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ORIGINAL ARTICLE

INTRODUCTION

The median nerve at the wrist or carpal 
tunnel syndrome (CTS) is the most common 
nerve entrapment of the upper extremity with a 
prevalence of 5-16 % in the general population 
1. Common symptoms of CTS are paresthesia 
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or pain, numbness, and tingling in all or a 
combination of the thumb, index, long and ring 
finger. The pressure on the median nerve can 
be released by several treatment options, both 
surgical and conservative.2, 3 A non-surgical 
treatment of CTS is frequently offered to those 
with mild to moderate symptoms. The current 
conservative treatments include splints, activity 
modification, non-steroidal anti-inflammatory 
drugs, diuretics, pyridoxine, local injection of 
corticosteroids into carpal tunnel and ultrasound 
diathermy.2, 4-8 
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Splinting is the popular method among 
the conservative treatments of CTS.9-11 
Immobilization of the wrist in a neutral position 
with a splint maximizes carpal tunnel space and 
minimizes pressure on the median nerve.2, 12 In 
addition to splinting, clinical guidelines include 
home stretching programs.13-15 Tendon and 
nerve gliding technique (TNGT) exercises have 
been used for the postoperative management 
of CTS,16 while several studies in the literature 
has used TNGT exercises in conservative 
management of CTS. The value of these 
exercises in conservative management of CTS 
is still unclear.17, 18 There was limited evidence 
that TNGT exercise improves outcomes, and 
few studies have attempted to determine the 
effective combination of splinting and TNGT 
exercise for CTS.19, 20 

Ultrasound diathermy has the potential 
rule to induce biophysical effect inside the 
nerve tissue. Thermal effect that produces 
from ultrasound can increase blood flow, local 
metabolism and tissue regeneration and also 
reducing edema, inflammation and pain.4, 8, 21 
There are conflicting results on the efficacy of 
therapeutic ultrasound in the treatment of CTS, 
and only a few studies reported the benefit of 
ultrasound in CTS treatment.2, 4, 8, 22 

 The purpose of this study is to compare 
the effectiveness of TNGT exercise with 
ultrasound diathermy, in order to elucidate the 
appropriate treatment for CTS patients with 
special circumstances (e.g contraindication 
with diathermy modality therapy such cancer, 

sensory disturbance; health service with limited 
facilities; and time consuming problem).

Material and Methods
Subject 
A total of 20 patients (all women) from Hasan 
Sadikin General Hospital, with clinical and 
electrophysiology evidence of CTS with the 
average age 50,80±4,71 (mean±SD) years old. 
All patients have to sign informed consent.  No 
statistical difference was observed between 
groups. Patients were divided into 2 groups 
through randomized assignment method. 10 
hands from 10 patients constituted the exercise 
group; these patients were treated with a splint 
and TNGT exercise. A custom made neutral volar 
splint was given to the patients in both groups 
patients to immobilize the wrist in a neutral 
position.9 The splint has to be used all night and 
during the day as much as possible for 3 weeks.

The ultrasound diathermy group 
comprised 10 hands from 10 patients; these 
patients were treated with splint and ultrasound 
diathermy (Table 1). Criteria for inclusion in the 
study were age of 18 years or older, unilateral, 
idiopathic CTS, and mild to moderate pain and/
or paresthesia in median nerve distribution area 
lasting more than 3 months. Exclusion criteria 
were underlying metabolic disorder (diabetes 
mellitus or thyroid disease), rheumatoid arthritis, 
pregnancy, history of steroid injection to carpal 
tunnel, severe thenar atrophy, and history of 
splint use. Electrophysiological confirmation of 
the CTS diagnosis was described elsewhere.23, 24 

Table 1. Subjects’ Characteristics 

Variable Ultrasound Diathermy 
group (n = 10) 

TNGT Exercise group 
(n = 10) P

Age ns
         45-<50 3 1

         50-<55 6 6

          ≥ 55 1 2
Duration of symptoms 

(months) 8.80 ± 4.49 9.50 ± 3.54 ns

BMI (kg/m2) 22.57± 1.76 23.73± 1.25 ns
VAS 

(before intervention) 7.03 ± 1.01 7.19 ± 1.00 ns

FSS 
(before intervention) 3.30 ± 0.48 3.50 ± 0.52 ns

Data presented in mean±SD; VAS: Visual Analogue Scale; FSS: Functional Status Scale; TNGT: Tendon Nerve Gliding Exercise; ns: not 
significant
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This study was approved by the 
Institutional Review Board of Hasan Sadikin 
General Hospital. Informed consent was signed 
by all patients in the study. There were no 
supplementations given to the patient before 
and after treatment. 

Exercise group
In addition to TNGT exercises, splint application 
was required for the exercise group. During 
tendon gliding exercise, the fingers were placed 
in five discrete positions. Those were straight, 
hook, fist, table top, and straight fist.25 Median 
nerve gliding exercises were carried out by 
putting the hand and wrist in six different 
positions.16  Each position was maintained for 
5 sec. The exercise was applied as five sessions 
per day and repeated 10 times at each session. 
The patient is in a sitting position that varied 
according to the patient’s ability to relax the 
proximal musculature. The head was placed in 
the midline and the shoulder in neutral position; 
the forearm was placed on a table, and the 
elbow was positioned at 90 degrees of flexion. 
The patients were instructed to do the exercises 
as described in the information sheets they 
received; they were required to keep diaries 
of their exercises. We checked how often and 
regularly the patients performed the exercises at 
home by asking them to bring the diaries and 
come to hospital 3 times a week for 3 weeks. 

Ultrasound diathermy group
We offered therapeutic ultrasound diathermy 
which consist of treatment using ultrasound 
diathermy machine from Enraff Nonius Sono-
plus 1.5 watt/cm2 with frequency 3 MHz, and 
probe diameter 3cm.26  Splint application was 
also required for this group. The ultrasound dia-
thermytherapy lasted for 5 minutes per session, 
3 times a week, for 3 weeks.  

Outcome measurement
The outcome measurement methods, including 
Tinel and Phalen test specific for CTS, visual 
analogue scale (VAS) for pain, and Functional 
Status Scale (FSS) for hand function,27 were 
carried out for all patients 3 times/week for 3 

weeks treatment program. A 100 mm horizontal 
VAS was used, with one end labeled no pain and 
the other unbearable pain. The functional status 
scale has eight questions. The answers were 
rated from 1 point (mildest pain or no difficulty 
with activity) to 5 points (most severe pain or 
cannot perform activity at all).

Statistical analysis
The mean and standard deviations were 
calculated for all subjects in each group for 
each parameter. The Friedman test was used to 
compare treatment values within the groups. 
ANOVA was used to compare the differences 
of the values between the groups. A p value 
of less than 0.05 was considered statistically 
significant. The statistical analysis of the data 
was done with SPSS (version 16.0 for Windows, 
SPSS Inc.).

RESULTS

Before the treatment Tinel and Phalen tests, 
positive findings were recorded in all 20 hands 
for both groups. After 3 weeks treatment 
negative Tinel test results were observed in 
1 hand in the exercise group and in 1 hand in 
the ultrasound diathermy group. After 3 weeks 
treatment negative Phalen test results were 
observed in 1 hand in the exercise group and in 
none of the hands in the ultrasound diathermy 
group. At the examination performed during 3 
weeks of the treatment, there was statistically 
significant improvement in parameters within 
both groups using Friedman test. There was 
a significant improvement in VAS score for 
pain during the treatment follow up within 
both groups (Figure 1). Also, there was 
significant improvement in FSS score for hand 
function during the treatment follow-up within 
both groups (p ≤ 0.01) (Figure 2). By using 
ANOVA, we found the improvement in VAS 
for exercise group was slightly greater than 
ultrasound diathermy group, but this difference 
was not statistically significant (Table 2).  The 
improvement in FSS for exercise group was 
better than ultrasound diathermy group, and this 
difference was statistically significant.
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Table 2. Comparison Between Ultrasound Group vs. Tendon Nerve Gliding Exercise  Group Exercise 
Group in Outcome Measurement After 3 Weeks Treatment

Variable Ultrasound TNGT P

VAS score 4.62±1.11 4.78±0.38 0.681
FSS score 2.3±0.23 1.70±0.23 0.012*

Data presented in mean±SD; VAS: Visual Analogue Scale; FSS: Functional Status Scale; 
* significant different p<0.05

Figure 1. Change of Visual Analogue Scale (VAS) Score for Tendon Nerve Gliding Technique (TNGT) 
Exercise Group and Ultrasound Group at Each of Measurement Time During 3 Weeks.

 
 (n=10, p<0.01),              exercise group                       ultrasound group

Figure 2. Change of Functional Status Scale (FSS) Score for Tendon Nerve Gliding Technique (TNGT) Exercise 
group and Ultrasound Group at Each of Measurement Time During 3 Weeks.

 
 (n=10, p<0.01),              exercise group                       ultrasound group
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DISCUSSION

CTS have the potential to substantially limit 
performance of activities of daily living for 
some individuals. Manktelow et al reported 
CTS in Canadian workers could influence a 
large loss of work productivity and incur a 
considerable financial cost as a result of work-
related CTS.28 The pathophysiology involves a 
combination of mechanical trauma and ischemic 
injury to median nerve within the carpal canal.29 
Currently, several conservative treatments are 
used to treat CTS. Some authors suggested that 
patients with CTS could be successfully treated 
with surgery, although not all patients respond to 
surgery.2, 30, 31 However, there were also studies 
reported that the conservative treatment in CTS 
is ineffective.10, 32 

In this study, negative finding of Tinel 
test in both groups might due to our sample 
classification that include only mild to moderate 
CTS, without thenar atrophy. This reason will 
make the recovery better in both groups. The 
ultrasound diathermy group showed significant 
decreased in VAS and FSS within group. This 
finding is in agreement with others previous 
studies.8, 26 Ultrasound diathermy was shown 
to increase pain threshold in human subject 
similar to the level produced by raising tissue 
temperature by other means.33 Hong et al 
suggested increased local blood flow induced 
by lower-dose ultrasound diathermy  treatment 
may contribute to nerve regeneration or recovery 
of nerve conduction in entrapment neuropathy.21

Since the significant of VAS improvement 
in the exercise group was similar to that 
ultrasound diathermy group, and the FSS was 
significant different between groups, with better 
score in exercise group, the role of exercise 
should be considered. The patients in the exercise 
group who received TNGT exercise treatment 
and a splint exhibited improvements in FSS 
and VAS within group, were consistent with 
the reported effectiveness of this conventional 
treatment and justify their clinical value.4, 11, 

17-19, 34 TNGT exercise is a treatment that may 
reduce symptoms related to CTS by improving 
the actual excursion of the nerve, decreasing 
adhesions and reducing symptoms by allowing 
the nerve to move freely. This technique may 

also help to oxygenate the nerve, decreasing 
ischemic pain.35, 36 Review from Muller et al 
concluded that a neural mobilization was more 
effective in relieving pain than no treatment.37 
According to Rozmaryn et al, nerve and tendon 
gliding exercises might help to maximize the 
relative excursion of the median nerve in the 
CT, as well as the excursion of flexor tendons 
relative to one another.17 Evidence  that median 
nerve excursion can be influenced by neural 
gliding techniques also demonstrated in a 
cadaveric study.36 Other possible reason for the 
successful results obtained in our study could be 
the application of splint. 

The rationale for splinting the wrist is 
supported by finding from several studies.9, 11, 

18, 38 Splinting may provide sufficient movement 
between the median nerve and the flexor 
tendons to prevent adhesions11, 39 and also 
immobilization by splinting could maximize 
the available carpal tunnel space, and minimize 
the compression.40 Splinting also can restrict 
movement and maintains the wrist and hand 
in the best anatomic position for minimizing 
carpal tunnel pressure,41 however, controlled of 
flexion and extension in TNGT exercise, also 
can reduce the pressure. One study revealed that 
patients who did not perform TNGT exercises 
later underwent surgery, whereas surgery was 
required for only 43.0% of patients who did 
perform these exercises.17 Akalin et al explained 
that total of 72% of the patients in splinting with 
non-exercise group and 93% of the patients in 
splinting with exercise group reported good or 
excellent results. The difference between these 
two groups was not statistically significant.18 
Another study indicated that a group treated 
with the combination of a splint, ultrasound 
therapy, and TNGT exercises exhibited more 
prominent symptomatic improvement than did 
groups treated with a splint and ultrasound or 
with a splint and exercise.19 Pinar et al reported 
significant progress was detected in both 
control and experimental groups during the post 
treatment phase compared with the initial phase. 
However, when the 2 groups were compared, 
the experimental group in which nerve gliding 
exercises were added to conservative therapy 
approaches demonstrated more rapid pain 
reduction; these patients also showed greater 
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functional improvement, especially in grip 
strength.34

The other reason why FSS score showed 
better score in exercise group compare with 
ultrasound diathermy group, might due to 
TNGT exercise was done every day by patients 
at home, and made the patients get to be used 
to move their hand. When the patients had to 
perform some activities according to the FSS, 
the exercise group would be easier to set their 
hand in motion.

Due to our small sample size, we recognize 
that the results of this study must be interpreted 
with caution. In addition, splinting application 
alone was not taken into consideration.  Despite 
these limitations, the present study emphasized 
the TNGT exercise combined with splinting will 
be a good alternative treatment for CTS beside 
ultrasound diathermy combined with splinting, 
since TNGT exercise group has the same 
effectiveness with ultrasound diathermy group 
in decreasing VAS and has better effectiveness 
in improvement of FSS. This suggests that the 
TNGT exercise could be used for CTS patients 
with specific circumstance; patients in living 
with limited health facilities, patients with 
diathermy’s contraindication and patient with 
low compliance due to difficulty to access health 
service and time consuming treatment. 

CONCLUSIONS

This study found that TNGT exercise in 
combination with splinting could be a better 
CTS management alternative to beside 
ultrasound diathermy in combination with 
splinting. Both groups were able to decrease 
VAS, while TNGT group showed to be effective 
in resulting FSS improvement. Thus, TNGT 
exercise could be used for CTS patients with 
specific circumstance; patients with limited 
health facilities, diathermy’s contraindication 
and low compliance due to limitation to access 
health service and time consuming treatment. 
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