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Strengths and limitations of this study

►► This protocol describes the design of a network 
meta-analysis investigating the effects of physical 
exercise interventions for people with chronic non-
specific neck pain.

►► Network meta-analysis enables a comparative in-
vestigation of all available physical exercise inter-
ventions for which randomised controlled trials are 
available.

►► The results from this network meta-analysis will 
provide directly clinically applicable evidence.

►► The overall quality of evidence will be assessed 
with the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE), allowing to 
assess the certainty of evidence for the network 
meta-analysis.

►► As the effects of physical exercise may be differ-
ent across different neck pain conditions (eg, non-
specific neck pain and traumatic neck pain), this 
network meta-analysis includes only chronic non-
specific neck pain and findings might not be trans-
ferrable onto other neck pain populations.

Abstract
Introduction  Neck pain is a global burdensome 
problem, with a large proportion of neck pain cases 
becoming chronic. Although physical exercise is a 
commonly prescribed treatment, the evidence on the 
effectiveness of isolated exercise interventions remains 
limited. Traditional pairwise randomised controlled trials 
(RCTs) and meta-analyses are limited in only comparing 
two interventions. This protocol describes the design of 
a network meta-analysis, which enables a comparative 
investigation of all physical exercise interventions for 
which RCTs are available. We aim to systematically 
compare the effectiveness of different types of physical 
exercise in people with chronic non-specific neck pain.
Methods and analysis  Nine electronic databases 
(AMED, CINAHL, Cochrane Central Register of Controlled 
Trials, Embase, MEDLINE, Physiotherapy Evidence 
Database, PsycINFO, Scopus and SPORTDiscus) were 
searched for RCTs from inception to 12 March 2019. 
Titles and abstract firstly, and full-text papers secondly, 
will be screened by two reviewers. Data will be extracted 
by two reviewers. The primary outcome measure is 
effectiveness of the intervention. Methodological quality 
of included studies will be assessed by two reviewers 
using the PEDro scale. The overall quality of evidence 
will be assessed with the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
framework, which has been adapted for network meta-
analyses. The available evidence will be summarised 
using a network diagram. A contribution matrix will be 
presented to allow assessment of direct and indirect 
evidence. Forest plots will be constructed to visualise 
effects of all included exercise interventions. Pairwise 
effect sizes will be calculated by including all evidence 
available in the network. Effect measures for treatments 
that have not been compared in a pairwise RCT can 
be compared indirectly by contrasting effect sizes of 
comparisons with a common comparator.
Ethics and dissemination  This work synthesises 
evidence from previously published studies and does 
not require ethics review or approval. A manuscript 
describing the findings will be submitted for publication 
in a peer-reviewed scientific journal.
PROSPERO registration number  CRD42019126523.

Introduction
Neck pain is a global burdensome problem.1 
Up to 70% of the general population will 
experience neck pain at least once in their 
lives,2–4 and in a substantial proportion of 
people, the pain will become recurrent or 
chronic.5 6 Clinical guidelines recommend 
physical exercise as a first-line treatment for 
neck pain.7 Different suggestions have been 
made regarding the type of exercise required 
in order to improve clinical outcomes, 
including strengthening, range of motion, 
motor control, stretching and proprioceptive 
training.8

Several systematic reviews have examined 
the effectiveness of physical exercise inter-
ventions in people with neck pain,9–12 indi-
cating that combinations of different types 
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of therapeutic exercise have moderate effects on pain. 
Notably, the inclusion of different exercise interventions 
in each of these reviews does not allow for an investiga-
tion of the efficacy of isolated types of physical exercise. 
However, for a traditional (meta-analytic) pairwise inves-
tigation of these isolated exercise interventions, insuffi-
cient randomised controlled trials (RCTs) are available 
to address each of the different types of physical exercise.

Based on individual RCTs, as well as systematic reviews 
and meta-analyses, it is difficult to draw conclusions 
regarding the effectiveness of different physical exercise 
interventions for people with chronic neck pain.9–12 Tradi-
tional meta-analyses are limited by the availability of pair-
wise comparisons between interventions.13 It is therefore 
difficult to interpret the entire body of evidence available, 
with many RCTs available for some interventions, and 
limited evidence for others. Furthermore, for many types 
of exercise interventions, no direct comparisons are avail-
able, and it is not possible to compare the effectiveness 
relative to each other.14 Network meta-analysis (NMA) is a 
study design that allows for an investigation of the efficacy 
of different interventions.15 16 This approach was recently 
used to investigate the effectiveness of pharmacological 
management for depression17 and physical exercise for 
chronic low back pain.18 By creating a network of pair-
wise RCTs, all direct and indirect evidence can be used in 
order to determine the effectiveness of interventions.19 
Rather than comparing only two exercise interventions 
as is traditionally done in systematic review and meta-
analysis, NMA enables a comparative analysis of all phys-
ical exercise interventions for which RCTs are available. 
Furthermore, this design allows for creating a ranking of 
the efficacy of available physical exercise interventions.

This protocol describes the design of an NMA with 
the aim of systematically comparing the effectiveness of 
different types of physical exercise in people with chronic 
non-specific neck pain. The primary research questions 
is: What is the effectiveness of different types of physical 
exercise on neck pain intensity and neck disability? The 
objective is to evaluate the effectiveness of different types 
of physical exercise, which will allow us to generate a 
clinically meaningful hierarchy of physical exercise inter-
ventions. The secondary research question is: What is 
the effectiveness of different durations, frequencies and 
intensities of physical exercise interventions on neck pain 
intensity and neck disability? Investigating the effective-
ness of different durations, frequencies and intensities 
of exercise will provide valuable information in order to 
give specific recommendations for therapeutic exercise 
prescription.

Methods
This protocol follows the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses statement for 
protocols (PRISMA-P).20 The results of the NMA will be 
reported according to the PRISMA statement and PRISMA 
extension for network meta-analyses (PRISMA-NMA).21 22

Eligibility criteria
Studies are eligible to be included in the NMA if they are 
an RCT describing the effects of any physical exercise 
intervention in adults (age ≥18 years) with chronic non-
specific neck pain (symptoms persisting for ≥12 weeks). 
Neck pain is defined as the pain between the occiput and 
the first thoracic vertebra as primary complaint. Other 
terms for non-specific neck pain that may be used are idio-
pathic neck pain, insidious-onset neck pain, mechanical 
neck pain and work-related neck pain. As comparator, any 
physical exercise intervention, control-treatment, sham-
treatment, placebo-treatment or no-treatment group, 
will be included. Studies will be excluded if they report 
subjects younger than 18 years, non-human subjects or 
subjects with traumatic neck pain. Studies reporting 
primary complaints other than neck pain, such as post-
concussion syndrome, headache and migraine, will be 
excluded.

Studies that are available in full-text form and published 
in the English language will be included, and no date 
limits will be applied. Studies assessed to have a high risk 
of bias will be excluded.

Categorisation of studies
Through an iterative process of reviewing relevant RCTs 
and discussion, identified 10 categories for the current 
NMA were identified: (A) strengthening, (B) range of 
motion, (C) stretching, (D) motor control, (E) proprio-
ceptive, (F) strengthening + motor control, (G) strength-
ening + stretching, (H) comprehensive, (I) general 
physical activity and (J) no treatment/sham/information. 
The comprehensive exercise may include combinations 
of >3 other categories, for example, combining strength-
ening, range of motion, motor control and stretching 
exercises.

Information sources
Nine electronic databases (AMED, CINAHL, Cochrane 
Central Register of Controlled Trials, Embase, MEDLINE, 
Physiotherapy Evidence Database, PsycINFO, Scopus and 
SPORTDiscus) were searched for RCTs from inception to 
12 March 2019.

Search strategy
A search strategy was developed with a medical librarian; 
the three-part strategy includes terms to identify studies 
relating to (1) physical exercise, (2) chronic neck pain 
and (3) RCTs. The neck pain search terms were consis-
tent with those recommended by the Cochrane Back 
and Neck review group.23 The search strategy was devel-
oped for the MEDLINE database (online supplementary 
appendix A), and subsequently adjusted to the require-
ments of the other databases. The electronic searches will 
be complemented with manual searches for prospectively 
identified systematic reviews and meta-analyses, of which 
the reference lists may include potentially relevant arti-
cles. The reference lists of included studies will further be 
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searched to identify any studies missed by the electronic 
searches.

Selection process
Two reviewers will independently screen titles and 
abstracts to identify potentially eligible studies. For each 
identified study, two reviewers will independently review 
the full-text papers. In either stage, a third reviewer 
will resolve any disagreements on study inclusion as 
necessary. Inter-rater agreement will be reported using 
Cohen’s kappa coefficient (κ). Where studies have been 
reported in multiple papers, only the paper reporting the 
most complete analysis of effectiveness will be included 
(ie, reports of subgroup or secondary analyses will be 
discarded).

Data collection and management
Two reviewers will extract and record data from the 
included studies using a standardised extraction table 
agreed by all authors.

Data items
Extracted data will comprise study characteristics 
(author, year), participant characteristics (sample sizes, 
age sex, type of neck pain), type of exercise interven-
tion, duration, frequency and intensity,and timing 
of follow-up assessment. Means and SDs for primary 
outcome measures at baseline, and the time point after, 
and closest to, the end of the treatment will be extracted, 
accommodating an anticipated variation in treatment 
duration across studies. Although currently there is no 
consensus on the appropriate duration of exercise inter-
ventions, it is expected that most intervention durations 
will be between 4 and 12 weeks. With potential differ-
ences in treatment durations, this second time point 
allows for an investigation at a time point ensuring the 
treatment regimen is completed, and it is likely to be the 
point of maximal therapeutic effect.

Where studies report more than two physical exercise 
interventions (or control groups) which independently 
could be included in this NMA, data from all study arms 
will be extracted. For example, if one particular RCT 
describes three treatment arms (A, B, and C), data from 
all three groups will be extracted.

For primary outcomes where mean±SE are reported, 
SDs will be calculated using the formula: ‍SD = SE ∗

√
n

‍. Where medians and IQRs are reported, the methods 
described by Wan et al will be used to compute 
means and SDs.24 Where means and 95% CIs are 
reported, SDs will be calculated using the formula: 

‍SD =
√

n ∗
(
upper 95%CI limit−lower 95%CI limit

)
t ‍, where t is 

the value from a t-distribution for a 95% CI for a sample 
distribution with degrees of freedom of the group sample 
size −1. If insufficient data are available in the paper, an 
attempt will be made to obtain them from the corre-
sponding author. Extracted data will be tabulated.

Outcomes and prioritisation
The primary outcome measures are the effectiveness of 
the intervention, as a continuous outcome, measured as 
the end-point score on pain intensity (eg, Visual Analogue 
Scale) or neck disability outcomes (eg, Neck Disability 
Index). Two separate analyses will be conducted for each 
primary outcome measure.

Risk of bias in individual studies
Two reviewers will assess the methodological quality of 
the included studies using the PEDro scale, which is a 
validated tool25 for assessing the risk of bias of RCTs and 
commonly used to assess physiotherapeutic interventions. 
A third reviewer will resolve disagreements as required. 
Inter-rater agreement will be reported using Cohen’s 
kappa coefficient (κ).

Data synthesis
The characteristics of the included trials (type of neck 
pain, details of the physical exercise intervention, 
outcomes) will be summarised and tabulated. The avail-
able evidence will be summarised using a network diagram 
in which each node will represent a class of intervention 
(as categorised in the inclusion criteria), with node size 
being proportional to the number of patients receiving 
the treatment. The effect of pairwise comparisons of two 
interventions will be shown as edges interconnecting the 
nodes, where the thickness of the edge lines will repre-
sent the weight of pairwise comparisons. A contribution 
matrix will be presented to show the influence of indi-
vidual comparisons, and the influence of direct and indi-
rect evidence on the overall summary of effects.

Assessment of transitivity and meta-biases
For the exercise interventions identified in the prelim-
inary search, it is anticipated that all physical exercise 
interventions are in-principle jointly randomisable, 
meeting the transitivity assumption. For all comparisons 
between physical exercise interventions in the network, 
inferences can be based on direct evidence (pairwise 
RCTs), indirect evidence (effect B–C derived from A–B 
and A–C comparisons) or a mixture of direct and indirect 
evidence. Measures that could potentially modify effects 
include sex, age and type of neck pain, and distributions 
of these variables will be inspected in order to meet the 
transitivity assumption.

Network meta-analysis
Assuming the distribution of effect modifiers are similar 
across studies, a frequentist NMA will be conducted 
(proposed closed network geometry is shown in figure 1). 
Pairwise effect sizes will be calculated by including all 
evidence available in the network.26 Where secondary 
outcome data are available, the effectiveness of different 
durations, frequencies and intensities of physical exercise 
interventions will be investigated. Effect measures for 
treatments that have not been compared in a pairwise 
RCT can be compared indirectly by contrasting effect 
sizes of comparisons with a common comparator.13 27 28 
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Figure 1  All possible network connections (pairwise 
comparisons, lines) with 10 nodes (interventions, A–M: (A) 
strengthening, (B) range of motion, (C) stretching, (D) motor 
control, (E) proprioceptive, (F) strengthening + motor control, 
(G) strengthening + stretching, (H) comprehensive, (I) PPA, 
(J) Yoga/Pilates/Tai Chi/Qigong, (K) PPA + strengthening, (L) 
balance, (M) no treatment/sham/information. PPA, prescribed 
physical activity.

Because previous systematic reviews of exercise for neck 
pain have shown varying effects, a random effects (DerSi-
monian and Laird29) model will be used to generate 
pooled standardised effect sizes. Corrected effect size 
(Hedges’ g) will be used to allow for the inclusion of 
smaller studies.30 Network forest plots, interval plots 
and league tables will be used to present the ranking of 
mixed (direct and indirect) effect sizes and 95% CIs for 
all combinations of treatments in the network.

Exploring heterogeneity and assessment of inconsistency
Heterogeneity will be reported using 95% prediction 
intervals and I2.Forest plots will be visually examined 
to identify any obvious inconsistency between direct 
and indirect treatment effects (loop consistency); any 
observed inconsistency may indicate that the transitivity 
assumption has not been satisfied. If significant heteroge-
neity is detected, the node-splitting approach will be used 
to evaluate inconsistency one comparison at a time.31 
Comparison-adjusted funnel plots will be used to visually 
inspect and assess for small study effects, and assess poten-
tial publication bias.32

Confidence in cumulative evidence
Based on study limitations, imprecision, heterogeneity 
indirectness and publication bias,33 the overall quality 
of evidence will be assessed with the Grading of Recom-
mendations Assessment, Development and Evaluation 
(GRADE) framework,34 which has been adapted for 
NMA.35 Each key pairwise comparison within the network 

will be assessed, from which a conclusion will be drawn 
regarding the full network’s certainty of evidence.

Statistical analyses
Statistical package R36 will be used for all statistical anal-
yses. The netmeta R-package will be used to conduct and 
report the NMA. P values will allow for the ranking of 
treatment efficacy. The netmeta package function forest.
netmeta will be used to create a visual network of nodes 
and connections.

Ethics and dissemination
This work synthesises evidence from previously published 
studies and does not require ethics review or approval. 
A manuscript describing the findings will be submitted 
for publication in a peer-reviewed scientific journal; the 
results will be presented according to the PRIMSA, and 
the PRIMSA extension for network meta analyses (PRIS-
MA-NMA) guidelines.21 22

Patient and public involvement
There was no patient or public involvement in this review.
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