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Abstract 

Background: Pediatric neuromuscular diseases (NMDs), such as Duchenne muscular dystrophy (DMD), spinal 
muscular atrophy (SMA) and congenital myopathies (CM), are characterized by progressive motor impairment, 
poor mobility, and quality of life. Recent advances in rehabilitation techniques have paved the way to new 
methodologies to support children with motor development and functional independence. Objective: To evaluate 
the success rate of pediatric rehabilitation standards in optimizing motor recovery, muscle function, while mobility 
outcomes in patients with neuromuscular diseases. Methods: A technology-assisted rehabilitation system was 
developed with robotic gait training, virtual reality-based therapy, wearable motion sensors and adaptive 
physiotherapy. We measured clinical performance utilizing motor functioning scores, walking strength, balance 
measures and therapy adherence parameters in pediatric patients throughout a 12-week intervention duration. 
Findings: The rehabilitation approach presented substantial enhancements in motor performance. The motor 
function scores were increased compared to 58.4 to 78.6, with a 34.6% increase. Walking endurance increased by 
28.9% and balance stability by 24.3% 92% adherence to therapy suggests a high level of patients involvement and 
acceptance. Wearable monitoring systems facilitated immediate evaluations and personalized modifications to 
therapy, leading to better rehabilitation results. Conclusion: Pediatric therapeutic technologies offer an effective, 
patient-centered solution for improving motor recovery in patients with neuromuscular diseases. The robotic 
assistance, virtual reality and sensor monitoring combination facilitates functional improvement and increases 
therapy participation while encouraging long term rehabilitation performance in pediatric clinical settings.  

Keywords: Pediatric rehabilitation; neuromuscular diseases; motor recovery; robotic therapy; virtual reality 
rehabilitation; wearable sensors; gait training; pediatric physiotherapy; assistive technologies; rehabilitation 
results. 

 

1. Introduction 
Pediatric neuromuscular diseases (NMDs) are a heterogeneous group of passed on disorders impacting motor neurons, 

peripheral nerves, standardized neuromuscular junctions, as well as skeletal muscles. Common pediatric NMDs are 

Duchenne Muscular Dystrophy (DMD), Spinal Muscular Atrophy (SMA), Charcot–Marie–Tooth disease (CMT), and 

congenital myopathies. These conditions often result in progressive muscle weakness, motor impairment, reduced 

mobility, respiratory problems, and reduced ability to perform daily activities . Despite major advances in disease-

modifying treatments, motor disability remains a critical clinical challenge demanding long-term therapy interventions. 

In recent years, the importance of holistic rehabilitation approaches to preserve functional abilities and the quality of life 

in children about neuromuscular disorders has been emphasized. 

 

Advances in technology have revolutionized pediatric rehabilitation with robotic-assisted therapy, virtual reality (VR)-

based therapy, wearable sensors, exoskeletons, Internet of Things (IoT)-enabled tracking systems, and intelligent assistive 

devices . These technologies allow for personalized, engaging and repeated motor training which may improve 

neuroplasticity along with functional recovery. Robotic gait systems along with powered exoskeletons have shown 

significant gains in walking function, muscle strength, as well as range of motion for children about SMA and DMD. VR-

based recovery offers immersive settings that lead to enhanced motivation, therapy adherence, while motor learning 

outcomes. Additionally, IoT-enabled wearable devices aid in continuous monitoring of patients’ performance and 

encourage data-driven rehabilitation planning. 

The use of sophisticated rehabilitation technologies is of special significance as conventional physiotherapy in isolation 

may not offer the intensity and engagement needed for optimal motor recovery. New rehabilitation systems are emerging 
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that incorporate sensor feedback, artificial intelligence and robotic assistance to provide adaptive therapy tailored to the 

needs of each patient. Studies of technology-assisted rehabilitation programs have shown improved upper limb function, 

gait performance, balance control and treatment adherence . Home-based rehabilitation platforms also allow for the 

provision of ongoing therapeutic interventions outside of clinical settings, thus improving accessibility and reducing the 

burden on healthcare systems . 

 

Significant progress has been made; however, challenges remain in terms of standardization, clinical validation, 

availability,, and sustainability of pediatric rehabilitation technologies. Treatment outcomes are often affected by 

differences in disease severity, age and functional status, underscoring the need for detailed assessment frameworks as 

well as evidence-based rehabilitation approaches. Accordingly, the investigation of the efficacy of emerging habilitation 

technologies is crucial to maximize motor recovery and independent functioning in pediatric NMD patients. 

 

1.1 Research Gaps 

Although most of the existing studies mainly focus on individual rehabilitation technologies in smaller cohorts, there are 

few studies to investigate comprehensive technology-assisted rehabilitation frameworks that combine robotic systems, 

virtual reality, wearable technology, and intelligent monitoring platforms for children suffering from neuromuscular 

diseases. Moreover, long-term clinical outcome evaluation along with comparative evaluations for different NMD 

conditions are missing. 

 

1.2 Objectives 

1. To study the role of pediatric therapeutic technologies in the improvement of motor recovery in patients with 

neuromuscular diseases.  

2. To evaluate the efficacy of robotic-assisted treatment, virtual reality therapy and wearable tracking systems.  

3. To evaluate the effect of technology-assisted modalities on mobility, balance, muscular strength and functional 

independence.  

4. To identify current issues and future possibilities in pediatric neuromuscular therapeutic technologies.  

5. To suggest an integrated treatment framework to improve clinical outcomes and standard of life of patients with 

pediatric NMD 

 

2. Literature review  

2.1 Robotic-Assisted Rehabilitation Technologies 

Robotic-assisted rehabilitation has been of great interest in the management of pediatric neuromuscular disease (NMD) 

as it can provide repetitive, intensive and task specific motor training. The use of robotic gait trainers when lower-limb 

exoskeletons has recently been reported for enhancing walking performance, muscle strength, balance and mobility in 

children alongside Duchenne Muscular Dystrophy (DMD) along with Spinal Muscular Atrophy (SMA). These systems 

offer precise movement control as well as adaptive assistance that support neuroplasticity along with functional recovery. 

Moreover, robotic technologies decrease therapist burden and allow a fair evaluation of rehabilitation performance [1,2]. 

 

2.2 Virtual Reality Rehabilitation 

Virtual Reality (VR) is a novel therapeutic modality that increases patient engagement through enveloping and interactive 

environments. VR-based rehabilitation programs involve motor learning, postural control and coordination of the upper 

and lower limbs. Recent investigations have reported significant gains in balance, gait performance and therapy adherence 

in pediatric patients receiving a VR-assisted interventions. The gamification components embedded in the VR platforms 

improve motivation and promote continued engagement in rehabilitation activities [3,4]. 

 

2.3. Intelligent Monitoring and Wearable Sensors 

Wearable sensing technologies have transformed the field of rehabilitation monitoring by allowing continuous assessment 

of normal physiology, muscle activity, and function . Smart sensors that include accelerometers and inertial measurement 

systems (IMUs) can generate real-time data that support personalized therapy planning. Recent studies indicate that 

wearable devices can enhance clinical decision-making and promote remote monitoring, empowering therapists to track 

patient progress outside the hospital environment [5]. 

 

2.4 Artificial Intelligence and Tele-rehabilitation 

Telerehabilitation and Artificial Intelligence (AI) have enhanced accessibility of rehabilitation services for pediatric NMD 

patients. Telerehabilitation platforms enable home-based therapy delivery and remote clinician supervision; AI-driven 

systems analyze how well patients do and automatically adjust exercise protocols. Recent studies have shown that AI-
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enabled rehabilitation frameworks enhance the effectiveness of therapy, treatment adherence, and long-term functional 

benefits by using predictive analytics as well as personalized intervention strategies [6,7]. 

 

The current literature supports the use of combined robotic systems, physical reality, wearable sensor telerehabilitation, 

and AI-based platforms as effective tools to improve motor recovery, mobility, and functional independence in patients 

with pediatric neuromuscular disease. Yet, integrated multi-technology rehabilitation structures and long-term clinical 

validation are still scarce, creating opportunities for further research. 

 

 
Figure 1. Pediatric Rehabilitation Technology Ecosystem 

 
Pediatric Rehabilitation Technology Ecosystem to enhance motor recovery in children alongside neuromuscular diseases. 

Figure 1. The framework incorporates four major technologies: Robotics Therapy, VR Training, Wearable Sensors and 

Telerehabilitation with AI. Intelligent Monitoring systems are continuously gathering and analyzing patient information 

using these elements. The insights produced support personalized therapy to individual rehabilitation needs. Thus, patients 

enjoy enhanced motor function, mobility and athletic ability, leading to improved quality of life and increased functional 

independence. 

 

3. Methodological Approach 

3.1 Design of the Study 

The present study suggests a technology-assisted pediatric physical therapy framework to improve motor recovery in 

children with neuromuscular diseases (NMD). The framework combines robotic therapy, virtual reality (VR)-based 

training, sensor wearable monitoring, and standard, artificial intelligence (AI)-enabled telerehabilitation. The 

rehabilitation program included 120 pediatric patients about Duchenne Muscular Dystrophy (DMD), Spinal Muscular 

Atrophy (SMA), Charcot-Marie-Tooth disease (CMT) and congenital myopathies. The intervention was 12 weeks long, 

and clinical assessments were conducted prior to and following treatment [12]. 

 

3.2. Dataset Description 

Data on rehabilitation was obtained from rehabilitation centers as well as pediatric neurology clinics. The dataset consisted 

of demographic data, disease type, motor ability scores, balance assessment, gait parameters, adherence to therapy, and 

measurements from wearable sensors. Data preprocessing included normalization, missing value imputation and feature 

extraction compared to sensor signals to enhance the accuracy of the analysis [15]. 

 

Table 1. Dataset Characteristics 

Parameter Value 

Total Patients 120 

Age Range 5–16 Years 

DMD Patients 40 

SMA Patients 35 

CMT Patients 25 

Congenital Myopathy Patients 20 

Intervention Duration 12 Weeks 
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Sensor Sampling Rate 100 Hz 

 

3.3 Rehabilitation Framework 

The proposed system combines various rehabilitation technologies to optimize the results in terms of motor recovery. 

Robotic gait trainers offer repetitive movement exercises. Virtual reality modules enhance engagement and coordination. 

Wearable sensors ensure ongoing monitoring of physical activity. AI algorithms evaluate performance data to tailor 

therapy. The collected data is uploaded to a cloud-based tracking platform where clinicians can review progress and alter 

treatment plans if necessary [13]. 

 

 
Figure 2. Proposed Methodology Framework 

 
A framework of the suggested technique of technology-assisted standard pediatric rehabilitation in neurological disorder 

patients is presented in Figure 2. It commences by conducting data collection coming from pediatric patients in 

rehabilitation. The collection of motor performance and rehabilitation data is managed by three main intervention 

modules: Robotic Therapy, VR-Based Training, and Wearable Sensors. AI Analytics merges and analyzes the collected 

data to determine patient-specific needs and patterns of progress. These insights lead to the development of Personalized 

Therapy plans that allow for improved motor rehabilitation, mobility, balance control and functional independence. 

 

3.4 Evaluation Metrics for Performance 

Motor recovery effectiveness was assessed in terms of motor function enhancement, gait speed, balance and stability, 

walking endurance and therapy adherence. Comparative analysis prior to and subsequent to the intervention. 

 

Table 2. Evaluation Metrics 

Metric Description 

Motor Function Score Overall motor performance 

Gait Speed Walking velocity 

Balance Stability Postural control ability 

Walking Endurance Distance covered in 6-minute walk 

Therapy Adherence Participation percentage 

 

Enhancements in these indicators were measured to evaluate the proposed rehabilitation structure, providing a holistic 

evaluation of outcomes of technology-assisted pediatric rehabilitation. 

 

3.5 Dataset and Parameters 

The experimental dataset was made up of 120 paediatric patients with neuromuscular diseases, specifically Duchenne 

Muscular Dystrophy (DMD), Spinal Muscular Atrophy (SMA), Charcot-Marie-Tooth disease (CMT) and congenital 

myopathies. Clinical as well as sensor-based data were recorded throughout a 12-week physical rehabilitation routine. 

The proposed framework comprised of robotic therapy, virtual reality training and wearable sensor monitoring. The data 



52 
 

   52 
 

Adolescencia e Saude, vol. 21, No. 3s, p. 48-54 

preprocessing involved normalization, noise removal and feature extraction. Improvement was assessed by measuring 

motor function score, gait speed, balance stability, and compliance to therapy. The experimental setting used AI-assisted 

analytics to plan and evaluate outcomes in personalized rehabilitation [12,13]. 

 

Table 3. Dataset and Experimental Setup 

Parameter Value 

Total Patients 120 

DMD Patients 40 

SMA Patients 35 

CMT Patients 25 

Congenital Myopathy Patients 20 

Age Range 5–16 Years 

Intervention Duration 12 Weeks 

Robotic Therapy Sessions 36 

VR Training Sessions 36 

Sensor Sampling Rate 100 Hz 

Evaluation Metrics Motor Score, Gait, Balance, Adherence 

 

   4. Results & Discussion 
The suggested structure for pediatric rehabilitation technology was assessed for motor function score, ambulation speed, 

balance stability, ambulatory endurance and therapy adherence. Data were collected pre- and post-intervention (12 week 

period) from 120 pediatric neuromuscular illness patients. The combination of robotic therapy, augmented reality training, 

wearable sensors, along with AI-assisted monitoring showed significant improvements in all clinical indicators. The 

results demonstrate that technology-assisted rehabilitation improves motor recovery, enhances patient engagement and 

facilitates personalized treatment approaches to enhance functional independence as well as rehabilitation outcomes. 

 

4.1 Motor Recovery Performance Analysis 

 
Table 4. Clinical Performance Before and After Rehabilitation 

Metric Before Therapy After Therapy Improvement (%) 

Motor Function Score 58.4 78.6 34.6 

Gait Speed (m/s) 0.72 0.96 33.3 

Balance Stability (%) 61.5 76.4 24.2 

Walking Endurance (m) 245 316 29.0 

Therapy Adherence (%) 74 92 24.3 

 

Results indicate significant improvements in all the parameters considered after the execution of the recommended 

rehabilitation framework. Motor function assessments increased by 34.6%, suggesting improved neuromuscular 

performance. Gait speed increased by 33.3% indicating improved mobility and locomotion abilities. Balance stabilization 

increased by 24.2% which means better postural control and less risk of falling. Walking endurance improved by 29.0% 

and therapy adherence was 92% indicating high patient engagement in technology-assisted interventions. 

 
Figure 3. Clinical Outcome Improvement 
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The relative improvement for major clinical findings after the rehabilitation procedure is shown in Figure 3. The 

integration of robotic systems, virtual reality training, along with wearable monitoring tools has been shown to be effective 

in enhancing motor function, gait speed, equilibrium stability, and walking endurance. The observed improvements 

suggest that technology-assisted rehabilitation offers a structured and adaptive therapy that can accelerate motor recovery 

in patients with pediatric neuromuscular disease. 

 

4.2 Technology Module Performance Evaluation 

 
Table 5. Contribution of Rehabilitation Technologies 

Technology Module Effectiveness Score (%) 

Robotic Therapy 88.4 

VR-Based Training 84.7 

Wearable Sensors 81.3 

AI Analytics 86.9 

Integrated Framework 92.5 

 

The integrated treatment framework scored the highest effectiveness of 92.5% over the individual technology modules. 

The major role of robotic therapy was in gait and motor improvement, while VR-based training improved the patient 

participation and coordinating skills. Wearable sensors enabled continuous monitoring and AI analytics allowed 

personalized treatment adaptation. These results demonstrate the synergistic advantages of integrating several 

rehabilitation technologies into one framework. 

 
Figure 4. Rehabilitation Technology Effectiveness 

 
Individual rehabilitation techniques and integrated framework effectiveness scores are shown in Figure 4. The 

complementary advantages associated with robotics, virtual reality, wearable sensing and artificial intelligence led to 

better performance of the combined system than the standalone technologies. The results confirm multi-modal 

rehabilitation strategies as a comprehensive approach to improve motor recovery, therapy compliance, and functional 

outcomes in typical pediatric neuromuscular disease rehab. 

 

4.3 Discussion  

The results show that technology-assisted rehab substantially improves motor recovery results in pediatric neuromuscular 

condition patients. The reported enhancements in motor function score (34.6%), gait speed (33.3%), balance stability 

(24.2%) and walking endurance (29.0%) demonstrate the efficacy of combining robotic therapy, simulated reality 

training, wearable sensors and AI-based analytics. Furthermore, the high therapy adherence rate of 92% also confirms the 

increased patient engagement by means of interactive rehabilitation strategies. The best effectiveness score (92.5%) was 

obtained by the integrated framework, indicating the advantages of integrating several rehabilitation technologies. These 

findings indicate that personalized data-driven rehabilitation approaches can optimize functional recuperation, mobility 

and quality of life in the management of pediatric neuromuscular disorders. 
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 5. Conclusion  
This study confirmed the efficiency of advanced pedagogical rehab technologies in the motor recovery of patients with 

neuromuscular disease. The combination of robotic therapy, virtuous reality training, wearable sensor surveillance, and 

AI- assisted analytics resulted in substantial enhancements in motor abilities, gait performance, equilibrium stability, 

walking endurance and adherence to therapy. The results indicated that the integrated rehabilitation structure 

outperformed single technologies in delivering personalized, adaptive and data-driven interventions. Moreover, the 

elevated rates of patient engagement underscored the feasibility and acceptability of technology-based rehabilitation 

models. These results highlight the potential for multidisciplinary rehabilitation procedures to improve quality of life. 

Future research should concentrate on large-scale clinical validation, assessment of long-term outcomes and development 

of cost-efficient rehabilitation solutions. 
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