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Abstract
Context: Carpal tunnel syndrome  (CTS) is one of the most common peripheral neuropathies, 
and there is no consensus on the preferred method of treatment. Aims: The aim of this study is 
to determine the effects of hand exercise performed with a ball on symptoms and to evaluate the 
results in hemodialysis  (HD) patients with CTS. Settings and Design: This study was conducted in 
patients with HD who were treated in dialysis centers and state hospitals in Turkey between 2011 
and 2012. Subjects and Methods: This study included 19  patients  (28 hands) that were diagnosed 
as CTS. For exercise treatment, a hand and finger exercise ball that consists of two parts: a foam 
body and flexible rubber cords was used. Patients placed their fingers through each cord, squeezed 
it for 1 s, and then opened their fingers against the cord for 1 s. Patients repeated this exercise for 
30 s to 1 min/day. Statistical Analysis Used: The McNemar, Friedman ANOVA, and the Wilcoxon 
test with a Bonferroni correction were used on SPSS 20.0 software package program. P  < 0.05 
was considered statistically significant. Results: Results showed that recovery was performed 
from physical examination results, grip strength, and Boston questionnaire scores. About 21.4% of 
patients’ electrophysiological results were negative at the end of the 1st  month and 32.1% of them 
at the end of the 3rd month. Conclusion: Due to the slowed progress of CTS and detection of slight 
improvement in evaluation parameters, this self‑applicable and practical exercise can be used as an 
alternative treatment of mild CTS in patients with HD.
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Introduction
Carpal tunnel syndrome  (CTS) is one of 
the most common peripheral neuropathies. 
Increased intracarpal tunnel pressure plays 
an important role in the etiology of CTS. 
This affects the circulation of the median 
nerve, and intermittent changes in pressure 
lead to nerve damage. Repetitive flexion/
extension movements and forceful sustained 
motions are also important risk factors of 
CTS.[1,2] Long‑term hemodialysis  (HD) 
is also a well‑known cause of CTS. The 
prevalence ranges between 2% and 30% for 
patients with HD.[3,4] Although numerous 
studies have been performed since the first 
report of CTS developing in patients with 
HD, the true pathogenesis is not clearly 
understood.[5,6]

Due to limited evidence, there is no 
consensus on the preferred method of 
treatment for CTS. Surgical release 
of the transverse carpal ligament is 
commonly performed in patients with 
severe symptoms of HD‑associated CTS. 

Advocates of conservative options refer 
to the potential benefits and complications 
of surgery.[5,7] However, the American 
Academy of Orthopedic Surgeons 
recommends starting with a conservative 
treatment, and if it fails to resolve the 
symptoms within 2–7 weeks, trying another 
nonoperative treatment or surgery.[8] Seradge 
et  al. demonstrated through measurements 
of carpal tunnel pressure in  vivo that 
intermittent exercises with active wrist and 
finger motions for 1 min can lower pressure 
in the carpal tunnel.[9] These exercises may 
have a positive effect on CTS by facilitating 
venous return or edema in the median 
nerve. By stretching and lengthening the 
restrictive flexor muscles that “close” the 
hands and strengthening and shortening the 
extensor muscles that “open” the hands, 
the carpal tunnel can return to its normal 
size. In addition, decreasing impingement 
of the tendons and median nerve eliminates 
friction and carpal tunnel symptoms.[10]

Because studies on exercise treatment in 
CTS and include exercise treatment for 
patients with HD are scarce, this study 
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aimed to determine the effects of the exercise performed 
with a ball on symptoms and the evaluation results.

Subjects and Methods
This one‑group pretest–posttest designed 
quasi‑experimental study was conducted in patients 
with HD who were treated in dialysis centers and state 
hospitals in Bursa City Center, Turkey, between October 
15, 2011, and October 16, 2012. Ethical approval was 
received from the Medical Faculty Research Ethics 
Committee  (2011‑3/10). Permission to conduct this study 
was obtained from the Bursa Provincial Directorate 
of Health and institutional approval of the study and 
publication was obtained from the clinical directors of the 
dialysis centers. Information about the study was given 

to all patients, and informed consent of the patients to be 
enrolled and have their data published was obtained.

One thousand and ten patients with HD underwent treatment 
at the dialysis centers and state hospitals during the study; 
436  patients were excluded for having metabolic disorders 
such as diabetes mellitus, thyroid disease, or rheumatoid 
arthritis; history of carpal tunnel surgery; physiotherapy, 
hand and arm deformity; or diagnosis of severe CTS. Using 
the self‑administered Katz hand diagrams, an additional 
466  patients were excluded because they had “unlikely” CTS 
patterns. Based on the clinical and electrophysiologic test results, 
19  patients  (28 hands) with a diagnosis of mild and moderate 
stage CTS were included in the study. They underwent dialysis 
for an average of 4 h and three times a week with a synthetic 
membrane. Sampling steps are shown in Flowchart 1.

Flowchart 1: Sampling steps
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Outcome assessments

Phalen and Tinel tests

Phalen test was performed with full flexion of the 
patients’ wrists for 60 s, and Tinel test was performed 
with percussion on the median nerve at the wrist. These 
tests were recorded as positive if the patient experienced 
paresthesia in at least one of three radial digits.

Carpal tunnel questionnaire

This is a self‑report questionnaire and comprises two 
subscales. The 11‑item symptom severity scale assesses 
symptoms such as pain, numbness, and tingling. Responses 
are recorded on a 5‑point Likert scale, ranging from 
1  (no symptoms) to 5  (most severe pain). The 8‑item 
functional status scale measures daily activities that may be 
affected by hand and wrist symptoms (e.g., writing, buttoning, 
and opening a jar), and responses are recorded on a 5‑point 
Likert scale, ranging from 1 (no difficulty) to 5 (cannot do all 
owing to hand or wrist symptoms). The scores for each scale 
are the average of the scale items. Higher scores indicate 
greater symptom severity and disability.[11]

Motor function

Motor function of the muscles of the hand was 
measured  (in kg) with the Jamar hand dynamometer. All 
measurements were performed when the patient was in 
the sitting position, the shoulder in adduction and neutral 
position, the elbow in 90° flexion, and the forearm in a 
neutral position, and repeated three times by exerting the 
maximum force to ensure reliability. The mean value of the 
three measurements was recorded.[12,13]

Electrophysiologic test

Motor nerve conduction evaluations were conducted 
according to the recommendations by the American 
Association of Electrodiagnosis, the American 
Academy of Neurology, and the American Academy of 
Physical Medicine and Rehabilitation for diagnosing 
mild‑to‑moderate CTS.[13,14]

All the participants underwent these assessments at the 
baseline and after the 1‑  and 3‑month exercise sessions. The 
assessments were carried out by the same researcher and 
neurologist.

Exercise protocol

This hand and finger exercise treatment was a home 
program in which patients were instructed to perform with 
a ball. This ball is a hand exercise therapy device that 
strengths nine muscles that close the hand and nine muscles 
that open and spread the hand. This therapy improves the 
balance between the muscles and increases the strength, 
balance, and blood flow to the hand, wrist, and elbow.

The exercise ball consists of two parts: a foam body 
and flexible rubber exercise cords. According to the user 

instructions, the neck and shoulder are kept in a neutral 
position, and the elbow remains at 90° of flexion and fingers 
are placed through each cord  (Step 1). During the exercise, 
the patients squeezed the ball for 1 s (Step 2) and then opened 
their fingers against the cord for 1 s (Step 3). The exercise was 
performed actively for 30 s to 1 min, and patients instructed to 
continue with the exercise program at home two times/day for 
a 3‑month period. Exercise steps are shown in Flowchart 2.

An educational brochure about exercise was given to 
patients, and they were informed to stop performing the 
exercises if they felt pain or fatigue. Patients recorded the 
time they performed the exercises every day on the monthly 
follow‑up schedule. This schedule was given them at the 
beginning of the treatment, and they received instructions 
for filling out the schedule.

Statistics analysis

Continuous variables were expressed as the median and 
range or as a number and percentage. Categorical variables 
were expressed as relative frequencies. The McNemar 
Chi‑square ( χ2) test was used for the variables that 
consisted of two categories. The Friedman ANOVA test 
was used to compare quantitative values, and the Wilcoxon 
test with a Bonferroni correction was used to detect the 
significant differences between repeated measurements at 
the baseline, 1 month, and 3 months of exercise treatment. 
P < 0.05 was considered statistically significant.

The statistical analysis was performed by the Department 
of Biostatistics and Medical Informatics, and the  SPSS 
20.0 software package (SPSS Inc., Chicago, IL, USA) was 
used for all analysis.

Results
A total of 19 patients (28 hands) who met the criteria were 
included in the study. Demographic characteristics and 
clinical features of patients before the exercise treatment 
are shown in Table 1.

The Tinel and Phalen test results were better at the end 
of the 1 and 3  months of the treatment than the baseline 
results. This difference between the baseline and 1‑month 
rates was statistically significant (P0‑1 = 0.021) [Table 2].

When the baseline and posttreatment parameters were 
compared, the handgrip strength scores were significantly 

Flowchart 2: Exercise steps
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improved (P0‑1,0‑3  <  0.001). All participants’ grip strength 
was significantly increased at the end of 3  months 
from 22.67  ±  7.67 to 26.53  ±  7.3  kg  (P0‑1  =  0.000, 
P0‑3 = 0.000) [Table 2].

According to the symptom severity and functional status 
scales, there were statistically significant differences 

between the baseline, 1  month, and 3  months of 
treatment  (symptom severity: p0‑1  =  0.000, P0‑3  =  0.005; 
functional status scale: p0‑1  =  0.000, P0‑3  =  0.002). Over 
time, patients had significantly decreased CTS symptoms 
and improved functional status [Table 2].

When the electrophysiological parameters were compared 
according to the treatment months, there was a significant 
decrease between the baseline and 3‑month motor 
amplitude values (P0‑3  =  0.009), whereas a significant 
increase was found in the sensory amplitude of the baseline 
and 1‑month values (P0‑1 = 0.038) [Table 2].

Discussion
Tendon gliding of the finger flexor tendons and nerve 
gliding of the median nerve exercises are recommended for 
conservative management of symptoms related to CTS.[15] 
In the literature, a significant improvement was found in the 
Phalen and Tinel test results in the nerve gliding exercise 
groups.[16,17] In the present study, the provocation test results 
were better at the end of the exercise treatment.

Strength may be an important factor in limiting the cellular 
damage that occurs from repetitive motion and increasing 
muscular strength by exercise training can have a protective 
effect against injury such as carpal tunnel disease.[18] In 
Legg’s study, participants were trained with the powerball 
three times a week for 4 weeks, and each session lasted for 
5  min. Using the powerball showed an overall increase in 

Table 2: Comparison of outcome measurements between treatment months
Outcome assessments Baseline‑T0 1 month‑T1 3 months T3 P
Tinel test, n (%) P0‑1=0.021*

Positive 10 (35.7) 2 (7.1) 4 (14.3) P0‑3=0.070
Negative 18 (64.3) 26 (92.9) 24 (85.7) P1‑3=0.500

Phalen test, n (%) P0‑1=0.180
Positive 10 (35.7) 5 (17.9) 7 (25) P0‑3=0.375
Negative 18 (64.3) 23 (82.1) 21 (75) P1‑3=0.625

Grip strength (mean, kg) 22.67±7.67 26.32±6.54 26.53±7.3 P0‑1=0.000*
P0‑3=0.000*
P1‑3=0.757

Symptom severity scale (mean) 2.16±0.77 1.65±0.60 1.74±0.70 P0‑1=0.000*
P0‑3=0.005*
P1‑3=0.548

Functional status scale (mean) 2.17±0.91 1.79±0.67 1.82±0.71 P0‑1=0.000*
P0‑3=0.002*
P1‑3=0.875

Motor amplitude (mean, µv) 8.31±2.48 7.94±2.51 7.37±1.70 P0‑1=0.419
P0‑3=0.009*
P1‑3=0.439

Sensory amplitude (mean, µv) 12.16±8.53 15.54±8.81 13±9.14 P0‑1=0.038*
P0‑3=0.923
P1‑3=0.066

*P<0.05 values were considered statistically significant

Table 1: Demographic characteristics and clinical 
features of patients

Demographics n (%)
Gender

Male 17 (60.7)
Female 11 (39.3)

Type of membrane
Synthetic 28 (100)
High‑flux 19 (67.9)
Low‑flux 9 (32.1)

Symptoms
Pain 28 (100)
Tingling 24 (85.7)
Weakness 9 (32.1)
Loss of sensory 7 (25)
Rigidity 2 (7.1)

Median (minimum–maximum)
Age (year) 60 (38-75)
Duration of HD (month) 96 (12-228)
Age of AVF (month) 49.5 (1-168)
HD – Hemodialysis; AVF – Arteriovenous fistula
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grip strength, and the device might have possible benefits 
as a rehabilitative tool for the wrist and arm.[19] Similarly, 
in Randolph’s study, a significant increase in strength 
was observed following 6  weeks of exercise training.[20] 
In the present study, the grip strength of all the patients 
significantly improved. As is known, patients with HD try 
to protect their hands with a fistula and rarely move their 
hands during dialysis treatment. Using the ball may also 
help prevent CTS. Thus, this exercise ball can be used as 
a conservative treatment in mild CTS before trying any 
other nonoperative treatment type as steroids injection and 
can take place in the current treatment type of mild CTS in 
patients with HD [Figure 1].

Nerve and tendon gliding exercises can resolve symptoms 
by stretching the adhesions in the carpal canal, improving 
venous return from the nerve bundles, and reducing 
pressure inside the carpal tunnel. In Madenci et  al.’s 
study, the symptom’s severity score was decreased, and 
the functional capacity score was increased in splint and 
massage groups, being more significant in the massage 
group.[21] Akalın et al. found that nerve and tendon gliding 
exercises were effective in decreasing the severity of 
symptoms and making hand function better in patients 
with CTS.[17] Baker and Livengood found that symptom 
severity and functional status scores were higher for 
participants who had surgery than participants who did not 
have surgery.[22] Similar to the literature, in this study, the 
participants had significantly decreased CTS symptoms and 
improved functional status. The results show, in treating 
CTS, starting with alternative treatment before surgical 
intervention is a rational approach.

Nerve conduction studies have been used to assess nerve 
compression for  >30  years, and the most frequently 
used parameters are median sensory and motor 
distal latencies.[23] Field et  al. found no statistically 
significant difference between nerve conduction velocity 
measures in participants who received 15  min massage 
therapy.[24] Keskin et  al. found that at the 3rd  and 

6th  months, the nerve and tendon gliding exercise group 
had a significant improvement in median motor nerve distal 
latency.[25] In this study, there was a significant decrease 
between the baseline and 3‑month motor amplitude 
values, but there was a significant increase in the baseline 
and 1‑month sensory amplitude values. CTS follows a 
progressive process. However, during this study, except for 
median motor distal amplitude, no symptom worsened.

Conclusion
This study evaluated the efficacy of hand and finger 
exercises performed with a ball in decreasing the 
symptoms of CTS in patients with HD who used the ball 
for 30 s to 1  min two times/day. This exercise treatment 
demonstrated no absolute contraindications, significant 
decrease in CTS symptoms, and improvement in functional 
status of patients with HD. The strengths of this study 
were reliable and valid outcome measures. As identified 
with the follow‑up results of this study, the ball exercise 
treatment can be used as a conservative treatment for mild 
CTS. The additional benefits of this treatment are being 
self‑administered, low cost, and practical. These are the 
advantages of this exercise to prefer before other alternative 
treatments.

Limitations

This study results were related only to patients with HD 
and mild‑to‑moderate CTS. Thus, these results cannot be 
generalized to other sample groups and severe CTS.
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