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Abstract: In this study, we demonstrated the feasibility of 'Morning Walk S200' as a rehabilitation training tool using an eXtended Reality (XR) system for those who are in need 
of gait rehabilitation. The lower limb rehabilitation training robot performs repetitive training according to the specified input gait trajectory. While the robot constructs passive 
training, it is crucial to encourage patients to engage in active training in order to enhance treatment effectiveness. 'Morning Walk S200' utilizes a diverse range of VR (Virtual 
Reality) experiences—such as walking through Saryeoni Forest in Jeju Island, landscaping, a baseball batting game, and the Blue and White Flag game—all designed to improve 
patients' active participation and increase interest in their treatment. Additionally, this study includes several papers that validate the technical efficiency of "Morning Walk S200" 
and examine the VR content. We suggest that developing innovative and engaging treatment options is essential, highlighting the need to utilize VR content effectively to enhance 
the outcomes of gait rehabilitation training. 
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1 INTRODUCTION 
 

Digital therapeutics refers to a specific type of software 
that is designed to treat diseases and improve health. This 
generally includes bio-healthcare or medical devices that 
utilize applications, games, and virtual reality or augmented 
reality (VR/AR) technologies [1]. Numerous studies have 
been conducted on the treatment and rehabilitation of 
vestibular dysfunction using virtual reality and Head-
Mounted Displays (HMDs). A study has been published 
showing the effectiveness and safety of vestibular 
rehabilitation training using a gaming display created with 
Unity [2]. Dascal's research also validated the utility and 
efficacy of VR for three major medical conditions: pain 
management, eating disorders/obesity, and 
cognitive/rehabilitative exercises among hospitalized 
patients from 2005 to 2015 [3]. A study on "Effects of a 
virtual reality exercise program using video games on the 
motor performance of the elderly", proved that virtual reality 
exercise programs are significantly effective in improving 
strength, balance, and gait in the elderly [4]. Therefore, this 
paper aims to introduce the ‘Morning Walk S200’ developed 
by Curexo™, along with various VR contents used for VR 
rehabilitation therapy, one of the main technologies in 
modern rehabilitation therapy. 
 
2 THEORETICAL BACKGROUND 
2.1 Digital Therapeutics (DTx) 
 

An analysis of domestic research trends related to the 
development of Digital Therapeutics (DTx) in the field of 
communication disorders defines digital therapeutics as 
software medical devices that provide evidence-based 
therapeutic interventions to patients to prevent, manage, and 
treat medical disorders or diseases [24]. According to 
Samjung KPMG's Investment Trends and Future Strategies 
for Third-Generation New Drug Digital Therapeutics, the 
following five technologies are considered the key digital 
therapeutics [5]:  
1) Mobile and PC-based Apps: Therapeutic applications are 

provided as mobile and PC-based applications with a 
variety of content. These apps represent the most basic 
form of digital therapy. 

2) Virtual and Augmented Reality (VR and AR): Virtual 
Reality Therapy (VRT) employs the use of VR 
technology for therapeutic purposes, including 
psychotherapy, neurological rehabilitation, and 
musculoskeletal rehabilitation.  

3) AI/Big Data: Healthcare big data can be analyzed to 
recognize specific patterns that help predict and diagnose 
diseases or provide personalized treatment plans for 
patients. 

4) Brain-Computer Interface (BCI): A collection of 
interface technologies that utilize brain waves to control 
computers or machines. The goal is to improve 
neurological communication between the brain and 
muscles in conditions such as Lou Gehrig's disease, 
stroke, spinal cord injury, and cerebral palsy. 

5) Games: Utilizes adaptive algorithms to provide a 
personalized treatment and rehabilitation experience for 
patients, incorporating various effects and rewards to 
engage patients and enhance their motivation. 

 
As such, the continuous evolution of devices and 

networks has enabled VR rehabilitation therapy to be 
delivered. Digital Therapeutics (DTx) has advantages over 
classical therapies [22]. First, DTx can be delivered digitally, 
free from space and time constraints. Second, as a software-
based therapy, DTx can quantify and standardize both the 
data from the patient and the data from the expert physician. 
Third, DTx is a personalized service and treatment.  
 
2.2 Extended Reality (XR) 

 
Immersive content is defined as digital media that 

employs immersive technologies to engage the human senses, 
providing information and creating a nearly realistic sense of 
presence for users [23]. Extended Reality is one form of 
immersive content, which combines Virtual Reality and 
Augmented Reality to fully immerse users within a virtual 
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environment. In addition to VR and AR, games and PC-based 
apps are the key technological elements of digital 
therapeutics. When these elements are fused and expanded, 
they leverage XR technologies. XR digital therapies show 
great promise for rehabilitation training, particularly for 
people who acquire gait and mobility abnormalities.  
 
2.3 HMD 
 

To experience VR, AR, and MR, you need a specialized 
device. Among the various devices, the most popular and 
fastest-growing device is the Head Mounted Display. These 
devices are worn over the head, immersing you through a 
new virtual world right in front of your eyes. Google was the 
first company to enter the HMD market, followed by 
Microsoft, Meta (formerly Facebook), Samsung, and others. 
Additionally, various innovative HMD devices are being 
developed exponentially. The platform market is evolving 
through a sequence of advancements in computers, the 
Internet, and mobile devices, with HMDs now emerging as 
the fourth major technological platform. VR and AR 

technologies are developing at a rapid pace and converging 
across various fields. In the healthcare sector, these VR and 
AR technologies are being utilized, including the following 
[25]: 
• Life Care Sector: Healing VR content, Sports VR, Health 

Avatars, etc. 
• Healthcare: 360-degree Surgical Video Services, Dental 

Simulators, Rehabilitation, etc. 
 

Through these HMD devices, 'Morning Walk S200' 
offers users an enhanced sense of immersion in virtual reality, 
potentially increasing their interest and commitment to 
rehabilitation training. 
 
2.4 Robot Rehabilitation 
 

Rehabilitation is divided into physical therapy, 
occupational therapy, cognitive therapy, speech therapy, 
psychotherapy, pain therapy, and robotic therapy. 
Furthermore, robotic rehabilitation is divided into therapeutic 
goals, as shown in Fig. 1.

 

 
Figure 1 Classification of rehabilitation robots 

 

 
Figure 2 Morning Walk S200 system structure diagram 

 
Rehabilitation robots are categorized into two types, 

upper-limb rehabilitation robots and lower-limb 
rehabilitation robots. One example of a lower-limb 
rehabilitation robot is ‘Morning Walk S200’, which focuses 
on gait rehabilitation targeting the lower limb. This training 
is conducted through an input protocol programmed into the 
robot. In order to perform repetitive and intense gait training 
without additional space, it is essential for the patient to 

actively participate in the training as the robot follows a 
specific gait trajectory. To encourage active participation, 
‘Morning Walk S200’ utilizes VR content, which enhances 
patient participation and increases their interest in therapy 
[11-13]. This study introduces ‘Morning Walk S200’ and 
describes how it utilizes VR as a key technological element 
of digital therapeutics in rehabilitation. 
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3 SYSTEM DESIGN 
3.1 System Structure 
 

Fig. 2 is a simplified system block diagram of the 
‘Morning Walk S200’. ‘Morning Walk S200’ helps patients 
of all ages, from those who cannot walk to those who need 
gait rehabilitation training. After recognizing the user's 
motion using the Kinetic system camera loaded on the 
‘Morning Walk S200’, the user must board on top of the 
robot. The user (patient) can receive VR therapy through a 

separate HMD and a screen placed in front of the user. 
 
3.2 Use Case Diagram 
 

Through ‘Morning Walk S200’, users can experience 
various VR game contents to enhance the effectiveness of 
rehabilitation therapy. Fig. 3 is a diagram of the use cases and 
requirements of these users. It is a simple summary of the 
requirements that may arise between professionals and 
patients who assist in rehabilitation training.

 

 
Figure 3 Use case diagram: user requirements 

 

 
Figure 4 Morning Walk S200 

 
The therapist conducts four requirements (Fig. 3): 

Manage patient information, select patient information, 
manage training, and change VR content. The therapist can 
Add/Edit/Delete Patient Information by himself. They can 
also Plan/Start/Adjust the Parameters, End the Training, and 
View Results for further Training Management. The patient 
executes three requirements: Boarding the robot, training the 
robot, and Participating the VR events. By boarding the robot, 
the patient provides GRF (Ground Reaction Force) and BWS 
(Body Weight Support) data to the robot. Then, the robot 
passes the information to the VR content, and the VR content 

analyses the data. Lastly, based on the analyzed results, the 
VR content events implement. 
 
3.3 Morning Walk S200 
 

Morning Walk provides a real-time monitoring and 
biofeedback system. You can check joint angle values for hip, 
knee, and ankle in real time [7, 14]. You can also monitor 
GRF, BWS, plantar pressure distribution, and balance 
through the Butterfly Diagram [7]. 

Fig. 4 is ‘Morning Walk S200’, a robotic orthotic 
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exercise device and walking rehabilitation robot developed 
by Curexo. It is a compound word of Morning + Walk which 
signifies the meaning of presenting (rewarding) a 
comfortable morning walk [6]. It is a medical robot 
developed to help patients with walking difficulties recover 
and provides optimized training for children and adults [19, 
21] 

There are two types of lower limb rehabilitation robots: 
the exoskeleton type, which is worn directly on the patient's 
body, and the end effector type, which simply connects the 
end of the device to the patient. ‘Morning Walk S200’ is an 
end effector type, which means it has a high degree of 
freedom in the movement of the center of gravity, unlike the 
exoskeleton type, which limits the range of motion of the 
center of gravity during gait training. End-effector-type 
walking robots are more suited and safer for various 
neurological diseases [8, 18]. Gait training with Morning 

Walk S200 has been proven to improve mobility and balance 
in subacute and hemiplegic patients [9, 16, 17], and the 
scaffold-based gait component has been proven to be a valid 
rehabilitation method for lower extremity movement [10, 15, 
20, 26]. 
 
4 VR CONTENT ON THE MORNING WALK S200 
 

Fig. 5 shows the VR contents that are officially 
supported by Morning Walk S200. We currently support five 
VR content and are continuously conducting content research 
and development. The VR content utilizes the trainer's foot 
pressure and BWS values to generate events and interact with 
the user. The VR content we currently support was created 
based on ideas developed internally at Curexo in 
collaboration with VR development companies.

 

 
Figure 5 Morning Walk S200 - officially supported VR content 

 

 
Figure 6 Morning Walk S200 - training with an HMD 

 
As shown in Fig. 6, the patient checks the VR content on 

the front screen after boarding the Morning Walk. The VR 
content is linked to ‘Morning Walk S200’ and receives data 
input in real-time. Each VR content has a 'Foot Calibration' 
function, which analyzes the patient's average foot pressure 
and sets that value as the default value. The foot pressure 
value is then read in real-time and used to trigger events in 

each content. 
Character movement in certain VR content can be set to 

behave normally when the patient's foot pressure is higher 
than the average foot pressure. The patient actively 
participates in the training to activate the normal behavior of 
the VR content character. In addition, there are events such 
as eating items in the content map and completing timely 
events to enhance the patient's interest. We are researching 
various events to actively engage patients. Morning Walks 
are conducted after wearing the HMD. However, patients 
who are not familiar with 3D content may experience 
discomforts such as motion sickness, so it is used selectively. 
Rehabilitation training is conducted through 360° VR content 
when wearing an HMD. The screen that the patient wearing 
the HMD sees is simultaneously transmitted in real-time to 
the TV in front of the Morning Walk equipment. 

Patients who have difficulty performing normal 
movements can adjust the level of training by lowering the 
level of abnormal gait or adjusting the robot's movement 
speed in the VR content settings. Fig. 7 is a VR content that 
depicts the Saryeoni Forest in Jeju Island. It is possible to 
enjoy the scenery without any specific events, so even 
patients with difficulty walking can enjoy VR content. The 
map progresses in the following order: Rain Forest, Pine tree, 
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Redwood, Valley, Flower field, Winding path, Waterfall, or 
Lake. When you first start, you can specify where you want 

to start and progress through the training.

 

 
Figure 7 Morning Walk VR - Saryeoni Forest, Jeju Island 

 

 
Figure 8 Morning Walk VR - Landscape 

 

 
Figure 9 Morning Walk VR - Activity Game 

 
Fig. 8 is the Morning Walk VR content 'Landscape'. 

Morning Walk has a total of five protocols (Over Ground, 
Stair Up, Stair Down, Slope Up, Slope Down). The VR 
content automatically changes to the appropriate terrain for 
the protocol when the protocol is changed. The patient gets 
the feeling that they are actually performing the protocol in 
the robot's behavior as the appropriate terrain appears. Stair 
Up/Down provides the ability to adjust the stair height value 
and Slope Up/Down provides the ability to adjust the slope 
angle value, providing a wide range of training protocols for 
patients. 

Fig. 9 is an Activity Game from Morning Walk. On the 
left is a baseball game, and on the right is a blue-and-white 

flag game. The baseball game tells you when the ball will fly 
during the exercise, and if you step on the footstep at the right 
time, you will hit the ball. In Blue and White Flag, you will 
see phrases like "Blue Flag up - Blue Flag down" and "White 
Flag up - White Flag down" on the screen. If the player 
performs the command within a certain amount of time after 
the phrase appears, they will succeed. Active games help 
patients focus on their rehabilitation training. Unlike other 
games, the Blue-White Flag game has a saddle event: 
sit/stand up. 

Depending on the patient's severity level, the intensity, 
duration, and number of exercises vary. Each VR content 
repeats a unique event without any specific reward, such as 
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giving items to customize the character or providing in-game 
currency to purchase specific items. In this case, patients who 
are training for an extended period may feel bored with the 

VR content. Therefore, in order to provide a variety of VR 
content, Curexo is developing its own VR content as well as 
holding VR content planning contests.

 

 
Figure 10 Winners of the Morning Walk VR game content planning contest 

 
Fig. 10 is the winner of the first Morning Walk VR game 

content planning contest. Through the content planning 
contest, we got various ideas such as a game that catches 
grapes falling from the sky in a bowl, a skiing game, and a 
painting game. A total of forty-five teams participated in the 
contest, and eight teams were selected to receive awards. 
These ideas will be utilized for future Morning Walk VR 
content development. 
 
5 CONCLUSION AND FUTURE RESEARCH 
 

The "Morning Walk S200" is a walking rehabilitation 
robot developed by Curexo, designed as an end-effector type. 
It features a weight-bearing seat, a footrest for walking 
exercises, real-time monitoring, biofeedback, and the 
provision of virtual reality (VR) content. The VR content 
aims to engage patients actively in their training and enhance 
their interest in therapy. In this paper, we introduce the 
"Morning Walk S200" and discuss the utilization of VR as a 
key technological element in digital therapies for 
rehabilitation.  

As the aging society accelerates around the world and the 
elderly population increases, the number of falling accidents, 
cognitive dissonance, and various chronic diseases is 
increasing. Thus, hospitals and several research institutes are 
developing various rehabilitation treatment devices that 
combine IT technology and Rehabilitation robots, and many 
researchers have established to prove the effectiveness of 
these treatments [27 - 29]. Furthermore, as the market 
develops for contents installed in treatment devices, it creates 
greater benefits that could increase treatment effects [30 - 34]. 
Hence, we hope this paper will be used as future reference 
research material to follow when developing digital 
healthcare industry content. 

Based on this study, we set three future research 
directions. First, research on design techniques for VR 

content in rehabilitation therapy. As the purpose of utilizing 
VR content is to improve patients' willingness to actively 
participate in rehabilitation training and enhance their 
interest in treatment, the content should not be complex or 
colorful to lose its main purpose. Therefore, we would like to 
conduct a study on how to design VR content that can 
enhance patients' active participation in training and interest 
in treatment without losing the main purpose of rehabilitation 
training. 

Second, we will study how to design XR content 
optimized for rehabilitation therapy. Patients undergoing 
rehabilitation therapy board a morning walker and train while 
looking only at the VR content on the monitor. It is believed 
that providing an XR world rather than just a VR world will 
allow patients to participate more actively in rehabilitation 
and increase their interest in treatment than VR alone. 
Therefore, we would like to conduct research on XR content 
design techniques optimized for general-purpose gait 
rehabilitation training. 

Third, we need to create a formal evaluation method for 
VR or XR content. Currently, the experience of using 
Morning Walk's VR content is only conveyed verbally to 
patients and therapists. Without a structured evaluation 
method in place, it is challenging to enhance the quality of 
the content. Therefore, we propose conducting a study to 
develop a structured evaluation method for VR or XR content, 
which will help us design content optimized for rehabilitation 
therapy. 

 
6 REFERENCES  
 
[1] Koo, Y.-D. (2022). Digital Therapeutics. Korea Institute of 

Science and Technology Information.  
https://repository.kisti.re.kr/bitstream/10580/18042/1/ASTI%
20MARKET%20INSIGHT%20095%280712%29.pdf 

[2] Nehrujee, A. et al. (2019). A Smartphone-based Gaming 
System for Vestibular Rehabilitation: A Usability Study. J 



Hwamok Koo et al.: Utilizing Digital Therapeutics Technology to Improve Willingness to Actively Participate in Gait Rehabilitation Training and Increase Interest in Treatment 

TEHNIČKI GLASNIK 19, 2(2025), 327-334                                            333 

Vestib Res., 29(2-3), 147-160.  
https://doi.org/10.3233/VES-190660  

[3] Dascal, J., Reid, M., IsHak, W. W., Spiegel, B., Recacho, J., 
Rosen, B. & Danovitch, I. (2017). Virtual Reality and Medical 
Inpatients: A Systematic Review of Randomized, Controlled 
Trials. Innovations in Clinical Neuroscience, 14(1-2), 14-21. 

[4] Song, C.-H., Shin, W.-S., Lee, K.-J. & Lee, S.-W. (2009). 
Effects of a virtual reality exercise program using video games 
on muscle strength, balance, and gait in older adults. Korean 
Gerontology, 29(4), 1261-1275. 

[5] Samjung KPMG. (2023). Investment Trends and Future 
Strategy for 3rd Generation Reagent Digital Therapeutics. 
https://assets.kpmg/content/dam/kpmg/kr/pdf/2023/business-
focus/kr-bf-2023-digital-therapeutics_20230105.pdf 

[6] CUREXO INC. Gait Rehabilitation Robot Overview. 
https://www.curexo.com/medical/sub02.php?kind=1 

[7] CUREXO INC. Gait Rehabilitation Robot Product 
Composition and Features.  
https://www.curexo.com/medical/sub02.php?kind=2 

[8] Choi, S.-J. et al. (2017). Feasibility of Robot assisted Gait 
Training with End effector Type in Various Neurologic 
Disorders. Korean Academy of Rehabilitation Medicine Fall 
Conference, OP4-2-7,  

[9] Kim, J.-Y. et al. (2017). The Effect of Morning Walk Assisted 
Gait Training for Patients with Hemiparesis due to Stroke. 
Korean Academy of Rehabilitation Medicine Fall Conference, 
OP2-4-9. 

[10] Mehrholz, J. & Pohl, M. (2012). Electromechanically-assisted 
gait training after stroke: a systematic review comparing end-
effector and exoskeleton devices. J Rehabil Med., 44, 193-199. 
https://doi.org/10.2340/16501977-0943 

[11] Park, M. G., Ha, Y. M., Cho, H. J. & Jeon, M. Y. (2021). The 
Effects of Robot-Assisted Rehabilitation on the Gait Ability of 
Stroke Patients with Hemiplegia: A Mixed Methods Research 
Study. Korean Society of Biological Nursing Science, 23(1), 
72-82. (in Korean) https://doi.org/10.7586/jkbns.2021.23.1.72 

[12] Rhee, S. Y., Jeon, H., Kim, S. W. & Lee, J. S. (2020). The effect 
of an end-effector type of robot-assisted gait training on 
patients with Guillain-Barre syndrome: a cross-sectional study. 
F1000Res. https://doi.org/10.12688/f1000research.26246.1 

[13] Park, S.-Y. (2015). Effectiveness of robotic gait rehabilitation 
in stroke patients: A meta-analysis. Korean Journal of 
Specialized Physical Therapy, 22(2), 30-40. 
https://doi.org/10.12674/ptk.2015.22.2.030 

[14] Bessler, J., Prange-Lasonder, G. B., Schulte, R. V., Schaake, L., 
Prinsen, E. C. & Buurke, J. H. (2020). Occurrence and Type of 
Adverse Events during the Use of Stationary Gait Robots-A 
Systematic Literature Review. Frontiers in robotics and AI, 7, 
557606. https://doi.org/10.3389/frobt.2020.557606 

[15] Hwang, C. H. (2019). Immediate muscle strengthening by an 
end-effector type gait robot with reduced real-time use of leg 
muscles: A case series and review of literature. World journal 
of clinical cases, 7(19), 2976-2985.  
https://doi.org/10.12998/wjcc.v7.i19.2976 

[16] Jung, M., Kim, D. & Chun, M. (2018). Effect of Robot-
Assisted Gait Training in Patients with Gait Disturbance 
Caused by Brain Tumor: a Case Series. Brain & 
NeuroRehabilitation, 11(2), e21.  
https://doi.org/10.12786/bn.2018.11.e21 

[17] Do, K.-H. & Chun, M.-H. (2017). Clinical Use of Robots as a 
Part of Rehabilitation Medicine. Brain & NeuroRehabilitation, 
10(1), e7. https://doi.org/10.12786/bn.2017.10.e7 

[18] Mehrholz, Jan & Pohl, Marcus. (2012). Electromechanical-
assisted gait training after stroke: A systematic review 
comparing endeffector and exoskeleton devices. Journal of 

rehabilitation medicine: official journal of the UEMS 
European Board of Physical and Rehabilitation Medicine, 44, 
193-199. https://doi.org/10.2340/16501977-0943 

[19] Koo, K. I. & Hwang, C. H. (2020). Five-day rehabilitation of 
patients undergoing total knee arthroplasty using an end-
effector gait robot as a neuromodulation blending tool for 
deafferentation, weight offloading and stereotyped movement: 
Interim analysis. PloS one, 15(12), e0241117.  
https://doi.org/10.1371/journal.pone.0241117 

[20] Song, K. J., Chun, M. H., Lee, J., & Lee, C. (2021). The effect 
of robot-assisted gait training on cortical activation in stroke 
patients: A functional near-infrared spectroscopy study. 
NeuroRehabilitation, 49(1), 65-73.  
https://doi.org/10.3233/NRE-210034 

[21] Rhee, S. Y., Jeon, H., Kim, S. W. & Lee, J. S. (2020). The effect 
of an end-effector type of robot-assisted gait training on 
patients with Guillain-Barre syndrome: a cross-sectional study. 
F1000Res. https://doi.org/10.12688/f1000research.26246.1 

[22] Son, H., Lee, J., Choi, J. & Jung, T.-M. (2022). Digital therapy 
for ADHD diagnosis using VR. Broadcasting and Media, 27(1), 
38-48. 

[23] Kim, K.-S. (2020). A study on the use of 'extended reality 
psychotherapy' (XR Therapy) for adolescents with post-
traumatic stress disorder (PTSD): Focusing on 'Frozen' 
character Elsa. Animation Studies, 16(4), 39-58.  
https://doi.org/10.51467/ASKO.2020.12.16.4.39 

[24] Yoon, E. & Lim, I. (2022). Analysis of domestic research 
trends related to the development of digital therapeutics (DTx) 
in the field of communication disorders. Speech and Language 
Sciences, 14(4), 57-66.  
https://doi.org/10.13064/KSSS.2022.14.4.057 

[25] Lee, J.-N. (2019). Development Direction and Implications of 
Virtual Augmented Reality (AR-VR) Industry. Industrial 
Research Institute. 

[26] Sung, Y.-B., Lee, D.-H. & Lee, J.-H. (2020). Descriptive Study 
on Rehabilitation Treatment Methods for Improving Upper 
Limb Function in Stroke Patients. International Journal of 
Advanced Nursing Education and Research, 5(2), 19-28, 
https://doi.org/10.21742/IJANER.2020.5.2.03 

[27] Kwon, S. H., Park, J. K., & Koh, Y. H. (2023). A systematic 
review and meta-analysis on the effect of virtual reality-based 
rehabilitation for people with Parkinson’s disease. Journal of 
neuroengineering and rehabilitation, 20(1), 94. 
https://doi.org/10.1186/s12984-023-01219-3 

[28] Wenk, N., Penalver-Andres, J., Buetler, K. A., Nef, T., Müri, 
R. M., & Marchal-Crespo, L. (2023). Effect of immersive 
visualization technologies on cognitive load, motivation, 
usability, and embodiment. Virtual Reality, 27(1), 307-331. 
https://doi.org/10.1007/s10055-021-00565-8 

[29] Hong, R., Li, B., Bao, Y., Liu, L. & Jin, L. (2024). Therapeutic 
robots for post-stroke rehabilitation. Medical Review, 4(1), 55-
67. https://doi.org/10.1515/mr-2023-0054 

[30] Hao, J., Pu, Y., Chen, Z. & Siu, K. C. (2023). 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, 32(3), 
106960. https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106960 

[31] Denche-Zamorano, A., Rodriguez-Redondo, Y., Barrios-
Fernandez, S., Mendoza-Muñoz, M., Castillo-Paredes, A., 
Rojo-Ramos, J., ... & Adsuar, J. C. (2023). Rehabilitation is the 
main topic in virtual and augmented reality and physical 
activity research: A bibliometric analysis. Sensors, 23(6), 2987. 
https://doi.org/10.1038/s41598-023-31477-z 

[32] Liu, H., Cheng, Z., Wang, S. & Jia, Y. (2023). Effects of virtual 
reality-based intervention on depression in stroke patients: a 



Hwamok Koo et al.: Utilizing Digital Therapeutics Technology to Improve Willingness to Actively Participate in Gait Rehabilitation Training and Increase Interest in Treatment 

334                                                                                                                                                                               TECHNICAL JOURNAL 19, 2(2025), 327-334 

meta-analysis. Scientific Reports, 13(1), 4381. 
https://doi.org/10.1038/s41598-023-31477-z 

[33] Gulcan, K., Guclu-Gunduz, A., Yasar, E., Ar, U., Sucullu 
Karadag, Y. & Saygili, F. (2023). The effects of augmented and 
virtual reality gait training on balance and gait in patients with 
Parkinson’s disease. Acta Neurologica Belgica, 123(5), 1917-
1925. https://doi.org/10.1007/s13760-022-02147-0 

[34] Chang, Y. H., Jeong, B. R., Kang, J. S. & Kim, G. S. (2020). 
The Influence on Proprioception, Balance and Agility of 
Transtibial Amputees by Immersive Virtual Reality Game 
Training. Journal of Rehabilitation Welfare Engineering & 
Assistive Technology, 14(4), 238-248,  
https://doi.org/10.21288/resko.2020.14.4.238 

 
 
Authors’ contacts: 
 
Hwamok Koo 
Department of Intelligent Information Engineering,  
Graduate School, Sangmyung University,  
20, Hongjimun 2-gil, Jongno-gu, Seoul, Republic of Korea 
hwamokkoo@gmail.com 
 
Junsik Moon 
CUREXO INC., 3rd-4th Floor,  
480, Wiryesunhwan-ro, Songpa-gu, Seoul, Republic of Korea 
jsmoon@curexo.com 
 
Sung Teac Hwang 
CUREXO INC., 3rd-4th Floor,  
480, Wiryesunhwan-ro, Songpa-gu, Seoul, Republic of Korea 
hwang.st@curexo.com 
 
Dong Keun Kim 
(Corresponding author) 
Department of Human-Centered Artificial Intelligent,  
Sangmyung University,  
20, Hongjimun 2-gil, Jongno-gu, Seoul, Republic of Korea 
dkim@smu.ac.kr 
 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



