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Background: The evidence for the effectiveness of acupuncture for patients with
carpal tunnel syndrome (CTS) is insufficient. Therefore, this systematic review and
meta-analysis aimed to evaluate the effectiveness of acupuncture on CTS through a
comprehensive literature search.

Methods: English and Chinese databases were searched from their inceptions until
27 October 2022 to collect randomized controlled trials (RCTs) that investigated
the effect of acupuncture on CTS. Two reviewers independently selected studies
that met the eligibility criteria, extracted the required data, assessed the risk
of bias using version 2 of the Cochrane risk-of-bias tool for randomized trials
(ROB 2), and evaluated the quality of reporting for acupuncture interventions
using the Revised Standards for Reporting Interventions in Clinical Trials of
Acupuncture (STRICTA). The primary outcomes were symptom severity and
functional status, while secondary outcomes included pain intensity, responder rate,
and electrophysiological parameters. Review Manager software (version 54.1) was
used for data analysis. The certainty of the evidence was rated with GRADEpro
(version 3.6) software.

Results: We included 16 RCTs with a total of 1,025 subjects. The overall risk of bias
was rated as low in one RCT, some concerns in 14, and high in one. Compared with
night splints, acupuncture alone was more effective in relieving pain, but there were
no differences in symptom severity and functional status. Acupuncture alone had no
advantage over medicine in improving symptom severity and electrophysiological
parameters. As an adjunctive treatment, acupuncture might benefit CTS in terms
of symptom severity, functional status, pain intensity, and electrophysiological
parameters, and it was superior to medicine in improving the above outcomes. Few
acupuncture-related adverse events were reported. The above evidence had a low
or very low degree of certainty.

01 frontiersin.org


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://doi.org/10.3389/fnins.2023.1097455
http://crossmark.crossref.org/dialog/?doi=10.3389/fnins.2023.1097455&domain=pdf&date_stamp=2023-02-23
https://doi.org/10.3389/fnins.2023.1097455
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnins.2023.1097455/full
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Dong et al.

10.3389/fnins.2023.1097455

Conclusion: Acupuncture as an adjunctive treatment may be effective for patients
with CTS. Additionally, more rigorous studies with objective outcomes are needed
to investigate the effect of acupuncture in contrast with sham acupuncture or other

active treatments.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/display_
record.php?RecordID=329925, identifier CRD42022329925.

acupuncture, carpal tunnel syndrome, systematic review, meta-analysis, randomized

controlled trial

1. Introduction

Carpal tunnel syndrome (CTS), the common peripheral nerve
entrapment syndrome, is caused by compression of the median nerve
at the level of the wrist. The prevalence of CTS is 1-5% in the
general population (Atroshi et al., 1999) and 7-10% in the working-
age population (Spahn et al., 2012b; Feng et al., 2021). CTS can occur
in one or both hands and is characterized by pain, numbness, and
tingling in the median nerve distribution. In advanced cases, muscle
atrophy may develop (Wipperman and Goerl, 2016). Being female,
being obese, having to overuse the wrists, those who are pregnant,
and those who are in perimenopausal age pose a greater risk of being
affected by CTS (Spahn et al.,, 2012a; Graham et al., 2016). Patients
with CTS frequently awaken from sleep due to worsening symptoms
and have a lower quality of life. In addition, CTS is associated with
reduced work time, decreased productivity, and disability (Daniell
etal., 2009). Patients with CTS miss an average of 27 days of work per
year, and the costs of CTS are estimated to exceed $2 billion annually
in the United States (Palmer and Hanrahan, 1995).

Treatment strategies for CTS include non-surgical and surgical
approaches. Given the invasive nature of the surgery, patients
with CTS prefer to choose non-surgical management as an initial
treatment (Shi and MacDermid, 2011; Calandruccio and Thompson,
2018). According to the American Academy of Orthopaedic Surgeons
(AAOS) (Graham et al, 2016), there are various non-surgical
treatments for CTS, such as immobilization (brace/splint/orthosis),
steroid injections, and oral steroids. However, the evidence for the
effectiveness of these non-surgical approaches is insufficient (Page
etal, 2012; Padua et al., 2016). Moreover, certain undesirable adverse
reactions limit the usage of treatments, such as splints and braces,
which may influence sleep when used nightly (Manente et al., 2001),
and steroid injections, which can lead to skin thinning, changes in
pigmentation, and other adverse reactions (Chesterton et al., 2018).
Therefore, it is necessary to explore effective and safe non-surgical
interventions for patients with CTS.

Acupuncture is gaining popularity and acceptance worldwide and
is widely used in neuro-musculoskeletal disorders (Qiao et al., 2020).
Randomized controlled trials (RCTs) have investigated the effect of
acupuncture as a monotherapy or adjuvant intervention on CTS, but
their findings have been inconsistent. Previous systematic reviews of
acupuncture for CTS were conducted by Sim et al. (2011) (6 RCTs),
Choi et al. (2018) (12 RCTs), and Wu et al. (2020) (10 RCTs), and
these systematic reviews suggested that there was not sufficient and
convincing evidence to support the effectiveness of acupuncture on
CTS. To further investigate this, we updated the systematic review
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and meta-analysis to include more objective outcomes and recent
RCTs.

2. Methods and analysis

2.1. Study registration

We registered this systematic review and meta-analysis at
PROSPERO: https://www.crd.york.ac.uk/PROSPERO/display_
record.php?RecordID=329925 (Registration ID: CRD42022329925).
This systematic review and meta-analysis was conducted according
to A Measurement Tool to Assess Systematic Reviews (AMSTAR 2)
(Shea et al., 2017) and reported in light of the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA) 2020
statement (Page et al,, 2021).

2.2. Inclusion criteria
We included studies that met all of the following criteria:

2.2.1. Type of studies

Our systematic review and meta-analysis included RCTs that
evaluated the effectiveness of acupuncture in treating CTS and were
published in either English or Chinese.

2.2.2. Type of participants

Our study included adult patients (>18 vyears old) with
CTS diagnosed using electrophysiological assessment (e.g., nerve
conduction studies) and/or a combination of symptoms history and
physical examination (as per Erickson et al., 2019). There were no
limitations on gender, ethnicity, severity, or duration of CTS among
the study participants.

2.2.3. Types of interventions

Experimental group: acupuncture alone or acupuncture plus
other treatment(s) (e.g., wrist splinting, drugs, corticosteroid
injection, and other non-traditional Chinese medicine). There were
no restrictions on the types of acupuncture.

Control group: no treatment, sham acupuncture alone, other
treatment, or sham acupuncture combined with other treatment(s).

Presence of cointerventions: cointerventions were required to be
equal between the experimental and control groups.
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2.2.4. Types of outcomes
2.2.4.1. Primary outcomes

Primary outcomes were symptom severity and functional
status. Symptom severity was measured using the Boston
Carpal Tunnel Questionnaires symptom severity scale (CTQ-
SSS) and the global symptoms score (GSS), while functional
status was assessed with the CTQ’ functional status scale
(CTQ-FSS) and the disabilities of the arm, shoulder, and hand

questionnaire (DASH).

2.24.2. Secondary outcomes
Secondary outcomes included the following:

(1) Pain intensity: the visual analog scale (VAS) or the numerical
rating scale (NRS);

(2) Electrophysiological parameters: compound muscle action
potential (CMAP), sensory nerve action potential (SNAP), distal
motor latency (DML), distal sensory latency (DSL), motor nerve
conduction velocity (MNCV), and sensory nerve conduction
velocity (SNCV);

(3) Responder rate: responder (symptom improved or greatly
improved) and non-responder (symptom did not change or
worsened); and

(4) Adverse events.

2.3. Exclusion criteria
Studies were excluded if they met one of the following conditions:

(1) Studies including patients with CTS from a special population,
such as those with diabetes, who were pregnant, and those with
rheumatoid arthritis;

(2) Patients who had surgery for CTS;

(3) Experimental and/or control group included other
interventions of traditional Chinese medicine (e.g., Tuina
and Chinese herbs);

(4) Studies that provided no details of control intervention;
(5) Studies with duplicate data; and
(6) If full texts were unavailable through all practical approaches.

2.4. Search strategy

The following databases were searched from their inceptions
until 27 October 2022: PubMed, EMbase, the Cochrane Library,
the Chinese Biomedical Literature Database (CBM), the China
National Knowledge Infrastructure (CNKI), the Chinese Science
and Technology Periodical Database (VIP), and the Wanfang
database (Wanfang Data). We utilized Medical Subject Headings
(MESH) and free terms related to acupuncture and CTS to
build search strategies. The search strategies for the above
databases are provided in Supplementary material 1. We manually
searched gray literature, reference lists of relevant reviews, and
trial registers (ClinicalTrials.gov and the Chinese Clinical Trials
Registry). Meanwhile, relevant experts were consulted for potentially
eligible studies.
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2.5. Study selection

EndNote X9 was used to manage the literature. Two independent
reviewers (PY and GC) conducted the study selection. After removing
duplicates, irrelevant records which were screened according to titles
or abstracts were excluded. Then, the rest records with full text
were scrutinized to identify eligible studies. The two reviewers cross-
checked their identified studies and discussed any disputes.

2.6. Data extraction

The data on the following aspects were extracted by two reviewers
(JL and JD) independently:

(1) Study’s information: first author, year of publication, country,
sample size, and information related to the risk of bias (e.g.,
randomization and blinding);

(2) Participants’ (study level) characteristics: age, gender, diagnostic
criteria, duration, and severity of CTS;

(3) Experimental group’s details: protocol of acupuncture (type,
acupoint selection, frequency, duration, etc.) and/or other
cointervention(s) (type, frequency, duration, etc.);

(4) Control group’s details: protocol of comparators and/or other
cointervention(s) (type, frequency, duration, etc.); and

(5) Outcomes information: primary and secondary outcomes,
adverse events.

If there are multiple-arm RCTs, we included only data from the
arms with interventions relevant to this study. Two reviewers cross-
checked the extracted information. Any discrepancy was resolved
through discussion. The authors would be contacted if there was
missing information.

2.7. Assessment of risk of bias

Two independent reviewers (QD and XL) assessed the risk of bias
in the included studies using version 2 of the Cochrane risk-of-bias
tool for randomized trials (ROB 2). According to ROB 2, five domains
of bias were evaluated: the randomization process, deviations from
intended interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. Each domain of
individual study and all included studies were rated as “low risk,”
“some concerns,” or “high risk.” Any disagreements were resolved
with a third reviewer (R]).

2.8. Assessment of the reporting quality of
the intervention

Two independent reviewers (HF and QD) utilized the Revised
Standards for Reporting Interventions in Clinical Trials of
Acupuncture (STRICTA) to evaluate the reporting quality of
interventions for each included study based on the following
six items (17 sub-items) (MacPherson et al, 2010): acupuncture
rationale, details of needling, treatment regimen, other components
of treatment, practitioner background, and control or comparator
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interventions. The third reviewer (R]) participated in resolution of
discrepancies.

2.9. Certainty of evidence assessment

Two independent reviewers (FW and YY) assessed the certainty
of the evidence with the GRADE (Grading of Recommendations
Assessment, Development, and Evaluation) system. Each outcome
was assessed based on five aspects: limitations, inconsistency,
indirectness, imprecision, and publication bias, and categorized as
high, moderate, low, or very low evidential certainty. GRADEpro
(Version 3.6) software was used to evaluate the evidence and
summarize the findings.

2.10. Data analysis

We evaluated acupuncture’s effects as monotherapy and
adjunctive treatment, respectively. If feasible, meta-analyses were
conducted using post-intervention data when clinical homogeneity
existed between studies. We calculated the mean difference (MD)
with 95% confidence intervals (CIs) for continuous data measured
by uniform standards. Otherwise, standardized mean differences
(SMDs) and 95% CIs were evaluated. For dichotomous data (e.g.,
responder rate), we calculated the risk ratios (RRs) and 95% CIs. The
Chi-square test with a significance level of P < 0.10 and I? statistic
were used to detect and quantify heterogeneity, respectively. The
random-effects model (REM) was applied in meta-analyses if there
was substantial heterogeneity (P < 0.1 or I 2 value >50%). Otherwise,
the fixed-effects model (FEM) was used. We conducted descriptive
analyses when meta-analyses were not appropriate or possible.
Review Manager software (version 5.4.1) was used for data synthesis.

3. Results

3.1. Study inclusion and characteristics

We obtained a total of 1,486 records in the literature search. After
removing 550 duplicates, we excluded 880 irrelevant records based
on their title and abstract. The full text of 56 remaining records was
then evaluated, and 16 eligible studies (Kumnerddee and Kaewtong,
2010; Jin and Lang, 2011; Li, 2011; Yang et al., 2011; Yao et al., 2012;
Ramin, 2013; Xiang et al., 2014; Hadianfard et al., 2015; Chung et al.,
2016; Maeda et al,, 2017; Ural and Ozturk, 2017; Xie et al., 2018;
Tezel etal.,, 2019; Bahrami-Taghanaki et al., 2020; Xiong, 2020; Huang
and Lin, 2022) were included in the final analysis. A list of excluded
records with reasons is provided in Supplementary material 2. The
PRISMA flow chart presents the selection procedure (Figure 1). Of
the included studies, eight were conducted in China (Jin and Lang,
2011; Li, 2011; Yang et al.,, 2011; Xiang et al.,, 2014; Chung et al,
2016; Xie et al.,, 2018; Xiong, 2020; Huang and Lin, 2022), two in
the USA (Yao et al.,, 2012; Maeda et al.,, 2017), three in Iran (Ramin,
2013; Hadianfard et al., 2015; Bahrami-Taghanaki et al., 2020), two
in Turkey (Ural and Ozturk, 2017; Tezel et al, 2019), and one in
Thailand (Kumnerddee and Kaewtong, 2010). The sample size of the
studies ranged from 27 to 181, with a total of 1,025 participants. The
mean age of participants varied between 36.4 and 53.6 years. Fifteen
studies included patients with mild to moderate CTS, and one study
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(Jin and Lang, 2011) did not specify the severity of CTS. Five studies
used acupuncture as monotherapy, while 11 studies investigated its
adjunctive effect. Table 1 show the characteristics of the included
studies.

3.2. Risk of bias

During the randomization process, 11 studies specified the
randomization method (Kumnerddee and Kaewtong, 2010; Yang
et al, 2011; Yao et al.,, 2012; Xiang et al.,, 2014; Hadianfard et al.,
2015; Chung et al., 2016; Maeda et al., 2017; Ural and Ozturk, 2017;
Xie et al., 2018; Tezel et al., 2019; Bahrami-Taghanaki et al., 2020).
Two studies (Yang et al, 2011; Chung et al, 2016) implemented
appropriate methods to conceal the allocation sequence. All studies
reported that there were comparable baselines between groups. Two
studies (Yao et al, 2012; Maeda et al, 2017) blinded patients by
conducting sham comparisons between the groups. Additionally,
several outcomes, including symptom severity, functional status, and
pain intensity, were participant-reported outcomes, which meant
outcome assessors were blinded in the studies (Yao et al., 2012; Maeda
et al,, 2017). Seven studies (Kumnerddee and Kaewtong, 2010; Yang
et al.,, 2011; Yao et al,, 2012; Chung et al., 2016; Maeda et al., 2017;
Tezel etal,, 2019; Bahrami-Taghanaki et al., 2020) described dropouts
rate with 1.6-18.3%; among these studies, four trials (Chung et al,,
2016; Maeda et al., 2017; Tezel et al., 2019; Bahrami-Taghanaki et al.,
2020) did not give the detailed reason of dropouts, and three studies
(Yang et al,, 2011; Yao et al,, 2012; Chung et al., 2016) used intent-
to-treat analysis. Four trials (Yang et al,, 2011; Chung et al., 20165
Maeda et al,, 2017; Bahrami-Taghanaki et al., 2020) provided the
registration number or published protocol, and all of them reported
planned outcomes. Overall, 1 RCT (Yang et al., 2011) was rated as
having a low risk of bias, 14 (Kumnerddee and Kaewtong, 2010; Jin
and Lang, 2011; Li, 2011; Yao et al,, 2012; Ramin, 2013; Xiang et al.,
2014; Hadianfard et al., 2015; Chung et al.,, 2016; Maeda et al., 2017;
Ural and Ozturk, 2017; Xie et al., 2018; Tezel et al., 2019; Xiong, 2020;
Huang and Lin, 2022) had some concerns, and 1 (Bahrami-Taghanaki
et al., 2020) was a high risk of bias. The results of the risk of bias in
individual studies and the overall risk of bias are shown in Figure 2.

3.3. Acupuncture protocols included trials

There were different acupuncture techniques, among which
manual acupuncture was applied in seven studies (Yang et al., 2011;
Yao et al, 2012; Hadianfard et al., 2015; Ural and Ozturk, 2017;
Tezel et al., 2019; Bahrami-Taghanaki et al., 2020; Huang and Lin,
2022) and electroacupuncture in nine (Kumnerddee and Kaewtong,
2010; Jin and Lang, 2011; Li, 2011; Ramin, 2013; Xiang et al., 2014;
Chung et al., 2016; Maeda et al., 2017; Xie et al., 2018; Xiong, 2020),
respectively. All studies reported the selected acupoints, and the
frequency of all acupoints is shown in Figure 3. The most used
acupoints were Daling (PC7, 100%), Neiguan (PC6, 75.0%), Hegu (LI
4,50.0%), Quchi (LI 11, 50.0%), and Laogong (PC 8, 37.5%). Thirteen
included studies (Kumnerddee and Kaewtong, 20105 Jin and Lang,
2011; Yang et al,, 2011; Yao et al., 2012; Ramin, 2013; Xiang et al.,
2014; Hadianfard et al., 2015; Chung et al., 2016; Ural and Ozturk,
2017; Tezel et al., 2019; Bahrami-Taghanaki et al., 2020; Xiong, 2020;
Huang and Lin, 2022) applied the fixed acupoint protocol and 3 (Li,
2011; Maeda et al., 2017; Xie et al., 2018) used individualized acupoint
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PRISMA flow diagram.

protocol (fixed main acupoints plus acupoints based on syndrome
differentiation). In addition, the retention time was mainly 20 or
30 min, and the total sessions ranged from 6 to 36 sessions within
20 days to 17 weeks of treatment duration.

3.4. STRICTA checklist for the included
studies

According to the STRICTA checklist, the items with more than
70% of reporting rates were item 3a (number of treatment sessions,
100%), item 2e (needle stimulation, 100%), item 3b (frequency and
duration of treatment sessions, 93.8%), item 6b (precise description of
the control or comparator, 87.5%), item 2d (response sought, 81.3%),
item 2f (needle retention time, 81.3%), and item 2g (needle type,
81.3%). Item 4b (setting and context of treatment) and 1c (the extent
to which treatment was varied) were not reported in the included
studies. Detailed information on the STRICTA checklist is provided
in Supplementary material 3.

3.5. Primary outcomes

3.5.1. Acupuncture as monotherapy
3.5.1.1. Acupuncture vs. sham acupuncture

Maeda et al. (2017) found no difference in the improvement
of symptom severity (CTQ-SSS) or functional status (CTQ-FSS)
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between the electroacupuncture and sham electroacupuncture
groups.

3.5.1.2. Acupuncture vs. night splints

Kumnerddee and Kaewtong (2010) found no difference in
symptom severity (CTQ-SSS) or functional status (CTQ-FSS)
between the electroacupuncture and night splints groups.

3.5.1.3. Acupuncture vs. medicine

Yang et al. (2011) observed that manual acupuncture was not
superior to prednisolone in reducing symptom severity as measured
by CSS.

3.5.2. Acupuncture as an adjunctive treatment
3.5.2.1. Acupuncture plus night splints vs. sham
acupuncture plus night splints

Yao et al. (2012) reported that there was no difference between
the manual acupuncture plus night splints group and the sham
acupuncture plus night splints group in symptom severity (CTQ-SSS)
or functional status (CTQ-FSS).

3.5.2.2. Acupuncture plus night splints vs. medicine plus
night splints

Compared with medicine plus night splints, manual acupuncture
plus night splints showed lower symptom severity (CTQ-SSS/GSS:
SMD = —1.51, 95% CI —1.58 to —0.72, I* = 47%) (Figure 4), but
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TABLE 1 Characteristics of included studies.

References| Sample size | Number of patient | Age (E/C) | Gender | Duration of Intervention Control ' Outcomes |
(randomized/ (randomized/
analyzed) analyzed)

e buoq

292U312S04N3N Ul SI913U0IS

90

B40°uISIa3UO)

I I I MQ&MMQ Frequency| Duration |

Kumnerddee 61/60 E: 30/30 E: E:26/4 EA 30 min/session | 5 weeks Night splints Every night 5 weeks CTQ—SSS
and Kaewtong, C: 31/30 50.37 £9.01 C: 28/2 12.12 £ 1571 m 2 sessions/week CTQ-FSS
2010 C: C:8.32£7.68m VAS
51.73 +8.92
Jin and Lang, 50/50 E:25/25 E:44+6 E: 14/11 E:3.514+0.5m EA 30 min/session | 20 days Mecobalamin tablets | 0.5 mg/time, tid 20 days CAMP
2011 C:25/25 C:44+£4 C:12/13 C:3.65+1.5m 1 session/day DML
SNCV
Responder rate
Li, 2011 80/80 E: 40/40 E: E:29/11 NI EA + medicine 40 min/session 4 weeks Medicine (diclofenac Diclofenac Diclofenac CTQ-SSS
C: 40/40 42.254+9.73 C:31/9 5 sessions/week sodium + mecobalamin | sodium: 25 mg, Sodium: CTQ-FSS
C: tablets + vitamin tid; 2 weeks; CMAP
41.03 £ 10.07 B1 + vitamin Mecobalamin | Mecobalamin/ SNAP
B6 + dibazol tablets) | tablets: 500 jLg, vitamin SNCV
tid; Bl/vitamin DML
Vitamin B1: B6/dibazol
20 mg, tid; tablets:
Vitamin B6: 4 weeks
20 mg, tid;
Dibazol tablets:
10 mg, tid.
Yang et al., 2011 77177 E: 38/38 E:49.3 £8.9 E: 32/6 E:7.6+38m MA 30 min/session | 4 weeks Prednisolone 1-2 weeks: 4 weeks GSS
C:39/39 C:4994+103  C:30/9 C:7.7£32m 2 sessions/week 20 mg daily; CMAP
3-4 weeks: SNAP
10 mg daily MNCV
SNCV
DML
DSL
Yao et al., 2012 41/41 E:21/21 E:53.6+7.65 E:14/7 E: 744+ 654 m | MA + night splints | 20 min/session | 6 weeks Sham Sham 6 weeks CTQ-SSS
C:20/20 C:485+105 C:16/4 C:49.6 £53.7m 1 session/week acupuncture + night acupuncture: CTQ-FSS
splints 20 min/session
1 session/week;
Night splints:
every night
Ramin, 2013 52/52 E: 26/26 47.61 £ 11.53 46/6 4.02 £4.84m EA 30 min/session | 4 weeks Prednisolone 5 mg daily 4 weeks CMAP
C:26/26 3 sessions/week SNAP
MNCV
SNCV
DML
DSL
(Continued)

SS¥/601°£202'suluy/682¢ 0T
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TABLE 1 (Continued)

e e buoq

L0

640" UISISNUOIY

References| Sample size | Number of patient | Age (E/C) | Gender | Duration of Intervention Control Outcomes
(randomized/ (randomized/ (F/M) CTS
analyzed) analyzed)
Type Frequency |Duration Frequency
Xiang et al., 2014 60/60 E: 30/30 E: E:22/8 E:4.25+1.02m | EA + mecobalamin | 30 min/session | 4 weeks Mecobalamin tablets 0.5 mg/time, tid| 4 weeks GSS
C:30/30 45.78 +9.05 C:21/9 C:392+1.25m tablets 6 sessions/week NRS
C: CMAP
46.02 4 8.93 SNAP
SNCV
DML
Hadianfard 50/50 E: 25/25 E: 445+ 8.5 E: 24/1 NI MA + night splints | 20 min/session | 4 weeks | Ibuprofen + night splints|  Ibuprofen: Ibuprofen: CTQ-SSS
etal, 2015 C:25/25 C:425+76 | C:23/2 2 sessions/week 400 mg/time, 10 days; CTQ-FSS
tid; Night splints: VAS
Night splints: 4 weeks MNCV
NI DSL
DML
Chung et al,, 181/181 E: 90/90 E:514+102 | E:77/13 E:50£52.7m | EA + night splints | 20 min/session | 17 weeks Night splints 8 h/night, every| 17 weeks CTQ-SSS
2016 C:91/91 C:51+8.7 C:81/10 C:514£599m 1-2 night CTQ-FSS
sessions/week DASH
VAS
Maeda et al., 51/43 E:28/22 E:485+10.1| E:22/6 E:99+89y EA 20 min/session | 8 weeks Sham acupuncture 20 min/session 8 weeks CTQ-SSS
2017 C:23/21 C:50.6+7.8 C:20/3 C:94+£93y 1-3 weeks: 3 1-3 weeks: 3 CTQ-FSS
sessions/week sessions/week
4-5 weeks: 2 4-5 weeks: 2
sessions/week sessions/week
6-8 weeks: 1 6-8 weeks: 1
session/week session/week
Ural and 27127 E: 14/14 E: 505+ 6.1 E: 14/0 E: 183 £6.6m | MA + night splints | 25 min/session | 4 weeks Night splints NI 4 weeks VAS
Ozturk, 2017 C:13/13 C:51.5+45 C: 13/0 C:193+11.1m 2-3 DASH
sessions/week CMAP
SNAP
MNCV
SNCV
DML
(Continued)
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TABLE 1 (Continued)

References| Sample size | Number of patient | Age (E/C) | Gender | Duration of Intervention Control Outcomes
(randomized/ (randomized/ (F/M) CTS
analyzed) analyzed)
Type Frequency |Duration Frequenc
Xie et al., 2018 86/86 E: 43/43 E: E:25/18 E: 517 +3.48m EA + medicine 40 min/session 4 weeks Medicine (diclofenac Diclofenac Diclofenac CTQ-SSS
C:43/43 4126+6.78 | C:24/19 | C:4.89+3.52m 5 sessions/week sodium + mecobalamin sodium: sodium: CTQ-FSS
C: tablets + vitamin B1 |25 mg/time, tid;| 2 weeks; CMAP
41.78 £ 6.49 tablets + vitamin B6 Mecobalamin | Mecobalamin/ SNAP
tablets + bendazol tablets: vitamin SNCV
tablets) 0.5 mg/time, |B1/vitamin B6 DML
tid; tablets: Responder rate
Vitamin B1 4 weeks
tablets:
10 mg/time, tid;
Vitamin B6
tablets:
10 mg/time, tid;
Bendazol
tablets:
10 mg/time, tid
Tezel et al., 2019 51/44 E:26/24 E:471+77 E:23/1 NI MA + night splints | 20 min/session | 5 weeks Night splints NI 5 weeks CTQ-SSS
C: 25/20 C:46.6 +8.1 C:19/1 2 sessions/week CTQ-FSS
VAS
CAMP
DML
MNCV
SNCV
Bahrami- 60/49 E: 30/25 36.36 & 7.74 NI NI MA + night splints | 30 min/session | 4 weeks Celebrex tablets + night Celebrex 4 weeks GSS
Taghanaki et al., C:30/24 3 sessions/week splints tablets:
2020 100 mg/time,
tid
Xiong, 2020 48/48 E:24/24 E:463+11.1| E:16/8 E:2.7+1.8m | EA + ultrashort wave 30 min/session | 6 weeks | Ultrashort wave therapy | 20 min/session 6 weeks CTQ-SSS
C:24/24 C:492+125 C:14/10 C:29+£15m therapy 6 sessions/week 6 sessions/week Responder rate
Huang and Lin, 50/50 E: 25/25 E:43.6+£6.5 E: 24/1 NI MA + night 20 min/session | 4 weeks | Night splints + ibuprofen|  Ibuprofen: Ibuprofen: CTQ-SSS
2022 C:25/25 C:42.7+76 | C:23/2 splints + ibuprofen |2 sessions/week 400 mg, tid; 10 days; CTQ-FSS
Night splints: | Night splints: VAS
NI 4 weeks DSL
DML

E, experimental group; C, control group; min, minutes; m, months; h, hours; y, years; NI, no information; F, female; M, male; MA, manual acupuncture; EA, electroacupuncture; CTQ-SSS, Boston Carpal Tunnel Questionnaire-symptom severity scale; CTQ-FSS, CTQ-

functional status scale; GSS, global symptoms score; DASH, disabilities of the arm, shoulder, and hand questionnaire; VAS, visual analog scale; NRS, numerical rating scales; CMAP, compound muscle action potential; SNAP, sensory nerve action potential; DML, distal motor

latency; DSL, distal sensory latency; MNCV, motor nerve conduction velocity; SNCV, sensory nerve conduction velocity.
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FIGURE 2
The results of risk of bias assessment. (A) Risk of bias of individual study; (B) overall risk of bias.

Hadianfard et al. (2015) found there was a greater effect of manual =~ (CTQ-SSS) compared with those who received ultrashort wave

acupuncture plus night splints on functional status (CTQ-ESS). therapy alone.

3.5.2.3. Acupuncture plus night splints vs. night splints 3.5.2.6. Acupuncture plus medicine plus night splints vs.
The results of the meta-analysis showed that neither symptom  medicine plus night splints

severity (CTQ-SSS: SMD = —0.13, 95% CI —0.59 to 0.32, I* = 52%) One RCT (Huang and Lin, 2022) found that adjunctive

nor functional status (CTQ-FSS: SMD = —0.20, 95% CI —0.87 to  manual acupuncture in addition to night splints and ibuprofen
0.46, I? = 76%) was significantly different between the acupuncture  treatment could improve symptom severity (CTQ-SSS) and
plus the night splints group and the night splints group (Figure 5A).  functional status (CTQ-FSS) better than night splints plus ibuprofen
However, the improvement of functional status measured by DASH  treatment.
was greater in the acupuncture plus night splints group than in the
night splints group (change of DASH: SMD = —0.40, 95% CI —0.68
to —0.13, I* = 0%) (Figure 5B). 3.6. Secondary outcomes (pain intensity)
3.5.2.4. Acupuncture plus medicine vs. medicine

According to pooled results, the acupuncture plus medicine 3.6.1. Acupuncture as monotherapy
group had lower symptom severity (CTQ-SS$/GSS: SMD = —1.17, Kumnerddee and Kaewtong (2010) reported that the
95% CI —2.31 to —0.03, I> = 93%) than the medicine group electroacupuncture group showed a greater reduction in VAS
(Figure 6A), but the functional status (CTQ-FSS: MD = —2.17, 95% than the night splints group.
CI —6.45 to 2.10, I* = 98%) was not significantly different between

the two groups (Figure 6B). 3.6.2. Acupuncture as adjuvant treatment

3.6.2.1. Acupuncture plus night splints vs. medicine plus
3.5.2.5. Acupuncture plus ultrashort wave therapy vs. night splints
ultrashort wave therapy Hadianfard et al. (2015) observed that manual acupuncture plus

Xiong (2020) observed that patients who received acupuncture  night splints had a better effect than medicine plus night splints in
plus ultrashort wave therapy had lower symptom severity  decreasing VAS.
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The frequency of acupoints selection.
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed. 95% CI 1V. Fixed. 95% CI
Bahrami-Taghanaki 2020 ~ 7.54 2.68 25 10 291 24 53.5% -0.87 [-1.45, -0.28] g
Hadianfard 2015 17.28 272 25 23.08 476 25 46.5% -1.47 [-2.10, -0.84] =
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FIGURE 4
A meta-analysis of symptom severity of acupuncture plus night splints vs. medicine plus night splints.

3.6.2.2. Acupuncture plus night splints vs. night splints

Meta-analysis results from three studies (Chung et al., 2016; Ural
and Ozturk, 2017; Tezel et al,, 2019) showed that the acupuncture
plus night splints group had lower pain intensity than the night
splints group (VAS: MD = —1.65, 95% CI —3.05 to —0.26, I* = 91%)
(Figure 7).

3.6.2.3. Acupuncture plus medicine vs. medicine

Xiang et al. (2014) suggested that electroacupuncture plus
medicine treatment was superior to medical treatment in relieving
pain as measured by the NRS.

3.6.2.4. Acupuncture plus medicine plus night splints vs.
medicine plus night splints

Huang and Lin (2022) found that manual acupuncture plus
medicine and night splints were more effective in improving VAS
scores than medicine plus night splints.

3.7. Secondary outcomes
(electrophysiological parameters)

The results for electrophysiological parameters are shown in
Table 2.
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3.7.1. Acupuncture as monotherapy

Compared with medicine, the acupuncture group had a lower
CMAP (MD = —1.02, 95% CI —2.02 to —0.03, I*> = 46%). No
differences were found in DML, DSL, MNCV, SNAP, and SNCV
between the two groups.

3.7.2. Acupuncture as an adjunctive treatment
3.7.2.1. Acupuncture plus night splints vs. medicine plus
night splints

Hadianfard et al. (2015) found a faster MNCV and shorter DSL
in the acupuncture plus night splints group than in the medicine plus
night splints group. However, no difference in DML existed between
the two groups.

3.7.2.2. Acupuncture plus night splints vs. night splints

There were no differences between the acupuncture plus
night splints group and the night splints group in CMAP, DML,
MNCYV, SNCV, and SNAP.

3.7.2.3. Acupuncture plus medicine vs. medicine

Compared with the medicine group, the acupuncture plus
medicine group showed higher CMAP (MD = 2.30, 95% CI 0.84 to
3.77,1* = 81%) and SNAP (MD = 2.53,95% CI 1.63 to 3.44, I* = 0%),
shorter DML (MD = —0.47, 95% CI —0.66 to —0.28, I> = 32%), and
faster SNCV (MD = 4.02, 95% CI 2.44 to 5.59, I% = 0%).
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A Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI IV, Random. 95% Cl
251 CTQ-SSS
Chung 2016 2.1 0.58 90 23 071 91 64.7% -0.31[-0.60, -0.01] B
Tezel 2019 234 75 24 221 65 20 353% 0.18 [-0.41, 0.78] -
Subtotal (95% Cl) 114 111 100.0% -0.13 [-0.59, 0.32] e
Heterogeneity: Tau? = 0.06; Chiz = 2.08, df = 1 (P = 0.15); I = 52%
Test for overall effect: Z = 0.58 (P = 0.56)
2.5.2 CTQ-FSS
Chung 2016 171 045 90 199 065 91 57.3% -0.50 [-0.79, -0.20] =
Tezel 2019 207 69 24 194 64 20 427% 0.19 [-0.40, 0.79] =
Subtotal (95% Cl) 111 100.0% -0.20 [-0.87, 0.46] et R———
Heterogeneity: Tau? = 0.18; Chi? = 4.14, df = 1 (P = 0.04); I> = 76%
Test for overall effect: Z = 0.60 (P = 0.55)
-1 -0.5 0 0.5 1
Favours [experimental] Favours [control]
Experimental Control Std. Mean Difference Std. Mean Difference
B _ Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed, 95% Cl IV, Fixed, 95% CI
Chung 2016 -7.75 134 90 -153 174 91 87.1% -0.40 [-0.69, -0.10]
Ural 2017 -104 9.23 14 65 7.6 13 12.9% -0.45[-1.21,0.32] -
Total (95% Cl) 104 104 100.0% -0.40 [-0.68, -0.13] -
Heterogeneity: Chiz = 0.01, df = 1 (P = 0.91); 2= 0% ’_2 1 o 1 2’
Test for overall effect: Z = 2.89 (P = 0.004) Favours [experimental] Favours [control]
FIGURE 5
A meta-analysis of symptom severity and functional status of acupuncture plus night splints vs. night splints. (A) CTQ-SSS and CTQ-FSS; (B) change of
DASH.
A Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV. Rand 95% Cl
3.1.1 CTQ-SSS/GSS
Li 2011 13.03 1.42 40 13.23 1.59 40 33.9% -0.13[-0.57, 0.31] -
Xiang 2014 12.03 4.52 30 18.62 4.33 30 32.8% -1.47 [-2.04, -0.90] -
Xie 2018 15.28 2.35 43 20.73 3.18 43 33.3% -1.93 [-2.45, -1.42] -
Subtotal (95% Cl) 13 113 100.0%  -1.17 [-2.31,-0.03] -
Heterogeneity: Tau? = 0.94; Chi? = 30.10, df = 2 (P < 0.00001); I> = 93%
Test for overall effect: Z = 2.02 (P = 0.04)
4 2 0 2 4
Favours [experimental] Favours [control]
B Experimental Control Mean Difference Mean Difference
_ Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% ClI 1V, Random. 95% CI
3.2.1 CTQ-FSS
Li 2011 9.13 1.56 40 9.13 1.56 40 50.1% 0.00 [-0.68, 0.68]
Xie 2018 9.92 142 43 1428 226 43 49.9%  -4.36[-5.16,-3.56] -
Subtotal (95% Cl) 83 83 100.0%  -2.17 [-6.45, 2.10]
Heterogeneity: Tau? = 9.36; Chi? = 66.15, df = 1 (P < 0.00001); I> = 98%
Test for overall effect: Z = 1.00 (P = 0.32)
10 5 0 5 10
Favours [experimental] Favours [control]
FIGURE 6

A meta-analysis of symptom severity and functional status of acupuncture

3.7.2.4. Acupuncture plus medicine and night splints vs.
medicine plus night splints

Huang and Lin (2022) found that the DML showed no
significant difference between the acupuncture plus medicine and
night splints group and the medicine plus night splints group, but
the DSL was shorter in the acupuncture plus medicine and night
splints group.

3.8. Responder rate

Three studies (Jin and Lang, 2011; Xie et al, 2018; Xiong,
2020) provided the responder rate. Jin and Lang (2011) reported
a comparable responder rate between the acupuncture group and
the medicine group. Xie et al. (2018) reported a superior responder

Frontiers in Neuroscience

plus medicine vs. medicine. (A) CTQ-SSS/GSS; (B) CTQ-FSS.

rate in the acupuncture plus medicine group than the medicine
group. Xiong (2020) observed that acupuncture plus ultrashort
wave therapy had no better than ultrashort wave therapy in
responder rate.

3.9. Adverse events

Four studies (Jin and Lang, 2011; Yang et al, 2011; Yao
et al, 2012; Tezel et al, 2019) found no adverse events or
serious adverse events related to acupuncture treatment occured.
Kumnerddee and Kaewtong (2010) observed 6 of 30 cases in
electroacupuncture group experienced skin bruises but no serious
complication took place. Another study (Chungetal,2016)
reported electroacupuncture-related adverse events, including

11 frontiersin.org
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Experimental Control Mean Difference Mean Difference
r I Mean D Total Mean D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chung 2016 3.16 2.77 90 3.91 3.01 91 32.6% -0.75[-1.59, 0.09]
Tezel 2019 48 08 24 58 08 20 355%  -1.00[-1.47,-0.53] -
Ural 2017 48 12 14 81 12 13 32.0% -3.30 [-4.21, -2.39] =
otal o .0%  -1.65 [-3.05, -0.
Total (95% CI 128 124 100.0% 1.65 [-3.05, -0.26 ‘
Heterogeneity: Tau? = 1.36; Chi? = 21.84, df = 2 (P < 0.0001); I = 91% 4‘1 2 0 2 i
Test for overall effect: Z = 2.33 (P = 0.02) Favours [experimental] Favours [control]
FIGURE 7

A meta-analysis of pain intensity of acupuncture plus night splints vs. night splints.

TABLE 2 The results of electrophysiological parameters for all comparisons.

Comparison Experimental group vs. | Outcomes Number of Intergroup differences Heterogeneity
control group studies (12)
MD (95% ClI)
Acupuncture as Acupuncture vs. medicine CMAP (mv) 3 —1.02 (—2.02 to —0.03) 0.04 46%
monotherapy
DML (ms) 3 —0.31 (—0.96 to 0.34) 0.35 75%
MNCV (m/s) 2 —3.57 (—13.79 t0 6.65) 0.49 92%
SNAP (v) 2 —3.14 (—6.84 t0 0.56) 0.10 0%
SNCV (m/s) 3 —1.12 (—6.39 to 4.14) 0.68 79%
DSL (ms) 2 —0.05 (—0.78 to 0.69) 0.90 84%
Acupuncture as Acupuncture plus medicine vs. CMAP (mv) 3 2.30 (0.84 to 3.77) 0.002 81%
adjunctive therapy medicine
DML (ms) 3 —0.47 (—0.66 to —0.28) <0.00001 32%
SNCV (m/s) 3 4.02 (2.44 to 5.59) <0.00001 0%
SNAP (v) 3 2.53 (1.63 to 3.44) <0.00001 0%
Acupuncture plus night splints vs. CMAP (mv) 2 1.31 (—1.04 to 3.66) 0.27 58%
night splints
DML (ms) 2 0.05 (—0.33 to 0.43) 0.79 0%
MNCV (m/s) 2 1.81 (—0.55 to 4.18) 0.13 0%
SNCV (m/s) 2 0.24 (—2.20 t0 2.67) 0.85 0%
SNAP (v) 1 3.20 (—0.73 t0 7.13) 0.11 -
Acupuncture plus medicine plus DML (ms) 1 —0.22 (—0.48 to 0.04) 0.09 -
night splints vs. medicine plus night
splints
DSL (ms) 1 —0.53 (—0.75 to —0.31) <0.00001 -
Acupuncture plus night splints vs. DML (ms) 1 —0.20 (—0.43 t0 0.03) 0.09 -
Medicine plus night splints
MNCV (m/s) 1 1.76 (0.68 to 2.84) 0.001 -
DSL (ms) 1 —0.26 (—0.37 to —0.15) <0.00001 -

CMAP, compound muscle action potential; SNAP, sensory nerve action potential; DML, distal motor latency; DSL, distal sensory latency; MNCV, motor nerve conduction velocity; SNCV, sensory

nerve conduction velocity.

bruises at acupoints (4/90), mild local dermatitis around acupoints
(3/90), increased pain (2/90), and numbness and tingling after
electroacupuncture treatment (2/90), and the above adverse events
disappeared within a week. The rest of the 10 studies provided no
information on the adverse events.

3.10. Certainty of evidence

There was low and very low certainty of evidence attributed
to some concern risk of bias, imprecision, and strongly suspected
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publication bias. A summary of the finding table is provided in
Supplementary material 4.

4. Discussion

4.1. Summary of main results

We included 16 RCTs with 1,025 subjects and explored the
effect of acupuncture as monotherapy and adjunctive therapy
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on CTS. Compared with night splints, acupuncture alone was
more effective in relieving pain, but there were no differences
in symptom severity and functional status. Acupuncture had
no advantage over medicine in improving symptom severity
or electrophysiological parameters. As an adjunctive treatment,
acupuncture might effectively alleviate symptom severity, functional
status, pain intensity, and electrophysiological parameters.

Meanwhile, acupuncture as adjunctive therapy was more effective
than medicine to ameliorate symptom severity, functional status,
pain intensity, and electrophysiological parameters. According to
narrative analysis, acupuncture as monotherapy or adjunctive
therapy, showed no superiority to sham acupuncture. Few
acupuncture-related adverse events were reported. The above
evidence had low or very low certainty.

4.2. Compared with previous reviews

Sim et al. (2011) included six RCTs and published the first
systematic review of acupuncture for CTS, but three of the RCTs
they identified were excluded from our study because the participants
received other traditional Chinese medicine in one RCT (Shi et al,,
2006) and cointerventions between groups were not comparable
in the other two RCTs (Hu et al, 2000; Cai, 2007). Limited by
insufficient RCTs, Sim et al. (2011) summarized the evidence of
acupuncture for CTS as encouraging but not convincing. Choi
et al. (2018) also found insufficient evidence to assess the effect of
acupuncture and related interventions on CTS with 12 identified
RCTs. Wu et al. (2020) conducted the latest systematic review
involving 10 RCTs. Except for manual and electroacupuncture,
they included laser acupuncture, moxibustion, and transcutaneous
electrical nerve stimulation treatment. They drew the conclusion
that acupuncture and related therapies appeared to be effective in
improving symptoms, function, and pain in CTS, and emphasized
that the validity of such a conclusion was limited. We included 16
RCTs to update the evidence and investigate the effect of acupuncture
as monotherapy or adjunctive therapy for CTS.

4.3. The effect of acupuncture on CTS

The narrative analysis showed that neither acupuncture alone
nor acupuncture as a adjunctive treatment had superiority over
sham acupuncture. However, these results were derived from two
independent studies, respectively (Yao et al, 2012; Maeda et al,
2017). Given the limited studies and risk of the underrated effect
of acupuncture in sham-control trials with a small sample size
(Lundeberg et al,, 2008; Birch et al.,, 2022a,b), we failed to identify
the advantage of acupuncture over sham acupuncture for CTS, which
should continue to be explored in future studies.

One included RCT showed that 10-session acupuncture alone
might be more effective than night splints in relieving pain intensity
but not symptom severity or functional status. Night splints are
recommended for CTS to improve short-term symptoms and
function (Erickson et al., 2019). Whether there is a different long-
term effect between acupuncture and night splints is unknown. No
clear advantages of acupuncture as a monotherapy were observed
compared with medicine. Among comparative medicines used in
included studies, such as prednisolone (Yang et al,, 2011; Ramin,
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2013) and oral vitamin B12 (Jin and Lang, 2011), only prednisolone
was recommended by the AAOS. Yang et al. (2011) found that
patients with CTS who received acupuncture had a lower recurrence
rate than those who received prednisolone in the 1-year follow-up
period, which indicated acupuncture might have a better long-term
effect than prednisolone. Due to insufficient studies, we were unable
to compare the effect of acupuncture with other active treatments.
More relevant head-to-head trials should be conducted in the future
to focus on clinical and cost effects.

Patients with CTS who received acupuncture plus other
treatment(s) showed more improvement in symptoms, function,
or pain. However, these positive findings of acupuncture as
adjunctive therapy came from open-label RCTs, which could be
influenced by the patients’ subjective intentions. Based on the
results of electrophysiological parameters, we found acupuncture
combined with medicine could improve median nerve function
better than medicine alone, which provided objective evidence for
the adjunctive effect of acupuncture. However, the adjunctive effect
of acupuncture should be further investigated in clinical trials with
objective outcomes.

4.4. Implications for future research

The outcomes that were measured by subjective tools, such as
CTQ, GSS, DASH, and VAS, relied on participants’ self-reports,
which might induce measurement bias favoring acupuncture in
open-label studies. Therefore, studies using objective outcomes
are vital to build convincing evidence of acupuncture for CTS.
According to the ROB 2 assessment, allocation concealment and
advanced registration, or protocol, should be improved to enhance
the credibility of the evidence. Meanwhile, in compliance with
the STRICTA, authors should take care to report the details
of the intervention, especially in items of acupuncture rationale,
cointerventions, practitioner background and control or comparator
interventions.

4.5. Limitations

Our systematic review and meta-analysis included the latest
RCTs and assessed the effect of acupuncture on CTS. However,
several limitations exist and should be considered. In the present
review, the small sample size, substantial heterogeneity, and potential
risk of bias of the included studies reduced the certainty of
the evidence. Thus, the findings should be treated with caution.
Owing to limited RCTs and data, we failed to investigate the
advantages of different acupuncture techniques, identify the optimal
parameters of the acupuncture protocol, or explore the follow-up
effect of acupuncture.

5. Conclusion

Acupuncture as an adjunctive treatment may be effective for
patients with CTS. In addition, more rigorous studies with objective
outcomes are needed to investigate the effect of acupuncture in
contrast with sham acupuncture or other active treatments.
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