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Rheumatology

Comparison between the effect of single-dose radial
extracorporeal shock wave and local corticosteroid injection in
treatment of patients with carpal tunnel syndrome

Lamis S. Ahmed®, Abeer H. Ismaiel®, Nahed H. Taha*

Departments of *Physical Medicine Rheumatology and Rehabilitation, ®Departments of Physical Medicine Rheumatology & Rehabilitation, Anmed Maher Teaching
Hospital, “Department of Physiotherapy- Ahmed Maher Teaching Hospital Cairo, Egypt

Objective
To evaluate the efficacy of radial extracorporeal shock wave therapy (rESWT) compared with local corticosteroid injection (LCsI) in reducing
pain and improving the function of patients with mild and moderate carpal tunnel syndrome (CTS) over 6 months.

Patients and methods

We studied 40 patients with mild and moderate CTS, where 20 patients received single-dose rTESWT and the second group was treated with
LCsl. Both groups had been assessed at baseline and at 1, 3, and 6 months after treatment using Boston self-assessment questionnaire (BQ)
and visual analog scale (VAS) and at baseline and after 3 months using neurophysiological studies. Our prospective study compared efficacy
in relieving pain and improving clinical function between single-dose rESWT and LCsI over 6 months. We subdivided our patients into mild
and moderate groups and comparing improvement in outcome variables after treatment with tESWT and LCsl.

Results

There was a significantly higher improvement in symptom severity scores, functional scores, and BQ scores and decrease in VAS at 3 and
6 months, with significant improvement in sensory nerve conduction parameters at 3 months in the rESWT group compared with the LCsl
group. When compared with the baseline, there was a significant reduction of VAS and functional score, symptom severity scores, BQ scores
at third and sixth months, and electrophysiologic parameters at third month in the tESWT group. The LCsl group had no statistically significant
improvement in all outcome variables at sixth month. Moreover, there were highly positive significant correlations between peak sensory
latency of median nerve and the clinical outcomes (VAS and BQ score) at the sixth month after (ESWT and between motor latency of median
nerve and BQ score in mild and moderate CTS groups.

Conclusion
Single-dose rESWT is a noninvasive and convenient method for treating mild and moderate CTS with long-term beneficial effect lasting up
to 6 months compared with LCsl.

Keywords: Carpal tunnel syndrome, extracorporeal shock wave, steroid injection

INTRODUCTION Clinical features of CTS include nocturnal pain, numbness,

. o and tingling sensation in the median nerve dermatome, and
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the diagnosis is confirmed using electrodiagnostic studies [3].
Repetitive wrist movements, obesity, rheumatoid arthritis,
diabetes mellitus, and menopause are known risk factors of
CTS [4].

Among the variety of optional treatments for CTS, local
corticosteroid injection (LCsI) is widely used in mild to
moderate cases and achieves improved symptom scores within
1 week [5]. Other studies have reported greater symptom
improvement 1 month after injection compared with placebo
and significantly improved clinical outcomes compared with
oral corticosteroids for up to 3 months. Other publications have
shown that LCsI provides benefits in terms of pain reduction
and functional scores in patients with CTS [6].

Recent studies demonstrated significant improvement in pain
and symptom severity scores in patients with CTS using
focused extracorporeal shock wave therapy (fESWT). At
3 months, however, symptom relief was not different from
LCsl [7]. Several later studies have focused on the effect of
radial extracorporeal shock wave therapy (rESWT), where
patients with CTS receiving three sessions of rESWT and
showed better clinical symptom improvement for 12—14 weeks
compared with patients receiving sham ESWT [8].

rESWT can decrease inflammation of the carpal tunnel,
reduce the perineural pressure, and can improve symptoms
by stimulation of endothelial nitric oxide (NO) synthase
in inflamed tissue, leading to NO accumulation, which
subsequently decrease release of inflammatory mediators, so
we suggest the use of a single-dose rTESWT as a recent efficient
modality for CTS. We compared the efficacy of that treatment
with LCsI up to the mid-term mark (week 24) to reduce the
period of time that a patient needs to repeat tESWT to improve
patient compliance, which can affect the success of treatment.

Aim

Our work aim was to study the efficacy of a single-dose rESWT
for CTS and to compare that treatment with LCsl treatment
up to week 24.

PATIENTS AND METHODS

The study protocol was approved by the Ethnic Committee
of GOTHL. It included 40 patients with nocturnal numbness
and tingling on the hand or hands, being accepted as CTS,
with age between 20 and 50 years, who were recruited from
the rheumatology outpatient clinic of Al-Mataria Teaching
Hospital.

Full medical history and clinical examination were done. All
patients were divided into two groups: one group was treated
with a single dose of radial extracorporeal shock therapy, and
the second group was treated with local steroid injection. We
compared the efficacy of the two methods of treatment for
both groups regarding outcome variables, which are relieving
pain, assessed by visual analog scale (VAS), improvement in
clinical function evaluated by Boston questionnaire (BQ) [9],

and electrodiagnostic parameters. Evaluations at baseline and
at 4, 12, and 24 weeks after treatment were performed using
BQ and VAS, and also the evaluation using neurophysiological
study was done at baseline and Materia after 12 weeks.

Inclusion criteria

Individuals with age between 20 and 50 years showing
nocturnal numbness and tingling of one hand or both hands
were diagnosed clinically as having CTS and were included.

Exclusion criteria

The exclusion criteria for both groups of patients were as
follows: patients with underlying metabolic disorders, such
as diabetes mellitus; genetic disorders; upper limb surgery;
peripheral polyneuropathy; traumatic nerve injury; blood
coagulation disorder while using anticoagulants; pregnancy;
thrombosis; cancer or previous surgical treatment for cancer;
treatment with ultrasound, cryo-ultrasound, oral steroids
or NSAIDs within 7 days before enrollment; or local
injection of corticosteroid for CTS in the previous year were
excluded. Patients with severe CTS diagnosed according to
neurophysiologic examination criteria were excluded as well.

Radial extracorporeal shock wave therapy

A total of 20 patients with CTS received shock waves, of
continuous frequency and intensity (4 Bar, 15 Hz frequency,
5000 shocks, BTL-6000 SWT, radial shock wave mode). The
probe was oriented perpendicular to the patient’s palm between
the distal wrist crease and Kaplan’s cardinal line; ultrasound gel
was used as a coupling agent. The duration of treatment was
5-8 min. A cold pack was applied for 15 min after tESWT[10].

Local corticosteroid injection

We used 1 ml of triamcinolone 10 mg mixed with 1 ml of
1% lidocaine in a 3-ml disposable syringe. The injection was
performed using a 25-G needle applied 1 cm proximal to the
wrist flexion crease and 1 cm medial to the palmaris longus
and flexor carpi radialis tendons. The angle of the needle was
about 45° distally and was advanced 1 cm, where it penetrated
the flexor retinaculum. We advanced 1 cm at a time until the
solution was injected. After injection, we instructed the patient
to use their hand freely without splinting. Each patient was
injected only once.

Assessment of outcomes

(I) BQ, the most commonly used instrument to assess
improvement of clinical symptoms and functional
recovery of patients with CTS, consisted of 11 questions
covering symptom severity and eight questions to evaluate
functional status (functional score), which rate the level
of difficulty to perform activities in daily life. The rating
scale ranged from 1 to 5, with 5 being the most difficult.

(2) VAS was used to evaluate the intensity of pain at rest
on a 10 cm scale. The patient marked the scale on which
the start point represented no pain and the endpoint
represented maximum or intolerable pain.

(3) Electrodiagnostic evaluation was done using Dantec
key point, USA, for measuring median peak sensory
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latency in millisecond (ms), distal motor latency in
millisecond (ms), sensory nerve action potential (SNAP)
amplitude in microvolt (WV), and compound muscle
action potential (CMAP) amplitude in millivolt (mV),
which were the parameters used in this study. The normal
reference values are motor distal latency less than or equal
to 4.2 ms, motor conduction velocity more than or equal
to 49 m/s, and the motor amplitude more than or equal to
4 mV. Peak sensory latency is less than or equal to 3.2 ms,
sensory conduction velocity more than or equal to 50 ms,
and sensory amplitude more than or equal to 20 uV [11].

We specified classification of cases according to the proposed
scheme of the American Association of Neuromuscular and
Electrodiagnostic Medicine [12] as follows:

Mild CTS: prolonged (relative or absolute) sensory latency
or mixed nerve action potential distal latency (orthodromic,
antidromic, or palmar)xSNAP amplitude below the lower
limit of normal.

Moderate CTS: abnormal median sensory latencies as above
and (relative or absolute) prolongation of median motor distal
latency.

Severe CTS: prolonged median motor and sensory distal
latencies, with either an absent SNAP or mixed nerve action
potential, or low amplitude or absent thenar CMAP. Needle
examination often reveals fibrillations, reduced recruitment,
and motor unit potential changes (to be excluded in our study).

Statistical analysis

All tabulated data were expressed as mean + SD. Comparisons
between patients and control groups were done by using the
Student ¢ test. For all statistical tests, significance was done
using the correlation coefficient (») test, in which significance
is defined as level of probability, where P value less than 0.05
was considered significant. Computations were done using
an SPSS statistical program, version 21 (SPSS Inc., Chicago,
Illinois, USA) and graphs were assessed using Microsoft excel
XP version.

ResuLts

We studied 40 patients with CTS recruited from the
rheumatology outpatient clinic of Al-Mataria Teaching Hospital.
There were no statistically significant differences between the
groups in terms of demographic characteristics (age, sex,
height, and lesion site) or in clinical characteristics (baseline of
pain, symptom and functional score, and severity determined
by electrodiagnostic measurement) (Tables 1 and 2).

There was significant improvement in electrodiagnostic
parameters including reduction in peak sensory distal latency,
increased in amplitude on SNAP, and in sensory conduction
velocity at month 3 in both groups compared with baseline.
The improvement was highly significant in the tESWT group.

As we found a significant improvement in electrophysiologic
parameters at month 3, we continued to assess the functional

Table 1: Demographic data and severity of both groups

Data rESWT group LCsl group P
(n=20) (n=20)
Age (mean+SD) 51+6 49+8 >0.05
Sex [n (%)]
Male 4(20) 5(25) >0.05
Female 16 (80) 15 (75) >0.05
Height 155+8 15247 >0.05
Lesion site [1 (%)]
Unilateral 18 (90) 17 (85) >0.05
Bilateral 2 (10) 3(15) >0.05
Severity [n (%)]
Mild 11 (55) 10 (50) >0.05
Moderate 9 (45) 10 (50) >0.05

LCsl, local corticosteroid injection; rESWT, radial extracorporeal shock
wave therapy.

Table 2: Comparison between both groups as regard
pretreatment clinical and electrophysiological parameters

Parameters rESWT group LCsl group P
(mean+SD)  (mean=SD)

VAS 4.46+1.09 4.48+1.2 0.95
Symptom severity score 21.25+6.5 22.0+6.4 0.90
Functional score 20.7+5.62 20.6+5.9 0.96
Boston questionnaire score 42.9+11.4 42.6+11.6 0.93
Peak sensory distal latency 3.8+0.38 3.7+0.44 0.6
SNAP amplitude 21.4+6.4 23.07£7.9 0.46
Sensory conduction velocity 44.8+1.2 43.5¢9.3 0.33
Motor distal latency 4.5+0.5 4.4+0.7 0.21
CMAP amplitude 6.8+1.7 7.5+1.6 0.21
Motor conduction velocity 54.843.6 56.0+4.2 0.61

CMAP, compound muscle action potential; LCsl, local corticosteroid
injection; rESWT, radial extracorporeal shock wave therapy;
SNAP, sensory nerve action potential; VAS, visual analog scale.

improvement using VAS and BQ 3 months later, and we
found that there was a significant reduction of VAS and
functional scores, symptom severity score, and BQ score in
the tESWT group at not only 1 and 3 months but also at month
6 compared with baseline. Moreover, there was a significant
change for the LCsI group at 1 and 3 months compared with
baseline (Table 3).

There was a significant decrease in VAS, symptom severity
score, functional score, and BQ score at week 24, with
significant improvement in sensory nerve conduction
parameters at week 12 in the rESWT group compared with
the LCsI group (Table 4).

Our results showed significant improvement in both sensory
neurophysiological parameters and in motor distal latency
in patients with mild CTS treated with rESWT, whereas in
patients with moderate CTS, there was significant improvement
only in peak sensory latency. Patients with mild CTS treated
with LCsl showed significant improvement in sensory nerve
neurophysiologic parameters and distal motor latency, whereas
in patients with moderate CTS, there was improvement in all
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Table 3: Comparison between pretreatment and posttreatment as regard outcomes variables and electrophysiologic

parameters
Parameters rESWT group (mean+SD) P LCsl group (mean+SD) P
VAS baseline (months) 4.4+1 4.5+1.2

1 2.24+0.5 0.007 2.1+0.8 0.00

3 2.3+0.6 0.001 3.240.8 0.01

6 2.27+0.6 0.00 4.08+0.7 0.23
Symptom severity score baseline (months) 22.2+6.5 22.0+6.3

1 13.4+4.8 0.02 12.1+£3.9 0.00

3 16.1+4.1 0.00 17.8+3.9 0.02

6 15.3+3.9 00.0 18.4+4.7 0.053
Functional score baseline (months) 20.7+£5.6 20.6£5.9

1 12.2+3.9 0.009 11.8+4.9 0.00

3 13.1+3.6 0.00 14.2+4.2 0.00

6 12.8+3.4 0.00 21.9+6.2 0.48
Boston questionnaire score baseline (months) 42.9+11.4 42.6+11.6

1 25.4+7.6 0.00 23.948.2 0.00

3 28.8+6.3 0.00 31.9+6.9 0.01

6 27.9+5.5 0.00 37.3+4.9 0.14
Peak sensory distal latency baseline (months) 3.840.3 3.740.4.4

3 3.0+0.19 0.00 3.2+0.14 0.002
SNAP amplitude baseline (months) 21.346.3 20.0+£5.9

3 28.6+4.2 0.002 24.6%6.1 0.03
Sensory conduction velocity baseline (months) 44.8+1.2 43.64£9.3

3 49.1+4.2 0.002 51.5+6.8 0.004
Motor distal latency baseline (months) 4.5+0.5 4.4+0.8

3 4.4+0.5 0.74 4.1+0.8 0.66
CMAP amplitude baseline (months) 6.8+1.8 7.6+1.7

3 6.9£1.9 0.91 7.7£2.6 0.76
Motor conduction velocity baseline (months) 54.843.5 56.0+4.2

3 56.0+3.3 0.28 57.3+4.6 0.37

CMAP, compound muscle action potential; LCsl, local corticosteroid injection; rESWT, radial extracorporeal shock wave therapy; SNAP, sensory nerve

action potential; VAS, visual analog scale.

sensory and motor parameters but not statistically significant
after 3 months of treatment (Table 5).

Our results showed significant relieving of pain assessed by
VAS and improvement in clinical function assessed by BQ
more in patients with mild than moderate CTS after 6 months
of treatment with rESWT. However, there was no significant
improvement in outcome variables in patients with mild and
moderate CTS after 6 months of treatment with LCsI (Table 6).

In our study, we found that there were highly positive significant
correlations between peak sensory latency of median nerve
and clinical outcomes (VAS and BQ score) (r = 0.34 and
r = 0.54, respectively; P < 0.05) after rESWT and between
motor latency of median nerve and BQ score (r = 0.45 and
r=0.67, respectively; P <0.05) in mild and moderate groups
at sixth month.

Discussion

rESWT is a noninvasive technique that has been used for the
treatment of several painful inflammatory soft tissue conditions
including mild and moderate CTS, with an acceptable
successful outcome [13]. It relieves the pain of peripheral nerve

damage and enhances local arterial remodeling and cellular
regeneration [14].

As inflammation leads to decrease in NO, the anti-inflammatory
effect by shock therapy is by stimulation of endothelial NO
synthase in inflamed tissue leading to NO accumulation, which
modulates NF kappa B activation, which in turn may prevent
lipopolysaccharide/interferon-gamma-elicited induction of the
inflammatory process. Decreased inflammation of the carpal
tunnel can reduce the perineural pressure and can improve
symptoms [15].

In this study, we found the improvement in clinical symptoms
and functional outcomes after a single dose rESWT session
of higher frequency and longer duration compared with other
previous studies, which achieved similar results but after
obtaining multiple rESWT sessions per week, lasting for
around 3—4 weeks, which will affect patients’ compliance
regarding the treatment [16].

The evaluation of the efficacy of a single-dose tESWT was
done in the absence of other treatment modality and lasted
for 6 months. However, in most previous studies, follow-up
was carried out in a period limited to 3 months only, and the
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Table 4: Comparison between both groups after 1, 3, and 6 months of treatment as regard outcome variables and
electrophysiological assessment parameters

Parameters rESWT group (mean+SD) LCsl group (mean=+SD) P
VAS 1 month 2.24+0.54 2.17+0.8 0.75
3 months 3.2+0.58 3.2+0.8 0.64
6 months 2.27+0.6 4.08+0.7 0.00
Symptom severity score 1 month 13.45+4.8 12.143.9 0.34
3 months 16.0+4.06 17.8+3.9 0.16
6 months 15.3£3.9 18.4+4.7 0.028
Functional score 1 month 12.0+£3.9 11.35+4.5 0.63
3 months 13.0+£3.6 14.15+4.2 0.36
6 months 12.8+£3.4 21.9+6.1 0.00
Boston questionnaire score 1 month 25.4547.6 23.45+7.7 0.41
3 months 28.8+6.3 31.9+6.9 0.15
6 months 27.9+5.5 37.8+7.9 0.00
Peak sensory distal latency 3 months 3.09+0.19 3.2+0.14 0.02
SNAP amplitude 3 months 28.6+4.2 24.6+6.1 0.02
Sensory conduction velocity 3 months 49.1+4.2 51.446.8 0.001
Motor distal latency 3 months 4.440.5 4.1+0.8 1.84
CMAP amplitude 3 months 6.9£1.91 7.7£2.6 0.24
Motor conduction velocity 3 months 56.0£3.3 57.244.5 0.33

CMAP, compound muscle action potential; LCsl, local corticosteroid injection; rESWT, radial extracorporeal shock wave therapy; SNAP, sensory nerve
action potential; VAS, visual analog scale.

Table 5: Comparison hetween effect of pretreatment and posttreatment with radial extracorporeal shock wave therapy
and local corticosteroid injection (after 3 months of treatment) on neurophysiological parameters in patients with mild
and moderate carpal tunnel syndrome

Neurophysiological parameters rESWT group Mean=SD P LCsl group Mean=SD P
Peak sensory distal latency Mild Pre 3.4+0.2 Mild Pre 3.4+0.14
Post 3.1+0.1 0.00 Post 3.1+0.13 0.04
Moderate Pre 4.1+0.3 Moderate Pre 4.2+0.5
Post 3.1+0.1 0.00 Post 3.3+0.9 0.03
SNAP amplitude Mild Pre 24.2+43 Mild Pre 25.3+5.1
Post 33.1+5.2 0.00 Post 33.5+13.9 0.04
Moderate Pre 22.5¢5.4 Moderate Pre 22.7£5.1
Post 24.7+4.1 0.4 Post 24.4+5.6 0.42
Sensory conduction velocity Mild Pre 49.5+4.3 Mild Pre 47.846.0
Post 54.0+4.5 0.02 Post 54.6+4.3 0.02
Moderate Pre 45.7+6.0 Moderate Pre 33.748.2
Post 49.0+4.3 0.26 Post 44.1+5.8 0.3
Motor distal latency Mild Pre 4.0+0.2 Mild Pre 4.0+0.2
Post 3.5+0.22 0.01 Post 3.5+0.2 00.0
Moderate Pre 5.05+0.5 Moderate Pre 5.3+0.3
Post 4.95+0.5 0.72 Post 5.1£0.7 0.3
CMAP amplitude Mild Pre 7.5+0.2 Mild Pre 8.4+1.1
Post 9.7+1.8 0.01 Post 9.2+1.7 0.15
Moderate Pre 5.7+1.8 Moderate Pre 4.4+0.4
Post 5.9+1.7 0.8 Post 4.6+0.5 0.6
Motor conduction velocity Mild Pre 51.0+£3.3 Mild Pre 55.7+3.6
Post 57.4+4.3 0.00 Post 57.4+4.2 0.24
Moderate Pre 53.1+1.1 Moderate Pre 54.8+3.4
Post 54.1+2.9 0.4 Post 56.86+2.1 0.13

CMAP, compound muscle action potential; rESWT, radial extracorporeal shock wave therapy; LCsl, local corticosteroid injection; SNAP, sensory nerve
action potential.

improvement was evaluated after using other concomitant The pain relief benefit and the improvement outcomes of
treatment methods [17]. rESWT in this study, appeared at the first month, and lasted
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Table 6: Comparison between effect of pretreatment and posttreatment with radial extracorporeal shock wave therapy
and local corticosteroid injection (after 6 months) on outcome variables in patients with mild and moderate carpal

tunnel syndrome

Outcome variables rESWT group Mean=SD P LCsl group Mean=SD P
VAS Mild Pre 2.940.6 Mild Pre 2.9£0.6
Post 2.240.5 0.00 Post 2.740.6 0.4
Moderate Pre 3.940.5 Moderate Pre 3.9+0.8
Post 3.4+0.5 0.04 Post 3.5+0.3 0.15
Symptom severity score Mild Pre 19.1+4.6 Mild Pre 16.9+4.4
Post 10.5+4.3 0.00 Post 15.243.0 0.32
Moderate Pre 22.54+3.2 Moderate Pre 19.1+0.7
Post 18.443.5 0.02 Post 18.5+0.8 0.09
Functional score Mild Pre 17.1+44.3 Mild Pre 18.94+4.3
Post 13.74£3.8 0.00 Post 16.2+4.7 0.2
Moderate Pre 22.545.3 Moderate Pre 13.944.3
Post 12.443.3 0.00 Post 11.2+4.7 0.19
Boston questionnaire score Mild Pre 36.2+8.9 Mild Pre 35.8+8.7
Post 24.248.1 0.00 Post 31.4+7.7 0.24
Moderate Pre 45.0+£8.5 Moderate Pre 33.0+5.0
Post 29.848.6 0.00 Post 29.7+4.5 0.13

CMAP, compound muscle action potential; rESWT, radial extracorporeal shock wave therapy; LCsl, local corticosteroid injection; SNAP, sensory nerve

action potential; VAS, visual analog scale.

for 6 months compared with baseline, whereas in LCsI, pain
reduction was observed for the first 3 months. However,
disappeared gradually till no pain reduction by the sixth
month. Similar results were observed by previous studies,
where they found that the effect of pain reduction, symptom
severity, and functional outcomes from session rESWT seemed
to begin early [18]. However, another study disagrees with
our outcomes, where the benefit of session rESWT seemed to
begin at a later period, in the third month [10]. The differences
may be owing to the duration of treatment with shock therapy,
as we used 5-8 min whereas they used 3—7 min per session.

Regarding electrodiagnostic parameters, there was a significant
reduction in peak sensory distal latency and increase in
amplitude on SNAP and in sensory conduction velocity at
the third month in both groups compared with baseline. The
improvement was highly significant in the rTESWT. These
results were also suggested by other authors where they
reported a significant increase in sensory nerve conduction
velocity between baseline and 12th week with rESWT [18]).
However, one study detected no difference between the
baseline and the 12th week results for all electrodiagnostic
parameters in an fESWT group [7], whereas the other study
reported a significant decreased in not only peaked SNAP
latency but also in distal latency of CMAP between baseline
and the 12th week in an ESWT group [19].

Our study demonstrated that single TESWT provided greater
benefits in term of symptom severity reduction and functional
improvement compared with LCsl during and after the sixth
month. A previous paper demonstrated similar results [10].

rESWT produces a shock wave with relatively low energy,
which is dispersed through the applicator tip and has a less

penetrative depth [14]. A recent meta-analysis comparing radial
and fESWT reported that TESWT has the potential advantage
of treating a larger area, lesser need for precise focusing, and
low cost [18].

The mechanism of rTESWT in an entrapment neuropathy, such
as CTS, remains controversial. However, two main effects,
the anti-inflammatory and neuronal regeneration effects, are
potential mechanisms. The anti-inflammatory effect is similar
to the mechanism of action noted in other musculoskeletal
problems treated with rTESWT [20].

After treatment with rESWT, neuronal regeneration may
be induced by accelerating the healing of the injured axon,
increasing Schwann cells proliferation, and increasing axonal
regeneration in animal experiments [21]. Improvement of
electrophysiologic parameters, as observed in our review,
might be explained by these mechanisms.

The efficacy of rESWT depends on the dose intensity, duration,
and number of attempts. A recent study reported a longer
lasting effect with multiple-session attempts compared with
a single dose [10]. Our single-dose TESWT protocol had a
higher dose intensity than previous study (5-8 min 4 Bar,
frequency: 15 Hz, number of shocks: 5000 shocks VS 4 Bar,
frequency: 5 Hz, number of shocks: 2000 shocks) [15]. Our
rESWT protocol provided a long-lasting effect, up to 24 weeks,
without multiple-session attempts. Atthakomol ez al. [10] used
a single session rESWT of 5000 shocks to improve patient
compliance and reported a significant effect.

No serious complications in terms of severe pain or progression
of symptoms occurred with single-dose rESWT. In contrast,
corticosteroid injection potentially has more risks than ESWT.
Needle injection can lead to infection or median nerve injury,
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and corticosteroids can weaken the tendon by inhibiting
activity of the tenocyte [22]. For this reason, unlike rESWT,
corticosteroid injections cannot be used repeatedly for treating
CTS.

Our results showed significant improvement in both sensory
and motor neurophysiological parameters in patients with mild
CTS treated with rESWT, whereas in patients with moderate
CTS, there was significant improvement only in peak sensory
latency. Patients with mild CTS treated with LCsl showed
significant improvement in sensory nerve neurophysiologic
parameters and distal motor latency, whereas in patients with
moderate CTS, there was improvement in both motor and
sensory parameters but not statistically significant. These
results were in agreement with a recent study which revealed
that an improvement in electrophysiological findings (motor
latency, peak sensory latency, motor and sensory amplitudes,
and sensory nerve conduction velocity) of median nerve after
rESWT more in mild than in moderate groups [23].

In our study, we found that there were highly positive significant
correlations between peak sensory latency of median nerve and
the clinical outcomes (VAS and BQ score), at the sixth month
after (ESWT and between motor latency of median nerve and
BQ score in mild and moderate CTS groups. Similarly, other
studies revealed a highly significant correlations between
electrophysiological and clinical variables after tESWT in mild
and moderate CTS groups. Moreover, significant correlations
were observed among cross-section area (CSA) with clinical
symptoms (lateral pinch and VAS) and CSA with nerve
conduction studies. So, the authors suggested that CSA of the
median nerve can be used as a screening tool for detection
as well as discrimination of different severities of CTS. In
addition, VAS and lateral pinch can be used for detection and
assessment of the efficacy of treatment in CTS [24].

This study has a few limitations. The first is that the patients
were limited to those with mild to moderate CTS, because
the primary option for treatment of severe cases with motor
weakness is surgical treatment. Studies examining the effect
of rTESWT on severe CTS would be lacking. However, if the
efficacy and mechanisms of rESWT are clear and evident, it
will be necessary to examine whether this technique can also
be used in the management of severe CTS or not. Second,
there is a lack of data on the long-term effects of rESWT. The
follow-up duration of the included trials ranged from 12 to
24 weeks. So, we recommend to prolong the duration of the
follow-up in the future research studies up to 1 year.

CoNCLUSION

Treatment of CTS using single-dose rTESWT has a beneficial
effect on the pain relief and improvement in symptom severity
and functional outcomes on both mild and moderate cases,
and we confirm that single-dose rESWT is a noninvasive and
convenient method for treating mild and moderate CTS with
long-term of beneficial effect lasting up to 6 months compared
with LCsl.
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