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Introduction

Neck pain is reported to rank as the second most prevalent
musculoskeletal disorder.1–3 It is estimated that � 67% of
people may experience neck pain during their lifetime.4,5

Neck pain results in a reduced quality of daily life and has a
considerable economic impact on health care systems. Its
diagnosis and treatment are still challenging because the
anatomical source and cause of neck pain remains elusive in
most cases.6

Neck pain may be associated with a reduction in the
strength and endurance capacity of the cervical muscles.7,8

For instance, the strength of deep and anterior cervical
flexors in the cervical spine is reduced in patients with
neck pain.9 Exercise can possibly alleviate neck pain because
of its ability to gain muscle strength, flexibility, and endur-

ance, as well as restore injured tissues.10 Stabilization exer-
cises serve as an important approach to alleviate back and
pelvic pain,11–13 and they have the ability to achieve a stable
injury-free state for the cervical spine.14,15

Several studies reported on the treatment efficacy of
stabilization exercises on neck pain, but the results are
conflicting.4,16–18 This meta-analysis of randomized con-
trolled trials (RCTs) aimed to investigate the treatment
efficacy and function of stabilization exercises versus general
exercises for patients with neck pain.

Materials and Methods

This systematic review and meta-analysis were performed
based on the guidance of the Preferred Reporting Items for
Systematic Reviews and Meta-analysis statement and
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Abstract Introduction The efficacy of a stabilization exercise for the relief of neck pain remains
controversial. We conducted a systematic review and meta-analysis to explore the
effectiveness of a stabilization exercise on neck pain.
Methods We searched Embase, Web of Science, EBSCO Information Services, and the
Cochrane Library databases through May 2019 for randomized controlled trials (RCTs)
assessing the impact of a stabilization exercise on neck pain. This meta-analysis was
performed using the random effects model.
Results Six RCTs are included in the meta-analysis. Compared with the control group
of patients with neck pain, a stabilization exercise can significantly reduce pain scores
at 4 to 6 weeks (mean difference [MD]:�2.41; 95% confidence interval [CI],�4.46
to�0.35; p¼0.02), Neck Disability Index [NDI] at 10 to 12 weeks (MD:� 6.75; 95%
CI,�11.71 to�1.79; p¼0.008), and depression scale at 4 to 6 weeks (MD:�4.65; 95%
CI,�7.00 to�2.31; p¼0.02), but it has no obvious impact on pain scores at 10 to
12 weeks (MD:�1.07; 95% CI,�3.42 to 1.28; p¼ 0.37) or at 6months (MD:�1.02; 95%
CI,�3.43 to 1.39; p¼0.41).
Conclusions A stabilization exercise can provide some benefits to control neck pain.
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Cochrane Handbook for Systematic Reviews of Interven-
tions.19,20 No ethical approval and patient consent were
required because all analyses were based on previously
published studies.

Literature Search and Selection Criteria
We systematically searched several databases including
Embase, Web of Science, EBSCO Information Services, and
the Cochrane Library from inception to May 2019 with the
key words stabilization exercise and neck pain. The reference
lists of retrieved studies and relevant reviews were also
hand-searched, and the search process as described was
performed repeatedly to include additional eligible studies.

The inclusion criteria are presented as follows: (1) study
design is RCT, (2) patients are diagnosed with neck pain, and
(3) intervention treatments are stabilization exercises versus
general exercise. Patients with cervical radiculopathy were
excluded.

Data Extraction and Outcome Measures
Some baseline information was extracted from the original
studies including first author, number of patients, age, female,
body mass index (BMI), and detailed methods in the two
groups. Data were extracted independently by two investiga-
tors, and discrepancies were resolved by consensus. We con-
tacted thecorrespondingauthor toobtaindatawhennecessary.

The primary outcomes are pain scores at 4 to 6 weeks and
10 to 12 weeks. Secondary outcomes are pain scores at
6 months, Neck Disability Index (NDI) at 10 to 12 weeks,
and depression scale at 4 to 6 weeks.

Quality Assessment in Individual Studies
The methodological quality of each RCTwas assessed by the
Jadad Scale that consists of three evaluation elements:
randomization (0–2 points), blinding (0–2 points), and drop-
outs and withdrawals (0–1 points).21 One point is allocated
to each element if they have been conducted and mentioned
appropriately in the original article. The Jadad Scale scores
vary from 0 to 5 points. An article with a Jadad score � 2 is
considered low quality; it is considered high quality with a
Jadad score � 3.22

Statistical Analysis
We assessed mean differences (MDs) with 95% confidence
intervals (CIs) for continuous outcomes (pain scores at 4–6
weeks, 10–12 weeks, and 6 months; NDI at 10–12 weeks; and
depression scale at 4–6 weeks). Heterogeneity was evaluated
using the I2 statistic with I2>50% indicating significant hetero-
geneity.23 The random effects model was used for all meta-
analyses.Wesearched forpotential sources ofheterogeneity for
significant heterogeneity. Sensitivity analysiswasperformed to
detect the influence of a single studyon the overall estimate via
omittingonestudy in turnor performing the subgroupanalysis.
Owing to the limited number (< 10) of the included studies,
publication bias was not assessed. Results were considered
statistically significant for p<0.05. All statistical analyses
were performed using RevMan, v.5.3 (The Cochrane Collabora-
tion, Software Update, Oxford, United Kingdom).

Results

Literature Search, Study Characteristics, and Quality
Assessment
Adetailedflowchartof thesearchandselection results isshown
in ►Fig. 1. A total of 469 potentially relevant articles were
identified initially. Six RCTs that ultimately met our inclusion
criteria were included in the meta-analysis.4,16–18,24,25

►Table 1 presents the main characteristics of the six
included RCTs. The six studies were published between
2003 and 2019, and the total sample size was 395. Five
included RCTs involved chronic neck pain,4,16,18,24,25 and the
remaining RCT involved neck pain caused by posttraumatic
stress disorder.17

Among the six RCTs, four included RCTs that reported pain
scores at 4 to 6 weeks,16–18,25 two included RCTs that
reported pain scores at 10 to 12 weeks,4,25 two included
RCTs that reported pain scores at 6months,18,25 two included
RCTs that reported the NDI at 10 to 12 weeks,4,25 and two
included RCTs that reported the depression scale at 4 to
6 weeks.17,25 Jadad scores of the six included studies varied
from 3 to 5 points, and all six studies were considered high
quality, according to the quality assessment.

Primary Outcomes: Pain Scores at 4 to 6Weeks and 10
to 12 Weeks
The random effects model was used for the analysis of pain
scores at 4 to 6 weeks and 10 to 12 weeks. Compared with the
controlgroupofpatientswithneckpain, stabilization exercises
were associated with significantly reduced pain scores at 4 to
6 weeks (MD:�2.41; 95% CI,�4.46 to�0.35; p¼0.02) with
significant heterogeneity among the studies (I2: 94%; hetero-
geneityp<0.00001;►Fig. 2) but showednonotable impacton
pain scores at 10 to 12 weeks (MD:�1.07; 95% CI,�3.42 to
1.28; p¼0.37) with significant heterogeneity among the stud-
ies (I2: 91%; heterogeneity p¼0.0009; ►Fig. 3).

Sensitivity Analysis
Significant heterogeneity was observed among the included
studies for the primary outcomes, and significant heteroge-
neity remained when performing sensitivity analysis by
omitting one study in turn.

Secondary Outcomes
Stabilization exercises were found to have no substantial influ-
ence on pain scores at 6 months compared with the control
group for neck pain (MD:�1.02; 95% CI,�3.43 to 1.39;
p¼0.41; ►Fig. 4), but did result in a reduction in NDI at 10
to 12 weeks (MD:�6.75; 95% CI,�11.71 to�1.79;
p¼0.008; ►Fig. 5) and depression scale at 4 to 6 weeks
(MD:�4.65; 95% CI,�7.00 to�2.31; p¼0.02; ►Fig. 6).

Discussion

Altered motor control is confirmed in chronic neck
pain.6,26,27 Different aspects are associated with altered
motor control and include co-contraction of agonistic
muscles, more activity for superficial flexors and extensors,
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delayed onset time for neck muscles, and weakness of deep
muscles.6,28–30 The muscles are found to provide � 80% of
spinal stabilization.31 Deep and superficial muscles have
different roles for cervical stabilization. Deep muscles are
segmental stabilizers and provide stabilization between seg-
ments that is the basis for participation of the superficial
muscles.6

Patients with neck pain have weak deep cervical flexors
that may result in increased activity level of the superficial
flexor muscles.6 These patients have reduced deep muscle
activity and increased superficial muscle activity during
cognitive tasks and functional activities. Increased activity
of superficial flexors during isometric contraction is also
reported to cause neck pain.28High co-contraction of a weak
sternocleidomastoid and the anterior scalene can lead to
neck pain and disability.32 A specific exercise program
should be designed to target the deep flexors first and
then the superficial ones.

Cervical stabilization exercises can improve neck pain and
cervical muscle performance in patients with cervicogenic
headache.12 When compared with isometric and stretching

exercises, stabilization exercises may be more effective in
improving disability and pain control for patients with neck
pain.25 Our meta-analysis concluded that stabilization exer-
cises can substantially reduce pain scores at 4 to 6weeks, NDI
at 10 to 12 weeks, and depression scale at 4 to 6 weeks for
neck pain patients, but they show no obvious influence on
pain scores at 10 to 12 weeks or 6 months. In one included
RCT involving the influence of exercise programs on neck
pain, the results found significantly increased deep flexor
muscle endurance for stabilization exercise and also in-
creased endurance for a group of routine exercises.4

Significant heterogeneity is observed when omitting one
study in turn for the sensitivity analysis. Several factors may
account for this heterogeneity, and they include different
causes (e.g., chronic neck pain and posttraumatic stress
disorder) of neck pain, various combinations with stabiliza-
tion exercises (e.g., isometric neck strengthening and physi-
cal therapy), and duration of administration (ranging from
6 weeks to 12 months).

This study has several possible limitations. First, only six
RCTs were included in this meta-analysis, and five of them

Fig. 1 Flow diagram of study search and selection process.
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had a small sample size (n<100). Overestimation of the
treatment effect is more likely in smaller trials compared
with larger samples. Next, significant heterogeneity was
observed in this meta-analysis and may have been caused
by different methods and duration of stabilization exercises,
as well as sex. Finally, it was not feasible to perform a meta-
analysis of some important outcomes such as endurance or
the SF-36 Short Form. In conclusion, stabilization exercises
can provide some benefit for pain relief and cervical function
for patients with neck pain.
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