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ABSTRACT
Aim: The most frequent type of peripheral entrapment neuropathy is carpal tunnel syndrome (CTS), which is caused by 
compression of the median nerve at the wrist level. Ultrasound (US) and low-intensity laser therapy (LILT) are among the most 
commonly used physical therapy methods in the treatment of CTS. The aim of this study is to examine the efficacy of US and 
LILT in the treatment of CTS and their superiority to each other.
Material and Method: Patients who were admitted to the physical therapy program with the diagnosis of CTS in our clinic 
were retrospectively examined. A total of eleven patients (18 wrists) diagnosed with mild and moderate CTS were included 
in our study with the G-Power program with a 5 % margin of error and 80 % power. Patients were divided into US and 
LILT groups using a simple randomization method. The patients were evaluated in terms of clinical and electrophysiological 
parameters before and after treatment.
Results: A total of 18 wrists were included in our study, of which eight patients were diagnosed with mild CTS and the rest 
(n=10) with moderate CTS. The mean age of the patients was 49.66±10.68 years. When the post-treatment clinical (Boston 
Carpal Tunnel Syndrome Questionnaire (BCTQ), hand and pinch grip strength, measurement of wrist joint range of motion) 
and electrophysiological parameters were evaluated between the US and LILT groups, no significant difference was found in 
terms of their superiority over each other (p>0.05). When the LILT group was compared before and after treatment, a statistically 
significant difference was found in the degree of wrist extension, handgrip strength and BCTQ parameters. (p<0.05).
Conclusion: When US and LILT were compared in patients with mild and moderate carpal tunnel syndrome, no significant 
difference was found between the groups in terms of clinical and electrophysiological parameters. However, a statistically 
significant difference was found in the LILT group in terms of some clinical parameters before and after treatment.
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INTRODUCTION
Carpal Tunnel Syndrome (CTS) is the most common clinical 
entrapment mononeuropathy caused by compression of 
the median nerve at the wrist level (1). Its prevalence is 
around 3-6% (2). It is more common in females between 
the ages of 40 and 60 and is usually bilateral (3). Most 
patients complain of one or more of the symptoms such 
as weakness, pain, numbness or tingling in the hand, 
especially in the thumb, index and middle fingers (4). The 
severity of these symptoms increases at night and may wake 
the patient from sleep (5). CTS risk factors can be chronic 
diseases such as diabetes mellitus or functional disorders 
of the thyroid, as well as pregnancy, high body mass index, 
repetitive traumas (2). The most frequently used tests in the 
clinic for diagnosis are Tinel and Phalen tests, but the most 
reliable objective method is electrodiagnostic tests (6). 

Conservative treatments used to manage CTS are diverse. 
Some of the commonly used are tendon gliding exercises, 
wrist splinting, local corticosteroid injections, and 
physical therapy modalities (7,8). The most commonly 
used physical therapy modalities are low-intensity laser 
therapy (LILT) and ultrasound (US) therapy (9). It is 
thought that these two methods have biophysical effects 
on nerve tissue and facilitate nerve healing by stimulating 
regeneration (10). 

The aim of this study is to examine the efficacy and 
superiority of LILT and US therapies used in the 
treatment of patients with CTS, using clinical and 
electrophysiological parameters.
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MATERIAL AND METHOD
The study was initiated with the approval of the 
Research Ethics Committee of Amasya University (Date: 
08/10/2020, Decision No: 2020/117). All procedures 
were carried out in accordance with the ethical rules and 
the principles of the Declaration of Helsinki. 

Study Design and Participants
The study was planned as a retrospective. In the 
test performed with the G-Power program with 5% 
margin of error and 80% power, it was revealed that 
the groups should have at least seven people. The 
study groups consisted of patients who applied to the 
Amasya University Physical Therapy and Rehabilitation 
polyclinic with complaints of pain and tingling in the 
wrist between November 2020 and January 2021. Clinical 
examination and electroneuromyography (ENMG) 
were used to diagnose CTS. Median nerve conduction 
studies were performed on all patients, and patients were 
classified as mild, moderate, and advanced according 
to the American Electrodiagnostic Medical Association 
guidelines (11). According to this guidelines, (a) Normal 
means no electrophysiological abnormality (b) Mild CTS 
represents the reduction in sensory conduction velocity 
(SCV), distal motor latency (DML) is within normal 
limits; (c) Moderate CTS: prolongation of DML, slowing 
of SCV (d) Severe CTS: It means the prolongation of the 
DML and the absence of sensory conduction. (12-14). 

Patients diagnosed with mild or moderate CTS were 
included in the study. Patients with advanced CTS 
diagnosis, surgical operation in the wrist region, fractures 
in the nearby region and metal or implants in the vicinity 
of the wrist region were not included in the study. Wrist 
splint was prescribed to all patients. Included patients 
were randomly divided into two groups, US and LILT, by 
simple randomization (www.randomizer.org).

After obtaining the demographic data of the patients, the 
Boston Carpal Tunnel Syndrome Questionnaire (BCTQ) 
was administered to each patient. BCTQ consists of 
two sub-sections as Symptom Severity Scale (SSS) and 
Functional Status Scale (FSS). A high score indicates the 
severity of symptoms and inadequate functional status 
(15). Turkish validity and reliability were established 
(16). ENMG evaluations of the patients participating 
in the study were made by the same physiatrist at room 
temperature with the Nihon-Kohden MEB-9400K 
(Nihon Kohden Corp, Tokyo, Japan) EMG device. 

A hand dynamometer (Baseline Dynomometer, New York, 
USA) was used to evaluate the handgrip strength of the 
patients, and a pinch meter (Baseline Pinchmeter, New 
York, USA) was used to evaluate the pinch grip strength. 
While measuring the handgrip, it was measured using 
level 2 resistance (3.75 cm) with the elbow in 90° flexion 

and the forearm and wrist in neutral position. Maximum 
contraction was requested from the patients, adequate rest 
intervals were given, and the measurements were taken 3 
times and the average was recorded as kilograms. Pinch grip 
strength was evaluated by squeezing the metal part of the 
pinch meter with the thumb tip on one side and the index 
fingertip on the other side. The average of 3 repetitions 
given an adequate rest interval was recorded (17). 

Measurements of wrist joint range of motion are one 
of the measurable parameters that inform us about the 
functional status of the hand in CTS patients (18). When 
measuring wrist flexion and extension, the pivot point is 
taken as the styloid process of the radius and the fixed 
arm of the goniometer is at the radius. The movable arm 
followed the second metacarpal bone. While measuring 
the wrist radial and ulnar deviations, the forearm was 
kept on the table in the prone position, then the fixed 
arm of the goniometer was placed on the midline of the 
forearm and the movable arm was placed on the third 
metacarpal bone (19). 

ROM and grip strength measurements were performed 
by the same physiotherapist. Evaluations (ENMG, ROM, 
grip strength) were made for all patients before and 
after treatment. The patient evaluations before the study 
started and on the 30th day after the treatment sessions 
were statistically compared.

Treatment Protocol
 All patients received 10 sessions of physical therapy, 5 
sessions per week. Patients in the US group were given 
1 MHz frequency, 1.0 W/cm2 intensity, and 3-minute 
pulsed type US therapy with a mobile US device 
(Chattanooga 2776, USA). In the LILT group, 904 Nm 
wavelength, 9J and 5-point application laser device was 
applied to the wrist for 5 minutes, with the patient and 
therapist taking the necessary safety precautions.

Statistical Analysis
Research data was uploaded to the computer environment 
and evaluated by means of  SPSS® version 21.0 statistical 
package program (SPSS Inc., Chicago, IL, USA). In 
order to ensure that the selection of the patients to the 
study groups was random, they were divided into two 
groups using a simple randomization program. The 
conformity of the variables to the normal distribution 
was examined using visual (histogram and probability 
graphs) and analytical methods (Shapiro-Wilk Test). 
Descriptive statistics were presented as mean±standard 
deviation and median (25%-75%). The Independent 
Groups T-Test was used for the statistical significance 
between two independent groups for the variables found 
to have a normal distribution. Paired T Test was used as 
a statistical method for statistical significance between 
two dependent groups. For the variables that do not 
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one group and LILT (n=10) to the other group. When Table 
1 and Table 2 were examined, a significant difference was 
found only in the degree of wrist radial deviation when the 
parameters before the treatment and at the 1st month were 
compared in the group receiving US treatment. On the 
other hand, a statistically significant difference was found 
in the degree of extension, handgrip strength, BCTQ 
in the LILT group (p<0.05). No statistically significant 
difference was found between the US and LILT groups 
before the treatment in terms of wrist flexion degrees, 
wrist radial and ulnar deviation degrees, hand and pinch 
strength values, ENMG and BCTQ parameters, except 
for the degree of wrist extension (p>0.05). There was no 
statistically significant difference between the groups in 
terms of clinical and electrophysiological parameters in 
the first month after treatment (p>0.05).

show normal distribution; Mann-Whitney U Test was 
used for significance between two independent groups 
and Wilcoxon Signed Rank Test was used between two 
dependent groups.The results were evaluated at the 95% 
confidence interval, statistically at the p<0.05 level.

RESULTS
When the demographic data of the patients were 
examined, the mean age of the patients was 49.66±10.68 
years. Bilateral CTS was diagnosed in seven of the patients 
included in the study. Only one of the patients were men. 
When the patients who received treatment were evaluated, 
eight patients were diagnosed with mild CTS and the rest 
(n=10) were diagnosed with moderate CTS. The patients 
were divided into two groups and US (n=8) was applied to 

Table 1. Comparison of clinical parameters within and between groups before and after treatment
LILT (n=10) US (n=8) p value

Wrist flexion pre 66.6±7.1 65.7±3.7 0.767a

Wrist flexion post 69.3±6.0 67.8±3.2 0.558a

p value 0.212b 0.340b

Wrist extension pre 59.2±5.4 65.8±4.2 0.012a

Wrist extension post 66.6±7.2 68.8±9.2 0.567a

p value 0.013b 0.463b

Wrist radial deviation pre 22.3±8.0 25.5±2.6 0.302a

Wrist radial deviation post 22.4±3.6 22.1±2.7 0.864a

p value 0.960b 0.011b

Wrist ulnar deviation pre 45.3±5.9 46±4.5 0.788a

Wrist ulnar deviation post 46.2±6.7 43.5±2.3 0.300a

p value 0.718b 0.150b

Handgrip pre 51.6±22.7 30.00 (17.0-51.75) 0.075c

Handgrip post 63.2±24.3 41.50 (14.0-58.00) 0.075c

p value 0.002b 0.779d

Pinch grip pre 12.7±6.0 8.7±5.2 0.165a

Pinch grip post 13.3±6.3 8.1±3.2 0.052a

p value 0.541b 0.590b

FSS pre 21.7±6.2 18.50 (13.25 - 31.25) 0.687c

FSS post 14.3±5.0 16.50 (12.50 – 18.00) 0.315c

p value 0.00b 0.105d

SSS pre 27.4±5.8 27.6±9.8 0.953a

SSS post 18.1±5.0 23.6±9.5 0.133a

p value 0.003b 0.363b

a: Independent t test, b: Paired t test, c: Mann-Whitney U test, d:Wilcoxon, Numerical data showing normal distribution are given as mean±standard deviation. Numerical data that 
do not show normal distribution are given as median(%25-%75). (LILT: Low-intensity laser therapy, US: Ultrasound therapy, Pre: Before treatment, Post: After treatment 1 month, 
FSS: Functional status scale, SSS: Symptom severity scale)

 Table 2. Comparison of electrophysiological parameters within and between groups before and after treatment
LILT (n=10) US (n=8) p value

Median nerve motor amplitude pre 12.9±4.0 12.9±3.2 1.000a

Median nerve motor amplitude post 10.8±3.7 11.5±2.9 0.673a

p value 0.123b 0.300b

Median nerve distal motor latency pre 4.2±0.7 3.83(3.24 – 4.34) 0.360c

Median nerve distal motor latency post 4.1±0.5 3.48(3.24 – 4.22) 0.110cv
p value 0.659b 0.161d

Median nerve sensory conduction velocity pre 37.00(33.25-44.83) 39.10(34.40-47.43) 0.762c

Median nerve sensory conduction velocity post 37.45(33.30-42.10) 42.35(37.50-49.03) 0.203c

p value 0.878d 0.125d

Median nerve motor conduction velocity pre 54.8±5.5 57.7±3.2 0.207a

Median nerve motor conduction velocity post 54.5±6.0 59.9±4.7 0.055a

p value 0.792b 0.341b

a: Independent t test, b: Paired t test, c:Mann-Whitney U test, d:Wilcoxon, Numerical data showing normal distribution are given as mean±standard deviation. Numerical data that 
do not show normal distribution are given as median (%25-%75). (LILT: Low-intensity laser therapy, US: Ultrasound therapy, Pre: Before treatment, Post: After treatment 1 month, 
FSS: Functional status scale, SSS: Symptom severity scale)
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DISCUSSION
In this study, the efficacy of US and LILT therapies in 
patients diagnosed with CTS in the physical therapy 
outpatient clinic was compared in terms of clinical and 
electrophysiological aspects. Although there are many 
studies in the literature comparing the efficacy of US and 
LILT treatment in CTS (20-22), no study has been found 
that evaluated the measurement of wrist joint range of 
motion (extension, flexion, radial and ulnar deviation), 
BCTQ, hand and pinch grip, and ENMG. 

CTS is a disease that is common in society and negatively 
affects people's daily living activities. Various conservative 
and surgical treatment methods are used in the treatment 
of CTS (23). Although surgery is an effective treatment 
option, non-invasive methods are the first choice in 
treatment because of the possibility of recurrence, 
complications, and failure. Conservative treatment 
methods include; splinting, injections, physical therapy 
and alternative therapies (24,25). LILT and US are more 
prominent among physical therapy modalities. Although 
numerous studies have been conducted in the literature, 
there is no consensus on the efficacy and superiority of 
these treatments (25). 

US is one of the physical therapy agents commonly used 
in the treatment of musculoskeletal pain. US converts 
electrical energy into sound waves. As it passes through 
the tissues, it acts by creating heat according to the tissue 
resistances (26). There are numerous research on the use 
of US in the treatment of CTS in the literature. However, 
a full judgment has not been reached regarding the 
effectiveness of US in the treatment of CTS. Ebenbichler 
et al. (10) evaluated the effectiveness of US therapy in 
CTS with their study on 45 patients with bilateral CTS, 
significant improvement in treated wrists was reported 
at six-month follow-up. Clinical improvement and a 
substantial electrophysiological change were observed 
in all groups in another investigation comparing the 
effectiveness of US treatment at different doses (0 W/cm2, 
0.8 W/cm2, 1.5 W/cm2) in CTS (27). In another study 
conducted on 30 wrists with mild and moderate CTS, it 
was found that low-intensity (0.5 W/cm2) US treatment 
provided clinical improvement but did not show any 
significant electrophysiological change (28). In a study of 
40 patients with a one-year follow-up, Kamalakannan et 
al. (29) found that US therapy did not produce a clinically 
significant benefit in CTS. Similarly, in our study it was 
observed that US treatment did not have a statistically 
significant effect on clinical and electrophysiological 
parameters in CTS.

LILT is used to treat chronic painful conditions such 
as musculoskeletal injuries, arthritic conditions, and 
postherpetic neuralgia (30,31). The mechanism of action 

of LILT is thought to be an increase in ATP production, 
high endorphin levels, and anti-inflammatory effects. It 
is also known to accelerate collagen synthesis, activate 
angiogenesis and increase microcirculation (32). The 
results obtained in previous studies investigating the 
efficacy of LILT in CTS are contradictory. Shooshtari 
et al. (33) showed a significant improvement in clinical 
symptoms, nerve conduction studies, and handgrip 
strength in the laser group compared to placebo. In 
another study evaluating the efficacy of LILT in CTS, it 
was shown that laser therapy was not more effective than 
placebo on clinical and electrophysiological parameters 
(34). In our study, while clinical parameters of SSS, FSS, 
handgrip strength and degree of wrist extension were 
improved after treatment in patients who underwent 
LILT, it was observed that LILT had no effect on 
electrophysiological parameters.

When studies comparing US and LILT are examined, 
their effectiveness and superiority to each other are still 
discussed. In a study of 50 patients with CTS, US therapy 
was found to be more effective than LILT in all clinical 
and electrophysiological parameters (20). Tikiz et al. 
(22) suggested that the short-term and medium-term 
efficacy of US on clinical parameters is greater than 
that of LILT. However, they did not observe significant 
differences in electrophysiological parameters. Dincer 
et al. (21) showed that the combination of US or DYLT 
with splinting is more effective than splinting alone in the 
treatment of CTS. However, it has been determined that 
laser therapy is more effective than US therapy in terms 
of results such as decreasing symptom severity, relieving 
pain and increasing patient satisfaction. When the results 
were examined; however, in our study no superiority was 
found between US and DYLT in terms of post-treatment 
clinical and electrophysiological parameters.

The major limitation of our study is that it was planned to 
study on a small number of patients. It is also considered 
as not evaluating the long-term effects of US and DYLT. 
One of the most important limitations is that there is no 
placebo comparison.

CONCLUSION 
US and LILT are non-invasive treatment methods that 
can be effective in reducing symptoms in the treatment 
of mild and moderate CTS. However, the advantages of 
these physical therapy methods over each other have not 
been fully clarified yet. According to our clinical study, 
when US and LILT were compared in patients with mild 
to moderate carpal tunnel syndrome, no significant 
difference was found between the groups in terms 
of clinical and electrophysiological parameters after 
treatment. However, a significant difference was found 
in the LILT group before and after treatment in terms of 
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degree of extension, gross grip, FDS and SSS parameters. 
More research is needed to compare the advantages and 
efficacies of US and LILT treatments.
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