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National Rehabilitation Center, Korea = 
Rehabilitation Hospital + Research Institute

ÅLocation: Seoul, Korea

ÅRehabilitation Hospital

ÅOne of the biggest rehab hospitals in Korea. 

Å300 beds. 

ÅMajor Patients: Stroke and Spinal Cord Injury.

ÅTranslational Research Program for Rehab Robots

Å2013~. Making bridge from technological R&D to clinical 
applications

ÅExperience on the enhancing tech, supporting device 
testing, and KFDA (MFDS) clearance/approval as a medical 
device

ÅPilot Provision Program for Rehab Robots

Å2012~. MoTIE and MoHW. 

ÅProvision Rehab Robots to Rehab Hospitals 
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Rehabilitation?

ÅRehabilitation of people with disabilities is a process aimed at 

enabling them to reach and maintain their optimal 

physical, sensory, intellectual, psychological and social 

functional levels. Rehabilitation provides disabled people 

with the tools they need to attain independence and self-

determination.

ÅWorld Health Organization

http://www.who.int/topics/rehabilitation/en/
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Current domains of medical robots

Jacobs, T., Veneman, J., Virk, G. S., & Haidegger, T. (2018). The Flourishing Landscape of Robot Standardization [Industrial Activities]. 

IEEE Robotics & Automation Magazine, 25(1), 8-15. 5



Å Industrial robot safety

ÅISO 10218-1:2011. Robots and robotic devices ð Safety requirements for 

industrial robots ð Part 1: Robots

ÅPersonal robots (non-medical robots) safety

ÅISO 13482:2014. Robots and robotic devices ð Safety requirements for 

personal care robots

ÅRehabilitation robots

ÅIEC 80601-2-78:2019. Medical electrical equipment ð Part 2-78: Particular 

requirements for basic safety and essential performance of medical robots for 

rehabilitation, assessment, compensation or alleviation

ÅParticular requirements for the basic safety and essential performance of medical 

robots for rehabilitation, compensation or alleviation of disease, injury or disability

ÅIEC TR 60601-4-1:2017 Medical electrical equipment - Part 4-1: Guidance and 

interpretation - Medical electrical equipment and medical electrical systems employing 

a degree of autonomy

RACA: Rehabilitation + Assessment + 
Compensation + Alleviation

Standardisation Newsletter, Standardisation Efforts on Industrial and Service Robots, https:// eu-

robotics.net/cms/upload/downloads/ISO-Standardisation-Newsletter_2016-04.pdf 6



Industrial Products / Assistive Technology
Devices / Medical Devices

Electromagnetic and 

Electromechanical Safety Test,

Approval as a Medical Devices, 

GMP

Medical Devices

Voluntary Safety 

Standards

Industrial 

Products
Assistive 

Technology

Devices

(Electromagnetic 

and 

Electromechanical 

Safety Test) 

Robotic Tech
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High

Non-
Medical 
Devices

Orthosis/
Prothesis

Medical
Devices

Degree of 
Autonomy (DoA)

Descriptive Method
(IEC/TR60601-4-1)

Orthosis/
Prothesis 
Express?

For  no 
Orthosis/
Prothesis

Intended 
Use?

Non-
Medical

Risk? Low

For 
Orthosis/Prothesis

Medical

Power 
Orthotic 
Devices

DoA:
1~5

Robot-
Assisted 
Orthotic 
Devices

DoA:
6~10

Industrial Products / AT Devices / Medical 
Devices: Apply or use the following judgment procedure
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NRC, Ministry of Health and Welfare



Translational research: 
Crossing the valley of death

Nature 453, 840-842 (2008)

Basic 

Research
Clinical 

Research

Valley of Death
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Engineering vs Clinical Terminology

Engineering Terminology
(Machine Centered)

Clinical Terminology
(Human Centered)

Active Passive

Power-Assisted Active-Assisted

Passive Active

Ἶ∟˿, ñ◓ ᴛṙҿ ̓◓ ᴛṙַ⁷̯ˌאŗ, ̰ᴛṙ , ᴛṙ̓╬ʼ, 13(2), 2016.4, 3-9 (7 pages)
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Engineering Development vs 
Clinical Research

ÅPICO Model 
http://researchguides.uic.edu/c.php?g=252338&p=1683349

ÅStatistical Analysis

Dependent variable (contin

uous)

ꜙἶṉὡ (⁷ἶ )

Comparison of two groups

ӎ ︡Ѿ╥ ẋ̪

Paired Test

╘תּ ▫ᴮ

Parametric method Paired

T-tset

Non-Parametric method

WilcoxonŚs Signed Rank 

Test

Independent Sample

Ҷᵞ ṕ

Parametric method

Student T-tset

Non-Parametric method

Mann Whitney U Test

Comparison of three 

groups

Ἕ ︡Ѿ╥ ẋ̪

Parametric method Paired

ANOVAѻַאẋ̪

Non-Parametric method

Paired Kruskal Wallis Test

P Patient , Population, or 
Problem

I
Intervention , 
Prognostic Factor, or 
Exposure

C
Comparison or 
Intervention (if 
appropriate)

O
Outcome you would 
like to measure or 
achieve
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Translational Research for Rehabilitation Robots =
(1) Technology Enhancement, (2) Test, (3) 
Clearance/Approval (Certification), (4) Clinical Trials

ÅSpecialized in rehabilitation robots, starting in 2013

ÅAccelerate clinical entry of rehabilitation robots

ÅCooperation with other ministries

Basic 

Research

Clinical

Research

Market

+ 

Improved

Health

Ministry of Education

Ministry of Industry

Ministry of Health & 

Welfare

Translational Research 
for Rehabilitation 

Robots
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Translational Research for 
Rehabilitation Robots in Other Countries

ÅTranslational Research for 

Rehabilitation Robots 

ÅBalgrist University Hospital (Zurich, Switzland)

ÅRehabilitation Institute of Chicago

ÅSpaulding Rehabilitation Hospital, Boston

ÅUniversity of California at Irvine

ÅFujita Health University (Japan)

ÅRequirements on Translational Research for 

Rehabilitation Robots 

ÅHospital-based research space

ÅMultidisciplinary collaborative research team

ÅActive participatory patients

(Research Participant Registry & Research Ward)

ÅGovernment-supported R&D funds and promotion programs
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Configuration on Translational Research for 
Rehabilitation Robots 

(1) Research contract on translational rehab robots

ÅSupport for translational research at companies, research 
institutes, and universities.

ÅThis research is for research results through various channels 
such as small and medium sized rehabilitation and robot-related 
businesses, research institutes, and schools.

(2) Internal research on translational rehab robots.

ÅTranslational research to secure an infra for translational 
research (clinical research on advanced rehabilitation robots, 
reverse translational research, existing technology translational 
research, etc.)

ÅRehabilitation Robot Test Bed (Robot Gym)
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Major achievement of TRPRR #1

Gait Rehabilitation Robot ñExowalkò

ÅDevelopment and medical device approval of the overground

type gait rehabilitation robot ñExowalkò (HMH Inc., 2016)

ÅClinical research for stroke survivors by Dongkuk Univ. 

Ilsan Hospital and China Wangjing Hospital (2017)

ÅRandomized controlled trial (40 subjects)

19Lee, W. J., Pae, D. S., Kim, D. W., Lim, M. T., de Almeida, L. F., Ramos, M. A., ... & Guo, J. WA1 Artificial Intelligent Systems, ICCAS 2017



Exowalk: from translational research to clinical 
applications
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R&D at 

University

~June, 2014

Translational 

Research

(Tech 

Enhancement, 

Approval)

July, 2014~ 

Nov. 2015

Translational 

Research 

(Clinical Trials)

Dec, 2015~ 

Nov. 2016

Pilot 

Provision

Jan 2017~

Developers,

Consult with MDs 

and 

Professionals on 

Medical Devices.

GMP, Approval.

Improvement of 

Appearance and 

Functions.



Major achievement of TRPRR #2

Soft Wearable Hand Robot ñExo-Glove polyò

ÅDevelopment and medical device approval of the soft 

wearable robot for hand ñExo-Glove polyò (Seoul National 

Univ. and Neofect Inc., 2017)

Å19 million view for ñWearable robot ñ on Facebook
(https://www.facebook.com/ScienceNaturePage/videos/894920293973563/)

21
Kang, B. B., Lee, H., In, H., Jeong, U., Chung, J., & Cho, K. J. (2016, May). Development of a polymer-based tendon-driven wearable robotic 

hand. In Robotics and Automation (ICRA), 2016 IEEE International Conference on (pp. 3750-3755). IEEE.



Major achievement of TRPRR #3

Exoskeletal Gait Assistive Robot ñAngelegsò

ÅDevelopment of a exoskeleton robot ñAngelegsò (2016) and 

a robot for children ñAngel-suitò (Angel robotics, 2018)

ÅRank 3rd, Cybathlon Powered Exoskeleton Race 2016

ÅFinal entry, UAE AI&Robotics for Good 2017

22Lee, W. J., Pae, D. S., Kim, D. W., Lim, M. T., de Almeida, L. F., Ramos, M. A., ... & Guo, J. WA1 Artificial Intelligent Systems. ICCAS 2017



Rehab Robotic Device Pipeline from Basic 
Research to Clinical Applications in KNRC

Basic 

Research

(Tech R&D)

Insurance,

Regulation

Pilot 

Provision for 

Rehab Robots

Clinical 

Research or

Application

Translational 

Research for 

Rehab Robots

ÅR&D of Rehab Robots 

and Other Robot 

Related Technology

ÅGiving sale opportunity 

and making operation 

reference in hospitals

ÅFinding Clinical 

Evidence of 

Therapeutic Rehab 

and ADL supports

ÅPush Rehab Robot 

Tech to the Clinical 

Environments

ÅRelated Industry 

Growing

ÅForward & Reverse 

Translational 

Research

ÅSupporting Small Biz

ÅNew medical cost of 

rehabilitation robot 

therapy in National 

Insurance Program

ÅRegulation 
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Experience on Translational Research for 
Rehabilitation Robots

ÅRequired research results before beginning of translational 

research

ÅSimplify, differentiate, and leave only key functions

ÅLinking Universities and Companies: Creating New Ideas

ÅInvolvement of Experts and End Users

ÅStrengthening linkage between extramural research and 

intramural research (expanding adaptation)

ÅContinued interest in translational research
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Rehabilitation Robotic Gym (Nov. 2014~)

ÅSharing space between clinicians and engineers.

ÅPerforming comparative clinical study or clinical trials

ÅEarning know-how of rehabilitation robotic devices.

NRC 

Robot Gym
Advanced rehabilitation 

robot Operation and 

comparative  

Effectiveness Research

NRC

TRPRR

Academy

&

Industry

Clinics

&

Home 

care

Infrastructure for Leading Edge 

Rehabilitation Technology & Research

Outcome Measures for 

Fundamental Research on 

Rehabilitation Robot

Product & Technology 

Development
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