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Introduction: Post-stroke spasticity (PSS) is a common and debilitating complication 
that impairs motor function and quality of life in stroke survivors. AI-Driven Robotic therapy 
has gained significant attention in rehabilitation for stroke survivors, particularly for reducing 
spasticity and improving motor functions.  
Aim: To review and synthesize existing evidence on the efficacy of Robotic therapy for 
reducing spasticity in stroke survivors.  
Materials and methods: A comprehensive literature search was conducted across major 
databases up to January 2025, focusing on randomized controlled trials (RCTs) involving 
robotic therapy for PSS. Methodological quality was assessed using the PEDro scale and Downs 
and Black Checklist, and risk of bias was evaluated per Cochrane guidelines.  
Results: Six RCTs met the inclusion criteria, with intervention durations ranging from 2 to 12 
weeks. Robotic therapy demonstrated significant improvements in muscle tone, motor function, 
and activity limitation compared to conventional rehabilitation. However, the included studies 
exhibited moderate to high risk of bias, particularly in blinding and allocation concealment. 
Conclusion: Robotic therapy is effective in reducing spasticity and enhancing motor recovery 
in stroke survivors. Nevertheless, further high-quality RCTs are needed to confirm these 
findings and optimize clinical protocols. 
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Introduction 
Stroke, a debilitating cerebrovascular event, affects 
millions worldwide, often leading to long-term 
disabilities, including spasticity.[1] Spasticity, 
characterized by velocity-dependent increases in tonic 
stretch reflexes, significantly impairs motor control, 
functional abilities, and overall quality of life in stroke 
survivors.[2] Conventional rehabilitation strategies, 
including physiotherapy, occupational therapy, and 
pharmacological management, play a key role in 
addressing spasticity but often yield limited results, 
particularly in individuals with severe motor 
impairments.[3] 
Recent advances in neurorehabilitation have explored 
the use of robotic therapy as a means to deliver high-
intensity, repetitive, and task-specific training, which is 
critical for promoting neuroplasticity and motor 
recovery.[4] Robotic devices equipped with artificial 
intelligence (AI) offer additional advantages by 
providing adaptive, personalized therapy based on real-
time patient performance, enhancing engagement and 
optimizing therapeutic outcomes. [5] Furthermore, AI-
driven robotic systems can reduce therapist workload 

and ensure consistency in intervention delivery, making 
them particularly valuable for patients with significant 
functional limitations.[6] 
Despite these promising attributes, the effectiveness of 
AI-driven robotic therapy for post-stroke spasticity 
remains an area of active investigation, with mixed 
results reported in the literature. Some studies have 
demonstrated improvements in spasticity, motor 
control, and functional independence, while others 
have found only modest or no significant benefit.[7] 
This variability underscores the need for a 
comprehensive synthesis of current evidence. 
Therefore, this study aims to systematically review and 
critically evaluate the existing literature on the 
effectiveness of AI-driven robotic therapy in managing 
post-stroke spasticity. 
Material and methods 
Registration 
This review protocol was registered in the PROSPERO 
under registration number CRD420250656076 and was 
conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses 
PRISMA guidelines.[8]                                                
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Table 1:  
Inclusion criteria Exclusion criteria 

Population Both men and 
women aged (≥18 
years) diagnosed 
with stroke and 
with PSS 

Patients <18 years 
or those with non-
stroke-related 
spasticity 

Intervention AI-driven Robotic 
Therapy 

Studies using non-
AI robotic therapy, 
virtual reality, 
exergaming, or 
wearable devices 

Comparator Conventional 
therapy 

Studies using 
standard 
rehabilitation 
protocols or other 
interventions 

Outcomes Spasticity (MAS) 
and Motor function 
(FMA-UE) 
measured before 
and after 
intervention 

Studies with single 
time-point 
assessments or 
non-standard 
outcome measures 

Study 
Design 

Randomized 
Controlled Trial 

Non-randomized 
studies, 
descriptive 
studies, systematic 
reviews, and grey 
literature 

Publication Peer-reviewed, 
English-language 
studies from the 
last 10 years 

Non-peer-
reviewed, non-
English studies 

Study selection criteria 
The included and excluded studies were selected 
according to the PICOS (Participants, Intervention, 
Comparator, Outcomes, Study Design) framework, 
which is detailed in Table 1 
Search Strategy and data resourceA comprehensive 
literature search was conducted across the PubMed, 
Cochrane, MEDLINE, Embase, Scopus, Web of 
Science, and PEDro databases, covering all records up 
to December 2024. To enhance the search process, AI 
tools such as Litmaps, Research Rabbit, and Consensus 
were utilized. The search strategy involved manually 
applying the following MeSH terms: ("Stroke" OR 
"Cerebrovascular Accident" OR "Brain Ischemia" OR 
"Brain Hemorrhage") AND ("Spasticity" OR "Muscle 
Hypertonia" OR "Hypertonicity" OR "Muscle Spasm") 
AND ("Robotics" OR "Robot-Assisted Therapy" OR 
"Robotic Rehabilitation" OR "Robotic Exoskeletons"). 
These terms were combined using the Boolean 
operators OR, AND, and NOT to refine the search 
results effectively.  
Study selection 
After conducting a search in electronic databases, all 
related articles and studies were preselected, and the 
titles and abstracts of all studies found during the 
primary search were reviewed by both authors (SR and 
AKS). The ultimate choice to include or exclude them  
 

 
Figure 1: 

 
 
from this study was reached following a full-text review 
of articles to determine their relevance to this 
investigation. Both authors independently screened 
titles and abstracts, retrieving full texts for further 
evaluation. Disagreements were resolved through 
discussion. Record management and duplicate removal 
were done using manual and automated method by 
using EndNote™ software. 
Data Extraction and management 
Both authors (SR, AKS) independently extracted the 
following data from every study that were included in 
this review. The following data were extracted from the 
included studies:  
1. Methods: study design, randomisation 

method, allocation concealment method, and 
blinding methods. 

2. Trial characteristics: sample size, author 
name, year of publication, trial type and 
country. 

3. Participants: diagnosis (type and severity of 
stroke) number in each group, age, gender, 
time from onset. 

4. Objective of the study. 
5. Intervention: details of Robotic therapy 

(intensity, frequency, duration, treatment 
session, type of robotic therapy). 

6. Outcomes: types of outcomes (included 
spasticity, motor function and activity 
limitation), assessment time points.  

7. Other: setting, publication year, funding 
source, intention-to-treat analysis. 

8. Results.  
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Quality of Study 
Methodological quality of included studies 
The methodological quality of RCTs was assessed 
using the Physiotherapy Evidence Database (PEDro) 
scale, which evaluates internal validity and study 
interpretability. The scale includes 11 items scored as 
"yes" (1) or "no" (0), with total scores ranging from 0 
to 10: 0–3 (poor), 4–5 (fair), 6–8 (good), and 9–10 
(excellent). Scores were retrieved from the official 
PEDro website (https://www.pedro.org.au/).[9] 
Additionally, a modified Downs and Black (D&B) 
Checklist was used to appraise both randomized and 
non-randomized studies. It contains 27 items across 
five domains: study quality, external validity, internal 
validity (bias and confounding), and study power. 
Scores classify studies as excellent (26–28), good (20–
25), fair (15–19), or poor (≤14).[10] 
Assessment of risk of bias in included studies 
The risk of bias of all the included studies was assessed 
by two reviewers (SR, AKS) using the criteria outlined 
in the Cochrane Hand-book for systematic Reviews of 
Interventions.[11]  We assessed risk of bias according 
to their domains: sequence generation, allocation 

concealment, blinding, incomplete 
outcome data and selective 
reporting. For each outcome in the 
included studies, two reviewers 
applied the tool independently and 
recorded information to support 
judgements of risk of bias at the 
domain level (low, high, and 
unclear). An overall level of risk 
across the outcomes evaluated 
was then judged based on the 
highest perceived rating of risk 
across any of the five domains. 
Disagreements about risk of bias 
judgements were resolved by 
consensus or by arbitration with a 
third reviewer.  
Results 
From 499 records, 112 duplicates 
were removed. After screening 
387 records, 282 were excluded. 
Of 105 reports retrieved, 41 were 
assessed, with 35 excluded for 
reasons like non-RCT design or 
missing data. Six studies were 
included in final analysis. 
Study characteristics 
Table 1 and 2 summarizes the 
characteristics of included 
participants. This review included 
six randomized controlled trials 
(RCTs) involving post-stroke 
patients, comparing various 
robotic-assisted upper limb (UL) 
therapies with conventional or 
task-oriented rehabilitation. 
Sample sizes ranged from 24 to 53 

participants, with mean ages between 47.68 and 67.7 
years. Intervention durations varied from 2 to 12 weeks, 
with session lengths from 30 to 75 minutes. 
Risk of Bias 
Figure 2 and Figure 3 represents a summary of the risk 
of bias of the included RCTs. Most studies showed low 
risk of bias in randomization, outcome data, reporting, 
and other biases. Allocation concealment and blinding 
of outcome assessment were partly unclear, while 
blinding of participants and personnel had the highest 
risk of bias across studies. 
Discussion 
This comprehensive review supports the effectiveness 
of AI-driven robotic therapy in reducing post-stroke 
spasticity (PSS) and enhancing motor function and 
activity levels compared to conventional rehabilitation. 
The findings align with previous research highlighting 
the advantages of robotic-assisted neurorehabilitation. 
Several studies have shown AI-driven robot-assisted 
training improves upper limb motor function and 
muscle tone. For example, Gassert et al. (2018) 
emphasized that repetitive, task-specific robotic  

S. No 
Author/Year/
Study design 

Intervention EG vs 
CG 

Participants 

Age 
(Years) 
Mean ± 
SD 

1. 
Chang et al. 
2024, RCT[12] 

UL robotic training 
with Rebless® vs. 
conventional therapy 
with Motomed 
ergometer. 

EG: 15 
CG: 15 

EG: 65.2 ± 
5.4 
CG: 67.2 ± 
5.4 

2. 
El-Kafy et al. 
2022, RCT[13] 

Armeo Spring training 
vs. traditional 
functional UL 
exercises in 
conventional therapy. 

EG: 18 
CG: 18 

EG:54.13± 
5.46 
CG: 53.42 
± 4.33 

3. 
Hung et al. 
2022, Pilot 
RCT[14] 

Robot-assisted vs. 
task-oriented upper 
limb training with 
BoNT-A injection. 

EG: 12 
CG: 12 

EG: 47.68 
± 12.79 
CG: 49.71 
± 10.86 

4. 
Gandolfi et al. 
2019, RCT[15] 

BoNT injection + 
Armotion-assisted 
training vs. BoNT 
injection + passive 
mobilization, 
stretching, and UL 
exercises. 

EG: 16 
CG: 16 

EG: 59.31 
± 14.40 
CG: 59.13 
± 14.97 

5. 
Lee et al. 
2016, RCT[16] 

Neuro-X robotic 
rehabilitation vs. 
stretching, 
strengthening, and 
assisted ROM 
exercises. 

EG: 22 
CG: 22 

EG: 50.27 
± 11.11 
CG: 52.32 
± 8.66 
 

6. 
Sale et al. 
2014, RCT[17] 

Intensive Goal-
directed robotic UL 
therapy vs intensive 
traditional UL therapy. 
 

EG: 26 
CG: 27 

EG: 67.7 ± 
14.2 
CG: 67.7 ± 
14.2 

Table 2: Main characteristics of the participants included in the systematic 
review. 
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S. No Author/Year/
Study design 

 

Intervention 
time setting 

Outcome Measure Result 

1. Chang et al. 
2024, RCT 

30 min- session, 
10 sessions 

within 4 weeks. 

FMA-UE, MAS, 
MBI, MI_Upper, 

ROM 

The EG enhanced upper limb 
function, reduced spasticity, and 
lowered unaffected hemisphere 

activity. Rebless® may aid stroke 
recovery by restoring motor 
function and contralateral 

activation. 
2. El-Kafy et al. 

2022, RCT 
2 hour- session, 
3 times/ week 
for 12 weeks. 

 

ARAT, WMFT, 
WFMT-Time, MAS, 
AROM, Hand Grip 

Strength. 

Robot-assisted gaming effectively 
reduced spasticity and improved 

upper limb motor function in 
chronic stroke patients. 

3. Hung et al. 2022, 
Pilot RCT 

75 min-session, 
3 times/week, 
for 8 weeks. 

FMA, MAS, MAL, 
AOU, QOM, Arm 

Activity Level. 

BoNT-A injections with robotic or 
active control training reduced 

spasticity and improved motor and 
daily function in stroke patients. 

4. Gandolfi et al. 
2019, RCT 

45 min/session, 
2 sessions/week 

for 5 weeks. 

MAS, FMA-UE, 
MRC, EMGs. 

Robot-assisted training with 
botulinum toxin may enhance upper 
limb strength and muscle activation 

in chronic stroke patients with 
spasticity. 

5. Lee et al. 2016, 
RCT 

20 sessions (30 
minutes/ 
session, 2 

sessions / day, 5 
days a week, for 

2 weeks. 

MAS, MMT, MFT, 
Brunnstrom stage, 

K-MBI. 

RT provided similar spasticity relief 
as CT and may offer a reliable, 

repeatable method for ROM 
exercises in stroke patients. 

6. Sale et al. 2014, 
RCT 

30 sessions (5 
days/week 

for 6 weeks) 

Motricity index, 
FMA, MAS, 

PROM. 

Robot-assisted therapy enhances 
motor recovery in subacute stroke, 

with early intervention offering 
significant clinical benefits. 
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Chang 
et al. 

+  + - + - - - + - + + 5, Good 

El-Kafy
et al. 

+  + - + - - + + - + + 6, Good 

Hung et
al. 

+  + - + - - + + - + + 6, Good 

Gandolfi 
et al. 

+  + - + - - + + + + + 7, Good 

Lee et
al. 

+  + - + - - - - - + + 4, Fair 

Sale et
al. 

+  + + + - - + + + + + 8, Good 

Table 3: Main characteristics of the participants included in the systematic review. 

Table 4: Quality assessment using the Physiotherapy evidence database scale (PEDro). 
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Figure 2: Risk of bias graph: review authors' 
judgements about each risk of bias item presented 
as percentages across all included studies. 

Figure 3: Risk of bias summary: review authors' 
judgements about each risk of bias item for each 
included study. 

 
therapy enhances spasticity and motor outcomes, 
particularly in severely impaired patients, by promoting 
neuroplasticity through controlled, high-dose 
movement. [18] Trials consistently reported significant 
improvements in muscle tone (MAS) and motor 
function (FMA-UE).[19] Chang et al. (2024) 
demonstrated Rebless®'s benefits in regulating 
hemispheric activity, while Demers M et. al, (2022) 
linked task-specific, repetitive therapy to cortical 

reorganization.[20] AI-based robotic therapy also offers 
real-time, adaptive adjustments in intensity and 
complexity. Studies by Lee et al. (2018), and El-Kafy 
et al. (2022) highlighted its role in delivering high-dose, 
personalized therapy, improving outcomes and 
reducing therapist workload.[13, 16] Ortega-Martorell 
S (2024) further noted AI's potential to refine 
rehabilitation through data-driven insights.[21] 
However, these promising results warrant cautious 
interpretation due to methodological limitations, 
including moderate-to-high risk of bias and variations 
in intervention protocols and adjunct therapies.  affirms 
the growing potential of AI-driven robotic therapy for 
PSS. Future research should prioritize large, 
multicenter RCTs with standardized protocols and 
integrate neurophysiological assessments (EEG, EMG, 
fMRI) as recommended by Chaudhary U (2025) to 
better elucidate underlying mechanisms.[22] 
Conclusion  
AI- Driven Robotic therapy represents a promising 
advancement in the rehabilitation of post-stroke 
spasticity, offering significant improvements in muscle 
tone, motor function, and activity limitation compared 
to conventional approaches. However, the current 
evidence base is limited by methodological weaknesses 
and moderate to high risk of bias in existing studies. 
High-quality, large-scale randomized controlled trials 
are needed to validate these findings, refine 
intervention protocols, and facilitate the integration of 
robotic therapy into standard clinical practice for stroke 
rehabilitation. 
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