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Abstract

Background: Carpal Tunnel Syndrome (CTS) is the most
common entrapment neuropathy due to compression of the
median nerve as it travels through the wrist at the carpal
tunnel. The function of the hand can be severely affected by the
sole loss of sensibility of the hand even though motor function
isnormd. Until now thereisno optimal physical therapy protocol
for making patients with CTS satisfied with the functional
outcomes therefore most of patients are refuge to surgical
interference.

Aim of Study: To investigate the efficacy of sensory re-
education paradigm on pain intensity, symptom severity, and
functional outcomesin carpal tunnel syndrome patients.

Subjects and Methods: Thirty patients suffering from mild
to moderate carpal tunnel syndrome were enrolled. They were
randomly assigned into two equal groups. The study group
(A): Received sensory re-education paradigm in addition to
a selected physical therapy program.The control group (B):
Received the same selected physical therapy program only.
Pain intensity level was assessed by the visual analogue scale
(VAS), symptom severity and functional outcomes were
assessed by Boston Carpal Tunnel Syndrome Questionnaire
(BCTQ). The assessment was done before and after twelve
treatment sessions.

Results: There was a statistically significant improvement
in pain intensity, and symptom severity in both groups post
treatment. There was a statistically significant improvement
in functional status score post treatment only in group (A)
(p<0.05). A significant difference was recorded between both
groupsin favor of the study group in functional status scorepost
treatment (p<0.05).

Conclusion: Adding Sensory re-education paradigm to
traditional physical therapy is a beneficial rehabilitation
program in improving the functional outcomes in patients
with CTS.
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Introduction

CARPAL Tunnel Syndrome (CTS), Carpal tunnel
syndrome is the commonest of the entrapment
neuropathies in the upper limb with middle aged
persons being at higher risk. Females are more
likely to develop CTS than males with afemale to
male ratio of 3:1. [1].

Classic CTS symptoms include numbness and
tingling in the median nerve distribution of the
hand, and, in more severe cases, loss of strength
of musclesinnervated distally by the median nerve.
Median nerve pathology impacts al nerve functions
distal to the site of lesion, with some possible pain
being felt proximally to the shoulder [2].

In early CTS, sensory latencies are more likely
to be prolonged than motor latencies; intermediate
CTSincluded constant sensory deficits and possible
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motor impairment, and advanced CTS included
severe loss of sensory and motor function, as well
as thenar muscle atrophy [2].

Treatment of CTS includes Physical therapy as
splinting, mobilization of carpal bone and median
nerve mobilization [3]. Surgical decompression,
an option offered to the patient in case of failure
of conservative management. Surgery is performed
viaan open carpal tunnel release (OCTR) or endo-
scopically assisted carpal tunnel release (ECTR).
Surgical decompression involves transaction of
the transverse carpal ligament (TCL) to relieve
pressure on the median nerve [4].

The transverse carpal ligament may play arole
in proprioception of the wrist in addition to its
function as a mechanical wrist stabilizer [5].

Most physiotherapists focus on motor improve-
ments rather than the sensibility improvements
though the sensory system may have an upper hand
in improving the motor function [6,7]. Until now
there is no optimal physical therapy protocol for
making patients with CTS satisfied with the func-
tional outcomes therefore most of patients are
refuge to surgical interference [8,9].

Because of the limited evidence available and
the variation between the interventions studied, no
specific sensory re-education intervention can be
recommended yet. On theoretical grounds, the
methods of treatment described by Dellon and
Wynn-Parry may be most promising torestore
functional sensibility [10].

Therefore; sensory re-education paradigm
should be assessed in randomized trialswith blinded
assessment of functional outcomes to evaluate its
effectiveness in patients with CTS.

Subjects and Methods

Subjects:

The study was a randomized controlled trial
(RCT) carried on thirty female patients with CTS.
The patients were recruited from the outpatient
clinic at Faculty of Physical Therapy and the Clin-
ical Neurophysiology Unit of Cairo University
Hospitals, in the period between March 2019 to
May 2019. Patients were diagnosed and referred
by a neurologist or a neurosurgeon as CTS based
on the clinical diagnostic criteria of the American
Academy of Neurology, [11]. The study was ap-
proved by ethical committee of faculty of physical
therapy, Cairo University (P T.REC/012/002260).

The patients signed written informed consents
before participation after comprehensive explana-
tion of the aim and procedures of the study to
ensure compl ete satisfaction.

Patients were randomly assigned by sealed
paper envelopes into two equal groups. The exper-
imental group (N=15) received twelve sessions of
sensory re-education paradigm andthe control group
(n=15) received twelve sessions of the same stand-
ard physical therapy program only.

Inclusion criteria were: Thirty female patients
reported pain, hyperesthesia, and/or paresthesia at
the course of median nerve distribution [2,12], were
diagnosed as CTS based on the clinical diagnostic
criteria of the American Academy of Neurology
[12], their age ranged from 20 to 50 years old, body
mass index <25 (kg/m?2), fractionated sensory nerve
conduction velocity for the median nerve across
the wrist of 40m/s or less [13], and with sensory
distal latency more than 3.6 ms and less than 4ms
[14].

Exclusion criteria were: CTS due to Systemic
disease (i.e. thyroid disease, diabetes mellitusrheu-
matoid arthritis,), obese or pregnant women, pa-
tients who have wasting of the thenar muscles,
previous surgery for CTS, complete conduction
block on EDX or previous regular exposure to
hand-held vibrating tools, presence of cervical
radiculopathy, presence of other concomitant neu-
rological disease (i.e. peripheral neuropathy), His-
tory of wrist fracture, surgery or carpal tunnel
injection in the last 2 weeks before study, and
history of wrist surgery, fracture or injection at
carpal tunnel in the last 2 weeks before study.

Evaluation procedures:

All patients were evaluated pre- and post-
treatment using:

Visual analogue scale (VAS):

Sensation of pain at wrest was evaluated by the
patients under supervision of the same examiner
using a visual analogue scale (VAS) [15]. Patients
were asked to mark a 100mm line to indicate pain
intensity. The score was measured from the zero
anchored to the patient's mark [16].

Boston Carpal Tunnel Syndrome Questionnaire
(BCTQ):

It was used to measure the severity of symptoms
of CTS and to assess the functional status of the
affected hand.
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Treatment procedures:

Study group A: The patients were treated by a
twelve sessions of sensory re-education paradigm
forfifty minutes per session, day after day, for four
weeks. The patients also received traditional ther-
apeutic exercises (tendon and median nerve gliding
exercises & graduated active and resisted strength-
ening exercises) for ten minutes per session, three
sessions per week for four weeks. So the total
session time was an hour as follows:

The sensory reeducation paradigm:

Step 1: Splinting as a constant maintained touch
for fifteen minutes:

The patient's extremity was rested on a stable
surface and the splint was donned well for fifteen
minutes with holding the wrist in the neutral posi-
tion as this position has less pressure and, therefore,
greater potential to provide relief from symptoms
[17].

Step 2: Topical anesthesia for pain reduction
using 8% lidocaine spray for fifteen minutes as
following:

The patient's extremity was rested on a stable
surface. Topical anesthesia using 8% lidocaine
spray was applied to the affected skin for fifteen
minutes.

Step 3: Massage; graduating from the softest
to rougher one with same speed and pressure for
fifteen minutes as following:

The patient's extremity was rested on a stable
surface and then apply mini-massage, as tolerated,
over sensitive areas for five minutes with same
speed, pressure and direction then the light pressure
to rub these materials from cotton, velvet, terry
cloth, polyester to wool over sensitive areas (each
material for two minutes)was used [18,19].

Step 4: Proprioceptive neuromuscular facilita-
tion (PNF) technique using the second upper ex-
tremity (UE) diagonal (D2); pattern comprises
shoulder Extension/Adduction/Internal Rotation.
for five minutes as the following steps:

» The patient was asked to sit on chair with her
back well supported, with relaxed, flexed, ab-
ducted, and externally rotated shoulder, with
extended elbow and opened hand.

» The therapist stood slightly beside the patient
putting distal hand on patient's palm and proximal
hand on the postero-medial aspect of patient's
arm to apply slight resistance,
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» The patient was asked to squeeze her hand and
move her arm against resistance to the opposite
pattern.

 The therapist took forward stride step while the
patient moving her arm.

e That pattern was repeated for five minutes.

The second upper extremity (UE) diagonal (D2)
pattern comprises shoulder Extension/Adduction/
Internal Rotation. The arm to be finally extended
across the body with the elbow crossing the midline,
forearm pronated, wrist and fingers flexed, and
wrist ulnarly deviated. The clinician asked the
patient to “pull your wrist and arm to your opposite

lap"” [20].

The physical therapy program:
Tendon gliding exercises:

Tendon gliding exercises provide active flexi-
bility for the flexor tendons. The exercises were
performed with the patient sitting on a chair with
her back supported. The shoulders and neck were
in a neutral position, her forearm supinated and
flexed ninety degrees.

There were five steps in which the patient per-
forms tendon gliding exercises:

e The 1st step (straight): The patient was asked to
hold her hand midway between flexion and ex-
tension with her thumb abducted.

 The 2nd step (hook): The patient was asked to
perform flexion of both proximal and distal
interphalangeal joints, while extension of the
metacarpophalangeal joints of the medial four
fingers was maintained and the thumb was ad-
ducted.

» The 3rd (fist): The patient was asked to flex her
thumb and fingers.

* The 4th step (table top): The patient was asked
to perform extension of both proximal and distal
interphalangeal joints, while she flex her meta-
carpophalangeal joints of the medial four fingers
and the thumb was kept adducted.

* The 5th step (straight fist): The patient was asked
to flex her both metacarpophalangeal joints and
proximal interphalangeal joints while extending
the distal interphalangeal joints of the medial
four fingers and the thumb was adducted.

Median nerve gliding exercises:
The median nerve was mobilized through six
steps of gliding exercises from extended arm:
» The 1st step, the patient was asked to hold her
wrist in a neutral position, and flex all fingers
and thumb.
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« The 2nd step, the patient was asked to hold her
wrist in a neutral position with the thumb and
fingers extension.

* The 3rd step; the patient was asked to extend her
wrist and fingers with the thumb in a neutral
position.

« The 4th step; the patient was asked to extend her
wrist, fingers and thumb.

* The 5th step, the patient was asked to supinate
her forearm with maintaining fingers and thumb
in extension.

« The 6th step: The therapist applied a gentle stretch
to the patient's thumb.

During tendon and median nerve gliding exer-
cises, the patient maintained each position for
seven seconds, so that the total duration of the
treatment exercise session was about 5min for the
affected hand [21].

Strengthening exercises:

The patient sat on chair with her back supported
and her shoulders in the neutral position and was
asked to perform the actions of wrist flexion,wrist
extension, gripping, opposition, pronation, supina-
tion, and finger pinchingagainst resistance.

Each exercise was applied 3 sets each set 10
repetitions, relaxation one minute in between [21].

Control group B: The patients received only
traditional therapeutic exercises (tendon and median
nerve gliding exercises & graduated active and
resisted strengthening exercises) for an hour per
session, three sessions per weekfor four weeks.

Statistical analysis:

The obtained data were collected and statisti-
cally analyzed usingStatistical SPSS Package pro-
gramfor Windows, version 20.

Descriptive statistics including means and stand-
ard deviations were for general characteristics of
the patients.

Asthisis anew treatment approach, no power
calculation can be performed.

For probable differences between the groups,
the Mann-Whitney test or independent sample t-
test were used.

The Wilcoxon signed-rank test or paired t-test
was used to analyze within-group differences. The
significant level was set at p<0.05.

Results

I- General characteristics of patients in both
groups:

In group (A),the mean values for age, weight,
height, and body mass index were 40.47+10.25
years, 67.49+3.90kg, 169.00 £8.70cm and 24.17
+1.63 kg/m2 respectively. In group (B), the mean
valuesfor age, weight, height, and body mass index
were 39.80+11.15 years, 70.00+5.69kg, 168.00
+7.58cm and 25.71+1.44 kg/m?2 respectively. The
statistical analysis by independent t-test reveal ed
no significant differences between both groups
regarding mean age, weight, height or BMI as
shown in Table (1).

I1- Neurophysiologic parameters in both groups:

Ingroup A, the mean MMDL was 3.64+0.84ms,
mean MSDL was 3.79+0.18ms, and mean MSV
was 38.07£2.96m/s. In group B,the mean MM DL
was 3.78+0.50ms, mean MSDL was 3.74+0.21ms,
and mean MSV was 37.96+3.66m/s. The statistical
analysis by independent t-test revealed nosignificant
difference between both groups regarding mean
MMDL (p=0.353), mean MSDL (p=0.541), or
mean MSV (p=0.926) as shown in Table (2).

[11- Comparison of the measured clinical parame-
ters pre and post treatment within and between
groups:

A- Pain assessment using Visual analogue scale

(VAS) scores:

In group A: The pre and post-treatment mean
scores of VAS were (7.00+2.15, 2.60+1.67 respec-
tively). There was significant decrease in pain level
after treatment (p=0.000). In group B: The pre and
post-treatment mean scores of VAS were (5.13+
3.02, 2.93+2.18 respectively). There was significant
decreasein pain intensity after treatment (p=0.004).
Comparison between groups revealed that there
was no significant difference in pain intensity
before or after treatment (p=0.061, 0.64 respective-
ly), as shown in Table (3).

B- Boston Carpal Tunnel Syndrome Question-
naire (BCTSQ) scores:
1- Symptom Severity:

In group A: The pre and post-treatment mean
scores of symptom severity were (2.91+0.84,
1.85+0.65 respectively). There wasa significant
decrease in mean symptom severity score after
treatment (p=0.000). In group B: The pre and post-
treatment mean scores of symptom severity were
(2.53+0.91, 1.98+0.66 respectively). There was a
significant decrease in mean SSS after treatment
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(p=0.011). Comparison between groups revealed
no significant differencesin mean symptom severity
scores before or after treatment (p=0.24, 0.61
respectively), as shown in Table (4).

2- Functional status:

In group A: The pre and post-treatment mean
scores of functional status were (2.98+1.07,
1.92+0.94 respectively). There wasa significant
decrease in mean functional status score after
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treatment (p=0.000). In group B: The pre and post-
treatment mean scores of functional status were
(2.59+1.29, 2.13+0.99 respectively). There was no
significant difference in mean functional status
scores before or after treatment (p=0.07). Compar-
ison between groups revealed that there was a
significant difference in mean functional status
score after treatment in favor of the study group
(p=0.027), as shown in Table (5).

Table (1): Characteristics of patientsin Groups (A) and (B).

Items Group (A) Group (B) t-value p-value Significance
Age (year) 40.47+10.25 39.80+£11.15 0.170 0.866 NS
Weight (kg) 67.49+3.90 70.00+5.69 0.330 0.743 NS
Height (cm) 169.00+8.70 168.00+7.58 0.388 0.701 NS
BMI (kg/m2) 24.17+1.63 23.90+1.44 0.939 0.354 NS

SD: Standard deviation.
p-value: Probability value.
NS: Non-significant.
BMI: Body Mass Index.

Table (2): Neurophysiologic parametersin groups (A) and (B).

Variable Group A

Group B

Mean + SD Mean = SD t-value p-value
MMDL (ms) 3.64+0.84 3.780.50 0.619 0.353
MSDL (ms) 3.79+0.18 3.74+0.21 0.944 0.541
MSV (m/s) 38.07+2.96 37.96+3.66 0.093 0.926

MSDL : Median nerve sensory distal latency.
MMDL: Median Nerve Motor Distal Latency.
MSV: Median Nerve Sensory Velocity.

p: Probability value.

p>0.05 = Non-significant (NS).

Table (3): Comparison of mean VAS scores before and after treatment within and between both groups.

Mean Visual Analogue Scale Score

Items

Meen 5 S Meen 5 S0 t-value p-value
Pre-treatment 7.00+2.15 5.13+3.02 1.948 0.061
Post-treatment 2.60+£1.67 2.93+2.18 -0.470 0.642
t-value 8.438 3.410
p-value 0.000** 0.004**

p<0.05* = Significant.
p<0.00** = Highly significant.
p>0.05 = Non significant.
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Table (4): Comparison of mean symptom severity scores before and after treatment within and between

both groups.
Mean Symptom Severity Score
Items
Group A Group B
Mean + SD Mean + SD t-value p-value
Pre-treatment 2.91+0.84 2.53+0.91 1.187 0.245
Post-treatment 1.85+0.65 1.98+0.66 -0.510 0.614
t-value 4.985 2.950
p-value 0.000** 0.011*

p<0.05* = Significant.
p<0.00** = Highly significant.
p>0.05 = Non significant.

Table (5): Comparison of mean functional status scores before and after treatment within and between both

groups.
Mean Functional Status Score
Items
Group A Group B ; g

Mean + SD Mean + SD t-value p-value
Pre-treatment 2.98+1.07 2.59+1.29 2.335 0.441
Post-treatment 1.92+0.94 2.13+0.99 -0.782 0.027*
t-value 7.333 2.200
p-value 0.000** 0.07

p<0.05* = Significant.
p<0.00** = Highly significant.
p>0.05 = Non significant.

Discussion

Carpal tunnel syndrome (CTS) is the common-
est one of the entrapment neuropathiesin the upper
l[imb with the middle aged persons being at higher
risk [22]. CTS manifest clinically with subjective
symptoms such as paresthesia and proprioceptive
alterations [23]. As the sensory and motor systems
are closely related, it may be important to focus
not solely on motor training but also to include
sensory training in the rehabilitation of CTS [7].

The results of the current study revealed signif-
icant decrease in pain intensity and improvement
in symptom severity (measured by BCTSQ) post-
treatment in groups (I and 11), with no significant
difference between both groups. Improvement in
group (1) agreed with Goransson et al., 2011, who
studied 39 patients experiencing hyperesthesia and
found that a de-sensitization program showed
significant improvement in pain and decrease in

the size of the sensitive skin area and higher per-
formance in daily occupations [23]. Improvement
of both groups after treatment might be attributed
mainly to the effect of the therapeutic exercise
program which included a group of exercises for
strengthening, gliding the nerve and gliding the
tendon. This comes in agreement with Warran,
2001, who reported that standard physical therapy
treatment is effective in treatment of CTS symptoms
[21].

Lack of superiority in efficacy of sensory re-
learning when added to the standard physical ther-
apy program, may be explained in view that the
effect of sensory re-learning depends on the 'dose’
and duration of the intervention which were too
low for learning to take effect in this study. This
agreed with Jerosch-Herold et al., 2011 who re-
ported that somatosensory rehabilitation, especially
sensory relearning, requires short but frequent
practice in tactile discrimination tasks [6].
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On the contrary, a systematic review by Manoli
et al., 2016 reported limited evidence supporting
the use of early and late sensory relearning modal-
ities in the treatment of peripheral nerve lesions,
also only mixed nerves were included in the anal-
ySis [26].

In the current study, there was significant im-
provement of grip strength (motor function) of the
affected hand in both groups post treatment, espe-
cially in group I. This finding can be attributed to
the therapeutic effect of the standard exercise
program (e.g., tendon and median nerve gliding),
which agreed with Warran, 2001, who reported
that standard physical therapy treatment was effec-
tive in treatment of for CTS symptoms [27]. The
additional improvement in the group who received
sensory re-learning may be attributed to improve-
ment of hand sensibility asthere is adirect corre-
lation between motor and sensory conduction ve-
locities of the median nerve and hand grip strength
in women as reported by Abdel-Fattah et al., 2014
[28].

Improving sensibility threshold will improve
motor function and overall functional outcome of
the hand [26].

The limitations of this study were the small
sample size and lack of measurement of sensory
and motor conduction velocities after treatment
and studying their correlation with the measured
parameters. Another limitation is the short period
of applying this paradigm and total number of
treatment sessions. However, to the best of our
knowledge, no previous studies investigated early
sensory re-education efficacy in CTS, hence our
results are preliminary. Further research is needed
on how to design effective, applicable, and afford-
able somatosensory rehabilitation programs. This
may require more individually tailored exercises
to address specific sensory deficits.

With the limitations of this study, it could be
concluded that sensory re-education paradigm is
a beneficial therapeutic program in the rehabilita-
tion of patients with CTS. Adding this paradigm
to the physical therapy program is beneficial in
improving functional outcome of the affected hand
especially the sensibility threshold and functional
status.

Conclusion:

In view of the results of this study, it could be
concluded that sensory re-education paradigm is
superior to the standard physical therapy program
in improving sensibility threshold, grip strength,
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and functional status of the affected hand in patients
with CTS. So, it is recommended to consider this
useful saf e therapeutic program in the rehabilitation
programsof CTS patientsto improve the functional
outcomes of the affected in such patients.
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