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ABSTRACT 

Background: Carpal tunnel syndrome is a common median nerve entrapment neuropathy that affects 

hand sensation, functional activity, and quality of life. Manual therapy and neurodynamic mobilization 

are commonly used conservative interventions, but direct comparative evidence remains limited. 

Objective: To compare the short-term effects of manual therapy plus electrotherapy and median nerve 

neurodynamic mobilization plus electrotherapy on symptom severity and functional status in patients 

with carpal tunnel syndrome. Methods: This quasi-experimental study included 16 participants with 

carpal tunnel syndrome who were allocated equally into two groups. Group A received manual therapy 

with TENS and EMS, while Group B received median nerve neurodynamic mobilization with TENS and 

EMS. Treatment was provided three to four times per week for two weeks. Outcomes were assessed using 

the Boston Carpal Tunnel Questionnaire at baseline, Week 1, and Week 2. Data were analyzed using 

SPSS version 21, with p < 0.05 considered statistically significant. Results: Both groups showed significant 

within-group improvement in symptom severity and functional status over two weeks. Symptom severity 

decreased from 1.78 ± 0.69 to 0.52 ± 0.47 in the neurodynamic group and from 1.92 ± 0.61 to 0.57 ± 0.50 

in the manual therapy group. Functional status decreased from 2.02 ± 0.85 to 0.47 ± 0.64 and from 2.19 

± 0.94 to 0.55 ± 0.80, respectively. Week-2 between-group differences were not statistically significant for 

symptom severity (p = 0.854) or functional status (p = 0.833). Conclusion: Both combined rehabilitation 

approaches were associated with short-term improvement, with no statistically detectable difference 

between groups. Larger randomized trials are needed to confirm comparative effectiveness. Keywords: 

Carpal Tunnel Syndrome; Manual Therapy; Neurodynamic Techniques; Median Nerve; Boston Carpal 

Tunnel Questionnaire; Electrotherapy. 

INTRODUCTION 

Carpal tunnel syndrome (CTS) is the most frequent entrapment neuropathy of the upper limb and 

occurs due to compression or mechanical irritation of the median nerve as it passes through the carpal 

tunnel beneath the transverse carpal ligament (1). The condition commonly presents with numbness, 

tingling, pain, and sensory disturbance involving the thumb, index finger, middle finger, and radial half 

of the ring finger, and symptoms may be aggravated by repetitive hand movements, sustained wrist 

postures, or occupational tasks requiring prolonged gripping and fine motor activity (2). Because CTS 

can impair hand dexterity, functional independence, work performance, and quality of life, timely 

conservative management is clinically important, particularly in patients with mild to moderate 

symptoms who may benefit from non-surgical rehabilitation strategies (2, 3). 

https://jhwcr.com/
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Several conservative interventions have been used for CTS, including splinting, electrotherapy, exercise-

based rehabilitation, manual therapy, and neurodynamic mobilization. Manual therapy is commonly 

applied to address restrictions in carpal bone mobility, soft tissue stiffness, and local mechanical factors 

that may contribute to median nerve compression within the carpal tunnel. Previous evidence suggests 

that manual therapy techniques may reduce pain, improve hand function, enhance local tissue mobility, 

and support improved nerve excursion during wrist and finger movements (4–6). These effects may be 

clinically meaningful because restricted carpal mobility and altered soft tissue mechanics can increase 

mechanical stress around the median nerve and contribute to persistent symptoms. 

Neurodynamic mobilization is another conservative rehabilitation approach that aims to restore the 

mechanical and physiological mobility of peripheral nerves by using controlled sliding or gliding 

movements. In CTS, median nerve neurodynamic techniques are intended to improve nerve excursion, 

reduce mechanosensitivity, and facilitate symptom reduction during functional upper-limb movement 

(7, 8). Systematic review evidence indicates that neurodynamic techniques may provide short-term 

improvement in pain and function among patients with CTS, although the magnitude and consistency 

of benefit may vary across outcomes such as symptom severity, grip strength, and electrophysiological 

parameters (9, 10). Therefore, neurodynamic mobilization remains a clinically relevant intervention, but 

its comparative value against other rehabilitation approaches requires further investigation. 

Although both manual therapy and neurodynamic mobilization have plausible biomechanical and 

neurophysiological mechanisms for improving CTS-related symptoms, direct comparative evidence 

remains limited. Existing studies often evaluate these techniques as part of combined treatment 

packages, compare them with usual care or electrotherapy, or include heterogeneous intervention 

protocols, making it difficult to determine whether one approach provides superior short-term 

functional benefit over the other. This gap is clinically important because rehabilitation professionals 

frequently select between manual therapy and neurodynamic techniques in routine practice, yet 

treatment choice is often guided by therapist preference rather than direct comparative evidence. In 

addition, when both interventions are delivered alongside electrotherapeutic modalities, it is necessary 

to interpret findings as comparative effects of combined treatment packages rather than as isolated 

effects of a single technique. 

The present study was therefore designed to compare the short-term effects of manual therapy plus 

TENS and EMS with median nerve neurodynamic technique plus TENS and EMS in patients with CTS. 

The primary focus was improvement in symptom severity and functional status measured using the 

Boston Carpal Tunnel Questionnaire over a two-week treatment period. The study objective was to 

determine whether either combined rehabilitation approach produced greater improvement in BCTQ 

symptom severity and functional status scores among patients with CTS. 

MATERIALS AND METHODS 

This two-arm quasi-experimental study was conducted in the Department of Physiotherapy, Fatima 

Memorial Hospital, Shadman, Lahore, to compare the short-term effects of two conservative 

rehabilitation approaches in patients with carpal tunnel syndrome. The study included sixteen 

participants diagnosed with CTS, who were selected through purposive sampling and allocated equally 

into two treatment groups, with eight participants in each group. The intervention period lasted two 

weeks, and outcomes were assessed using the Boston Carpal Tunnel Questionnaire at baseline, after the 

first week, and after completion of the second week of treatment. 

Participants aged 25 to 45 years with a clinical diagnosis of CTS were eligible for inclusion. Both male 

and female participants were included if they were not taking analgesic medication during the study 

period. Patients were excluded if they had severe cervical muscle spasm, a history of systemic disease 

including hypertension, diabetes mellitus, rheumatoid arthritis, or systemic lupus erythematosus, or a 

history of trauma. These eligibility criteria were applied to reduce the likelihood that symptoms were 
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attributable to systemic, cervical, traumatic, or inflammatory conditions rather than CTS. After 

screening for eligibility, informed consent was obtained from all participants before baseline assessment 

and treatment allocation. 

The primary outcome measures were symptom severity and functional status assessed through the 

Boston Carpal Tunnel Questionnaire. The questionnaire includes the Symptom Severity Scale and 

Functional Status Scale and was administered before treatment, after one week of intervention, and after 

completion of the two-week intervention period. Lower post-treatment scores were interpreted as 

improvement in symptom severity and functional limitation. Baseline demographic and clinical 

variables included age, sex, baseline symptom severity score, and baseline functional status score. The 

principal comparative outcomes were change in BCTQ symptom severity and functional status scores 

over time within each group and post-treatment differences between the two groups. 

Participants in Group A received manual therapy in addition to Transcutaneous Electrical Nerve 

Stimulation and Electrical Muscle Stimulation. Manual therapy consisted of carpal bone mobilization 

techniques applied to hypomobile wrist joints. The mobilization was performed with the participant in a 

sitting position, using a 5-second hold repeated 10 times during each treatment session. Participants in 

Group B received median nerve neurodynamic mobilization in addition to Transcutaneous Electrical 

Nerve Stimulation and Electrical Muscle Stimulation. The neurodynamic technique consisted of median 

nerve flossing performed with the participant in a supine position for 10 repetitions during each 

treatment session. Both groups received treatment three to four times per week for two weeks. Because 

TENS and EMS were provided to both groups, the study compared manual therapy plus electrotherapy 

with neurodynamic mobilization plus electrotherapy rather than evaluating either manual therapy or 

neurodynamic mobilization as an isolated intervention. 

Procedural consistency was maintained by applying the same outcome measure and assessment 

schedule to both groups. Baseline assessment was completed before the start of treatment, and follow-

up assessments were conducted at Week 1 and Week 2 using the same questionnaire format. The use of 

identical co-interventions in both groups was intended to reduce between-group performance 

differences related to electrotherapy exposure. Eligibility criteria excluding systemic disease, cervical 

involvement, trauma, and analgesic use were applied to reduce potential confounding from non-CTS 

pain sources and medication-related symptom modification. Participant responses were recorded 

systematically before statistical analysis to maintain data integrity. 
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Data were analyzed using SPSS version 21. Descriptive statistics were calculated for demographic and 

clinical variables. Continuous variables were reported as mean ± standard deviation, while categorical 

variables were summarized as frequencies. Baseline characteristics and post-intervention outcomes 

between the neurodynamic mobilization and manual therapy groups were compared using the 

independent samples t-test for continuous variables. Within-group changes in symptom severity and 

functional status across baseline, Week 1, and Week 2 were assessed using repeated-measures analysis, 

with post-hoc pairwise comparisons used to examine changes across assessment points. A p-value of less 

than 0.05 was considered statistically significant. The analysis focused on both within-group change over 

time and between-group post-treatment differences, while recognizing that the small sample size limits 

precision and does not allow formal equivalence or non-inferiority conclusions. 

RESULTS 

A total of 16 participants with carpal tunnel syndrome were included in the study, with 8 participants 

allocated to the neurodynamic mobilization plus electrotherapy group and 8 participants allocated to 

the manual therapy plus electrotherapy group. The mean age was comparable between the 

neurodynamic group and manual therapy group, and both groups had similar baseline BCTQ symptom 

severity and functional status scores before the start of treatment. 

Table 1. Baseline Demographic and Clinical Characteristics of Participants 

Variable Neurodynamic Group (n = 8) Manual Therapy Group (n = 8) p-value 

Age, years, Mean ± SD 36.50 ± 7.25 36.75 ± 5.50 0.939 

Male, n (%) 3 (37.5) 4 (50.0) — 

Female, n (%) 5 (62.5) 4 (50.0) — 

Baseline Symptom Severity Score, Mean ± SD 1.78 ± 0.69 1.92 ± 0.61 0.681 

Baseline Functional Status Score, Mean ± SD 2.02 ± 0.85 2.19 ± 0.94 0.707 

SD: standard deviation. p-values were reported for continuous variables using independent samples t-test. 

At baseline, the mean age differed by only 0.25 years between groups, with mean ages of 36.50 ± 7.25 

years in the neurodynamic group and 36.75 ± 5.50 years in the manual therapy group. Baseline BCTQ 

symptom severity scores were 1.78 ± 0.69 in the neurodynamic group and 1.92 ± 0.61 in the manual 

therapy group, while baseline functional status scores were 2.02 ± 0.85 and 2.19 ± 0.94, respectively. The 

reported p-values for baseline symptom severity and functional status were 0.681 and 0.707, indicating 

no statistically detectable baseline difference between groups for these outcome measures. 

Table 2. Within-Group Changes in BCTQ Outcomes Across the Two-Week Intervention Period 

Outcome Group Baseline Mean 

± SD 

Week 1 

Mean ± SD 

Week 2 

Mean ± SD 

Baseline-to-Week 2 

Mean Change 

Baseline-to-Week 2 

Change (%) 

p-value 

Symptom Severity 

Score 

Neurodynamic 1.78 ± 0.69 1.15 ± 0.60 0.52 ± 0.47 -1.26 -70.8 <0.001 

Symptom Severity 

Score 

Manual Therapy 1.92 ± 0.61 1.22 ± 0.60 0.57 ± 0.50 -1.35 -70.3 <0.001 

Functional Status 

Score 

Neurodynamic 2.02 ± 0.85 1.23 ± 0.79 0.47 ± 0.64 -1.55 -76.7 <0.001 

Functional Status 

Score 

Manual Therapy 2.19 ± 0.94 1.31 ± 0.94 0.55 ± 0.80 -1.64 -74.9 <0.001 

BCTQ: Boston Carpal Tunnel Questionnaire; SD: standard deviation. Negative change values indicate reduction in BCTQ scores from baseline to 

Week 2. 

Both treatment groups showed progressive reductions in BCTQ symptom severity and functional status 

scores across baseline, Week 1, and Week 2. In the neurodynamic group, symptom severity decreased 

from 1.78 ± 0.69 at baseline to 0.52 ± 0.47 at Week 2, corresponding to a mean reduction of 1.26 points 

and a 70.8% reduction from baseline. In the manual therapy group, symptom severity decreased from 

1.92 ± 0.61 to 0.57 ± 0.50, corresponding to a mean reduction of 1.35 points and a 70.3% reduction. 

Functional status showed a similar pattern, decreasing by 1.55 points in the neurodynamic group and 

1.64 points in the manual therapy group from baseline to Week 2. The repeated-measures analysis 
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showed statistically significant within-group improvement for both outcomes in both treatment groups, 

with p-values less than 0.001. 

Table 3. Post-Treatment Comparison of BCTQ Outcomes Between Groups at Week 2 

Outcome Neurodynamic 

Group Mean ± SD 

Manual Therapy 

Group Mean ± SD 

Mean Difference 95% CI Cohen’s d p-value 

Symptom Severity Score 0.52 ± 0.47 0.57 ± 0.50 -0.05 -0.57 to 0.47 -0.10 0.854 

Functional Status Score 0.47 ± 0.64 0.55 ± 0.80 -0.08 -0.86 to 0.70 -0.11 0.833 

SD: standard deviation; CI: confidence interval. Mean difference was calculated as neurodynamic group minus manual therapy group. 

At Week 2, post-treatment symptom severity scores were 0.52 ± 0.47 in the neurodynamic group and 0.57 

± 0.50 in the manual therapy group, with a mean difference of -0.05 and a 95% confidence interval 

ranging from -0.57 to 0.47. Post-treatment functional status scores were 0.47 ± 0.64 and 0.55 ± 0.80, 

respectively, with a mean difference of -0.08 and a 95% confidence interval ranging from -0.86 to 0.70. 

The effect sizes for between-group post-treatment differences were small for both symptom severity and 

functional status, with Cohen’s d values of -0.10 and -0.11, respectively. The reported p-values of 0.854 

and 0.833 indicate that no statistically detectable post-treatment difference was observed between the 

two groups. 

The overall pattern of results indicates that both combined rehabilitation approaches were associated 

with short-term improvement in BCTQ symptom severity and functional status over the two-week 

treatment period. However, the between-group differences at Week 2 were small, imprecise, and 

statistically non-significant. Therefore, the findings should be interpreted as showing similar observed 

short-term improvement in both groups rather than definitive equivalence between manual therapy and 

neurodynamic mobilization. Because the available aggregate data did not include standard deviations of 

paired change scores, within-participant correlations, F-statistics, or degrees of freedom, confidence 

intervals for within-group change and adjusted between-group change could not be validly calculated 

from the supplied information. 

 

Figure 1 Short-Term BCTQ Response Pattern After Neurodynamic Mobilization or Manual Therapy with Electrotherapy 

The panelled figure demonstrates parallel short-term improvement in both treatment groups across 

BCTQ symptom severity and functional status scores over the two-week intervention period. Symptom 

severity decreased from 1.78 to 0.52 in the neurodynamic group and from 1.92 to 0.57 in the manual 

therapy group, corresponding to baseline-to-Week-2 reductions of 70.8% and 70.3%, respectively. 

Functional status showed a slightly larger proportional reduction, decreasing from 2.02 to 0.47 in the 

neurodynamic group and from 2.19 to 0.55 in the manual therapy group, equivalent to reductions of 

76.7% and 74.9%. Week-2 between-group differences were small and imprecise, with mean differences 
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of -0.05 for symptom severity and -0.08 for functional status, and both 95% confidence intervals crossed 

zero, indicating no statistically detectable post-treatment difference between groups. Overall, the visual 

pattern supports substantial within-group improvement in both combined rehabilitation approaches 

while reinforcing that the available aggregate data do not establish superiority or equivalence between 

interventions. 

DISCUSSION 

This quasi-experimental study compared the short-term effects of manual therapy plus electrotherapy 

and median nerve neurodynamic mobilization plus electrotherapy in patients with carpal tunnel 

syndrome. The findings showed that both treatment groups demonstrated progressive improvement in 

BCTQ symptom severity and functional status scores across the two-week intervention period. Symptom 

severity decreased from 1.78 ± 0.69 to 0.52 ± 0.47 in the neurodynamic group and from 1.92 ± 0.61 to 0.57 

± 0.50 in the manual therapy group, while functional status decreased from 2.02 ± 0.85 to 0.47 ± 0.64 and 

from 2.19 ± 0.94 to 0.55 ± 0.80, respectively. These changes indicate clinically relevant short-term 

improvement within both groups; however, the post-treatment between-group differences were small 

and statistically non-significant, with p-values of 0.854 for symptom severity and 0.833 for functional 

status. Therefore, the findings should be interpreted as showing similar observed improvement in both 

combined rehabilitation approaches rather than definitive equivalence or superiority of one intervention 

over the other. 

The improvement observed in the manual therapy group is consistent with previous evidence suggesting 

that manual therapy may reduce CTS-related symptoms by improving carpal bone mobility, decreasing 

mechanical restriction around the carpal tunnel, and enhancing the mobility of soft tissues surrounding 

the median nerve. Manual approaches directed at the wrist and carpal region may influence local tissue 

mechanics and reduce compression-related irritability, which can contribute to improvements in pain, 

symptom severity, and functional performance. Previous studies have reported favorable outcomes with 

manual therapy in CTS, including improvement in symptom severity, grip-related function, pain 

intensity, and quality-of-life measures (11–13). These findings support the clinical plausibility of the 

present results, although the small sample size and short treatment duration limit the strength of 

inference. 

The neurodynamic mobilization group also demonstrated substantial improvement in symptom severity 

and functional status over the two-week period. Neurodynamic techniques are intended to improve 

median nerve excursion, reduce mechanosensitivity, and restore the mechanical interface between the 

nerve and surrounding tissues. In CTS, restricted median nerve mobility and increased sensitivity during 

wrist and finger movements may contribute to symptom persistence, and controlled nerve-gliding or 

flossing maneuvers may help reduce mechanical stress during upper-limb movement. Previous evidence 

has shown that neurodynamic interventions can produce short-term improvements in pain and 

functional outcomes in patients with CTS, although effects on some outcomes such as symptom severity, 

grip strength, and electrophysiological parameters may be variable across studies (9, 10, 14). The present 

findings are broadly consistent with this literature, as neurodynamic mobilization was associated with 

marked improvement in BCTQ symptom severity and functional status. 

The absence of a statistically significant post-treatment difference between groups may be explained by 

overlapping therapeutic mechanisms and by the use of common co-interventions. Manual therapy may 

improve local mechanical mobility at the wrist and carpal tunnel, whereas neurodynamic mobilization 

may improve median nerve sliding and mechanosensitivity; however, both approaches may ultimately 

reduce mechanical stress on the median nerve and improve tolerance to hand and wrist movement. In 

addition, both groups received TENS and EMS, which may have contributed to symptom reduction in 

both arms. As a result, the study compared two combined rehabilitation packages rather than isolated 

manual therapy and isolated neurodynamic mobilization. This distinction is important because the 
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observed improvement cannot be attributed solely to either manual therapy or neurodynamic technique. 

The common use of electrotherapy may have reduced between-group differences and contributed to the 

similar Week-2 outcomes. 

From a statistical perspective, the non-significant between-group findings require cautious 

interpretation. The Week-2 mean differences were small, but the study was not designed or powered as 

an equivalence or non-inferiority trial. Therefore, the findings do not prove that both interventions are 

equivalent. Rather, they show that no statistically detectable difference was observed between groups in 

this small sample. The wide uncertainty expected with only eight participants per group limits precision 

and increases the possibility of type II error. Future studies should use larger samples, randomized 

allocation, concealed group assignment, assessor blinding, longer follow-up, and adjusted analysis of 

baseline-to-follow-up change scores to better determine whether one approach provides superior clinical 

benefit. 

Several limitations should be considered when interpreting the findings. The sample size was small and 

participants were selected through purposive sampling, which reduces generalizability. The study 

duration was limited to two weeks, so the persistence of improvement beyond the immediate treatment 

period remains unknown. The diagnostic basis and clinical severity of CTS were not fully detailed, which 

limits reproducibility and subgroup interpretation. The allocation method was not clearly described as 

randomized, and blinding was not reported, increasing the risk of selection and assessment bias. 

Intervention reporting was also limited because detailed TENS, EMS, manual mobilization, and 

neurodynamic technique parameters were not fully specified. Finally, the absence of a no-treatment, 

placebo, sham, or electrotherapy-only control group prevents isolation of the specific treatment effect of 

each active intervention. 

Despite these limitations, the study provides useful preliminary clinical evidence that both manual 

therapy plus electrotherapy and neurodynamic mobilization plus electrotherapy may be associated with 

short-term improvement in symptom severity and functional status among patients with CTS. The 

parallel improvement pattern across both groups suggests that either approach may be considered as 

part of conservative rehabilitation when appropriately selected for the patient’s clinical presentation. 

However, stronger evidence from adequately powered randomized controlled trials is needed before firm 

conclusions can be drawn regarding comparative effectiveness, long-term benefit, or treatment 

superiority. 

CONCLUSION 

Manual therapy combined with TENS and EMS and median nerve neurodynamic mobilization combined 

with TENS and EMS were both associated with short-term improvement in BCTQ symptom severity and 

functional status scores among patients with carpal tunnel syndrome over a two-week intervention 

period. No statistically detectable post-treatment difference was observed between the two groups for 

symptom severity or functional status; however, the small sample size, short follow-up, and absence of 

formal equivalence testing mean that the findings should be interpreted as preliminary evidence of 

similar observed improvement rather than proof of equal effectiveness. Larger randomized controlled 

trials with standardized intervention protocols, longer follow-up, and adjusted analysis of change scores 

are required to confirm the comparative clinical value of these conservative rehabilitation approaches. 
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