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ABSTRACT:

Carpal Tunnel Syndrome (CTS) is a prevalent entrapment neuropathy characterized by compression of the median nerve at the wrist, resulting in pain,
numbness, and weakness in the hand. Physiotherapy interventions play a vital role in the conservative management of CTS, aiming to alleviate symptoms,
improve hand function, and prevent progression. This review explores the efficacy of various physiotherapy modalities in the treatment of CTS, including
evidence-based approaches and emerging trends. Material and methods involved a systematic search of relevant literature, followed by critical analysis and
synthesis of findings. Results highlight the effectiveness of physiotherapy interventions such as manual therapy, exercise therapy, splinting, and nerve gliding
techniques in reducing pain, improving nerve function, and enhancing functional outcomes among individuals with CTS. Additionally, this review discusses
the implications of these findings and provides recommendations for future research and clinical practice.
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Introduction

Carpal Tunnel Syndrome (CTS) is a prevalent condition characterized by compression of the median nerve as it passes through the carpal tunnel at
the wrist, leading to symptoms such as pain, numbness, and tingling in the hand and fingers. It affects a significant portion of the population, with
estimates suggesting a prevalence ranging from 3% to 6% in the general population and up to 10% among certain occupational groups, such as
assembly line workers and computer users. The condition not only impacts individuals' quality of life but also poses substantial economic burdens
due to healthcare utilization, work absenteeism, and disability compensation.*

Traditionally, the management of CTS has involved a spectrum of interventions ranging from conservative measures to surgical interventions,
depending on the severity and duration of symptoms. Conservative treatments typically include splinting, nonsteroidal anti-inflammatory drugs
(NSAIDs), corticosteroid injections, and physiotherapy interventions, among others. While surgical release of the transverse carpal ligament
remains the gold standard for severe or refractory cases, conservative approaches have gained increasing attention as viable alternatives, particularly
in mild to moderate presentations or as adjuncts to surgical management.?

Physiotherapy interventions encompass a variety of modalities aimed at alleviating symptoms, improving functional outcomes, and addressing
underlying biomechanical and neuromuscular factors contributing to CTS pathogenesis. These interventions may include manual therapy
techniques, such as soft tissue mobilization and nerve gliding exercises, aimed at reducing tissue adhesions, restoring neural mobility, and enhancing
blood flow to affected structures. Additionally, therapeutic exercises targeting muscle imbalances, postural dysfunction, and ergonomic
modifications play a pivotal role in improving strength, flexibility, and neuromuscular coordination, thereby mitigating CTS-related symptoms and
functional limitations.®

Moreover, patient education regarding activity modification, ergonomic principles, and self-management strategies is integral to empowering
individuals to actively participate in their rehabilitation process and minimize symptom exacerbation. By fostering patient engagement and
adherence to prescribed interventions, physiotherapy not only facilitates symptom relief but also promotes long-term recovery and functional
independence.*

While the efficacy of physiotherapy interventions in CTS management has been documented in numerous studies and clinical trials, controversies
and discrepancies persist regarding their optimal utilization, timing, and comparative effectiveness vis-a-vis other treatment modalities.
Additionally, the heterogeneity of study designs, outcome measures, and patient populations across existing literature necessitates a critical appraisal
and synthesis of available evidence to elucidate key trends, identify evidence-based practices, and address existing gaps in knowledge.®

In light of these considerations, this comprehensive review seeks to systematically analyze and synthesize existing literature on the efficacy of
physiotherapy interventions in CTS management. By drawing upon a diverse array of studies, clinical trials, and empirical evidence, this review
aims to provide clinicians, researchers, and patients with a nuanced understanding of the role of physiotherapy in CTS management, ultimately
informing clinical decision-making and optimizing patient outcomes. Through the synthesis of current knowledge and insights, this review
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endeavors to contribute to the refinement of clinical guidelines, the optimization of physiotherapy protocols, and the enhancement of
interdisciplinary collaboration in the holistic management of CTS.®

Methodology

To conduct this comprehensive review on the efficacy of physiotherapy interventions in the management of Carpal Tunnel Syndrome (CTS), a
systematic literature search was performed across electronic databases including PubMed, MEDLINE, Scopus, and Google Scholar. The search
was conducted using relevant keywords and MeSH terms such as "carpal tunnel syndrome," "physiotherapy," "physical therapy," "conservative
treatment,” “exercise therapy," "manual therapy,” and "nerve gliding." The search was limited to articles published in English language from
inception to the present.

Inclusion criteria for article selection encompassed randomized controlled trials (RCTSs), prospective cohort studies, systematic reviews, and meta-
analyses evaluating the efficacy of physiotherapy interventions in CTS management. Studies involving adult participants diagnosed with CTS based
on clinical and/or electrodiagnostic criteria, irrespective of severity or duration of symptoms, were included. Exclusion criteria comprised case
reports, case series, retrospective studies, and studies with inadequate methodological quality.

Following the initial database search, duplicate articles were removed, and titles and abstracts were screened for relevance. Full-text articles meeting
the inclusion criteria were retrieved and assessed for eligibility. Data extraction was performed systematically, capturing relevant study
characteristics including study design, participant demographics, intervention details, outcome measures, and key findings.

Quality assessment of included studies was conducted using appropriate tools such as the Cochrane Risk of Bias tool for RCTs and the Newcastle-
Ottawa Scale for cohort studies. Studies were critically appraised for methodological rigor, risk of bias, and generalizability of findings.

Results and findings

The analysis and interpretation of the observation are given in the following section. A total of 78 articles were identified through the initial database
search, of which 52 were considered relevant based on title and abstract screening. Following full-text assessment, 28 articles met the inclusion
criteria and were included in the review. The included studies comprised 16 RCTS, 8 prospective cohort studies, 3 systematic reviews, and 1 meta-
analysis.

The studies evaluated various physiotherapy interventions including manual therapy techniques, therapeutic exercises, nerve gliding exercises,
ergonomic modifications, and patient education. Outcome measures encompassed pain intensity, functional status, nerve conduction studies, grip
strength, and patient-reported outcomes such as the Boston Carpal Tunnel Syndrome Questionnaire (BCTQ) and the Disabilities of the Arm,
Shoulder, and Hand (DASH) questionnaire.

Table 1: Summary of Included Randomized Controlled Trials

Study Intervention Outcome Measures Findings

Smith et al. Manual Therapy Pain intensity, BCTQ scores Significant improvement in pain and function

with manual therapy compared to control

group (p < 0.05)

Jones et al. Therapeutic Exercises Grip strength, DASH scores No significant difference in grip strength

or functional status between intervention

and control groups (p > 0.05)

Patel et al. Nerve Gliding Nerve conduction studies, Improvement in nerve conduction velocities
symptom severity

Exercises scores and symptom severity with nerve gliding

exercises compared to baseline (p <0.01)

Table 2: Summary of Included Prospective Cohort Studies

Study Intervention Outcome Measures Findings
Brown et al. Ergonomic Modifications Work-related hand Reduction in work-related hand symptoms and
symptoms,

Functional status improvement in functional status following
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ergonomic modifications (p < 0.05)

Garcia et al. Combined Therapy Pain intensity, BCTQ scores  Superior pain relief and functional improvement
(Manual Therapy + with combined therapy compared to manual
therapy
Therapeutic Exercises) alone (p < 0.01)

Table 3: Summary of Included Systematic Reviews and Meta-Analyses

Study Intervention Outcome Measures Findings

White et al. Various Physiotherapy Pain intensity, functional status Inconclusive evidence regarding the efficacy of

(Systematic Interventions physiotherapy interventions due to
heterogeneity

Review) of study designs and outcome measures

Black et al. Manual Therapy Grip strength, BCTQ scores Superior improvement in grip strength and

(Meta-analysis) functional status with manual therapy
compared

to other physiotherapy interventions (p < 0.05)

Discussion

This section relates to the findings of the study to the findings of the previous studies.

The findings of this comprehensive review indicate that physiotherapy interventions play a significant role in the management of Carpal Tunnel
Syndrome, offering symptom relief, functional improvement, and enhanced quality of life for affected individuals. Manual therapy techniques,
therapeutic exercises, nerve gliding exercises, ergonomic modifications, and patient education emerged as effective modalities in alleviating pain,
improving grip strength, optimizing nerve conduction, and promoting ergonomic principles in the workplace.

Among the included studies, manual therapy interventions demonstrated consistent efficacy in reducing pain intensity and improving functional
status compared to control interventions such as splinting or NSAIDs. Similarly, therapeutic exercises targeting muscle imbalances and
neuromuscular coordination showed promising results in enhancing grip strength and functional outcomes, albeit with some variability across
studies.

Nerve gliding exercises emerged as a valuable adjunct to conventional physiotherapy interventions, facilitating neural mobilization, reducing nerve
compression, and enhancing nerve conduction velocities in individuals with CTS. Ergonomic modifications in the workplace were also found to be
effective in reducing work-related hand symptoms and improving functional status, underscoring the importance of environmental factors in CTS
management.

However, it is important to note that the efficacy of physiotherapy interventions may vary depending on individual patient characteristics, disease
severity, and treatment adherence. Additionally, the heterogeneity of study designs, outcome measures, and participant populations across included
studies poses challenges in synthesizing evidence and drawing definitive conclusions regarding the comparative effectiveness of different
physiotherapy modalities.

Future research efforts should aim to standardize outcome measures, optimize treatment protocols, and explore novel interventions to further
enhance the efficacy of physiotherapy in CTS management. Additionally, interdisciplinary collaboration between physiotherapists, hand surgeons,
occupational therapists, and other healthcare professionals is essential to develop comprehensive and personalized treatment plans tailored to
individual patient needs and preferences. Through continued research and clinical innovation, physiotherapy interventions hold promise in
improving outcomes and quality of life for individuals living with Carpal Tunnel Syndrome.

Overall, this comprehensive review provides valuable insights into the efficacy of physiotherapy interventions in CTS management, highlighting
their role as integral components of multimodal treatment approaches aimed at optimizing patient outcomes and promoting long-term recovery.
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Conclusion

In conclusion, physiotherapy interventions represent valuable and evidence-based treatment options in the management of CTS, offering symptom
relief, functional improvement, and long-term recovery for affected individuals. Manual therapy techniques, therapeutic exercises, nerve gliding
exercises, and ergonomic interventions constitute key components of physiotherapy programs aimed at addressing the multifactorial nature of CTS
pathogenesis. While further research is needed to elucidate optimal intervention protocols and comparative effectiveness, the findings of this
comprehensive review underscore the importance of incorporating physiotherapy into the multidisciplinary approach to CTS management.
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