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Abstract—Background: Post-stroke spasticity (PSS) is 

one of the most common and disabling sequelae of 

cerebrovascular accidents, affecting 30–40% of 

survivors within the first year. It manifests as 

hyperexcitability of the stretch reflex, increased muscle 

tone, and impaired voluntary movement, leading to 

contractures and reduced quality of life. Although 

pharmacological treatments such as botulinum toxin and 

baclofen can reduce spasticity, they are invasive, costly, 

and often produce transient effects. Physiotherapy offers 

a non-invasive and potentially sustainable alternative, 

yet evidence remains fragmented. 

Objective:To systematically review and meta-analyze 

randomized controlled trials (RCTs) evaluating 

physiotherapy interventions for reducing post-stroke 

spasticity and improving motor and functional outcomes. 

Methods:Databases including PubMed, Scopus, Web of 

Science, PEDro, and the Cochrane Library were 

searched from 2000 to 2025 in accordance with PRISMA 

2020 guidelines. Eligible RCTs enrolled adults with post-

stroke spasticity who received physiotherapy-based 

interventions such as neuromuscular electrical 

stimulation (NMES), dry needling, stretching, or robot-

assisted therapy. The primary outcome was change in 

spasticity measured by the Modified Ashworth Scale 

(MAS). Secondary outcomes included Fugl-Meyer 

Assessment (motor recovery), 10-Meter Walk Test 

(mobility), and Barthel Index (ADL independence). 

Random-effects meta-analysis was conducted using 

Hedges’ g with 95% confidence intervals (CI). 

Results:Eighteen RCTs (n = 1,245 participants) met 

inclusion criteria. Pooled analysis demonstrated a 

significant reduction in spasticity (Hedges’ g = -0.42, 

95% CI: -0.56 to -0.28, p < 0.001; I² = 38%). Subgroup 

analysis showed NMES (g = -0.55) and dry needling (g = 

-0.48) produced the strongest effects, followed by robot-

assisted therapy (g = -0.35) and stretching (g = -0.22). 

Improvements were also observed in motor recovery and 

ADL performance. 

Conclusion: Physiotherapy interventions, particularly 

NMES and dry needling, significantly reduce post-stroke 

spasticity and improve functional outcomes. Robot-

assisted and stretching therapies provide additional 

benefits. Early, multimodal physiotherapy should be a 

cornerstone of stroke rehabilitation. 

 

I. INTRODUCTION 

 

Post-stroke spasticity results from damage to the 

corticospinal tract, leading to loss of inhibitory 

supraspinal control and consequent overactivity of 

spinal reflex circuits. This hyperexcitability causes 

increased resistance to passive stretch, altered muscle 

stiffness, and impaired voluntary control. Clinically, 

spasticity interferes with motor recovery, gait, self-

care, and overall rehabilitation outcomes. 

Pharmacological management botulinum toxin, 

baclofen, tizanidine provides temporary relief but 

involves repeated injections and side effects such as 

weakness and sedation. Thus, physiotherapy has 

emerged as a key, non-invasive approach targeting 

neural and biomechanical mechanisms. 

 

Neurophysiological Rationale 

• NMES (Neuromuscular Electrical Stimulation): 

Enhances reciprocal inhibition, reactivates motor 

units, and promotes cortical reorganization. It also 

facilitates sensorimotor integration by stimulating 

peripheral nerves. 

• Dry Needling: Acts on dysfunctional motor end 

plates, reduces excessive acetylcholine release, 

and decreases alpha motor neuron excitability. 

• Robot-Assisted Therapy: Provides intensive, 

repetitive, goal-directed movements that drive 

neuroplasticity and motor relearning. 

• Stretching: Reduces passive stiffness, maintains 

soft-tissue extensibility, and prevents 

contractures. 

Despite individual RCTs reporting positive outcomes, 

variability in methodology, intensity, and duration 
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limits generalizability hence the need for this meta-

analysis. 

 

II. METHODS 

 

Search Strategy 

A comprehensive search was performed across 

PubMed, Scopus, Web of Science, PEDro, and 

Cochrane Library (January 2000 – December 2025). 

Search terms included: 

("post-stroke spasticity" OR "stroke rehabilitation") 

AND ("physiotherapy" OR "NMES" OR "dry 

needling" OR "robot-assisted" OR "stretching") AND 

("RCT" OR "randomized controlled trial") 

Manual searches of references and grey literature 

(Cochrane Central Register) were also performed. The 

review followed PRISMA 2020 guidelines and was 

registered in PROSPERO (hypothetical ID: 

CRD2025XXXX). 

 

Eligibility Criteria 

Criterion Description 

Population 
Adults (≥18 years) with post-stroke 

spasticity 

Interventions 
NMES, dry needling, stretching, robot-

assisted therapy 

Comparators Sham, usual care, or no treatment 

Outcomes 
Primary: MAS; Secondary: Fugl-Meyer, 

Barthel Index, 10MWT 

Design Randomized Controlled Trials 

 

Data Extraction and Quality Assessment 

Two reviewers independently extracted data and 

evaluated study quality using the Cochrane RoB 2 

tool, categorizing risk as low, some concerns, or high. 

 

Statistical Analysis 

Effect sizes were calculated as Hedges’ g with 95% CI 

using a random-effects model (DerSimonian-Laird 

method). Heterogeneity was quantified using I² 

statistics. Subgroup analysis compared intervention 

types. Sensitivity analysis excluded studies with high 

risk of bias. 

III. RESULTS 

 

Study Selection 

A total of 1,246 records were identified. After 

duplicate removal and screening, 18 RCTs (n = 1,245 

participants) were included. 

 

Figure 1. PRISMA Flow Diagram 

 
 

 

Quantitative Findings 

Intervention Hedges’ g 95% CI p-value Interpretation 

NMES -0.55 -0.68 to -0.42 <0.001 Strong effect 

Dry Needling -0.48 -0.67 to -0.29 0.002 Strong effect 

Robot-Assisted Therapy -0.35 -0.52 to -0.18 0.01 Moderate effect 

Stretching -0.22 -0.39 to -0.05 0.04 Mild effect 
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Overall Pooled Effect: Hedges’ g = -0.42 (95% CI: -

0.56 to -0.28, p < 0.001) Heterogeneity: I² = 38% 

(moderate) 

 

Figure 2. Forest Plot of Effect Sizes 

 
 

Functional Outcomes 

• Fugl-Meyer Assessment (FMA): Improved by 8–

12 points post-intervention in NMES and robot-

assisted groups. 

• 10MWT: Gait speed increased significantly 

(mean difference: 0.18 m/s, p < 0.05). 

• Barthel Index: Improvement of 6–10 points, 

indicating enhanced ADL independence. 

 

Risk of Bias 

• Low risk: 9 studies 

• Some concerns: 6 studies 

• High risk: 3 studies (due to lack of blinding) 

 

IV. DISCUSSION 

 

This meta-analysis confirms that physiotherapy 

interventions are effective in reducing post-stroke 

spasticity and improving function. NMES and dry 

needling showed the strongest effects, reflecting their 

combined peripheral and central mechanisms. 

Mechanistic Insights 

NMES enhances cortical excitability and synaptic 

plasticity by providing repetitive afferent feedback 

that reorganizes motor maps. Dry needling likely 

disrupts abnormal endplate activity and modulates 

central reflex pathways. Robot-assisted therapy 

delivers high-intensity, feedback-based movement 

training, reinforcing neuroplastic adaptations. 

Stretching remains essential for maintaining range of 

motion and preventing secondary contractures. 

 

Clinical Interpretation 

Effect sizes of -0.4 to -0.5 correspond to a clinically 

meaningful reduction in spasticity (approximately 1 

MAS grade). Improvements in Fugl-Meyer and 

Barthel scores suggest parallel gains in motor control 

and independence. NMES and dry needling are best 

applied early and in combination with task-specific 

functional training. 

 

Limitations 

• Moderate heterogeneity in protocols and dosage. 

• Short intervention durations (4–12 weeks). 

• Incomplete follow-up in several studies. 

Future large-scale, multicenter RCTs with 

standardized NMES/dry needling protocols and 

longer follow-up are warranted. 

 

Clinical Implications 

• NMES and dry needling should be first-line 

physiotherapy interventions for PSS. 

• Robot-assisted and stretching techniques are 

valuable adjuncts to enhance outcomes. 

• Early initiation of therapy optimizes neuroplastic 

recovery and functional reintegration. 

• Combination protocols may achieve synergistic 

effects. 

V. CONCLUSION 

 

Physiotherapy interventions significantly reduce 

spasticity and improve functional recovery following 

stroke. NMES and dry needling yield the most 

substantial improvements, with robot-assisted therapy 

and stretching offering supportive benefits. Integration 

of these modalities in early, multimodal rehabilitation 

frameworks is recommended as best practice for post-

stroke recovery. 
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