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Abstract

Background: Many studies have demonstrated the effectiveness of extracorporeal shock wave therapy (ESWT) and
local corticosteroid injection (LCI) for the treatment of carpal tunnel syndrome (CTS), and some studies showed that
the effect of ESWT was superior to LCl. We performed this meta-analysis to compare the clinical effects across the
two therapies.

Methods: Relevant randomized controlled trials (RCTs) comparing ESWT and LCl for the treatment of CTS were
searched in electronic database. The Cochrane risk bias tool was used for quality assessment. After data extraction
and quality assessment of the included studies, a meta-analysis was performed using RevMan 5.3 software. Mean
differences (MDs), odds ratios (ORs), and 95% confidence intervals (Cls) were analyzed. The protocol for this
systematic review was registered on INPLASY (202080025) and is available in full on the inplasy.com (https://doi.
0rg/10.37766/inplasy2020.8.0025)

Results: A total of 5 RCT studies with 204 patients were included from the electronic database. The meta-analysis
results showed that two therapies were not significantly different in terms of visual analog scale (VAS) score (P =
0.65), Boston Carpal Tunnel Questionnaire (BQ) score (P = 0.14), sensory distal latency (P = 0.66), and nerve
conduction velocity (NCV) of the sensory nerve (P = 0.06). There were significant differences between the results of
motor distal latency (P < 0.0001), compound muscle action potential (CMAP) amplitude (P < 0.00001), and sensory
nerve action potential (SNAP) amplitude (P = 0.004).

Conclusions: In terms of pain relief and function improvement, the effects of ESWT and LCl are not significantly
different. In terms of electrophysiological parameters, LCl has a stronger effect on shortening motor distal latency;
ESWT is superior to LCl in improving action potential amplitude. ESWT is a noninvasive treatment with fewer
complications and greater patient safety. In light of the heterogeneity and limitations, these conclusions require
further research for definitive conclusions to be drawn.
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Introduction

Carpal tunnel syndrome (CTS) is the most common and
widely studied nerve entrapment syndrome [1], account-
ing for approximately 90% of all compressive neuropa-
thies [2]. It is caused by compression of the median
nerve while it passes through the carpal tunnel, a limited
space. Inflammation, edema, tendon spasm, hormone
level changes, and physical activity are all associated with
increased nerve compression, causing pain and numb-
ness. In severe cases, muscle weakness in muscles inner-
vated by the median nerve may occur [3]. Based on
differing diagnostic criteria, the reported prevalence and
incidence of CTS can vary greatly. The use of clinical
criteria in diagnosis is more common than the use of
electrophysiological criteria. It is generally estimated that
10% of people suffer from CTS at some point in their
lives [3]. Additional studies have shown that the inci-
dence and prevalence in middle-aged populations are
0.125-1% and 5-16%, respectively. Various risk factors
reportedly include high body mass index, female gender,
age, and pregnancy, among others [2]. CTS is also recog-
nized as one of the most prevalent occupational health
injuries, particularly in industries where work involves
high-intensity, repetitive use of the wrists, and vibration
tools. The incidence rate in workers employed in such
industries is approximately 5% [2]. Treatment is usually
organized into conservative treatment and surgical treat-
ment. The overall therapeutic goals are generally to re-
lieve symptoms, improve function, and prevent further
nerve damage. More common treatment methodologies
include local corticosteroid injection (LCI) and carpal
tunnel release surgery [4].

Extracorporeal shock wave therapy (ESWT) was ini-
tially used clinically as a lithotripsy method to destroy
calcified deposits in the body, especially stones in the
kidney, bile duct, and salivary gland ducts. Over the past
30 years, this technology has been increasingly applied to
various musculoskeletal diseases, such as shoulder calci-
fied tendinitis, delayed fracture healing, and others [5].
Many studies, including some randomized controlled tri-
als (RCTs) that have demonstrated the effectiveness of
ESWT for the treatment of CTS, and the effect of ESWT
is superior to LCI [6-15]. We performed this meta-
analysis of related RCTs to compare the efficacy of
ESWT and LCI to provide greater evidence for clinical
decision-making.

Methods

This meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [16] and the
Cochrane Handbook [17]. Ethical approval was not re-
quired since this is a meta-analysis of published studies.
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Inclusion and exclusion criteria

All studies included in this meta-analysis met the follow-
ing criteria: (1) published clinical RCT; (2) patients with
a clear diagnosis of CTS, and the age, gender, and na-
tionality were not limited; and (3) ESWT was used as an
intervention measure, and CTS was used as a control
measure, and complete comparison data between ESWT
and CTS could be obtained.

Studies were excluded according to the following ex-
clusion criteria: (1) CTS caused by trauma, fracture,
tumor, infection, endocrine system disease, etc., or com-
bined with diabetes, peripheral polyneuropathy, coagula-
tion disorder, thrombosis, mental system disease, etc.;
(2) patients who had received carpal tunnel surgery; (3)
patients who had received oral hormones, non-steroidal
anti-inflammatory drugs, and splint fixation before being
enrolled; and (4) animal experiments.

Search strategies

A systematic computer-based retrieval was performed
on the literatures published before September 1, 2020, in
PubMed, Embase, Cochrane Library, China National
Knowledge Infrastructure database (CNKI), WanFang
database, and Chinese Scientific Journal Database. The
following search terms were used: “extracorporeal shock
wave”, “local corticosteroid injection”, “injection”, “carpal
tunnel syndrome” with the Boolean operators “AND” or
“OR”. At the same time, we traced the references of the
included literatures and the meta-analysis related to this
research, screened, and evaluated the references to de-
termine potential researches.

Data extraction

Two researchers conducted the literature search, and
strictly followed the inclusion and exclusion criteria for
the preliminary screening and secondary screening of
the literatures. After the screening, two independent re-
searchers extracted data from the literatures that met
the requirements and then the data were checked by the
third researcher. Regarding any differences in the in-
cluded literatures, consensus was reached through dis-
cussion among all researchers. The missing data in the
literatures had been completed by contacting the authors
by email. The main data extracted in this study include
name of the first author, year of publication, sample size
of the experimental group and the control group, gender
ratio of patients, average age, intervention methods and
treatment frequency, country, study design type, follow-
up time, and outcome indicators. The extracted data had
been reviewed to ensure accuracy.

Quality assessment
This study used the Cochrane risk bias tool [18] for
quality evaluation. This tool includes evaluations in
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seven aspects: random sequence generation, allocation
hiding, blinding of participants and implementers, blind-
ing of outcome evaluators, incomplete outcome data, se-
lective reporting, and other biases. The risk of bias in
each area is judged as low risk, high risk, or unknown
risk. The quality of the studies was evaluated by two
researchers.

Data analysis

The Review Manager software (RevMan 5.3) was used
for statistical analysis. Continuous variables were re-
ported as mean difference (MD) and 95% confidence
interval (CI), while dichotomy variables were reported
as odds ratio (OR) and 95% CI. Statistical heterogen-
eity was judged by the combination of Q value statis-
tics and I* statistics. The larger the %, the greater the
heterogeneity. If there was heterogeneity in the study
(* > 50%), the random effects model was adopted;
otherwise, the fixed effects model was adopted (P <
50%). The extracted data was input into the com-
puter, reviewed, and independently analyzed by two
researchers.
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Results

Search result

A total of 93 related studies were confirmed from the
electronic database. After deleting duplicate studies, 83
studies were obtained. After careful full-text evaluation
of these studies according to the inclusion and exclusion
criteria, 5 RCT studies [11-15] with 204 patients were
included in the final comprehensive analysis. The litera-
ture screening flow diagram is shown in Fig. 1, and the
basic characteristics of the included studies are shown in
Table 1.

Quality assessment

Among five analyzed RCTs, Xu et al’s study used a
computer to generate a list of random numbers and then
generated a random sequence; patients were grouped
using sealed envelopes, the test result evaluator was un-
aware of the grouping situation, there was no withdrawal
or loss to follow-up, and the dataset was complete. The
study of Atthakomol et al. used a random number gen-
erator to generate random sequences and further used
envelopes for grouping; however, whether the envelopes
were sealed was not stated. The evaluator of the test
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Fig. 1 Flow diagram of the study selection process
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Selective reporting (reporting bias)

Other bias

- | Allocation concealment (selection bias)

Atthakomol 2018

. . Blinding of participants and personnel (performance bias)

@ | @ | Blinding of outcome assessment (detection bias)

® O @ @ | @ | ncomplete outcome data (attrition bias)
: X}
X)

@ | @ | Random sequence generation (selection bias)

Seok 2013 ? 2 2
Sweilam 2019 | (2 |2 |2 | 2 2|2
Tao2018 | @ |2 |2 | 2 D €
xu2020 | @ | D | O | @ @ -

Fig. 2 Risk of bias summary. Plus sign indicates low risk of bias.
minus sign high risk ofbias, and question mark bias unclear

results was unaware of the results, and several patients
withdrew or were lost to follow-up. In the study by
Sweilam et al., the random sequence generation, alloca-
tion hiding, and blinding methodology were not pro-
vided. The study of Seok and Kim used random number
generation software to generate random sequences. The
allocation method was not specified; the test result
evaluator was unaware of the results, and there was no
withdrawal or loss to follow-up. Tao et al’s study used a
random number table method to generate random
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sequences. There was no withdrawal or loss to follow-
up, but the remaining factors were not explained. As
shown in Fig. 2.

Comparison of the visual analog scale (VAS) scores for
ESWT and LCI

The VAS scores of ESWT and LCI were compared in
five studies [11-15], including 202 patients (101 pa-
tients received ESWT treatment and 101 patients re-
ceived LCI treatment), as shown in Fig. 3. The
heterogeneity test showed that there was heterogen-
eity between the studies (P < 0.0001, P = 84%), so
the random effects model was used to analyze the
data of the five studies. The comprehensive results
showed that the difference between the ESWT group
and the LCI group was not statistically significant
(MD -0.22, 95%CI - 1.16 to 0.72, P = 0.65).

Comparison of the Boston Carpal Tunnel Questionnaire
(BQ) scores for ESWT and LCI

The BQ scores of ESWT and LCI were compared in
three included studies [11-13], including 131 patients
(66 patients received ESWT treatment and 65 patients
received LCI treatment), as shown in Fig. 4. The hetero-
geneity test showed that there was heterogeneity be-
tween the studies (P < 0.00001, I? = 97%), so the random
effects model was used to analyze the data of three stud-
ies. The comprehensive results showed that the differ-
ence between the ESWT group and the LCI group was
not statistically significant (MD - 5.69, 95%CI — 13.26 to
1.88, P = 0.14).

Comparison of the sensory distal latency for ESWT and
LCI

The sensory distal latency of ESWT and LCI was com-
pared in three included studies [11, 12, 14], including
103 patients (55 patients received ESWT treatment, 53
patients received LCI treatment), as shown in Fig. 5. The
heterogeneity test showed that there was heterogeneity
between the studies (P = 0.0002, > = 88%), so the ran-
dom effects model was used to analyze the data of the
three studies. The comprehensive results showed that

Test for overall effect: Z = 0.46 (P = 0.65)

ESWT LCI Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% Cl IV. Random, 95% Cl
Xu 2020 06 07 30 19 13 25 224% -1.30[-1.87,-0.73] —
Atthakomol 2018 035 081 11 17 21 12 16.8% -1.35[-2.63,-0.07] —
Sweilam 2019 1138 25 096 15 28 20.9% 0.04 [-0.74, 0.82] —
Seok 2013 418 105 15 331 182 16 18.8% 0.87 [-0.17, 1.91] S
Tao 2018 235 109 20 175 133 20 21.1% 0.60 [-0.15, 1.35] T
Total (95% Cl) 101 101 100.0%  -0.22 [-1.16, 0.72] ’
Heterogeneity: Tau? = 0.93; Chi? = 25.47, df = 4 (P < 0.0001); I = 84% 4 2 5 2 j‘

Fig. 3 Forest plot showing the comparison of VAS score between ESWT and LCl for CTS

~N
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ESWT LCI Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI IV, Random, 95% Cl

Atthakomol 2018 223 27 30 318 34 25 37.0% -9.50[-11.15, -7.85] L

Sweilam 2019 24 47 11 32 14 12 25.8% -8.00[-16.39, 0.39] - I

Xu 2020 123 21 25 126 341 28 37.2% -0.30 [-1.71, 1.11] -

Total (95% Cl) 66 65 100.0% -5.69 [-13.26, 1.88] —~l———

e 2 = . Chi2 = - .12 = 979 t t + t
Heterogeneity: Tau? = 39.60; Chi? = 69.87, df = 2 (P < 0.00001); I> =97% 20 -10 0 10 20

Test for overall effect: Z = 1.47 (P = 0.14)

Fig. 4 Forest plot showing the comparison of BQ score between ESWT and LCl for CTS

Favours [ESWT] Favours [LCI]

the difference between the ESWT group and the LCI
group was not statistically significant (MD 0.18, 95%CI
-0.62 to 0.97, P = 0.66).

Comparison of the motor distal latency for ESWT and LCI
The motor distal latency of ESWT and LCI was com-
pared in five included studies [11-15], including 201 pa-
tients (100 patients received ESWT treatment, 101
patients received LCI treatment), as shown in Fig. 6. The
heterogeneity test showed that there was no heterogen-
eity between the studies (P = 0.14, P = 43%), so the fixed
effects model was used to analyze the data of the five
studies. The comprehensive results showed that the dif-
ference between the ESWT group and the LCI group
was statistically significant (MD 0.17, 95% CI 0.10 to
0.25, P < 0.0001).

Comparison of the compound muscle action potential
(CMAP) amplitude for ESWT and LCI

The CMAP amplitudes of ESWT and LCI were com-
pared in five included studies [11-15], including 201 pa-
tients (100 patients received ESWT treatment and 101
patients received LCI treatment), as shown in Fig. 7. The
heterogeneity test showed that there was no heterogen-
eity between the studies (P = 0.15, P= 41%), so the fixed
effects model was used to analyze the data of the five
studies. The comprehensive results showed that the dif-
ference between the ESWT group and the LCI group
was statistically significant (MD - 0.48, 95%CI - 0.61 to
-0.35, P < 0.00001).

Comparison of the sensory nerve action potential (SNAP)
amplitude for ESWT and LCI

The SNAP amplitudes of ESWT and LCI were com-
pared in three included studies [11, 12, 14], including
108 patients (55 patients received ESWT treatment, 53
patients received LCI treatment), as shown in Fig. 8. The
heterogeneity test showed that there was no heterogen-
eity between the studies (P = 0.81, P = 0%), so the fixed
effects model was used to analyze the data of the three
studies. The comprehensive results showed that the dif-
ference between the ESWT group and the LCI group
was statistically significant (MD - 1.56, 95%CI - 2.62 to
-0.50, P = 0.004).

Comparison of the nerve conduction velocity (NCV) of
sensory nerve for ESWT and LCI

The NCV of sensory nerve of ESWT and LCI were com-
pared in two included studies [14, 15], including 71 pa-
tients (35 patients received ESWT treatment, 36 patients
received LCI treatment), as shown in Fig. 9. The hetero-
geneity test showed that there was no heterogeneity be-
tween the studies (P = 0.53, > = 0%), so the fixed effects
model was used to analyze the data of the two studies.
The comprehensive results showed that the difference
between the ESWT group and the LCI group was not
statistically significant (MD - 2.33, 95%CI - 4.77 to 0.11,
P = 0.06).

Publication bias

VAS score was the common outcome index of five RCT
studies, and it was also the main indicator for CTS
symptoms. Therefore, this outcome index was used to

Heterogeneity: Tau? = 0.42; Chi = 16.85, df = 2 (P = 0.0002); I> = 88%
Test for overall effect: Z = 0.44 (P = 0.66)

ESWT LCI Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% ClI
Xu 2020 4 0.08 30 4.4 0.07 25 39.6% -0.40 [-0.44, -0.36] =
Atthakomol 2018 4.1 0.74 10 36 1.3 12 27.0% 0.50[-0.37, 1.37] T
Seok 2013 3.88 0.64 15 328 09 16  33.4% 0.60 [0.05, 1.15] — &
Total (95% CI) 55 53 100.0%  0.18 [-0.62, 0.97] ’

Fig. 5 Forest plot showing the comparison of sensory distal latency between ESWT and LCI for CTS

2 4 0 1 2
Favours [ESWT] Favours [LCI]
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P
ESWT LCI Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI 1\ Fixed4_9-5% Cl

Xu 2020 4.2 0.23 30 4 0.03 25 90.8% 0.20[0.12, 0.28]

Atthakomol 2018 42 042 10 44 0.75 12 2.5% -0.20[-0.70, 0.30] - |

Sweilam 2019 3.9 057 25 413 0.86 28 4.1% -0.23[-0.62, 0.16] I

Seok 2013 478 1.35 15 437 1.24 16 0.8% 0.41[-0.50, 1.32]

Tao 2018 547 1.07 20 493 0.84 20 1.8% 0.24[-0.36, 0.84] ]

Total (95% CI) 100 101 100.0% 0.17 [0.10, 0.25] 2

Heterogeneity: Chiz = 6.99, df = 4 (P = 0.14); 17 = 43% 1 0 5 ; 0’5 1

Test for overall effect: Z = 4.31 (P < 0.0001) Eavours .[ESWT] Favouré (LCI]

Fig. 6 Forest plot showing the comparison of motor distal latency between ESWT and LCl for CTS

J

make a funnel plots to detect publication bias, as shown
in Fig. 10. Visual inspection of the funnel plots showed
symmetry, suggesting that there was no publication bias.

Sensitivity analysis

For VAS score (I° = 84%), BQ score (P = 97%) and sen-
sory distal latency (I = 88%), the sensitivity was tested
by eliminating the literature one by one, and found after
excluding the study of Xu et al,, the I and P values of
the VAS score did not change much, while BQ score
and sensory distal latency had no significant heterogen-
eity (I = 0%), and the differences between groups chan-
ged from non-statistically significant before elimination
to statistically significant.

GRADE evidence quality evaluation

The motor distal latency and CMAP amplitude of the
two therapies were high-level evidence quality. VAS
score, SNAP amplitude, and NCV of sensory nerve were
moderate-level evidence quality. BQ score and sensory
distal latency were very low-level evidence quality. It in-
dicates that this result still needs to be further confirmed
by higher quality RCTs, as shown in Table 2.

Discussion

In this study, we identified five RCT studies [11-15] in-
volving 204 total patients to compare the clinical efficacy
of ESWT and LCI on CTS. We evaluated seven outcome
indicators, of which VAS score and BQ score were the
main outcome indicators, while motor distal latency,

sensory distal latency, CMAP amplitude, SNAP ampli-
tude, and NCV of the sensory nerve were secondary out-
come indicators. Our meta-analysis results showed that
the results of the two therapies were not significantly
different in terms of VAS score, BQ score, sensory distal
latency, and NCV of the sensory nerve. There were sig-
nificant differences between the results of the two ther-
apies with respect to motor distal latency, CMAP
amplitude, and SNAP amplitude.

Treatment of CTS usually involves splint fixation, LCI,
and surgical release. The effectiveness of these methods
has been clinically established [19]. The clinical basis of
wrist splint fixation is that CTS symptoms appear to im-
prove with rest and are aggravated with activity. The
therapeutic effect comes from minimizing carpal tunnel
pressure, but there is insufficient evidence for overall ef-
fectiveness [20]. Surgery release can quickly relieve any
compression, but postoperative complications and de-
layed return to work may occur [21]. Moreover, some
untreated patients will improve spontaneously without
surgical intervention. If all CTS patients necessarily
undergo carpal tunnel lysis, unnecessary surgeries may
be performed [22]. LCI can effectively reduce inflamma-
tion and edema of the synovium and tendons, thereby
reducing pressure on the median nerve, and can even
stabilize the nerve membrane [23]. Its short-term effi-
cacy is strongly supported, and it is therefore the pre-
ferred treatment for patients with mild to moderate CTS
[24]. Shock waves are defined as a series of acoustic
pulses with high pressure peaks, rapid pressure rises,

ESWT LCI

Study or Subgroup Mean SD Total Mean SD Total Weight
Xu 2020 11.1 0.34 30 11.6 0.13 25 96.4%
Atthakomol 2018 6.9 16 10 65 1.2 12 1.2%
Sweilam 2019 1236 2.6 25 11.3 3 28 0.7%
Seok 2013 8.5 3.05 15 8.69 3.04 16  0.4%
Tao 2018 561 1.71 20 6.51 1.93 20 1.3%
Total (95% CI) 100 101 100.0%
Heterogeneity: Chi? = 6.75, df = 4 (P = 0.15); I?=41%

Test for overall effect: Z =7.30 (P < 0.00001)

Fig. 7 Forest plot showing the comparison of CMAP amplitude between ESWT and LCl for CTS

Mean Difference
IV, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

-0.50 [-0.63, -0.37]
0.40 [-0.80, 1.60]
1.06 [-0.45, 2.57]
-0.19 [-2.34, 1.96]

-0.90 [-2.03, 0.23]

*
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Mean Difference Mean Difference

1V, Fixed, 95% CI

ESWT LCI
Study or Subgroup  Mean SD_Total Mean SD_Total Weight
Xu 2020 17.9 2.01 30 194 203 25 97.1%
Atthakomol 2018 18 6.5 10 21 12 12 1.8%
Seok 2013 20.57 12.01 15 2479 15.74 16 1.2%
Total (95% CI) 55 53 100.0%

Heterogeneity: Chiz = 0.42, df =2 (P = 0.81); I? = 0%
Test for overall effect: Z = 2.89 (P = 0.004)

Fig. 8 Forest plot showing the comparison of SNAP amplitude between ESWT and LCl for CTS
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and short durations; they are transient pressure distur-
bances that propagate in three-dimensional space [14].
ESWT is a noninvasive treatment method. It is produced
in vitro and is focused on a specific part of the body. It
usually uses fluid (water) and coupling gel as a conduct-
ive medium for transmission to biological tissues. Its
clinical effects have also validated across multiple re-
search studies [6—15].

In the investigated RCT [11-15], ESWT and LCI both
showed good clinical efficacy in terms of pain relief,
functional improvement, and electrophysiological par-
ameter improvement, which is consistent with the con-
clusions of the above studies. The purpose of our
investigation was to compare the clinical effects across
the two therapies, which has been lacking to date. This
study is the first meta-analysis to compare the effects of
ESWT and LCI for the treatment of CTS. Our results
showed that there was no significant difference in the
VAS scores and BQ scores between the ESWT and LCI
therapies. This shows that, despite the different mecha-
nisms of action, the two therapies are equally effective in
relieving pain and improving wrist joint function. LCI
relieves pain and improves function by reducing inflam-
mation and edema of the synovium and tendons, redu-
cing nerve compression [23]. Although the mechanism
of ESWT in CTS is not yet fully understood, its effects
may stem from anti-inflammatory and nerve regener-
ation mechanisms [9]. Anti-inflammatory effects are
seen with both ESWT and LCI, but the mechanism of
action of ESWT is different from LCI. The anti-
inflammatory effect of LCI is achieved by constricting
blood vessels in the inflammation site, reducing capillary
permeability, and stabilizing the lysosomal membrane,

among other effects [23]. In contrast, ESWT stimulates
the expression of structural NO synthase in soft tissues
in response to pressure, resulting in increased physio-
logic levels of the powerful inflammation inhibitor NO
[25-27]. Additional studies have suggested that the
mechanism of pain relief may be caused by a decreased
expression of calcitonin gene-related peptide in dorsal
root ganglion neurons [28]. ESWT can also increase
muscle sensitivity, which helps promote functional re-
covery [29]. The advantage of LCI is that as a conven-
tional therapy, it is more widely used clinically and its
efficacy is supported by more evidence; however, it is an
invasive therapy. Due to potential complications and pa-
tient tolerance, the frequency and course of LCI treat-
ment are limited. In contrast, ESWT is a noninvasive
treatment. Its energy level, time of each treatment, treat-
ment frequency and treatment course can be adjusted
according to the patient’s condition. Patient tolerance is
better, and cumulative clinical efficacy is easier to
achieve [21]. ESWT has fewer complications and is safer,
which is a major advantage of ESWT over LCI.

In terms of electrophysiological parameters, there was
no significant difference between the two treatment
groups with respect to NCV of the sensory nerve, but
there were significant differences in motor distal latency,
CMAP amplitude, and SNAP amplitude. The effect of
LCI in shortening motor distal latency was stronger than
that of ESWT, and ESWT was superior to LCI for im-
proving SNAP amplitude and CMAP amplitude. Al-
though both treatment methods improve nerve damage
and nerve excitability, the mechanisms of the two ther-
apies are different. LCI improves nerve damage by redu-
cing inflammation and edema of the synovium and

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

Heterogeneity: Chi? = 0.40, df = 1 (P = 0.53); I = 0%
Test for overall effect: Z = 1.87 (P = 0.06)

ESWT LCI
Study or Subgroup Mean _SD Total Mean SD _ Total Weight
Seok 2013 35.78 9.18 15 40.06 9.38 16 13.9%
Tao 2018 42.05 4.37 20 44.06 4.11 20 86.1%
Total (95% ClI) 35 36 100.0%

Fig. 9 Forest plot showing the comparison of NCV of sensory nerve between ESWT and LCI for CTS
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Fig. 10 Funnel plot to detect publication bias for the studies

J

tendons, thereby reducing nerve compression and stabil-
izing the nerve membrane [23]. In contrast, ESWT can
promote the regeneration of nerve fibers. Animal experi-
ments have shown that ESWT can lead to angiogenesis,
tissue repair, neurogenesis, and Schwann cell activation
[29, 30]. ESWT can also increase the rate of axon regen-
eration. This phenomenon may include faster Wallerian
degeneration, enhanced removal of degenerated axons,
and a greater ability to regenerate damaged axons [31].
Several studies suggest that this is achieved through dir-
ect shock wave effects and indirect cavitation effects,
which lead to hematoma formation and focal cell death
[5]. It should be noted that most studies suggest that
there is no significant relationship between CTS symp-
tom severity score and electrodiagnosis results, and the
impact of both intervention measures on electrodiagno-
sis results appears uncertain [12, 32-34]. The reason
may be that electrodiagnosis can only detect large mye-
linated nerves. The function of small unmyelinated sen-
sory nerves associated with CTS symptoms cannot be
assessed by electrodiagnostic measurements. Therefore,
neurogenic pain in CTS patients should be processed
and treated independently of electrophysiologic data
[33]. In the investigated studies, the follow-up time
ranged from 1 to 24 weeks. We speculate that it may
take longer follow-up observations to fully assess the re-
covery of the injured nerves and the regaining of
complete function. Moreover, the specific parameters of
ESWT, such as the number of shocks, energy size, fre-
quency, pressure, and total treatment course, may also
be factors that affect subsequent changes in electro-
physiological parameters [5, 11]. This requires further

research studies with longer follow-up times to fully
evaluate.

None of the five studies we investigated showed sig-
nificant complications. According to reports from other
studies, LCI, as an invasive treatment, has more compli-
cations. LCI can adversely affect the function of tendon
cells by reducing the synthesis of collagen and proteogly-
cans and ultimately reduce the mechanical strength of
the tendon, leading to further degeneration. Corticoste-
roids or local anesthetics have also reportedly caused
traumatic adventitia damage to peripheral nerve fibers
or adventitia cells via hydrostatic pressure, axon and
myelin degeneration, intrafascial cavities, tendon rup-
ture, soft tissue atrophy, and accidental nerve damage
[35-37]. To date, serious complications of ESWT treat-
ment of CTS have not been reported in the literature
[6-10, 12]. There may reportedly be short-term pain,
skin redness, or small hematoma formation after ESWT
treatment, but these resolve spontaneously [38].

Limitation

Our meta-analysis has the following limitations. First,
many reported studies did not meet the inclusion cri-
teria. The sample size of the five RCT studies included is
relatively small, and the quality of the studies is not suf-
ficiently high, which may influence the overall research
conclusions. Second, the included studies are heteroge-
neous. This may be due to differences in the various
ESWT impact times, energy flow density, pressure, fre-
quency, duration of action, and other parameters, as well
as differences in LCI drug doses. In addition, the differ-
ences in treatment frequency and follow-up times likely



Page 10 of 12

(2020) 15:556

Li et al. Journal of Orthopaedic Surgery and Research

S3IPNIS 4O JaqWINU |[RWS,,

saIpNIs 3y usamiaq Aususboualay ybiy sem a1ay 10yl pamoys 1531 Alsusbouialay ay],

21eI9PON

Juepodw ODOD SUON pa1ds1apun 4SNOLBS  SNOLISS BUON SNOUSS SUON  SNOWISS SUON [S1 #1] AU A10SUSS JO ADN
91eI3PON

Juepodw ODD SUON pa1ds1apun 4SNOLBS  SNOLISS BUON SNOUSS SUON  SNOWISS SUON [Pl 21 ‘1 1] apnudwe dyNS
UbIH

Juepodw SPPD SUON PS1291SpUN  SNOLSS SUON  SNOLSS SUON SNOUIS SUON  SNOMISS SUON [S1—11] apnuiduie dyind
UbIH

Juenodw| DODD SUON pa12912pUN  SNOLS SUON  SNOLS SUON SNOW3S QUON  SNOWSS SUON [S1=1 1] Aouaie] [EISIP JOIOW
MO| KISA

Juenodw <) SUON pa1d919pun qSNOUSS  SNOLSS SUON SNOLDS  SNOWSS QUON  [i7L ‘71 ‘L 1] Aousie [eIsip AJoSuSS
MO| KIDA

Juenodw ) SUON pa13919pun qSNOUSS  SNOLISS SUON ,SNOLISS  SNOWLSS SUON [€1-11] 24025 DY
21eI9PON

Juepodw ODD SUON pa12319pUN  SNOLS SUON  SNOLSS SUON SNOLSS  SNOLISS SUON [S1—11] 21025 SYA

2duenodw)  2dudpIAd Jo Aijenb jessnQ  suonipuod speabdn seiq uonedijqngd uoispaidwy ssaupalipu]  Adoud)sisuodu| seiq Jo ysiy s101e31pul 3WodINQ

UOIIBN[EAS SDUPIAS JOVHD JO SINsaY g djqel



Li et al. Journal of Orthopaedic Surgery and Research (2020) 15:556

also increase the heterogeneity. Third, the included stud-
ies did not have sufficiently lengthy follow-up times. The
longest follow-up period was 24 weeks. The long-term
efficacy, recurrence rate, and complications associated
with the two therapies remains to be definitively investi-
gated and compared [20, 39]. Finally, in the process of
literature screening, it was found that the outcome indi-
cators selected by each literature were quite different,
and the outcome indicators shared by the five studies
were few. We hope that the outcome indicators can be
unified, so that the comparison results can be more con-
vincing. It can more objectively and truly reflect the
treatment effect and changes in the patient’s condition.
Last but not the least, although our research results
show efficacy of both ESWT and LCI, neither of these
two therapies can directly relieve compression of the
median nerve. For severely affected CTS patients, as well
as patients whose symptoms have not improved signifi-
cantly with treatment or have recurred after treatment,
surgery may ultimately be required [11, 20].

Conclusion

In summary, in terms of pain relief and function im-
provement, the effects of ESWT and LCI for the treat-
ment of CTS are not significantly different. In terms of
electrophysiological parameters, the two therapies each
have their own advantages. LCI has a stronger effect on
shortening motor distal latency; ESWT is superior to
LCI in improving action potential amplitude. ESWT is a
noninvasive treatment with fewer complications and
greater patient safety. However, in light of the hetero-
geneity and limitations of the present study, these con-
clusions require further research for definitive
conclusions to be drawn.
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