
INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common musculoskeletal 
disorder resulting from ischemic response to the median nerve in the 
carpal tunnel. The compression of the median nerve through carpal tun-
nel at the wrist that causes symptoms in the distribution of the median 
nerve especially in the thumb, index finger and middle fingers1). The 
clinical presentations are intermittent paraesthesia and dysesthesia that 
typically occurs at night and early in the morning2). The prevalence and 
incidence of CTS are common, ranging between 0.6% and 14.4% in the 
general population, with a high incidence in women then men3). The 
major risk factors have been identified in three factors including 
mechanical, anatomical and physiological factors. The primary risk fac-
tors for CTS include gender, age (adult), obesity and nature of working. 
While secondary risk factors include injuries within the carpal tunnel, 

metabolic causes, and infection. The social implications for patient with 
CTS may lead to lost days of work, change of occupation and the high 
expenses of healthcare management. The patient with CTS must endure 
with the highest mean time away from work, as they encounter the 
symptoms. Numerous studies showed the associated corelation between 
the severity and hand function among the CTS patients. When the 
symptom severity score was high, there were increased limitation of 
function4).

The mechanism of CTS involve reduction in the carpal tunnel space 
possibly due to the trauma or systemic condition, followed by increased 
median nerve pressure and ischemic damage5). The repetitive and pro-
longed wrist movement (flexion and extension) lead to increased pres-
sure in carpal tunnel as the normal pressure recorded to vary between 2 
mmHg and 10 mmHg6). The prolonged changes in the wrist position 
may result in shifts in the fluid pressure in carpal tunnel. The extension 
movement increases the pressure to more than ten times its initial level, 
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while flexion of the wrist causes an eight time increase in the pressure6). 
Prolonged increase in interstitial pressure by repeated wrist movement 
result in thickening of synovial membrane causing more severe median 
nerve dysfunction7). The management of the CTS is usually surgical or 
conservative. The aim of the CTS management to relieve the symptoms 
as well as relieve carpal tunnel pressure. Physiotherapy intervention is 
one of the conservative treatment widely used and suitable to the 
patients with any severity of CTS. Its relatively inexpensive, non-inva-
sive and easy to apply. The aim of the physiotherapy interventions is to 
decompress the median nerve within the carpal canal and should be 
started as early as possible to prevent the complication. The effects of 
physiotherapy intervention may improve the symptom such as reduction 
in pain and paresthesias and maintaining hand functions, restore muscle 
strength and endurance especially that of hand and upper limb. 
However, physiotherapy intervention does not have an established algo-
rithm in treating CTS.

Recently, few studies have been done to find the effects of ESWT to 
CTS. A meta-analysis by Kim et al. (2019)8) was done to evaluate the 
effect of ESWT on symptoms, functional outcomes, and electrophysio-
logic parameters in CTS. In the study, the researchers analysed six ran-
domized controlled trials retrieved from PubMed, Embase, and the 
Cochrane Library. The result revealed that ESWT can improve symp-
toms, functional outcomes, and electrophysiologic parameters in 
patients with CTS. No significant difference was found in efficacies 
between ESWT and local corticosteroid injections in mild to moderate 
CTS. ESWT is one of an alternative management for treating CTS in 
clinical setting. Seok and Kim9) revealed that the ESWT may be as 
effective as local steroid injection in relieving the symptoms of CTS.

Nerve and tendon gliding exercises is a common exercise adminis-
tered together for CTS patients10). These exercises have been used par-
ticularly for the management of postoperative as well as conservative 
management. In order to improve the efficacy of non-surgical treatment 
for CTS, nerve and tendon gliding exercises was developed as a supple-
mental approach to standard conservative treatment in clinical setting10). 
The objective of this study is to determine the effects of ESWT on idio-
pathic CTS. To our knowledge, ESWT has not yet been applied and 
reported to treat CTS cases in clinical practice in Malaysia. 

METHODOLOGY

Study Design 
This was a one group experimental pilot study. Ethical approval for 

the study was granted by UniSZA Human Research Ethics Committee 
of Universiti Sultan Zainal Abidin (UHREC). Written informed consent 
was obtained from all subjects before participation in this study. 

Participants 
A total of 12 subjects who were patients with CTS referred to 

Physiotherapy Unit Faculty of Health Sciences, Universiti Sultan Zainal 
Abidin (UniSZA) at Gong Badak Campus, Kuala Terengganu were ran-
domly chosen. 

The subjects who fulfilled the inclusion criteria participated in this 
study. The inclusion criteria include: age 30 to 60 years old, having 
symptom (numbness, tingling, pain with or without weakness or at uni-
lateral or bilateral hand), confirm diagnosis as CTS by doctor, mild to 
moderate symptoms, no thenar atrophy at affected hand, positive clini-
cal provocative test (Phalen's test, Tinel's sign or Durkan's test), never 
received any CTS intervention and not used splint. The exclusion crite-
ria included previous wrist trauma or surgery at affected hand, diagnosis 
as sensory and motor neuropathy due to other causes (example: Cervical 
stenosis, cervical spondylosis and etc.), underlying medical disorders 
(E.g.: Diabetes mellitus, renal failure, autoimmune disease, rheumatoid 
arthritis or hypothyroidism), pregnancy, open wound or skin condition 
at affected hand, require regular analgesic or anti-inflammatory drugs 
and had steroid injection with current CTS symptom. 

Table 1: Summary of demographic of the subjects (n = 12)
 n Mean SD Min-Max %

Age (Years) (SD)  51.5 ± 9.0 31-60 

Gender     

Female (n) (%) 9   75

Male (n) (%) 3   25

Height (cm) (SD)  156.6 ± 8.392 145-164 

Weight (kg) (SD)  67.5 ± 5.707 60-74 

BMI  27.5 ± 1.9  

Race    

Malay 12   100

Other    

Dominant hand    

Right (n) (%) 10   83.3

Left (n) (%) 2   16.7

Affected Hand    

Bilateral (n) (%) 9   75

Unilateral(n) (%) 3   3

Occupation    

Housewife 5   41.7

Teacher 4   33.3

Office 1   8.3

Self-employed 2   16.7

n- number of subjects, mean, SD-Standard deviation,

Table 2: Severity and Functional Scale of pre and post interven-
tion  

Boston Carpal Tunnel Syndrome  Intervention Group  p-Value
Questionnaire (BCTQ) Treated hand (n = 21)

 Pre-  Post-
 Intervention Intervention 
 Mean (SD) Mean (SD)

Parameter 

Severity Scale   

Severity 1 3.67 ± 0.43 1.53 ± 0.51 < 0.001

Severity 2 2.43 ± 1.12 1.42 ± 0.50 < 0.001

Severity 3 3.10 ± 0.30 1.42 ± 0.50 < 0.001

Severity 4 2.57 ± 0.67 1.95 ± 0.21 < 0.001

Severity 5 3.00 ± 0.00 2.00 ± 0.00 < 0.001

Severity 6 3.86 ± 0.57 1.19 ± 0.40 < 0.001

Severity 7 2.90 ± 0.30 2.00 ± 0.00 < 0.001

Severity 8 3.52 ± 0.51 1.23 ± 0.36 < 0.001

Severity 9 3.14 ± 0.35 1.23 ± 0.43 < 0.001

Severity 10 3.10 ± 0.30 1.09 ± 0.30 < 0.001

Severity 11 2.57 ± 0.67 1.38 ± 0.58 < 0.001

Functional Scale   

Function 1 2.52 ± 0.68 1.38 ± 0.58 < 0.001

Function 2 4.10 ± 0.88 1.19 ± 0.40 < 0.001

Function 3 3.48 ± 0.51 1.14 ± 0.35 < 0.001

Function 4 3.48 ± 0.51 1.19 ± 0.40 < 0.001

Function 5 3.43 ± 0.50 1.19 ± 0.40 < 0.001

Function 6 3.48 ± 0.51 1.14 ± 0.35 < 0.001

Function 7 3.38 ± 0.59 1.52 ± 0.51 < 0.001

Function 8 3.48 ± 0.51 1.14 ± 0.35 < 0.001

mean, SD-Standard deviation, p-value < 0.05
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Outcome

The Primary Outcome 

Symptom and functional status among the subject was determined 
by using Boston Carpal Tunnel Questionnaire (BCTQ). BCTQ is a stan-
dard evaluation as disease-specific patient-oriented. It can be used either 
for individual or in large populations. The questionnaire recommended 
to use in any type of study due to its quick and easy to administer 
nature. In this study, BCTQ translated version in Malay (M-BCTQ) was 
used11).

BCTQ has two different domains which have Symptom Severity 
Scale (SSS) and Functional Status Scale (FSS). The SSS addressed pain, 
numbness, weakness, tingling and difficulty with fine motor. The FSS 
consider the relationship between symptoms and function, including 
activity such as buttoning, writing and activity daily living tasks. The 
subjects were asked to fill the questionnaire based on their symptoms 
and functional status for the past 24 hours in the past 2 weeks. The 
questions are answered on a Likert scale with a score of 1 indicating 
low level of symptom or difficulty and 5 indicating high level of symp-
tom. In SSS, the score is indicated as 1 = normal, 2 = slight, 3 = medi-
um, 4 = severe and 5 = very serious. For FSS, the scoring is 1 = no diffi-
culty, 2 = little difficulty, 3 = moderate difficulty, 4 = intense difficulty 
and 5 = cannot perform the activity stated. Assessment were carried out 
twice; pre-intervention (baseline) and at the end of week four of inter-
vention.

Secondary outcome

1. This scale is a validated, subjective measure for acute and chron-
ic pain with various intensity or frequency of symptoms. The 
number of the VAS score showed their level of pain as well as 
their severity level of CTS. 11-point scale is used with ranging 
from 0 (no pain at all) to 10 (the most intense pain that I can 
imagine).

2. Grip strength is commonly used to assess motor outcomes for 
CTS patients. In this study, the right and left grip strength was 
measured using a calibrated Jamar hydraulic dynamometer.

3. Pinch strength was measured using a calibrated B&L pinch meter 
(B&L Engineering). Three measurements were made and the 
mean value was used.

4. Static two-point discrimination (2PD) test is one of the most used 
neurosensory tests to assess mechanoperception in the clinical 
settings. The subjects must identify if they feel the stimulus is 
one or two points. Starting at 5 mm, the calipers were placed over 
the volar aspect of the fingertip and progressively opened until 
the final threshold value was determined of the affected hand. 
The two points are move closer across the trial until client unable 
to distinguish the two points as separate. The final distances are 
measured and record. The values less than 6 mm was deemed 
normal and greater than 10 mm were considered as poor16).

Intervention 
The patients were treated with ESWT two sessions per week for 

four weeks of 1000 shock, 2 BAR (0.09 mj/mm2) and 3Hz by used 
Zimmer Medizin System, enPuls version 2.0 machine. There is no spe-
cific time duration for shock wave therapy, but it takes around 5 minutes 
to completed 1000 shock every session. The treatment was applied by 

trained physiotherapist. The probe was oriented perpendicular to the 
patient's palm during the entire procedure and gel was used as a cou-
pling agent. The procedure was safe, painless, and there was no need for 
additional anesthesia or analgesia.

They were instructed to performed nerve and tendon gliding exer-
cises developed by Totten and Hunter12). The subjects also obtained a 
brochure with instructions and illustrations describing the exercises.

These exercises were presented by the physiotherapist and then per-
formed by the patient with the supervision of the therapist. Each posi-
tion in the nerve and tendon gliding exercises was maintained for seven 
seconds and repeated five times. The exercise involved maintaining the 
fingers and the hand in six consecutive positions12).   

 i. with the wrist in neutral and the fingers and thumb in flexion 
(grasp)

 ii. with finger extension
 iii. with the wrist and fingers extended and the thumb in neutral 
 iv. with the wrist, fingers, and thumb extended
 v. as the fourth position with the forearm in supination
 vi. as the fifth position and the other hand gently stretching the  

  thumb

When doing the tendon gliding exercises the fingers were placed in 
five discrete positions.

 i. neutral- with all finger joints in the neutral position, 
 ii. angle- with the metacarpophalangeal (MP) joints at 90° of flex- 

  ion and the interphalangeal joints in neutral position, 
 iii. straight fist- with the MP and proximal interphalangeal joints  

  flexed maximally and the distal interphalangeal joints in straight  
  position, 

 iv. hook- with the MP joints in the neutral position and the interpha- 
  langeal joints flexed maximally, and 

 v. fist- with all finger joints flexed maximally.

Data Analysis 
This study involved 12 subjects, and it is considered adequate to 

assess the effect size in a pilot study of clinical trial13). Statistical analy-
sis was done using Statistical Product and Service Solutions. (SPSS) 
version 21.0. The demographic data was analysed descriptively and 
reported as frequency, percentage, mean and standard deviation. The 
resulted were be obtained by comparing the mean (using paired t-test). 
The differences were considered significant at p < 0.05.

RESULTS

Participants' characteristics
A total of 12 participants were screened and included for the pilot 

study.
Table 1 shows the participant's characteristic. The mean age of the 

participants is 51.5 ± 9.0. About 75% of the participants were female (n 
= 9) and the males were about 25% (n = 3). The mean BMI was 27.5 ± 
1.9. 10 participants were right hand dominant. There was a bilateral 
hand involvement in 9 subjects and the remaining 3 subjects had a uni-
lateral involvement. Most of the participants were housewife (n = 5). 

Table 2 shows the severity scale and functional scale of Boston car-
pal tunnel syndrome questionnaire before and after the intervention. It is 
evident that the participants severity reduced significantly at p < 0.05. 
The functional component also showed significant improvement at p < 
0.05.

There was a reduction of pain t(11) = 6.588, p < 0.05. Due to the 
means of the VAS and the direction of the t-value, we can conclude that 
there was a statistically significant reduction in pain following the 
ESWT from 5.76 ± 0.86 to 3.23 ± 0.86 m (p < 0.05); a reduction of 2.50  
± 1.31.

There was an increase in the grip strength t(11) = -7.032, p < 0.05. 
Due to the means of the grip strength and the direction of the t-value, 
we can conclude that there was a statistically significant improvement in 
grip strength following the ESWT from 13.75 ± 4.33 to 19.50 ± 4.359 
kg (p < 0.05); an improvement of 5.75 ± 2.83 kg.

There was an increase in the pinch strength t(11) = -7.416, p < 0.05. 
The means of the grip strength and the direction of the t-value, shows 
that there was a statistically significant improvement in pinch strength 
following the ESWT from 5.33 ± 1.435 to 7.00 ± 1.414 kg (p < 0.05); 
an improvement of 1.66 ± .77 kg.

Table 3: Objective assessment of pre and post intervention  
 Pre-  Post- Difference  p-
 Intervention Intervention  Value
 Mean (SD) Mean (SD)

Visual Analogue Scale 5.75(0.866) 3.23(0.866) 2.500 < 0.001

Grip Strength (Kg)  13.75(4.330) 19.50(4.359) -5.75 < 0.001

Pinch Strength (Kg) 5.33(1.435) 7.00(1.414) -1.667 < 0.001

Static Two-Point   2.17(0.835) 1.17(0.389) 1.000 < 0.004
Discrimination

mean, SD-Standard deviation, p-value < 0.05
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Results of static two point discrimination shows an increase in the 
sensation strength t(11) = 3.633, p < 0.05. The means of the static two-
point discrimination and the direction of the t-value, shows that there 
was a statistically significant reduction in the distance between the 2 
points thereby denoting an improvement in sensation following the 
ESWT from 2.17 ± 0.835 to 1.17 ± .389 mm (p < 0.05); an improve-
ment of 1.00 ± .95 mm.

DISCUSSION

The result of this study is similar with those of the previous studies 
that reported the incidence of CTS higher in women than men3). It 
showed higher people were affected bilaterally and most of the subjects 
were right hand dominant3). This present study showed the incidence of 
bilateral symptoms, it is in line with previous study that reported 
between 60% and 87% of the cases were bilateral. The symptoms usual-
ly are more severe on one side and sometimes treatment of one hand 
may lead to the aggravation or development of problems in the other. 
Study by Zambelis et al14), revealed that the individual with right domi-
nant hand being independently associated with a 5-fold higher chance 
for right hand CTS. This pilot study findings provide preliminary evi-
dence that ESWT combined with nerve and tendon gliding exercise 
effective to improving the symptoms and hand function among mild to 
moderate CTS patients. The results showed that the both symptoms and 
functional status of the subjects significantly improved after 4 weeks of 
intervention. It is reflected by the previous study which stated that the 
ESWT is considered to be one of the non-invasive treatment and evi-
dence-based physical approaches to CTS. This modality showed effec-
tiveness in the mild to moderate stage of the CTS. It is effective in 
reducing pain, swelling, and redness in CTS patients with pillar pain 
after surgery15). The effects of ESWT are observed directly on nerve tis-
sue and improve function without any side effect. The result of this pilot 
study linear with meta-analysis study by Kim et al., (2019)9) revealed 
that ESWT can improve symptoms, functional outcomes, and electro-
physiologic parameters in patients with mild to moderate CTS.

The used of pneumatically generated shock waves with low fre-
quency and pressure in this study showed beneficial effect toward 
symptom and function. This finding is in accordance with the findings 
that ESWT can be as useful as local corticosteroid injection for reliev-
ing symptoms of CTS9). The results showed that low-energy ESWT may 
have better short-term effects for mild to moderate CTS. After complet-
ing the four sessions of intervention, the objective assessments showed 
significant difference between pre and post intervention. The ovarell 
decrement of VAS after four sessions of ESWT was 44.8 percent. The 
result is in line with previous study by Paoloni et al.,16) who observed 
that pain relief in patients treated with ESWT was greater. It can be pos-
tulated that when there is a reduction in pain, the hand strentgh and sen-
sation will improve. However, the mechanism of effects of ESWT 
remains unknown10) but can be assumed that ESWT stimulates the pro-
duction of endothelial nitric oxide17), angiogenesis17) and neurogenesis18) 
via the involvement of the vascular endothelial growth factor. ESWT 
can cause nitric oxide build up in the cell, which happens when a reduc-
tion in nitric oxide is counteracted by endothelial nitric oxide synthase 
stimulation in inflamed tissue, modifies NF kappa B activation, which 
may inhibit lipopolysaccharide/interferon-gamma-induced inflammato-
ry induction. Neural regeneration can be stimulated by speeding up the 
removal of the wounded axon, enhancing Schwann cell proliferation, 
and increasing axonal regeneration with the shock wave therapy. ESWT 
may produce anti-inflammatory effects by reducing the levels of calci-
tonin gene-related peptide resulting in reduced pressure on the median 
nerve19). The symptoms of CTS reduced as decompression of the median 
nerve within the carpal canal occurred.

CONCLUSION

This pilot study can conclude that the ESWT is effective in reducing 
the symptoms and increasing the hand function. This result can be used 
as a reference for designing future studies and in establishing evidence 
regarding the use of ESWT for CTS.
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