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Abstract 

Background: Surface electromyography (sEMG) and movement analysis are increasingly applied to 
characterize neuromuscular impairments and guide rehabilitation after stroke. Objectives: To 
synthesize recent literature on the application of sEMG and movement analysis in adult stroke 
rehabilitation, identify trends and gaps, and discuss implications for clinical practice and future 
research. Methods: A non-systematic scoping search was performed across PubMed, Scopus, Web of 
Science, and Google Scholar using combinations of “Movement analysis”, “Gait analysis”, 
“Electromyography”, and “Stroke.” The first 100 relevant articles (determined by title and abstract 
relevance) reaching data saturation were included. Data were extracted into a comparative table with 
fields for study descriptors, outcomes, main results, and clinical implications. Results: Publications 
increased from the 1990s with a concentration around 2017. Rehabilitation journals accounted for the 
largest share, followed by neuroscience and engineering. Motion analysis dominated study aims 
(62%); experimental designs were predominant (82%). Only a minority of studies used sEMG as a 
primary outcome measure. Most research focused on chronic stroke and lower-limb gait, though a 
substantial portion addressed upper-limb function. Limitations included methodological 
heterogeneity, underrepresentation of acute/subacute phases, and limited use of randomized 
designs. Conclusions: sEMG and movement analysis offer complementary, clinically relevant 
insights for personalized post-stroke rehabilitation, but broader, standardized adoption—
particularly in acute/subacute seĴings and as routine outcome measures—is needed to translate 
advances into improved patient care. 
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1. Introduction 

Stroke remains a leading cause of death, long-term disability, and social isolation worldwide 
[1,2]. Survivors often contend with persistent impairments that limit activities and participation. 
Restoration of gait and upper-limb function are central rehabilitation goals: post-stroke gait is 
frequently characterized by reduced stride length and speed, diminished joint range and muscle 
power, decreased peak knee flexion during swing, quadriceps overactivation in inappropriate gait 
phases, hip flexor weakness, and ankle plantarflexor hyperactivity [3]. Upper-limb tasks such as 
reaching and grasping are commonly impaired and tightly linked to functional limitations in daily 
life. 
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The scientific study of human movement has deep roots that predate modern rehabilitation. Late 
19th-century photographic and chronophotographic methods—most notably Eadweard 
Muybridge’s sequential photographs and Étienne-Jules Marey’s chronophotography—established 
the first systematic visual records of locomotion and shifted gait study from intuitive observation to 
measurable science. Over the 20th century those visual methods evolved into instrumented gait 
analysis with marker-based kinematic systems, force platforms, and, more recently, wearable inertial 
sensors, enabling precise quantification of spatiotemporal parameters, joint kinematics, and kinetics 
that underpin contemporary biomechanical assessment. 

In parallel, centuries of inquiry into bioelectric phenomena laid the groundwork for 
electrophysiological assessment of muscle. Electromyography matured through the 20th century 
from invasive needle recordings to surface electromyography (sEMG), a noninvasive technique that 
captures muscle excitation paĴerns during dynamic tasks [5]. Improvements in electrode design, 
amplification, and digital signal processing progressively rendered sEMG a practical and reliable tool 
for both research and clinical applications. 

The convergence of quantitative movement analysis and sEMG produced a multimodal 
approach able to link observable kinematics with underlying neuromuscular control strategies, 
contributing to modern biomechanics and rehabilitation science [4,8]. This integration moved 
assessment beyond descriptive metrics—such as speed or stride length—toward mechanistic 
interpretations of motor control after neurological injury. In stroke rehabilitation, combined 
kinematic and sEMG assessment has been used to identify abnormal muscle timing and co-
contraction, distinguish restitution from compensation, select muscles for functional electrical 
stimulation, and deliver real-time biofeedback to facilitate motor relearning. 

Technological advances in the late 20th and early 21st centuries—portable sEMG systems, 
improved decomposition algorithms, and multimodal data-fusion techniques—have increased 
assessment sensitivity and enabled novel interventions such as EMG-driven robotic control and 
closed-loop neuromodulation [14]. Despite these innovations, clinical uptake has lagged: 
heterogeneity in acquisition protocols, normalization strategies, and outcome reporting has limited 
cross-study comparability and hindered routine clinical integration. 

Understanding this historical and clinical context clarifies why movement analysis and sEMG 
remain central to efforts to personalize stroke rehabilitation. By combining a long tradition of 
objective motion measurement with modern neurophysiological insight, these tools offer a path 
toward more precise diagnosis, targeted interventions, and improved monitoring of recovery 
trajectories. This scoping review therefore summarizes the current role and application of sEMG and 
movement analysis in stroke rehabilitation, maps existing evidence, and highlights persistent 
methodological gaps and directions for future research. 

2. Methods 

To explore the role of surface electromyography (sEMG) and movement analysis in post-stroke 
rehabilitation, we carried out a comprehensive, albeit non-systematic, literature search. This search 
spanned four major scientific databases—PubMed, Scopus, Web of Science, and Google Scholar—
using a combination of targeted keywords such as “Movement analysis,” “Gait analysis,” 
“Electromyography,” and “Stroke.” The aim was to capture a broad yet thematically coherent body 
of literature relevant to our topic. 

In terms of selection criteria, we focused on the first 100 articles that met our search parameters 
and demonstrated clear relevance based on their titles and abstracts. Both experimental studies and 
review articles were considered eligible, provided they addressed the application of sEMG and/or 
movement analysis in adult stroke patients, regardless of whether the stroke was in the acute, 
subacute, or chronic phase. The decision to limit the selection to 100 articles was guided by the 
principle of data saturation—once we observed that additional studies were no longer contributing 
novel insights or divergent perspectives, we concluded the selection process. 
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For each article included in the review, we systematically extracted a range of key data points. 
These included the title, authors, year of publication, journal, study type, research objectives, 
presence of a control group (if applicable), total and group-specific participant numbers, outcome 
measures, main findings, and clinical implications. The extracted data were then synthesized 
descriptively, allowing us to identify overarching trends in publication, common methodological 
approaches, thematic focuses—such as whether the study targeted upper or lower limb function, or 
specific stroke phases—and the extent to which sEMG was utilized and integrated within the 
research. This approach enabled a structured and insightful overview of the current landscape and 
emerging directions in the field. 

3. Results 

3.1. Publication Trends and Journal Distribution 

Scientific interest in surface electromyography (sEMG) and movement analysis for stroke 
rehabilitation has risen steadily since the 1990s, peaking with a concentration of publications around 
2017. Among the 100 articles reviewed, rehabilitation journals accounted for the largest share (~45%), 
followed by neuroscience (~22%) and engineering (~17%), reflecting the field’s interdisciplinary 
nature and the convergence of clinical, neurophysiological, and technological perspectives (Figure 1). 

 

Figure 1. Descriptive analysis of the whole sample of reviewed articles. 

3.2. Study Types, Sample Sizes, and Topics 

As shown in Figure 1, motion analysis dominated the literature, appearing in 62% of studies, 
and experimental designs were by far the most common (82%); reviews and systematic reviews were 
less frequent (10% and 4% respectively). The median study sample across the dataset was 40 
participants, with domain-specific medians of 25 in rehabilitation-journal studies and 30 in lower-
limb studies, indicating generally modest sample sizes. 

3.3. Populations and Anatomical Focus 

Study populations were skewed toward the chronic phase of stroke (~47%), with fewer subacute 
investigations (~26%) and a minority enrolling acute-phase participants or not reporting phase. The 
anatomical focus was more shifted towards the lower limb (~50%) than the upper limb (~39%), with 
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the remainder addressing combined or other sites. Domain stratification revealed differing emphases: 
rehabilitation studies (Figure 2) more often targeted the lower limb (~58% lower vs 27% upper), while 
engineering studies were more likely to evaluate the upper limb (~53% of engineering works) and 
tended to be concentrated in more recent years (Figure 3). 

 
Figure 2. Descriptive analysis of the rehabilitation studies. Percentages are relative to the total sample of 
reviewed articles. 

 
Figure 3. Descriptive analysis of the engineering studies. Percentages are relative to the total sample of reviewed 
articles. 
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3.4. Outcome Measures and the Role of sEMG 

Biomechanical and kinematic outcomes predominated (biomechanics reported in ~34% of 
studies), while standardized sEMG outcomes were reported in only a minority (~18%) and functional 
clinical scales in ~10%. Many investigations prioritized kinematic and biomechanical endpoints 
without standardized EMG metrics; nonetheless, sEMG repeatedly proved useful for detecting 
altered recruitment paĴerns, distinguishing compensatory strategies from true motor recovery, and 
serving as an input or trigger for interventions (biofeedback, FES, robotic controllers). Control group 
use was heterogeneous: healthy controls were the most common comparator when present (~19.4%), 
but a substantial portion of studies lacked controls or used other comparator types. Interestingly, 
lower limb studies tended to focus more on biomechanical outcomes than upper limb studies (Figures 
4 and 5). 

 
Figure 4. Descriptive analysis of the studies focusing on the upper limbs. Percentages are relative to the total 
sample of reviewed articles. 
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Figure 5. Descriptive analysis of the studies focusing on the lower limbs. Percentages are relative to the total 
sample of reviewed articles. 

3.5. Domain Differences and Multimodal Approaches 

Engineering-oriented studies emphasized motion analysis (~82% of engineering works), 
prioritized methodological innovation, and were less likely to include clinical control groups (control 
present in only ~12% of engineering studies). Rehabilitation-focused studies were more 
heterogeneous in aims and more likely to include healthy controls (~40% of rehabilitation studies) 
and clinically relevant functional outcomes. A minority of studies implemented multimodal data 
fusion (kinematics + kinetics + sEMG); these multimodal efforts consistently enhanced classification 
and assessment accuracy for hemiparetic gait and yielded richer mechanistic insight, but they 
remained relatively uncommon and methodologically diverse, limiting cross-study comparability. 

3.6. Summary Synthesis 

Overall, the literature reflects a growing but uneven body of work characterized by strong 
representation in rehabilitation journals, a predominance of experimental movement-analysis studies 
with relatively small median samples, an overrepresentation of chronic-phase research, balanced 
aĴention to upper and lower limbs, and persistent underutilization and poor standardization of 
sEMG as a routine outcome measure despite its demonstrated added value in multimodal 
assessments. 

4. Discussion 

This review highlights the increasing adoption of quantitative movement analysis and surface 
electromyography (sEMG) as tools for understanding motor impairments and optimizing 
rehabilitation strategies after stroke. 

The review revealed important trends and gaps in the Literature that warrant further discussion. 
The increasing number of publications on this topic since the 1990s (Figure 1) reflects both 

technological advancements and a shift toward the willingness of a more precise neuromuscular 
assessments in stroke rehabilitation. One of the main challenges in rehabilitation is tailoring 
treatments to the individual’s condition and needs, ensuring the best intervention for each patient 
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while avoiding prescription to non-responders. [18] he progressive integration of these technologies 
reflects the shift toward personalized, evidence-based rehabilitation guided by objective biomarkers 
[7,10]. Personalized interventions rely on detailed and comprehensive assessments enabled by the 
increasing use of advanced technologies, which provide objective descriptions of impairments and 
recovery.  [17] In this context, combining movement kinematics with muscle activity recordings 
provides valuable insights into both skeletal muscle function and the central control systems 
underlying motor dysfunction. [16] 

However, despite their promise, sEMG remains inconsistently applied and rarely standardized 
across studies, limiting its potential as a reliable outcome measure [4,12]. 

To strengthen the recent commitment to generating high-quality evidence, most of the included 
studies were experimental, with few systematic reviews on the topic (Figure 1). 

Where applicable, the majority of studies used healthy controls as a comparison group. This 
approach is fundamental for establishing a baseline that highlights deviations from the physiological 
function caused by brain damage. Moreover, healthy controls provide a reference for the ideal 
outcomes of rehabilitation interventions, which aim to restore motor function to a paĴern as close as 
possible to the physiological. In the field of motor rehabilitation this allows to define the quality of 
movement during recovery, defined by comparing an individual’s motor task execution to a 
reference age matched heathy population. The closer the movement matches the reference, the beĴer 
the quality of their movement is. [4] 

The distribution of publications across journals further emphasizes the interdisciplinary nature 
of this research field. Rehabilitation-related journals accounted for the majority (45%), followed by 
neuroscience and engineering journals. This distribution reflects the intersection of clinical practice 
and technological innovation, underscoring the future of stroke rehabilitation research. The 
integration of biomechanics and neurophysiology could lead to more personalized and effective 
interventions, optimizing treatment strategies. A promising future direction may involve leveraging 
machine learning models for iterative treatment refinement.  [15)] 

Most of the included studies concentrating on movement analysis reinforces the central role of 
motor function in stroke rehabilitation. The biomechanical evaluation of movement is a key outcome 
measure used to assess functional improvements. Thus, only 18% of the studies reported muscle 
activation data through EMG, pointing to a critical gap. SEMG provides essential insights into muscle 
coordination, recruitment paĴerns, and neuromuscular deficits, which are pivotal for understanding 
the underlying pathophysiological mechanisms of movement dysfunction in stroke, furthermore it 
can be used as a tool integrated with several neuromuscular rehabilitation interventions (serving as 
a biofeedback or as a trigger for neuromuscular electrical stimulation). [6] While movement analysis 
can capture gross motor recovery, the underutilization of EMG as an outcome measure may lead to 
overlook in the role of the neuromuscular control, which could be essential for optimizing 
interventions. 

Another noteworthy observation concerns the prevalence of studies focusing on lower- versus 
upper-limb analysis in the literature. As expected, research on the lower limb outnumbers that on the 
upper limb, largely due to the historical development of gait analysis and the earlier maturation of 
methodologies for assessing lower-limb movement; this trend is particularly evident in rehabilitation 
journals. Nevertheless, the growing number of studies investigating upper-limb function highlights 
its clinical relevance. Moreover, the predominance of upper-limb studies in engineering journals 
reflects the recent development of measurement tools aimed at addressing this gap. Upper limb 
impairment following stroke often leads to severe disability and reduced quality of life. [14] 

In conclusion, this review highlights both the advances and gaps in the application of sEMG and 
movement analysis in stroke rehabilitation. While technological innovations have enhanced the 
ability to assess motor function and personalize interventions, further research is needed to expand 
the application of these tools, particularly in the acute and subacute phases of recovery. Additionally, 
greater emphasis on integrating sEMG data into rehabilitation protocols could provide a more 
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comprehensive understanding of neuromuscular control, ultimately leading to more effective and 
individualized treatment approaches for stroke survivors. 

4.1. Methodological Gaps and Future Directions 

The current evidence base is constrained by substantial methodological heterogeneity, generally 
small sample sizes, and a notable scarcity of randomized controlled trials, all of which limit 
confidence in causal inferences and the generalizability of findings. 

To move the field forward, future research should focus on several complementary priorities. It 
might be useful developing and adopting standardized protocols for sEMG acquisition, processing, 
normalization, and reporting will be essential to improve comparability between studies and enable 
pooled analyses clear recommendations on sensor placement, sampling and filtering, normalization 
strategy, and core EMG metrics would make results more interpretable and clinically useful. 
Moreover, longitudinal study designs that follow patients from the acute through the chronic phases 
are needed to characterize the temporal evolution of motor control strategies, to identify early 
predictors of favorable recovery, and to disentangle restitution from compensation. Finally, the 
cooperation between clinicians and engineers appears to be the best way to move forward: routine 
use of multimodal assessment—integrating sEMG with kinematic and kinetic measures—should be 
promoted integrating engineering innovation with rigorous clinical validation to yield richer 
mechanistic insight and improve classification and prediction of functional outcomes. Fourth, cross-
disciplinary collaborations that align Collectively, these advances have the potential to transform 
clinical practice by providing clinicians with standardized, sensitive biomarkers that support real-
time intervention adaptation and clearer distinction between true neurorecovery and compensatory 
strategies. 

4.2. Limitations of the Review 

This review has several limitations that should be acknowledged. First, the non-systematic 
nature of the review means that some studies may have been inadvertently excluded, potentially 
limiting the comprehensiveness of the findings. Additionally, the heterogeneity of the included 
studies in terms of methodology, outcome measures, and patient populations poses challenges in 
drawing definitive conclusions. The predominance of studies involving chronic stroke patients 
further limits the generalizability of the findings to the acute and subacute stroke population, where 
rehabilitation dynamics and responses to intervention may differ. 

The limited use of sEMG as an outcome measure across studies points to a gap in the literature, 
suggesting that more research is needed to fully understand its role in stroke rehabilitation. 

5. Conclusions 

This scoping review highlights the crucial role of surface electromyography (sEMG) and 
movement analysis in stroke rehabilitation, emphasizing their increasing use in understanding motor 
impairments and informing therapeutic interventions. Despite the growing interest and 
advancements in these methodologies, gaps remain, particularly in the integration of sEMG in clinical 
practice, for the management of upper limb recovery and the focus on the acute phase of recovery. 
Future research should address the potentialities of the use of sEMG alongside movement analysis, 
fostering personalized rehabilitation strategies. Interdisciplinary collaboration among rehabilitation, 
neuroscience, and engineering has the potential to transform stroke recovery, ultimately improving 
outcomes and quality of life for stroke survivors.. 
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