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Background  As interest in personal health continues to increase in Korea due to 
improved income levels and five-day workweek, individual participation in sports 
activities has increased. Because participants often fail to warm up properly, wear 
protective gear, or exercise in moderation and lack training in proper sports skills, the 
risk of spinal injuries among such sports participants has grown as well. Furthermore, 
due to a rise in average life expectancy and drop in birth rates, Korea is becoming an aged 
society faster than any other country. People with motor difficulties, the aged and the 
disabled are at greater risk of injury when exercising and are prone to degenerative or age-
related diseases resulting from a decline in their physical functioning. Therefore, there is 
a growing need for spinal stability rehabilitation exercise machines that are not physically 
demanding and are easy and safe to use. A concurrent need also exists to increase the will 
of those suffering from spinal diseases and injuries to rehabilitate while not depending 
on surgery while at the same time improving public perception of surgical option for 
treating spinal diseases. Thus, the development of health care systems and device designs 
are necessary.

Method  This study carried out the following research process for the development of 
design for a posture balancing and spinal stabilizing health care rehabilitation exercise 
system. First, the status and problems associated with domestic and foreign posture 
balancing products and spinal stabilization health care rehabilitation exercise systems 
were examined. Second, based on two product analyses for designing, two rounds of 
idea sketches evaluated and a design was proposed using 3D modeling. The proposed 
designs then underwent PPP (product performance program) evaluations using the ten 
evaluation criteria from a universal design perspective to select the most ideal design. The 
selected designs were used to produce a prototype through device designs and posture 
balance and spinal stabilization body effects evaluations were conducted to verify whether 
the developed products were effective for posture balancing and spinal stabilization 
rehabilitation exercises through the final stage of clinical testing.

Results  Initial product analysis results show that a health care rehabilitation trainer for 
posture balance and spinal stabilization should be designed with consideration given to 
the areas of structure, aesthetic, functions and use.

A second product analysis shows that the current market trend is toward voluminous and 
curved forms with color combinations of black, grey and white.

The design finally decided through PPP evaluations were produced as prototypes, which 
then underwent clinical evaluations. Clinical test results show that the backbone erector 
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muscle and rectus abdominus, which are related to the lumbar joint, were strengthened. 
Therefore, through treatment and training using this product, it is judged that the 
product will produce rehabilitation training effects for spinal stability and posture 
balance.

Conclusion  In order to carry out this study based on objective and quantifiable data, 
design factors were extracted based on theoretical considerations and two user-oriented 
tests. The extracted data was used to create the design and the optimal design was selected 
through PPP evaluation. In addition, clinical evaluations were conducted by producing 
prototypes and it was judged that the device was effective in improving spinal stability 
and posture balance.

Three achievements were made through this research.

First, this study is on medical rehabilitation device designs and it found user needs 
through user-oriented experiments. Based on this, various designs were proposed. These 
designs underwent PPP evaluations by experts in various sectors using ten universal 
design factors, and the health care rehabilitation trainer for posture balance and spinal 
stabilization design that best applied the universal design factors was selected.

Second, clinical tests were conducted on the final design by producing a prototype. It 
was proven that carrying out rehabilitative training with this product strengthens the 
backbone erector muscle and rectus abdominus related to the lumbar joint, making it 
effective for posture balance and spinal rehabilitation training. This step ensured the 
safety and reliability of this research.

Lastly, this study focuses on user-oriented process for developing the design for a health 
care device that combines design, engineering and medicine. It has value as convergence 
design research and can be used for similar design developments.

Furthermore, user-oriented health care device design development cases that complete 
product verification through clinical evaluations can be used for developing similar 
designs.

Because the clinical evaluations conducted for this study did not employ senior citizens, 
the disabled, and patients with spinal ailments, it should be supplemented in the future 
through design usability evaluations and clinical evaluations.
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1. Introduction

1.1. Background and Purpose of Research

Due to the increase of average life expectancy and drop in birth rates, 

Korea is entering the aged society faster than any other country. 

According to a press release by Statistics Korea in 2008 titled 'World 

and Korean Populations', compared to the population between 15 and 

64 years of age in Korea, the percentage of those over 65 years of age is 

expected to increase to 72% in 2050 compared to 15% in 2010.

In such aging society, health care products are, unlike general products 

for improving health, for exercise therapy for quick recovery of patients 

with various elements that interfere with their daily lives and for 

disabilities due to various diseases. Degenerative diseases or age-related 

diseases due to lower physical functions because of aging or disabilities 

can easily appear for the aged or persons with disabilities who have motor 

difficulties making it difficult to exercise or have risk of injury during 

exercise. The aged or disabled need exercise that strengthens muscular 

strength or balancing abilities. However, it is difficult for them to 

exercise alone and need assistance from others, and they are at high risk 

of accidents while exercising, and therefore, they tend to lack exercise. 

Due to such reasons, they need health care systems and devices that can 

let them exercise easily and safely without having too much physical 

burdens.

According to a study by Jaseng Hospital of Oriental Medicine (2007) 

on 40,000 back disk patients from January 2005 to May 2007, leisure-

type disk patients that accounted for 19% of total disk patients in 2005 

rose to 26% in 2006 and 28% in 2007. With increased income levels 

and five-day work weeks, there has been a continued increase in personal 

health and more participation in sports activities. However, due to lack 

of warming up, lacking exercise skills, excessive exercise, and lacking 

protective equipment, there has been a proportionate increase in back 

injuries.

According to the Korea Consumer Agency in 2004, in proportion 

to the increase of spinal surgery, there has been an increase in medical 
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disputes. Furthermore, with the growing negative perception of surgery 

among spinal injury patients and the growing will to rehabilitate 

without depending on surgery, there has been an increase in demand for 

rehabilitation exercise devices.

Therefore, this study aims at identifying design factors and problems 

through experience of existing products from the perspective of health 

care design for senior citizens, the disabled and patients requiring spinal 

rehabilitation, while suggesting the direction for a new rehabilitative 

exercise system design development for posture balancing and spinal 

stabilization.

1.2. Range and Method of Research

Figure 1  Research Process

This study carried out the following research processes for the 

development of posture balancing and spinal stabilizing health care 

rehabilitation exercise system design. First, the status and problems 

with domestic and foreign products on posture balancing and spinal 

Extraction of  

Product Features 

and Components

•�Experience posture balancing and spinal stabilization health 

care rehabilitation exercise products and extract product 

features and components through association rules

Form, Color and 

Trend Study of 

Product

•�Select samples from 51 products of top 5 sales companies

•�Identify product form, color, design and trends through cluster 

analysis and color analysis

Product Market 

Analysis

•�Status of posture balancing and spinal stabilization health 

care rehabilitation exercise products

•�Problems of posture balancing and spinal stabilization 

healthcare rehabilitation exercise products

Designing
•�Decide design through two idea sketch evaluations and then 

propose design through 3D modeling

Design Evaluation
•�Design evaluation analysis through Product Performance 

Program and select final design

Production of  

Prototype
•�Product prototype through device design

Clinical Evaluation
•�Conduct evaluation on body impact for posture balancing and 

spinal stabilization
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stabilization health care rehabilitation exercise systems were examined. 

Second, based on two product analysesfor designing, idea sketch 

evaluations were conducted twice and a design was proposed using 

3D modeling. The proposed designs then underwent PPP (product 

performance program) evaluations using the ten evaluation items from a 

universal design perspective to select the most ideal design. The selected 

designs were used to produce a prototype through device designs and 

posture balance and spinal stabilization body effects evaluations were 

conducted to verify whether the developed products were effective for 

posture balancing and spinal stabilization rehabilitation exercises through 

the final stage of clinical testing.

2. Product Market Analysis

2.1.	�Status of Posture Balancing and Spinal Stabilization 

Health Rehabilitation Products

Recently in the health care sector, with convergence of rehabilitation 

medicine, IT technologies and the sports sector, various types of new 

products have been developed. In particular, the intelligent rehabilitation 

exercise device industry, which integrates IT technologies and biomedical 

engineering, has developed not only as exercise devices for health, but so 

that it can play diverse roles such as posture balancing and improvement 

of muscular strength for the elderly, disabled and persons who recently 

underwent surgical operations.

Currently, the posture balancing and spinal stabilization rehabilitation 

exercise system devices among health care rehabilitation systems are led 

by four domestic/foreign products in the Korean spinal rehabilitation 

market. 3D-Netwon is being produced as a product by a Korean 

company, but it falls behind in terms of advanced technologies of the US, 

France and Germany. Moreover, various clinical evaluations on training 

techniques applied to users were not made. There is no related database 

so research and technological development on this is urgently needed.
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Table 1  Domestic/Foreign Product Status

2.2.	�Problems of Posture Balancing and Spinal Stabilization 

Health Care Rehabilitation Exercise Products

Normally, the elderly are limited in their activities and have physical 

problems due to the decline of physical functions. As one grows older, 

their physical size becomes smaller than young adults and there are 

changes in their skeleton, while also experiencing difficulties in adjusting 

muscular motion due to a drop in stamina and hardening of joints. 

Due to such reasons, senior citizens have difficulty in motion, causing 

them move slowly, while having difficulty in sitting down, standing 

up and turning around. Thus, they feel discomfort in daily life and 

Section
Medex

(US)

Huber

(France)

3D-Centaur

(Germany)

3D-Newton

(Korea)

Model

Overview

•�Good muscular 

strength 

functions, but 

need a number 

of additional 

equipment

•�No 3 dimensional 

muscular training 

effect

•�Requires large 

area and high 

expenses for 

installation

•�Low detailed 

muscular effect 

as desired

•�Selective therapy 

not available

•�Back and 

buttocks,

•�Chest, thoracic 

vertebra, cervical 

vertebra not 

available

•�Fastens waist and 

inclines in wanted 

direction in 3D to 

strengthen spinal 

erector muscle

•�Separated 

therapy per part 

not available

•�Limited shoulder, 

thoracic and 

cervical vertebra 

therapy

Posture 

Balance 

Exercise Mode

N/A N/A N/A N/A

Muscular 

Strength 

Measurement

Yes

(Measure simple 

muscular strength)

N/A

Yes

(Subjective 

measurement by 

therapist)

N/A

Price

200 million to 1 

billion won

(depending on 

options)

80 million won 120 million won 75 million won
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easily feel fatigue, while also having a smaller range of activity. Their 

decline of balancing abilities also increases their risk of falling. Because 

of such reasons, posture balancing and spinal stabilization exercises 

are being carried out mainly at rehabilitation clinics to prevent falling 

of the elderly. However, it has compound exercise effects such as 

enhancing muscular strength, trunk muscles, as well as improving the 

sense of balance. According Jung (2013), however, when examining the 

posture balancing and spinal stabilization rehabilitation exercise devices 

launched until now, it is difficult to motivate patients and the elderly for 

rehabilitation when using the rehabilitation system devices. Furthermore, 

users feel anxiety, lowering exercise effects, while the unfriendly designs 

unique to medical devices cause a sense of repulsion to users. In addition, 

as seen in the contents of <Table 1>, existing products are effective for 

improving muscular strength and trunk muscle strength, but there is 

no training to improve posture balancing abilities to enhance balance. 

Therefore, muscular strength improvement and posture balancing 

training is necessary for effective rehabilitation training of patients in 

spinal rehabilitation or with paraplegia.

3. Product Analysis

3.1. Extracting the Features and Components of Products

In the first product analysis, five design majors and five general persons 

visited the Chonbuk National University health center and examined 

the development direction and features of existing posture balancing and 

spinal stabilization health care rehabilitation product. By experiencing 

the posture balancing and spinal stabilization health care rehabilitation 

product in the center and applying association rules for analysis, the 

product features and components were extracted.
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Table 2  1st Product Analysis Method

Figure 2  Posture Balancing and Spinal Stabilization Health Care Rehabilitation 

Device Experience

According to the results of the association rules study, the items 

perceived by all participants were categorized into the following 23 items 

as shown in <Table 3>. Important items include repulsion against the 

form, adjustment of monitor position and angle, difficult to adjust bed 

and screws, and complexity to use.

Date November 2012

Place Chonbuk National University Health Care Center

Subjects 5 design majors, 5 general population

Product Space Balance 3D, made in Cyber Medic

Method

Experience product, followed by association rules analysis

(The association rules analysis is a data mining technique 

that measures association levels of products and users to find 

elements with high association and to group them.)
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Table 3  Results of Association Rules Examination

Figure 3  Posture Balancing and Spinal Stabilization Health Care Rehabilitation 

Device Experience Evaluation Results

Upon grouping similar meanings by arranging <Table 3> of 

the evaluation results, it can be categorized into the following four 

perspectivesas shown in <Figure 3>. For the structural aspect (29.3%), 

Problems of Posture Balancing and Spinal Stabilization Health Care Rehabilitation 

Devices

•�Difficult to control.

•�Limited adjustment of foothold angle.

•�Protruding screw bringing down its 

appearance.

•�Posture is made unstable.

•�Too much work to adjust the foot area.

•�Distance between monitor and user 

too far.

•�Looks too stiff giving an overall 

repulsion against the product.

•�Despite tightening the foothold and 

screw, it feels unstable.

•�Control area is too heavy and big, and 

because it is detachable using screws, 

it is not appropriate for patients and 

the elderly.

•�Hard to operate such as entering data 

making it uncomfortable.

•�Monitor's angle is not adjustable.

•�Operation buttons are not familiar.

•�Operation parts are too densely 

arranged making it uncomfortable to 

use.

•�The fastening ring for the waist is done 

by using screws, but the gaps are 

too wide making it difficult to fasten 

properly.

•�The movement angle adjustment 

method has a protruding screw making 

it dangerous and the angle adjustment 

is too limited.

•�No part that supported by hands so it 

is hard to balance.

•�Difficult to adjust length and height.

•�Mechanical form is repulsive.

•�Bed does not fit physical conditions.

•�Dif f icul t  to  stand up when f i rst 

preparing. 

•�The part that supports heel is too large 

and hard.

•�Structural parts are exposed giving it a 

sense of repulsion.

•�Uncomfortable to get on and off.
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help from two or more people are needed for getting on and off the 

device, and the structural issue that did not take into consideration the 

individual physical ages of the users were the biggest issues. From an 

aesthetic aspect (24.5%), it was studied that it could be repulsive for 

users during rehabilitation exercise due to the cold and heavy material, 

form and color. From the usage aspect (22.3%), when using the device, 

it was found that users felt anxiety, lowering the exercise effects. From 

a functional aspect (19.2%), it was found that the position, size and 

operation of the functional factors such as the monitor, handle and 

fastening screws were uncomfortable.

3.2. Product Form and Color Trend Examination

In the second product analysis, 51 products from the top 5 companies 

in sales in 2011 were selected as samples to examine the form and 

color trends of posture balancing and spinal stabilization health care 

rehabilitation exercise productsas shown in <Figure 4>.

Figure 4  Selection of Posture Balancing and Spinal Stabilization Health Care 

Rehabilitation Device Samples
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Table 4  2ndProduct Analysis Method

Figure 5  Cluster Analysis Experiment via Individual Interviews

Five design majors and five health care device experts conducted 

clusteranalysis through individual interviews for the selected samples.Ten 

experts grouped the 51 samples with similar features and then a group 

analysis was conducted using the SPSS statistics program.Analysis results 

using SPSS statistical analysis were mainly made up of voluminous and 

curved products, and 64.3% of the products were a combination of 

black, grey and white colorsas shown in <Figure 6>.

Figure 6  Results of Product Form and Color Trends

Date December 2012

Subjects 5 design majors, 5 health care experts

Method

Survey through individual interviews and cluster analysis using 

SPSS statistics analysis program

(The cluster analysis is an analysis technique that groups 

samples with similar characteristics by similarity or distance in 

order to identify the features of each group.)
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4. Designing

4.1. Design Concept

Upon identifying and analyzing the product status, based on the contents 

conducted in the first and second experiments, the design concept for 

the posture balancing and spinal stabilization health care rehabilitation 

device was set as following.

From the structural aspect, up and down adjusting slide and hip 

fastening device modules to take into consideration individual physical 

difference; from an aesthetic aspect, voluminous and curved form with 

a combination of black, grey and white; from a user aspect, a muscular 

strength and motion angle sensing module' and from the functional 

aspect, self-diagnosis and administration through feedback on amount 

of exercise when using it for improving physical capacities were applied. 

It was given a universal design that placed utmost priority on safety and 

convenience of use for the elderly, disabled and patients with spinal 

ailments, while also designing it from the user's perspective so that they 

may feel physical stability.

4.2. Idea Sketch and 3D Modeling

It was sketched focusing on the concept deduced through the 

experiment, and idea sketch evaluations were conducted two times. Also, 

ten design majors and ten health care experts made multiple votes to 

summarize them into twelve sketches, and 3D modeling was conducted 

for these concepts.

Table 5  Selection of Idea Sketches

Date January 2013

Subjects 10 design majors, 10 health care experts

Method
Multiple voting 2 times

(placed stickers on preferred designs)



41    www.aodr.org

Figure 7  2 Idea Sketch Evaluations

Figure 8  Concept by Idea Sketch

Figure 9  3D Modeling of 12 Concepts
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5. Design Evaluation

The PPP (Product Performance Program) evaluation was made for the 12 

modeling designs by 10 designers, 10 health care experts, and 10 other 

related persons using the 7 principles and 3 sub-principles for universal 

design (usability, flexibility, immediacy, functionality, safety, stability, 

spatiality, economics, aesthetics, generality)as shown in <Table 7>.

Table 6  PPP Evaluation

Table 7  PPP Evaluation Items

Of the various factors that make up the product, the questions on 

'which part is convenient to use and how much' and 'what kind of 

Date February 2013

Subjects
10 design majors, 10 health care experts, 10 other related 

persons

Method

PPP evaluation 

(Evaluation item: 7 principles and 3 sub-principles of universal 

design)

7 Principles, 3 Sub-principles of Universal Design

Principle 1 Is it a design that anyone can easily use? Usability

Principle 2 Is it a design that procured flexibility for use? Flexibility

Principle 3
Is it a design in which immediate use is 

possible?
Immediacy

Principle 4
Is it a design that considers conveyance of 

information?
Functionality

Principle 5
Is it a design that prevents accidents and 

malfunctions?
Safety

Principle 6 Is it a design that minimizes physical burdens? Stability

Principle 7
Is it a design that considers size and space 

appropriately?
Spatiality

Sub-principle 1
Is it a design with durability and economic 

feasibility?
Economics

Sub-principle 2
Is it a design that considers quality and 

aesthetics?
Aesthetic

Sub-principle 3
Is it a design that considers the human body 

and the environment?
Generality
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problems occur and where' were evaluated and verified in detail and 

systematically. Evaluation results showed that design 12 scored high in 

all areas excluding spatiality and economics so it was decided as the final 

design. 

Figure 10  PPP Evaluation Results
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6. Production of Prototype

A prototype was produced for the design that was finally selected through 

PPP evaluations. The prototype was designed for spatial revolution 

motion in 3D angles, front and back motions, and diagonal motions. 

It was also designed to be possible to change from active and passive 

modes in order to make it possible for patients to engage in rehabilitation 

exercise according to their condition. Furthermore, it was designed so 

that the user's spine position can be adjusted as well as the head position, 

while also making it possible to move the center of the waist from the 

back of the disk to the spinal joints. Thus, this design offers stability 

during use and rehabilitation exercise so that users can concentrate only 

on exercise. 

Figure 12  Device Design and Prototype Production

Figure 11  Finally Selected Design
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7. Clinical Evaluation

In order to verify whether the finally developed prototype is effective 

for posture balancing and spinal stabilization rehabilitation exercise, 

an evaluation on the bodily effects of posture balancing and spinal 

stabilization was carried out.

7.1. Clinical Evaluation Method

Clinical evaluation was conducted using the produced prototype. 

Clinical evaluation was conducted on twenty healthy male adults in their 

twenties at the Chonbuk National University Health Care Engineering 

Department. Ten were placed in the Passive Training Group (training 

that received motion angle by the equipment) and ten in the Active 

Training Group (training that received motion angle by the will of the 

subject) to conduct training to improve posture balancing and spinal 

stabilization abilities using the prototype. Biodex System 3 (Biodex 

medical system.Inc, USA) was used for evaluating trunk muscular 

strength and Balance System SD (Biodex medical system Inc, USA) for 

the posture balancing evaluation. They were measured two weeks and 

four weeks into the training to verify their effects.

Table 8  Clinical Evaluation

Evaluation Date April 2013

Subjects of 

Evaluation

•�20� healthy adult males in their twenties

•�Passive Training Group: 10 persons that train by being 

provided motion angle by equipment

•�Active Training Group: 10 persons that train by being provide 

motion angle by the will of the subject

Evaluation Method

•�Trunk muscular strength evaluation, posture balancing 

evaluation

•�Use Biodex System 3, Balance System SD and measure at 0 

weeks, 2 weeks, and 4 weeks
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Figure 13  Clinical Protocol Diagram

Figure 14  Training using Prototype

7.2. Results of Clinical Evaluation

Results of the truck muscular evaluation showed that during lumbar 

extension, there was a 32% increase after about four weeks compared to 
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before exercising for the active group. Meanwhile, in the passive group, 

there was about an 11% increase. During lumbar curve, average power 

increased by about 25% and 18% for the active and passive groups, 

respectively. This represents that through this exercise, the backbone 

erector muscle and rectus abdominalis related to the lumbar joint were 

strengthened.

Figure 15  Left) Examination result during lumbar extension, Right) Examination 

result for lumbar curve

In the posture limit evaluation, it was found that there was a 42% 

increase and 31% increase for the active and passive group, respectively, 

compared to prior to the exercise. This represents that muscle groups 

used for directional motion were all improved. Results of the posture 

stability evaluation showed a drop of -10% and -11% for the safety 

index. It is judged that since there was no significant difference, there was 

no effect on reducing trunk wavering.

Figure 16  Left) Result of posture limit examination, Right) Result of posture stability 

examination
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According to the clinical evaluation results, therefore, it is judged that 

through therapy and training with this product, rehabilitation exercise 

effects can be expected for spinal stability and posture balancing.

8. Conclusion

This study evaluated the product usability application plan from the 

user's perspective through product market analysis and two product 

analyses, and identified product form, color and trends through cluster 

analysis and color analysis. Furthermore, this was a case in developing 

a user-oriented posture balancing and spinal stabilization health care 

rehabilitation device design development that can be accurately assessed 

through PPP (product performance program) and clinical evaluations.

The conclusions from this study are as follows. 

First, it is evident that in addition to the aesthetic aspects of designs, 

psychological aspects and consideration for users such as its structure and 

functions are important for medical rehabilitation device products.

Second, development of health care medical device design must have 

its design results evaluated by a medical and/or health care expert to 

detect biased design elements or to resolve problems from evaluations. 

Also, the therapeutic effects of the product must be verified through 

clinical trials by producing a prototype.

Lastly, this study found optimal designs through user-oriented tests 

and PPP evaluations. Furthermore, through the user-oriented health care 

device design development cases that completed product verification 

through clinical evaluations can be used for developing similar designs.
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9. Future Research

Because this study did not conduct evaluations of actual users such as 

senior citizens, the disabled, and patients with spinal ailments, it should 

be supplemented in the future through design usability evaluations and 

clinical evaluations.
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