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Abstract
Introduction: Carpal tunnel syndrome (CTS) is the most common type of peripheral entrapment 
neuropathy that occurs in the wrist area in a space called the carpal tunnel. Low-level laser therapy 
(LLLT) and ultrasound are among the most common methods of physical modalities for treating 
CTS; the effectiveness of these 2 methods and the superiority of one over the other are not agreed 
among experts.
Methods: In the present systematic review and meta-analysis study, the most important databases 
including PubMed, Cochrane Library, Scopus, Centre for Reviews and Dissemination, Science 
Direct, Trip medical database and Google Scholar were searched using appropriate keywords and 
specific strategies without time limitation to collect data. The collected data was analyzed using 
the meta-analytic method and the random-effects model. The heterogeneity among studies was 
examined using I2. The data were analyzed using Review Manager Software.
Results: From among 108 related studies, 49 cases were entered for the first stage. After the final 
examination, 6 studies were selected for meta-analysis. The total number of patients in these 6 
studies was 403; 204 subjects were in the LLLT group and 199 subjects were in the ultrasound 
group. The results of the meta-analyses showed that there was no significant difference between 
these 2 therapeutic methods in terms of pain relief, symptom severity scale (SSS), functional status 
scale (FSS), motor latency, sensory latency, hand grip strength, and motor amplitude.
Conclusion: Based on the meta-analyses, there was no significant difference between the 2 LLLT 
and ultrasound methods; in other words, they had similar effectiveness in improving the condition 
of patients with CTS. However, the authors believe that arriving at conclusions in this area requires 
high-quality and large size studies.
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Introduction
Carpal tunnel syndrome (CTS) is the most common 
type of peripheral entrapment syndrome that occurs in 
the wrist area in a space called the carpal tunnel.1 This 
syndrome is a hand debilitating disease which, if not 
treated, causes median nerve damage and as a result, loss 
of hand function.2

The carpal tunnel consists of wrist bones and transverse 
ligament (flexor retinaculum) in anterior part of the wrist 
and the median nerve passes through this space with 
9 tendons.3 Due to its specific position in the tunnel, 
the median nerve is highly prone to compression and 

in some cases, this syndrome occurs due to repetitive 
wrist activities.4 In repeated flexion and extension of the 
wrist, the pressure in tunnel increases and the nerve is 
compressed further.5 The pressure inside this space varies 
from 18 to 47 mm Hg in different positions in the wrist. 
The studies show that the incidence among women is 4 
times higher than men; it seems that working factors play 
an effective role in developing this syndrome.6 

The risk factors associated with CTS include repetitive 
activities that require the wrists to bend and straighten, 
hysterectomy without oophorectomy, 6 to 12 months after 
the last period in postmenopausal women, pregnancy, and 
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shorter height and higher weight.7,8 Most patients with 
CTS complain of weakness, paresthesia, and numbness 
of fingers in median nerve territory. Many patients also 
suffer from wrist pain at night or after much work with 
their hands or fingers. In the advanced cases of the 
disease, the weakness of thumb and index fingers along 
with atrophy of relevant muscles results in the inability to 
grip and falling of objects from hand.9

There are different methods to treat CTS, including 
medication,10 splint, exercises,11 surgery,12 low-level laser 
therapy (LLLT),13-15 Bioptron,16 and ultrasound.17 Among 
various therapies, the LLLT and ultrasound methods may 
have potential effects on inducing biophysical effects 
within tissues.18,19 The experiments on nerve regeneration 
and neurotransmission, which are affected by LLLT20,21 
and ultrasound22,23 stimulatory effect, suggest that these 
treatments may facilitate the recovery process in the 
compressed nerve. The anti-inflammatory mechanisms, 
improvement of the vascular supply, and production of 
myelin in the median nerve, which may lead to nerve 
reconstruction, reflect the possible effects of LLLT on 
CTS treatment.24

Since LLLT and ultrasound are the most common and 
the most effective physical medicine modalities for this 
disease and there is no comprehensive, up-to-date, and 
systematic study on the superiority of one over the other, 
this study aims to investigate the effectiveness of LLLT 
in comparison with ultrasound in patients with CTS, the 
result of which can be used as a tool for evidence-based 
policy-making and decision-making.

Methods
This study used the methodology of the Cochrane Institute 
for carrying out the systematic review of interventions in 
6 stages.25

In the first stage, the following clinical question was 
designed based on PICOs (Population, Intervention, 
Comparator, Outcome studies) formulation (Box 1).

In the second stage, the most important electronic 
medical resources (PubMed, Cochrane Library, Scopus, 
Centre for Reviews and Dissemination), without time 
limitation until August 2019, based on search strategy 
specific to each database (Table S1, Supplementary file 
1) and other websites (Science Direct, Trip Medical 
Database, Google Scholar) were searched and organized 
in EndNote software.

In the third stage, after the removal of repetitive 

articles, 2 researchers independently selected the studies 
based on the inclusion and exclusion criteria and the 
research question. The review and selection of articles 
were conducted based on the PRISMA diagram.26 In 
the selection of studies, their title, their abstract, and 
their full text were investigated and any disagreement 
at this stage was resolved by consensus and considering 
the third researcher’s opinion. At the end of this stage, 
the references of the individual articles were searched 
manually to ensure that the relevant articles were not lost.

In the fourth stage, 2 individuals independently 
evaluated the quality of articles based on Jadad quality 
assessment criteria27 and 5 indices: (1) Is the study 
randomized? (2) Is the randomization procedure 
appropriate and reported in the study? (3) Is the study 
double-blind? (4) Is the double-blind method appropriate 
and reported in the study? (5) Are the reasons for patient 
withdrawals and dropouts described for each treatment 
group? Any disagreements were resolved by consensus 
and considering the third researcher’s opinion.

In the fifth stage, a special form in Excel 2013 was 
designed to extract the data from the selected articles. 
This form consists of 3 parts: (1) General information 
of articles (such as corresponding author, publication 
year, country, inclusion and exclusion criteria, age of 
patients, number of patients, etc); (2) Statistical data 
related to each outcome (sample size in each group, mean 
and standard deviation of each outcome in each group, 
follow-up duration); and (3) Features of treatment (e.g. 
the wavelength applied in LLLT, the frequency used in 
ultrasound, the number of treatment sessions per group, 
etc).

In the sixth stage, the data were analyzed using the 
meta-analysis method in Review Manager software. 
This study used a standardized mean difference based 
on the reverse variance and random statistical model in 
a 95% confidence interval to determine the effect size. 
The heterogeneity was determined based on I² statistic 
at the 0.05 confidence level; if this statistic is more than 
40% and the P value is less than 0.05, there is a significant 
heterogeneity whose reasons should be investigated.

Results 
A total of 129 articles were found in a search of medical 
electronic databases as well as other information sources. 
After the removal of 21 repetitive articles, 108 articles 
remained. Considering the title and abstract, 59 articles 
were recognized as unrelated and removed. The full text 
of 18 remaining articles was extracted and reviewed. 
Finally, 6 articles published between 2004 and 2019 were 
selected for analysis (Figure 1).

The total number of patients in these 6 studies was 403; 
204 subjects were in the LLLT group and 199 subjects 
were in the ultrasound group. The mean age of patients in 
the LLLT group was at least 35.1 and at most 52.2 and in 
the ultrasound group was at least 36.08 and at most 51.4. 

• Population:  Patients with carpal tunnel syndrome;
• Intervention: Low-level laser therapy;
• Comparator: Ultrasound;
• Outcome: Pain Relief, Symptom Severity Score, Functional 
Status Scale, Visual Analogue Score, Grip Strength, Motor 
Latency, Sensory Latency, Motor Amplitude;
• Type of studies: Clinical Trials relevant to our PICO.

Box 1. Components of the Clinical Question
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The duration of follow-up effects in these articles varied 
between 2 weeks to 12 months. The characteristics of the 
studied articles are presented in Tables 1-3.

The quality of studies was evaluated based on Jadad 
scoring scale.27 Based on consensus among 3 evaluators, 
1 study scored 4, 4 studies scored 3, and 1 study scored 2 
(Table S2, Supplementary file 1).

Pain Relief
In general, 6 articles examined the outcome of pain relief 
based on the visual analogue scale (VAS) on a 10 cm 
linear range. The examination periods in Bartkowiak et 
al,33 Bakhtiary & Rashidy-Pour,28 Dincer et al29, Saeed et 
al30, Ahmed et al32 and Tikiz et al31 studies were 2-3 weeks, 
1 month, 1 & 3 months, 1 month, 6 weeks, and 3 & 6 and 

Figure 1. The Process of Search and Selection of Studies (PRISMA Diagram).

Table 1. Characteristics of the Studied Articles

First Author Year Country Inclusion Criteria
No. of Patients or Wrists Mean Age Follow-up 

TimeLLLT US LLLT US

Bakhtiary28 2004 Iran

Positive Phalen’s test, positive Tinnel’s test, and 
standard electrophysiological criteria including 
prolongation of nerve conduction velocity (i.e., 
motor latency > 4 ms or sensory latency > 3.5 ms)

45 wrists 45 wrists 48 (13.4) 45 (17.1) 4 weeks

Dincer29 2009 Turkey

CTS diagnosis was made with clinical examination 
and electroneuromyography (ENMG), having 
mild, moderate, or advanced CTS according to 
the American Association of Electrodiagnostic 
Medicine guidelines

36 wrists 30 wrists 52.2 (9.1) 49.7(9.5)
1 & 3 

months

Saeed30  2012
Pakistan

Unilateral idiopathic CTS, with symptoms were 
more than 4 months of duration, patients with no 
other compressive neuropathy and generalized 
neuropathy on electrodiagnosis.

50 patients 50 patients 35.1 (6.2)
36.08 
(5.9)

4 weeks

Tikiz31 2013 Turkey

Patients with paresthesia, pain and / or vasomotor 
symptoms at the site of the median nerve 
distribution in their history, those with night 
complaints, longer than 6 weeks of symptom 
duration, and at least one of the Tinel, Phalen and 
Reverse Phalen tests in their physical examination 
were included in the study

13 patients 14 patients 46.6 (8.6) 51.4 (6.3)
3, 6 and 12 

months

Ahmed32 2017 Egypt
Mild to moderate CTS in patients with diabetic 
peripheral neuropathy (DPN) T2DM

25 patients 25 patients
38.08 
(1.11)

39.56 
(1.49)

6 weeks

Bartkowiak33 2019 Poland

Diagnosis of the mild or moderate stage of CTS 
(according to criteria by Whitney and McDonnell) 
by an orthopedist or neurologist, symptom 
duration for more than 3 months, and general 
good health.

35 patients 35 patients
47.4 
(11.1)

46.9 
(10.8)

2-3 weeks
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12 months, respectively. Figure 2 shows the charts of 
this outcome at follow-up times of 2-4 weeks, 6 weeks, 3 
months, 6 months, and 12 months.

The overall result of meta-analyzing this outcome 
showed that although the patients treated with ultrasound 
had a better VAS score, this difference was not statistically 
significant (standard mean difference [SMD] = 0.65; 95% 
CI: -0.1 to 1.41; P = 0.09). The result of the heterogeneity 
test showed that there was a significant difference in 
heterogeneity (I² = 94%; P ≤0.00001).

Symptom Severity Scale 
In general, 4 studies examined the outcome of symptom 
severity scale (SSS) based on Boston questionnaire. The 
examination periods in Bartkowiak et al,33 Dincer et al,29 
Saeed et al,30 and Tikiz et al31 studies were 2-3 weeks, 1 & 3 
months, 1 month, and 3 & 6 and 12 months, respectively. 
Figure 3 shows the charts of this outcome at follow-up 
times of 2-4 weeks, 3 months, 6 months, and 12 months.
The overall result of meta-analyzing this outcome showed 
that there was no statistically significant difference 
between these 2 groups in terms of this outcome (SMD 
= 0.24; 95% CI: -0.6 to 1.08; P = 0.57). The result of the 

Table 2. Characteristics of Treatment With LLLT

Study Wavelength Intensity Energy
Average 
Power

Time of Exposure Sessions of Therapies
Total of 

Therapies

Bakhtiary28 830 nm 9 J 1.8 J/point, 5 points over the wrist N.R N.R
Once a day, 5 times a week 

for 3 weeks
15

Dincer29 904 nm N.R 0.072 J/point, N.R 2.4 mW 30 s at each point
Once a day, 5 times a week, 

for 2 weeks
10

Saeed30  830 nm 9 J 1.8 J/point, N.R N.R N.R
Once a day, 5 times a week 

for 4 weeks
20

Tikiz31 830 nm N.R 1.5 J/point, 5 points over the wrist 30 mW
5 min (1 min per 

point)
5-week period of 5 days per 

week
25

Ahmed32 904 nm 4.8 J 1.2 J/point, 4 points over the wrist 20 mW
4 min (1 min per 

point)
3 sessions weekly for 6 

weeks
18

Bartkowiak33 830 nm 9 J N.R, 5 points over the wrist 100 mW
10 min (2

min per point)
2 weeks (5 session times per 

week)
10

NR: Not Report.

Table 3. Characteristics of Treatment With Ultrasound

Study Frequency
Intensity 
(Power)

Transducer 
Area

Mode Type
Time of
Application

Sessions of Therapies
Total of 
Therapies

Bakhtiary28 1 MHz 1.0 W/cm2 5 cm2
Pulsed mode duty 
cycle of 1:4

15 min per session
Once a day, 5 times a week for 3 
weeks

15

Dincer29 3 MHz 1.0 W/cm2 5 cm2 Continuous mode 3 min per session
Once a day, 5 times a week, for 2 
weeks

10

Saeed30  1 MHz 1.0 W/cm2 N.R N.R N.R
Once a day, 5 times a week for 4 
weeks

20

Tikiz31 3 MHz 1.0 W/cm2 1.4 cm2
Pulsed mode duty 
cycle of 1:4

10 min per session 5-week period of 5 days per week 25

Ahmed32 1 MHz 1.0 W/cm2 N.R
Pulsed mode duty 
cycle of 1:4

15 min per session 3 sessions weekly for 6 weeks 18

Bartkowiak33 1 MHz 1.0 W/cm2 5 cm2
Pulsed mode duty 
cycle of 1:4

6 min over the area 
of the carpal tunnel

2 weeks (5 session times per week) 10

NR: Not Report.

Figure 2. Comparison of Pain Relief Between the LLLT and US 
Treated Groups.

heterogeneity test showed that there was a significant 
difference in heterogeneity (I² = 93%; P ≤ 0.00001).

Functional Status Scale 
In general, 4 articles investigated functional status scale 
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Figure 4. Comparison of FSS Between the LLLT and US Treated 
Groups

Figure 5. Comparison of Motor Latency between the LLLT and 
US Treated Groups.

Figure 6. Comparison of Sensory Latency Between the LLLT and 
US Treated Groups.

Figure 3. Comparison of SSS Between the LLLT and US Treated 
Groups.

(FSS) outcomes based on Boston questionnaire. The 
examination periods in Bartkowiak et al,33 Dincer et al,29 
Saeed et al,30 and Tikiz et al31 studies were 2-3 weeks, 1 & 3 
months, 1 month, and 3 & 6 and 12 months, respectively. 
Figure 4 shows the charts of this outcome at follow-up 
times of 2-4 weeks, 3 months, 6 months, and 12 months.
The overall result of meta-analyzing this outcome showed 
that there was no statistically significant difference 
between these 2 groups in terms of this outcome (SMD 
= 0.35; 95% CI: -0.45 to 1.15; P = 0.4). The result of the 
heterogeneity test showed that there was a significant 
difference in heterogeneity (I² = 93%; P ≤0.00001).

Motor Latency
In general, 5 studies examined motor latency. The 
examination period in Bakhtiary & Rashidy-Pour,28 
Dincer et al29, Saeed et al,30 Ahmed et al,32 and Tikiz et al31 
studies were 1 month, 1 & 3 months, 1 month, 6 weeks, 
and 3 & 6 and 12 months, respectively. Figure 5 shows the 
charts of this outcome at follow-up times of 1 month, 6 
weeks, 3 months, 6 months, and 12 months.

The overall result of meta-analyzing this outcome 
showed that there was no statistically significant difference 
between these 2 groups in terms of this outcome (SMD = 
0.59; 95% CI: -0.39 to 1.58; P = 0.24). The result of the 
heterogeneity test showed that there was a significant 
difference in heterogeneity (I² = 95%; P ≤ 0.00001).

Sensory Latency
In general, 5 studies examined the sensory latency 
outcomes. The examination periods in Bakhtiary & 
Rashidy-Pour,28 Dincer et al,29 Saeed et al,30 Ahmed et al,32 
and Tikiz et al31 studies were 1 month, 1 & 3 months, 1 
month, 6 weeks, and 3 & 6 and 12 months. Figure 6 shows 
the charts of this outcome at follow-up times of 1 month, 
6 weeks, 3 months, 6 months, and 12 months.

The overall result of meta-analyzing this outcome 
showed that there was no statistically significant difference 
between these 2 groups in terms of this outcome (SMD = 

0.47; 95% CI: -0.12 to 1.07; P = 0.12). The result of the 
heterogeneity test showed that there was a significant 
difference in heterogeneity (I² = 89%; P ≤ 0.00001).
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Hand Grip Strength
In general, 4 studies examined hand grip strength. The 
examination periods in Bartkowiak et al,33 Bakhtiary & 
Rashidy-Pour,28 Ahmed et al,32 and Tikiz et al31 studies 
were 2-3 weeks, 1 month, 6 weeks, 3 & 6 and 12 months. 
Figure 7 shows the charts of this outcome at follow-up 
times of 2-4 weeks, 6 weeks, 3 months, 6 months, and 12 
months.

The overall result of meta-analyzing this outcome 
showed that there was no statistically significant difference 
between these 2 groups in terms of this outcome (SMD 
= -0.17; 95% CI: -0.61 to 0.31; P = 0.27). The result of 
the heterogeneity test showed that there was a significant 
difference in heterogeneity (I² = 69%; P = 0.006).

Motor Amplitude
In general, 3 studies examined motor amplitude. The 
examination periods in Bakhtiary & Rashidy-Pour,28 
Ahmed et al,32 and Tikiz et al31 studies were 1 month, 6 
weeks, and 3 & 6 and 12 months, respectively. Figure 8 
shows the charts of this outcome at follow-up times of 
1 month, 6 weeks, 3 months, 6 months, and 12 months.

The overall result of meta-analyzing this outcome 
showed that there was no statistically significant difference 
between these 2 groups in terms of this outcome (SMD = 
-0.34; 95% CI: -0.8 to 0.11; P = 0.14). The result of the 
heterogeneity test showed that there was a significant 
difference in heterogeneity (I² = 55%; P = 0.06).

Discussion
Using systematic review and meta-analysis, this study 
evaluated the effectiveness of LLLT in comparison with 
ultrasound in patients with CTS based on 7 outcomes: 
(1) pain relief, 2) SSS, (3) FSS, 94) hand grip strength, 
(5) sensory latency, (6) motor latency, and (7) motor 
amplitude. This study analyzed 6 randomized clinical 
trials which examined 403 samples during a follow-up 
period from 2 weeks to 12 months. The quality assessment 
of studies was conducted based on Jadad criteria27; it was 
shown that only one article had acceptable quality and 
other articles generally had poor quality.

Four articles compared LLLT and ultrasound methods 
without any quantitative treatment. Dincer et al29 used 
splint and Bartkowiak et al33 used gliding exercises along 
with LLLT and ultrasound. All studies examined the 
outcomes in the short term in less than 3 months except 
Tikiz et al31 who followed up the outcomes for up to 12 
months.

Ahmed et al32 studied diabetic patients with type 2 
diabetes mellitus (T2DM) peripheral neuropathy with 
mild to moderate CTS. Dincer et al29 studied the patients 
who had mild, moderate or advanced CTS based on the 
American Association of Electrodiagnostic Medicine 
(AAEM) guideline. Bartkowiak et al33 studied the 
patients with mild to moderate CTS based on Whitney 
and McDonnell criteria. Three other studies investigated 

Figure 7. Comparison of Hand Grip Strength Between the LLLT 
and US Treated Groups.

Figure 8. Comparison of Motor Amplitude Between the LLLT and 
US Treated Groups.

the patients with idiopathic CTS who were diagnosed by 
similar criteria.

The wavelength of laser therapy in the studies by 
Dincer et al29 and Ahmed et al32 was 904 nm and in 
other studies, it was 830 nm. The duration of radiation 
exposure varied from 30 seconds in Dincer et al study up 
to 2 minutes in Bartkowiak et al study. The severity was 
not reported in the studies by Tikiz et al31 and Dincer et 
al29; it was 4.8 J in Ahmed et al32 study and 9 J in other 
studies. The total number of treatment sessions in the 
studies by Dincer et al29 and Bartkowiak et al33 was 10, in 
Bakhtiary and Rashidy-Pour28 study was 15, in Ahmed et 
al32 study was 18, in Saeed et al study was 20, and in Tikiz 
et al31 study was 25. The frequency of ultrasound was 3 
kHz in the studies by Dincer et al29 and Tikiz et al31 and it 
was 1 kHz in other studies. The duration of exposure to 
radiation varied from 3 minutes in Dincer et al29 study to 
24 minutes in the studies by Ahmed et al32 and Bakhtiary 
& Rashidy-Pour.28 The intensity and power used in all 
studies was 1.0 W/cm2. The total number of treatment 
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sessions in the studies conducted by Dincer et al,29 
Bartkowiak et al,33 Bakhtiary & Rashidy-Pour,28 Ahmed 
et al,32 Saeed et al,30 and Tikiz et al31 were 10, 10, 15, 18, 
20, and 25 respectively. Dincer et al29 used a continuous 
mode, Saeed et al did not report it, and other studies used 
a pulsed mode duty cycle of 1: 4.

The analysis of the studied articles showed that there 
was no significant difference or significant clinical benefit 
in pain relief (SMD = 0.65; 95% CI: -0.1 to 1.41; P = 0.09), 
SSS (SMD = 0.24; 95% CI: -0.6 to 1.08; P = 0.57), FSS 
(SMD = 0.35; 95% CI: -0.45 to 1.15; P = 0.4), motor latency 
(SMD = 0.59; 95% CI: -0.39 to 1.58; P = 0.24), sensory 
latency (SMD = 0.47; 95% CI: -0.12 to 1.07; P = 0.12), 
hand grip strength (SMD = -0.17; 95% CI: -0.61 to 0.31; 
P = 0.27), and motor amplitude (SMD = -0.34; 95% CI: 
-0.8 to 0.11; P = 0.14) in treating CTS with ultrasound or 
LLLT. In all meta-analyses, the result of the heterogeneity 
test was significant and the I² statistic was calculated to be 
between 55% and 95%.

Studying the effectiveness of LLLT in comparison with 
non-surgical therapeutic methods such as ultrasound, 
Rankin et al34 analyzed 3 articles (Saeed, Tikiz, and 
Bakhtiary). In this study, the meta-analysis of SSS and FSS 
outcomes based on the articles authored by Tikiz et al31 and 
Saeed et al30 showed that ultrasound therapy was superior 
without any heterogeneity. There was no significant 
difference in grip strength, but the results of pain relief, 
sensory latency, and motor latency were reported in favor 
of ultrasound; heterogeneity with I² statistic of 65% to 
89% was significant in these analyses. The present study 
investigated 6 articles; 2 cases used other methods along 
with LLLT and ultrasound interventions. Dincer et al29 

used splint and Bartkowiak et al33 used gliding exercises 
along with LLLT and ultrasound. In this study, it was 
assumed that splint or gliding exercises, if useful, may 
increase the effectiveness of both methods similarly. For 
this reason, it was determined that these 2 studies should 
be analyzed along with other articles. Additionally, in 
another study,32 the treated patients were different from 
the patients of other articles. In this study, the population 
consisted of peripheral neuropathy diabetic patients 
(T2DM) with mild to moderate CTS. Due to diabetes 
disease caused by peripheral neuropathy (T2DM), it 
seems that the effectiveness of LLLT and ultrasound 
methods in this study is different from the other studies.

In the meta-analysis of all outcomes, the I2 statistic, 
which is the criterion for the presence of heterogeneity, 
was calculated to be between 55% and 95%; this indicates 
a high heterogeneity level. The reasons for heterogeneity 
and analysis limitations in this study are as follows.

The treated population is not included by similar 
criteria. It seems that the stage, severity, cause of disease, 
and presence of disease associated with CTS may affect 
the effectiveness of treatment. Another factor may be 
found in therapeutic procedures (including frequency 
or intensity used in ultrasound or the wavelength and 

energy used in laser radiation). In addition, the duration 
of exposure, the number of wrist exposure points, and the 
number of treatment sessions are also the variables which 
are investigated in the analyzed articles and it seems 
that they may cause heterogeneity and impact on the 
effectiveness of treatment and outcomes. In Tikiz et al31 

study, the sample size in the laser group was 13 and in the 
ultrasound group was 14; this low sample size caused bias 
in its results. In addition, the quality evaluation indicated 
that its quality was low.

Conclusion
Based on meta-analyses, there was no significant difference 
between LLLT and ultrasound methods; in other words, 
the effectiveness of both methods in treating patients 
with CTS was similar and none had superiority over 
the other. However, the authors argued that considering 
the limitations mentioned above and because of the low 
quality of evidence, arriving at a proper conclusion in this 
area requires high quality and large size studies.

Ethical Considerations
The study was approved by the Ethical Committee of 
Shahid Beheshti University of Medical Sciences and 
conducted in accordance with the ethical guidelines 
of the Declaration of Helsinki (IR.SBMU.RETECH.
REC.1398.177).

Conflict of Interests
The authors declare no conflict of interest.

Supplementary Materials
Supplementary file 1 contains Tables S1-S2.

References
1. Blumenthal S, Herskovitz S, Verghese J. Carpal tunnel 

syndrome in older adults. Muscle Nerve. 2006;34(1):78-83. 
doi: 10.1002/mus.20559

2. Kamolz LP, Beck H, Haslik W, Högler R, Rab M, 
Schrögendorfer KF, et al. Carpal tunnel syndrome: a 
question of hand and wrist configurations? J Hand Surg Br. 
2004; 29(4):321-4. doi: 10.1016/j.jhsb.2003.09.010.

3. Tillmann B, Gretenkord K. The course of the median nerve 
in the carpal canal. Morphol Med. 1981;1(1):61-9. 

4. Goodyear-smith F, Arroll B. What can family physicians 
offer patients with carpal tunnel syndrome other than 
surgery? a systematic review of nonsurgical management. 
Ann Fam Med. 2004;2(3):267-273. 10.1370/afm.21.

5. Goodman CM, Steadman AK, Meade RA, Bodenheimer 
C, Thornby J, Netscher DT. Comparison of carpal canal 
pressure in paraplegic and nonparaplegic subjects: clinical 
implications. Plast Reconstr Surg. 2001;107(6):1464-71. doi: 
10.1097/00006534-200105000-00024 

6. Johnson EW, Pease WS. Practical electromyography. 3th 
ed. USA: Williams and Wilkins 1997. p. 195-203. 

7. de Krom MC, Kester AD, Knipschild PG, Spaans F. Risk 
factors for carpal tunnel syndrome. Am J Epidemiol. 
1990;132(6):1102-10. doi: 10.1093/oxfordjournals.aje.



Journal of Lasers in Medical Sciences  Volume 10, Suppl 1, Autumn 2019 S89

                                                                                                 LLLT vs US in CTS: Meta-analysis

a115753
8. Bahrami MH, Rayegani SM, Fereidouni M, Baghbani 

M. Prevalence and severity of carpal tunnel syndrome 
(CTS) during pregnancy. Electromyogr Clin Neurophysiol. 
2005;45(2):123-5.

9. Jenkins DB. Hollinshead’s Functional Anatomy of the 
Limbs and Back-E-Book. Elsevier Health Sciences; 2008. 

10. Curran MWT, Morhart MJ, Olson JL, Hachisuka A, Chan 
KM. Acetyl-L-Carnitine to Enhance Nerve Regeneration in 
Carpal Tunnel Syndrome: A Double-Blind, Randomized, 
Controlled Trial. Plast Reconstr Surg. 2019;143(1):111e-120e. 
doi: 10.1097/PRS.0000000000005089.

11. Yildirim P, Dilek B, Şahin E, Gülbahar S, Kizil R. 
Ultrasonographic and clinical evaluation of additional 
contribution of kinesiotaping to tendon and nerve gliding 
exercises in the treatment of carpal tunnel syndrome. Turk 
J Med Sci. 2018 ;48(5):925-32. doi: 10.3906/sag-1709-72.

12. Fernández-de-Las Peñas C, Ortega-Santiago R, de la Llave-
Rincón AL, Martínez-Perez A, Fahandezh-Saddi Díaz H, 
Martínez-Martín J, et al. Manual physical therapy versus 
surgery for carpal tunnel syndrome: a randomized parallel-
group trial. J Pain. 2015;16(11):1087-94. doi: 10.1016/j.
jpain.2015.07.012

13. Fusakul Y, Aranyavalai T, Saensri P, Thiengwittayaporn S. 
Low-level laser therapy with a wrist splint to treat carpal 
tunnel syndrome: a double-blinded randomized controlled 
trial. Lasers Med Sci. 2014;29(3):1279-87. doi: 10.1007/
s10103-014-1527-2

14. Rayegani SM, Bahrami MH, Eliaspour D, Raeissadat SA, 
Shafi Tabar Samakoosh M, Sedihgipour L, et al. The effects 
of low intensity laser on clinical and electrophysiological 
parameters of carpal tunnel syndrome. Lasers Med Sci. 
2013;4(4):182-9.

15. Raeissadat A, Soltani ZR. Study of long term effects of laser 
therapy versus local corticosteroid injection in patients 
with carpal tunnel syndrome. Lasers Med Sci. 2010;1(1):24-
30.

16. Raeissadat SA, Rayegani SM, Rezaei S, Sedighipour L, 
Bahrami MH, Eliaspour D, Karimzadeh A. The effect of 
polarized polychromatic noncoherent light (bioptron) 
therapy on patients with carpal tunnel syndrome. J Lasers 
Med Sci. 2014;5(1):39. doi: 10.22037/jlms.v5i1.4840

17. Chen PC, Wang LY, Pong YP, Hsin YJ, Liaw MY, Chiang 
CW. Effectiveness of Ultrasound-guided vs direct approach 
corticosteroid injections for carpal tunnel syndrome: a 
doubleblind randomized controlled trial. J Rehabil Med. 
2018;50(2):200-8. doi: 10.2340/16501977-2308.

18. Ebenbichler GR, Resch KL, Nicolakis P, Wiesinger GF, Uhl 
F, Ghanem AH, et al. Ultrasound treatment for treating the 
carpal tunnel syndrome: randomised “sham” controlled 
trial. Br Med J. 1998;316(7133):731-5. doi: 10.1136/
bmj.316.7133.731.

19. Naeser MA, Hahn KA, Lieberman BE, Branco KF. Carpal 
tunnel syndrome pain treated with low-level laser and 
microamperes transcutaneous nerve stimulation: A 
controlled study. Arch Phys Med Rehabil. 2002;83:978-988. 
doi: 10.1053/apmr.2002.33096.

20. Basford JR, Hallman HO, Matsumoto JY, Moyer SK, Buss 
JM, Baxter GD. Effects of 830 nm continuous wave laser 
diode irradiation on median nerve function in normal 
subjects. Lasers Surg Med.1993;13(6): 597-604. doi: 
10.1002/lsm.1900130602 

21. Rayegani SM, Raeissadat SA, Heidari S, Moradi-Joo M. 
Safety and effectiveness of low-level laser therapy in 
patients with knee osteoarthritis: a systematic review and 
meta-analysis. J Lasers Med Sci. 2017;8(Suppl 1):S12.  doi: 
10.15171/jlms.2017.s3

22. Hong CZ, Liu HH, Yu J. Ultrasound thermotherapy effect 
on the recovery of nerve conduction in experimental 
compression neuropathy. Arch Phys Med Rehabil. 
1988;69(6):410-4. 

23. Kramer JF. Effect of therapeutic ultrasound intensity 
on subcutaneous tissue temperature and ulnar nerve 
conduction velocity. Am J Phys Med. 1985;64(1):1-9. 

24. Li ZJ, Wang Y, Zhang HF, Ma XL, Tian P, Huang 
Y. Effectiveness of low-level laser on carpal tunnel 
syndrome: a meta-analysis of previously reported 
randomized trials. Medicine. 2016;95(31):1-6. doi: 10.1097/
MD.0000000000004424.

25. Higgins JPT, Green S (Eds). Cochrane Handbook for 
Systematic Reviews of Interventions Version 5.1.0: updated 
March 2011. The Cochrane Collaboration; 2011. Available 
from: http://www.cochrane-handbook.org

26. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA 
Group. Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses: The PRISMA Statement. PLoS Med. 
2009;6(7): e1000097. doi: 10.1371/Fjournal.pmed.1000097.

27. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds 
DJ, Gavaghan DJ, et al. Assessing the quality of reports 
of randomized clinical trials: is blinding necessary? 
Control Clin Trials. 1996;17(1):1-2. doi: 10.1016/0197-
2456(95)00134-4.

28. Bakhtiary AH, Rashidy-Pour A. Ultrasound and laser 
therapy in the treatment of carpal tunnel syndrome. 
Aust J Physiother. 2004;50(3):147-51. doi:10.1016/S0004-
9514(14)60152-5

29. Dincer U, Cakar E, Kiralp MZ, Kilac H, Dursun H. The 
effectiveness of conservative treatments of carpal tunnel 
syndrome: splinting, ultrasound, and low-level laser 
therapies. Photomed Laser Surg. 2009;27(1):119-25. doi: 
10.1089/pho.2008.2211.

30. Saeed FU, Hanif S, Aasim M. The effects of laser and 
ultrasound therapy on carpal tunnel syndrome. Pakistan J 
Med Heal Sci. 2012; 6:238-41.

31. Tikiz C, Duruoz T, Unlu Z, Cerrahoglu L, Yalcinsoy E. 
Comparison of the efficacy of low-level laser therapy and 
pulsed ultrasound treatment in Carpal Tunnel Syndrome: 
a placebo-controlled study. Turk J Phys Med Rehab. 
2013;59(3):201-9. doi: 10.4274/tftr.04764.

32. Ahmed OF, Elkharbotly AM, Taha N, Bekheet AB. 
Treatment of mild to moderate carpal tunnel syndrome 
in patients with diabetic neuropathy using low level laser 
therapy versus ultrasound controlled comparative study. 
BBA Clin. 2017;8:43-7. doi: 10.1016/j.bbacli.2017.07.001.

33. Bartkowiak Z, Eliks M, Zgorzalewicz-Stachowiak M, 
Romanowski L. The effects of nerve and tendon gliding 
exercises combined with low-level laser or ultrasound 
therapy in carpal tunnel syndrome. Indian J Orthop. 
2019;53(2):347-52. doi: 10.4103/ortho.IJOrtho_45_17.

34. Rankin IA, Sargeant H, Rehman H, Gurusamy KS. Low‐
level laser therapy for carpal tunnel syndrome. Cochrane 
Database Syst Rev. 2017(8). doi: 10.1002/14651858.
CD012765.

http://www.cochrane-handbook.org/

