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Objectives: Carpal tunnel syndrome (CTS) is a common peripheral entrapment neuropathy 
with squeezing of the median nerve and the patient is unable to function properly. There are 
different physiotherapy interventions for the management of these patients and recently, shock 
wave therapy and low-power laser (LPL) have been widely used, but there is no strong evidence 
comparing the effect of shock wave therapy and LLLT. Therefore, this trial was designed to 
compare the effect of extracorporeal shock wave therapy (ESWT), LPL, and routine interventions 
on clinical outcomes and electrophysiological parameters in patients with moderate CTS.
Methods: Fifty-four patients were randomly assigned to the control (routine interventions), 
ESWT, and LPL therapy groups. All participants received transcutaneous electrical nerve 
stimulation (TENS) therapeutic ultrasound, hot pack, mobilization, and stretching for ten sessions 
over two weeks. Additionally, the ESWT group received radial ESWT in four sessions, and the 
LPL therapy group received laser in ten sessions. The primary outcomes were pain (assessed by 
the visual analog scale), function (assessed using the Boston questionnaire (BQ)), hand grip, and 
finger pinch strength. Secondary outcomes were electrophysiological parameters (distal motor 
and sensory latency and nerve conduction velocity (NCV) of the median nerve. 
Results: Time group interactions were significant for pain, the symptom severity subscale of BQ, finger 
pinch, and hand grip strength (P<0.001). Significant improvements were seen in clinical and sensory 
latency and motor NCV of the median nerve (P<0.05). The ESWT group experienced significant 
improvements with a large effect size in pain, function, and finger pinch strength compared to the control 
group (P<0.01). Additionally, the LPL therapy group showed significant changes in the function and 
finger pinch and hand grip strength compared to the control group. There were no significant differences 
between the LPL therapy and ESWT groups except for pain in favor of the ESWT group. No significant 
differences were found among the three groups in electrophysiological parameters (P>0.05).
Discussion: Although laser therapy increased the efficacy of routine interventions, it seems adding 
ESWT to the routine treatment may be superior for the management of moderate CTS patients.
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Highlights 

• Low-power laser and shock wave therapies had positive effects on pain reduction, grip and pinch strength, and 
function in carpal tunnel patients.

• Low-power laser and shock wave therapies had a positive effect on sensory latency and motor nerve conduction 
velocity of the median nerve

• There were no significant differences between the low-level laser therapy (LLLT) therapy and extracorporeal shock 
wave therapy (ESWT) groups except for pain in favor of the ESWT group.

• The two interventions had the same effect on electrophysiological parameters. 

Plain Language Summary 

Compression on the wrist tunnel leads to pain, numbness, and tingling sensation or falling objects from the hand in 
severe cases. Nonsurgical methods can help improve the signs and symptoms in early diagnosis. Recently, using shock 
wave therapy and low-level laser therapy (LLLT) has been very attractive in these patients, but there are not many 
studies comparing the effects of these methods. In this study, we assessed the effect of adding LLLT or shock wave 
therapy to exercise, mobilization, and stretching, on pain, strength, function, and electrophysiological findings. After 
two weeks of physiotherapy intervention, positive effects were seen on the reduction of pain and the improvement of 
strength and function. Likewise, nerve impulses revealed recovery after treatment in three groups. Our results detected 
much improvement in patients who received shock wave therapy based on effect size. Therefore, we can suggest these 
interventions as perfect methods in the management of moderate patients with carpal tunnel syndrome, particularly the 
addition of shock wave therapy to routine treatment. 

Introduction

arpal tunnel syndrome (CTS) is a com-
mon peripheral neuropathy in the upper 
extremity resulting from compression and 
entrapment of the median nerve [1, 2]. It 
affects up to 5% of the general population 

with a higher frequency in females [1, 3, 4]. Numbness, 
tingling, and pain in the three first fingers and the lateral 
side of the fourth finger, impairment in fine movements 
and in severe conditions, weakness of hand movements, 
inability to hold objects, atrophy of thenar muscles, and 
nocturnal pain are common symptoms and signs [5-8].

CTS is clinically categorized into mild, moderate, 
severe, and very severe [9]. Evidence suggests that in 
the early stage, a blockage in venous circulation leads 
to hyperemic and edematous median nerve. Following 
blood circulation impairment, demyelination of the me-
dian nerve and axonal loss progress [10]. Additionally, 
there are higher levels of prostaglandin E2, vascular 
endothelial growth factor, and interleukin-6 in CTS pa-
tients [11, 12]. 

Its etiology is often multifactorial, but repetitive and 
excessive movements of wrist and hand, heavy lifting, 
vibration, pregnancy, obesity, and diseases, such as rheu-
matoid arthritis and diabetes mellitus affect the develop-
ment of CTS [1, 2]. 

Physical examination, special clinical tests, and electro-
diagnostic examination are used to diagnose CTS [10, 
13]. Positive Phalen’s maneuver and Tinel’s tests, longer 
latency, and slower conduction velocity have been found 
in patients [4]. 

The FUNCTION and quality of life are affected by 
CTS; therefore, management and treatment of patients 
are very important. Most patients with mild-to-moderate 
disease respond to conservative interventions, while in 
severe cases, surgery is recommended [10, 14].

Anti-inflammatory drugs, therapeutic ultrasound, elec-
trical stimulation, tendon gliding, mobilization tech-
niques, and wrist splinting are common non-surgical 
interventions [8, 15]. Two other popular treatments 
are low-power laser (LPL) therapy and extracorporeal 
shock wave therapy (ESWT). Although the mechanisms 
of LPL and ESW histologically vary, they have anti-
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inflammatory and analgesic effects. Additionally, it has 
been theorized that LPL can increase ATP production 
and cellular respiration, and results in improving blood 
circulation and moving waste products away from the 
concentration area [8, 10, 14]. In addition to anti-inflam-
matory and analgesic effects, ESWT can lead to tissue 
remodeling and re-innervation of nerves by generating 
acoustic waves in tissue and increasing the metabolic 
rate of tissues [2, 5, 7].

 Extensive research has investigated the effects of LPL 
and ESWT alone or with other common treatments in 
CTS patients with controversial results [1, 2, 5, 10, 14, 
16]. However, there are not many studies comparing the 
effects of these methods and, also comparing the effects 
of routine treatments (ultrasound (US), transcutaneous 
electrical nerve stimulation (TENS), heat, mobilization, 
and stretching), LPL, and ESWT on the median sensory 
and motor distal latency and motor nerve conduction ve-
locity (NCV) of the median nerve. One of the methods 
for the diagnosis of CTS is electrophysiological finding 
[10, 14]. Therefore, we decided to assess and compare 
the effect of LPL and ESWT along with common treat-
ment because of the wide use of these modalities. Find-
ing the modality with the superior effect is useful for 
choosing the best intervention in the future because of 
the knowledge gap in this way. 

Materials and Methods

This double-blind randomized controlled trial was con-
ducted on 54 patients with moderate CTS visiting the 
physiotherapy clinic of the Tehran University of Medical 
Sciences from June 2020 to February 2022.

Having numbness, tingling, pain in the first three fin-
gers and lateral side of the fourth finger, nocturnal pain, 
weakness in hand movements, positive Tinel’s percus-
sion test or Phalen’s maneuver test were used for the di-
agnosis of CTS [5-8]. Then, eligible participants were 
re-assessed by an electrophysiologist physician to verify 
CTS. Maximum normal values of distal motor and sen-
sory latency of the median nerve are 4.2 and 3.6 ms, 
respectively [17, 18]. Thus, patients with sensory distal 
latency of more than 3.6 ms with normal motor latency 
were categorized as mild CTS. However, patients with 
a sensory distal latency of more than 3.6 ms and mo-
tor latency longer than 4.2 were categorized as moderate 
CTS [17, 18].

Subjects were excluded if they had thenar muscles at-
rophy, lack of sensory and motor responses of median 
nerve, wrist and hand fractures or operation, cervical 
radiculopathy, carpal tunnel corticosteroid injection 
in the last six months, and also pregnant and diabetics 
and those receiving conservative treatments within two 
weeks [8, 9, 19, 20]. 

Randomization, allocation concealment, and 
blinding

A random number generator [21] was used to allocate 
eligible participants to groups A, B, and C (block size=6, 
number of blocks=9). The control group (group A) re-
ceived routine interventions, group B received routine 
interventions plus LPL, and group C received routine 
interventions plus ESWT. 

The patients’ outcome assessor and the person who 
analyzed the outcomes were blinded to details of treat-
ment protocols. All interventions were performed by a 
physical therapist who was not blinded.

Sample size

G*power software, version 3.1.9.2, was used to calcu-
late the sample size. Based on studies by Haghighat et al. 
[22] and Paoloni et al. [23], repeated measures ANOVA 
with an effect size of 0.25, a significant level of 0.05, 
power of 80%, drop out of 15%, a total of 18 patients 
was estimated for each group. 

Primary outcomes

Pain intensity was assessed by visual analog scale 
(VAS) as a valid and simple tool [24, 25]. The partici-
pants were asked to determine the pain level of their 
wrist and hand from zero (no pain) to ten (severe pain). 

Function was assessed by the valid and reliable Persian 
version of the Boston carpal tunnel syndrome question-
naire (BQ) [23, 24]. This questionnaire has two sub-
scales: symptom severity subscale (SSS=11 items) and 
functional status subscale (FSS=8 items). The SSS eval-
uates pain, numbness, tingling, and difficulty in grasping 
small objects. A five-point Likert scale is used (normal, 
slight, medium, severe, and very serious) to score items 
of this subscale. The FSS assesses the hand function dur-
ing daily activities using a five-point Likert scale (no dif-
ficulty, little difficulty, moderate difficulty, intense dif-
ficulty, and unable to perform the activity). Each item of 
both subscales is scored from one to five and the sum of 
the included items is the total score. 
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Finger pinch and hand grip strength were measured, by 
finger and hand grip dynamometer, respectively [7, 26, 27]. 
The participants sit on comfortable chairs with their shoul-
ders in adduction position, elbows in 90 flexion, and fore-
arms in neutral position with affected wrists in 20° to 30° 
extension. Each participant performed the finger pinch and 
hand grip three times, and the mean value of repetitions was 
used for analysis. The primary outcomes were measured at 
baseline, after the treatment, and after one-week follow-up. 

Secondary outcomes

Before electrophysiological evaluations, the examiner 
measured the skin temperature. If the temperature was 
less than 32°C, the skin was warmed by a hot pack. 

Median sensory nerve action potential (SNAP) was re-
corded antiheroically by placing an active ring and refer-
ence electrodes on the third finger, and the median nerve 
was stimulated 14 cm proximal of the recording electrode 
between the flexor carpi radialis and palmaris longus ten-
don. For recording distal latency of compound motor ac-
tion potential (CMAP) and motor conduction velocity, the 
active electrode was placed on the abductor pollicis brevis, 
and the median nerve was stimulated 8 cm proximal to the 
recording site. The reference electrode was fixed on the dis-
tal of the thumb. The normal value of median nerve motor 
conduction velocity is 57 m/sec. A supra-maximal stimula-
tion was used for recording SNAP and CMAP latency of 
the median nerve (Figure 1). The latency was measured in 

ms [19]. The secondary outcomes were measured at base-
line and after the treatment. 

Routine treatment protocol

All patients received routine interventions in ten ses-
sions for two weeks, including transcutaneous electri-
cal nerve stimulation (TENS) (multi stimulator 710 p, 
Novin, Iran), therapeutic ultrasound (US 210 p, Novin, 
Iran), hot pack, mobilization, and stretching.

In the beginning, a hot pack was used for 5 min on the 
carpal tunnel. TENS was applied in the conventional 
mode for 15 min with a frequency of 100 Hz and pulse 
duration of 80 ms, and electrodes covered carpal tunnel 
and hand palm [20]. 

Intermittent ultrasound with an intensity of 1 Watt/cm2 

and a frequency of 1 MHz was applied to the carpal tun-
nel with a circular moving probe for 5 min [20].

Mobilization of carpal bones includes dorsal-palmar glide 
at the radiocarpal joint and distraction in mid carpal joint. 
For mobilizing the radiocarpal joint, participants were asked 
to place their forearm on the table and the therapist fixed the 
distal radioulnar joint with one hand, and the other hand 
was used to mobilize the proximal row of carpal bones in 
dorsal and palmar directions to increase flexion and exten-
sion of the wrist, receptively. For mid carpal distraction, the 
stabilizing hand was placed on diastral row of carpal bones, 
and the mobilizing hand distracted the proximal row [28]. 

Figure 1. Motor and sensory nerve conduction study

S: Stimulation site, R: Recording site.
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Each technique was performed ten times per session 
with 10 seconds of rest and 5 seconds of rest between 
repetitions. 

Additionally, participants were instructed to perform 
self-stretching of carpal ligaments four times a day for 
two weeks. They were trained to extend their wrists by 
contralateral hand up to 90 degrees to stretch carpal liga-
ments [29]. 

Routine treatment plus ESWT group: In addition to 
routine treatment, this group received radial ESWT us-
ing a shockwave device (90 G, Novin, Iran) two times 
per week for two consecutive weeks. Participants were 
asked to sit on a chair with their forearms in the supine 
position and elbows in 90° flexion on the table. The ap-
proximate location of the median nerve was identified 
between flexor carpi radialis and palmaris longus ten-
dons, and then, coupling gel was applied to the carpal 
tunnel. Shock waves with 900 shocks and 4 bar pressure 
with a frequency of 15 Hz were applied perpendicular to 
the carpal tunnel on the median nerve [1]. 

Routine treatment plus LPL group: This group received 
routine treatment plus LPL (Gallium arsenide laser, 860 
B, Novin, Iran) with a wavelength of 775 nm, frequency 
of 6500 Hz, and intensity of 7 J/cm2 on the carpal tunnel 
between the distal crease and Kaplan-cardinal line, 5 min 
per session, five sessions per week for two consecutive 
weeks [8].

Data analysis

SPSS software, version 22 was used to perform anal-
yses. Normal distribution was checked by the Kol-
mogorov-Smirnov test. One-way ANOVA was used 
to compare continuous demographic variables and 
outcomes at baseline. Categorical variables were com-
pared among groups by a chi-square test. Interaction 
of time (baseline, after the treatment, and after follow-
up)×group (control, ESWT, and LPLT) was assessed 
by two-way repeated measures ANOVA. Within-group 
comparisons were made by repeated measures ANOVA. 
The Bonferroni test was used for post-hoc analyses. Co-
hen’s d effect size was used for magnitude analysis of 
differences (<0.19 (trivial zone), 0.2< Cohen’s d<0.49 
(small efficacy), 0.5< medium efficacy <0.79 (medium 
efficacy), and >0.8 (large efficacy) [30].

Results

The baseline characteristics of patients and the mean 
values of primary and secondary outcomes are summa-
rized in Tables 1 and 2.

The results of two-way repeated measures ANOVA re-
vealed that time group interactions were significant for 
pain (F=2.69, P=0.042), SSS of BQ (F=3.57, P=0.019), 
finger pinch strength (F=2.66, P=0.048), and hand grip 
strength (F=3.11, P=0.033), while no statistical signifi-
cance was found for FSS of BQ (F=1.12, P=0.345). 

Pain

Between-group comparisons showed that after treat-
ment, pain intensity significantly was lower in the 
EWST group compared to the control (P<0.001) and 
LPL groups (P=0.001), while after follow-up, only the 
difference between the ESWT and control group was 
statistically significant (P=0.015) (Table 3). Cohen’s d 
effect size also confirmed a high efficacy of EWST in re-
ducing pain compared to other interventions (effect size 
>08). The magnitude of the difference in pain intensity 
between the control and LPL therapy group was in the 
medium range in favor of the LPL therapy group (effect 
size=-0.66) without statistically significant difference 
(P=0.157) (Table 3). 

Function

One-way ANOVA/ANCOVA results showed signifi-
cant differences among groups in SSS and FSS of the 
BQ. Post-hoc analyses revealed that the ESWT group 
had lower scores in both subscales of the BQ [SSS: 
P=0.003, FSS: P=0.001] and after the follow-up [SSS: 
P<0.001, FSS: P=0.005] than the control group, and 
based on Cohen’s d effect size, these differences were 
large (Table 3). 

Additionally, there were statistical differences between 
the LPL therapy and the control groups in the BQ scores. 
After the treatment (SSS: P=0.013, FSS: P=0.011) and 
follow-up [SSS: P<0.001, FSS: P=0.011), the LPL 
therapy group showed lower scores in both subscales of 
the BQ (SSS: P<0.001, FSS: P=0.011) compared to the 
control group. Cohen’s d confirmed the high efficacy of 
the combination of routine interventions with LPL com-
pared to routine treatment in improving function. 

The ESWT and LPL therapy groups showed no signifi-
cant difference in subscales of the BQ (P>0.05) (Table 3). 
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Table 1. Demographic characteristics of the groups 

Variables
Mean±SD/No. (%)

Control (n=18) ESWT (n=18) Low-power Laser (n=18)

Age (year) 37.44±5.96 41.94±9.73 41.78±6.55

Weight (kg) 73.17±11.02 76.21±10.53 80.44±11.26

Height (cm) 164.39±6.92 163.72±7.29 163.83±6.31

BMI (kg/m2) 27.04±3.5 28.51±4.19 30±4.08

Sex
Male 3(16.7) 3(16.7) 2(11.1)

Female 15(83.3) 15(83.3) 16(89.9)

Unilateral CTS 8(61.5) 6(50) 8(61.5)

Bilateral CTS 5(38.5) 6(50) 5(38.5)

Mild CTS 6(33.3) 6(33.3) 5(27.8)

Moderate CTS 12(66.7) 12(66.7) 13(72.2)

BMI: Body mass index; CTS: Carpal tunnel syndrome; ESWT: Extracorporeal shock wave therapy; SD: Standard deviation.

Table 2. Mean values of primary and secondary outcomes of the study measured by repeated measurements 

Primary Outcomes

Mean±SD

Control (n=18) ESWT (n=18) Low-power Laser (n=18)

T0 T1 T2 T0 T1 T2 T0 T1 T2

Pain 6.7±0.9 3.6±0.5 2.9±0.9 6.2±0.7 2.2±0.8 1.8±0.8 6.4±0.8 3.1±0.7 2.3±1.0

Symptom severity 
subscale of BQ 37.6±7.9 23.1±6.6 20.5±6.7 36.1±8.2 17.5±4.1 13.6±3.0 39.2±9.1 19.5±5.2 14.9±2.8

Functional status 
subscale of BQ 26.4±4.7 16.2±3.9 14.1±3.7 24.3±4.7 11.9±2.7 10.7±2.6 24±3.9 12.6±2.3 10.9±1.7

Pinch strength 8.6±2.9 10.9±3.1 10.7±2.3 9.1±3.7 12.8±1.7 12.6±2.3 8.1±2.8 11.7±1.6 12.4±1.9

Grip strength 19.4±5.6 23.4±5.5 23.9±6.8 22.7±5.7 27.7±4.6 28.6±4.5 20.7±5.8 26.3±5.4 29.9±4.9

Secondary Outcomes
Control (n=18) ESWT (n=18) Low-power Laser (n=18)

T0 T1 T0 T1 T0 T1

Latency-SNAP (ms) 4.12±1.27 3.81±1.30 4.03±0.79 3.84±0.9 4.74±1.80 4.02±0.89

Latency-CMAP (ms) 4.71±1.56 4.59±1.54 4.18±0.91 4.07±0.99 4.29±0.87 4.17±0.84

Motor NCV (m/sec) 56.56±7.48 56.71±6.75 57.53±8.22 58.07±8.09 53.67±10.12 54.07±9.83

BQ: Boston questionnaire; T0: At baseline; T1: End of treatment period; T2: After follow-up; CMAP: Compound motor action 
potential; M/sec: Meter/seconds; ms: Millisecond; SNAP: Sensory nerve action potential; ESWT: Extracorporeal shock wave 
therapy.
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Finger pinch and power grip strength

The one-way ANOVA/ANCOVA results revealed that 
after the treatment (P=0.008) and follow-up (P=0.025), 

the mean value of finger pinch strength of the ESWT 
group statistically was greater than the control group 
(Table 3). Additionally, after follow-up, the strength of 
finger pinch (P=0.009) and hand grip (P=0.003) in the 

Table 5. Results of one-way ANOVA/ANCOVA, post-hoc comparisons, and Cohen’s d effect Size with 95% CI of electro-
physiologic parameters

Secondary 
Outcomes

f P

Post-hoc Between-group Comparisons
Mean Difference (95%CI)

Cohen’s d 

ESWT vs. Control LPL vs. Control ESWT vs. LPL
ESWT vs. 
Control

LPL vs. 
Control

ESWT 
vs. LPL

Latency of SNAP 
(ms) 0.66 0.5 0.08 [-0.46 to 

0.62] -0.17 [-0.72 to 0.38] 0.25 [-0.3 to 0.8] 0.12 -0.26 0.38

Latency of CMAP 
(ms) 0.02 0.9 -0.03 [-0.41 to 

0.35]
-0.03 [-0.41 to 

0.35]
0.002 [-0.37 to 

0.38] -0.06 -0.07 0.005

Motor NCV 
 (m/sec) 0.54 0.5 0.64 [-0.66 to 

1.54] 0.09 [-1.02 to 1.2] 0.35 [-0.77 to 
1.47] 0.33 0.06 0.26

CMAP: Compound motor action potential, CI: Confidence interval; ESWT: Extracorporeal shock wave therapy; LPL: Low 
power laser group, M/sec: Meter/seconds; Ms: Millisecond; SD: Standard deviation; SNAP: Sensory nerve action potential.

Table 4. Results of within-group analysis based on the repeated-measures ANOVA

Outcomes

Mean Difference (95% CI) [P]

Control Group ESWT Group LPL Group

T0 vs. T1 T0 vs. T2 T0 vs. T1 T0 vs. T2 T0 vs. T1 T0 vs. T2

Pain 3. 1 [2.7 to 3.5]
(<0.001)

3.8 [3.2 to 4.3]
(<0.001)

3.9 [3.4 to 4.4]
(0.001)

4.3 [3.7 to 5]
(0.001)

3.3 [3 to 3.6]
(<0.001)

4 [3.5 to 4.6]
(<0.001)

SSS of BQ 14.5 [11.9 to 17]
(<0.001)

17 [13.6 to 20.5]
(0.001)

18.5 [13.9 to 
23.1]

(0.001)

22.4 [17.2 to 
27.7]

(0.001]

19.8 [14.9 to 24.7]
(<0.001)

24.4 [19 to 29.7]
(<0.001)

FSS of BQ 10.2 [9 to 11.4]
(<0.001)

12.3 [10.9 to 
13.6]

(0.001)

12.5 [9.1 to 15.8]
(0.001)

13.6 [10.5 to 
16.6]

(0.001)

11.4 [9.6 to 13.3]
(<0.001)

13.2 [11 to 15.4]
(<0.001)

Pinch 
strength

-2.3 [-3.1 to -1.5]
(0.001)

-2.1 [-3.3 to -0.9]
[0.001)

-3.8 [-5.6 to -1.9]
(0.001]

-3.5 [-5.2 to -1.7]
(0.001]

-3.6 [-5 to -2.2]
(<0.001)

-4.3 [-6.1 to -2.4]
(<0.001)

Grip 
strength

-3.9 [-5.7 to -2.1]
(0.001)

-4.4 [-7 to -1.8]
(0.001)

-5 [-8.2 to -1.8]
(0.002)

-5.9 [-9.3 to -2.4]
[0.001]

-5.6 [-8.1 to -3.2]
(0.001)

-9.2 [-13.2 to 
-5.3]

(<0.001)

Latency of 
SNAP (ms)

0.3 [0.6 to 0.55]
(0.017) -

0.19 [0.02 to 
0.35]

(0.028)
- 0.72 [0.06 to 1.38]

(0.035) -

Latency of 
CMAP (ms)

0.12 [-0.08 to 
0.32]

(0.225)
-

0.11 [-0.13 to 
0.35]

(0.361)
- 0.12 [-0.12 to 0.36]

(0.309) -

Motor NCV
(m/sec)

-0.15 [-1.05 to 
0.75]

(0.728)
-

-0.54 [-1.27 to 
0.2]

(0.141)
-

-0.39 [-0.73 to 
-0.06]

(0.025)
-

Abbreviations: BQ: Boston questionnaire; CMAP: Compound motor action potential; CI: Confidence interval; ESWT: Extra-
corporeal shock wave therapy; LPL: Low power laser group; m/ms: Meter/seconds; Ms: Millisecond; SD: Standard deviation; 
SNAP: Sensory nerve action potential; T0: At baseline; T1: End of treatment period; T2: After follow-up.
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LPL therapy group significantly increased compared to 
the control group (Table 3). Also, Cohen’s d effect size 
verified the high efficacy of ESWT and LPL therapy in 
improving finger pinch and hand grip strength (effect 
size >0.8) (Table 3). 

Within-group analyses showed that in all groups, pain 
finger pinch and hand grip strength and BQ scores sig-
nificantly improved compared to baseline (Table 4). 

Secondary outcome

Based on the one-way ANOVA/ANCOVA results and 
post-hoc comparisons, no significant differences were 
found among the groups in electrophysiological param-
eters (P>0.05) (Table 5). Despite no statistical signifi-
cance at baseline scores, Cohen’s d effect size showed 
that the LPL therapy and the ESWT were not highly ef-
fective in decreasing the SNAP latency and increasing 
motor NCV, respectively (Table 5). Additionally, within-
group analyses showed no significant changes in the la-
tency of CMAP (P>0.05), while after the treatment, all 
groups showed a significant reduction in the latency of 
the SNAP, and a significant increase in the motor NCV 
of the median nerve (P<0.05) (Table 4). 

Discussion

This study aimed to compare the effect of routine in-
terventions with adding ESWT or LPLT on clinical and 
electrophysiological parameters in mild to moderate 
CTS patients. Our results showed that ESWT and LPL 
therapy in combination with conventional interventions 
(heat, TENS, US, mobilization, and stretching) alone im-
proved pain intensity, function, finger pinch, and hand 
grip strength. However, adding ESWT and LPL thera-
py to routine interventions caused more improvements 
in clinical outcomes compared to routine intervention 
alone. The results also revealed that all interventions 
significantly reduced the latency of SNAP and increased 
motor NCV of the median nerve without significant su-
periority in favor of a specific intervention.

In this study, all participants received heat, TENS, US, 
mobilization, and stretching with a significant efficacy in 
improving the outcome of the control group. Therapeutic 
US because of the reduction of inflammation and TENS 
due to activating gate control mechanism, can be used 
for treating CTS patients [9, 31]. Pain improvement was 
observed in all three groups with preferential effects in 
favor of the combination of ESWT and usual care with 
a high effect size. 

The results of this study also showed that radial ESWT 
and LPL combined with routine interventions were more 
effective than routine interventions alone in improving 
function without significant differences between the 
ESWT and LPL groups.

Adding radial ESWT to routine intervention significant-
ly increased the efficacy of the routine interventions with 
the large effect size. Radial ESWT had no superior effect 
compared to routine interventions in increasing hand grip 
strength. No statistical difference was found in the finger 
pinch and hand grip strength between the LPL and control 
groups after the end of treatment, while after the follow-
up, the finger pinch and hand grip strength considerably 
increased in the LPL group compared to the control group.

These results seem to be in line with some previous 
research reporting that ESWT alone or in combination 
with routine interventions is more effective than routine 
interventions alone in improving the clinical outcomes 
of CTS patients. However, due to methodological con-
troversies among the studies, such as the type of inter-
vention received by the control group and different pa-
rameters of ESWT, it is difficult to compare the studies. 

Saglam et al. [20] found that compared to routine interven-
tions (night splint and home exercises) and physical therapy 
(night splint and home exercises, therapeutic US group, 
liquid paraffin, and TENS), the radial ESWT plus routine 
interventions group experienced significant changes in pain 
and both subscales of the BQ after a three-week treatment 
and a 12-week follow-up. Habibzadeh et al. [9] found that 
radial ESWT with two different application methods (point 
and sweep) increased the efficacy of routine treatment (in-
cluding education, TENS, US, rest splint, and vitamin B1). 
Wu et al. [32] showed that a combination of radial ESWT 
and night splint is more effective than sham ESWT and 
night splint in CTS patients. Vahdatpour et al. [33] reported 
that adding real ESWT increased the efficacy of routine 
treatment (including night splints, NSAIDs, and vitamin 
B1). Surprisingly, in another study, Xu et al. reported that 
after nine and 12-week follow-ups, ESWT significantly de-
creased pain and scores of BQ compared to injections [5]. 

However, our findings are not in agreement with those 
of Raissi et al. [19] reporting no superiority in favor of 
the combination of radial ESWT and wrist splint com-
pared to wrist splint alone. Additionally, Gesslbauer et 
al. [7] found no significant differences between the real 
ESWT plus night splint group and the sham ESWT plus 
night splint group in pain, hand grip strength, and the 
subscales of the BQ. 
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The exact physiological mechanism of ESWT in mus-
culoskeletal disorders, such as peripheral neuropathy 
is not fully understood. It has been suggested that the 
anti-inflammatory effect of shock waves can be due to 
the production of nitric oxide (NO) [2, 5]. Mechanical 
stresses of ESWT stimulate endothelial NO synthesis in 
inflamed tissues and NO can decrease ongoing inflam-
mation. Reduction of inflammation can release nerve 
pressure and alleviate symptoms [2, 5].

Improvement of function, finger pinch, and hand grip 
strength was superior in the LPL group in combination 
with routine treatments compared to routine treatments 
alone without a significant difference in pain between 
these two groups. This finding is consistent with sys-
tematic reviews and meta-analyses reporting that the ef-
ficacy of LPL therapy is similar to routine interventions 
in improving pain in mild to moderate CTS patients [16, 
34]. Improving hand function and hand grip and finger 
pinch strength in the LPL therapy group compared to 
routine treatment could be attributed to the effect of laser 
on improving the mitochondrial ATP production and cel-
lular oxygen consumption of the affected hand muscles 
[16, 35]. 

ESWT was more effective in improving pain after 
treatment and in follow-up compared to LPL. These ef-
fects could be attributed to the higher energy and me-
chanical effects of shock waves compared to LPL. There 
was no significant difference between the LPL therapy 
and ESWT groups in other clinical outcomes. 

In our study, the latency of SNAP significantly de-
creased and motor NCV of the median nerve signifi-
cantly increased in all groups after the treatment, while 
no significant reduction was observed in the latency of 
CMAP. However, no significant difference was found 
among groups in electrophysiological parameters with a 
small effect size in favor of LPL and ESWT in decreas-
ing the latency of SNAP and increasing motor NCV. In 
our study, electrophysiological changes were observed 
after a two-week treatment, while in most studies, these 
changes were reported after the follow-up. Previous 
studies have revealed controversial results about the ef-
ficacy of LPL and ESWT in neurophysiological param-
eters of the median nerve in CTS patients. 

Raissi et al. [19] reported a significant decrease in dis-
tal motor latency of the median nerve after a 12-week 
follow-up, while they found no changes in sensory NCV. 
Habibzadeh et al. [9] found a significant decrease in 
median sensory and motor distal latency in the ESWT 
group, while no significant changes were observed in 

the control group. Xu et al. [5] showed that the ESWT 
decreased the SNAP and CMAP distal latency of the 
median nerve, and after a 12-week follow-up, there was 
a superiority in favor of the injection compared to the 
ESWT in reducing the SNAP distal latency. Gesslbauer 
et al. [7] reported that ESWT was effective in decreasing 
distal motor latency of the median nerve. Sanglam et al. 
[20] showed that routine interventions, physical therapy, 
and radial ESWT significantly increased sensory NCV 
of the median nerve, while between-group comparisons 
confirmed the superiority of the ESWT. Despite ESWT, 
studies obviously did not report the positive effects of 
LPL therapy on improving electrophysiological param-
eters in CTS patients [8, 10]. 

Designing a study based on the severity of CTS, com-
paring these modalities alone or in combination with 
another electrotherapy agent, long-lasting effect assess-
ment of the intervention, and assessment of these inter-
ventions by the US are recommended. 

In our study, in addition to the ESWT, the routine treat-
ment and routine treatment plus LPL significantly de-
creased the sensory distal latency and NCV of the me-
dian nerve. It seems possible that these results are due 
to the anti-inflammatory effects of ESWT, LPL, and 
therapeutic US. However, it should be mentioned that 
one of our limitations was the inability in the reliabil-
ity checking of electrophysiological parameters. These 
parameters could have been affected by various factors, 
such as technical errors. Another limitation of our study 
was short-time follow-up. 

Conclusion

Based on the results, routine interventions and a combi-
nation of ESWT or LPL with routine interventions were 
effective in improving clinical outcomes, decreasing 
sensory latency, and increasing motor NCV of the me-
dian nerve in mild to moderate CTS patients. ESWT and 
LPL were more effective in improving clinical outcomes 
compared to routine interventions alone, without statisti-
cal differences among the groups in electrophysiologi-
cal parameters. No significant difference was found be-
tween the LPL therapy and routine intervention groups 
in pain. There were no significant differences between 
ESWT and LPL therapy except for pain. Therefore, it 
seems that ESWT and LPL are almost equally effective 
for the treatment of moderate CTS, although based on 
effect size, the group that received ESWT showed more 
improvement. Further research with longer follow-ups is 
required to establish and compare the therapeutic effects 
of LPL and ESWT. 

Ghasemi A, et al. Effects of ECSW and LLLT in CTS Patients. IRJ. 2023; 21(3):513-524.

http://irj.uswr.ac.ir/


523

I ranian R ehabilitation Journal September 2023, Volume 21, Number 3

Ethical Considerations

Compliance with ethical guidelines

The study was approved by the Ethics Commit-
tee of Tehran University of Medical Sciences (Code: 
IR.TUMS.FNM.REC.1399.107) and the study was also 
registered at the Iranian Registry of Clinical Trials (No.: 
20220504054734N1). Before data collection, all eligible 
participants read and signed the consent form. 

Funding

This study was funded by the Tehran University of 
Medical Sciences. 

Authors' contributions

All authors contributed equally in preparing of article.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors would like to thank all participants for par-
ticipation in this study.

References

[1] Atthakomol P, Manosroi W, Phanphaisarn A, Phrompaet 
S, Iammatavee S, Tongprasert S. Comparison of single-dose 
radial extracorporeal shock wave and local corticosteroid 
injection for treatment of carpal tunnel syndrome includ-
ing mid-term efficacy: A prospective randomized con-
trolled trial. BMC Musculoskeletal Disorders. 2018; 19(1):32. 
[DOI:10.1186/s12891-018-1948-3] [PMID] 

[2] Kim JC, Jung SH, Lee SU, Lee SY. Effect of extracorpor-
eal shockwave therapy on carpal tunnel syndrome: A 
systematic review and meta-analysis of randomized con-
trolled trials. Medicine. 2019; 98(33):e16870. [DOI:10.1097/
MD.0000000000016870] [PMID] 

[3] Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ran-
stam J, Rosén I. Prevalence of carpal tunnel syndrome in a 
general population. JAMA. 1999; 282(2):153-8. [DOI:10.1001/
jama.282.2.153] [PMID] 

[4] Feng B, Chen K, Zhu X, Ip WY, Andersen LL, Page P, et al. 
Prevalence and risk factors of self-reported wrist and hand 
symptoms and clinically confirmed carpal tunnel syndrome 
among office workers in China: A cross-sectional study. BMC 
Public Health. 2021; 21(1):57. [DOI:10.1186/s12889-020-10137-
1] [PMID] 

[5] Xu D, Ma W, Jiang W, Hu X, Jiang F, Mao C, et al. A ran-
domized controlled trial: Comparing extracorporeal shock 
wave therapy versus local corticosteroid injection for the 
treatment of carpal tunnel syndrome. International Ortho-
paedics. 2020; 44(1):141-6. [DOI:10.1007/s00264-019-04432-9] 
[PMID] 

[6] Padua L, Coraci D, Erra C, Pazzaglia C, Paolasso I, Loreti 
C, et al. Carpal tunnel syndrome: Clinical features, diagnosis, 
and management. The Lancet. Neurology. 2016; 15(12):1273-
84. [DOI:10.1016/S1474-4422(16)30231-9] [PMID] 

[7] Gesslbauer C, Mickel M, Schuhfried O, Huber D, Keilani M, 
Crevenna R. Effectiveness of focused extracorporeal shock 
wave therapy in the treatment of carpal tunnel syndrome: A 
randomized, placebo-controlled pilot study. Wiener Klinis-
che Wochenschrift. 2021; 133(11-12):568-77. [DOI:10.1007/
s00508-020-01785-9] [PMID] 

[8] Hojjati F, Afjei MH, Ebrahimi Takamjani I, Rayegani SM, 
Sarrafzadeh J, Raeissadat SA, et al. The effect of high-power 
and low-power lasers on symptoms and the nerve conduction 
study in patients with carpal tunnel syndrome. A prospec-
tive randomized single-blind clinical trial. Journal of Lasers 
in Medical Sciences. 2020; 11(Suppl 1):S73-9. [DOI:10.34172/
jlms.2020.S12] [PMID] 

[9] Habibzadeh A, Mousavi-Khatir R, Saadat P, Javadian Y. The 
effect of radial shockwave on the median nerve pathway in 
patients with mild-to-moderate carpal tunnel syndrome: A 
randomized clinical trial. Journal of Orthopaedic Surgery and 
Research. 2022; 17(1):46. [DOI:10.1186/s13018-022-02941-9] 
[PMID] 

[10] Bekhet AH, Ragab B, Abushouk AI, Elgebaly A, Ali OI. Ef-
ficacy of low-level laser therapy in carpal tunnel syndrome 
management: A systematic review and meta-analysis. Lasers 
in Medical Science. 2017; 32(6):1439-48. [DOI:10.1007/s10103-
017-2234-6] [PMID] 

[11] Hirata H, Nagakura T, Tsujii M, Morita A, Fujisawa K, 
Uchida A. The relationship of VEGF and PGE2 expression 
to extracellular matrix remodelling of the tenosynovium in 
the carpal tunnel syndrome. The Journal of Pathology. 2004; 
204(5):605-12. [DOI:10.1002/path.1673] [PMID] 

[12] Tucci MA, Barbieri RA, Freeland AE. Biochemical and his-
tological analysis of the flexor tenosynovium in patients with 
carpal tunnel syndrome. Biomedical Sciences Instrumenta-
tion. 1997; 33:246-51. [PMID]

[13] Lee D, van Holsbeeck MT, Janevski PK, Ganos DL, Dit-
mars DM, Darian VB. Diagnosis of carpal tunnel syndrome. 
Ultrasound versus electromyography. Radiologic Clinics 
of North America. 1999; 37(4):859-72. [DOI:10.1016/S0033-
8389(05)70132-9] [PMID] 

[14] Li ZJ, Wang Y, Zhang HF, Ma XL, Tian P, Huang Y. Effec-
tiveness of low-level laser on carpal tunnel syndrome: A meta-
analysis of previously reported randomized trials. Medicine. 
2016; 95(31):e4424. [DOI:10.1097/MD.0000000000004424] 
[PMID] 

[15] Muller M, Tsui D, Schnurr R, Biddulph-Deisroth L, Hard J, 
MacDermid JC. Effectiveness of hand therapy interventions 
in primary management of carpal tunnel syndrome: A sys-
tematic review. Journal of Hand Therapy. 2004; 17(2):210-28. 
[DOI:10.1197/j.jht.2004.02.009] [PMID] 

Ghasemi A, et al. Effects of ECSW and LLLT in CTS Patients. IRJ. 2023; 21(3):513-524.

http://irj.uswr.ac.ir/
http://en.tums.ac.ir/
https://www.irct.ir/
https://doi.org/10.1186/s12891-018-1948-3
https://www.ncbi.nlm.nih.gov/pubmed/29370788
https://doi.org/10.1097/MD.0000000000016870
https://doi.org/10.1097/MD.0000000000016870
https://www.ncbi.nlm.nih.gov/pubmed/31415424
https://doi.org/10.1001/jama.282.2.153
https://doi.org/10.1001/jama.282.2.153
https://www.ncbi.nlm.nih.gov/pubmed/10411196
https://doi.org/10.1186/s12889-020-10137-1
https://doi.org/10.1186/s12889-020-10137-1
https://www.ncbi.nlm.nih.gov/pubmed/33407293
https://doi.org/10.1007/s00264-019-04432-9
https://www.ncbi.nlm.nih.gov/pubmed/31655883
https://doi.org/10.1016/S1474-4422(16)30231-9
https://www.ncbi.nlm.nih.gov/pubmed/27751557
https://doi.org/10.1007/s00508-020-01785-9
https://doi.org/10.1007/s00508-020-01785-9
https://www.ncbi.nlm.nih.gov/pubmed/33351153
https://doi.org/10.34172/jlms.2020.S12
https://doi.org/10.34172/jlms.2020.S12
https://www.ncbi.nlm.nih.gov/pubmed/33995973
https://doi.org/10.1186/s13018-022-02941-9
https://www.ncbi.nlm.nih.gov/pubmed/35078486
https://doi.org/10.1007/s10103-017-2234-6
https://doi.org/10.1007/s10103-017-2234-6
https://www.ncbi.nlm.nih.gov/pubmed/28580494
https://doi.org/10.1002/path.1673
https://www.ncbi.nlm.nih.gov/pubmed/15538733
https://pubmed.ncbi.nlm.nih.gov/9731366/
https://doi.org/10.1016/S0033-8389(05)70132-9
https://doi.org/10.1016/S0033-8389(05)70132-9
https://www.ncbi.nlm.nih.gov/pubmed/10442084
https://doi.org/10.1097/MD.0000000000004424
https://www.ncbi.nlm.nih.gov/pubmed/27495063
https://doi.org/10.1197/j.jht.2004.02.009
https://www.ncbi.nlm.nih.gov/pubmed/15162107


524

I ranian R ehabilitation JournalSeptember 2023, Volume 21, Number 3

[16] Ghasemi A, Olyaei GR, Bagheri H, Hadian Rasanani MR, 
Jalaei SH, Otadi K. Effectiveness of ultrasound plus nerve 
gliding exercise with and without low-level laser therapy 
inpatients with moderate carpal tunnel syndrome. Journal 
of Modern Rehabilitation. 2023; 17(2):149-55. [DOI:10.18502/
jmr.v17i2.12413]

[17] Ghasemi A, Olyaei GR, Bagheri H, Hadian MR, Jalaei S, 
Otadi K, et al. Effectiveness of ultrasound and median nerve 
gliding with and without shock-wave therapy in patients 
with moderate carpal tunnel syndrome. Journal of Physical 
Therapy Science. 2022; 34(12):772-6. [DOI:10.1589/jpts.34.772] 
[PMID] 

[18] Dumitru D, Zwarts MJ. Electrodiagnostic medicine pitfalls. 
In: Dumitru D, Amato AA, Zwarts M, editors. Electrodiag-
nostic medicine. London: Churchill Livingstone Inc; 2002. 
[DOI:10.1016/B978-1-56053-433-4.50023-7] 

[19] Raissi GR, Ghazaei F, Forogh B, Madani SP, Daghaghza-
deh A, Ahadi T. The effectiveness of radial extracorporeal 
shock waves for treatment of carpal tunnel syndrome: A ran-
domized clinical trial. Ultrasound in Medicine & Biology. 
2017; 43(2):453-60. [DOI:10.1016/j.ultrasmedbio.2016.08.022] 
[PMID] 

[20] Sağlam G, Çetinkaya Alişar D, Özen S. Physical therapy 
versus radial extracorporeal shock wave therapy in the treat-
ment of carpal tunnel syndrome: A randomized-controlled 
study. Turkish Journal of Physical Medicine and Rehabilita-
tion. 2022; 68(1):126-35. [DOI:10.5606/tftrd.2022.7187] [PMID] 

[21] Jerry Dallal. Randomization.com [Internet]. 2007 [Updated 
2007 Agust3]. Available from: [Link]

[22] Haghighat S, Zabihi Z, Khosrawi S. Effects of low-level la-
ser therapy with wrist splinting on outcome of patients with 
carpal tunnel syndrome; A randomized, double-blind, place-
bo-controlled trial. International Journal of Medical Investiga-
tion. 2018; 7(4):5-14. [Link]

[23] Paoloni M, Tavernese E, Cacchio A, D’orazi V, Ioppolo F, 
Fini M, et al. Mangone, extracorporeal shock wave therapy 
and ultrasound therapy improve pain and function in pa-
tients with carpal tunnel syndrome. A randomized controlled 
trial. European Journal of Physical and Rehabilitation Medi-
cine. 2015; 51(5):521-8. [Link]

[24] Hawker GA, Mian S, Kendzerska T, French M. Measures of 
adult pain: Visual analog scale for pain (VAS Pain), numeric 
rating scale for pain (NRS Pain), McGill pain questionnaire 
(MPQ), short-form McGill pain questionnaire (SF-MPQ), 
chronic pain grade scale (CPGS), short form-36 bodily pain 
scale (SF-36 BPS), and measure of intermittent and constant 
osteoarthritis pain (ICOAP). Arthritis Care & Research. 2011; 
63(Suppl 11):S240-52. [DOI:10.1002/acr.20543] [PMID] 

[25] Bijur PE, Silver W, Gallagher EJ. Reliability of the 
visual analog scale for measurement of acute pain. 
Academic Emergency Medicine. 2001; 8(12):1153-7. 
[DOI:10.1111/j.1553-2712.2001.tb01132.x] [PMID] 

[26] Hassankhani GG, Moradi A, Birjandinejad A, Vahedi E, 
Kachooei AR, Ebrahimzadeh MH. Translation and valida-
tion of the persian version the boston carpal tunnel syndrome 
questionnaire. The Archives of Bone and Joint Surgery. 2018; 
6(1):71-7. [PMID] [PMCID]

[27] Upatham S, Kumnerddee W. [Reliability of thai version 
boston questionnaire (Thai)]. Medical Journal of the Medical 
Association of Thailand. 2008; 91(8):1250-6. [Link]

[28] Gunay B, Alp A. The effectiveness of carpal bone mobiliza-
tion accompanied by night splinting in idiopathic carpal tun-
nel syndrome. Turkish Journal of Physical Medicine and Re-
habilitation. 2015; 61(1):45-50. [DOI:10.5152/tftrd.2015.70446] 

[29] Shem K, Wong J, Dirlikov B. Effective self-stretching 
of carpal ligament for the treatment of carpal tunnel syn-
drome: A double-blinded randomized controlled study. 
Journal of Hand Therapy. 2020; 33(3):272-80. [DOI:10.1016/j.
jht.2019.12.002] [PMID]

[30] Cohen J. Statistical power analysis. Current Directions in 
Psychological Science. 1992; 1(3):98-101. [DOI:10.1111/1467-
8721.ep10768783] 

[31] Koçak Ulucaköy R, Yurdakul FG, Bodur H. Extracorpor-
eal shock wave therapy as a conservative treatment option 
for carpal tunnel syndrome: A double-blind, prospective, 
randomized, placebo-controlled study. Turkish Journal of 
Physical Medicine and rehabilitation. 2020; 66(4):388-97. 
[DOI:10.5606/tftrd.2020.3956] [PMID] 

[32] Wu YT, Ke MJ, Chou YC, Chang CY, Lin CY, Li TY, et al. Ef-
fect of radial shock wave therapy for carpal tunnel syndrome: 
A prospective randomized, double-blind, placebo-controlled 
trial. Journal of Orthopaedic Research. 2016; 34(6):977-84. 
[DOI:10.1002/jor.23113] [PMID]

[33] Vahdatpour B, Kiyani A, Dehghan F. Effect of extracorpor-
eal shock wave therapy on the treatment of patients with car-
pal tunnel syndrome. Advanced Biomedical Research. 2016; 
5:120. [DOI:10.4103/2277-9175.186983] [PMID]

[34] Rayegani SM, Moradi-Joo M, Raeissadat SA, Bahrami MH, 
Seyed-Nezhad M, Heidari S. Effectiveness of low-level la-
ser therapy compared to ultrasound in patients with carpal 
tunnel syndrome: A systematic review and meta-analysis. 
Journal of Lasers in Medical Science. 2019; 10(Suppl 1):S82-9. 
[DOI:10.15171/jlms.2019.S15] [PMID] 

[35] Passarella S. He-Ne laser irradiation of isolated mitochon-
dria. Journal of Photochemistry and Photobiology. B, Biology. 
1989; 3(4):642-3. [DOI:10.1016/1011-1344(89)80090-9] [PMID] 

Ghasemi A, et al. Effects of ECSW and LLLT in CTS Patients. IRJ. 2023; 21(3):513-524.

http://irj.uswr.ac.ir/
https://jmr.tums.ac.ir/index.php/jmr/article/view/641
https://doi.org/10.1589/jpts.34.772
https://www.ncbi.nlm.nih.gov/pubmed/36507081
https://doi.org/10.1016/B978-1-56053-433-4.50023-7
https://doi.org/10.1016/j.ultrasmedbio.2016.08.022
https://www.ncbi.nlm.nih.gov/pubmed/27814933
https://doi.org/10.5606/tftrd.2022.7187
https://www.ncbi.nlm.nih.gov/pubmed/35949973
http://www.jerrydallal.com/random/randomize.htm
https://intjmi.com/article-1-346-en.html
https://www.researchgate.net/profile/Marco-Paoloni/publication/272518321_Extracorporeal_shock_wave_therapy_and_ultrasound_therapy_improve_pain_and_function_in_patients_with_carpal_tunnel_syndrome_A_randomized_controlled_trial/links/567048a708ae2b1f87acdb8c/Extracorporeal-shock-wave-therapy-and-ultrasound-therapy-improve-pain-and-function-in-patients-with-carpal-tunnel-syndrome-A-randomized-controlled-trial.pdf
https://doi.org/10.1002/acr.20543
https://www.ncbi.nlm.nih.gov/pubmed/22588748
https://doi.org/10.1111/j.1553-2712.2001.tb01132.x
https://www.ncbi.nlm.nih.gov/pubmed/11733293
https://pubmed.ncbi.nlm.nih.gov/29430499/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5799604/
https://www.researchgate.net/profile/Wipoo-Kumnerddee/publication/283297777_2008Thai_Boston_Q/links/5631810608ae506cea67966e/2008Thai-Boston-Q.pdf
https://doi.org/10.5152/tftrd.2015.70446
https://doi.org/10.1016/j.jht.2019.12.002
https://doi.org/10.1016/j.jht.2019.12.002
https://www.ncbi.nlm.nih.gov/pubmed/32362377
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.5606/tftrd.2020.3956
https://www.ncbi.nlm.nih.gov/pubmed/33364558
https://doi.org/10.1002/jor.23113
https://www.ncbi.nlm.nih.gov/pubmed/26610183
https://doi.org/10.4103/2277-9175.186983
https://www.ncbi.nlm.nih.gov/pubmed/27563630
https://doi.org/10.15171/jlms.2019.S15
https://www.ncbi.nlm.nih.gov/pubmed/32021679
https://doi.org/10.1016/1011-1344(89)80090-9
https://www.ncbi.nlm.nih.gov/pubmed/2507765

