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Abstract

Background: Carpal tunnel syndrome (CTS) is the most common peripheral nerve entrapment syndrome
worldwide.

Objective: The current work aimed at determining the effect of extracorporeal shock wave therapy (ESWT) on
different severities of carpal tunnel syndrome.

Subjects and methods: Sixty patients with unilateral carpal tunnel syndrome were participated in this study. They
were divided into three equal groups according to severity (mild, moderate, and severe). All patients received shock
wave therapy one session per week, for 6 weeks. Nerve conduction studies (NCs) were done for the median nerve.
Pinch dynamometer was used to measure the degree of lateral pinch power, and Visual Analogue Scale (VAS) was
used to assess degree of pain and Ultrasonography analysis measured cross-sectional area (CSA) of median nerve
for all patients at the beginning and at the end of the study.

Results: There was significant improvement (P < 0.05) in sensory conduction parameters, CSA, lateral pinch power,
and VAS after shock wave therapy in all groups. Also, there was significant improvement in motor latency, motor,
and sensory amplitudes after shock wave therapy in mild and moderate groups only (P < 0.05). In all group
samples, results revealed a highly significant correlations (p < 0.001) between peak sensory latency (PSL) with VAS,
CSA with motor latency (ML), CSA with PSL, CSA with VAS, CSA with lateral pinch, and ML with lateral pinch.

Conclusion: It is recommended to use ESWT as a conservative treatment in patients with different severities of CTS,

except patients with severe motor affection.

African clinical trial registry (www.pactr.org).

Trial registration: PACTR201804003293116. Registered on 26 April 2018 as retrospective registration in the pan
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Introduction

Carpal tunnel syndrome (CTS) is considered the most
common entrapment neuropathy resulting from periph-
eral nerve trapping, and its prevalence in adult’s general
population has been reported 2.7-5.8%; it has been
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reported that 50% patients have bilateral CTS [1]. The
median nerve is commonly compressed where it passes
in the carpal tunnel which is the most common form of
entrapment neuropathies [2]. It typically presents with
numbness, tingling, nocturnal pain, and at times, weak-
ness in the hand [3].

The risk factors for CTS include repetitive wrist stress,
obesity, and pregnancy, whereas secondary causes in-
clude lesions within the carpal tunnel, metabolic causes,
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and infection. Unlike other progressive diseases, CTS is
characterized by remission and recurrence; hence, its
prognosis is often uncertain. Although there are many
conservative forms of management, such as wrist splint,
steroid injections, and therapeutic ultrasound, their ef-
fectiveness is typically insignificant or short-lived [4].

Proper diagnosis of CTS generally involves the evalu-
ation of clinical signs and symptoms in combination
with neurophysiological tests as motor and sensory
nerve conduction studies in addition to high-resolution
ultrasonography that has been used as a useful method
for the diagnosis of CTS. The measurement of cross-
sectional area (CSA) of the median nerve at the wrist is
the most widely used ultrasonography method in CTS
diagnosis [5].

A shock wave is a sonic pulse with certain physical
properties. There is a high peak pressure, a fast initial
rise in pressure during a period of less than 10 ns, a low
tensile amplitude, a short life cycle, and a broad fre-
quency spectrum [6].

ESWT is a noninvasive technique which uses single-
pulse acoustic waves. These pulses are generated outside
the body and focused on a specific part of the body [7].
It relieves the pain of peripheral nerve damage and en-
hances local arterial remodeling and cellular regener-
ation [8].

Extracorporeal shockwave therapy (ESWT) has been
used in the treatment of several painful inflammatory
soft tissue conditions with an acceptable successful out-
come [9].

This study aimed to assess the effect of ESWT on dif-
ferent severities of carpal tunnel syndrome.

Subjects and methods

This is a case—control experimental study, conducted on
60 patients with unilateral carpel tunnel syndrome re-
cruited from Al Sahel Teaching Hospital and Neurology
outpatient clinic of Cairo University Hospitals in the
period from November 2016 to July 2017.

Subjects

Patients were from both genders, and their ages ranged
from 20 to 40 years old and height ranged from 155 to
185 cm. They were subdivided into three groups with
each twenty patients: group A; mild CTS (16 females, 4
males) with their mean age (33.40 + 4.35) years and
height (164.70 + 7.49) cm, group B; moderate CTS (3
males, 17 females), mean age (33.40 + 3.70) years and
height (164.55 + 5.94) c¢cm, and group C; severe CTS (4
males, 16 females), mean age (33.60 + 4.48) years and
height (164.45 + 5.47) cm. Duration of symptoms was
more than 3 months. Patients with the following were
included: discomfort pain in thenar, positive Phalen’s
maneuver, Tinel’s sign, or carpal compression test.
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Patients were assigned into three equal groups accord-
ing to the proposed scheme of the American Association
of Neuromuscular and Electrodiagnostic Medicine [10]:

Mild CTS: prolonged (relative or absolute) sensory or
mixed nerve action potential distal latency (orthodromic,
antidromic, or palmar) + sensory nerve action potential
(SNAP) amplitude below the lower limit of normal.

Moderate CTS: abnormal median sensory latencies as
above and (relative or absolute) prolongation of median
motor distal latency.

Severe CTS: prolonged median motor and sensory dis-
tal latencies, with either an absent SNAP or mixed nerve
action potential, or low amplitude or absent thenar com-
pound muscle action potential (CMAP). Needle examin-
ation often reveals fibrillations, reduced recruitment, and
motor unit potential changes.

Patients with the following criteria were excluded from
the study: juvenile diabetes, orthopedic deformities in
the upper limb, vascular disease at the wrist and/or the
hand, cortisone therapy up to 6 weeks, cognitive or psy-
chiatric disorders, body mass index (BMI) > 30kg/m2,

pregnancy, cervical spondylosis, osteoporosis, or
hypothyroidism.
Methods

After selection of the participants, the purpose of the
study was adequately explained to each participant.
Informed written consent was obtained from all indi-
vidual participants included in the study.
All patients were submitted to clinical examination,
median nerve NCS, and ultrasound (US) were done prior
to and post-application of ESWT.

Assessment techniques

Neurophysiological study of the median nerve

This was done using Dantec key point, USA, for measur-
ing nerve conduction velocity (NCV), motor latency,
motor amplitude, peak sensory latency, sensory ampli-
tude, and sensory conduction velocity of median nerve
pre and post-treatment program for three groups. The
normal reference values are distal latency < 4.4 ms, con-
duction velocity > 50.0 m/s, and the amplitude > 4 mV
from baseline to peak [11].

Ultrasonography analysis of median nerve

This took place in the neurosonology unit at Neur-
ology department, Kasr-alainy School of medicine,
Cairo University and was performed by a single expe-
rienced certified neurosonographer (European Society
of Neuro-sonology and Cerebral Hemodynamics
“ENSCH”), who was blinded to the subjects’ clinical
data throughout the entire study. The studies were
carried out using a high-resolution ultrasonography
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instrument (PHILIPS IU22 xMATRIX, California, US,
L 13-17MHZ linear transducer).

All patients were evaluated in the resting neutral pos-
ition with the palm up. The full course of the median
nerve in the carpal tunnel was assessed in both the
transverse and sagittal planes to assess the CSA.

Transverse image captured using a High frequency
(13—-17 MHz) Phased array transducer. Probe oriented to
the left side of the screen and transverse image at the
carpal tunnel inlet detected anatomically by distal wrist
crease; yet, measurements were taken only when the
scaphoid tubercle and the pisiform bone at the proximal
margin of flexor retinaculum were seen. The median
nerve CSA and the transverse (major axis) and antero-
posterior (minor axis) diameters were measured in the
transverse plane at the proximal boundary of the carpal
tunnel at the point of posterior angulation of the median
nerve. The CSA was measured 3 times, and the average
value was used for analysis. The cross-sectional area of
the median nerve was calculated by using a continuous
boundary trace just within the echogenic boundary of
the nerve [12, 13].

Pinch dynamometer (Hydraulic Pinch gauge, Saehan,
SH5005, Korea) was used to measure the degree of lat-
eral pinch power pre and post-treatment program for all
participants in the study.

Visual Analogue Scale (VAS)
It was used to assess the pain level pre- and post-
treatment program for all patients in three groups [14].

Treatment method
Shock wave unit
The device Chattanooga, Intelect RPW (USA) was cali-
brated by the manufacturer routinely, and it was cali-
brated before starting the study, to be used as treatment.
The treatment protocol was given for three groups
one session per week for 6 weeks. Each patient received
shock wave therapy for 2000 shocks at energy flux dens-
ity (EFD) of 0.03 mJ/mm? and 1.6bar in the area be-
tween the thenar and hypothenar eminences [7]. The
probe was oriented perpendicular to the patient’s palm.

Statistical analysis

Data was statistically described in terms of mean +
standard deviation (SD), median and range ,and percent-
ages when appropriate. Paired ¢ test was used to detect
the difference between pre and post-treatment within
each group. Correlation between various variables was
done. P values less than 0.05 was considered statistically
significant. All statistical calculations were done using
the SPSS software for medical statistics version 20.

(2020) 56:48 Page 3 of 6

Results

Table 1 showed the participant’s demographic, clinical,
neurophysiological, and neurosonological results of the
affected side at the onset and follow-up.

Comparative data between pre-and post-treatment lat-
eral pinch showed that there were highly significant dif-
ferences within the mild group (P = 0.0001), moderate
group (P = 0.0001), and severe group (P = 0.005) as
shown in Table 2.

Comparison between pre-and post-treatment neuro-
physiological data (motor latency, motor amplitude, sen-
sory peak latency, and sensory conduction velocity) is
shown in Table 3. There were highly significant differ-
ences between pre- and post-motor amplitude, peak sen-
sory latency, sensory amplitude, and sensory conduction
velocity of median nerve within the mild group (P =
0.0001, P = 0.0001, P = 0.0001, P = 0.002; respectively)
and moderate group (P = 0.0001, P = 0.002, P = 0.005, P
= 0.001; respectively). The severe group showed signifi-
cant differences between pre- and post-sensory latency
and sensory conduction velocity of median nerve only (P
= 0.003, P = 0.001; respectively).

The comparison between the pre-and post-treatment
mean value of cross-sectional area of the median nerve
showed that there were highly significant differences
within the mild group (P = 0.0001), moderate group (P
= 0.0001)m and severe group (P = 0.001) as shown in
Table 4.

Correlation between different variables post-treatment
in all group sample results revealed the following:

Highly significant (P < 0.05) negative correlations
were observed between motor latency of median
nerve with lateral pinch (r = - 0.54) and between
cross-section area of median nerve with lateral
pinch (r = - 0.52).

A highly significant (P < 0.05) positive correlation
between peak sensory latency of median nerve and
VAS (r = 0.67).

Highly significant (P < 0.05) positive correlations
between CSA of median nerve with motor latency (r

Table 1 Demographic data

Demographic and clinical data Patients (N = 60)

Sex Females 49 (81.7%)
Males 11 (18.3%)
Age Range 20-40 years
median 34 years
Height Range 155-185
median 170
Affected hand Right 40 (66.7%)
Left 20 (33.3%)

N number, y year
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Table 2 Comparison between pre- and post-clinical data within
mild, moderate, and severe groups
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Table 3 comparison between pre- and post-neurophysiological
parameters within mild, moderate, and severe groups

Clinical assessment

Neurophysiological parameters

Mean + SD P value Mean + SD P value
Lateral pinch Mild Pre 1450 + 3.14 0.0001°  Motor latency mild Pre  420+014 0.0001°
Post 1701 £ 4.02 Post 378 £0.18
Moderate Pre 1294 + 3.26 0.0001° moderate  Pre 599 + 037 0.0001"
Post 14.98 + 3.87 Post 550 £ 049
Severe Pre 10.26 = 3.02 0.005° Severe Pre 8.23 £ 046 0.080
Post 1145 + 341 Post 810 £ 052
VAS Mild Pre 765 + 048 0.0001° Motor amplitude Mild Pre 451 £0.27 0.0001°
Post 520 £ 1.00 Post 524 £ 058
Moderate Pre 815+ 058 0.0001° Moderate  Pre 427 £0.19 0.0001"
Post 5.80 £ 1.00 Post 484 + 031
Severe Pre 8.25 + 068 0.001° Severe Pre 143 =045 0.162
Post 740 £1.31 Post 1.59 £ 0.65
VA Visual Analogue Scale, SD standard deviation Sensory peak latency ~ Mild Pre 434 £0.19 0.0001°
p value< 0.05 is considered significant
Pp value< 0.001 is considered highly significant Post 379 +0.28
moderate  Pre 570 £ 053 0.002°
= 0.94), peak sensory latency (r = 0.63), and VAS (r Post 519 + 0.64
= 0.69). .
Severe Pre 9.19 + 227 0.003
Discussion Post 855+ 213
This study was mainly concerned with the effect of  Sensory amplitude Mild Pre  1845+130  0.0001°
ESWT on different severities of carpal tunnel syndrome. Post 2138+ 214
Results of this study showed a significant improvement Moderate  Pre 1274+ 120  0.005°
in VAS and lateral pinch power of the affected hand Post 1449 + 253
after ESWT in all groups. Severe Pre 276+ 134 0.170
Paoloni and colleagues [15] study the effect of US and
ESWT on mild and moderate CTS, and they concluded Post 3134187
that patients in ESWT group show greater results re-  Sensory CV Mild Pre  41.76+385  0.002°
garding pain at 12 weeks follow-up when compared with Post 4594 £ 427
the US group (p < 0.05), and benefits persist 3 months Moderate  Pre 3462+ 215  0.004°
after the end of treatment. Also, it is reported that after Post 3727 + 331
three sessions of ESWT alone, patients with mild-to- .
Severe Pre 2353 +£1033  0.006

moderate CTS showed pain relief and better functional-
ity, as compared to ultrasound and cryo-ultrasound
therapy.

In addition, WU and colleagues [4] suggested that a
significant improvement in the Visual Analogue Scale
(VAS) and the Boston Carpal Tunnel Syndrome Ques-
tionnaire (BCTQ) scores were found in the patients’
group when compared to the control group.

The results of the present study come in line with
Vahdatpour and colleagues [1], who evaluated the effect
of extracorporeal shock wave therapy on the treatment
of patients with CTS. This improvement was found in
clinical symptoms, so they recommended to use ESWT
for treatment in patients with CTS.

The results of the present study agreed with Romeo
and colleagues [9], who stated that the ESWT resulted
in significant improvements of symptoms in patients

Post 2514 £11.17

SD standard deviation, CV conduction velocity
°p value< 0.05 is considered significant
bp value< 0.001 is considered highly significant

with pillar pain after carpal tunnel release surgery, and
there was a significant improvement with the mean VAS
score decreased from 6.18 to 0.44 (+ 0.63) 120 days after
treatment.

In addition, Notarnicola and colleagues [16] com-
pared the effect of ESWT and nutraceutical composed
of Echinacea angustifolia, alpha lipoic acid, conjugated
linoleic acid, and quercetin (perinerv) in patients with
CTS. Results showed that shock wave therapy is an
effective treatment for reducing symptoms and im-
provement in quality of life of patients.
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Table 4 Comparison between pre- and post-cross-section area of median nerve within mild, moderate, and severe groups

Cross-section area of median nerve (mm?)

Mild group (n = 20)

Moderate group (n = 20)

Severe group (n = 20)

Pre Post Pre Post Pre Post
Mean (+SD) 823+ 051 708 + 045 946 + 0.65 838 + 0.65 1332+ 193 12.09 + 1.69
P value 0.0001° 0.0001° 0.0001°

SD standard deviation, mm millimeter, n number
p value< 0.001 is considered highly significant

Results of the present study revealed that an improve-
ment in electrophysiological findings (motor latency,
peak sensory latency, motor and sensory amplitudes, and
sensory nerve conduction velocity) of median nerve after
ESWT in mild and moderate groups while in severe
group results revealed that an improvement in peak sen-
sory latency and sensory nerve conduction velocity only
after ESWT.

Vahdatpour and colleagues [1] agreed with the results
of the present study; they found that an improvement in
the electrophysiological findings of median nerve in the
patients with carpal tunnel following treatment with
ESWT.

Also, Hausner and colleagues [17] concluded that low-
energy ESWT could induce marked recovery of nerve
regeneration, nerve conduction velocity (NCV), and
amplitude in rats treated with nerve autografts of the
sciatic nerve.

Results of the present study revealed an improvement
in ultrasonography finding (cross-section area) of me-
dian nerve after ESWT in all groups.

In agreement with the results of the current study, the
results of WU and colleagues [9] suggested that a signifi-
cant improvement in CSA of the median nerve was ob-
served in the patients group compared to the control
one.

Moreover, WU and colleagues [9] found a significant
decrease in the CSA of the median nerve after rESWT
as compared to the control group. They concluded that
ESWT is an effective method for relieving symptoms of
CTS as corticosteroid injection. In addition to that,
rESWT is a noninvasive method in contrast to cortico-
steroid injection.

Also, Ke and colleagues [18] suggested that ESWT is a
valuable method for treatment of mild to moderate CTS,
and that its effect is more detectable in moderate cases
than mild ones because mild CTS partially resolves
spontaneously. In addition, the effect of single-session
ESWT is insignificant as it is a cumulative process.

Results of the present study revealed a highly significant
correlations between electrophysiological and clinical vari-
ables after ESWT in all group samples. In addition, highly
significant correlations were observed among CSA with
clinical symptoms (lateral pinch and VAS) and CSA with
nerve conduction studies. Hence, CSA of the median

nerve can be used as a screening tool for detection as well
as discrimination of different severities of CTS. Also, VAS
and lateral pinch can be used for detection and assessment
of the efficacy of treatment in CTS.

In agreement with the results of the current study, the
results of Hala RE and colleagues [19] found a significant
correlation between the CSAs of the median nerve in
the wrist and median nerve conduction studies. Correl-
ating the CSA of the median nerve in the wrist with the
NCS results showed significant positive correlations with
both motor latency and sensory latency in addition to a
significant negative correlation with both motor ampli-
tude and sensory amplitude. The high-resolution ultra-
sonography showed 96.1% accuracy in the detection of
CTS.

On the other hand, the findings of the present study dis-
agree with Wu and Lun [20], who suggested that ESWT
may be useless to peripheral nerve injuries and can be
used in the treatment of musculoskeletal disorders only.

Results of the present study could be explained as
ESWT stimulates the production of endothelial nitric
oxide [21], angiogenesis [22], and neurogenesis [23] via
the involvement of the vascular endothelial growth fac-
tor resulting in the decrease of the local inflammation
and release of the pressure on the median nerve.

Moreover, ESWT produces anti-inflammatory effects
through reduction of the levels of calcitonin gene-related
peptide [24]. Low energy flux density (EFD) levels of
shockwaves induce a significant decreasing in pro-
inflammatory substances such as nuclear factor-kappa B
(NF-kB) [9]. ESWT may also reduce inflammation of the
soft tissues around the median nerve, which results in
reduced pressure on the median nerve.

Conclusion

Extracorporeal shock wave therapy is an effective
method for treating patients with different severities of
carpal tunnel syndrome, except patients with severe
motor affection.

Limitations
Unavailable information of normative data regarding lat-
eral pinch test among Egyptian patients so further study
of the sensitivity and specificity of our results could not
be assessed.
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