intervention with an average of 13.6
training sessions completed over the 12-weeks (39% of maximum). This
forest plot is shown in Fig. 3. This was completed to assess the impact of
individual studies on the overall meta-analysis result. The meta-analysis
revealed a significant overall effect for training (z = 6.08, p = 0.01) with
a pooled effect size of 7.31 (95% CI, 4.95 to 9.67). However, hetero-
geneity was considerable (I2 = 95.25%).

4.8. The effect of exercise on disability — meta-analysis

Comparable data was combined for NDI (SMD and SD) from 3 studies
(Borisut et al., 2013; Li et al., 2017; Ma et al., 2011) with similar pop-
ulation, intervention and control to complete the meta-analysis. A forest
plot was completed for improvements in disability for neck/shoulder
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Table 2

Scoring of risk of bias items and overall bias of the included studies.
Studies 1 2.1 22 |3 4 5 Overall Bias
Andersen et al. 2014 ? ? . . . . .
Andersen et al. 2011 . 2 . . . . .
Borisut et al. 2013 22 | @ ® @ @ -]
Kang Im&Kim2021 | 2 | 2 @ @ | ©| ® @
Lietal. 2017 BER I I X @
Maetal. 2011 ? ? . . . . .
Viljanen et al. 2003 2 2 ® ©® O ® =
Ylinen et al. 2003 2 2  ® ® O ® -

Note: Levels of risk of bias: . High risk; ?

Some concerns; . Low risk, 1= Risk of bias

arising from the randomisation process, 2= Risk of bias due to deviations from the intended
intervention, 3=Risk of bias due to missing outcome data, 4=Risk of bias in measurement of
the outcome, 5=Risk of bias in selection of the reported result

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Andersenetal. 2014 23 1.9 5 24 1 .56 . 3.33[2.45, 4.21] 12.92
Borisut et al. 2013a 25 446 893 25 23 .8 - 6.57[5.17, 7.97] 12.60
Borisut et al. 2013b 25 163 149 25 23 .8 —l— 1152 [9.20, 13.85] 11.77
Borisut et al. 2013c 25 13 41 25 23 .8 : 3 3.57[2.68, 4.45] 1291
Li et al. 2017a 3 33 47 34 1 .29 - 8.05[6.64, 9.46] 12.59
Li et al. 2017b 32 29 23 34 1 .29 —— 10.53[8.68, 12.39] 12.23
Ma et al. 2011 15 27 25 15 5 .26 —— 8.39[6.16, 10.63] 11.86
Viljanen et al. 2013 135 1.9 313 14 3 H 1.66[1.38, 1.94] 13.11
Overall - 6.59[ 4.11, 9.07]
Heterogeneity: 12 = 12.16, 12 = 97.97%, H2 = 49.23
Test of 8, = 6;: Q(7) = 291.34, p = 0.00
Testof 8 =0:z=5.22, p=0.00

0 5 10 15

Fig. 2. Forest plot for the reduction in neck pain intensity (VAS) after neck, shoulder and scapula exercises versus no training with results highlighting a significant

overall effect for the training (results to the right of 0 favour training).
Borisut et al., 2013a strength-endurance and cervical flexion exercises.
Borisut et al., 2013b strength-endurance exercises.

Borisut et al., 2013c cervical flexion exercises.

Li et al., 2017a progressive resistance exercises.

Li et al., 2017b fixed resistance exercises.

exercises versus no training (Fig. 4). The results showed a significant
overall effect for training (z = 2.44, p < 0.01) with the pooled effect size
of 13.75 (95% CI, 2.69 to 24.83). However, there was considerable
heterogeneity (12 = 99.6%).

4.9. Certainty of the evidence

The certainty of evidence sub-grouped by outcome is outlined by the
GRADE framework in supplementary file 6. A total of 296 participants
from 4 RCTs were pooled to assess the certainty of evidence for the effect
of neck and shoulder exercises on neck pain intensity (VAS) compared to
no training. A total of 249 participants from 3 RCTs were pooled to
assess the certainty of evidence for the effect of neck and shoulder ex-
ercises on disability (NDI) compared to no training. All included studies
were RCTs therefore both outcomes started with a baseline four points
for a high-certainty rating. Overall risk of bias was rated very serious as

all included studies had a crucial limitation in the measurement of the
outcome and potential limitations in at least two other criteria. Incon-
sistency was downgraded by one due to the considerable heterogeneity
for both pain intensity (12 = 99.65%) and disability (12 = 95.25%).
Imprecision was rated not serious because the CI did not cross the
threshold between recommending and not recommending the treat-
ment. The sample size required to have a confidence level of 95% and a
margin of error of 5% for pain intensity and disability was calculated
using the sample size calculator (www.calculator.net/sample-size-calcul
ator.html). This was 168 and 152 for disability and pain respectively
which is less than the number of participants included thus no down-
grade is required. Indirectness was rated as not serious as included
studies used the same outcomes (VAS and NDI), comparator (no
training) and population (office workers with non-specific neck pain).
Although differences in load and frequency were present in the in-
terventions between studies, all used strengthening exercises targeting
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Andersen et al. 2014 23 1.9 5 24 1 .56 . 3 3.33[2.45, 4.21] 15.03
Borisut et al. 2013a 25 446 893 25 23 - 6.57[5.17, 7.97] 14.56
Borisutetal. 2013b 25 16.3 1.49 25 23 —ll— 11.52[9.20, 13.85] 13.35
Borisut et al. 2013¢ 25 13 41 256 23 . 3 3.57[2.68, 4.45] 15.02
Li et al. 2017a 36 33 47 34 a1 .29 - 8.05[6.64, 9.46] 14.55
Li etal. 2017b 32 29 233 1 .29 —— 10.53[8.68, 12.39] 14.01
Ma et al. 2011 15 27 25 15 5 .26 —— 8.39[6.16, 10.63] 13.49
Overall - 7.31[4.95, 9.67]
Heterogeneity: 12 = 9.42, |2 = 95.25%, H2 = 21.07
Test of 6, = 6: Q(6) = 116.92, p = 0.00
Test of 6 =0: z=6.08, p = 0.00

0 5 10 15

Fig. 3. Forest plot for the reduction in neck pain intensity (VAS) after neck, shoulder and scapula exercises versus no training following sensitivity analysis. Results to
the right of 0 favour training.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Borisutetal. 2013a 25 135 226 25 23 A [ | 6.89[ 5.43, 8.35] 16.93
Borisutetal.2013b 25 135 .92 25 23 A B 16.85[ 13.50, 20.19] 16.72
Borisutetal. 2013c 25 156 .43 25 23 A —— 41.94[ 33.70, 50.17] 15.52
Li et al. 2017a 36 133 145 34 1 1.5 [ | 9.94[ 8.23, 11.65] 16.91
Lietal. 2017b 32 131 197 34 1 1.5 [ | 8.03[ 6.58, 9.48] 16.93
Ma et al. 2011 15 57 2915 17 308 W 1.30[ 0.53, 2.07] 16.97
Overall e 13.76 [ 2.69, 24.83]
Heterogeneity: 12 = 187.84, 12 = 99.65%, H? = 285.13
Test of 6, = 6;: Q(5) = 268.76, p = 0.00
Testof 8 =0:z=2.44, p=0.01

0 20 40 60

Fig. 4. Forest plot for the change in disability (NDI) after neck/shoulder exercises versus no training. Results to the right of 0 favour training.

Table 3

Summary of findings.

The Effect of Neck and Shoulder Exercises Compared with No Training on Pain Intensity (VAS) and Disability (NDI) in Office Workers with Non-specific Neck Pain

Patient or population: Office workers with non-specific neck pain
Setting: Office or home based
Intervention: Neck and shoulder exercises

Comparison: No training
Outcomes Anticipated Absolute Effect (95% CI)* Effect No. Of Certainty of Comments
Control risk Intervention risk Measure Participants evidence
(95% CI) (studies) (GRADE)
No training Neck and shoulder exercises
Pain The mean pain Mean pain intensity in the 7.31 (4.95, 296 (4 ®O000 Double downgrade for ROB because all studies
Intensity intensity was 56.2  intervention group was 27.4 9.67) Very low had at least one crucial limitation in one
(VAS) points lower (range, 16.9 to 43) criterion and a potential limitation in at least
Scale 0- two other criteria.
100 One downgrade for Inconsistency due to
Disability The mean Mean Disability score in the 13.76 (2.69, 249 (3) AO00 considerable heterogeneity (Pain: I> = 95.25%;
(NDI) Disability score intervention group was 14 24.83) Very low Disability: 12 = 99.65%)
Scale 0-50  was 28.3 points points lower (range, 10.3 to

15.8)

CI: Confidence interval; ROB: Risk of bias.
? The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI).
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the same muscle groups therefore this does not constitute a downgrade.
No study was industry sponsored or likely to be industry sponsored thus
having low concerns regarding publication bias. Overall, there is a low
certainty of evidence supporting the effectiveness of neck and shoulder
exercises for changing self-reported neck pain intensity and disability in
office workers. A summary of these findings is presented in Table 3. No
two studies compared each of the following: neck and shoulder
strengthening versus passive treatment (Ma et al., 2011), neck and
shoulder strengthening versus relaxation training (Viljanen et al., 2003),
neck and shoulder strengthening versus aerobic exercise (Ylinen et al.,
2003) and scapular strengthening versus neck strengthening (Kang
et al., 2021).

4.10. GRADE working group grades of evidence

High certainty: We are very confident that the true effect lies close
to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect es-
timate: The true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The
true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect
estimate: The true effect is likely to be substantially different. From the
estimate of effect.

4.10.1. GRADE rules

Starting Level: RCTs start with four points and non-RCTs start with
two points.

Risk of Bias: One downgrade if most studies had an unclear risk of
bias with potential limitations in multiple criterion or high risk of bias
with a crucial limitation in one criterion. Two downgrades if most
studies had a crucial limitation in one criterion with potential limita-
tions in other criterion or crucial limitations in more than one criterion.

Inconsistency: One downgrade for each of the following if present;
point estimates vary widely across studies, CIs show minimal or no
overlap or if the heterogeneity is considerable (IZ = 75-100%)

Imprecision: One downgrade if the boundaries of the CI cross the
clinical decision threshold between recommending and not recom-
mending treatment and one downgrade if the total number of partici-
pants is less than the number of participants generated by a conventional
sample size calculation.

Indirectness: One downgrade for any differences in one of the
following four domains; populations, interventions, outcomes and in-
direct comparisons. Two downgrades for any difference in more than
one of the domains.

5. Discussion

This review investigated the effects of exercise on pain, disability and
QoL in office workers with chronic non-specific neck pain and identified
that there is low certainty of evidence that strengthening exercises de-
creases self-reported neck pain intensity and disability in office workers.
Apart from one study by Viljanen et al. (2003), strengthening exercises
did not significantly improve QoL, and thus there is a paucity of evi-
dence to draw meaningful conclusions for this variable.

5.1. Exercise type and frequency

All studies within the review included an exercise-based intervention
targeting either neck, shoulder or scapula musculature. This included a
range of stabilization, endurance, strengthening and isometric exercises.
The review was unable to conclude if a specific type of strengthening
training was more effective due to the inconsistency in the type of ex-
ercise between studies.

Sub-group analysis on exercise frequency was completed to
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determine if exercises completed daily or less frequent had a greater
effect on pain and disability. The lowest frequency was three times per
week in which three out of four studies (75%) reported a significant
improvement in pain and disability. All studies where exercises were
completed more frequently reported a similar significant improvement.
This suggests that an exercise frequency of three times per week would
be sufficient to reduce self-reported pain and disability. This agrees with
a review by O’Riodran and colleagues (2014) who concluded that the
most beneficial frequency of exercise to improve pain and QoL in a
chronic neck pain population was three times per week.

5.2. Pain intensity

Seven (87.5%) out of the eight included studies reported a significant
decrease in self-reported pain intensity. All studies used VAS, which has
good reliability and validity in participants with neck pain (Modarresi
et al., 2022). The results of the meta-analysis support these quantitative
findings. A recent meta-analysis (Frutiger and Borotkanics, 2021)
included two studies (Bernaards et al., 2007; Viljanen et al., 2003) with
longer follow-ups (6-months). One of the studies included interactive
group meetings only, with no prescription of exercise (Bernaards et al.,
2007). The second study (Viljanen et al., 2003) which was also included
within the current review, reported no significant difference in VAS
scores for the intervention group. Adherence rates were low with an
average of 13.6 (39% of maximum) training sessions being completed by
the training group. This equates to only 1.13 sessions on average per
week for the duration of the study (12-weeks). This is significantly less
than the minimum frequency (3-times per week) of the other included
studies that reported a significant effect in the current review and
findings of the recent review by O’Riordan et al. (2014). This may
explain the difference in meta-analysis results between the current study
and the findings of Frutiger and Borotkanics (2021).

5.3. Disability

From six included studies that assessed disability, five (83.3%) re-
ported a significant decrease in NDI scores following strengthening ex-
ercises of the neck, shoulder and scapula muscles. All studies assessed
disability using the NDI, which has good reliability and validity in
participants with neck pain (Young et al., 2019). The meta-analysis
agrees with the qualitive findings with a significant pooled effect. In
disagreement with these findings, Bertozzi et al. (2013) reported no
significant effect on disability for exercise compared with no exercise at
similar follow-up times (1-6 months). Two studies included by Bertozzi
and colleagues were excluded in the review as both included partici-
pants of any occupation and not office workers only (Beer et al., 2012;
Chiu et al., 2005). Beer and colleagues reported no significant difference
in disability however, participants only completed exercises for 2-weeks
which is significantly less than the included studies. Additionally, two
studies included in the meta-analysis (Borisut et al., 2013; Li et al., 2017)
were published after Bertozzi et al. (2013) completed their literature
search (August 2012). This may explain why difference were observed in
meta-analysis results between the reviews.

5.4. Quality of life

The lack of evidence on the effect of exercise on QoL in office workers
with neck pain restricted the ability to complete a quantitative analysis
and thus provide a meaningful conclusion. Viljanen et al. (2003) re-
ported no significant difference from baseline to 3-month follow up in
QoL for strengthening exercises. Reliability and validity of the outcome
measures used to assess QoL have not been reported within the literature
which may explain why no significant effect was observed (Frost et al.,
2007). The review by Louw et al. (2017) showed contrasting results in
QoL for strengthening exercises, with two studies reporting a significant
decrease, whilst two others reported no significant difference. These
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four studies were included within the full-text review of the current
study with only one being included (Viljanen et al., 2003). One was
excluded because all participants did not have neck pain (Andersen
et al., 2012) and two were excluded for utilising secondary data
(Nikander et al., 2006; Salo et al., 2010). Prior knowledge of data can
cause confirmation bias thus affecting the analysis and reporting of re-
sults (Baldwin et al., 2022). This may explain why the evidence for QoL
within the Louw et al. (2017) review was contradictory.

5.5. High heterogeneity

Heterogeneity in the summary effect of the combined studies was
significantly high (I> = 95.2%). This was likely attributable to the low
number of studies and the methodological differences in intensity, fre-
quency, and duration between interventions (Gagnier et al., 2012).
There was also a large discrepancy in the study sample sizes. This is
consistent with other systematic reviews describing strengthening ex-
ercises in office workers with neck pain (Chen et al., 2018; Frutiger and
Borotkanics, 2021). Further research with methodological consistency
and larger sample sizes needs to be implemented to address the high
heterogeneity when combining study results in this field of research.

5.6. Strengths and limitations

The strengths of this review include its systematic approach through
the application of PRISMA guidelines (Page et al., 2021) and the CHSRI
(Higgins et al., 2019). Two reviewers completed the study selection and
data extraction processes separately to avoid potential reviewer bias
(McDonagh et al., 2013). Additionally, the retrieval of potential studies
was maximised by searching multiple databases and grey literature.
Data was extracted using software of high reliability and validity to
minimize visual error. One limitation was the exclusion of articles not in
the English language due to the cost associated with professional
translation services and time commitment. Although this may introduce
language bias, only 18 non-English articles were excluded, thus the team
are confident that this has not impacted the study results. Other limi-
tations include that the search strategy was not peer reviewed by a
librarian and the length of time since the last search was completed
(April 2022). Both factors increase the risk of potentially eligible articles
being missed within this review.

5.7. Implications

The results of the meta-analysis are in favour of the use of shoulder
and neck exercises in the management of chronic neck pain in office
workers to reduce neck pain intensity and disability. An exercise fre-
quency of 3 times per week was found to be the minimum required to
achieve a significant reduction in pain and disability scores. Future
intervention studies must strengthen their methodological design which
includes the blinding of participants to the active ingredient of the
intervention received as best as possible to minimize bias. It is advised
that future studies improve the reporting of the intervention specifics
using guidelines such as the Template for Intervention Description and
Replication (TIDieR) checklist (Hoffmann et al., 2014). The implication
of this would allow easier grouping of studies in reviews and the po-
tential for more informed conclusions. It is evident that more studies
evaluating the effects of general physical exercise on neck pain,
disability and QoL in office workers are required; the current review was
unable to analyse this due to the lack of evidence. A recent review (de
Zoete et al., 2020) reported general physical activity had a positive ef-
fect on neck pain intensity, disability and QoL in participants of differ-
ence occupations. Clinicians and ergonomic professionals must apply
the results of this review with caution due to the high heterogeneity and
high risk of bias of the included studies.
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6. Conclusion

This review identified a small number of studies that provide low
certainty of evidence that neck, shoulder and scapula strengthening
exercises is effective at decreasing neck pain intensity and disability in
office workers with chronic neck pain. An exercise frequency of 3 times
per week appears to be sufficient in reducing neck pain and disability. A
conclusion could not be made regarding the effects of exercise on QoL
due to the absence of evidence. Due to the high heterogeneity and low
certainty evidence, further high-quality research evaluating the effects
of exercise on pain, disability and QoL in office workers with chronic
neck pain is required to make a confident recommendation for
clinicians.
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