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Carpal Tunnel Syndrome (CTS) is the most frequent trap 
neuropathy of upper extremity with an incidence rate 

of about 3.8%. Findings supporting CTS diagnosis are sen-
sory loss in lateral half of hand, motor deficit, atrophy in ab-

ductor pollicis brevis muscle, and positivity in Phalen and 
Tinel tests. Nerve conduction studies are the most promi-
nent diagnostic tests.[1] It has been mentioned in literature 
that ultrasound and Magnetic Resonance (MR) could be 
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used as additional screening tools for CTS diagnosis espe-
cially in patients with diagnostic dilemmas.[2]

The first method of choice in treatment of especially mild 
and moderate CTS is conservative treatment. However, 
efficiency of conservative methods in CTS treatment has 
been debated.[3] Conservative treatment methods of CTS 
include resting, ultrasound, laser therapy, orthosis, non-
steroidal anti-inflammatory drugs, oral steroids and local 
corticosteroid injections. For surgical treatment, median 
nerve decompression is used.[4] Another conservative treat-
ment method is phonophoresis. It has been reported that 
phonophoresis of dexamethasone could accelerate nor-
mal resolution process of inflammation through its anti-
inflammatory and tissue stimulant effects in CTS.[5] Local 
anesthetics and anti-inflammatory drugs (both steroid and 
non-steroid) are employed in phonophoresis treatment.[6] 
MPS phonophoresis has been suggested for the treatment 
of patients with heel pain. It has been thought that MPS 
inhibited degenerative, ischemic and inflammatory reac-
tions, thereby improving local tissue metabolism.[7]

There are no studies in literature evaluating the efficiency 
of MPS phonophoresis in CTS and comparing it with US 
treatment to our best knowledge. The aim of the present 
study was to evaluate MPS phonophoresis for treatment 
of patients with CTS using clinical findings, electroneuro-
physiological parameters and MR findings and to deter-
mine whether it is superior to US treatment.

Methods
The present study was carried out on 40 patients who ap-
plied to Department of Physical Therapy and Rehabilitation 
at University Hospital with the complaints of numbness, 
burning and tingling in hands and had carpal tunnel syn-
drome diagnosis which was confirmed by Electromyogra-
phy (EMG) during April-September 2014 period. The study 
was approved by local ethical board. Patients were informed 
about the procedure before the study, and they filled con-
sent forms. The patients who had paresthesia, pain and/or 
vasomotor symptoms in region fitting median nerve distri-
bution in hand, who had positivity for at least one of Tinel, 
Phalen and carpal compression tests in physical examina-
tion, and who were determined to have mild or moderate 
CTS in nerve conduction studies were included. The patients 
who had etiological factors which were not predisposing for 
CTS (diabetes mellitus, acute trauma, rheumatological dis-
eases, pregnancy, hypothyroidy, hyperthyroidism, etc.), who 
had atrophy in thenar region, who had excluded parameters 
used in differential diagnosis of CTS such as cervical radicu-
lopathy or polyneuropathy, who had medicines such as oral 
steroids or non- steroidal anti-inflammatory drugs and ste-
roid injection within the last thirty days, who had physical 

therapy program and who had CTS surgery were excluded. 
All patients were subjected to electrophysiological evalua-
tion, MR examination, pain evaluation, provocation tests, 
sensory and motor evaluation and Jamar Hand Dynamom-
eter and algometry tests before and three months after the 
treatment. They also completed Boston Carpal Tunnel Ques-
tionnaire (BCTQ). Patients were randomly divided into two 
groups. For the patients in the first group, 3 ml of contact gel 
used in daily routine (aquasonic gel) was applied at 10 ses-
sions on a single hand wrist using an ITO US-750 Ultrasound 
machine with a 5 cm2 header and 1 MHz frequency at 1.5 w/
cm2 for five minutes. The patients in the second group had 
10 sessions of 3 ml gel containing MPS applied on hand wrist 
using the same machine and procedure as in the first group. 
The patients in both groups were given neutral hand wrist 
orthoses during the night and also during the day as much 
as they can for a period of three months. In addition, tendon 
and nerve gliding exercise program was prepared for each 
patient. Patients carried out exercises as five sets of 10 re-
peats of each position for five seconds each for three months 
at their homes.[8,9]

Visual analogue scale (VAS) was used to evaluate pain sta-
tus of the patients. Pain thresholds of patients were mea-
sured using pressure algometry (JTECH, Commander TM). 
Jamar Hand Dynamometer (Baseline hydraulic hand dyna-
mometer, Irvington, NY, USA) was used to determine hand 
grip strength. Before and after the treatment, all patients 
completed BCTQ. BCTQ consists of 19 questions. Eleven 
questions measure the severity of the symptom and eight 
questions evaluate functional capacity.[10] Developed by 
Levine et al.[11] in 1993, BCTQ was verified for Turkish popu-
lation in terms of validity and reliability by Sezgin et al.[12]

Electrophysiological evaluations of all patients were per-
formed by the same person using Neuropack ε (Nihon Ko-
hden) electromyography machine. Temperature of hand 
skin was measured before the electrodiagnostic examina-
tion and was maintained at 32 °C or over using an infrared 
lamp during nerve conduction studies. For motor conduc-
tion study, recording electrodes were located on abductor 
pollicis brevis and abductor digiti minimi muscles, respec-
tively, during the stimulation of median and ulnar nerves. 
Reference electrodes were located on distal tendon inser-
tion. Distal latency longer than 3.8 ms, nerve conduction 
velocity less than 49.7 m/s and Compound muscle action 
potential (CMAP) amplitude lower than 4.3 mV were con-
sidered normal values for median nerve. For the evaluation 
of nerve conduction velocity of median and ulnar nerves, 
warning electrodes were located on the 1st, 2nd, 3rd and 5th 
fingers, while active stimulation electrode was placed on 
proximal phalanx and reference electrode was placed on 
middle phalanx. Sensory conduction velocities of median 
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nerve lower than 32.9 m/s for the first finger, 34.9 for the 
second finger, 39.6 for the third finger and 35.2 for palm-
wrist were considered normal. Based on electrophysiologi-
cal findings, patients with CTS diagnosis were classified as 
mild, moderate and advanced stage CTS.[13]

MR examination was performed on 40 hand wrists of 40 pa-
tients. Radiologist who performed the examination blind 
evaluated all cases irrespective of ultrasound or phonopho-
resis classification. Hand wrist MR examinations were carried 
out with hand wrist wrapping using a 1.5 tesla MR machine 
(Signa Excite, HDx12.0, M5B software; GE Milwaukee, WI, USA, 
2005). Axial, coronal fat suppressed PD (TR/TE, 2800/30) axial 
coronal T1 (TR/TE, 400/10) and axial T2 (TR/TE, 4500/80) se-
quences were used in imaging. Other MR parameters were: 
FOV 12c, slice thickness: 3 mm, slice gap: 1 mm and matrix: 
320x256. MR examinations were evaluated using Advantage 
Workstation 4.2 GE. Using axial sections, cross-sectional area 
of median nerve was measured at three different levels (ra-
diocarpal joint, pisiform and hamate hook levels) and arith-
metic average was calculated. In addition, signal intensity 
was evaluated in fat suppressed weighed series of median 
nerve and was classified as elevated or normal.

Statistical Analyses
Analyses were conducted to evaluate the general charac-
teristics of study groups. Numeric variables were expressed 
mean±standard deviation, while categorical ones were ex-
pressed as n (percentage). Two-way variance analysis was 
used in repeated measurements when comparing the mean 
of quantitative variables between groups. p values <0.05 was 
considered significant. Relationships between independent 
categorical variables EMG Stage and Clinical Stage were test-
ed using Fisher's Exact Test and expressed as n (%). Statisti-
cal analyses were carried out using a statistical software (IBM 
SPSS Statistics 19, SPSS Inc., an IBM Co., Somers, NY).

Results
Forty-eight hands were studied. Age of the patients var-
ied from 26 to 55 years. Eight hands were excluded since 

the patients did not show up for treatment or follow-up, 
and study was completed with 40 hands (26 right and 14 
left). CTS of 27 patients was in dominant hand. There were 
no differences between the two groups for age, height, 
weight, BMI and duration of symptoms (p>0.05) (Table 1).

There were no significant differences between the two 
groups for starting symptoms, physical examination find-
ings and clinical and EMG stages (p>0.05). Starting mea-
surements of BCTQ, VAS, Algometry and Jamar Hand Grip 
Strength were similar in both groups (p>0.05). In terms of 
starting MR and EMG findings, the third finger amplitude, 
the third finger sensory conduction velocity and the sec-
ond finger sensory conduction velocity were significantly 
lower in ultrasound group, but the two groups were similar 
for other parameters (p>0.05). Significant improvements 
were observed in both groups for BCTQ and VAS scores 
after treatment (p<0.05). Considering algometry values, 
pain threshold increased more after treatment in phono-
phoresis group, though the difference was not significant 
(p>0.05). Hand grip strength increased after treatment in 
phonophoresis group but decreased in ultrasound group 
(p>0.05) (Table 2).

When the values from follow-up examination three months 
later were compared to starting values, significant im-
provements were observed in both groups for vasomo-
tor symptoms, pain and flick sign (p<0.05). Strength loss 
evaluation improved in both groups, but improvement in 
phonophoresis group were more pronounced for this out-
come (p<0.001). Physical examination findings revealed 
that significant improvements were also observed in both 
groups for carpal compression, Tinel, Phalen and reverse 
Phalen tests (p<0.001). Similarly, phonophoresis treatment 
was more efficient. Four patients in phonophoresis group 
were found to have motor deficit before the treatment and 
all of these patients recovered from this condition after the 
treatment. On the other hand, significant improvement 
was not observed for motor deficit in ultrasound group. 
Sensory deficit improved in both groups, but again phono-
phoresis treatment was more effective for this parameter.

Table 1. Demographic features of patients

Feature Phonophoresis (n=20) Ultrasound (n=20) Significance (p) 
  Mean±SD Mean±SD

Age (years) 43.80±7.79 43.55±9.28 0.927
Height (cm) 159.10±5.72 159.55±5.77 0.806
Weight (kg) 83.05±13.85 83.25±20.26 0.971
BMI (kg/m2) 32.92±5.93 32.60±7.37 0.879
Duration of the symptom (months) 2.10±0.83 2.10±0.83 1.000

SD: Standard deviation. BMI: Body mass index. Significance Test for the Difference between Two Means.
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Electrophysiological parameters before the treatment and 
at follow-up three months later showed significant increas-
es in phonophoresis group for sensory nerve conduction 
velocity of the first and third fingers (p<0.05). In ultrasound 
group, motor distal latency of median nerve decreased, 
amplitude of the first finger increased, and sensory nerve 
conduction velocity of the second and third fingers in-
creased (p<0.05). MR parameters before and after treat-
ment showed that all median nerve cross-sectional area 
measures significantly decreased in phonophoresis group, 
while significant decrease was observed for only two levels 
in ultrasound group (p<0.05). However, average of median 
nerve area measurements significantly decreased in both 
groups (p<0.001) (Table 3).

A comparison of before and after treatment EMG stages 

showed that EMG findings of seven patients completely 
disappeared in phonophoresis group, number of patients 
in moderate stage decreased from 12 to 9, and number of 
patients in mild stage decreased from 8 to 4. These changes 
were significant (p<0.05). Although EMG findings of three 
patients were obliterated in ultrasound group, changes in 
EMG findings of this group were not significant (p>0.05) 
(Table 4). Significant improvement was observed for clini-
cal staging in both treatment groups (p<0.05). Clinical stag-
ing of five patients returned to normal in phonophoresis 
and ultrasound groups.

An evaluation of EMG staging together with MR findings 
in all patients showed that cross- sectional area at the en-
trance of median nerve into carpal tunnel and average of 
all measurements significantly increased in later stages of 

Table 3. EMG and MR parameters of groups before and after treatment

Variables  Phonophoresis (n=20)   Ultrasound (n=20) 

  Before treatment After treatment p Before treatment After treatment p 
  Mean±SD Mean±SD  Mean±SD Mean±SD

Palm wrist Amp. 39.54±3.82 38.6±7.92 0.747 38.45±14.15 40.39±3.05 0.465
Palm wrist mSNCV 28.29±6.91 31.96±6.85 0.010 28.01±4.11 29.35±6.74 0.229
mMDL 4.12±0.73 4.19±1.5 0.717 4.55±1.03 4.36±1.18 0.310
mMNCV 56.88±4.01 55.51±4.76 0.202 55.65±4.29 55.02±3.12 0.551
1st finger amp. 17.76±4.47 17.08±4.08 0.618 15.52±4.01 17.54±3.55 0.074
1st finger mSNCV1 28.32±4.51 31.03±5.36 0.006 26.32±4.5 27.81±5.37 0.057
2nd finger amp 17.62±4.71 15.57±4.06 0.053 15.71±4.42 16.6±3.87 0.400
2nd finger mSNCV 35.66±4.71 37.47±5.83 0.075 31.93±4.93 34.13±5.6 0.006
3rd finger Amp. 17.1±3.96 15.42±4.8 0.182 13.81±5.43 14.92±3.44 0.364
3rd finger mSNCV 34.86±5.58 37.01±6.38 0.062 30.75±5.35 32.66±5.97 0.017
5th finger mSNCV1 49.35±3.74 48.72±3.27 0.302 49.37±3.13 50.14±2.25 0.380
MR1 15.7±6.17 13.55±4.21 0.016 17.7±7.16 15.65±5.31 0.022
MR2 13.05±2.35 10.65±2.21 <0.001 13.4±4.58 11.65±3.99 0.006
MR3 16.4±6.37 14±4.23 0.002 15.75±7.08 14.5±5.15 0.093
MR4 15.05±3.88 12.73±2.52 <0.001 15.62±5.51 13.93±3.94 0.004

EMG: Electromyography; MR: Magnetic resonance; SD: Standard deviation; MR1: Pisiform bone level median nerve cross-sectional area; MR2: Hamate bone level 
median nerve cross-sectional area; MR3: Radiocarpal joint level median nerve cross-sectional area; MR4: (MR1+MR2+MR3)/3.

Table 2. Comparison of groups before and after treatment

Variables  Phonophoresis (n=20)   Ultrasound (n=20) 

  Before treatment After treatment p Before treatment After treatment p 
  Mean±SD Mean±SD  Mean±SD Mean±SD

Algometry 16.55±4.33 17.03±4.28 0.298 17.88±2.87 17.91±1.73 0.965
Boston FSS 2.27±0.57 1.41±0.41 <0.001 2.51±0.58 1.37±0.41 <0.001
Boston SSS 2.74±0.58 1.65±0.54 <0.001 2.89±0.67 1.67±0.58 <0.001
Jamar HD 47.7±15.54 48.55±15.87 0.713 41.2±22.45 40±21.88 0.604
VAS 5±3.32 1.2±1.79 <0.001 5.5±3.03 1.25±1.77 <0.001

SD: Standard deviation; FSS: Functional status scale; SSS: Symptom severity scale; HD: Hand dynamometer; VAS: Visual analogue scale.
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EMG (p<0.05). No significant change was observed for me-
dian nerve intensities before and after treatments in any 
group (p<0.05).

Discussion
Significant differences were observed in both phonopho-
resis and ultrasound groups for VAS and BCTQ scores. Al-
though there was no significant difference before the treat-
ment between the two groups, pain threshold and hand 
grip strength significantly improved in phonophoresis 
group. In contrast, hand grip strength decreased in ultra-
sound group.

Holding hand in neutral position would lead to optimal de-
crease in pressure and produce more benefit for alleviation 
of the symptoms.[14] There were different levels of benefit 
(31-67%) related to orthosis use in different studies.[14,15] It 
has been reported that use of orthosis especially for whole 
day could be an effective treatment method.[16] Orthosis 
use during both daytime and night was preferred for the 
patients in the present study.

Efficiencies of tendon and nerve gliding exercises are con-
troversial.[17] Longitudinal excursion of median nerve could 
be improved through tendon gliding exercises, because 
these exercises allow gliding of flexor tendons which play 
significant role in elimination of adhesion formation.[8] Use 
of orthosis and exercise treatments together were reported 
to produce better improvement of hand grip strength.[18] 
However, another randomized study reported no differ-
ence with combined use of two methods.[17]

In phonophoresis group, improvements were observed in all 
patients who had been found to have motor deficit, while 
significant improvement was not observed in ultrasound 
group. In terms of clinical staging, significant improvements 
were found in both groups, but improvements in sensory 
deficit was observed only in phonophoresis group. Ultra-
sound, one of the physical therapy modalities, has long been 
used for treatment of tenosynovitis, epicondylitis, bursitis 

and osteoarthritis.[19] US is assumed to be an anti-inflam-
atory agent.[3] Dincer et al.[20] compared the efficiencies of 
orthosis use alone, continuous ultrasound (1.0 w/cm2) plus 
orthosis use and laser plus orthosis use combinations, and 
found clinical and electrophysiological improvements in 
combined treatments. A study with placebo control, found 
clinical and electrophysiological improvements from differ-
ent ultrasound doses. In addition, a slight decrease in nerve 
conduction velocity and an increase in distal latency were 
observed in ultrasound group. These effects were hypothe-
sized to arise from the fact that ultrasound could cause a se-
lective heating in peripheral nerves which in turn might lead 
to temporal conduction blocking in median nerve.[21] Weak 
evidence and limited amount of data indicated that thera-
peutic ultrasound is more effective than placebo in short 
and long term symptomatic recovery of patients with CTS.[22]

It was shown that phonophoresis with ketoprofen was 
more effective to alleviate pain in eighth week compared 
to ultrasound and orthosis use in treatment of CTS.[23] In the 
present study, median nerve conduction velocity of palm-
wrist, the first and third fingers increased in phonophoresis 
group, while median nerve distal latency decreased and 
median nerve conduction velocity of the second and third 
fingers increased in ultrasound group. Electrophysiological 
parameters, on the other hand, improved in both groups. 
In terms of EMG staging, only phonophoresis group had 
significant improvements. Aygul et al.[24] evaluated the ef-
ficiency of phonophoresis using dexamethasone sodium 
phosphate in CTS treatment. They found significant im-
provements in follow-ups two months later for ulnar and 
median distal latency of the fourth finger, sensory median 
distal latency of the second finger and ulnar distal latency 
of the fifth finger. In a study where efficiency of phono-
phoresis using a gel containing MPS, flufenamic acid and 
salicylic acid combination was evaluated, heel pain of all 
patients decreased and did not recur for at least a year.[7]

Recently, imaging methods such as ultrasound and MR have 
been used for CTS diagnosis.[25] Median nerve cross- section-

Table 4. Change of EMG staging after treatment

     Phonophoresis (n=20)      Ultrasound (n=20) 

     After treatment      After treatment

Before treatment No  Mild  Moderate  p No  Present  Moderate  p

  n % n % n %  n % n % n %

EMG stage
 Mild 4 50 3 37.50 1 12.50 0.037 2 28.57 5 71.43 0 0 0.366
 Moderate 3 25 1 8.33 8 66.67  1 8.33 1 8.33 11 83.33

EMG: Electromyography; Marginal Homogeneity Test.
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al area of patients in phonophoresis group significantly de-
creased in all MR measurements, while in ultrasound group 
decrease was observed only in hamate and pisiform levels. 
Median nerve cross-sectional area of CTS patients was 14.1 
mm2 in pisiform level and 13.3 mm2 in hamate hook level. 
The same study reported the same areas as 10.9 and 9.1 
mm2, respectively, in healthy individuals.[26] Median nerve 
cross-sectional area in the present study was higher than 
that of healthy individuals, as well as in average of all mea-
surements. In a recent study,[27] median nerve cross-sectional 
area in CTS patients was reported to be higher at all three 
levels (distal radioulnar 13.8-18.7 mm2; proximal carpal tun-
nel 16.8-20.7 mm2; distal carpal tunnel 10.2-13.9 mm2) than 
that of control group (distal radioulnar 8.0-8.8 mm2; proximal 
carpal tunnel 9.5-10.0 mm2; distal carpal tunnel 8.8-9.7 mm2). 
It was mentioned in the same study that median nerve sig-
nal intensity was elevated in CTS patients compared to con-
trol group and that this intensity could be a reliable imaging 
finding for the evaluation of CTS.[27] Similarly, median nerve 
intensities in MR imaging were elevated in 60% of CTS pa-
tients in the present study. Hyperintense signal change in 
T2 weighed series are MR findings of neuropraxia with mild 
nerve damage.[28] Nevertheless, Radack et al.[29] reported 
that elevated signal intensity in T2 weighed images was a 
non-specific finding in CTS since it was positive in 49% of as-
ymptomatic individuals. In a study evaluating the effect of 
treatment on MR findings of CTS patients, signal intensity of 
median nerve weakened in carpal tunnel entrance region af-
ter one-week orthosis use or tendon-nerve gliding exercises, 
but no change was observed at more distal area.[30] Signifi-
cant change was not observed in either group in the present 
study. EMG and MR findings were correlated in later stages 
of EMG because of increasing cross-sectional area of median 
nerve in later stages.

In conclusion, considering the clinical and laboratory out-
comes of both treatment modalities, it could be concluded 
that MPS phonophoresis treatment is efficient and promis-
ing in CTS treatment.
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