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Abstract N
Background: Cervical radiculopathy (CR), which is most often stems from degenerative disease in the cervical spine, \
has increasingly become a common and frequently occurring disease in clinic due to the popularity of electronic products, such
as computes and cell phones. Some studies have shown that exercise or exercise combined with other treatments can
effectively decrease pain and improve functional status. The objective was to analyze the effects of exercise for treating patients
with CR.

Methods: Seven databases were searched from inception to December 2018. Randomized controlled trials involving exercise
alone or exercise combined with conventional treatment were enrolled. Data were pooled after trials quality assessment for meta-
analysis. Outcomes were pain (visual analog scale [VAS]), quality of life (12-short form health survey, 36-short form health survey), and
physical function accessed by neck disability index (NDI).

Results: Ten studies involving 871 participants with CR were included. Meta-analysis revealed that compared with control group,
there was a reduction in VAS (standardized mean difference=—0.89; 95% confidence interval [Cl]: —1.34 to —0.44; Z=3.89;
P <.001). There was also an improvement of NDI (mean difference=—3.60; 95% Cl. —6.27 to —0.94; Z=2.65; P=.008)].
Additionally, although the results of subgroup analyses were changed due to the paucity of the quantity and quality of the included
studies. The pooled results were verified to be stable by sensitivity analyses. Besides, the grading of recommendations assessment,
development, and evaluation level of evidence is low for each outcome.

Conclusion: Exercise alone or exercise plus other treatment may be helpful to patients with CR. However, exercise option should
be carefully considered for each patient with CR in accordance with their different situations. Large-scale studies using proper
methodology are recommended.

Abbreviations: Cl| = confidence interval, CR = cervical radiculopathy, GRADE = the grading of recommendations assessment,
development, and evaluation, MD = mean difference, NDI = neck disability index, PROSPERO = international database of
prospectively registered systematic reviews, RCTs = randomized controlled trials, SF-12 = 12-short form health survey, SF-36 = 36-
short form health survey, SMD = standardized mean difference, VAS = visual analog scale.
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1. Introduction

Cervical radiculopathy (CR), which is a normal result of
degenerative changes such as cervical disc herniation and bone
hyperplasia, is characterized by neck pain and radiating pain
from the neck to the shoulder.'! And significant functional
limitations and disabilities are common presenting complaints for
people suffering from CR, with a peak at 50 to 54 years of age,
because of structurally and functionally causing neural inflam-
mation, edema, hypoxia, ischemia, and so on.”>*! A study from
the US military found an incidence of 1.79 per 1000 person-
years.'¥! At present, treatment for CR includes surgical and
nonsurgical approaches.'”! However, the surgical treatment of
CR s still controversial as a result of many complications after
operation involving adjacent segment degeneration, loss in
intervertebral disc height, and so on.[®! Conservative measures,
including manual therapy, exercise, traction, cervical collar, and
nonsteroidal antiinflammatory drugs, can relieve pain, improve
neurologic function for CR patients.'**”! However, none of the
commonly recommended nonsurgical therapies for CR has been
examined in randomized, placebo-controlled trials.!*®!

In addition, lots of studies have shown that exercise or exercise
combined with other treatments can effectively decrease pain,
improve functional status and quality of life in patients with
CR.P1%1 However, the studies evaluating physical exercise for
patients with CR are of various quality, and the number of
patients in the trials is small. Moreover, the guidelines for exercise
therapy for CR have not given clear recommendations./'*1°!
Hence, high-level quality evidence directly comparing exercise
and no exercise intervention is urgently needed to help clinical
decision-making for clinicians. After careful search, there are no
published meta-analyses investing if the use of exercise actually
improve clinical outcomes. So this systematic review and meta-
analysis were to evaluate the existing literature about exercise
therapy treating for CR to determine the strength of evidence.

2. Materials and methods

All analysis results of this study were based on previously
published literature and therefore did not require ethical
approval or patient consent. The protocol of this systematic
review and meta-analysis has been published on the international
database of prospectively registered systematic reviews (PROS-
PERO), which the registration number is CRD42019121886.

2.1. Literature research

The search strategies recommended by the Cochrane Back Review
Group for the identification of randomized controlled trials (RCTs)
were used.!"®! The documents were searched using multiple online
databases at home and abroad including Pubmed, Embase, Web of
Science, the Cochrane Library, Chinese National Knowledge
Infrastructure Database, Wanfang database, and VIP database
from their start to December 2018. There were no restrictions
on the date of the studies or any language, publication type, and
status. The key terms used were “cervical radiculopathy,”
“cervical spondylotic radiculopathy,” “nerve-root type cervical
spondylosis,” “neck and arm pain,” “neck pain with radiculop-
athy,” “neck disorder with radiculopathy,” “exercise,” “physical
activity,” “motion,” “fitness.” Different search strategies were
used for Chinese and foreign language databases. Furthermore, a
manual retrieval of previously published systematic reviews
concerning the exercise therapy for CR was performed.
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2.2. Inclusion criteria

The documents retrieved were selected by 2 independent
reviewers to assess eligibility, and any disagreements were
resolved in discussion or adjudicated by a third reviewer.
Literature was reviewed to examine whether each study met the
following criteria:

(1) the type of publication must be a RCT;

(2) participants must be patients with CR;

(3) the intervention in the treatment group was exercise (without
restriction for control group).

When multiple time points are reported in a study or in
multiple articles of the same study, the longest follow-up
period for treatment was considered in our article. And if
overlapping groups of participants are reported in different
studies, literature with high quality or large sample size is
selected as the subjects. Full texts of all references were
available.

2.3. Exclusion criteria
The excluded studies with the following reasons:

(1) the studies did not meet the above criteria;

(2) both the treatment group and the control group included
exercise therapy;

(3) the studies were conducted in the form of letters, abstracts,
reviews, or comments;

(4) the studies could not extract relevant data;

(5) the CR patients were treated with surgery.

2.4. Data extraction

The following data were independently extracted by 2 authors:
the name of first author, year of publication, study type, country,
number of patients under exercise treatment and control group,
sample size, age, gender of patients, disease course, the details of
control interventions, follow-up duration, outcome, and inter-
vention period. If the relevant data had not been reported, the
authors may be contacted by email or in other means to try to
obtain the missing contents.

2.5. Quality assessment

Assessing the risk of bias of RCTs in this review used the
Cochrane Collaboration Risk of Bias Tool. And risk of bias was
assessed according to the Cochrane Handbook.!'®! For each
included study, each type of bias was categorized as high, low, or
unclear and entered into the risk of bias table. Two reviewers
independently assessed the risk of bias of the included studies.
Any discrepancies were resolved by consensus, including input
from a third party if required.

2.6. Outcome measures

The 3 most recommended outcome indicators — visual analog
scale (VAS), neck disability index (NDI), 36-short form health
survey (SF-36) (or 12-short form health survey [SF-12]) in the
guidelines on CR issued by the North American Spinal
Association were selected as outcome indicators. VAS was the

main outcome measure, and the secondary outcome measures
were NDI and SF-36 (or SF-12).
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2.7. Data synthesis and statistical analysis

The outcomes of interest include dichotomous data and
continuous variables, dichotomous data were presented as the
relative risk and mean difference (MD) was used to express the
continuous variables. Meanwhile, standardized mean difference
(SMD) was chosen if clinical outcome was the same but measured
using different methods, evaluation criterion or the baselines of
the studies are inconsistent in the different trials. The 95%
confidence interval (CI) was computed. Heterogeneity across
studies was quantified by the I? statistic. An I°>50% was
considered to represent the possibility of statistical heterogeneity,
and the random-effects model was used in this meta-analysis.
Otherwise, no obvious heterogeneity (I < 50%) was considered
to have occurred in the included studies, and the fixed-effects
model was used. The forest plot for each parameter was
constructed to illustrate the weight ratio of each incorporated
study. Each article one by one was excluded to evaluate the
sensitivity of the meta-analysis, and to compare the differences
in the combined effects before and after. If the pooled results
are reversed after exclusion, the results of this meta-analysis
may be unstable. All statistical analyses were carried out using
the RevMan35.3 software, and the significance threshold was a
2-sided P<.05. According to Cochrane Handbook 5.3, if
Inclusion studies include a study with multiple intervention
groups, the recommended method in most situations is to
combine all relevant experimental intervention groups of the
study into a single group and to combine all relevant control
intervention groups into a single control group. And the
formulates of continuous variables for combining groups are
displayed in Supplemental Table 1, http:/links.lww.com/MD/
D327. For dichotomous outcomes, both the sample sizes and
the numbers of people with events can be summed across
groups.

2.8. Grading the quality of evidence

The grading of recommendations assessment, development, and
evaluation (GRADE) method was used to evaluate the quality of
meta-analysis. Levels of quality of evidence were defined as high,
moderate, low, and very low. All operations are on this page:
https://gradepro.org/.

3. Results

3.1. Literature search and study sample characteristics

Supplemental Figure 1, http:/links.lww.com/MD/D327 summa-
rizes our search for eligible studies.

A total of 3786 references were identified using the outlined
literature search strategy. Among them, 1738 references were
duplicated. According to the inclusion and exclusion criteria,
1858 articles were excluded after reading the titles and abstracts.
Then, after a careful review of the full text, 180 references were
excluded. Lastly, 10 RCTs were included in the systematic review
and meta-analysis.

The characteristics of the included trials are summarized in
Table 1. Two trials!”'® were published in English, the others!*~¢!
in Chinese. Two studies!'®?%! were RCTs with 3 parallel arms and
the rest were trials with 2 parallel arms. In this meta-analysis, a total
of 871 participants with CR were involved (424 and 447 in the
treatment and control group, respectively). The trial sample size
ranged from 41 to 192 participants. The intervention period is
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reported between 10 days to 2 months. There was no baseline
imbalance in demographic characteristics or results between
the study groups. Two trials!"”'8! reported details of sample size
calculations.

3.2. Risk of bias

Figure 1 indicated the graph of methodological quality of articles.
In the included studies, 6 trials showed methods of randomiza-
tion using a random number table,"**>*¢! computer random
method, 25! or the roll of a dice.'”! The remaining 4 trials'*°~
2224 indicated “randomly allocating,” the detailed method used
to generate the randomization sequence was not revealed. Two
studies showed allocation concealment."”'®! And the other
studies did not report it clearly. All trials did not mention whether
or not to use the blind method. Only 1 trial™® reported
participant losses. Selective reporting was difficult to assess, and
trial protocols were unavailable.

3.3. Meta-analysis results
3.3.1. VAS. The VAS is shown in Figure 2, the results of the 9

trials!' 2! were included in the study, a random-effects model
was used for statistical analysis due to the significant heteroge-
neity (I*=87%). The results showed that there were a significant
differences in improving VAS in favor of the exercise treatment
(n=751; SMD=-0.89; 95% CI: —1.34 to —0.44; Z=3.89;
P<.001).

3.3.2. NDI. Five trials,'®212*2¢ involving a total of 514
patients, reported NDI as an outcome in the groups, and
these trials exhibited significant heterogeneity (I>=95%), as
shown in Figure 3 And accordingly, a random-effects model
was used for meta-analysis. The result of 5 trials revealed that
patients treated by exercise had a statistically significant decrease
in NDI (MD=-3.60; 95% CI: —6.27 to —0.94; Z=2.65;
P=.008).

3.3.3. SF-36 (SF-12). As shown in Table 2, none of 10 studies
reported SF-36 or SF-12. And no trial paid attention to quality of
life for the participants.

3.3.4. Publication bias. The funnel plots were used to access
the publication bias. The funnel shape of the plot was not
completely symmetrical, indicating a potential publication bias
(Fig. 4).

3.3.5. GRADE level of evidence. The GRADE level of evidence
is low for each outcome. As shown in Table 2, the main reasons
for a reducing level were high heterogeneity and possible
publication bias.

3.3.6. Sensitivity analysis. By removing single studies, the
sensitivity analyses showed no noticeable changes in the
statistical significance of all outcomes, which indicating all
effects were stable.

3.3.7. Subgroup analysis. To investigate the specific factors
influencing the outcomes of this study, subgroup analyses were
performed on time to intervention, sample size, publication
language, publication year, randomized methods. As shown in
Tables 3 and 4, publication language may be the source of
heterogeneity in this study. And the factors for its high
heterogeneity may include time to intervention, publication
language, publication year.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

&

Other bias
I + + + {
0% 25% 50% 75% 100%
B Low risk of bias [Junclear risk of bias B High risk of bias
Figure 1. Risk of bias graph.
Experimental Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup _Mean __ SD Total Mean _ SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
Cai 2015 35 11. ‘M 4 1.3 30 1M.1% -0.41 [-0.92, 0.10] =
chen 2017 115 065 50 285 121 50 11.4% -1.74-2.20,-1.27] =
Diab 2011 & g 13 48 46 15 48 115%  -1.34[1.79,-0.90] e
Fang 2018 2665 21199 60 267 088 30 116% -0.00 [-0.44, 0.44] i
Hong 2016 198 074 22 415 164 19 97% -1.72 [-2.44,-0.99] =
Kuijper 2009 36.2 31 68 408879 32004 124 12.3% -0.15[-0.44,0.15] ey
Liu 2016 105 059 2 157 051 21 10.3% -0.93[-1.56,-0.29] — -
Wu 2014 33 14 30 41 08 30 11.0% -068[1.21,-0.17] —_—
Zhao 2016 112 101 35 321 214 35 111% -1.24 [-1.75,-0.72] N
Total (95% CI) 364 387 100.0%  -0.89[-1.34,-0.44] Ll
Heterogeneity: Tau®= 0.40; Chi*= 63.60, df= 8 (P < 0.00001); F=87% ‘ 2 ) 2 ‘
Testfor overall effect: Z= 3.89 (P < 0.0001) Favours [experimental] Favours [control]

Figure 2. VAS comparison. VAS =visual analog scale.

exercise as an intervention measure for CR, the latest and high-
level evidence-based results are obtained by synthesizing the
results of multiple studies, although the GRADE level of evidence
is low for 2 outcomes due to high heterogeneity and possible
publication bias. Furthermore, the protocol of this study was
registered on PROSPERO, which is more in line with PRISMA
reporting guidelines. And a registered protocol may improve the
transparency and quality of this meta-analysis. Furthermore, the
level of evidence is given by performing the GRADE approach.
Thus, the conclusions of this study can easily be used by
clinicians.

Our systematic review also has some limitations. First, the
included studies in this meta-analysis were performed in different

patient groups, different exercise program, different follow-up
period, and different outcome evaluators. So the risk of
introducing potential heterogeneity is present. Thus, sensitivity
and subgroup analysis were performed regarding all results.
Second, because exercise could not be blinded for doctors and
patients, this may lead to unavoidable performance bias. Third,
the exercise treatment often consists of various interventions and
is typically also combined with drugs and other treatments which
make it difficult to determine the effects of a single intervention.
Hence, more rigorously designed and measured, randomized
double-blind, placebo-controlled trials that conform to the
CONSORT 2010 statement are needed to verify the current
conclusions.
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Figure 3. NDI comparison. NDI=neck disability index.
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Summary of the evidence for each outcome.

Certainty assessment No of patients Effect
No of Study Risk of Other [exercise  [control Relative Absolute
studies design bias Inconsistency  Indirectness  Imprecision  considerations group] group] (95% Cl) (95% CI) Certainty
Visual analog scale (VAS)
9 Randomized ~ Not serious  Not serious Not serious Serious® Publication bias 364 387 - SMD 0.89 SD lower [ |[ [ ][
trials strongly (1.34 lower to LOW
suspected” 0.44 lower)
Neck disability index (NDI)
5 Randomized ~ Not serious  Not serious Not serious Serious® Publication bias 244 270 - SMD 1.49 SD lower [ [ |[ ][
trials strongly (2.82 lower to LOW
suspected " 0.17 lower)
Cl=confidence interval, SD=standard deviation.
2 Statistical heterogeneity.
7 Potential publication bias.
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Figure 4. Funnel plot of the trials that compared treatment group with control group (VAS, NDI). NDI=neck disability index, VAS =visual analog scale.

Subgroup analysis based on VAS.

Group No. of studies No. of patients RR 95% Cl V4 P (effect)
Time to intervention >4 wk 5 460 —0.85 [—1.38, —0.33] 3.17 .002
<4 wk 4 291 —0.95 [—1.86, —0.04] 2.05 .04
Sample size >70 5 548 —0.88 [—1.58, —0.19] 2.50 .01
<70 4 203 —0.89 [—1.39, —0.39] 3.47 .0005
Publication language English 2 288 -0.73 [—1.90, 0.44] 1.23 22
Chinese 7 463 —0.94 [—1.46, —0.43] 3.60 .0003
Publication year >2016 (Published in the last 3 yr) 5 343 —1.11 [—1.81, —0.41] 3.09 .002
<2016 (Published before 3 yr) 4 408 —0.64 [=1.19, —0.08] 2.25 .02
Randomized methods Explicitly mentioned 5 518 —-0.97 [—1.62, —0.32] 2.91 .004
Not explicitly mentioned 4 233 —-0.79 [—1.48, —0.11] 2.28 .02
Cl=confidence interval, RR =relative risk, VAS =visual analog scale.
Table 4
Subgroup analysis based on NDI.
Group No. of studies No. of patients RR 95% CI z P (effect)
Time to intervention >4 wk 3 304 -3.11 [-3.84, —2.39] 8.44 <.00001
<4 wk 2 210 —4.84 [~10.25, 0.56] 1.76 .08
Sample size >70 4 472 -373 [-6.95, —0.19] 2.50 .02
<70 1 42 -3.04 [-3.90, —2.18] 6.92 <.00001
Publication language English 1 192 —0.07 [-5.51, 5.37] 0.02 .98
Chinese 4 322 —4.09 [-6.91, —1.27] 2.85 .004
Publication year >2016 (Published in the last 3 yr) 3 202 -3.10 [-3.81, —2.39] 8.56 <.00001
<2016 (published before 3 yr) 2 312 —4.25 [—11.36, 2.86] 117 24
Randomized methods Explicitly mentioned 3 382 —4.35 [-7.93, =0.77] 2.38 .02
Not explicitly mentioned 2 132 —2.95 [-3.78, —2.12] 6.99 <.00001

Cl=confidence interval, NDI=neck disability index, RR=relative risk.
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5. Conclusions

Including exercise therapy is effective in the management of CR,
which can relieve pain and improve cervical function. However,
the conclusions of this study should be treating with caution. More
high-quality RCTs are required to provide stronger evidence.
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