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on cervical radicular pain
A meta-analysis
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Abstract
Background: Cervical radicular pain is a challenging medical problem in terms of therapeutic management. Recently, pulsed
radiofrequency (PRF) stimulation on the dorsal root ganglion (DRG) has been used to control several types of chronic pain.
However, its effect on cervical radicular pain is still not well studied. To conduct a meta-analysis of available clinical studies on
PRF treatment in patients with cervical radicular pain induced by cervical spine disease that was not responsive to other
conservative treatments.

Methods:A comprehensive database search was conducted on PubMed, Embase, Cochrane Library, and SCOPUS.We included
studies published up to August 31, 2017, that fulfilled our inclusion and exclusion criteria. The pain degrees measured using visual
analog scale (VAS) at pretreatment and after PRF on the DRG were collected for the meta-analysis. The Cochrane Collaboration’s
Handbook and Newcastle–Ottawa scale were used for the methodological quality assessments of included studies. The meta-
analysis was performed using the Comprehensive Meta-analysis Version 2.

Results:A total of 67 patients from one RCT study, 2 prospective observational studies, and one retrospective study were included
in this meta-analysis. The pooled data of the 4 included studies showed that overall VAS after the PRF treatment was significantly
reduced (P� .001). In the subgroup analysis according to follow-up evaluation time points, the pain was significantly reduced at 2
weeks, 1 month, 3 months, and 6 months after the procedure (2 weeks: P= .02; 1, 3, and 6 months: P < .001).

Conclusion: According to the results of the meta-analysis, the use of PRF on the DRG is effective for alleviating cervical radicular
pain, which was unresponsive to oral medications, physical therapy, or epidural steroid injection.

Abbreviations: CI = confidence interval, DRG = dorsal root ganglion, NOS = Newcastle–Ottawa scale, NRS = numeric rating
scale, PRF = pulsed radiofrequency, RCT = randomized control trial, RF = radiofrequency, SMD = standardized mean difference,
VAS = visual analog scale.
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1. Introduction

Cervical radicular pain is the most frequently occurring neuro-
pathic pain in the upper extremity. Its incidencewas reported to be
approximately83per100,000people.[1]Themost commoncauses
of cervical radicular pain are herniation of the cervical disc
and cervical foraminal stenosis.[2] Mechanical compression of
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the cervical nerve root and chemical inflammation cause
cervical radicular pain.[3,4] For the management of cervical
radicular pain, several oral medications, modalities, and proce-
dures have been used.[5] However, despite these treatments, pain
persists in some patients.
Recently introduced pulsed radiofrequency (PRF), which

works by delivering an electrical field and heat bursts to targeted
nerves or tissues without damaging these structures, has been
reported to be safe and effective in controlling several types of
chronic pain.[6–8] Conventional radiofrequency (RF) thermocoa-
gulation exposes target nerves or tissues to a continuous electrical
stimulation and ablates the structures by increasing the
temperature around the RF needle tip.[9] In contrast to RF,
PRF applies a brief electrical stimulation followed by a long
resting phase. Thus, PRF does not produce sufficient heat for
structural damage.[10] The mechanism of PRF is not clearly
elucidated, but it has been proposed that the electrical field
produced by PRF can alter pain signals.[11–13]

Several studies have reported the effectiveness of PRF on the
dorsal root ganglion (DRG) in alleviating refractory cervical
radicular pain.[14–23] However, the effect of PRF on cervical
radicular pain has not been clearly elucidated yet because those
previous studies are limited by their small sample size. To further
explore this issue, we performed a meta-analysis of all available
clinical studies of PRF treatment in patients with cervical
radicular pain induced by cervical spine disease.
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2. Materials and methods

2.1. Search strategy

This meta-analysis was performed according to the guidelines
from Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA). We performed systematic searches of
the relevant literature contained in PubMed, Embase, Cochrane
Library, and SCOPUS for studies published until August 31,
2017. The following keywords were used for the database search:
(pulsed radiofrequency AND radicular pain) OR (pulsed radio-
frequency AND radiculopathy) OR (pulsed radiofrequency AND
spine) OR (pulsed radiofrequency AND spinal stenosis) OR
(pulsed radiofrequency AND disc herniation). The filters were
used to select studies with human participants. We included all
study designs, not limited to randomized control trial (RCT).
However, we only included published articles in English.

2.2. Eligibility criteria

Following inclusion criteria were applied for the selection of
articles: patients’ radicular pain were secondary to cervical disc
herniation or cervical spinal stenosis; pain was not controlled
even after conservative management, which included oral
medications, physical therapy, or epidural steroid injection;
PRF stimulation was applied on the cervical DRG; visual analog
scale (VAS) or numeric rating scale (NRS) was used for the
evaluation of pain degree; 5) patients were followed-up for at
least 2 weeks. We excluded studies from the final analysis if: the
study was a review article, abstract, letter or case report; the study
reported no data/results.
2.3. Study selection and data extraction

After duplicate publications were deleted, 2 reviewers (DGL and
MCCC) independently evaluated potentially eligible studies that
were identified by our search. Articles were screened for eligibility
based on a review of the title and abstract, and disagreements
were resolved by consensus. The full text of eligible articles were
accessed and read independently by the 2 reviewers (DGL and
MCCC). Then, the following data were independently extracted
from each eligible study: first author, publication data, number of
patients, demographic information, intervention characteristics,
and outcome data, including VAS and NRS. In case of studies
reporting pain in NRS, values were converted into VAS.

2.4. Quality assessment

The methodological quality of the included studies was assessed
using 2 different tools. For RCTs, the Cochrane Collaboration’s
Handbook was used to determine adequate sequence generation,
allocation concealment, blinding, incomplete outcome data,
selective outcome reporting, and other potential sources of bias.[24]

The judgmentsof biaswere expressed as“low risk,”“high risk,”or
“unclear risk.” For prospective observational and retrospective
studies, the Newcastle–Ottawa scale (NOS) was used for the
quality assessment,with3 aspects of selection: selectionof subjects,
comparability of groups, and assessment of outcome. The quality
of each study was graded as low (0–3), moderate (4–6), and high
(7–9).[25] All divergences were resolved by consensus.

2.5. Statistical analysis

Comprehensive Meta-analysis Version 2 (Biostat Inc.) was used
for statistical analysis of the pooled data. For each analysis, a
2

heterogeneity test was performed using I statistics, which
measures the extent of inconsistency among results. I2=25%was
considered low, 50% moderate, and 75% high heterogenei-
ty.[24]I2 values higher than 50% were considered as having
substantial heterogeneity, and the random-effects model was
used for analysis of the data.[24] VAS or NRS were continuous
variables; thus, we analyzed the standardized mean difference
(SMD) in change from baseline and the 95% confidence interval
(CI) in the analysis. Additionally, we performed subgroup
analyses according to the follow-up evaluation time point.
P< .05 was considered statistically significant.
3. Results

3.1. Study selection

The primary literature search provided a total of 545 potentially
relevant studies (Fig. 1). After discarding the duplicate studies and
reading the tiles and abstracts of the articles, 536 publications
were excluded. The remaining studies were further assessed for
eligibility based on the full text articles. After reviewing, 4 articles
were included in the final analysis. One RCT study, 2 prospective
observational studies, and 1 retrospective study were included in
this meta-analysis.[16,17,19,23] In the RCT study by Lee et al,
patients in the control group received transforaminal steroid
injection.[19] We extracted the data of patients in the PRF
group only.

3.2. Study characteristics

The selected studies included 67 cases. The study duration ranged
from 3months to 1 year. The basic characteristics of the included
studies are shown in Table 1.
3.3. Risk of bias

The study by Lee et al[19] was an RCT. Thus, based on the
Cochrane Handbook 5.1 Assessment Tool, the risk of bias was
assessed. The study had unclear risk of bias for random sequence
generation, allocation concealment, blinding of participants and
personnel, and blinding of outcome assessment. Low risk of bias
was observed on incomplete outcome data, selective reporting,
and other bias. The other studies (2 observational studies and one
retrospective study)[16,17,23] were assessed using NOS. All of
them were rated 8 stars, which is considered as relatively high-
quality (selection of subjects: 4 stars; comparability of groups: 2
stars; assessment of outcome: 2 stars).

3.4. Meta-analysis results

The overall outcome for the pooled analysis of all the outcomes
from 2 weeks to 1 year after the PRF treatment in all included
studies showed that VAS was significantly reduced after PRF
treatment on the DRG (SMD=�1.75, 95% CI=�2.06 to
�1.44, P=<.001; Fig. 2). The random-effect model was used
because the I2 value was 52.4%. In addition, we conducted the
subgroup analysis according to follow-up evaluation time points.
On the analysis of pain reduction at 2 weeks after the PRF
treatment, I2 was over 50% (2 weeks: I2=82.3%; Fig. 3).
Accordingly, the random-effect model was used for pain
reduction effect at 2 weeks after the procedure. I2 was below
50% at 1, 3, and 6 months after the procedure (1 month: I2=
0.0%; 3 months: I2=36.1%, 6 months: I2=13.1%); thus, the
fixed effect model was used for subgroup analysis. At each



Figure 1. Flow chart showing the search results of the meta-analysis.

Table 1

Characteristics of the included studies.

Publication,
year Design

Participants
(N, age, male%)

Pain duration,
months

Pulsed
radiofrequency mode

Outcome assessment
time, months

Loss to
follow-up, %

Adverse
effect (N)

Choi et al, 2011[17] Observational study 15, 55.9±10.7, 86.7% 13.3±9.6 120 seconds, 45 V 1, 3 0 —

Choi et al, 2012[16] Observational study 21, 54.1±16.6, 76.2% 14.6±15.2 2Hz, 120 seconds, 45V 1, 3, 6, 12 0 Flare up pain (2)
Lee et al, 2016[19] Randomized

controlled trial
10, 20–70 - 5Hz, 240 seconds, 45 V 0.5, 1, 2, 3 13.6 —

Yoon et al, 2014[23] Retrospective study 22, 54.6±10.2, 54.5% — 2Hz, 120 seconds, 45 V 0.5, 1, 3, 6 — No adverse effect

Figure 2. Results of analysis of overall visual analog scale (VAS) changes after pulsed radiofrequency treatment. VAS=visual analog scale.
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Figure 3. Results of subgroup analysis of visual analog scale (VAS) changes at 2 weeks (A), 1 month (B), 3 months (C), and 6 months (D) after pulsed
radiofrequency treatment. VAS=visual analog scale.
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evaluation time points, VAS was significantly reduced after the
PRF treatment (2 weeks: SMD=�1.51, 95% CI=�2.77 to
�0.26, P= .02; 1 month: SMD=�1.70, 95% CI=�2.07
to �1.32, P=<.001; 3 months: SMD=�1.89, 95%
CI=�2.29 to �1.48, P=<.001; 6 months: SMD=�1.84,
95% CI=�2.33 to �1.34, P=<.001; Fig. 3).
4

Regarding adverse effects, in the study by Choi et al, 2
patients complained of temporary post-procedural radicular
pain, which disappeared within 2 weeks. Yoon et al[23] reported
no complications after PRF. However, in the studies by Lee
et al[19] and Choi et al,[17] there was no exact information on the
adverse effects after PRF.



Figure 4. Graphic funnel plot of the included studies depicting overall changes in visual analog scale (VAS) scores. VAS=visual analog scale.
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3.5. Publication bias

Funnel plot analysis was conducted for the overall results of VAS
changes in the included studies (i.e., the analysis was performed
including all the evaluated follow-up outcomes in each study).
The graphical funnel pot of the included studies for changes in
VAS score seemed to be symmetrical (Fig. 4). In addition, the
publication bias was quantified using Egger’s test. The intercept
was found at 0.558 (P= .904). Therefore, statistically significant
publication bias was unlikely to occur.

4. Discussion

In the current study, we evaluated the effectiveness of PRF on the
DRG in alleviating refractory cervical radiculopathy due to disc
herniation or spinal stenosis by meta-analysis. For the meta-
analysis, 4 studies were included, and pain scores, which were
measured using VAS, were analyzed.
We analyzed all the data in each included study, and the overall

outcome showed that cervical radicular pain was significantly
reduced after PRF on DRG. In addition, at each evaluation time
point (i.e., 2 weeks, 1 month, 3 months, and 6 months after PRF),
the pain was significantly alleviated. The effect size was found to
range from �1.51 to �1.89. Based on Cohen’s study[26], these
effect size values can be interpreted as the PRF procedure has a
large positive pain reducing effect on cervical radicular pain that
did not respond to other conservative treatments, including oral
medications, physical therapy, or epidural steroid injection.
As for the mechanism of PRF on pain reduction, some possible

proposals have been raised. In 2009, Hagiwara et al[13] proved
that PRF activates the noradrenergic and serotonergic descending
pain inhibitory pathways and inhibits excitatory nociceptive C-
fibers. In 2013, Cho et al[12] found decreasedmicroglial activity in
the spinal dorsal horn after applying PRF on the DRG. Because
microglia are responsible for the occurrence of chronic
neuropathic pain by releasing various cytokines and chemokines
that are related to pain signaling, they proposed that down-
regulation of microglia would prevent the development of
chronic neuropathic pain. In addition, Vallejo et al[27] found that
pro-inflammatory cytokines, such as tumor necrosis factor-a and
interleukin-6, were reduced after a PRF procedure.
Regarding the adverse effects after PRF, in 2 studies[16,23]

included in this analysis, a total of 2 out of 43 patients (4.7%)
complained of aggravated radicular pain after the PRF. Two
5

patients’ pain aggravation was temporal, which disappeared
within 2 weeks after the procedure. In addition, there were no
motor or sensory changes. Therefore, PRF on the cervical DRG
appears to be safely applied to patients with cervical radicular
pain without devastating adverse effects.
In this study, we could not perform the analysis with data

extracted from placebo or control group patients. Of the 4 studies
included our analysis, only Lee et al[19] performed a study with a
control group. They compared the effect of PRF with that of
transforaminal steroid injection. The other 3 studies[16,17,23] did
not recruit placebo or control subjects. The recruitment of a
placebo group is complicated with ethical issues. In addition,
clinicians have limited options to manage the pain conservatively
other than medications, physical therapy, or epidural steroid
injection. Therefore, it seems difficult to find an appropriate
procedure for the control group. However, despite these
difficulties, the lack of placebo or control group is one of the
limitations of the previous studies.
In addition, although 2 prospective observational studies[16,17]

and 1 retrospective study[23] were of high quality, the RCT[19]

included in our meta-analysis was conducted without clear
random sequence generation, allocation concealment, and
blinding. For a more qualified meta-analysis outcome, more
strictly controlled RCTs with a placebo group would be needed.
In conclusion, PRF treatment on the DRGwas effective in pain

relief of cervical radicular pain that was not responsive to other
conservative managements. In addition, the pain reducing effect
was significantly manifested at 2 weeks, 1 month, 3 months, and
6months after the procedure. Our study is first meta-analysis that
analyzed the effect of PRF in the reduction of cervical radicular
pain. However, our meta-analysis was limited due to the limited
number of included trials and sample size. Thus, we could not
analyze the influence of other clinically relevant factors, such as
functional improvement and patients’ satisfaction after PRF. In
the future, meta-analysis with a larger number of trials would be
warranted.
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