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Abstract: Rehabilitation following brain injuries, such as stroke and other traumatic injuries, 
presents significant challenges for both patients and healthcare systems. Traditional in-
person rehabilitation often requires regular visits to specialized facilities, which can be 
difficult for patients in remote areas or those with mobility and financial constraints. 
Telerehabilitation offers a promising solution by enabling patients to continue essential 
therapy at home, ensuring continuity of care while reducing the burden on healthcare 
providers. It can be effectively applied across various patient groups, including children, 
adults, the elderly, amputees, individuals with traumatic neurological injuries, and those 
with neurocognitive impairments such as dementia. Our telemedicine platform integrates 
advanced technologies, i.e., 3D motion analysis and Virtual Reality (VR) to enhance home-
based physiotherapy. These tools enable precise monitoring, real-time feedback, and 
immersive therapy sessions, in order to improve coordination, fine motor skills, hand-eye 
coordination, and the vestibular system, which is crucial for balance. This platform also 
performs detailed offline data analysis, allowing healthcare professionals to adjust therapy 
plans based on individual needs. As the demand for rehabilitation services continues to grow, 
adopting these technologies will be crucial for sustainable, effective healthcare, ultimately 
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improving patient outcomes and shaping a more efficient and equitable future for healthcare 
systems. 

Keywords: Telerehabilitation; Virtual Reality (VR); 3D Motion Analysis; Stroke Recovery; 
Parkinson’s Disease; Telemedicine 

1 Introduction 

Research on brain injuries leading to motor dysfunction is a significant area of 
focus. Acquired brain injury (ABI) and traumatic brain injury (TBI) resulting from 
accidents, stroke, or multiple sclerosis are among the leading causes of long-term 
disability. 

The advantages and disadvantages of telemedicine in this field have been already 
discussed, with particular attention to the limitations of the technology [1]. 
Rehabilitation following brain injuries such as strokes, traumatic brain injuries, and 
other neurological events presents significant challenges for both patients and 
healthcare systems. These challenges are amplified by the fact that traditional in-
person rehabilitation often requires regular visits to specialized facilities, which can 
be difficult to access for patients living in remote areas, persons with mobility 
problems, or those who are facing with financial constraints. The strain on 
healthcare systems is further compounded by the growing demand for rehabilitation 
services, particularly as populations’ age and the incidence of neurological 
conditions increase. Telerehabilitation, which leverages modern telecommunication 
technologies, offers a promising solution to these challenges by enabling patients to 
continue their essential therapy from the comfort of their homes. It is also believed 
to support universal access to care through sustainability [2]. This approach not only 
ensures continuity of care but also allows for more flexible and personalized 
rehabilitation programs that can be tailored to the individual needs of each patient. 

The integration of advanced technologies, such as 3D motion analysis and virtual 
reality (VR), into clinical programs further enhances the potential benefits, 
particularly in the domain of telemedicine. These technologies enable more precise 
monitoring of patient movements and provide immersive environments that can 
make rehabilitation exercises more engaging and effective. For example, 3D motion 
analysis allows for detailed tracking of a patient’s physical progress, offering real-
time feedback that can be used to adjust therapy on the fly. VR programs, on the 
other hand, can simulate real-world scenarios, helping patients to practice and 
improve their motor skills in a controlled and safe environment [2]. 

The use of telerehabilitation methods has increased recently due to technological 
advancements. It can enhance patients’ functional abilities through systematic 
training and can be organized either synchronously or asynchronously in a home-
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based environment or within clinical settings. Telerehabilitation can serve as a 
complementary therapy or as an alternative to conventional treatment. However, 
further research is required to evaluate various telerehabilitation systems using 
larger patient samples [3-5]. Cognitive rehabilitation can also be conducted through 
a telerehabilitation modality, often in conjunction with VR. The cost-effectiveness 
of such systems could contribute to making healthcare more efficient, addressing 
both geographical and temporal limitations [6]. Despite the fact that more recently, 
the stricter regularization and standardization environment of digital medical 
devices have made it harder to develop innovative solutions to the market, 
continuous development is required to support a wider rage of patients [7, 8]. 

1.1 Effectivenes on Target Groups 

Telerehabilitation within telemedicine can be effectively utilized across a wide 
range of patient groups, including children, adults, the elderly, amputees, 
individuals with traumatic neurological injuries, and those with neurocognitive 
impairments such as dementia. It is particularly valuable for stroke survivors and 
patients with other neurological conditions, supporting neurocognitive development 
and rehabilitation [9, 10]. Telerehabilitation can also be extended to preventive care 
for older adults, aiming to enhance and maintain cognitive and motor functions, 
thereby delaying age-related decline. The scope of telerehabilitation includes 
improving various physical and cognitive skills, such as coordination, fine motor 
skills, and hand-eye coordination, while also positively impacting the vestibular 
system, which is essential for balance and spatial orientation. By targeting these 
areas, telerehabilitation enhances overall functional abilities, enabling patients to 
achieve greater independence and quality of life. These targeted therapies can be 
customized to meet individual needs, making telerehabilitation a versatile and 
effective tool within telemedicine for supporting a diverse range of patient 
conditions and rehabilitation goals. 

1.2 Methods and Systems 

The effectiveness of telerehabilitation has been extensively evaluated through a 
variety of studies, focusing on its impact on motor function, balance, and overall 
quality of life at patients recovering from neurological conditions. The most well-
known system for virtual reality in rehabilitation is the VRRS Evo. Classified as a 
Class I medical device, it uses virtual reality for rehabilitation and tele-rehabilitation 
in hospitals [11]. The system includes approximately 800 clinically tested exercises, 
sensors, a reporting system, customization options, and remote rehabilitation 
functions. Various USB peripheral devices can be connected to the hub. The system 
supports both immersive and non-immersive scenarios, enhanced by AI-driven 
evaluations and audiovisual/tactile feedback based on performance scores.  
An additional editor module allows for the creation of custom exercises.  
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The HomeKit, designed for home use, helps improve patients' cognitive, postural, 
facial, or respiratory conditions, and can be used both online and offline. Studies 
consistently demonstrate that telerehabilitation can be as effective as traditional in-
person therapy, particularly when enhanced with advanced technologies such as 3D 
motion analysis and VR [11-14]. These technologies are pivotal in home-based 
rehabilitation programs, offering precise monitoring, engaging therapy sessions, 
and comprehensive data collection that enables both real-time feedback and offline 
analysis. 

This paper explores the effectiveness of telerehabilitation for brain injury patients, 
its healthcare implications, and its role in reducing the burden on healthcare 
workers. Next, we introduce a novel telemedicine development focused on post-
hospital rehabilitation for brain injuries, using 3D motion analysis and VR programs 
to enhance home-based physiotherapy. 

2 System Development 

We have developed an innovative and robust telemedicine solution specifically 
designed to support post-hospital rehabilitation for patients recovering from brain 
injuries for home-based physiotherapy [15]. Our solution leverages 3D motion 
analysis to monitor patients' movements with high precision, allowing for the 
detailed tracking of motor progress and ensuring exercises are performed correctly. 
This technology not only provides real-time feedback to patients, helping them to 
adjust their movements instantly, but it also collects data for offline analysis [16]. 
This analytical module enables healthcare professionals to review the patient’s 
progress in depth, make data-driven adjustments to therapy plans, and provide more 
personalized care [17, 18]. 

The VR component of our platform engages patients in interactive and immersive 
exercises that promote neuroplasticity and motor recovery. For example, patients 
might participate in VR-based tasks such as collecting virtual coins from various 
heights and distances, or avoiding moving obstacles. These exercises are designed 
to improve the range of motion (ROM), enhance coordination, and build strength in 
both upper and lower extremities [19]. The immersive nature of VR helps keep 
patients motivated and engaged, which is critical for long-term rehabilitation 
success [20]. 

Our program also includes specialized VR exercises tailored for the rehabilitation 
of specific joints and muscles, as outlined in our protocols for range of motion and 
muscle activation. Exercises targeting, i.e., the shoulder, involve movements like 
flexion, extension, abduction, and rotation, all tracked and analyzed using 3D 
motion analysis [21]. This ensures that each rehabilitation session is effective and 
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safely challenges the patient's abilities at the same time, progressively increasing in 
difficulty as the patient's capabilities improve [22]. 

This telemedicine platform was designed with flexibility and personalization in 
mind, allowing it to adapt to the individual needs of each patient [23]. By offering 
a blend of real-time and offline data analysis, it provides a comprehensive approach 
to monitoring and improving patient outcomes, making it a powerful tool in the 
field of neurorehabilitation [24]. Through continuous innovation and refinement, 
our goal is to set a new standard in the delivery of remote rehabilitation services, 
making high-quality care more accessible and effective for patients recovering from 
brain injuries [25]. 

2.1 Gaming Scenarios 

The VRRehab application includes several games that involve various patient 
movements. These games were designed and selected by therapists and the medical 
staff. The Unity development environment was chosen for coding, as it supports 
both 2D and 3D scenarios, including first-party and third-party plug-ins for easy 
development on Quest 2 and Quest 3 headsets. Currently, the following minigames 
are available: obstacle course, ball throwing, basketball, whack-a-mole, target 
shooting, and button pressing for lightbulbs. Additionally, there are simpler games 
focused on shoulder movements, such as apple picking from a tree, catching stars 
overhead, and reaching for books on a shelf. Users interact with the system using 
the supplied controllers. Although we attempted to implement a solution for 
interaction based solely on hand recognition, issues arose when the hands were out 
of the headset's line-of-sight, leading to tracking problems. All games provide 
scores for motivation. Scores are recorded and can be accessed within the 
application, but they are not intended for medical evaluation. There is also the 
option to create personal gaming lists or just play randomly. All games are currently 
being tested by laboratory and development staff (no clinical trials yet). Figures 1-
3 show screen shots of selected games and scenarios. 
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Figure 1 

Opening screen of the telerehab software. Users can add games from the list on the left for a series of 
games 

 

 
Figure 2 

Screen shot of the game where coins are to be collected during navigation in a simplified 3D 
environment 
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Figure 3  

VR scenario with enhanced graphic options. Coins can be collected during movement between 
obstacles 

3 Discussion 

Our team has been at the forefront of integrating advanced technologies within 
telerehabilitation. We employ these technologies in developing innovative solutions 
that offer superior outcomes compared to traditional rehabilitation methods. Several 
key factors contribute to the enhanced effectiveness, accessibility, and 
personalization of the care we provide [26-28]. 

A key component of telerehabilitation protocols is the use of interval-based therapy 
sessions to enhance patient outcomes and prevent adverse effects such as dizziness, 
which can occur during intensive rehabilitation exercises. Standard practice 
recommends incorporating breaks after every 20 minutes of continuous therapy to 
reduce the risk of vertigo, particularly in patients recovering from conditions such 
as stroke or benign paroxysmal positional vertigo (BPPV). For these patients, it is 
advisable to implement shorter breaks every 8 minutes to further mitigate 
symptoms. To ensure the effectiveness of the rehabilitation while safeguarding 
patient safety, the total duration of each session, including breaks, should not exceed 
35 minutes. This structured approach not only enhances the therapeutic benefits of 
the intervention but also optimizes patient compliance and comfort, ultimately 
supporting better recovery outcomes in neurological rehabilitation. 

One of the most significant advancements we have included into our programs is 
the use of real-time 3D motion analysis [29]. Recent studies have reported on TBI 
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patients as well. In one study, ten patients participated in a telerehabilitation 
simulation during hospitalization using tablets [30]. It was found that patients with 
severe TBI could benefit from cognitive telerehabilitation performed in the pre-
discharge phase, as this may lead to higher adherence to home-based tele-treatment. 
Another randomized trial focused on arm and hand function [31]. The training 
applied was found to be as effective as usual care in terms of clinical outcomes, 
with both therapists and patients expressing satisfaction with the intervention.  
A review of 13 eligible studies, including 10 randomized controlled trials and 3 pre-
/postgroup studies, evaluated the feasibility and/or efficacy of telephone-based (10 
studies) and Internet-based (3 studies) interventions [32]. Even telephone 
interventions were found to be effective. This technology allows for precise 
monitoring and feedback during rehabilitation exercises, providing detailed, 
moment-by-moment analysis of a patient's movements. Healthcare professionals 
can detect even subtle deviations from the desired motion patterns and intervene 
immediately with corrective guidance. This level of precision is crucial for patients 
recovering from neurological injuries, where the correct execution of exercises is 
essential for promoting neuroplasticity and motor recovery. 

Our ability to dynamically adjust therapy based on real-time data is a major 
advantage over traditional rehabilitation methods, which often rely on periodic 
assessments that may not capture the nuances of a patient’s daily progress. By 
continuously monitoring performance, our platform ensures that rehabilitation 
remains responsive to the patient’s evolving needs. This approach is particularly 
beneficial for people with complex conditions such as stroke or multiple sclerosis 
(MS), helping prevent the development of compensatory movement patterns that 
could hinder recovery, and promoting more effective and lasting improvements in 
motor function. 

In addition to physical rehabilitation, we also address the cognitive and 
psychological aspects of recovery through the use of VR in our programs. VR 
provides an immersive environment where patients can engage in tasks that 
simulate real-life challenges, such as navigating in a virtual kitchen or crossing a 
busy street. We incorporate the latest AR (Augmented Reality) and XR (Extended 
Reality) technologies as well, which are increasingly recognized for their 
effectiveness in rehabilitation. AR integrates virtual elements into real-world 
settings, enhancing exercises with real-time feedback and guidance, while XR 
provides a personalized and dynamic rehabilitation experience that adapts to 
individual needs. The use of AR and XR in rehabilitation has been increasingly 
recognized for its effectiveness, particularly in enhancing patient engagement and 
improving therapeutic outcomes. AR integrates virtual elements into real-world 
scenarios, enhancing exercises with real-time feedback, while XR offers a 
personalized and dynamic rehabilitation experience that adapts to individual needs, 
improving both cognitive and physical aspects of recovery [33-37]. 

For stroke survivors, in particular, these cognitive exercises are vital as they often 
experience deficits in these areas. The immersive nature of our VR applications also 
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plays a significant role in maintaining the patients’ motivation, which is a common 
challenge in long-term rehabilitation. Traditional rehabilitation exercises can 
become repetitive and monotonous, leading to decreased patient engagement over 
time. Our VR scenarios, however, offer a variety of interactive challenges that are 
tailored to the patient’s interests and progress, making each session more engaging 
and enjoyable. The VR components we develop are designed to be adaptable, 
allowing for the difficulty of tasks to be adjusted based on the patient’s 
performance. This ensures that patients are consistently challenged at an appropriate 
level, essential for continuous improvement. For instance, as a patient’s balance 
improves, the VR exercises can introduce more dynamic and unpredictable 
environments, such as walking on uneven surfaces or reacting to sudden obstacles. 
This adaptability not only enhances the effectiveness of the rehabilitation but also 
helps build the patient’s confidence in their abilities, which is crucial for their 
overall recovery and reintegration into daily life. 

Beyond the immediate benefits of real-time monitoring and VR engagement, our 
platform’s capacity for detailed offline analysis sets it apart from other 
rehabilitation solutions. By collecting and analyzing data from each session, our 
healthcare professionals can gain deeper insights into a patient’s progress over time. 
This data-driven approach allows for the identification of trends and patterns that 
might not be immediately apparent during individual sessions. For example, a 
gradual improvement in a patient’s range of motion or a consistent reduction in 
errors during VR tasks can inform adjustments to the rehabilitation plan, ensuring 
that it remains aligned with the patient’s long-term recovery goals [38-41]. 

This level of personalization is often not feasible with traditional rehabilitation 
settings, where such detailed monitoring is typically limited to periodic 
assessments. By combining physical, cognitive, and psychological rehabilitation 
into an integrated system, we provide a comprehensive solution that addresses the 
multifaceted needs of patients recovering from neurological injuries. Our platform 
seamlessly blends real-time feedback, adaptive VR environments, and in-depth data 
analysis to ensure that patients receive the highest quality of care, tailored 
specifically to their unique recovery journey. By making these advanced 
technologies available, we are democratizing access to essential rehabilitation 
services, ensuring that more patients can engage in the therapy they need, regardless 
of their circumstances [42]. 

The advanced training provided through a non-immersive virtual reality 
rehabilitation system using the already mentioned VRRS HomeKit led to a 
statistically significant improvement in both general and motor outcomes, as well 
as psychological well-being, compared to a control group [43]. The VRRS proved 
to be a suitable alternative or complementary tool for improving motor and 
cognitive outcomes. Additionally, it had a beneficial impact on managing caregiver 
burden, reducing distress, and promoting the positive aspects of caregiving. Other 
studies also support the beneficial use of innovative technologies in motor and 
cognitive neurorehabilitation. However, the impact on motor rehabilitation remains 
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limited and controversial [44]. The same applies to VR solutions. For instance, VR 
serious games have shown some efficacy in upper limb telerehabilitation after a 
stroke, but the strength of this evidence is still low. This is due to the limited number 
of randomized controlled trials, small participant groups, and heterogeneous 
samples [45]. Another issue is that while gamification elements are often used to 
enhance the experience, their descriptions frequently lack depth [46]. There are 
challenges in standardizing VR applications in rehabilitation, and there is a need for 
clear definitions of VR in clinical research. Only technologies that provide 
significant levels of presence and interaction should be classified as VR. Although 
many studies emphasize customization for an enhanced user experience, they often 
lack detailed reports on how stakeholder feedback was integrated. To improve 
reproducibility and patient engagement, detailed reporting of the participatory 
design process and clear definitions of VR and game design are necessary. 

Generally, limitations include accessibility (access to the needed hardware and 
knowledge in use), security and privacy issues (sensible data), and the problems 
with performing large-scale clinical trials. Future works should address and focus 
on these problems, especially on the correct methodology and experimental 
procedure of double-blind trials. 

Conclusion 

Telerehabilitation has become a vital advancement in post-acute care for brain 
injury patients, addressing clinical and economic challenges in modern healthcare. 
With aging populations and rising neurological conditions, the need for accessible 
and effective rehabilitation services is growing rapidly. Traditional in-person 
rehabilitation requires significant resources, which are often limited, especially in 
remote or under served areas. 

Our development and application of advanced technologies within a telemedicine 
framework represent a significant step forward to match these challenges.  
The integration of 3D motion analysis and VR into telerehabilitation programs has 
enhanced the effectiveness of home-based therapy. By enabling patients to engage 
in their rehabilitation from their home, our platform reduces the need for frequent, 
costly hospital visits and in-person therapy sessions. Former research has shown 
that maintenance programs, such as those incorporating VR and exergaming, are 
essential for sustaining the initial benefits of rehabilitation. 

The data-driven approach facilitated by our platform’s detailed offline analysis 
capabilities plays a significant role in enhancing the efficiency of healthcare 
delivery. By continuously collecting and analyzing patient data, healthcare 
professionals can make more informed decisions, optimizing therapy plans to 
improve outcomes and reduce the likelihood of complications or setbacks that could 
require additional, costly interventions. By reducing the burden on hospitals and 
clinics, releasing resources, and allowing for a more efficient distribution of care, 
telemedicine is positioned to play a central role in the future of healthcare. 



Acta Polytechnica Hungarica Vol. 20, No. 8, 2023 

‒ 315 ‒ 

Acknowledgments 

I would like to thank the staff working at the Neurology Department of the Somogy 
County Mór Kaposi Teaching Hospital, and especially the staff of the 
Neurorehabilitation Unit, who participated in the. 

T. Haidegger is a Consolidator Researcher, receiving financial support from the 
Distinguished Researcher program of Óbuda University. His work has been 
partially supported by the National Research, Development, and Innovation Fund 
of Hungary, financed under the TKP2021-NKTA-36 funding scheme, at Óbuda 
University. 

The authors report no conflict of interest. 

References 

[1] Subbarao, B. S., Stokke, J., & Martin, S. J.: Telerehabilitation in acquired 
brain injury. Physical Medicine and Rehabilitation Clinics, Vol. 32, Issue 2, 
2021, pp. 223-238, doi:  10.1016/j.pmr.2021.01.001 

[2] Galambos, P., Baranyi, P. & Rudas, I. J.: Merged physical and virtual reality 
in collaborative virtual workspaces: The VirCA approach. In IECON 2014-
40th Annual Conference of the IEEE Industrial Electronics Society, 2014, pp. 
2585-2590 

[3] Haidegger, T., Mai, V., Mörch, C. M., Boesl, D. O., Jacobs, A., Khamis, A., 
Lach, L. & Vanderborght, B.: Robotics: enabler and inhibitor of the 
sustainable development goals. Sustainable Production and Consumption, 
Vol. 43, 2023, pp. 422-434, doi: 10.1016/j.spc.2023.11.011 

[4] Hao, J., Pu, Y., Chen, Z., & Siu, K. C.: Effects of virtual reality-based 
telerehabilitation for stroke patients: A systematic review and meta-analysis 
of randomized controlled trials. Journal of Stroke and Cerebrovascular 
Diseases, Vol. 32, Issue 3, 2023, 106960, doi: 
10.1016/j.jstrokecerebrovasdis.2022.106960 

[5] Everard, G., Declerck, L., Detrembleur, C., Leonard, S., Bower, G., Dehem, 
S., & Lejeune, T.: New technologies promoting active upper limb 
rehabilitation after stroke: An overview and network meta-analysis. 
European Journal of Physical and Rehabilitation Medicine, Vol. 58, Issue 4, 
2022, pp. 530-548, doi: 10.23736/S1973-9087.22.07404-4 

[6] Duan, H., Jing, Y., Li, Y., Lian, Y., Li, J., & Li, Z.: Rehabilitation treatment 
of multiple sclerosis. Frontiers in Immunology,  Vol. 14, 2023, 1168821, doi: 
10.3389/fimmu.2023.1168821 

[7] Móga, K., Hölgyesi, Á., Zrubka, Z., Péntek, M. & Haidegger, T.: Augmented 
or mixed reality enhanced head-mounted display navigation for in vivo spine 
surgery: a systematic review of clinical outcomes. Journal of Clinical 
Medicine, Vol. 12, Issue 11, 2023, p.3788 

about:blank
about:blank
about:blank
about:blank
about:blank


Sz. Kóra et al.   Telerehabilitation After Brain Injuries: Its Efficacy and Role in Reducing Healthcare Burdens 

‒ 316 ‒ 

[8] T. Haidegger: Taxonomy and standards in robotics. in B. K. Siciliano, 
Oussama A., Marcelo H. (Eds) - Encyclopedia of Robotics, Dordrecht, 
Holland. Springer, 2021, ch. 190-1, pp. 1-10 

[9] Nikolaev, V. A., Safonicheva, O. G., & Nikolaev, A. A.: Telerehabilitation 
of post-stroke patients with motor function disorders: A review. Advances in 
Gerontology, Vol. 12, Issue 3, 2022, pp. 339-346, doi: 
10.1134/S2079057022030109 

[10] Wang, Z., He, K., Sui, X., Yi, J., Yang, Z., Wang, K., & Zhao, L.: The Effect 
of Web-Based Telerehabilitation Programs on Children and Adolescents 
With Brain Injury: Systematic Review and Meta-Analysis. Journal of 
medical Internet research, Vol. 25, 2023, e46957, doi: 10.2196/46957 

[11] Khymeia:  VRRS Evo – The most advanced rehabilitation system with 
virtual reality technology. Accessed: 2024-08, 
https://khymeia.com/en/products/vrrs-evo/ 

[12] Duan, H., Jing, Y., Li, Y., Lian, Y., Li, J., & Li, Z.: Rehabilitation treatment 
of multiple sclerosis. Frontiers in Immunology, Vol. 14, 2023, 1168821, doi: 
10.3389/fimmu.2023.1168821 

[13] Truijen, S., Abdullahi, A., Bijsterbosch, D., van Zoest, E., Conijn, M., Wang, 
Y., Struyf, N., & Saeys, W.: Effect of home-based virtual reality training and 
telerehabilitation on balance in individuals with Parkinson disease, multiple 
sclerosis, and stroke: A systematic review and meta-analysis. Neurological 
Sciences, Vol. 43, Issue 5, 2022, pp. 2995-3006, doi: 10.1007/s10072-021-
05855-2 

[14] Lei, C., Sunzi, K., Dai, F., Liu, X., Wang, Y., Zhang, B., He, L., & Ju, M.: 
Effects of virtual reality rehabilitation training on gait and balance in patients 
with Parkinson's disease: A systematic review. PLoS One, Vol. 14, Issue 11, 
2012, e0224819, doi: 10.1371/journal.pone.0224819 

[15] Laver, K. E., Adey-Wakeling, Z., Crotty, M., Lannin, N. A., George, S., & 
Sherrington, C.: Telerehabilitation services for stroke. Cochrane Database 
of Systematic Reviews, 2020 (1), CD010255, doi: 
10.1002/14651858.CD010255.pub3 

[16] Hill, A. J., Paik, N. J., Kiran, S., & Tonin, P.: Editorial: Tele-
NeuroRehabilitation. Frontiers in Neurology, Vol. 12, 2021, 761690, doi: 
10.3389/fneur.2021.761690 

[17] Everard, G., Declerck, L., Detrembleur, C., Leonard, S., Bower, G., Dehem, 
S., & Lejeune, T.: New technologies promoting active upper limb 
rehabilitation after stroke: An overview and network meta-analysis. 
European Journal of Physical and Rehabilitation Medicine, Vol. 58, Issue 4, 
2022, pp. 530-548, doi: 10.23736/S1973-9087.22.07404-4  

[18] Chae, S. H., Kim, Y., Lee, K. S., & Park, H. S.: Development and clinical 
evaluation of a web-based upper limb home rehabilitation system using a 

about:blank
about:blank


Acta Polytechnica Hungarica Vol. 20, No. 8, 2023 

‒ 317 ‒ 

smartwatch and machine learning model for chronic stroke survivors: 
Prospective comparative study. JMIR Mhealth and Uhealth, Vol. 8, Issue 7, 
2022, e17216, doi: 10.2196/17216 

[19] Chen, Y., Chen, Y., Zheng, K., Dodakian, L., See, J., Zhou, R., Chiu, N., 
Augsburger, R., McKenzie, A., & Cramer, S. C.:A qualitative study on user 
acceptance of a home-based stroke telerehabilitation system. Topics in Stroke 
Rehabilitation, Vol. 27, Issue 2, 2020, pp. 81-92, doi: 
10.1080/10749357.2019.1683792 

[20] Adams, R. J., Ellington, A. L., Kuccera, K. A., Leaman, H., Smithson, C., & 
Patrie, J. T.: Telehealth-guided virtual reality for recovery of upper extremity 
function following stroke. OTJR: Occupation, Participation and Health, 
Vol. 43, Issue 3, 2023, pp. 446-456, doi: 10.1177/15394492231158375 

[21] Muñoz-Tomás, M. T., Burillo-Lafuente, M., Vicente-Parra, A., Sanz-Rubio, 
M. C., Suarez-Serrano, C., Marcén-Román, Y., & Franco-Sierra, M. A: 
Telerehabilitation as a therapeutic exercise tool versus face-to-face 
physiotherapy: A systematic review. International Journal of Environmental 
Research and Public Health, Vol. 20, Issue 5, 2023, 4358, doi: 
10.3390/ijerph20054358 

[22] Suso-Martí, L., La Touche, R., Herranz-Gómez, A., Angulo-Díaz-Parreño, 
S., Paris-Alemany, A., & Cuenca-Martínez, F.: Effectiveness of 
telerehabilitation in physical therapist practice: An umbrella and mapping 
review with meta-meta-analysis. Physical Therapy, Vol. 101, Issue 5, 2021, 
pzab075, doi: 10.1093/ptj/pzab075  

[23] Platz, T., Paik, N. J., Good, D., & Sandrini, G.: Editorial: COVID-19: The 
neurorehabilitation perspective. Frontiers in Neurology, Vol. 14, 2023, 
1189295, doi: 10.3389/fneur.2023.1189295 

[24] Campbell, B. C. V., Mitchell, P. J., Churilov, L., Yassi, N., Kleinig, T. J., 
Dowling, R. J., Yan, B., Bush, S. J., Thijs, V., Scroop, R., Simpson, M., 
Brooks, M., Asadi, H., Wu, T. Y., Shah, D. G., Wijeratne, T., Zhao, H., Ng, 
F., Bailey, P., Rice, H., de Villiers, L., Dewey, H. M., Choi, P. M. C., Brown, 
H., Redmond, K., Leggett, D., Fink, J. N., Collecutt, W., Kraemer, T., 
Krause, M., Cordato, D., Field, D., Ma, H., O'Brien, B., Clissold, B., Miteff, 
F., Clissold, A., Cloud, G. C., Bolitho, L. E., Bhattacharya, A., Wright, A., 
Mamun, A., O'Rourke, F., Worthington, J., Wong, A. A., Levi, C. R., Bladin, 
C. F., Sharma, G., Desmond, P. M., Parsons, M. W., Donnan, G. A., & Davis, 
S. M.: EXTEND-IA TNK Part 2 Investigators. Effect of intravenous 
tenecteplase dose on cerebral reperfusion before thrombectomy in patients 
with large vessel occlusion ischemic stroke: The EXTEND-IA TNK Part 2 
randomized clinical trial. JAMA, Vol. 323, Issue 13, 2020, pp. 1257-1265, 
doi: 10.1001/jama.2020.1511 

[25] Goffredo, M., Baglio, F., DE Icco, R., Proietti, S., Maggioni, G., Turolla, A., 
Pournajaf, S., Jonsdottir, J., Zeni, F., Federico, S., Cacciante, L., Cioeta, M., 



Sz. Kóra et al.   Telerehabilitation After Brain Injuries: Its Efficacy and Role in Reducing Healthcare Burdens 

‒ 318 ‒ 

Tassorelli, C., Franceschini, M., Calabrò, & R. S.: RIN_TR_Group. Efficacy 
of non-immersive virtual reality-based telerehabilitation on postural stability 
in Parkinson's disease: A multicenter randomized controlled trial. European 
Journal of Physical and Rehabilitation Medicine, Vol. 59, Issue 6, 2023, pp. 
689-696, doi: 10.23736/S1973-9087.23.07954-6 

[26] Cramer, S. C., Dodakian, L., Le, V., See, J., Augsburger, R., McKenzie, A., 
Zhou, R. J., Chiu, N. L., Heckhausen, J., Cassidy, J. M., Scacchi, W., Smith, 
M. T., Barrett, A. M., Knutson, J., Edwards, D., Putrino, D., Agrawal, K., 
Ngo, K., Roth, E. J., Tirschwell, D. L., Woodbury, M. L., Zafonte, R., Zhao, 
W., Spilker, J., Wolf, S. L., Broderick, J. P., & Janis, S.: National Institutes 
of Health StrokeNet Telerehab Investigators. Efficacy of home-based 
telerehabilitation vs in-clinic therapy for adults after stroke: A randomized 
clinical trial. JAMA Neurology, Vol. 76, Issue 9, 2019, pp. 1079-1087, doi: 
10.1001/jamaneurol.2019.1604 

[27] Dominguez-Tellez, P., Moral-Munoz, J. A., Casado-Fernandez, E., Salazar, 
A., & Lucena-Anton, D.: Effects of virtual reality on balance and gait in 
stroke: A systematic review and meta-analysis. Revista de Neurología, Vol. 
69, Issue 6, 2019, pp. 223-234, doi: 10.33588/rn.6906.2019063  

[28] Salgueiro, C., Urrútia, G., & Cabanas-Valdés, R.: Influence of core-stability 
exercises guided by a telerehabilitation app on trunk performance, balance 
and gait performance in chronic stroke survivors: A preliminary randomized 
controlled trial. International Journal of Environmental Research and Public 
Health, Vol. 19, Issue 9, 2022, 5689, doi: 10.3390/ijerph19095689  

[29] Peterson, G., & Peolsson, A.: Efficacy of neck-specific exercise with internet 
support versus neck-specific exercise at a physiotherapy clinic in chronic 
whiplash-associated disorders: Multicenter randomized controlled 
noninferiority trial. Journal of Medical Internet Research, 25, 2023, e43888, 
doi: 10.2196/43888 

[30] Chang, M. P., Davancens, A., Rourich, M. C., Vincenti, J. M., Valencia, P., 
Guarriello, M. F., Costilla, C. M., & Estol, C. J.: Telemedicine in secondary 
prevention and rehabilitation of stroke during the COVID-19 pandemic. 
Medicina, Vol. 81, Issue 3, 2021, pp. 415-420, PMID: 34137702 

[31] De Luca, R., Maggio, M. G., Naro, A., Portaro, S., Cannavò, A., & Calabrò, 
R. S.: Can patients with severe traumatic brain injury be trained with 
cognitive telerehabilitation? An inpatient feasibility and usability study. 
Journal of Clinical Neuroscience, Vol. 79, 2020, pp. 246-250, doi: 
10.1016/j.jocn.2020.07.063 

[32] Huijgen, B. C., Vollenbroek-Hutten, M. M., Zampolini, M., Opisso, E., 
Bernabeu, M., Van Nieuwenhoven, J., & Hermens, H. J.: Feasibility of a 
home-based telerehabilitation system compared to usual care: arm/hand 
function in patients with stroke, traumatic brain injury and multiple sclerosis. 

about:blank


Acta Polytechnica Hungarica Vol. 20, No. 8, 2023 

‒ 319 ‒ 

Journal of telemedicine and telecare, Vol. 14, Issue 5, 2008, pp. 249-256, 
doi: 10.1258/jtt.2008.080104 

[33] Ownsworth, T., Arnautovska, U., Beadle, E., Shum, D. H., & Moyle, W.: 
Efficacy of telerehabilitation for adults with traumatic brain injury: a 
systematic review. The Journal of head trauma rehabilitation, Vol. 33, Issue 
4, 2018, E33-E46, pp 33-46, doi: 10.1097/HTR.0000000000000350 

[34] Su, S., Wang, R., Zhou, R., Chen, Z., & Zhou, F.: The effectiveness of virtual 
reality, augmented reality, and mixed reality training in total hip arthroplasty: 
a systematic review and meta-analysis. Journal of Orthopaedic Surgery and 
Research, Vol. 18, 2023, Article 121, doi: 10.1186/s13018-023-03566-1  

[35] Tollár, J., Vetrovsky, T., Széphelyi, K., Csutorás, B., Prontvai, N., Ács, P., 
& Hortobágyi, T.: Effects of 2-year-long maintenance training and detraining 
on 558 subacute ischemic stroke patients' clinical-motor symptoms. 
Medicine & Science in Sports & Exercise, Vol. 56, Issue 3, 2023, pp. 1029-
1038, doi: 10.1249/MSS.0000000000003092  

[36] Aderinto, N., Olatunji, G., Abdulbasit, M. O., Edun, M., Aboderin, G., & 
Egbunu, E.: Exploring the efficacy of virtual reality-based rehabilitation in 
stroke: a narrative review of current evidence. Annals of Medicine, Vol. 55, 
Issue 2, 2023, 2285907, doi: 10.1080/07853890.2023.2285907  

[37] Varela-Aldás, J., Buele, J., Ramos Lorente, P., García-Magariño, I., & 
Palacios-Navarro, G.: A virtual reality-based cognitive telerehabilitation 
system for use in the COVID-19 pandemic. Sustainability, Vol. 13, Issue 4, 
2023, 2183, doi: 10.3390/su13042183 

[38] Gorgey, A. S., Goldsmith, J. A., Anderson, M., & Castillo, T.: 
Telerehabilitation for Exercise in Neurological Disability. 
Telerehabilitation, 2022, pp. 319-337, doi: 10.1016/B978-0-323-82486-
6.00022-8 

[39] Hortobágyi, T., Deák, D., Farkas, D., Blényesi, E., Török, K., Granacher, U., 
& Tollár, J.: Effects of exercise dose and detraining duration on mobility at 
late midlife: A randomized clinical trial. Dataset posted on Mendeley Data, 
2021, doi: 10.17632/4d5t9t7fwn.1 

[40] Hortobágyi, T., Sipos, D., Borbély, G., Áfra, G., Reichardt-Varga, E., 
Sántha, G., Nieboer, W., Tamási, K., & Tollár, J.: Detraining slows and 
maintenance training over 6 years halts parkinsonian symptoms progression. 
Frontiers in Neurology, Vol. 12, 2021, 737726, 
doi:10.3389/fneur.2021.737726 

[41] Hortobágyi, T., Ács, P., Baumann, P., Borbély, G., Áfra, G., Reichardt-
Varga, E., Sántha, G., & Tollár, J.: Comparative effectiveness of 4 exercise 
interventions followed by 2 years of exercise maintenance in multiple 
sclerosis: A randomized controlled trial. Archives of Physical Medicine and 

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank


Sz. Kóra et al.   Telerehabilitation After Brain Injuries: Its Efficacy and Role in Reducing Healthcare Burdens 

‒ 320 ‒ 

Rehabilitation, Vol. 103, Issue 8, 2022, pp. 1908-1926, doi: 
10.1016/j.apmr.2022.04.012  

[42] Tollár, J., Vetrovsky, T., Széphelyi, K., Csutorás, B., Prontvai, N., Ács, P., 
& Hortobágyi, T.: Effects of 2-year-long maintenance training and detraining 
on 558 subacute ischemic stroke patients' clinical-motor symptoms. 
Medicine & Science in Sports & Exercise, Vol. 56, Issue 3, 2023, pp. 1029-
1038, doi: 10.1249/MSS.0000000000003092 

[43] Aderinto, N., Olatunji, G., Abdulbasit, M. O., Edun, M., Aboderin, G., & 
Egbunu, E.: Exploring the efficacy of virtual reality-based rehabilitation in 
stroke: a narrative review of current evidence. Annals of Medicine, Vol. 55, 
Issue 2, 2023, 2285907, doi: 10.1080/07853890.2023.2285907 

[44] Calabrò, R. S., Bonanno, M., Torregrossa, W., Cacciante, L., Celesti, A., 
Rifici, C., & Quartarone, A.: Benefits of telerehabilitation for patients with 
severe acquired brain injury: promising results from a multicenter 
randomized controlled trial using nonimmersive virtual reality. Journal of 
Medical Internet Research, Vol. 25, 2023, e45458, doi: 10.2196/45458 

[45] Bonanno, M., De Luca, R., De Nunzio, A. M., Quartarone, A., & Calabrò, 
R. S.: Innovative technologies in the neurorehabilitation of traumatic brain 
injury: a systematic review. Brain Sciences, Vol. 12, Issue 12, 2022, 1678, 
doi: 10.3390/brainsci12121678 

[46] Amorim, P., Santos, B. S., Dias, P., Silva, S., & Martins, H.: Serious games 
for stroke telerehabilitation of upper limb-a review for future research. 
International journal of telerehabilitation, Vol. 12, Issue 2, 2020, 65, doi: 
10.5195/ijt.2020.6326 

about:blank
about:blank
about:blank
about:blank

	1 Introduction
	1.1 Effectivenes on Target Groups
	1.2 Methods and Systems

	2 System Development
	2.1 Gaming Scenarios

	3 Discussion

