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Abstract: The purpose of this study is to provide basic data to ensure the safety and essential performance of a
Lower Extremity robotic assisted gait training system and to provide advanced technology and technical basis to the
industry handling the system. Based on IEC 60601-1:2012/AMD2:2020 (Medical Electrical Equipment - General
requirements for basic safety and essential performance of medical electrical equipment), IEC 62366-1:2015/AMD1:2020
(Medical devices - Part 1: Application of usability engineering to medical devices) and EN ISO 14971:2019 (Medical
devices - Application of risk management to medical devices), the requirements for ensuring the safety and essential
performance of the Lower Extremity robotic assisted gait training system were derived. Through the Delphi survey
method and scenario analysis, which reflects the opinions and knowledge of experts in the fields of development,
testing and review of technical documents, and quality assurance of medical devices, validity and reliability were con-
ducted and obtained results with adequate content validity ratio (CVR; 0.7<) and excellent reliability (Cronbach’s
o; 0.9<). As a result, it was confirmed that the reliability and validity of the risk management process to ensure the
safety and essential performance of the Lower Extremity robotic assisted gait training system are required a model
can be established to provide measures to reduce risks according to the level of risk exposure caused by usage.
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devices, Risk management

LM B
DA 32 Aofl Fol WAL TE Ao
o 2RATIRI|71E Beste] X
P ERAgEeRs)): gojle Qe e
AR SR 0] ARl FAlol QA I R 2
Soj2)1 glrk AoleH1]. A AAH 0.2 AT R AR

o

o

1

o

I

*Corresponding Author: Ji Yean Kwon

32 Dongguk-ro, Ilsandong-gu, Goyang-si, Gyeonggi-do, Korea
Tel: +82-31-961-5607

E-mail: jykwon@dgu.ac.kr

e NP B ERP NS E L
Ajle] A|eg ot SEIgom ofo] AT

20309714 109] & R AS7(F & A% ZHE0
17.3%% ghfld 2 o= ASEIL glom[2] wlolAe B3
Agowr71E "ow77] 5 4 F5E ool Wek
(A oFA ALA]) ol whet 2R 24 F-8-0-574 %1 [A67080.01,
3%+, Robotic-guidance rehabilitation system] 5-2] A
7, W FY & 5ol AEEE 232 AEs Al2EH 7]
T So® F5 JAIgte] E|Ekal lom SERpo] Aol it
ohlet AR AUshe oA st Qo).
2RAR R 72 $A st Fofshe dm=iE At
olz71719] 712491 P s Bl A Al
& =k s o5 flsiA o&m7|7]Eek 3 IEC
6060117} 22 kel apAlRS T ok el



Journal of Biomedical Engineering Research 44: 190-203 (2023)

o7 2RC A&k (degree of autonomy)Zt= 7HE-S £
TF-EEH o= ISO/MEC 3% 215 (Joint Working Group;

ISO TC184/SC2 + IEC TC62/SC62D)of| 4 ¥7kst 7]aH 11A]
ol AAE Hiel o], Aa vt A8 Mo mgn] 9 A
Aejgalzglo HolEl], 227 glo] 7HA](monitoring)
23X (generating), A& (selecting) I A13Y(execution)st=
TYS 2 R 2RO R YNkAR]] RI7|RA S EREE
Argst=dl SAE AdThA4].
o] URFAQl A R7|7|9f Hie ' FEE B4
7L% g o=7]|719) AN S7FskAL Qlew oA H‘é
220 eFEE Vw7 wold 4 S-S onlshA €t o
EW ERAZOR7]7] 49 P Aol gt a7t
oL Q3= Ao e o2 o]A4L ISO/MEC GUIDE
51:20140f| 4 A 2Jst ebA A (safety)o] ofjgt 2}sha] 1zka) A
AA FZol ARelw7]7] 7] Eebd Beidse fIRt
QTARFIEC 60601-1:2012)1F o]z 7]7]9] AMg AgHA] o
AYold ALIEC 62366-1:2015) 52 2J77]7] eHHA
Yoiolehs B2 A8 A4 mFo] HaF ol
4 upoll glcke Aol
SAHCRE SrERo] it 712 ok B sl
W3t 521 IEC 80601-2-78, Medical Electrical Equipment
- Part 2-78: Particular requirements for the basic

SN

e w2

safety and essential performance of medical robots for
rehabilitation, compensation or alleviation of disease,
injury or disability®] &7t5 Algjoln FUjoA = ZHEA)
2olur71E "YR77] 5 9 FEE Sl B3t 4
(AIFA LAY oA =R HE 2 H-8--578*%][A67080.01, 35
+, Robotic-guidance rehabilitation system, 52| A,
B 5 30 ol Argslie 2% A5 AL 192
TFEskar Te=7)7) 71etA, [E#2] 51 AP 8- EEA
(44 ABHA) S5 RT), 52, ABELEAA (AT

7Dell whet A7 71719 A4S Belsta TR
5|7F AAR 71ol = 2hRI(AE oA A QhjA]-0808-1),
o 4} Folekle uhlska 9.

e} R qlo] S o X gatuat ok “GhA] 2
Aol 27)7"s e A 9uk HejehE A Aoke] i}
it B4o 2 o) AwE Bel 0 7|28 A7t of
2o Agfoln &7k %%4_ FAEE} T FolEaele
AR AE] g D AAste] AT EHE ol 44

o W7} 712 Bt BAL owr)72A ABSE A
st glol wo] Aelo] Wasla ol that Al=A
n E5k AFE PHES AT AL S Fad A
7} 8 2 glge] Bs) meltt,

CI2fit 7o) Aetolof 2 s o) ARl
QPAA W WA AT B2 715 nhask AAS

b 2RAEelRs17]9) At AHgTt S5t A
AL TR A2 AT U =
2o|27)718 BAR SHe Aol obska
AFL AT 5 YES SHe Sl ol
40 4 % B 5 Sl SRALE
gl oiuf A Z3AlgelRs71o
;2}_010]: ka3 _9_5\_0]11] H/\—lo].oq xHEHtﬂ— 2= 01‘—
2AZ B g

A )
_?L

K

[1

U

>¥E %
::‘

ﬂJ

=

Lo o fﬁo
o l; N
o
B
ok

b 2
HN
ol
L

jg —_—
oot
fo
\->

Mo Ho ox, ok
lo
@
iy

1o ox
1)
g
)

rulm

Il o7 2

B ATl s 2pAgelRzlzle] A % 540 de
RS AABET S SR7)710] B4l Flure e

Boaol B o2s)79) AES Btk 9 AEe
et AvpH o ofssta Hejshy] S1g “zAly Y=g 4

atel ANSIL s1A mEAEelR]]e) SES Belshs
ol dash A, zaAlA gl "I gisf ohf= ISO
31000 Risk Management - Guideline, TFefst Y37} 7|
H‘qu 7H_9_ 01:,_]—75:4' 14_9_ H%H o] /\]__Q_ tﬂ—lﬂo Htﬂo]—_ﬂ X—]/\‘]
2 8 s 7} 71Ee o] diue oY aag v

o}t BASH= TREAAE oY= IEC/AISO 31010 Risk
Management - Risk Assessment Techniques, 2]&7]7]
At Al B 9He Bl Bl e e
QYT E AlFsH= ISO 14971 Medical devices - Application
of risk management to medical devices®] 2]=27]7] Y&
el AAE 7|Nte s 2R w7719 /iEEEe TEC
80601-2-78, Medical Electrical Equipment - Part 2-78:
Particular requirements for the basic safety and essential
performance of medical robots for rehabilitation,
compensation or alleviation of disease, injury or disability
argfshy shA| mEAECR7]7]o tigt 8 AsiHEE
QARIeH22]. 3 P EFOA a6k AR AlEY] 5
35 et A7) 71AA a4, AL EQJo|Y] 4 W A}
A W7} 71 ftaRRte] AAF 2w r]7]9] Qb Bad
R E )3t TEC 60601-1 Medical electrical equipment -

Part 1: General requirements for basic safety and essential
performance, |27]7]¢] A, 7lE 9 F7tof thgh AMS/d
33t AL A A= TEC 62366-1 Medical devices
- Application of usability engineering to medical deviceS
72 stk 53], 919 A8e Fo 5h 2RAE)R]
719 7t 712 AAR At 2s] 9l A4 9
A oA &9ET Q=1 1) 5FA] T LEHRA 9 o4
Ay 2EAQE]77]7]¢l LoKomat Pro 5 3FH=: 2%,
590 1) Ak s o)yl diak ALeRA, 28

B9, TH WA, AAF, AW 5 TEANT 2 AR

o_>L Jk,oi ﬂ.l]

o do

O

191



Morning Walk Walkbot_S LoKomat Pro
T8 1. shRE T WA W AR kel A ohE sk 2AgelR)Y] me
Fig. 1. Selected representative Lower Extremity robotic assisted gait training system model of Lower extremity training
robot and Fixed Training Robot
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Table 1. List of selected representative Lower Extremity robotic assisted gait training system [5]

Analysis item Morning Walk Walkbot_S Lokomat Pro

In order to recover the gait function
of patients with lower limb paralysis
due to motor incomplete spinal cord
Robot automation system injury (ASIA C, D) and to improve
equipment used for muscle Electric instruments used  the gait ability of patients with
Intended purpose reconstruction and joint motor for muscle reconstruction  hemiplegia due to stroke or cerebral
function recovery for walking  and joint motion recovery  palsy (children), a robot aid that
192 ability recovery directly controls joint movement
with a computer is worn. Robot-
assisted gait training device that
induces walking

Applied body part Lower extremity training robot Same as left Same as left

Training function Active training robot Same as left Same as left

Driving method Electric motor training robot Same as left Same as left

Power transmission Joint-driven training robot Same as left Same as left

method

Installation type  Fixed Training Robot Same as left Same as left
After inputting patient After inputting patient
information (general and information (general and After inputting patient information
physical information), board the body information), board ( eneralp i nforri;)tion and bod
device (wearing a saddle and the device (exoskeleton suit irg1formation) board the devicz
harness), check the system and harness), check the system (exoskeleton ’sui t and harness), check

How to use status, select a training mode  status, link the patient (robot) the svstem. link the patient (r;)bo )
(mode: flat ground, uphill and treadmill, enter the and t};ea drr;ill and Sft the patient's
stairs, downhill stairs), and patient’s appropriate speed and rogram for s’ cod and s trige
then train (gait variable: weight stride length, and then generate purg ose for trginin
support) amount, ground Training after setting the gait purp g
reaction force, etc.) pattern and training time

etc He exercise program (software; virtual system) of each product is different.
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Fig. 2. Risk management framework for Lower Extremity robotic assisted gait training system
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Description

Observation and recording of the state of the device, including its inputs and outputs, to ensure that the

Monitoring system is operating within its intended state and that the results of the operation are consistent with
the intended outcome

Generating g‘he creation pf a new set of instructions or algorithms for execution by the system based on data acquired
rom the device or system inputs or from the environment

Selecting Choosing a specific set of instructions or algorithms from those alread.y available in the system based on
the current state of the system or the requirements of the user or patient

Executing The act of carrying out a set of instructions or algorithms by the system in order to achieve a desired outcome

H 4. 57, BAIA AluE] 204 9] QI7F S4e] AR #=(LOA) 73 (9]

Table 4. Types of human-centered levels of autonomy (LOA) in dynamic, multi-task scenarios [9]

Level of Automation Monitoring Generating Selecting Implementing

1. Manual Control Human Human Human Human

2. Action Support Human/Computer = Human Human Human/Computer

3. Batch Processing Human/Computer =~ Human Human Computer

4. Shared Control Human/Computer =~ Human/Computer ~Human Human/Computer

5. Decision Support Human/Computer = Human/Computer Human Computer

6. Blended Decision Making Human/Computer = Human/Computer Human/Computer  Computer

7. Rigid System Human/Computer  Computer Human Computer

8. Automated Decision Making ~ Human/Computer =~ Human/Computer = Computer Computer

9. Supervisory Control Human/Computer  Computer Computer Computer

10. Full Automation Computer Computer Computer Computer
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Risk assessment process

Tools and techniques Hazard Risk analysis Risk
Identification  Regult  Possibility ~Risk level ~ assessment

Brainstorming SAY NA? NA NA NA
Structured or semi-structured interviews SA NA NA NA NA
Delphi SA NA NA NA NA
Check-lists SA NA NA NA NA
Primary hazard analysis SA NA NA NA NA
Hazard and operability studies (HAZOP) SA SA A? A A
Hazard Analysis and critical control points (HACCP) SA SA NA NA SA
Environmental risk assessment SA SA SA SA SA
Structure (What if?) (SWIFT) SA SA SA SA SA
Scenario analysis SA SA A A A
Business impact analysis A SA A A A
Root cause analysis NA SA SA SA SA
Failure mode effect analysis SA SA SA SA SA
Fault tree analysis A NA SA A A
Event tree analysis A SA A A NA
Cause and consequence analysis A SA SA A A
Cause-and-effect analysis SA SA NA NA NA
Layer protection analysis (LOPA) A SA A A NA
Decision tree NA SA SA A A
Human reliability analysis SA SA SA SA A
Bow tie analysis NA A SA SA A
Reliability centred maintenance SA SA SA SA SA
Sneak circuit analysis A NA NA NA NA
Markov analysis A SA NA NA NA
Monte Carlo simulation NA NA NA NA SA
Bayesian statistics and Bayes Nets NA SA NA NA SA
FN curves A SA SA A SA
Risk indices A SA SA A SA
Consequence/probability matrix SA SA SA SA A
Cost/benefit analysis A SA A A A
Multi-criteria decision analysis (MCDA) A SA A SA A

YStrongly applicable ?Not applicable PApplicable

TEC/ISO 31010: 2009, Risk management — Risk assessment techniques) Annex A. Table A.1
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# 6. IEC60601-1 7|3t 3}A] 2RAo=27]7] 7] 71414 bl/d 544 #43 971 71

Table 6. General Requirement for Basic Safety and Essential Performance Characteristics Analysis and Evaluation Criteria

of IEC60601-1 Based Lower Extremity robotic assisted gait training system

ENISO 14971:2012 Medical devices — Application of risk management to medical devices

IEC60601-1:2012

EN ISO 14971: 2012 (4.2), Annex C

ID. Number General Requirement for Basic Safety and Intended use and identification of characteristics

Essential Performance related to the safety

Question according to Annex C from [S0O14971 Characteristics related to the safety

4.3 Essential performance - Essential performance & Energy delivered
LRAGTRM-1 (C.2.1) The intended use and how is the medical - Walking velocity(Cadence)

device to be used - Step stride, joint momentum range

(C.2.5) Energy delivered to or extracted from the patient - Vertical force(ground reaction force)
LRAGTRM-2-1 4 Single Fault Condition for ME Equipment - Electrical single fault condition
LRAGTRM-2-2 &gt%l ?,E)h?;)z,ﬁfrilzil(i%\;lﬁi)g;iﬁ?d tobe in contact " Overheating of transformers in ME equipment
LRAGTRM-2-3  (C.2.14) Unwanted outputs - Failure of parts that might result in a mechanical hazard
LRAGTRM-3 7.2.2 Identification - Label

. - The lithium battery is used in the Controller for

LRAGTRM-4 7.3.3 Batteries saving the information relating to CMOS

7.4.2 (C.2.29.4) The medical device have a control interface s . .
LRAGTRM-5  (C.2.29.5) The medical device display information ~ e changes of output is displayed in Monitor by

(C.2.29.6) Medical device controlled by a menu &
LRAGTRM-6 (7(‘35'283(;%;‘15:;6 d outputs - Using safety sign provided according to ISO7010

7.9.3.2 Replacement off uses, power supply cords

and other parts
LRAGTRM.-7 (C.2.15) Environmental influences - The technical maintenance is done by manufacturer’s

(C.2.18) Maintenance or calibration necessary representative

(C.2.23) Determination the life time of the medical

device

8.1.b Fundamental rule of protection against
LRAGTRM-8 electric shock-Accidental detachment of conductors - Conductors and connectors are considered

and connectors

. 3 - The enclosure of main body complied with the

LRAGTRM-9 8.8.4.1 Mechanical strength and resistance to heat resistance to heat and mechanical strength
LRAGTRM-10  8.10.1 Fixing of components - Conductors and connectors are adequately secured or

insulated to prevent accidental detachment

LRAGTRM-11-1

LRAGTRM-11-2

9.2.1 HAZARDs associated with moving parts

- Gait (Included exo-skeleton Generator and
wheelchair-road

- Emergency switch provided for the purpose of

LRAGTRM-12 9.2.4 Emergency stopping devices mechanical stopping
. - Exo-skeleton (Footplate) Safety Belt, Assistive
LRAGTRM-13 9.2.5 Release of patient Harness are considered
9.8.1 Hazards associated with support systems-General
LRAGTRM.-14 (C.2.21) Delayed or long-term use effects - The Robot-assisted gait training system has the
(C.2.22) Mechanical forces will the medical device support system
be subjected
9.8.3.1 Strength of patient or operator support or
suspension systems—General ) o . ..
LRAGTRM-15 (C.2.21) Delayed or long-term use effects Et}lle fég}:)gt ;\tzsmlsted gait training system has the
(C.2.22) Mechanical forces will the medical device be bp y
subjected
11.1.3e Maximum temperature during normal use,
LRAGTRM-16 Measurements - Non-thermal ME Equipment
(C.2.14) Unwanted outputs
- Making of performance to RAGTS
- Walking Speed (Cadence): 1.16 m/s to 1.70 m/s
LRAGTRM-17 12.1 Accuracy of controls and instruments (1.42 m/s, £20)

- Step stride: 1.12 m to 1.68 m (Nor.1.40, +20%)
- Hip: -15° to 30°, Knee: 0 to 60° and ankle: -10° to 20°
- Vertical force (ground reaction force): 0 to 80 kg.etc.
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I 6. (continued)

Table 6. (continued)

12.2 Usability of MEE QUIPMENT

15.1 Arrangements of controls and indicators of
ME Equipment

(C.2.17) Essential consumables or accessories
associated

- Human interface

- Power Inlet Box

- Gait Generator

- Wheelchair-Road

- P-Bar

- Trunk (Included saddle) Supporter
- Body weight support

LRAGTRM-18 (C.2.29.1) The user inter face design features - Exo-skeleton (Included Footplate)
contribute to use error - Safety Belt
(C.2.29.3) Essential connecting parts or accessories - System status lamp
(C.2.29.4) The medical device have a control - Control PC
interface - Software Ul
- Emergency Stop Button
- User manual
- The Robot-assisted gait training systems has the
function re}llatﬁd to the delivery of mechanical
energy with the parameters
LRAGTRM-19 12.4.2 Indication of parameters relevant to safety - Walking Speed (Cadence)
- Stride length
- Walking cycle
- Vertical force (ground reaction force). etc.
- Making of essential performance
- Walking Speed (Cadence)
LRAGTRM-20 (1(%;“1* j)nlfggfﬁgc‘;‘gtgftut - Stride length
e p - Hip, Knee and ankle range
- Vertical force (ground reaction force). etc.
14.1 PROGRAMMABLE ELECTRICAL MEDICAL . . . .
LRAGTRM-21 SYSTEMS (PEMS) - R(i)i};:)}?ts-gfstislrztfed gait training system is operated
(C.2.19) The medical device contains of software w
LRAGTRM-22 14.6.1 Identification of known and foreseeable hazards - S/W report includes Identification of known and
(C.2.19) The medical device contain software foreseeable hazards
14.6.2 Risk control . . . .
LRAGTRM-23 (C.2.19) The medical device contain software - S/W report includes risk control implementation
14.7 Requirement specification .
LRAGTRM-24 (C.2.19) The medical device contain software - S/W report includes SRS
14.8 Architecture . . .
LRAGTRM-25 (C.2.19) The medical device contain software - S/W report includes an architecture design
14.9 Design and Implementation . . .
LRAGTRM-26 (C.2.19) The medical device contain software - S/W report includes Design and Implementation
LRAGTRM-27 14.10 Verification ) ) - Applied to all features of the safety and essential
(C.2.19) The medical device contain software performance of S/W verification
14.11 Programmable electrical medicals systems- .
LRAGTRM-28  PEMS validation - D/ includes the methods and results of the
(C.2.19) The medical device contain software
. - Robot-assisted gait training system has
LRAGTRM-29 %23% 8ggiteﬁ%ﬁ)?egﬁfrgqg(ggasconnecmrs construction of connectors: inner connector, Main
Body, Control PC
17 Electromagnetic compatibility of ME equipment
LRAGTRM-30 ?61%1}44];1 IsJyrf\?\?ar?lie—d]%hft%uts - glse((i1 in ele.cttr%nagnetig waife (Environmipt and
(C.2.15) Environmental influences ME e device itself generates electromagnetic waves
(C.2.16) ME influence the environment
7.9.2 Instructions for use
(C.2.17) Essential consumables or accessories
associated with the medical device
(C.2.18) Maintenance or calibration necessary
(C.2.23) Determination the life time of the medical device
(C.2.25) Safe decommissioning or disposal of the
LRAGTRM-31 medical device necessary - Incomplete instructions for use

(C.2.26) Installation or use of the medical device
require special training or special skills

(C.2.27) Information for safe use be provided

(C.2.29) Dependent on human factors such as the user interface
(C.2.29.7) The medical device be used by persons with
special needs

(C.2.31) Medical device be deliberately misused

*LRAGTRM (Lowert Extremity Robotic Assisted Gait Training Risk Management)
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I 7. IEC 60601-1: 2012 H7}alEd el 2 A4 A
Table 7. IEC 60601-1: 2012 Validity and reliability analysis for each evaluation item

Evaluation Detailed evaluation Validity and reliability analysis
items items Mean of CVR SD CVR Cronbach’s o Cronbach’s o

LRAGTRM-1 4.2273 0.92231 0.72 0.988
LRAGTRM-2-1 4.2727 1.07711 0.72 0.988
LRAGTRM-2-2 4.0000 1.06904 0.54 0.988
LRAGTRM-2-3 4.3182 1.08612 0.72 0.988
LRAGTRM-3 4.3182 0.77989 0.81 0.987
LRAGTRM-4 4.1364 0.88884 0.54 0.987
LRAGTRM-5 4.3182 0.83873 0.81 0.987
LRAGTRM-6 4.4545 0.80043 0.81 0.987
LRAGTRM-7 4.2727 0.88273 0.63 0.987
LRAGTRM-8 4.4091 0.79637 0.81 0.987
LRAGTRM-9 4.4091 0.79637 0.81 0.987
LRAGTRM-10 4.2727 0.82703 0.63 0.987
LRAGTRM-11-1 4.4091 1.09801 0.72 0.988
LRAGTRM-11-2 4.2727 1.12045 0.63 0.988
LRAGTRM-12 4.5909 0.79637 0.81 0.987
LRAGTRM-13 4.3636 0.78954 0.81 0.987

IEC 606011 LRAGTRM-14 4.3636 0.90214 0.63 0.987 0.988
LRAGTRM-15 4.3636 0.90214 0.63 0.987 199
LRAGTRM-16 4.5000 0.80178 0.81 0.987
LRAGTRM-17 4.5000 0.80178 0.81 0.987
LRAGTRM-18 4.4545 0.85786 0.72 0.987
LRAGTRM-19 4.4091 0.85407 0.72 0.987
LRAGTRM-20 4.3182 0.83873 0.72 0.987
LRAGTRM-21 4.4545 0.80043 0.81 0.987
LRAGTRM-22 4.3636 0.84771 0.72 0.987
LRAGTRM-23 4.4545 0.80043 0.81 0.987
LRAGTRM-24 4.4091 0.90812 0.72 0.987
LRAGTRM-25 4.2727 0.93513 0.54 0.987
LRAGTRM-26 4.3182 0.89370 0.63 0.987
LRAGTRM-27 4.5000 0.85912 0.72 0.987
LRAGTRM-28 4.4545 0.85786 0.72 0.987
LRAGTRM-29 4.4091 0.85407 0.72 0.987
LRAGTRM-30 4.5000 0.80178 0.81 0.987
LRAGTRM-31 4.5000 0.85912 0.72 0.987

*LRAGTRM(Lower Extremity Robotic Assisted Gait Training Risk Management)
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Table 8. Usability characteristic analysis and evaluation criteria of Lower Extremity robotic assisted gait training system
based on TEC 62366-1

ID. Number

EN ISO 14971:2012 Medical devices — Application of risk management to medical device

TEC62366-1:2015(5)
Medical devices — Application of usability
engineering to medical device

EN ISO 14971: 2012 (4.2), Annex C
Intended use and identification of characteristics
related to the safety

Question according to Annex C from IS014971

Characteristics related to the safety

LRAGTUERM-1

C.2.34 Essential performance
C.2.11 Measurements

- The force and angle of components are measured for
operation

LRAGTUERM-2

C.2.15 Environmental influence

- The Robot-assisted gait training system is an
electrical device damaged by poor environment
factors such as humidity, spillage and etc.

LRAGTUERM-3

C.2.17 Essential consumables or accessories
associated

C.2.29.3 Medical device have connecting parts
or accessories

- When Robot-assisted gait training system is
operated, the PC and Monitor are used as essential
accessories (exoskeleton, Footplate, chest supporter
and harness system. etc.)

LRAGTUERM-4

C.2.18 Maintenance or calibration necessary

- The basic maintenance is necessary by operator in the
case of calibration, it needs to calibrate Robot-assisted
gait training system by manufacturer’s representative

LRAGTUERM-5

C.2.18 Maintenance or calibration necessary
C.2.23 Life time of the medical device

- Damage of the label according to the long-term use
- Damage to the motor,consumables and weight
support system according to the long-term use

LRAGTUERM-6-1

LRAGTUERM-6-2

C.2.18 Maintenance or calibration necessary
C.2.23 Life time of the medical device
C.2.18 Maintenance or calibration necessary
C.2.23 Life time of the medical device

- Damage of the label according to the long-term use

- Damage to the motor, consumables and weight
support system according to the long-term use

- Damage of the label according to the long-term use

- Damage to the motor, consumables and weight
support system according to the long-term use

LRAGTUERM-7

C.2.5 energy delivered to or extracted from the
patient

- This Robot-assisted gait training system is relevant
to the using of mechanical forces

LRAGTUERM-8

C.2.26 Installation or use of the medical device
require special training or special skills

- The device needs to install by manufacturer’s
representative

LRAGTUERM-9

C.2.27 Information for safe use be provided

- Information for safe use is provided through the
user manual to the end user

LRAGTUERM-10

C.2.29.1 User interface design features
contribute to use error

- The Robot-assisted gait training system has a software to
control all functions in the software and needs to human
factors such as the user interface for the operation

LRAGTUERM-11

C.2.29.3 Essential connecting parts or
accessories

- The Robot-assisted gait training system are used as
essential accessories (exo-skeleton, Footplate,
saddle and chest supporter etc.)

LRAGTUERM-12

C.2.29.4 Medical device have a control interface
C.2.29.8 User interface be used to initiate user
actions

- The Robot-assisted gait traing system has acontro
linterface (PC)

LRAGTUERM-13-1

LRAGTUERM-13-2

.29.5 Medical device display information
.30 Medical device use an alarm system
.29.5 Medical device display information
.30 Medical device use an alarm system

- The information of patient and operator displays on
Monitor

- The Robot-assisted gait training systems has the
function related to the delivery of mechanical
energy with the parameters

- Walking Speed (Cadence)

- Stride length

- Hip, Knee and ankle range

- Vertical force (ground reaction force).etc.

LRAGTUERM-14

C.2.29.6 Medical device controlled by a menu
C.2.29.8 User interface be used to initiate user
actions

- The Robot-assisted gait training system is
controlled by menu on Monitor

LRAGTUERM-15-1

LRAGTUERM-15-2

C.2.29.7 Medical device be used by persons with -
special needs
C.2.29.7 Medical device be used by persons with
special needs

- used for Hemiplegia Patients(CNSimpairment)
- Intended for prescription use

- Spreading and of exo-skeleton suit and wheelchair-
Road for moving the patient

LRAGTUERM-16

C.2.31 Medical device be deliberately misused

- the user ignores the manufacturer's recommended
maintenance, the problem or error could appear,no
ways which are deliberately misused

*RAGUETRM(Robotic Assisted Gait Training Usability Engineering Risk Management)
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H 9. IEC 62366-1: 2015 H7}a=d efge 2 A4 B4

Table 9. IEC 62366-1: 2015 Validity and reliability analysis for each evaluation item

Evaluation Detailed evaluation Validity and reliability analysis
items items Mean of CVR SD CVR Cronbach’s o Cronbach’s a
LRAGTUERM-1 4.2727 0.88273 0.63 0.966
LRAGTUERM-2 4.0455 1.04550 0.54 0.968
LRAGTRM-3 4.3182 0.89370 0.72 0.967
LRAGTUERM-4 4.1364 0.83355 0.63 0.965
LRAGTUERM-5 4.2727 0.76730 0.72 0.966
LRAGTUERM-6-1 4.0000 1.02353 0.63 0.967
LRAGTUERM-6-2 4.0909 1.06499 0.63 0.966
LRAGTUERM-7 4.1818 1.00647 0.54 0.966
LRAGTUERM-8 4.4091 0.85407 0.72 0.965
IEC 62366-1 LRAGTUERM-9 4.5909 0.79637 0.81 0.965 0.968
LRAGTUERM-10 4.4091 0.90812 0.63 0.965
LRAGTUERM-11 4.3182 0.83873 0.72 0.965
LRAGTUERM-12 4.4091 0.85407 0.81 0.965
LRAGTUERM-13-1 4.1364 1.12527 0.63 0.966
LRAGTUERM-13-2 4.2273 1.10978 0.63 0.966
LRAGTUERM-14 4.2273 0.92231 0.54 0.965
LRAGTUERM-15-1 4.0909 1.10880 0.54 0.966
LRAGTUERM-15-2 4.1818 1.09702 0.63 0.966
LRAGTUERM-16 4.5000 0.80178 0.81 0.965

*RAGUETRM (Robotic Assisted Gait Training Usability Engineering Risk Management)
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