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A B S T R A C T

Carpal tunnel syndrome is a prevalent entrapment neuropathy among IT professionals, often
associated with pain, reduced grip strength, and functional limitations. Scapular stabilization
exercises may improve upper limb function by enhancing proximal stability. To investigate the
effects of scapular stabilization exercises on symptom severity, pain, and grip strength in IT
professionals with CTS. Forty participants with mild to moderate CTS were randomly allocated
into two groups: a control group received conventional physiotherapy, and an experimental
group received conventional therapy combined with SSE. Interventions were administered for 4
weeks. Outcome measures included the symptom severity by Boston Carpal Tunnel
Questionnaire, pain by Numeric Pain Rating Scale, and grip strength by hand-held dynamometer.
Statistical analysis was performed using paired and independent t-tests, with significance set at p
< 0.05. Both groups showed significant within-group improvement (p < 0.05). The experimental
group demonstrated greater improvement in BCTQ (1.8 ± 0.3 vs. 2.2 ± 0.3) and grip strength
(30.8 ± 4.6 kg vs. 27.5 ± 4.3 kg). Pain scores were comparable between groups (2.3 ± 0.7 vs. 2.4
± 0.7; p > 0.05). SSE combined with conventional therapy is more effective in improving
symptom severity and grip strength in CTS, with no additional benefit in pain reduction.

Keywords: Carpal tunnel syndrome, IT professionals, Scapular stabilization exercises, Hand-
held dynamometer, Boston carpal tunnel questionnaire, NPRS

1 INTRODUCTION

Carpal tunnel syndrome (CTS) is caused by compression of
the median nerve within the carpal tunnel, leading to
symptoms such as tingling, numbness, burning sensations,
reduced grip strength and limited hand movements1. Risk
factors are categorized into constitutional (obesity,
smoking), hormonal (diabetes, hypothyroidism, hormonal

therapies), and musculoskeletal factors, particularly in
individuals with repetitive hand use2. Musculoskeletal
factors are commonly observed among individuals working
in office-based environments. From a pathophysiological
perspective, the carpal tunnel is a narrow and inflexible
space, and any condition that increases pressure within this
area, such as repetitive hand use, prolonged wrist positions
away from neutral alignment, or thickening of the synovial
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lining, can trigger symptoms related to carpal tunnel
syndrome3. 

It has an estimated prevalence of around 10% and is
responsible for nearly 90% of all nerve compression
disorders1. The prevalence was reported to be 21.5%, with a
greater occurrence observed among females (33.3%)
compared to males (17.4%). The largest number of CTS
cases was identified in individuals who worked for
approximately eight hours per day. Although it is frequently
seen in office workers who regularly use computers, the
number of working hours alone does not appear to be a
significant risk factor. Instead, implementing proper
ergonomic practices and conducting early screening are
considered to be more effective strategies than simply
reducing computer usage time to minimize disability in
workplace environments3. 

Rehabilitation for CTS often involves various physical
therapy techniques such as laser therapy, manual therapy
combined with neurodynamic methods, and functional
massage. In addition, several complementary approaches,
including acupuncture, yoga, and various forms of massage
therapy, are used as alternative treatments4, 5.

Scapular stabilization exercises are designed to activate
muscles such as the serratus anterior, trapezius, and
rhomboids to improve shoulder blade alignment, control,
and strength. These are often combined with stretching of
tight muscles like the pectoralis minor and upper trapezius.
Overall, they help correct abnormal scapular movement,
enhance posture, and improve muscle function6. The upper
limb functions as an integrated kinetic chain, wherein
proximal segments influence the mechanics and loading of
distal joints. Consequently, scapular instability may disrupt
normal force transmission and neuromuscular control,
leading to increased mechanical stress on the elbow and
wrist. A 2025 systematic review found that adding scapular
exercises to conventional therapy improved function and
grip strength and reduced pain in upper-limb conditions7.
Similarly, in lateral epicondylitis and medial epicondylitis,
combining scapular and shoulder strengthening with local
treatment showed better outcomes than elbow-focused
therapy alone7, 8. In occupational settings, particularly
among individuals who frequently use computers and
laptops, these altered biomechanics, combined with
sustained postures like forward head posture and rounded
shoulder, may increase the risk of developing carpal tunnel
syndrome.

Therefore, this study aims to evaluate the effects of scapular
stabilisation exercises on symptom severity, pain and grip
strength among IT professionals diagnosed with carpal
tunnel syndrome.

 

2 METHODOLOGY 

Participants: 59 subjects (34 men, 25 women) were enrolled
from the Department of Physiotherapy at the KG
Physiotherapy and Rehabilitation Centre, Saravanampatti,
Coimbatore, Tamil Nadu. A total of 40 participants were
recruited based on specific inclusion and exclusion criteria.
Sample collection was done by the survey method from
nearby IT companies in Coimbatore. The lottery method of
randomisation was used. Inclusion criteria included IT
professionals aged 30–45 years diagnosed with mild to
moderate carpal tunnel syndrome (CTS) based on clinical
stages classification9, with a Numeric Pain Rating Scale
(NPRS) score ranging from 3 to 7. Participants were
required to have a minimum of 6 hours of daily computer
use, symptom duration exceeding 3 months, and positive
clinical tests, including Phalen’s and Tinel’s signs. Both
male and female participants with a forward shoulder angle
of less than 52° were included10. Exclusion criteria
comprised individuals with a history of fractures, trauma, or
previous surgical interventions affecting the upper limb,
presence of cervical radiculopathy or other neurological
disorders, rheumatoid arthritis, severe psychiatric conditions
influencing pain perception, pregnancy, and bilateral carpal
tunnel syndrome.

All eligible participants provided informed consent before
enrolment in the study. They were then randomly assigned
to two groups, with 20 participants in each. Group A
(control group) received conventional physiotherapy, while
Group B (experimental group) received conventional
physiotherapy combined with scapular stabilisation
exercises. Both groups underwent their respective
interventions for a duration of 4 weeks. Outcome measures
were recorded at baseline (Week 0) and after completion of
the intervention (Week 4). All participants completed the
study. The CONSORT flow chart was mentioned in Fig. 1.

2.1 GROUP A (Control group)

This group received pulsed therapeutic ultrasound targeting
the median nerve. Ultrasound was delivered at 1 MHz
frequency and 1.0 W/cm² intensity with a 25% duty cycle
(1:4) to promote non-thermal mechanical effects11. Median
nerve neural mobilization (gliding, tensioner) was
administered by a trained therapist6. Tendon and nerve
gliding exercises were advised as a home program for the
participant12. Wrist splinting was also advised. Wrist flexor
and extensor stretching was advised as 15-second
stretches performed for 5 repetitions, repeated 5 times
daily, 7 days a week, for 4 weeks. Strengthening exercises
include Ball squeezing, spreading the fingers against
a rubber band, and Wrist Curls13. 

Participants were educated to maintain a neutral wrist
position and proper keyboard height while typing, and to
adopt healthy work habits such as taking regular breaks and
minimizing repetitive wrist movements.
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2.2 GROUP B (Experimental group)

In addition to conventional therapy, this group received
scapular stabilisation exercises. This program consisted of
three components performed for 4 weeks. ‘W’ wall slides
were executed with the back in full contact with the wall,
where the arms were positioned in a “W” formation and slid
upward while maintaining continuous wall contact, followed
by a return to the starting position. Shoulder retraction
exercises were performed with elbows flexed at 90° and
arms close to the body, involving squeezing the scapulae
together, holding for 5 seconds, and then relaxing, ensuring
no elevation of the shoulders. Backward shoulder rolls
involve circular movements of the shoulders in an upward,
backward, and downward direction while keeping the arms
adjacent to the trunk. All exercises were performed twice
daily; ‘W’ wall slides and shoulder retraction were
completed in 3 sets of 15 repetitions, while backward
shoulder rolls were performed for 3 sets of 2 minutes14. The
outcome measures were assessed before and after the
intervention period. The primary outcome measure was the
Boston Carpal Tunnel Questionnaire (BCTQ) – Symptom
Severity Scale. Secondary outcome measures included the
Numeric Pain Rating Scale (NPRS) to assess pain intensity
and grip strength, measured with a hand dynamometer to
evaluate functional hand performance.

Fig. 1: Consort flow diagram
 

2.3 Statistical Analysis

Statistical analysis was performed using SPSS version 26.0.
Data were expressed as mean and standard deviation. The
normality of data distribution was assessed using the
Shapiro–Wilk test. Within-group comparisons between pre-
and post-intervention values were analysed using the paired
t-test for normally distributed data, while between-group
comparisons were performed using the independent t-test.

The level of statistical significance was set at p < 0.05 with a
95% confidence interval. 

3 RESULTS

Statistical analysis of the baseline data revealed no
significant difference between Group A and Group B.
Baseline demographic, work-related, and clinical
characteristics including age, gender, body mass index
(BMI), daily computer use, dominant hand, affected hand,
duration of symptoms, Boston Carpal Tunnel Questionnaire
(BCTQ) score, and Numeric Pain Rating Scale (NPRS)
showed no statistically significant differences between the
groups (p > 0.05), indicating that both groups were
comparable before the intervention. A summary of baseline
data was presented in Table. 1.

Table 1: Demographic data
Variable Group A 

(n=20)
Group B 
(n=20)

p-value

Age (years) 27.9 ± 4.0 29.4 ± 3.9 0.72

Gender (M/F) 10/10 12/8 0.69

BMI (kg/m²) 25.2 ± 3.2 25.5 ± 3.2 0.77

Computer use 
(hrs/day)

7.0 ± 0.8 6.9 ± 0.9 0.81

Dominant hand 
(R/L)

20/0 20/0 —

Affected hand (R/L) 12/8 13/7 0.75

Duration (months) 6.0 ± 1.0 5.9 ± 1.0 0.84

BCTQ score 2.9 ± 0.2 2.9 ± 0.2 0.91

NPRS (pain) 5.7 ± 0.8 5.6 ± 0.8 0.88

 

In the control group (Group A, n = 20), statistically
significant improvements were observed in all outcome
measures following the intervention. The mean BCTQ score
decreased from 2.9 ± 0.2 to 2.2 ± 0.3, NPRS scores reduced
from 5.7 ± 0.8 to 2.4 ± 0.7, and grip strength increased from
22.8 ± 4.0 kg to 27.5 ± 4.3 kg. All changes were highly
significant (p < 0.05).

Table 2:  Within-group analysis in the control group
(Group A (n=20))
Outcome Pre 

(Mean ± SD)
Post 
(Mean ± SD)

p-value

BCTQ             2.9 ± 0.2 2.2 ± 0.3          <0.05

NPRS  5.7 ± 0.8          2.4 ± 0.7          <0.05

Grip strength 
(kg)

22.8 ± 4.0        27.5 ± 4.3        <0.05
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In the experimental group (Group B, n = 20), significant
improvements were also noted across all parameters. The
mean BCTQ score decreased from 2.9 ± 0.2 to 1.8 ± 0.3,
NPRS scores reduced from 5.6 ± 0.8 to 2.3 ± 0.7, and grip
strength improved from 22.5 ± 4.2 kg to 30.8 ± 4.6 kg.
These improvements were statistically significant (p < 0.05).

Table 3: Within-group analysis in the experimental
group (Group B (n=20))
Outcome Pre 

(Mean ± SD)
Post 
(Mean ± SD)

p-value

BCTQ             2.9 ± 0.2 1.8 ± 0.3          <0.05

NPRS  5.6 ± 0.8          2.3 ± 0.7          <0.05

Grip strength 
(kg)

22.5 ± 4.2        30.8 ± 4.6        <0.05

 

Comparison of post-intervention outcomes between the two
groups revealed that the experimental group (Group B)
demonstrated significantly greater improvement than the
control group in BCTQ scores (1.8 ± 0.3 vs 2.2 ± 0.3, p =
0.002) and grip strength (30.8 ± 4.6 kg vs 27.5 ± 4.3 kg, p =
0.01). However, there was no statistically significant
difference in NPRS scores between the groups (2.3 ± 0.7 vs
2.4 ± 0.7, p = 0.74), indicating comparable pain reduction in
both groups.

Table 4: Comparison between group A and group B
Outcome Group A Post 

(Mean ± SD)
Group B Post 
(Mean ± SD)

p-value

BCTQ             2.2 ± 0.3            1.8 ± 0.3 0.002*

NPRS  2.4 ± 0.7            2.3 ± 0.7          0.74

Grip strength 
(kg)     

27.5 ± 4.3            30.8 ± 4.6        0.01*

 

4 DISCUSSION

The findings of this study demonstrated a significant
reduction in carpal tunnel syndrome-related symptoms and
pain and improvements in grip strength following the
intervention, indicating the clinical relevance of
incorporating proximal stabilization into CTS rehabilitation.

The reduction in symptoms observed in this study can be
attributed to improved scapular alignment and postural
correction. IT professionals are highly prone to sustained
forward head posture and rounded shoulders, which increase
mechanical stress along the upper limb neural pathway and
contribute to median nerve irritation. A recent scoping
review on occupational CTS highlighted that repetitive
tasks, poor ergonomics, and sustained postures are key
contributors to symptom development and persistence. By

enhancing activation of stabilising muscles, SSE improves
scapular positioning and reduces abnormal loading patterns,
thereby decreasing nociceptive input and neural tension15. 

Fig. 2:  Graphical representation of within-group
analysis and between-group analysis

 

Grip strength showed notable improvement post-
intervention, which may be linked to reduced pain and
improved neuromuscular control. According to the concept
of proximal stability for distal mobility, enhanced scapular
stability provides a stable base for effective hand function.
The observed improvements align with the findings of
Fernández-de-las-Peñas C et al. (2017), who reported that
interventions targeting both proximal and distal components
can significantly enhance functional outcomes in CTS
patients16. The study by Park et al. (2025) found that
combining scapular stabilisation exercises with thoracic
stretching significantly improved grip strength in college
students. It suggests that scapular stabilisation enhances
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upper limb muscle function—thereby contributing to better
grip strength17. One cross-sectional study concluded that
there is a significant positive correlation observed between
scapular muscle strength and grip strength18. 

Proximal strengthening reliably improves strength,
biomechanics, and function, but distal pain may lag or
persist because of remaining local mechanical issues,
insufficient strength change, and central/psychosocial
contributors. Combining proximal and distal interventions
and addressing pain mechanisms directly is often needed
when pain does not follow functional gains19.

Furthermore, the results of this study support the concept of
regional interdependence, where impairments in one region
of the body can contribute to dysfunction in another. In the
context of CTS, proximal factors such as scapular dyskinesis
and poor posture may contribute to distal symptoms.
Addressing these proximal impairments through SSE can
therefore play a crucial role in reducing symptom severity
and improving functional performance. This is in agreement
with Wainner RS (2007), who highlighted the importance of
considering the entire kinetic chain in musculoskeletal
rehabilitation20. 

Despite these positive findings, it is important to recognise
that scapular stabilisation exercises alone may not be
sufficient as a standalone treatment for CTS. A multimodal
approach, including nerve gliding, ergonomic correction,
and wrist-specific interventions, is recommended for optimal
outcomes13. 

The study was limited by a small sample size, short
intervention duration, which restricts generalizability and
weakens causal conclusions. Additionally, reliance on
clinical and functional outcomes without
electrophysiological confirmation, along with the focus
solely on IT professionals, further narrows its applicability.
Future research should involve larger, more diverse
populations with long-term follow-up. Incorporating
objective assessments such as nerve conduction studies and
electromyography, along with evaluating functional
performance outcomes, is recommended. Moreover,
exploring the combined effects of scapular stabilisation
exercises with nerve gliding and ergonomic interventions
may provide more comprehensive insights into effective
management strategies.

5 CONCLUSION

The present study demonstrates that the addition of scapular
stabilisation exercises to conventional physiotherapy is more
effective in improving symptom severity and grip strength
among IT professionals with carpal tunnel syndrome.
Although both groups showed significant reductions in pain,
no significant difference was observed between the groups
for pain outcomes. These findings support the role of
proximal stabilisation and postural correction in enhancing

functional recovery in CTS. Therefore, incorporating
scapular stabilisation exercises as part of a comprehensive
rehabilitation program may provide superior clinical benefits
in this population.
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