
JMIR Preprints Hong et al

Formative Evaluation of an Electrically-Powered
Orthopedic Exerciser: A Focus Group Interview Study

 Seojin Hong, Hyun Choi, Hyosun Kweon

Submitted to: JMIR Human Factors
on: May 27, 2024

Disclaimer: © The authors. All rights reserved. This is a privileged document currently under peer-review/community
review. Authors have provided JMIR Publications with an exclusive license to publish this preprint on it's website for
review purposes only. While the final peer-reviewed paper may be licensed under a CC BY license on publication, at this
stage authors and publisher expressively prohibit redistribution of this draft paper other than for review purposes.

https://preprints.jmir.org/preprint/60607 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hong et al

Table of Contents

Original Manuscript ....................................................................................................................................................................... 5

https://preprints.jmir.org/preprint/60607 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hong et al

Formative Evaluation of an Electrically-Powered Orthopedic Exerciser: A
Focus Group Interview Study

Seojin Hong1; Hyun Choi2; Hyosun Kweon1

1Department of Clinical Rehabilitation Research, Rehabilitation Research Institute Korea National Rehabilitation Center Seoul KR
2Department of Healthcare and Public Health, Rehabilitation Research Institute Korea National Rehabilitation Center Seoul KR

Corresponding Author:
Hyosun Kweon
Department of Clinical Rehabilitation Research, Rehabilitation Research Institute
Korea National Rehabilitation Center
58 Samgaksan-ro, Gangbuk-gu
Seoul
KR

Abstract

Background: Errors while using medical devices, owing to flaws in the user interface design and implementation, can be a risk
for users. Accordingly, increasing emphasis is being placed on usability evaluations by actual users in the design and
development stages of medical devices to minimize the risk factors that may cause usage errors. Moreover, a usability evaluation
is a mandatory requirement for medical device regulations in countries that follow the IEC 60601-1 standard.

Objective: This study aimed to conduct a formative evaluation using focus group interviews (FGIs) and satisfaction surveys with
healthcare professionals in the field of rehabilitation medicine to identify areas for improvement to enhance the safety and
convenience of an electrically-powered orthopedic exerciser, a lower-extremity medical rehabilitation device, in the prototype
stage.

Methods: Quantitative and qualitative data were collected through formative evaluation conducted using FGIs and satisfaction
surveys with participants; participants consisted of rehabilitation doctors (n=5) and physical therapists (n=5) with experience in
using similar medical devices.

Results: During the formative evaluation, the following three categories were derived to reduce exerciser usage errors: 1)
product upgrades to ensure safety, 2) hardware and software improvements for convenience of use, and 3) improvement of the
manual for better identifiability and understanding of the product and instructions.

Conclusions: Improvement areas to ensure safety, convenience of use, and clarity of instructions were identified through a
formative evaluation based on FGIs and satisfaction surveys with healthcare professionals with experience in using similar
medical devices. The factors derived from this formative evaluation are expected to contribute to the development of an
improved electrically-powered orthopedic exerciser, and repeated formative and summative evaluations of the improved version
will eventually lead to the development of a safe medical device.
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Abstract

Background: Errors while using medical devices,  owing to flaws in the user interface design and
implementation,  can  be  a  risk  for  users.  Accordingly,  increasing  emphasis  is  being  placed  on
usability evaluations by actual users in the design and development stages of medical devices to
minimize  the  risk  factors  that  may  cause  usage  errors.  Moreover,  a  usability  evaluation  is  a
mandatory requirement  for  medical  device regulations  in  countries  that  follow the IEC 60601-1
standard.
Objective: This study aimed to conduct a formative evaluation using focus group interviews (FGIs)
and  satisfaction  surveys  with  healthcare  professionals  in  the  field  of  rehabilitation  medicine  to
identify areas for improvement to enhance the safety and convenience of an electrically-powered
orthopedic exerciser, a lower-extremity medical rehabilitation device, in the prototype stage. 
Methods: Quantitative and qualitative data were collected through formative evaluation conducted
using FGIs and satisfaction surveys with participants; participants consisted of rehabilitation doctors
(n=5) and physical therapists (n=5) with experience in using similar medical devices.
Results: During the formative evaluation,  the following three categories were derived to reduce
exerciser  usage  errors:  1)  product  upgrades  to  ensure  safety,  2)  hardware  and  software
improvements for convenience of use, and 3) improvement of the manual for better identifiability
and understanding of the product and instructions. 
Conclusions: Improvement  areas  to ensure  safety, convenience of use, and clarity of instructions
were  identified  through  a  formative  evaluation  based  on  FGIs  and  satisfaction  surveys  with
healthcare professionals with experience in using similar medical devices. The factors derived from
this formative evaluation are expected to contribute to the development of an improved electrically-
powered orthopedic exerciser, and  repeated formative and summative evaluations of the improved
version will eventually lead to the development of a safe medical device.

Keywords:  Formative  Evaluation;  Usability;  Electrically-powered  Orthopedic  Exerciser;  Focus
Group Interview 

Introduction

Background

Electrical medical equipment refers to electrical devices or products that come in contact with or are
involved in delivering energy to patients. The equipment must comply with the IEC 60601 safety
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standards [1]. In particular, IEC 60601-1-6 (usability) is a standard applied mandatorily to evaluate
devices and prevent injuries to patients, for example through usage errors, for all medical devices in
the developmental stage [2,3]. For usability (IEC 60601-1-6), a usability engineering process must
be applied in compliance with the IEC 62366 [4,5].
According  to  the  IEC 62366,  the  usability  evaluation  is  divided  into  formative  and summative
evaluations,  which  should be  performed throughout  the  development  process  [6,7].  A formative
evaluation is performed starting at the initial design stage to explore the strengths, weaknesses, and
unexpected  errors  in  user  interface  (UI)  design.  A summative  evaluation  is  performed  on  the
completion of UI development to obtain objective evidence that the UI can be safely  used  [7]. In
usability evaluations, different methodologies are applied depending on the purpose of the evaluation
and the stage at which it is performed. Therefore, it is important to employ appropriate evaluation
methodologies at each stage [8]. 
Formative evaluations are performed repeatedly from the device-design stage to manage the risks
associated with convenience of use and usability. Moreover, since the device must be designed and
modified  after  reflecting  on  the  evaluation  results,  obtaining  feedback  from  actual  users  is  an
appropriate  evaluation  method  [9].  A focus  group interview (FGI),  a  method used in  formative
evaluation, is employed to identify the perspectives and opinions of actual users regarding the use of
a  medical  device,  which  can  be  used  to  evaluate  the  device  prototype  during  the  design  stage
[10,11].
Medical device designers design devices by focusing on their safety and usability in compliance with
the IEC 62366 standards to minimize risks and improve the overall quality of the device design [12].
Compliance with these standards is also essential in terms of medical device regulations and market
entry. Rebless Pro, an electrically-powered orthopedic exerciser currently under development, is a
lower-extremity rehabilitation device designed to reconstruct lower-extremity muscles and restore
lower-extremity  joint  motion,  considering  the  limitations  of  continuous  passive  motion  (CPM)
devices  and  lower-extremity  rehabilitation  robots.  Quality  improvement  through  a  formative
evaluation is required for Rebless Pro, which is currently in the prototyping stage. 

Electrically-powered orthopedic exerciser

An  electrically  powered  orthopedic  exerciser  is  an  electrically-powered  device  used  for  the
reconstruction of muscles and restoration of joint motion [13]. A CPM device, a prime example of an
electrically-powered orthopedic exerciser, prevents stiffness and stimulates the regeneration of joint
tissues by providing continuous passive exercise to patients with musculoskeletal disorders  [14].
Electrically-powered orthopedic  exercisers  with  various  added functions,  including a  knee  CPM
device  controlled  and  monitored  using  a  mobile  phone  application,  and  an  upper  extremity
rehabilitation  CPM  device  with  added  active  exercise  functions  are  currently  being  developed
[15,16]. The objective of this study was to conduct a formative evaluation of Rebless Pro, a CPM
device currently under development in Korea. Rebless Pro is a medical device with a tablet-based
controller  that  combines  active  and  recorded  passive  exercise  functions  for  knee  and  ankle
rehabilitation.

Aim

This study aimed to identify areas of improvement to enhance the safety and convenience of Rebless
Pro  during  its  design  phase.  Therefore,  the  scope  of  this  study  was  limited  to  the  formative
evaluation of the device design,  which was conducted using FGIs  and satisfaction surveys with
healthcare professionals working in the field of rehabilitation medicine, who are actual prospective
users, in compliance with the IEC 62366. 
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Methods

Overview

In this study, FGIs and questionnaire surveys were conducted to collect quantitative and qualitative
data on an electrically-powered orthopedic exerciser. This study was approved by the institutional
review board of the National Rehabilitation Center (NRC; NRC-2023-03-020).

Electrically-powered orthopedic exerciser prototype

The device evaluated was the Rebless Pro (H Robotics Inc., Incheon, Republic of Korea) (medical
device class 2 in Korea), which is an electrically-powered orthopedic exerciser that provides  the
knee and ankle full range of motion (ROM) and active/passive exercise for  the restoration of
lower extremity motion in patients with neurological or musculoskeletal disorders (Figure 1). The
Rebless  Pro,  a  prototype  in  the  device  design  stage,  consists  of  a  main  unit  and a  tablet-based
controller. 
The intended users are physical therapists and rehabilitation medicine specialists, while the intended
recipients are patients with neurological or musculoskeletal disorders, such as reduced joint ROM
caused by lower-extremity  joint  and muscle  paralysis  or  contracture,  who require  restoration  of
motor function and strengthening of the weakened muscles. 

Figure 1. Electrically-powered orthopedic exerciser

Participants

Participants,  consisting  of  five  doctors  and five  physical  therapists,  were recruited  through peer
referral and a bulletin board announcement at the Clinical Rehabilitation Testbed of the NRC. All
participants had experience using a CPM-based rehabilitation device and at least one year of clinical
experience. The entire formative evaluation process, including the FGIs, was conducted separately
for the doctor and physical therapist groups. 

Formative evaluation procedure

A formative evaluation was conducted at  the  Clinical  Rehabilitation Testbed  of the NRC. This
consisted  of  one  session  per  group for  90  minutes.  The evaluator  introduced  the  assessment  to
participants  who may have been unfamiliar  with usability  evaluations  and informed them about
product evaluation, objectives, and methods. After confirming that the participants understood the
details of the evaluation, consent for voluntary participation and video and audio recordings  were
obtained from each participant. The evaluator then provided the user manual for the Rebless Pro to
the participants. After confirming that the participants had studied the information on the Rebless
Pro, the evaluator investigated the participants’ experiences in using similar devices and the names
of these devices. The evaluator then conducted a demonstration of the task scenarios along with the
FGIs and surveys of satisfaction with the Rebless Pro.
For the formative evaluation, the physical therapy environment in which Rebless Pro was used was
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simulated,  and  the  device  was  set  up  on  a  Bobath  table  (Figure  2).  The  luminous  intensity,
temperature,  and  relative  humidity  of  the  evaluation  sites  were  measured  before  formative
evaluation. The luminous intensity was 550±100 lux, temperature was 24±2 , relative humidity℃
was 50±10%, and noise was 50±5 dBA. The actual scenes of the evaluation are shown in Figure 3. 

Figure 2. Test environment

Figure 3. Scenes of the evaluation

Focus group interviews

FGIs were used for qualitative data collection. The evaluator designed scenarios for eight tasks (37
sub-tasks)  based  on  a  user  manual  (Table  1).  The  evaluator  provided  product  demonstrations
according  to  product  demonstration  scenarios  and  conducted  FGIs  on  the  Rebless  Pro.  The
participants observed the Rebless Pro and presented their opinions on risk factors and areas of UI
improvement that were predictable or identified through the product demonstration. 

Table 1. Use scenarios for rehabilitation medical staff 
Use
scenarios

Task description

Task 1. Turn on the power
Sub-task 1 Connect the power cable plug to the main unit connector and press the “ON”

sign on the power switch to turn on the device
Sub-task 2 Check the controller power and select “Start exercise now”
Sub-task 3 Select  the  exercise  area,  direction,  method,  and  type  from the  controller

home screen 
Task 2. Length and position setting
Sub-task 4 Unlock the main unit and check the lock menu on the controller display
Sub-task 5 Use a tape measure to measure calf and thigh lengths
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Sub-task 6 Input the calf and thigh measurements into the controller
Sub-task 7 Load the affected area of the imaginary patient on the main unit
Sub-task 8 Lock the main unit and check the lock menu on the controller display
Sub-task 9 Set the initial position angle
Task 3. Active exercise
Sub-task 10 Set  the  angle  range  for  exercise  (flexion-30,  extension-110),  exercise

intensity (flexion-15, extension-15), and duration of exercise (20 min)
Sub-task 11 Start the exercise and pause after 3 min
Sub-task 12 Restart the exercise and finish after 3 min
Sub-task 13 Check the exercise record screen and return to the initial angle
Task 4. Passive exercise
Sub-task 14 Select  the  item area  (knee),  direction  (right),  method (passive),  and  type

(exercise) from the tablet home screen
Sub-task 15 Reset the length and position
Sub-task 16 Set the angle range for the exercise (flexion-30, extension-110), wait time

(10 s), exercise speed (5), and duration of exercise (20 min)
Sub-task 17 Start the exercise and pause after 3 min
Sub-task 18 Restart the exercise and finish after 3 min
Sub-task 19 Check the exercise record screen and return to the initial angle
Task 5. Active range of motion (ROM) measurement
Sub-task 20 Select the item area (ankle), direction (left), method (active), and type (ROM

measurement) from the tablet home screen
Sub-task 21 Reset the length and position
Sub-task 22 Start measuring the active ROM
Sub-task 23 Finish measuring the active ROM 
Sub-task 24 Check the active ROM measurement results on the screen and return to the

home screen
Task 6. Passive ROM measurement
Sub-task 25 Select the area (ankle), direction (left),  method (passive), and type (ROM

measurement) from the tablet home screen 
Sub-task 26 Reset the length and position
Sub-task 27 Set the angle range for the exercise (flexion-30, extension-110, and speed–5)
Sub-task 28 Start measuring the passive ROM 
Sub-task 29 Finish measuring the passive ROM 
Sub-task 30 Check the passive ROM measurement results on the screen and return to the

home screen
Task 7. Recorded exercise
Sub-task 31 Select the item (direction–left and type–recorded exercise) from the tablet

home screen
Sub-task 32 After starting the recording, instruct the patient to move the device
Sub-task 33 After completing the recording, edit the exercise portion to set it
Sub-task 34 Start the recorded exercise 
Sub-task 35 Finish 3 min after starting the recorded exercise
Sub-task 36 Check the exercise result screen
Task 8. Turn off the power
Sub-task 37 Turn the power off on the controller, then turn the power off on the main unit
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Surveys

Before  the  FGIs  were  conducted,  the  participants’  personal  information,  clinical  experience,
experience using similar medical devices, and their model names were investigated. After the FGIs,
satisfaction  surveys  of  the  Rebless  Pro  were  conducted  to  collect  the  quantitative  data.  The
satisfaction  survey  consisted  of  51  items  on  the  ease  of  using  the  UI  and  three  items  on
information comprehensibility and identifiability. The survey items were rated on a 5-point Likert
scale ranging from 1 (very difficult) to 5 (very easy).

Results

Participant characteristics

In the doctor group, clinical experience ranged from 1 year and 3 months to 2 years and 3 months.
Experience  in using similar medical devices ranged from 3 months to  >1 year. In the physical
therapist group, the clinical experience ranged from 7 to 28 years, and experience using similar
medical devices was >1 year for all members (Table 2). All members of both groups had experience
using electrically-powered orthopedic exercisers, such as MOTOmed and CPM, but all were using
the Rebless Pro for the first time. 

Table 2. General participant characteristics

No. Sex Age Experience Occupation
Experience using
similar  medical
devices

Name  of
similar
medical
device

1
Female 29 2 yr 3 mo Doctor

1  yr,  >  once  a
day

MOTOmed

2 Female 27 2 yr 3 mo Doctor 1 mo, once a day CPM
3 Male 26 2 yr 3 mo Doctor 6 mo, once a day MOTOmed
4 Female 28 1 yr 3 mo Doctor 4 mo, once a day MOTOmed
5

Male 25 1 yr 3 mo
Doctor 3  mo,  twice  a

day
MOTOmed

6
Female 51

28  yr  10
mo

Physical
therapist 

1  yr,  3  times  a
day

MOTOmed

7
Male 40 14 yr

Physical
therapist 

1 yr, once a day MOTOmed

8
Female 36 9 yr 10 mo

Physical
therapist 

1 yr, once a day MOTOmed

9
Female 32 9 yr 6 mo

Physical
therapist 

1 yr, once a day MOTOmed

10
Female 29 7 yr 3 mo

Physical
therapist 

1  yr,  3  times  a
day

MOTOmed,
CPM

No.: Number

Focus group interviews

From the FGIs, three key factors and seven sub-factors were derived as possible improvements to the
Rebless Pro. The three key factors were as follows: 1) product upgrades to ensure safety, 2) hardware
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and software improvements for convenience of use, and 3) improvement of the manual for better
identifiability and understanding of the information (Table 3). 

Table 3. Subjects of the focus group interview results
Subject Suggested Solution

(1)  Product  upgrade  to  ensure
safety

Improve the exterior
Fasten the device
Adjust the motor for exercise speed and resistance

(2)  Improvements  for
convenience of use

Improve the hardware UI 
Improve the software UI 

(3) Improvement  of  the manual
for  better  identifiability  and
understanding of the information

Input details about the intended patient group and
medical indications
Input details about device use and operation

UI: User Interface

Product upgrade to ensure safety

The  participants  prioritized  patient  safety  and  suggested  the  following  potential  risks  and
improvements to the Rebless Pro:

The exterior requires improvement as the device has a complex structure and accidents may be
caused through items getting caught on its exterior.
The device should be fastened to the table, but force applied by the therapist should allow it to slide
or move. The device should be secured using an anti-slip pad.
Patients may complain of pain because the speed of the basic exercise may be too fast. The initial
position angle should be adjusted while the device is being fitted. 
Movement speed needs to be more finely adjusted. 
The operating exercise speed should be shown on the controller display.
The basic resistance intensity of the device may be too high for the patient to counteract. 
There is a high likelihood of errors occurring during ROM measurement, and measurement range
errors may occur. 

Hardware and software improvements for convenience of use 

For user convenience and ease of use, the following hardware and software improvements to the
Rebless Pro were suggested:

The power (ON, OFF) button should be repositioned.
The emergency stop button should be repositioned, and separate buttons should be provided for the
patient and therapist. 
The material of the fastening strap where the device is secured to the patient should be changed.
Noise from the motor may interfere with the treatment of other patients. The motor noise should be
adjusted.
As this device is provided to the patient by medical staff, the wording of the instructions should be
improved to make it easier for patients to understand (instead of using medical terminology).
The  information  about  intensity  and  stiffness  sensitivity  is  provided  only  in  the  manual.  It  is
cumbersome to have to refer to the manual while using the device. A pop-up window with a summary
of each function should be added to the controller display.
Control icons, such as up and down arrows, should be presented more clearly on the display.
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Improvement of the manual for better identifiability and understanding of
the information

Participants  suggested  the  following  improvements  to  the  Rebless  Pro  manual  to  allow  better
identifiability and understanding of information by users:

Detailed information about the contraindications for intended patient groups, stages of life and age
groups, specific criteria for applicable patients, and the patient’s position when fitting the device
should be provided. 
With respect to use of the device, calf/thigh measurement criteria, exercise intensity criteria based on
Manual Muscle Test or Modified Ashworth Scale standards, and clear exercise speed criteria should
be provided. 

Satisfaction

The satisfaction survey findings on the ease of use of the UI showed that out of 51 items, 7 and 17
items scored ≤ 4 points in the doctor and physical therapist groups, respectively (Table 4).
The satisfaction survey findings on the identification and understanding of information showed that
out of three items, those that scored ≤ 4 points were none in the doctor group and two in the physical
therapist group (Table 5).

Table 4. Survey results on ease of use of the user interface

No
.

Survey item

Responses  from
rehabilitation
doctors

Responses  from
physical therapists

M SD M SD

1 Check the user manual 4.6 0.55 3.8 0.45
2 Check the exterior of the product 4.6 0.55 3.6 1.14

3

Connect the power cable plug to the
main  unit  connector  and  press  the
“ON”  sign  on  the  power  switch  to
turn on the device

4.6 0.55 4.6 0.55

4
Check the controller power and select
“Start exercise now”

4.6 0.55 4.4 0.89

5
Select  the  exercise  area,  direction,
method, and type from the controller
home screen 

4.8 0.45 4.4 0.89

6
Unlock the main unit  and check the
lock menu on the controller display

4 1.00 3.8 1.30

7
Use a  tape  measure  to  measure  calf
and thigh lengths

4 0.71 3.2 1.30

8
Input the calf and thigh measurements
into the controller

4.6 0.55 3.4 1.34

9
Load  the  affected  area  of  the
imaginary patient on the main unit

4.2 0.84 3.8 1.30

10 Set the initial position angle 4 0.71 3.4 0.89
11 For active exercise,  select  “Start  the 4.6 0.55 4.2 0.84

https://preprints.jmir.org/preprint/60607 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hong et al

test” 

12
For  active  exercise,  select  “Start
exercise on completion” 

4.6 0.55 4.2 0.84

13
For  active  exercise,  set  the  angle
range for active exercise

4.4 0.89 4.0 1.22

14
For active exercise, set the pace for a
single session

4.2 0.84 4.2 0.84

15
For  active  exercise,  set  the  exercise
intensity

4 0.71 4.4 0.55

16
For active exercise, set the duration of
exercise

4.6 0.55 4.4 0.55

17
For  active  exercise,  select  “Start
exercise” 

4.8 0.45 4.4 0.55

18 For active exercise, select “Pause” 4.6 0.55 4.4 0.55

19
For  active  exercise,  select  “Finish
exercise” 

4.8 0.45 4.4 0.55

20
For active exercise, check the exercise
result screen

4.8 0.45 4.4 0.89

21
For  passive  exercise,  select  the
exercise area,  direction,  method, and
type from the controller home screen 

4.6 0.55 4.4 0.89

22
For  passive  exercise,  set  the  length
and position 

4.6 0.55 3.8 1.30

23
For  passive  exercise,  set  the  angle
range for exercise

4.4 0.89 4.2 0.84

24 For passive exercise, set the wait time 4.8 0.45 4.2 0.84

25
For passive exercise, set the exercise
speed

4.6 0.55 4.2 0.84

26
For passive exercise, set the duration
of exercise

4.6 0.55 4.2 0.84

27
For  passive  exercise,  select  “Start
exercise”

5 0.00 4.2 0.84

28 For passive exercise, select “Pause” 4.8 0.45 4.2 0.84

29
For  passive  exercise,  select  “Restart
exercise”

4.8 0.45 4.2 0.84

30
For  passive  exercise,  select  “Finish
exercise”

5 0.00 4.2 0.84

31
For  passive  exercise,  check  the
exercise result screen

4.8 0.45 4.4 0.89

32

For  active  range  of  motion  (ROM)
measurement, select the exercise area,
direction, method, and type from the
controller home screen

4.2 0.45 4.4 0.89

33
For active ROM measurement, set the
length and position

4 0.71 3.4 1.52

34 Start active ROM measurement 3.6 1.14 4.0 1.00
35 Finish active ROM measurement 3.8 0.84 4.0 1.00

36
For active ROM measurement, check
the test result screen

4.4 0.55 4.4 0.89
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37

For  passive  ROM  measurement,
select  the  exercise  area,  direction,
method, and type from the controller
home screen

4.4 0.55 4.4 0.89

38
For  passive  ROM  measurement,  set
the length and position

4.4 0.55 3.4 1.52

39
For  passive  ROM  measurement,  set
the angle range for exercise

4.4 0.55 3.8 1.30

40 Start passive ROM measurement 4.4 0.55 4.0 1.00
41 Finish passive ROM measurement 4.4 0.55 4.0 1.00

42
For  passive  ROM  measurement,
check the test result screen

4.4 0.55 4.4 0.89

43
For  recorded  exercise,  select  the
exercise  direction and type from the
controller home screen

4.4 0.55 4.2 0.84

44
For recorded exercise,  set  the length
and position

4.4 0.55 4.2 0.84

45
For  recorded  exercise,  select  “Start
recording”

4.4 0.55 4.2 0.84

46
For recorded exercise,  select  “Finish
recording” 

4.4 0.55 4.2 0.84

47
For  recorded  exercise,  edit  the
recorded exercise portion

4.4 0.55 3.8 1.30

48
For recorded exercise, set the duration
of exercise

4.4 0.55 4.2 0.84

49
For recorded exercise, start and finish
the exercise

4.4 0.55 4.2 0.84

50
Stop  operating  the  main  unit  and
controller

4.4 0.55 4.4 0.55

51
Press  the  “OFF”  sign  on  the  power
switch to turn off the device 

4.6 0.55 4.6 0.55

M: Mean, SD: Standard Deviation, No.: Number

Table 5. Survey results on identifiability and understanding of information 

No
.

Survey item

Responses  from
rehabilitation
doctors

Responses  from
physical therapists

M SD M SD

1
Were you able to clearly see the exterior
markings  on  the  product  (e.g.,  label,
button signs, etc.)? 

4.4 0.55 3.0 2.00

2
When  using  the  controller,  were  you
able  to  check the operational  status  of
the screen? 

4.6 0.55 4.4 0.89

3 Was the user manual helpful? 4.4 0.55 3.8 0.45
M: Mean, SD: Standard Deviation, No., Number
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Discussion

Principal Results

A formative evaluation is a usability evaluation performed to improve the design of a medical device
under development. To gain qualitative and quantitative insights into the course of the development
of  the  Rebless  Pro,  an  electrically-powered  orthopedic  exerciser,  a  formative  evaluation  was
conducted.  This  was  achieved  using  FGIs  and  satisfaction  surveys  with  rehabilitation  medicine
professionals who had experience using other electrically-powered orthopedic exercisers. 
FGIs enable individuals to freely express their own experiences and engage in discussions using not
only their own knowledge but that of others, thereby providing diverse perspectives and detailed
information  on  a  specific  topic  [10].  Moreover,  FGIs  are  used  to  identify  and  analyze  expert
responses  as  experts  share  information  and  experience  in  using  a  particular  product  or  service.
Therefore, FGI findings may be used to develop or improve products and services [17]. 
Motorized medical devices can cause unintended  movements by the patient or user, potentially
leading  to  discomfort  or  injury  [18].  Because  the  operator  of  the  Rebless  Pro  is  a  medical
professional and the user is a patient, the participants in this study prioritized patient safety and
presented opinions on improvement of the exterior structure of the device and upgrades to the device
fastening, exercise speed, and resistance strength.  These points suggest  that  patient and operator
safety is crucial when designing a rehabilitation device and that the product should be upgraded to
ensure safety. 
A previous study mentioned that devices using robotic technology should be equipped with at least
one emergency stop button that is easily accessible to the user [19], and another study reported that
an emergency stop system should be installed to prioritize user and patient safety in the event of
device malfunction or user error  [20]. On the basis of their own experience using similar medical
devices  and the  product  demonstration,  the  participants  in  our  study indicated  the  need for  the
emergency button to be redesigned and repositioned so that it  would be more visible and easily
accessible to medical staff or patients in the event of an emergency. Consequently, we determined
that the emergency stop system of a medical device has a direct impact on the ability to prevent
device malfunction and that it plays an important role in ensuring device safety and efficacy.
The Rebless Pro is operated mostly by medical staff; however, the patient is the primary wearer of
the device. Therefore, the participants suggested that the wording of the manual should consist of
terms  that  can  be  easily  understood  by  the  patient,  rather  than medical  terminology.  This  is
consistent with findings of a previous study that reported that the ability to operate the device quickly
and accurately is important; however, it is also important that the UI be written in simple terms to
enable the user to use the device intuitively and consistently [21]; these findings suggest  that the UI
design should consider the use by novices. 
From an ergonomic perspective,  the medical  device design should consider  not  only convenient
usability but also possible injuries due to repeated strain and physical defects of individuals  [22].
The key to the CPM is its ability to deliver the same movement as the actual human body through
human lower-extremity ROM and accurate alignment [23]. As in previous studies, the need to mark
the joint ROM and axes on the surface of the medical device was suggested in this study as an area
of improvement for electrically-powered orthopedic exercisers, considering the individual physical
factors of each patient.
The user manual of a medical device is important not only for usability but also for identifying and
understanding information  [24].  The user manual  explains device operation,  maintenance,  and
troubleshooting, which can potentially affect patient safety [25]. The participants in this study also
requested specific information regarding specific operating standards and clear information about the
intended patient groups, including contraindications and applicable age. Based on previous and the
present studies, the construction of a high-quality user manual is essential for the effective use of the
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device. 
It is believed that the satisfaction survey results showed an average score of ≥ 4 points for most items
regarding ease of use of the UI because data were collected on the basis of product demonstration.
The  findings  also  showed  that  satisfaction  with  information  identification  and  degree  of
understanding were lower in the physical therapist group than in the doctor group. In rehabilitation
medicine,  doctors  and physical  therapists  form a collaborative,  multidisciplinary  team;  however,
rehabilitation doctors are responsible for establishing the overall treatment plan, whereas physical
therapists specialize in assessing motor problems and providing rehabilitation training [26–28]. The
satisfaction  scores  may  have  been  lower  for  physical  therapists  than  for  rehabilitation  doctors
because physical therapists assigned scores for identification and understanding of the Rebless Pro
on the basis of their own experience. These findings confirm that when developing a medical device,
the intended users should be clearly defined so that they can satisfy the information identifiability
and understanding requirements.
Because continuous formative evaluations of improved medical devices are important to ensure their
efficacy [29], repeated formative evaluations are required for  the commercialization of  our high-
quality electrically-powered orthopedic exerciser. Improving the UI to reduce errors that may cause
serious harm is recommended to enhance device efficacy and safety.

Limitations

Owing to the nature of rehabilitation devices, both the medical staff who use the device to provide
rehabilitation therapy and the patients who receive the therapy are considered users. One limitation
of  this  study  is  that  it  did  not  include  patients  who  were  potential  users  of  the  Rebless  Pro.
Nonetheless, the participants in this study, consisting of healthcare professionals in the field of
rehabilitation medicine, also presented their opinions from the patient’s perspective. 

Conclusions

If improvements are made considering the safety of the electrically-powered orthopedic exerciser,
information  identifiability  and understanding,  and ease  of  use  according  to  the  risk  factors  and
identified areas of improvement of the UI, the device can be developed to meet the needs of its users.
Repeated  formative  evaluations  that  include  diverse  user  groups  selected  on  the  basis  of  the
characteristics of the rehabilitation device and the execution of necessary improvements should lead
to a summative evaluation of the final product and meet the device development regulations. Such
efforts are expected to lead to the commercialization of an electrically-powered orthopedic exerciser
that considers safety and convenience of use by actual users. 

Acknowledgements

This  study  was  supported  by  the  National  Rehabilitation  Center  Rehabilitation  Research  &
Development Support Program funded by the Ministry of Health and Welfare (NRCRSP-24TB01).

Conflicts of Interest

None declared.

Abbreviations

CPM: continuous passive motion 
NRC: National Rehabilitation Center 
ROM: range of motion
UI: user interface

https://preprints.jmir.org/preprint/60607 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hong et al

FGI: focus group interview

References

1. Grob A. Setting standards: the IEC 60601 series: quick-use guide. Biomed Instrum Technol
2020;54(3):220-222. doi: 10.2345/0899-8205-54.3.220.

2. Mayhew DJ, editor. Principles and guidelines in software user interface design. Prentice Hall,
1992.  Accessed:  Apr  03,  2024  [Online].  Available  at
http://archive.org/details/principlesguidel00mayh

3. Nielsen J. Usability engineering. Boston: Academic Press; 1993. ISBN 0-12-518406-9 
4. Donawa, ME. European medical device usability requirements. Eur Med Dev Tech 2011;2:12-

14. https://www.donawa.com/wp-content/uploads/2019/06/EMDT-Jun11-Usability.pdf
5. Steffen A, Hientzsch DA. Software-based risk management documentation for medical devices.

Biomed  Tech  (Berl)  2013;58  Suppl  1:/j/bmte.2013.58.issue-s1-J/bmt-2013-4236/bmt-2013-
4236.xml. doi: 10.1515/bmt-2013-4236. 

6. Whitworth E, Lewis JA, Boian R, Tremaine M, Burdea G, Deutsch JE. Formative evaluation of
a  virtual  reality  telerehabilitation  system  for  the  lower  extremity.  Proceedings  of  the  2nd
International Workshop on Virtual Rehabilitation. PRESENCE Virtual and Augmented Reality
2005;14(2):198-213. doi:10.1162/1054746053967030

7. IEC. 62366-1: 2015 Medical devices—Part 1: application of usability engineering to medical
devices. Int Electrotech Comm. IEC Geneva, 2015.

8. Ravizza A, Lantada AD, Sánchez LIB, Sternini F, Bignardi C, editors. Techniques for usability
risk  assessment  during  medical  device  design.  Proceedings  of  the  12th  International  Joint
Conference on Biomedical Engineering Systems and Technologies.  Accessed:  Apr 04,  2024
[Online]. Available at https://www.scitepress.org/Papers/2019/74831/74831.pdf

9. Jeon HI. Heuristic evaluation method for digital radiography acquisition software. J Appl Clin
Med Phys 2016;17(6):343-355. doi: 10.1120/jacmp.v17i6.6082.

10. Krueger  RA,  editor.  Focus  groups:  A  practical  guide  for  applied  research;  2014.  Sage
publications. Accessed: Apr 03, 2024 [Online]. Available at https://books.google.co.kr/books?
hl=ko&lr=&id=8wASBAAAQBAJ&oi=fnd&pg=PP1&dq=Krueger,+R.+A.,+%26+Casey,+M.
+A.+(2014).+Focus+group:+A+practical+guide+for+applied+research.+Los+Angeles,+CA:
+Sage&ots=XgbHCt9LrQ&sig=eeb2fNAoEoGFBARD8sMEMfKDAmU

11. Porras-Martínez  E,  López-Matas  H,  Lobo-Prat  J,  Kreamer-Tonin  K,  Carnicero-Carmona  A,
Tolrà-Campanyà  M,  Pérez-Cañabate  F,  Estay-Girardi  J,  Samitier-Pastor  B,  editors.  Safety,
performance  and  user  satisfaction  study  of  the  new  ABLE  lower-limb  exoskeleton  for
individuals with SCI: the result  of a co-creation process with clinicians and patients;  2023.
Accessed:  Apr  03,  2024  [Online].  Available  at  https://www.researchsquare.com/article/rs-
3199890/latest

12. Santiago GB, Aiquipa WA, Santiago MB, Fuentes A, Orbegozo CV, Saavedra DM, Rivera SA,
Masias  EF,  editors.  Electromagnetic  compatibility  tests  and  informed  consent,  in  the
development of research on biomedical equipment design. Proceedings of the 5th International
Conference on Communication and Information Processing, Chongqing China; 2019 Nov. doi:
10.1145/3369985.3371674.

13. Ministry of Food and Drug Safety. Regulations on medical device items and rating by item.
2023 [Online]. Available: https://www.law.go.kr/

14. Salter RB, Hamilton HW, Wedge JH, Tile M, Torode IP, O'Driscoll SW, Murnaghan JJ, Saringer
JH.  Clinical  application  of  basic  research  on  continuous  passive  motion  for  disorders  and
injuries  of  synovial  joints:  a  preliminary  report  of  a  feasibility  study. J  Orthop  Res
1984;1(3):325-42. doi: 10.1002/jor.1100010313. 

https://preprints.jmir.org/preprint/60607 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hong et al

15. Issa A, Mohammad OAA, Ghaben S, Abu Asad A, Eldahdooh K, Alastal S, Bratanov D, editors.
Build and control of a continuous passive motion device using mobile application and Arduino.
2019 International Conference on Promising Electronic Technologies (ICPET); 2019 Oct. doi:
10.1109/ICPET.2019.00012.

16. Tagami M, Hasegawa M, Tanahara W, Tagawa Y. Prototype of a continuous passive motion
device for the knee joint with a function of active exercise. J Robot Mechatron 2022;34(1):28-
39. doi: 10.20965/jrm.2022.p0028.

17. Kim DW, Woo JH, Jang WH, Lee YH, Kim JB. Qualitative study on manual/electric wheelchair
user experience in participation in leisure activities. Korean J Occup Ther 2021;29(4):165-179.
doi: 10.14519/kjot.2021.29.4.11. 

18. Baek S, Park SW. Parallel safety control system for upper-limb rehabilitation robot considering
user  safety.  Trans  Korean  Inst  Electr  Eng 2022;71(3):175-183.  doi:
10.5370/KIEEP.2022.71.3.175.

19. Ahn SJ, Yuk SW, Yu WJ, Moon IH. A study on standard for safety requirements for care robots.
J Rehabil Welf Eng Assist Technol 2022;16(4):190-195. doi: 10.3233/SHTI230596.

20. Miclăuş T, Valla V, Koukoura A, Nielsen AA, Dahlerup B, Tsianos GI, Vassiliadis E. Impact of
design  on  medical  device  safety.  Ther  Innov  Regul  Sci  2020;54(4):839-849.  doi:
10.1007/s43441-019-00022-4.

21. Kim AJ, Kweon OS, Lee BJ. An IEC 62366-based case study of a user interface design process
for a rehabilitation device. Oct, 2017. doi: 10.7945/C2Q968.

22. Shin  TS,  Jung  DS.  A study  on  usability  of  rehabilitation  medical  equipment;  focused  on
stationary  training  equipment.  Journal  of  Industrial  Design  Studies  2017;11(1):85-93.  doi:
10.37254/ids.2017.03.39.09.85.

23. Kim KJ, Kang MS, Choi YS, Han J, Han C. Conceptualization of an exoskeleton continuous
passive  motion  (CPM)  device  using  a  link  structure.  IEEE  Int  Conf  Rehabil  Robot
2011:2011:5975494. doi: 10.1109/ICORR.2011.5975494.

24. Andrade FO, Nascimento LN, Wood GA, Calil SJ.  Applying heuristic evaluation on medical
devices user manuals. World Congress on Medical Physics and Biomedical Engineering; 2015
June 7-12, 2015, Toronto, Canada, vol. 51, DA Jaffray, Ed., in IFMBE Proceedings, vol. 51.,
Cham: Springer International Publishing, 2015, pp. 1515-1518. doi: 10.1007/978-3-319-19387-
8_368.

25. Abbate AJ,  Throckmorton AL, Bass EJ.  Using formal  task analytic  models to  support user
manual development: an LVAD case study. Proc Int Symp Hum Factors Ergon Health Care
2015;4(1):114-117. doi: 10.1177/2327857915041039. doi: 10.1177/2327857915041039.

26. Tederko P, Mycielski J, Angerova Y, Denes Z, Grabljevec K, Ilieva E, Ilieva A, Moslavac S,
Popa D, Takac P, Krasuski M, Tarnacka B. Role of diversity in assembling of rehabilitation
teams in Central Europe. Eur J Phys Rehabil Med 2020;56(2):131-141. doi: 10.23736/S1973-
9087.20.05904-3. 

27. Momsen AM, Rasmussen JO, Nielsen CV, Iversen MD, Lund H. Multidisciplinary team care in
rehabilitation:  an  overview  of  reviews.  J  Rehabil  Med  2012;44(11):901-12.  doi:
10.2340/16501977-1040.

28. Singh  R,  Küçükdeveci  AA,  Grabljevec  K,  Gray  A.  The  role  of  interdisciplinary  teams  in
physical  and  rehabilitation  medicine.  J  Rehabil  Med  2018;50(8):673-678.  doi:
10.2340/16501977-2364.

29. Markiewicz K. Health technology assessment of medical  devices  during development.  2017,
Accessed:  Apr  03,  2024  [Online].  Available  at
https://research.utwente.nl/en/publications/health-technology-assessment-of-medical-devices-
during-developmen

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/60607 [unpublished, non-peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript

