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Amaç: Bu çalışmada, hafif karpal tünel sendromu (KTS) tedavisinde 
bazı konservatif yöntemlerle birlikte uygulanan deksametazon iyon-
toforezi veya ultrason veya plasebo iyontoforezin (deksametazonsuz) 
etkinliği karşılaştırıldı.
Hastalar ve yöntemler: Elektromiyografi ile doğrulanmış hafif 
KTS tanılı 58 hasta çalışmaya dahil edildi. Hastalar rastge-
le üç gruba ayrıldı: (i) deksametazon iyontoforezi ile tedavi 
edilen iyontoforez grubu (n=20); (ii) ultrason ile tedavi edilen 
grup (n=20) ve (iii) plasebo iyontoforezi uygulananlar (n=18). 
Bu tedavilerden biri, tüm hastalara üç aylık tendon ve sinir 
kaydırma egzersizleri, gece splinti ve aktivite modifikasyonları 
gibi fizyoterapi prosedürleri ile beraber 15 seans uygulandı. 
Tedavinin başında, tedavi sonunda ve tedavi bitiminden sonra 
takip sırasında 3. ayda el bileği eklem hareket açıklığı ve kas 
testleri, Görsel Analog Skalası (VAS), el sıkma testi, pinçmetre 
ölçümleri, monofilaman ile duyu testleri, iki nokta diskrimi-
nasyon testi, Phalen, ters Phalen, Tinel ve karpal komp-
resyon testleri, Sağlık Değerlendirme Anketi (HAQ), Boston 
Sorgulama Anketi (BQ) ve elektrofizyolojik ölçümler değer-
lendirildi. İstatistiksel analiz SPSS (versiyon 10.0, Windows) 
yazılımı kullanılarak yapıldı.
Bulgular: Çalışma sonunda tüm grupların klinik değerlendirme-
lerinde istatistiksel olarak anlamlı iyileşmeler görüldü (p≤0.05). 
Ultrason ve plasebo grubu ile karşılaştırıldığında, iyontoforez 
grubunda daha başarılı sonuçlar alındı; KTS’li hastaların üç ay 
sonraki takiplerinde pinçmetre, monofilaman, iki nokta diskrimi-
nasyon testleri ve BQ skorlarında istatistiksel anlamlı iyileşme 
gözlemlendi (p≤0.05). İyontoforez ve ultrason grubunda yapılan 
elektrofizyolojik ölçümlerde de, istatistiksel olarak anlamlı iyileş-
meler kaydedildi (p≤0.05).
Sonuç: Bu çalışmanın sonuçları, hafif KTS’li hastaların deksame-
tazon iyontoforezi, tendon kaydırma egzersizleri, splint ve aktivite 
modifikasyonu ile beraber tedavisinin güvenilir ve etkili olduğunu 
önermektedir. Ancak, bulgularımızı destekleyen daha geniş ölçekli 
başka çalışmalara da ihtiyaç vardır.
Anahtar sözcükler: Karpal tünel sendromu; deksametazon iyontoforezi; egzer-
siz; splintleme; ultrason.

Objectives: In this study, we aimed to compare the efficacy of 
some conservative methods in combination with dexamethasone 
iontophoresis, ultrasound therapy or placebo iontophoresis (without 
dexamethasone) in the treatment of mild carpal tunnel syndrome (CTS).
Patients and methods: Fifty-eight patients diagnosed with mild 
CTS confirmed by electromyography were included in the study. The 
subjects were divided randomly into three groups: (i) iontophoresis 
group-treated with dexamethasone iontophoresis (n=20); (ii) 
ultrasound group-treated with ultrasound (n=20), and (iii) placebo 
group-treated with placebo iontophoresis (n=18). All patients received 
one of these treatments in 15 sessions for three months in combination 
with physiotherapeutic procedures, such as tendon/nerve gliding 
exercises, night splinting and activity modifications. Wrist range of 
motion, muscle test, the Visual Analog Scale (VAS), handgrip test, 
pinch meter measurement, sensory testing with monofilaments, 
two-point discrimination test, Phalen’s, reverse Phalen’s, Tinnel’s 
and carpal compression test, the Health Assessment Questionnaire 
(HAQ), the Boston Questionnaire (BQ) and electrophysiological 
assessment were performed at baseline, at the end of therapies and 
at threemonths during follow-up. Statistical analysis was performed 
using SPSS software (version 10.0 for Windows).
Results: Statistically significant improvements in the clinical status of 
all groups were observed at the end of the study (p≤0.05). Compared to 
ultrasound group and placebo group, more successful outcomes were 
seen in the iontophoresis group, resulting in statistically significant 
improvements in the pinch meter measurements, monofilament and 
two-point discrimination tests, and in BQ scores at three months 
during follow-up (p≤0.05). A statistically significant improvement 
was also recorded in the electrophysiological measurements in the 
iontophoresis group and ultrasound group (p≤0.05).
Conclusion: Our study results suggest that dexamethasone 
iontophoresis administration combined with tendon gliding exercises, 
splint and activity modification is reliable and effective in the 
treatment of patients with mild CTS. However, further large-scale 
studies are required to confirm these findings.
Key words: Carpal tunnel syndrome; dexamethasone iontophoresis; exercise; 
splinting; ultrasound.
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Carpal tunnel syndrome (CTS) is the entrapment 
mononeuropathy most frequently encountered in 
clinical practice. It is caused by the compression of 
the median nerve at the wrist level.[1,2] Several physical 
examination tests may be helpful in the diagnosis of 
CTS, but none of them are diagnostic on their own. 
The gold standard test is a nerve conduction study.[3] 

Patients with mild and moderate CTS symptoms can 
be managed with conservative treatment.[4-10] However, 
in severe cases, surgery may be required.[9]

Several treatment choices exist for CTS, and these 
can be broadly divided into surgical and conservative 
categories. The various conservative methods include 
hand bracing, wrist splinting, ultrasound, laser therapy, 
steroids, nonsteroidal anti-inf lammatory drugs 
(NSAIDs), vitamin B6, local injections, workplace 
modifications, and yoga.[4-8,10] Releasing operations 
have therapeutic effects, but complications and failure 
have been shown to occur in 3-19 % of cases.[9,10]

A universally accepted therapy for CTS 
is not available yet. Some reviews exist regarding 
conservative methods; however, there are conflicting 
results regarding this issue among the various studies. 
Additionally, treatment involving combinations of 
surgical and conservative methods have not been 
studied well.[11-13] Designing protocols for CTS which 
include conservative methods is needed.

Workplace modifications or job changes are very 
important in the treatment of CTS.[2] However, patient 
education must be the first step in all treatment 
protocols.

Splinting of the wrist in the neutral position for 
nocturnal wear is the most effective non-aggressive 
treatment for CTS. It is advised for the resolution of 
clinical symptoms, especially for pain relief. There are 
many studies regarding splint application in neutral 
and extension positions.[14,15] The median nerve gliding 
exercises that have been used in clinical trials for CTS 
were proposed by Totten and Hunter. With these 
exercises, joint movements alter the length of the nerve 
bed and induce gliding of the nerve relative to its 
surrounding structures.[16]

Iontophoresis is a procedure which leads to chemical 
modifications and the transferral of ions to the body 
using direct current. Dexamethasone administered by 
the iontophoresis technique has the effect of reducing 
tissue inflammation by inhibiting the biosynthesis of 
inflammatory substances.[17] During the last decade, 
iontophoresis has especially gained popularity as a 
treatment modality for CTS.[4,18-20]

Ultrasound has been widely used in hand therapy 
to promote recovery after nerve and tendon injuries.[21] 
Several intensities and frequencies have been used for 
CTS.[4,12,21-25] 

Electrophysiological evaluation is important for 
both diagnosis (as a gold standard) and effective 
treatment. There are only a few studies which 
have been conducted with CTS patients at follow-
up in which the effectiveness was demonstrated 
electrophysiologically.[24,26,27]

The aim of this study was to investigate clinically 
and electrophysiologically the effectiveness of 
conservative treatment protocols in the management 
of idiopathic CTS and to compare them.

PATIENTS AND METHODS
This study enrolled patients who had been clinically 
and electrophysiologically diagnosed as having CTS 
in the outpatient clinic of the Physical Medicine and 
Rehabilitation Department in İstanbul Faculty of 
Medicine, İstanbul University, İstanbul.

Fifty-eight CTS patients (55 females, 3 males; 
mean age 51.85±7.29) were included in the study. The 
sample size was estimated using the results from a 
previous study.[10] The study protocol was approved 
by the university ethics committee, and written 
informed consent was obtained from all patients. 
This study was a prospective, randomized, blind 
clinical trial with a follow-up after three months. 
The persons’ who performed the statistical analysis 
and electrophysiological assessment was blind 
to the therapy as were the patients who received 
dexamethasone iontophoresis or sham iontophoresis.

Before including a patient in the study, a detailed 
history was obtained, and the possibility of other 
diseases was eliminated by physical examination and 
electrophysiological measurements. Same physician 
(one of the author of study) checked all the patients, 
another author of the study performed all the 
electrophysiological measurements.

The study participants were volunteers, aged 25-70 
years, who were unemployed at the time of study. 
The inclusion criteria were a diagnosis of idiopathic 
CTS based on provocation tests and electromyography 
(EMG) during the examination and complaints of 
numbness, tingling, weakness, and pain in the hands 
lasting for at least three months. Bland’s scale was used 
to grade the CTS severity.[3]
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Exclusion criteria were the following: the presence 
of symptoms for more than a year, acute findings, 
a history of steroid injections or physical therapy, 
systemic disease, a two-point discrimination 
distance of greater than 6 mm, the presence of 
thenar atrophy, more proximal complex neuropathy, 
cervical discopathy, cervical Da Costa’s syndrome, 
shoulder, elbow, wrist, or finger problems (frozen 
shoulder, epicondylitis, cubital tunnel syndrome, 
history of wrist fracture, trigger finger), the presence 
of a pacemaker, and other etiological causes leading 
to CTS, e.g. rheumatoid arthritis, gout, pregnancy, or 
previous CTS surgery.

The patients were randomly divided into three 
groups using computer-generated random numbers. 
After the examination of each patient, the physician 
sent the number in an envelope to the physiotherapist. 

Intervention

The iontophoresis group (group I) consisted of 
twenty hands which received dexamethasone 
iontophoresis using a galvanic device (Medelsan 
Galvani-Faradi Stimulator 01.300502.16255.010 I.U. 
BIOMED and KL.MUH.BR, Turkey), the sham group 
(group S) was comprised of 18 hands that received sham 
iontophoresis, and the ultrasound group (group U) 
contained the remaining 20 hands which were treated 
with underwater ultrasound using an ultrasound 
device (Intelect 200 Sound, 1063C, 98/664, Turkey). 
Prior to treatment, the area was cleaned, and all 
metals were removed from the body. In iontophoresis 
therapy, dexamethasone sodium diphosphate 0.4% 
solution was poured on the activated carbon electrode 
pad of 25 cm2 placed over the carpal tunnel. Since the 
passive electrode was larger, it was placed proximally 
on the forearm. The administration was performed 
by applying a current of 2 mA for 20 minutes. In 
group S, water was used instead of the dexamethasone 
solution on the active electrode, and the treatment 
was performed using the same device, intensity, and 
duration.

With ultrasound therapy, the patient’s arm was 
immersed up to the elbow in a basin of warm water, 
and the therapy was administered with horizontal and 
longitudinal movements of the palm on the palmar 
surface of the carpal tunnel and the third finger of 
the hand. Ultrasound treatment was applied for five 
minutes per session using direct current with an 
intensity of 0.8 W/cm2. The three applications were 
performed by a physiotherapist once a day five times a 
week over a period of three weeks.

All patients received training in both written 
and oral form in order to perform tendon and 
nerve gliding exercises and were instructed to 
do three sets of 10 of these exercises every day. 
This was in addition to the previously mentioned 
therapies. Brochures describing the exercises were 
also dispensed. Ergonomic training for daily living 
activities was also given to all patients.

Neutral wrist splinting was also provided to the 
patients, who were instructed to wear the splint at 
night.

Outcome measurements

The visual analog scale (VAS) for pain 
evaluation, wrist f lexion/extension range of motion 
measurements, muscle testing for the muscles in 
this region (using five points scale), a muscle test 
for abductor pollicis brevis (APB), an evaluation 
of handgrip strength, pinch meter measurements, 
and the Semmes-Weinstein monofilaments (SWM) 
examination for sense evaluation were performed 
for clinical assessment along with Phalen’s, Reverse 
Phalen’s, Tinel’s and carpal compression tests. In 
addition, the Boston Questionnaire (BQ) and the 
Health Assessment Questionnaire (HAQ) were 
completed.

The BQ was used to assess symptom severity and 
functional status while the HAQ was used to evaluate 
disability. The Turkish versions were found to be 
viable.[28,29]

All electrodiagnostic tests were performed using 
an electroneuromyography device (Nihon Kohden 
Neuropack M1, Japan). Motor and sensory nerve 
conduction studies were performed in the median 
and ulnar nerves. The measurements of median 
nerve sensory distal latency, sensory amplitude, 
velocity of sensory nerve conduction, motor 
distal latency, motor amplitude, and velocity of 
motor nerve conduction were done using standard 
techniques. Compound muscle action potentials of 
the APB muscle induced by supramaximal electric 
stimulation of the median nerve at the wrist 8 cm to 
the recording electrode were recorded. Antidromic 
sensory latency and sensory nerve conduction 
studies were done from the second digit to the wrist 
at a distance of 14 cm.[26]

The clinical and electrodiagnostic evaluations were 
repeated three times: before and after therapy and at 
the three-month follow-up.
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Statistical analysis

In the present study, statistical analyses were made 
using Statistical Package for Social Sciences (SPSS Inc., 
Chicago, Illinois, USA) version 10.0 for Windows. 
Although most of our measurements were parametric, 
those which were non-normally distributed were 
analyzed using non-parametric methods. One-way 
analysis of variance (ANOVA) was applied to compare 
parametric values. To evaluate the non-parametric 
measurements, the Wilcoxon test and McNemar’s 
test were used for within-group comparison, and the 
Kruskal-Wallis test was used for comparison between 
groups. A Bonferroni correction was applied to adjust 
the level of significance due to the presence of multiple 
comparisons. Statistical significance was set at p≤0.05 
and considered to be two-sided.

RESULTS
There was no statistically significant difference in 
mean age, dominant hand, and involved hand between 
the study groups. The female/male ratio was 18.3:1. 
Demographic characteristics are presented in Table 1.

No difference was found between the groups 
regarding measurements of flexion/extension range of 
motion (p>0.05).

There was no difference between the groups in 
VAS scores during movement, at rest, or nighttime 
at the beginning of therapies. Statistically significant 
improvement in VAS scores during movement and at 
rest was seen in group I (p<0.001) and was still observed 

three months later during post-treatment (p<0.001) 
(Table 2). The change was significant even after a 
p-value adjustment using the Bonferroni correction 
(p=0.05/number of tests; 0.05/2= 0.025).

No significant difference was found in handgrip 
and pinch meter measurements between the groups at 
baseline (p>0.05). Statistically significant improvement 
was observed in pinch meter measurements in group I 
at the three-month post-treatment when compared to 
group S and group U (p<0.001).

It was found that the iontophoresis method was 
more efficient when the groups were compared in 
terms of strength of the APB muscle before and after 
treatment and at the three-month follow-up (p<0.001).

A statistically significant difference in the Tinel’s 
test was detected before treatment and again three 
months later in group U, with a more pronounced 
difference in group I (p<0.001). When comparing the 
groups regarding flick sign, a statistically significant 
difference was seen in group I both after treatment and 
at the three-month follow-up (p<0.001).

Statistically significant differences in the Phalen’s 
test were found between the groups both before 
and after treatment and at the three-month follow-
up (p<0.001, p=0.01, p=0.05, respectively) with the 
significance being greater in group U (p<0.001).

Statistically significant differences in the Reverse 
Phalen’s test were also detected before treatment, 
immediately afterward, and during the follow-up three 

Table 1. Demographic characteristics of patients

Age (years)  51.50±8.08  53.70±8.35  51.25±6.88  0.55
BMI (kg/m²)  29.11±6.24  30.19±5.40  27.81±4.17  0.39
Gender

Female  90  100  95
Male  10    5

APB muscle test 4.2±0.69  4.11±0.47  4.2±0.69  0.80
Carpal compression test 45.00±21.03  40.05±19.52  39.55±20.33  0.45
Handgrip strength 46.56±19.47  47.44±10.81  50.63±16.22  0.80
Pinch strength 12.75±3.57  12.64±2.56  13.53±3.91  0.67
Wrist flexion 72.15±8.84  70.83±11.40  75.25±10.32  0.39
Wrist extension 62.25±8.34  60.00±6.41  63.25±7.48  0.40
Two-point discrimination 5.45±1.82  4.88±1.40  5.40±1.69  0.52
Semmes-Weinstein monofilament 3.70±0.42  3.60±0.25  3.79±0.33  0.24
HAQ 0.80±0.71  0.77±0.73  0.80±0.67  0.85
Boston symptom severity  26.40±8.78  26.55±7.60  30.55±8.84  0.22
Boston functional capacity  18.35±8.42  16.38±7.01  21.05±7.67  0.18
SD: Standard deviation; BMI: Body Mass Index; APB: Abductor pollicis brevis; HAQ: Health Assessment Questionnaire.

 Group I (n=20) Group S (n=18) Group U (n=20)

 Mean±SD % Mean±SD % Mean±SD % p

0.38



Turk J Rheumatol42

months later (p=0.04, p=0.03, p<0.001, respectively). 
The improvement observed after treatment and at 
the three-month follow-up was more remarkable in 
group U compared with group I. When the statistical 
differences between the three measurements in all 
groups were compared, greater improvement was 
found in the measurements at the three-month post-
treatment in group U (p=0.02).

Statistically significant improvement was found in 
group I at the end of treatment and at the three-month 
follow-up when the groups were compared regarding the 
results of the carpal compression test (p<0.001, p<0.001).

Statistically significant improvement was seen in 
the two-point discrimination measurements in group 
I at the three-month post-treatment (p<0.001). When 
the statistical differences were compared between the 

three measurements in all groups, significantly greater 
efficacy was observed at the end of treatment and at the 
three-month follow-up in group I (p<0.001, p<0.001,) 
(Bonferroni correction 0.05/3= 0.0167) (Table 3).

When the groups were compared in terms of the 
three measurements of the SWM examination [at the 
distal interphangeal (DIP) part of the second finger], 
statistically significant differences were observed after 
treatment and at the three-month follow-up, and this 
difference persisted in group I throughout the study 
and at the post-treatment three months later (p<0.001, 
p<0.001). When the differences between monofilament 
measurements were compared, a statistically significant 
improvement was seen at the end of treatment and three 
months later in group I (p<0.001, p<0.001) (Bonferroni 
correction 0.05/3= 0.0167) (Table 4).

Table 2. Comparison between the groups in terms of differences in VAS pain at movement, rest, and night

VAS movement 1 2.75±1.71 3.00 (0.00-6.00) 0.66±1.13 0.00 (0.00-3.00) 1.30±1.83 0.00 (-1.00-5.00) p<0.001*
VAS movement 2 1.20±1.23 1.00 (0.00-4.00) 0.11±1.40 0.00 (-3.00-3.00) 0.85±1.66 0.00 (-2.00-6.00) p=0.08
VAS rest 1 2.55±1.76 2.50 (0.00-5.00) 0.50±0.78 0.00 (0.00-2.00) 1.20±1.73 0.00 (-1.00-5.00) p<0.001*
VAS rest 2 0.75±1.20 0.00 (0.00-4.00) -0.05±0.87 0.00 (-2.00-2.00) 0.40±1.53 0.00 (-2.00-5.00) p=0.12
VAS night 1 2.35±2.53 2.00 (0.00-7.00) 1.61±2.19 5.00 (0.00-7.00) 2.25±1.91 2.00 (0.00-7.00) p=0.38
VAS night 2 0.80±1.32 0.00 (0.00-4.00) 0.05±0.23 0.00 (0.00-1.00) 0.50±1.31 0.00 (-2.00-4.00) p=0.16
SD: Standard deviation; Min.: Minimum; Max. Maximum; VAS movement 1: difference between pre- and post-treatment values; VAS movement 2: difference between 
the values at the end of treatment and three months post-treatment; VAS rest 1: difference between pre- and post-treatment values; VAS rest 2: difference between 
the values at the end of treatment and three months post-treatment; VAS night 1: difference between the pre- and post-treatment values for night pain, VAS night 
2: difference between the values for night pain at the end of treatment and three months post-treatment. KW: Kruskal-Wallis test, * Bonferoni correction p<0.025.

 Group I Group S Group U

 Mean±SD Median (min.-max.) Mean±SD Median (min.-max.) Mean±SD Median (min.-max.) p

Table 3. Differences between the groups in three measurements of the two-point discrimination test

After therapy, before therapy 1.25±1.06 0.00±1.13 0.30±1.12 p<0.001*
Three-month follow-up-after

therapy 0.75±0.91 0.16±0.92 0.40±1.09 p=0.14
Three-month follow-up-before

therapy 2.00±1.33 0.16±1.04 0.70±1.03 p<0.001*
SD: Standard deviation; KW: Kruskal-Wallis test; * Bonferoni correction p<0.0167.

 Group I Group S Group U

 Mean±SD Mean±SD Mean±SD KW p*

Table 4. Differences between the groups in three measurements of Semmes-Weinstein monofilament examination

After therapy, before therapy 0.44±0.44 0.08±0.25 0.15±0.31 p<0.001*
Three-month follow-up-after

therapy 0.15±0.32 0.00±0.00 0.05±0.18 p=0.12
Three-month follow-up-before

therapy 0.60±0.39 0.08±0.23 0.20±0.33 p<0.001*
SD: Standard deviation; KW: Kruskal-Wallis test; * Bonferoni correction p<0.0167.

 Group I Group S Group U

 Mean±SD Mean±SD Mean±SD KW p*
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No statistically significant difference existed 
between the HAQ scores in the three groups before 
treatment (p>0.05). When comparing the statistical 
differences between the HAQ scores, improvements 
were seen in the groups, with statistically significant 
improvement in the group I three-month follow-up 
(p<0.02) (Table 5).

Statistically significant improvements were seen in 
the BQ-symptom severity in the groups at the three-
month post-treatment (p=0.05). When the statistical 
differences in the measurements of symptom severity 
were compared, statistically significant improvement 
was observed in the group I three-month follow-up 
(p<0.001). When comparing the groups in terms of the 
BQ-functional capacity scores at the three time points, 
no statistically significant difference was seen (p>0.05). 
When the statistical differences in functional capacity 
measurements were compared, statistically significant 
improvement was observed in group I at the three-
month post-treatment (p=0.03) (Table 5).

Statistically significant differences existed only 
between the initial values of median nerve motor 
amplitudes when comparing the groups in terms 
of the EMG measurements (motor distal latency, 
motor amplitude, motor nerve conduction velocities 
and sensorial distal latency, sensorial amplitude 
and sensorial nerve conduction velocities of the 
median nerve) (p<0.01). In the post-treatment EMG 
measurements, a statistically significant difference 
was observed in motor and sensorial amplitudes of 
the median nerve (p=0.02, p=0.04). There was no 
statistically significant difference between the groups 
in the EMG measurements at the three-month follow-
up (p>0.05). When the differences between motor 
amplitude measurements of the median nerve were 
examined in all groups at the three different time 
points, statistically slightly greater improvement 
was seen in group U three months after treatment 
(p=0.04). Statistically significant improvements were 
seen in group I and, to a lesser degree, in group U 

Table 5. Comparison between the mean values of the variables in the three groups before treatment, at the end 
of treatment, and at the three-month  follow-up

Health Assessment Questionnaire
Before therapy 0.80±0.71 0.77±0.73 0.80±0.67 p=0.85
After therapy  0.42±0.56 0.59±0.58 0.66±0.61 p=0.24
Three-month follow-up 0.37±0.55 0.46±0.55 0.44±0.51 p=0.47

Boston Symptom Severity Score
Before therapy 26.40±8.78 26.55±7.60 30.55±8.84 p=0.22
After therapy  19.75±7.41 23.55±10.10 24.00±9.76 p=0.28
Three-month follow-up 17.70±5.61 24.00±9.16 22.90±9.74 p=0.05

Boston Functional Status Score
Before therapy 18.35±8.42 16.38±7.01 21.05±7.67 p=0.18
After therapy 14.35±4.81 14.61±7.04 17.55±7.66 p=0.24
Three-month follow-up 13.35±5.07 15.00±6.76 16.85±7.67 p=0.25

SD: Standard deviation.

 Group I Group S Group U

 Mean±SD Mean±SD Mean±SD p

Table 6. Electrophysiologic studies in the groups

Median nerve motor conduction (APB muscle) 
MDL 4.22±0.28 4.25±0.34 4.22±0.66 0.90 p=0.74
MAmp 14.82±4.19 12.51±3.16 12.27±3.80 5.06 p=0.01
MSIH 55.17±3.55 53.51±3.30 55.27±4.25 1.05 p=0.35

Median nevre sensorial (2nd finger)
DDL 3.02±0.29 3.06±0.26 3.07±0.29 0.06 p=0.93
DAmp 55.38±17.10 49.66±16.74 48.51±20.10 1.29 p=0.17
DSIH 43.46±3.49 43.43±4.56 45.67±4.44 0.21 p=0.80

SD: Standard deviation; APB: Abductor Pollicis Brevis; MDL: Median nerve motor distal latency; MAmp: Median nerve motor amplitude; MSIH: Median motor 
nerve conduction velocity; DDL: Median nerve sensorial distal latency; DAmp: Median nerve sensorial amplitude; DSIH: Median sensorial nerve conduction velocity.

 Group I Group S Group U

 Mean±SD Mean±SD Mean±SD F p
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when comparing all treatment groups regarding motor 
conduction velocities of the median nerve pre- and 
post-treatment and three months after treatment 
(p=0.04, p=0.03). Statistically significantly greater 
improvement was seen in group U when all treatment 
groups were compared in terms of median nerve 
sensorial amplitudes at the end of treatment and at the 
three-month follow-up (p<0.001) (Table 6).

DISCUSSION
This study examined the results of sham and 
dexamethasone iontophoresis along with ultrasound 
treatments in combination with splints, exercises, 
and ergonomic interventions in patients with 
CTS confirmed by clinical examination and 
electroneurography.

Carpal tunnel syndrome is one of the most 
frequently encountered disabling conditions in the 
community. Its initial treatment should be conservative, 
and several studies have been published on this topic. 
Some authors claim that nonsurgical methods are 
ineffective, but others say that patients with CTS can 
be treated successfully with conservative methods 
such as ultrasound, ergonomic intervention, exercises, 
or splints.[4-8,30] Studies have noted that these physical 
agents may facilitate the recovery from CTS.[7,19-23] 
We aimed to design treatment protocols for CTS and 
to compare iontophoresis, noted previously for its 
significant therapeutic effects, with ultrasound since 
the differences between them have been a topic of 
interest to investigators.

Some parameters of the present study confirm 
that protocol with dexamethasone iontophoresis is 
more effective than ultrasound treatment in CTS 
patients. The rate of improvement with iontophoresis 
was similar to that reported in other studies.[19-20] 
However, Amirjani et al.[18] observed that steroid 
iontophoresis was not more efficacious than the 
sham one, which may be due to the fact that 
iontophoresis was applied only six times during the 
trial. Their iontophoresis protocol was different from 
ours. Gurcay et al.[31] demonstrated no superiority 
between splint-combined phonophoresis and 
iontophoresis in their study, but they suggested that 
phonophoresis with a splint would provide a better 
quality of life with regard to the patient’s symptoms 
and better patient satisfaction. They did not use 
electroneurographic measurements, and the results 
were evaluated based on patient satisfaction. Gurcay 
et al.[32] applied iontophoresis in another study, and 

they compared iontophoresis and steroid injection to 
carpal tunnel and reported that these conservative 
methods were effective.

Banta[20] used iontophoresis and medical treatments 
in the management of CTS and found that 17% of the 
cases responded to wrist splinting plus nonsteroidal 
anti-inf lammatory medications. Dexamethasone 
iontophoresis was found to be successful in 58% of 
the cases at the six-month follow-up while medical 
treatment and iontophoresis failed in 35%. These 
patients were referred for surgical treatment.

Some studies have reported the beneficial effects of 
ultrasound therapy.[7,23] A portion of the clinical and 
electrophysiological outcomes (Phalen’s test, Reverse 
Phalen’s test, and median nerve sensorial amplitudes) 
were satisfactory in group U, but group I achieved 
greater improvements.

It has been shown in a study that workplace 
modifications or job changes are important in the 
treatment of CTS.[2] In our study, ergonomic training 
for daily living activities was given to all patients. At 
the same time, we applied neutral position splinting 
as well as tendon and nerve gliding exercises and 
observed that these applications had supportive effects 
on the treatment, as has been similarly reported in 
the literature. We consider that the improvements in 
group I resulted from splinting, ergonomic measures, 
and exercises. A number of studies supporting this 
finding are available.[6,10,14,16,33] Contrarily, it has been 
reported in a review that exercises were not beneficial 
in the management of CTS.[34]

Tendon and nerve gliding exercises have gained 
wide acceptance with the assumption that they relieve 
symptoms by stretching adhesions, increasing the 
distance between the median nerve and the transverse 
carpal ligament, and by reducing the compression and 
edema within the carpal tunnel. Their effects have 
been proven in several studies.[16]

It has been reported that the pressure was lowest 
when wearing a splint at night.[35] Similarly, we also 
aimed to reduce the pressure in the carpal tunnel by 
applying neutral position splints. Other authors have 
also demonstrated the efficacy of splinting.[15,30]

In this study, we followed the patients at each 
session and until three months post-treatment and 
trained them to perform tendon and nerve gliding 
exercises. Based on oral feedback from our patients and 
statistical analyses, we observed that the exercises and 
treatment as a whole had symptom-relieving effects.
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Baysal et al.[36] divided CTS patients into three 
groups and applied tendon and nerve gliding exercises 
+ splinting to the first group, ultrasound + splinting 
to the second, and exercise + ultrasound + splinting 
to the third group. Although improvement was seen in 
all groups, it was most significant in the third group in 
which all three treatment modalities were used. In the 
present study, we applied exercise + splinting together 
with either ultrasound or iontophoresis and found that 
these combinations increased the treatment efficacy.

Ruksen et al.[37] observed in their study that at 
the three-month follow-up, betamethasone injections 
and betamethasone phonophoresis combined with 
splinting and exercise were equally effective in the 
management of CTS.

In another study, iontophoresis and ultrasound 
treatments were applied in combination. Reduction 
in pain and numbness was seen in patients with mild 
to moderate CTS, but no improvement was found 
in patients with severe CTS.[8] A few combination 
protocols have been published in the literature, and 
these should be evaluated in future studies.

It has been reported in a review that conventional 
therapies are successful in the treatment of CTS, but 
the number of long-term studies is insufficient.[11] 
Generally, the follow-up period in those studies was 
eight weeks while it was 12 weeks in our study, and we 
found significant improvements with iontophoresis at 
follow-up.

In conclusion, when comparing the clinical and 
electrophysiological measurements performed pre- and 
post-treatment and at three months after treatment, we 
observed statistically significant improvement in some 
parameters (VAS score, pinch meter measurement, 
monofilament examination, two-point discrimination 
test, provocative tests, APB muscle test, BQ, and median 
nerve motor conduction velocity) in group I at the end 
of treatment and at the three-month post-treatment. 
Improvement was observed in less parameters (Phalen’s 
test, Reverse Phalen’s test, and median nerve sensorial 
amplitudes) in group U, and it was usually seen at the 
end of treatment, but the duration of effect was not 
considered to be sufficient. In the groups receiving either 
iontophoresis or ultrasound treatment, improvement 
was seen in electrophysiological measurements, 
especially in motor nerve conduction velocity and 
sensorial amplitudes. Both active treatment modalities 
proved to be superior to the sham iontophoresis. One 
of the limitations of this study might be that group S 
received galvanic current combined with splint and 

tendon nerve gliding exercise, but since our aim was to 
evaluate the effect of dexamethasone iontophoresis, this 
group was accepted as sham.

The small number of subjects was another limitation 
of our study, but its design and methodology were 
superior to those of most previous studies. Moreover, 
our electroneurophysiology results were crucial for the 
study quality.

Iontophoresis and ultrasound have good efficacy 
in CTS management; however, combinations of these 
physical modalities should be evaluated to achieve 
better results.

Further clinical trials including large numbers of 
patients along with investigating the long-term effects 
of these methods are needed.
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