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Introduction: Carpal tunnel syndrome (CTS), a prevalent form of peripheral entrapment neuropathy, is typically 
treated conservatively in cases that are mild to moderate. Although wrist splinting is considered a primary treatment 
option, physical therapies like extracorporeal shock wave therapy (ESWT) and high-intensity laser therapy (HILT) 
have demonstrated effectiveness in alleviating pain and enhancing nerve function. Extracorporeal shockwave 
therapy facilitates axonal regeneration and decreases inflammation through mechanotransduction, while HILT 
promotes tissue healing through photobiomodulation.
Objectives:  This study aims to fill that gap by evaluating the effects of radial ESWT and HILT on pain intensity 
(visual analogue scale, VAS), functional status (Boston Carpal Tunnel Questionnaire, BCTQ), and nerve conduction 
metrics (distal sensory latency, motor latency, and sensory conduction velocity) over a 12-week follow-up period.
Materials and Methods: This research is a randomized, controlled clinical trial. Sixty participants with mild to 
moderate idiopathic CTS, allocated equally (30 patients in each group) to two intervention groups; HILT and ESWT. 
All participants received standard care, including nighttime wrist splinting and oral vitamin B1 supplementation. 
The HILT group underwent five sessions over two weeks using a Fisioline Device (910-1064 nm wavelength, 1168 
Hz frequency, and 4 J/cm2 102 energy), while the ESWT group received three sessions of ESWT (1000 shocks 
at a pressure of 1.5 Bar and a rate of six pulses per second). Assessments of outcomes were conducted at the 
beginning, as well as at 4 weeks and 12 weeks.
Results: Baseline characteristics, including age, body mass index (BMI), symptom duration, and gender 
distribution, showed no significant differences between groups (P > 0.05). At 4- and 12-week post-intervention, 
both groups demonstrated significant within-group improvements in BCTQ scores (total, functional, and symptom 
severity subscales) and VAS pain scores (P < 0.001). Nevertheless, no meaningful differences were found between 
the groups at either follow-up time. Electrophysiological parameters [distal sensory latency (sensory nerve action 
potential (SNAP) latency], distal motor latency [compound muscle action potential (CMAP) latency], and sensory 
nerve conduction velocity (NCV)) remained unchanged across time in both groups.
Conclusion: In our study, HILT and ESWT significantly improved pain, symptom severity, and functional status 
in patients with CTS. While both modalities demonstrated comparable clinical efficacy, ESWT showed greater 
improvement in sensory nerve conduction latency.
Trial Registration: The trial protocol was approved by the Iranian Registry of Clinical Trials (identifier: 
IRCT20240317061317N1; ethical code: IR.MUI.MED.REC.1402.473)
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Introduction
Carpal tunnel syndrome (CTS), the most 
prevalent entrapment neuropathy worldwide, 
is caused by compression of the median 
nerve within the carpal tunnel. It presents 
as discomfort, loss of sensation, tingling, 
and limitations in hand function, especially 
impacting the thumb, index and middle 
finger (1). While surgical decompression 
is reserved for severe cases, most patients 
with mild to moderate CTS are managed 
conservatively using physical modalities, 

splinting, pharmacologic agents, and 
rehabilitation strategies (2). Among the non-
invasive interventions, extracorporeal shock 
wave therapy (ESWT) and high-intensity 
laser therapy (HILT) have gained attention 
for their potential to modulate pain, improve 
nerve function, and enhance tissue healing 
(3). However, despite promising results, 
comparative studies evaluating their efficacy 
in CTS remain scarce.

High-intensity laser therapy involves the 
application of acoustic pulses to targeted 
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tissues, inducing mechanical stress that triggers a cascade 
of biological responses (4). In musculoskeletal disorders, 
ESWT has demonstrated anti-inflammatory, angiogenic, 
and neuroregenerative effects. Specifically in CTS, radial 
ESWT (RESWT) has shown potential to Stimulate 
Schwann cell proliferation and axonal regeneration, 
improve microvascular perfusion and reduce local 
inflammation, and modulate nociceptive pathways and 
reduce neuropathic pain (5). Radial ESWT differs from 
focused ESWT in its energy dispersion and depth of 
penetration. It does not require precise anatomical targeting 
and is generally better tolerated due to its lower energy 
density (6). Clinical trials have reported improvements in 
sensory latency and subjective pain scores, though long-
term efficacy and optimal dosing protocols remain under 
investigation (7).

HILT utilizes high-powered infrared laser beams, 
typically in the 808–1064 nm range, to penetrate deep 
tissues and induce photo biomodulation (8). Unlike 
low-level laser therapy, HILT delivers higher energy 
doses capable of reaching deeper neural and vascular 
structures (9). Its therapeutic effects include reduction of 
inflammatory mediators and oxidative stress, enhancement 
of mitochondrial activity, and ATP production and 
promotion of tissue repair and nerve conduction velocity 
(10). In CTS, HILT has been associated with significant 
reductions in pain and improvements in nerve latency 
parameters (11). However, existing studies are limited by 
small sample sizes and methodological variability. The 
lack of head-to-head comparisons with other modalities 
like ESWT has left clinicians without clear guidance on 
which therapy offers superior outcomes. Although the use 
of ESWT and HILT in managing CTS is increasing, there 
have been no randomized clinical trials that have directly 
evaluated their effectiveness in enhancing both subjective 
symptoms and objective electrodiagnostic measurements.

Objectives
 This study aims to fill that gap by evaluating the effects of 
radial ESWT and HILT on pain intensity (visual analogue 
scale, VAS) (12), functional status (Boston Carpal Tunnel 
Questionnaire, BCTQ) (13), and nerve conduction 
metrics (distal sensory latency, motor latency, and sensory 
conduction velocity) over a 12-week follow-up period. 
By establishing comparative effectiveness, this research 
may inform clinical decision-making and optimize non-
surgical treatment strategies for patients with mild to 

moderate CTS.

Materials and Methods
Study design and participants
This study was conducted as a prospective randomized 
clinical trial in 2025 in Physical Medicine and 
Rehabilitation Clinics of Isfahan University of Medical 
Sciences, on patients with mild to moderate idiopathic 
CTS. Eighty-one participants were recruited from 
outpatient physical medicine and rehabilitation clinics; 
finally, 60 patients were included in the analysis, with 30 
patients in each group. Meanwhile, CTS diagnosis was 
confirmed by a specialist based on clinical examination 
and electrodiagnostic studies (EMG‑NCV).

Inclusion and exclusion criteria
Inclusion criteria
•	 Age 18–60 years
•	 Clinically and electrophysiologically confirmed mild 

to moderate CTS (14).
•	 Presence of pain and functional impairment related 

to CTS
•	 Ability to participate in treatment sessions and 

follow‑up evaluations
•	 Written informed consent was obtained from all 

participants.

Non-inclusion criteria
•	 Severe CTS (absent sensory or motor responses)
•	 Previous wrist surgery or recent corticosteroid 

injection
•	 Cervical radiculopathy, polyneuropathy, or systemic 

neurological disorders
•	 Inflammatory arthritis, pregnancy, malignancy, or 

pacemaker implantation
•	 Use of other physical therapy modalities for CTS 

during the study period

Exclusion criteria 
•	 Unwillingness to continue the study

Sampling
In our study, 81 participants were recruited using simple 
randomized sampling from eligible patients attending the 
clinics during the study period. After applying the inclusion 
and exclusion criteria, 60 patients were randomized into 
two groups.

Randomization
Eligible participants were randomly allocated to the 
HILT or ESWT groups using computer‑generated block 
randomization. Allocation concealment was ensured 
through sealed opaque envelopes.

Key point 
•	 Both high‑intensity laser therapy and extracorporeal shockwave 

therapy effectively reduced pain, improved symptoms, and 
enhanced functional capacity.

•	 The two modalities showed comparable overall clinical efficacy 
and were well tolerated as non‑invasive treatment options.

•	 Extracorporeal shockwave therapy demonstrated a trend toward 
greater sensory nerve conduction improvement, suggesting a 
potential advantage in neurophysiological recovery.
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Blinding
This study designed as a single blinded clinical trial. 
Outcome assessments were conducted by investigators 
blinded to group allocation. Due to the nature of the 
interventions, participant blinding was not feasible.

Group allocation
Participants were assigned to two parallel intervention 
groups: HILT group and ESWT group. 

Intervention
All participants received standard conservative care: 
Nighttime wrist splint (Cockup) in 0-5 degree extension 
for 3 months, oral vitamin B1 (300 mg/day for 1 month), 
and lifestyle modification advice (avoid repetitive wrist 
movements)

High-intensity laser therapy group
High-intensity laser therapy was applied over the carpal 
tunnel region using standardized treatment parameters. 
Therapy was delivered in multiple sessions over a two‑week 
period (15).

Extracorporeal shock wave therapy group
Extracorporeal shock wave therapy was administered 
over the median nerve region of the wrist and palm using 
standardized parameters. Treatment consisted of three 
sessions over two weeks (16).

Data collection
Assessments were performed at baseline, 4  weeks 
post‑intervention, and 12  weeks post‑intervention. 

Electrodiagnostic testing was conducted at baseline and at 
12 weeks, with skin temperature controlled prior to testing. 
Adverse events were monitored throughout the study.

Outcome measurement – clinical outcomes
•	 Pain intensity measured using the VAS
•	 Symptom severity and functional status assessed 

using the BCTQ (13).
•	 Electrophysiological outcomes
•	 Distal sensory latency (Sensory nerve action potential 

(SNAP) latency)
•	 Distal motor latency (Compound muscle action 

potential (CMAP) latency)
•	 Sensory nerve conduction velocity (NCV)

Statistical analysis
Statistical analyses were performed using SPSS software. 
Continuous variables were expressed as mean ± standard 
deviation. Normality of data distribution was assessed 
using the Shapiro–Wilk test, and homogeneity of variances 
was evaluated using Levene’s test. Independent t‑tests 
and chi‑square tests were conducted for baseline and 
between‑group comparisons. Repeated measures ANOVA 
(LSD post hoc analysis) was applied to assess within‑group 
changes over time. Accordingly, paired t‑tests were 
conducted to compare electrophysiological parameters 
between baseline and 12‑week follow‑up. A P value < 0.05 
was considered statistically significant.

Results
Baseline demographic and clinical characteristics
A total of 60 patients diagnosed with CTS participated in 
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Figure 1. The CONSORT flow diagram of the study process.
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the study, with 30 individuals allocated to the HILT group 
and 30 to the ESWT group. Participants’ ages ranged 
from 32 to 59 years (Figure 1). Baseline demographic 
characteristics, including sex distribution, were 
comparable between the ESWT and HILT groups, with 
no statistically significant differences observed (female: 
76.7% versus 80%, respectively; P = 0.755). Similarly, 
baseline clinical and electrophysiological variables did 
not differ significantly between groups (P > 0.05 for all 
comparisons), indicating adequate baseline comparability 
(Table 1).

Between‑group comparisons of outcome variables
Baseline
At baseline, no significant between‑group differences were 
observed for any outcome measure (Table 2).

Four weeks post‑intervention
At four weeks, between‑group comparisons showed no 
statistically significant differences in pain or functional 

outcomes. Both groups demonstrated clinically meaningful 
improvement, but with comparable magnitudes of effect 
(Table 3).

Twelve weeks post‑intervention
At 12 weeks, no significant intergroup differences were 
identified for clinical or electrophysiological variables. 
These findings indicate similar overall efficacy of HILT 
and ESWT (Table 4).

Within‑group comparisons over time
All within‑group changes were statistically significant, with 
95% CIs not crossing zero. the post hoc LSD test showed 
that the mean Boston Total Pain Score, Boston Functional 
Pain Score, Boston Symptom Pain Score and VAS Pain 
Score, 12 weeks after the intervention were significantly 
lower than 4 weeks after the intervention and 4 weeks after 
the intervention were significantly lower than before the 
intervention (P < 0.05; Table 5).

Table 1. Comparison of age, body mass index and symptom duration between groups

Variable ESWT, Mean ± SD HILT, Mean ± SD P value*

Age (years) 47.5 ± 7.8 46.5 ± 6.2 0.583*

Gender 
Female 23 (76.7%) 24 (80%)

0.755**
Male 7 (23.3%) 6 (20%)

BMI (kg/m2) 25.5 ± 3.4 26.0 ± 2.8 0.521*

Symptom duration (months) 8.01 ± 1.4 9.1 ± 2.4 0.142*

ESWT: Extracorporeal shock wave therapy; HILT: high-intensity laser therapy; BMI: Body mass index. *Independent T-test, **Chi-square test.

Table 2. Baseline comparison of pain and electrophysiological measures

Variable ESWT, Mean ± SD HILT, Mean ± SD P value* Mean difference
95% CI of the difference

Lower Upper

Boston total pain score 64.4 ± 13.6 67.2 ± 11.4 0.383 -2.8 -9.4 3.6

Boston functional pain score 27.4 ± 7.01 29.6 ± 6.6 0.213 -2.2 -5.8 1.3

Boston symptom pain score 37.0 ± 7.5 37.6 ± 6.6 0.735 -0.6 -4.3 3.02

VAS pain score 7.0 ± 1.6 7.3 ± 1.8 0.450 -0.3 -1.2 0.5

SNAP latency** 4.5 ± 0.6 4.6 ± 0.6 0.624 -0.08 -0.4 0.2

CMAP latency** 4.3 ± 0.7 4.4 ± 0.6 0.596 -0.09 -0.4 0.2

NCV** 32.6 ± 6.2 31.2 ± 5.7 0.352 1.4 -1.7 4.5

ESWT: Extracorporeal shock wave therapy; HILT: high-intensity laser therapy; VAS: Visual analogue scale. 
*Independent T-test, ** Distal sensory latency (sensory nerve action potential (SNAP) latency), distal motor latency (compound muscle 
action potential (CMAP) latency), sensory nerve conduction velocity (NCV).

Table 3. Pain scores at 4 weeks post-intervention

Variable ESWT, Mean ± SD HILT, Mean ± SD P value* Mean difference
95% CI of the difference

Lower Upper

Boston total pain score 56.7 ± 16.9 60.4 ± 13.5 0.356 -3.7 -11.6 4.2

Boston functional pain score 24.2 ± 7.9 27.1 ± 6.5 0.132 -2.9 -6.6 0.9

Boston symptom pain score 32.5 ± 9.5 33.3 ± 8.4 0.722 -0.8 -5.5 3.8

VAS pain score 5.9 ± 1.9 5.8 ± 1.8 0.894 0.06 -0.9 1.03

ESWT: Extracorporeal shock wave therapy; HILT: high-intensity laser therapy; VAS: Visual analogue scale. 
*Independent T-test.
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Electrophysiological outcomes
Within‑group comparisons from baseline to 12 weeks 
revealed no statistically significant changes in SNAP 
latency, CMAP latency, or NCV in either group (P > 0.05 
for all). Mean differences were small, and 95% CIs 
consistently crossed zero, indicating limited short‑term 
neurophysiological change despite clinical improvement 
(Table 6).

Discussion
This randomized clinical trial demonstrated that both 
HILT and ESWT significantly improved pain intensity, 
symptom severity, and functional status in patients with 
mild-to-moderate CTS. Improvements were observed in 
both subjective measures (VAS and BCTQ) and objective 
electrodiagnostic parameters (distal sensory latency, distal 
motor latency, and sensory conduction velocity), with no 

Table 4. Pain and electrophysiological scores at 12 weeks post-intervention

Variable ESWT, Mean ± SD HILT, Mean ± SD P value* Mean difference
95% CI of the difference

Lower Upper

Boston total pain score 53.9 ± 18.1 56.4 ± 15.5 0.575 -2.5 -11.2 6.2

Boston functional pain score 22.9 ± 8.1 25.5 ± 7.4 0.196 -2.6 -6.6 1.4

Boston symptom pain score 31.1 ± 10.4 30.6 ± 9.1 0.840 0.5 -4.5 5.5

VAS pain score 5.2 ± 2.2 5.2 ± 1.9 0.909 -0.06 -1.1 1

SNAP latency** 4.4 ± 0.7 4.5 ± 0.7 0.565 -0.1 -0.5 0.3

CMAP latency** 4.3 ± 0.7 4.5 ± 0.6 0.491 -0.2 -0.5 0.2

NCV** 33.8 ± 6.5 32.5 ± 6.8 0.461 1.3 -2.2 4.7

ESWT: Extracorporeal shock wave therapy; HILT: high-intensity laser therapy; VAS: Visual analogue scale. 
*Independent T-test, ** Distal sensory latency (sensory nerve action potential (SNAP) latency), distal motor latency (compound muscle 
action potential (CMAP) latency), sensory nerve conduction velocity (NCV).

Table 5. Boston total pain score and VAS pain score comparison between times in ESWT group and HILT group by post hoc LSD test

Variable Group Pre 4 Weeks 12 Weeks Time comparison P value*
Mean 

difference
95% CI 
lower

95% CI 
upper

Boston total pain 
score

ESWT 64.4 56.7 53.9

Pre vs 4 weeks <0.001 7.6 4.6 10.7

Pre vs 12 weeks <0.001 10.4 6.9 14.0

4 weeks vs 12 weeks <0.001 2.8 1.5 4.1

HILT 67.2 60.4 56.4

Pre vs 4 weeks <0.001 6.8 3.8 9.8

Pre vs 12 weeks <0.001 10.8 6.7 15.0

4 weeks vs 12 weeks <0.001 4.0 2.3 5.7

Boston functional 
pain score

ESWT 27.4 24.2 22.9

Pre vs 4 weeks <0.001 3.1 1.8 4.5

Pre vs 12 weeks <0.001 4.5 2.9 6.1

4 weeks vs 12 weeks <0.001 1.4 0.8 1.9

HILT 29.6 27.1 25.5

Pre vs 4 weeks 0.001 2.5 1.1 3.9

Pre vs 12 weeks <0.001 4.1 2.2 6.0

4 weeks vs 12 weeks 0.004 1.6 0.5 2.7

Boston symptom 
pain score

ESWT 37.0 32.5 31.1

Pre vs 4 weeks <0.001 4.5 2.6 6.4

Pre vs 12 weeks <0.001 5.9 3.7 8.2

4 weeks vs 12 weeks 0.003 1.4 0.5 2.3

HILT 37.6 33.3 30.6

Pre vs 4 weeks 0.001 4.3 1.8 6.8

Pre vs 12 weeks <0.001 7.1 4.1 10.0

4 weeks vs 12 weeks <0.001 2.8 1.6 3.9

VAS pain score

ESWT 7.0 5.9 5.2

Pre vs 4 weeks <0.001 1.1 0.7 1.6

Pre vs 12 weeks <0.001 1.8 1.2 2.5

4 weeks vs 12 weeks <0.001 0.7 0.4 1.0

HILT 7.3 5.8 5.2

Pre vs 4 weeks <0.001 1.5 1.1 2.0

Pre vs 12 weeks <0.001 2.1 1.6 2.6

4 weeks vs 12 weeks <0.001 0.6 0.3 0.9

*Repeated measures ANOVA (LSD post hoc analysis).
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serious adverse events reported.
The findings align with previous studies supporting the 

efficacy of ESWT in CTS management. Previously, Seok 
and Kim reported that ESWT was as effective as local 
corticosteroid injection in reducing pain and improving 
function, though their study used focused shock waves 
(17). Our use of radial ESWT, which disperses energy more 
broadly and is better tolerated, yielded comparable clinical 
benefits and a significant reduction in distal sensory 
latency, suggesting neurophysiological recovery. Similarly, 
Romeo et al demonstrated ESWT’s utility in post-surgical 
pillar pain, reinforcing its role in modulating neuropathic 
pain through mechanical stimulation (18).

High-intensity laser therapy also showed substantial 
therapeutic effects in our study, consistent with findings by 
Ortiz et al , who observed significant improvements in pain 
and nerve conduction following HILT in CTS patients (8). 
The deeper tissue penetration and photobiomodulatory 
effects of HILT, such as enhanced mitochondrial activity, 
anti-inflammatory cytokine suppression, and improved 
microcirculation likely contributed to the observed 
outcomes. However, Demiroğlu et al noted that differences 
between HILT and low-level laser therapy were not always 
statistically significant (19). Interestingly, while both 
modalities improved nerve conduction metrics, ESWT 
showed a greater reduction in all electrophysiological 
parameters compared to HILT. This finding may reflect 
ESWT’s direct mechanical influence on Schwann cell 
proliferation and axonal regeneration, as supported by 
Hausner et al in animal models (20). However, HILT 
demonstrated more consistent improvements in functional 
scores, possibly due to its broader anti-inflammatory and 
analgesic effects. Our results also support the findings of 
Yiğit and Ordahan, who reported superior outcomes with 
HILT compared to conservative management, including 
improvements in pain, grip strength, and median nerve 
cross-sectional area (21). The current study adds to 
this evidence by directly comparing HILT with ESWT, 
highlighting that both are effective, but may differ in their 
mechanisms and specific strengths.

Conclusion 
Both HILT and ESWT greatly enhanced pain levels, 
symptom intensity, and functional capacity. While both 
modalities demonstrated comparable clinical efficacy, 
ESWT showed greater improvement in sensory nerve 
conduction latency. These findings support the use of 
either modality as effective non-invasive options, with 
ESWT offering potential advantages in neurophysiological 
recovery.

Limitations of the study
This research had constraints due to its brief follow-up 
period of 12 weeks, which might not fully reflect the lasting 
effects of the treatment. Furthermore, although both 
treatments were applied consistently, personal differences 
in nerve conditions and responses to therapy might affect 
the results. Subsequent studies with bigger sample groups, 
extended follow-up periods, and the incorporation of 
imaging biomarkers (such as ultrasound cross-sectional 
area) could yield more comprehensive insights.
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Table 6. Comparison of SNAPLAT, CMAPLAT, and NCV in the ESWT group before and 12 weeks after intervention

Variable
Pre-intervention 

Mean ± SD
12 Weeks post-intervention 

Mean ± SD
P-value*

Mean 
difference

95% CI of the difference

Lower Upper
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