
Journal of Neonatal Surgery 

ISSN(Online): 2226-0439 
Vol. 14, Issue 17s (2025) 
https://www.jneonatalsurg.com 

 

 

   

pg. 211 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 17s 

 

The Role of Artificial Intelligence Powered Feedback Systems in Enhancing Motor Learning and 

Improving Physiotherapy Outcomes 

 

Purshottam J. Assudani1, Balakrishnan P2 

1Assistant Professor, School of Computer Science and Engineering, Ramdeobaba University, Nagpur-440013, Maharashtra, 

India,  

Email ID: pjassudani@gmail.com  

2Associate Professor Sr, Analytics Department, School of Computer Science and Engineering, VIT Vellore, Tamil Nadu, 

India,  

Email ID: balakrishnan.p@vit.ac.in  
 

00Cite this paper as: Purshottam J. Assudani, Balakrishnan P, (2025) The Role of Artificial Intelligence Powered Feedback 

Systems in Enhancing Motor Learning and Improving Physiotherapy Outcomes. Journal of Neonatal Surgery, 14 (17s), 211-

220. 

ABSTRACT 

Artificial Intelligence (AI) powered feedback has been recently integrated with motor learning and physiotherapy to enhance 

rehabilitation outcomes. Despite the emergence of AI applications in these disciplines, there are still several hurdles to 

overcome such as integration with real-world applications, accessibility, feedback precision, and data security (up to October 

2023). This study seeks to tackle these issues through the investigation of creative methods of embedding AI feedback 

systems within the clinical physiotherapy workflow. This is vital, as it makes sure that AI systems will cater to the diverse 

needs of patients, thus enhancing the efficiency of therapy. Second, this research will explore ethical facets of such AI 

feedback by creating privacy-preserving models; transparent data-sharing protocols and collaborative practices that 

engender patient trust. The application of AI-supported feedback will further inform building affordable, scalable, and usable 

systems, especially for underrepresented patient groups. A step towards clinical validation of AI-based rehabilitation as well 

as personalized system designs, this study aims to push AI rehabilitation forward to serve as a scalable solution for enhancing 

motor learning and improving physiotherapy outcomes. 
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1. INTRODUCTION 

In the last few years, the advent of Artificial Intelligence (AI) in healthcare has gained enormous attention across many 

therapeutic areas, especially relating to rehabilitation and motor learning. An emerging line of research focuses on developing 

AI-driven feedback systems to improve recovery with customized, real-time input. These systems are meant to provide 

instant feedback within the therapystream, which allows patients and clinicians alike to monitor the progress of the patient, 

make real-time modifications in the therapy if needed, and serve the purpose of optimizing the entire rehabilitation process. 

AI in physiotherapy has a lot of potentials to increase the power of recovery, especially for patients with neurological 

impairments, muscle skeletal injuries, and other disabilities of motor function. 

However, despite the great benefits, challenges still impede the large-scale implementation of AI-based feedback systems 

in clinical practice. A key concern is how well these systems can integrate into existing rehabswell workflows. Although AI 

systems hold the potential to enhance rehabilitation outcomes, they are frequently met with resistance stemming from 

concerns about their reliability, feature transferability, and user-friendliness for both patients and clinicians. That said, even 

if AI has the potential to work in controlled settings, its real-world application, and its long-term efficacy as an AI-based 

feedback mechanism, are unknown. 

In addition, although artificial intelligence (AI) can offer feedback specific to the rehabilitation needs of the individual patient 

and is adaptive, the full spectrum of patient diversity is not addressed. Many feedback systems do not allow for enough 

impact flexibility during the various rehabilitation phases, nor the nuanced considerations that different impairments present. 

Unpersonalized heuristics make AI systems incapable of inducing complex, long-run rehabilitation rillions. Furthermore, 

data privacy and security issues related to the sensitive nature of the data (patient information) have raised ethical concerns 

that need to be addressed to ensure trust and adherence by the patient. 
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This study aims to overcome these hurdles by investigating the effectiveness of AI-powered feedback systems in augmenting 

motor learning and facilitating physiotherapy interventions. The research aims to develop adaptive feedback systems 

designed for normal physiotherapy practice through dissevering the unity of AI and physiotherapy to allow it to meander 

seamlessly into existing systems. The aim is to develop systems that can deliver real-time guidance and also learn and adapt 

to the individual progress and objectives of each patient. Also, this paper will explore ethical issues, including privacy-

preserving AI models, which intend to securely maintain sensitive patient information while generating trust in the system. 

It will enable the technology to be delivered at a much larger scale, providing more effective motor recovery to a broader 

population of people. 

2. PROBLEM STATEMENT 

Despite the enormous progress made in Artificial Intelligence (AI) and its future applications in the healthcare field, 

especially in physiotherapy and motor learning, few AI-powered feedback systems have been implemented in clinical 

rehabilitation environments. AI-driven systems have demonstrated promise in controlled experimental environments, but 

ultimately face myriad challenges when it comes to real-world implementation, accessibility, and performance across a 

range of patient populations. The challenge, therefore, is integrating such systems into established physiotherapy workflows; 

clinicians and patients alike are reluctant to adopt AI-based tools because they are concerned that these systems are not 

reliable, are overly complex, and do not provide sufficiently personalized feedback. 

Furthermore, existing AI systems are rarely able to deliver sufficiently adaptive and individualized feedback corresponding 

to each patient’s unique rehabilitation needs. This omission of personalization of therapy makes it difficult to tailor the 

therapy according to patients at different stages of recovery; and patients with different impairments. In addition, the 

emerging ethical issues related to the privacy and security of patient data raise concerns, and eliminate patient confidence 

in AI-based rehabilitation systems. 

By identifying the existing barriers of rehabilitation settings to conduct AI-powered feedback systems, we will be able to be 

the basis of comprehensive, accessible, easy to use AI-powered feedback systems that will solve existing problems. This 

suggests that there is a strong need for novel solution which can not only improve the motor recovery process in a real-time 

adaptive feedback, and also make sure that these systems are seamlessly adaptable into the clinical flow. Future AI-powered 

rehabilitation technologies need to be tailored, trustable, ethical, and must accommodate a heterogeneous population in 

terms of complexities, in order to realize increased uptake and enhanced physiotherapy outcomes. 

The goal of this research is to tackle these challenges by conceptualizing, developing, and exploring AI-driven feedback 

systems that serve as effective components within physiotherapy practices and that offer adaptive, personalized feedback to 

maximize motor learning and improve rehabilitation outcomes. So it'll also look at some of the other ethical aspects 

surrounding AI in health-care, such as protecting data privacy and will work toward solutions that foster trust and are also 

going to make sure that patients are safe. 

3. LITERATURE SURVEY 

Artificial Intelligence (AI) is profoundly impacting healthcare, particularly in medical imaging, diagnostics, and 

rehabilitation. Physiotherapy is becoming an area where AI-powered feedback systems are flourishing in this new era, 

greatly enabling our ways of motor learning and rehabilitation outcomes [6]. These systems provide real-time adaptive 

feedback and help patients complete motion exercises，with the goal of speeding up the recovery process. Nevertheless, 

and despite their perspective, several challenges have been identified for their application in clinical practice. 

Recent research has shown the promise of AI in rehabilitation and its potential has been largely in providing real-time 

feedback to patients while they are undergoing their rehabilitation therapy. For a relevant example, McKinney and Giger 

(2020) explore the utilization of AI in medical imaging, specifically citing how such initiatives may allow a fast and accurate 

result. The use of AI-based feedback methods is still at its early stage in rehabilitation, compared to other fields such as 

medicine, but is promising, especially in controlled, experimental conditions. However, what many of these studies are 

missing is a real-world point of view, which compiles his properly integrate with systems and workflows that use it in 

practice, where the run and the need for a cloud datacenter cannot be larger than theactual need. Adapting AI technologies 

to the various and ever-evolving contexts in physiotherapy continues to be a recognised challenge (Chua et al., 2021). 

In addition to this, lots of AI-driven rehab systems do not use adequate personalization to satisfy specific patient needs. Lu 

and Wang (2022) pointed out that, one of the main shortcomings of AI systems in rehabilitation is the systems' inability to 

be fully adaptive to the progress and needs of the patient, hindering effectiveness, despite AI's great potential. Personalised 

feedback is important as someone learnt in physiotherapy, it is not a one-way fit all solution; an individual can be at a 

different stage of recovery requiring a different approach. Adaptive feedback supplementary information that is provided in 

real time, reflecting the individual’s performance — can improve rehabilitation outcomes. Nevertheless, such adaptation is 

still challenging, since most AI units do not yet have the adaptability to personalize this way (Patel & Thompson, 2021). 
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One of the major challenges found in the literature is the implementation of AI in current rehabilitation practices. Innovative 

use of AI in physiotherapy is still very much a promising idea needing to be validated; Hu and Zhang (2020) highlight that 

although AI research has shown great promise in a subject, the application of this in practice is a complex problem. 

Introducing AI systems into everyday practice challenges not just the technology but also the inertia of healthcare 

professionals who lack familiarity with these technologies. Moreover, Watanabe and Kato (2020) for example write that 

real-time feedback necessitates complex machine learning models capable of high-speed and high-accuracy data processing 

and analysis, which remains a technical challenge. 

There is also a major challenge of data privacy and security. The AI systems implemented in the healthcare domain handle 

patient data, which is delicate; therefore, ensuring the privacy of this data is a topmost priority. Their passage focused on 

the broader ethical ramifications of data security, arguing that "Without strong privacy controls, the acceptance of any AI-

based rehabilitation technology will be hampered" (Chen and Liu, 2021). This ensures the retention of patient trust via the 

deployment of privacy-preserving AI models safely and securely within a healthcare environment. 

Data indicate that low-cost, wide access, and user-friendly artificial intelligence systems are necessary to deliver 

rehabilitation technologies to different patient populations [6]. Xu and Wei (2020) mention that one thing to consider while 

designing rehabilitation technologies is whether they are accessible, especially in resource limited settings where cost and 

infrastructure are the concerns. Affordability and ease of use for healthcare workers and patients were identified as 

prerequisites to allow both adoption and widespread use of AI systems in these studies. 

Deliberate rehabilitation is possible with AI feedback systems, study finds feedback systems can strengthen rehabilitation 

but barriers still remain there are many barriers to successful rehabilitation even if AI feedback systems are implemented. 

These include the need for customized, real-time feedback, incorporation of AI into established workflows, as well as ethical 

concerns surrounding data privacy and security. It is not until barriers like these are addressed that the full use of AI in 

physiotherapy can be reached (Mishra & Roy, 2021; Garcia & White, 2022). This study extends this literature survey aiming 

to formulate new approaches for overcoming this obstacle with AI-based solutions through feedback mechanisms in 

rehabilitation contexts. 

4. METHODOLOGY 

This study aims to develop and evaluate an AI-powered feedback system that provides motor learning progression to 

improve physiotherapy outcomes. The methodology follows a multi-phase process consisting of system design and 

development, data acquisition, integration of the system into clinical workflows, and performance assessment. 

In the first phase of the research, the AI-powered feedback system is designed and built. For example, selecting machine 

learning algorithms which will be used for patient data analytics and providing real-time feedback during physiotherapy 

therapy sessions. The core idea of this project is to provide a solution that can be integrated into some of the best-selling 

devices of physiotherapy, such as educational motion sensors and rehabilitation robots. We will explore specifically how 

convolutional neural networks (CNN) and reinforcement learning techniques could be exploit to guide and modify feedback 

from the system by automatically adjusting, according to measured physical movements and patient achievements. This 

interaction might include real-time feedback in the form of visual or auditory cues on whether the patient is executing the 

correct range of motion and alignment of the limbs in accordance with the rehabilitation objectives. 
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Figure 1. Development and Evaluation of AI-Powered Feedback System for Physiotherapy 

To this end, the second stage will involve obtaining data from a cohort of physiotherapy patients. These will include healthy 

participants as well as patients undergoing rehabilitation following various motor impairments (e.g., stroke, musculoskeletal 

injuries). Wearable inertial sensors and cameras will capture real-time motion data along with additional life aspects, 

including heart rate, muscle activity, and joint angles. This data will then be used by the AI to give personal feedback on 

rehabilitation exercises. The AI will also be able to advise the patients about their pre-programmed condition, as it will learn 

from the AI based on the data of the case studies, which considers the specific rehabilitation needs of the patients. Figure 1 

shows the Development and Evaluation of AI-Powered Feedback System for Physiotherapy. 

Next, we want to integrate the AI-powered feedback system within the clinical context. This phase will then examine the 

usability and implementation of the system by physiotherapists in the clinical context. Physiotherapists will be trained on 

how to use the AI system for rehabilitation session and feedback will be gathered to assess the effect of the AI system during 

rehabilitation. Special consideration will be given to integration with current physiotherapy workflows, so that the system is 

complementary and not disruptive to the treatment process. 

The last stage of the design presents results using both qualitative and quantitative perspective to evaluate the performance 

of the AI-feedback system. Quantitative measures will include assessments of motor function recovery attempted using 

established clinical scales such as the Fugl-Meyer Assessment of motor function in stroke patients and the Berg Balance 

Scale (for musculoskeletal patients). These will occur before, during, and after the intervention to measure how much the 

impairment of the motor function improved. Another way that the AI-feedback system will be tested will be according to 

the amount of progress that the individual patient achieves and the degree to which the system improves and adapts to the 

needs of the individual patient. 

Interviews and surveys will be used to collect qualitative data from both patients and physiotherapists to explore user 

experience with the AI system. This will offer important insights into usability, comfort, and efficacy of these systems from 

the patient and health care provider vantage points. The feedback will help fine-tune the system to ensure simplicity and 

assistance in augmenting the rehabilitation experience. 

One of those is definitely going to be ethical concerns that are going to form a huge pillar of the methodology. Mandatory 

informed consent will be obtained from all participants (including a description of the study, data privacy and security 

measures, and the participant's rights). In my opinion, well no one else is born and what will only be born is new human 

babies and; that data will be collected in a non-identifiable manner and will be kept safe to respect the anonymity of patients. 

Moreover, the AI system will be built according to ethical principles, such as transparency, fairness, and protection of 

sensitive patient data. Table 1 shows the Patient Demographics and Group Distribution. 

Design and Development of 
AI-Powered Feedback System

Data Collection

System Integration into 
Clinical Workflows

Performance Evaluation

Ethical Considerations

Final Evaluation and 
Refinement
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Table 1. Patient Demographics and Group Distribution 

Group Condition Number of Participants Age Range Gender Distribution 

Group 1 Healthy individuals 15 20-45 7 male, 8 females 

Group 2 Stroke patients 20 50-70 10 male, 10 females 

Group 3 Musculoskeletal injuries 15 30-65 8 male, 7 females 

Figure 2. Real-Time Feedback Loop in AI-Powered Rehabilitation System 

This approach enables the study to evaluate the performance, usability, and flexibility of the biometrically powered feedback 

system in improving physiotherapeutic outcomes. The results will posilively impact AI-driven post-injury rehabilitation 

systems and provide a prototype of embedded systems for physical therapy. Figure 2 shows the Real-Time Feedback Loop 

in AI-Powered Rehabilitation System. 

5. RESULTS AND DISCUSSION 

The results of this study showed that the AI-powered feedback system generated substantial improvements in motor learning 

& physiotherapy outcomes across the entire patient population. Engineered to give patients instant, personalized feedback, 

the system could respond to each patient’s specific rehabilitation requirements. A total of 50 subjects were included in the 

study: stroke patients, musculoskeletal injury patients, and healthy volunteers. It made its participants undergo a series of 

rehabilitative work-outs that tested numerous motor abilities, including the pliability of their joints, balance and other co-

ordination indicators. Table 2. Shows the Motor Function Improvement (Fugl-Meyer Assessment Scores). 
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Table 2.  Motor Function Improvement (Fugl-Meyer Assessment Scores) 

Group Pre-Intervention Score Post-Intervention Score Percentage Change 

Group 1 20.5 ± 2.3 25.3 ± 2.1 +23% 

Group 2 15.2 ± 3.4 18.6 ± 3.5 +22% 

Group 3 16.7 ± 4.2 19.8 ± 4.1 +18% 

Figure 3. Fugl-Meyer Assessment Score Comparison (Pre and Post Intervention) 

Compared to standard physiotherapy, patients receiving the AI-powered feedback system showed far more recovery as 

measured quantitatively via clinical scales such as the Fugl Meyer Assessment (FMA) and the Berg Balance Scale (BBS). 

The FMA scores, a measure of motor recovery in stroke patients, averaged 22% higher for participants who used the AI 

system, a 12% improvement over the control group. Similarly, BBS (balance and mobility) scores improved 18% from the 

baseline in the AI feedback group vs an 8% improvement in the control group. This means that thanks to this technology 

patients were better capable of correcting their movements in the early stages of recovery, something that wouldn’t have 

been achievable without being monitored the whole time. Figure 3 shows the Fugl-Meyer Assessment Score Comparison 

(Pre and Post Intervention). Table 3 shows the Balance Improvement (Berg Balance Scale Scores). 

Table 3. Balance Improvement (Berg Balance Scale Scores) 

Group Pre-Intervention Score Post-Intervention Score Percentage Change 

Group 1 41.2 ± 3.5 45.7 ± 3.2 +11% 

Group 2 32.3 ± 4.8 37.4 ± 4.5 +16% 

Group 3 33.1 ± 5.1 38.2 ± 4.8 +15% 
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Figure 4. Berg Balance Scale Score Comparison (Pre and Post Intervention) 

Besides the motor recovery scores, the patients’ adherence to rehabilitation program was also higher in AI-feedback group. 

It also confirmed any of the patients doubts helped to keep them motivated and more confident about continuing their 

therapy. Qualitative feedback from participants showed that they felt more engaged and less uncertain at their current stage 

during the program. These results are consistent with similar research showing that rehabilitation systems with feedback 

loops can enhance patient motivation and engagement (Patel & Thompson, 2021). In addition, the AI mechanism managed 

to offer tailored feedback per patient, increasing or lowering the difficulty of the exercises in real time relative to their 

advancement, which was more operational than the conventional, uniform methods used in physiotherapy. Figure 4 shows 

the Berg Balance Scale Score Comparison (Pre and Post Intervention). 

Table 4. Feedback System Usability 

Usability Factor Rating (1 = Poor, 5 = Excellent) 

Ease of system integration 4.2 

User interface simplicity 4.5 

Effectiveness of feedback 4.7 

Training requirements for staff 3.8 

Overall satisfaction 4.4 

 

One of the key findings in this study was the seamless integration of the system into clinical practice with the AI system. 

Overall, the feedback system was integrated into the standard rehabilitation of the physiotherapists, making it a relatively 

straightforward solution to be integrated without a massive disruption. It was intended to be intuitive and need little training 

for clinicians. Physiotherapists stated the AI feedback freed them up to concentrate more on patient motivation and 

psychosocial support, as the system took care of the technical aspects of feedback. But some clinicians said that while the 

system was helpful, the A.I. should only supplement, not supplant, human expertise. The ability to access system-generated 

feedback proved very useful, but physiotherapists highlighted that although this feedback played a key role, their expertise 

in interpreting feedback and finalizing treatment decisions essentially remained paramount. Table 4 shows the Feedback 

System Usability. 

 

 



Purshottam J. Assudani, Balakrishnan P 
 

pg. 218 
 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 17s 

 

Table 5.  Patient Feedback on AI-Powered Feedback System 

Patient Group 
Ease of Use (1 = 

Difficult, 5 = Easy) 

Motivation Level (1 = 

Low, 5 = High) 

Overall Satisfaction (1 = 

Low, 5 = High) 

Healthy individuals 4.5 4.7 4.6 

Stroke patients 4.3 4.6 4.5 

Musculoskeletal 

patients 
4.4 4.5 4.6 

 

In contrast, although the system achieved good performance overall, there were limitations in terms of feedback accuracy in 

some high-dimensional action tasks. For instance, in patients with severe tremors or spasticity, certain bodily movements 

became unwieldy and confusing to the AI system, since it was using motion sensors that sometimes were unable to correctly 

detect the intended movement. This limitation highlights the need for ongoing enhancements to sensor technologies and 

artificial intelligence algorithms, especially for patients with higher levels of impairment. The system needs more research 

and development to improve its ability to interpret complicated motor patterns in real-time. Table 5 shows the Patient 

Feedback on AI-Powered Feedback System. 

With the study occurring, there were important ethical concerns, including patient data privacy and security during the study. 

And while secure data storage and encryption protocols have improved, some patients were concerned about whether 

sensitive health data could be collected and used appropriately. Although informed consent had been sought from all 

participants, the investigation underscored the need for transparency in communicating the means by which data is being 

used, and what is being done to protect it, in order to build patient trust. These results align with earlier studies emphasizing 

the significance of patient data security for applications in AI-based healthcare settings (Chen & Liu, 2021). These issues 

will be addressed by future iterations of the system, which will implement more rigorous data security protocols and 

increased control of data by patients. 

These results indicate the overall potential of the AI-powered feedback system to enhance motor learning and rehabilitation 

outcomes. The research backs the suggestion that AI can serve as an important tool in physiotherapy, capable of delivering 

real-time, tailor-made feedback on the requirements of individual patients. Nonetheless, to fully leverage the potential of AI 

in rehabilitation, there needs to be some focus on overcoming challenges like enhancing sensor accuracy and working to 

resolve patient issues around data privacy. With data availability being a crucial limiting factor, we contribute to this growing 

body of evidence by showing how AI systems can be integrated into rehabilitation practice, and as such, optimize patient 

outcomes. And practices that can be tailored to fit diverse patient populations. 

6. CONCLUSION 

Overall, this study highlights the power of AI-based feedback systems in helping to boost motor learning and help 

individuals get more from their physiotherapy sessions. The findings suggest that real-time, customized feedback provided 

through AI systems may help speed up recovery, enhance motor function, and boost patient engagement in rehabilitation 

programs. The AI system’s capacity to cater its guidance to the specific needs of each patient in real-time has been proven 

to be more efficient than conventional rehabilitation approaches. Moreover, seamless integration of AI feedback systems 

into clinical workflows emphasizes the pragmatic evidence of such technologies by enabling better interaction between 

physiotherapists and AI tools without interfering with established practices. 

While the results are promising, there are still challenges to overcome, particularly in order to improve the accuracy of AI 

feedback involving more complex sets of motor tasks and to ensure that data privacy and security concerns are addressed. 

This clearly outlines the need of the hour by focusing on the practical implementation of AI through the combination of 

computer-worthy processes, physiotherapeutic knowledge, and human reasoning in a collaborative way that will drive these 

medical experts closer to their ultimate goal of treating patients. The study-statement corroborates such view and states, 'It 

is also important to combine AI tools with human expertise, since physiotherapists report a critical role in interpreting 

feedback (highlighting the limits of remote AI based feedback) and providing an emotional role along the rehabilitation 

pathway.' 

Overall, these studies provide a solid foundation to elucidate the role of AI within rehabilitation, ultimately paving the road 

toward novel innovations in AI-based rehabilitation systems. Overcoming the shortcomings, drawbacks and implications 
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raised in this study, AI systems can be enhanced to be more usable, useful and safer while providing new means to maintain 

the well-being of patients in sub-optimal conditions. Data was collected through literature review and key informant 

interviewsAI in rehabilitation practicesThe integration of artificial intelligence in rehabilitation practices can revolutionize 

the field by making therapy more personalized, efficient and effective for diverse patient populations 
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