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ABSTRACT

The purpose of this study is to develop a smart knee brace prototype for not only stable and comfort-
able functionally, but also aesthetically conceived. In particular, the increased daily sporting activities of the
generation MZ calls for the development of a smart knee brace for the prevention and treatment of knee
mjuries. Using a mixed methods research approach, this study investigated user-centered design factors and
solutions. The qualitative pre-interview was conducted to explore design preferences of users, and experiment
using CLO 3D wirtual program was conducted to develop a virtual prototype applying design factors. Lastly,
the second experiment was conducted to develop a smart automotive locking system. As a result of prelimi-
nary interviews, the design solution was derived from a functional and irresistible all-in-one type that prefers
a simple, neutral color with lightweight and stretchable materials. Based on these design factors, an all-in-one
knee brace prototype was proposed with an inside sleeve type and an outside dial lock system, which aids
both with prevention and rehabilitation. This experiment showed the possibility of automative locking system
on a knee brace using a small amount of energy with Zn-ion batteries. By coordinating mterdisciplinary re-
search from researchers in various fields, this project also suggested a novel and significant direction on how
diverse researchers could proceed within the holistic design process.

Key words: daily sports(R§ & 23EZ), generation MZ(MZ M), interdisciplinary research(§ 3%1-1),
knee brace(F& H &), smart design(Z=PFE T 2}2))
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{Table 1) Classification of Knee Braces by Purpose

Category Purpose Example
Used mainly by athletes or active
Prophylactic individuals who play sports with a lot of
contact to protect their knees
<Fig. 1>
Prophylactic Brace
(Braceability, n.d.-a)
For patients who have already
Functional experienced injuries and need additional
support and stability until their knees
fully recover
<Fig. 2>
Functional Brace
(Desertcart, n.d.)
It is mainly used to fix knee movement fi
after injury or surgery 4
Rehabilitative Protect treated ligaments, enable
rehabilitation of knee joints, and prevent
recurrence or injury
{Fig. 3>
Rehabilitative Brace
(Braceability, n.d.-b)
-
For patients suffering from knee
arthritis or misalignment
Mainly hinged
Unloader Reducing the amount of pressure or

stress applied to the knee and relieving
the weight of the knee suffering from
arthritis

<{Fig. 4>
Rehabilitative Brace
(Braceability. n.d.-¢)
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{Table 2> The Types of Knee Braces by Wearing Method

Sleeve type Strap type hinged type

<Fig. 5> Sleeve Brace <Fig. 6> Strap Brace {Fig. 7> Hinged Brace
(SKINFLINT, n.d.) (SSG, n.d.) (ORTHORELIEVE, n.d.)
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Participant A
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High
Participant B M % Job hunter Interest in new technology such as Calf fracture

(B) functional clothing, to look for new
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Usually bought fashion items on
online and have trend sensitivity.
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(Table 4> Categories of Interview Questionnaires

Categories Subcategories Contents
Demographic ¢ Gender, age, job
. L. ¢ Fashion and appearance recognition, consumption habits about
Introduction Fashion interest

tech and lifestyle

Health status e Injury experiences

Daily sports Active condition

¢ Kind of sports, frequency, pressured part, pained part, injured
experience and part

Experience and recognition

e Experience, necessity, automation recognition, preference wear

type
Knee brace . . )
Design preference e Style, color, prints, material, etc.
Function preference * Most important function, fixed method preference
Improvin . . .
difectiong Automatical lock system |e Interesting about automatical lock system
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Adjusting the size and take
off easily with dial

Using batteries and motors
Automation with application

Convenience of
donning and
doffing

Size of motor

How to connect dial,
SMA, motor & brace
MZ's design

preference

{Fig. 10> Design Factors for Developing Smart Knee Brace

- 114 -



MZ At S 93 2vtE 78

Bad §aale 9 7129

gz BE AES 2ed S A3sy, 2xFE
o S Hate A oig IHHeE ggdl
o Ao EE A2 34 F B #(Mono
tone) & FFIIL, FHe gle AL Ass
Q. I e} 7 74 M =ZHEE 89
I T Al & ZEUEA de AFA o
T2 Al FAZRe 4 AXNE A AE
AzPch 71E AF g A ZAIAE &
Frlg T AEER FAY Hage A ALY
ojmA 7t A AFZE =7|A den, 2EFH
P AFAo] ROl 949 BHYS HAEsy
AN AEHF WL 2HE E&3 7153, Yzt
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Categories Description
Should not peel off or flow down easily, and should maintain its original fasten state for a
Fasten long time. Should be prevented form flowing down because it usually deformed according to
movement. User-friendly such as easy to select right size and fasten correctly
Donning For convenience, preferred all-in-one type of knee brace. Should be possible to wear when

and Doffing

hands are not free because of carrying objects necessary for exercise, such as water bottle,
towel, hiking stick.

Should be adjustable as desired by the user, and accurate intensity control also be possible.

Automation Preferred preset function to keep fit and memorize it.
Style Simple style
Color Mono tone(Black, Gray)
Print & . . . .
Preferred solid pattern, but line or grid patterns are also fine.
Pattern
Fabric Preferred stretchy materials that does not flow easily and lightweight material that feels less

weight.
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Inner brace
By minimizing thickness, it reduces skin-to-fabric sweeping and enables flexible movement,

which is a non-contact sewing method mainly used in sportswear

Keep and fix the shape smoothly without

falling down
To control the knee joints, open the front

part of the knee
Considering the comfort and stability of

Minimize the limit of coordination
Thin & light neoprene

Flexibility
Thin and light
Portable
Sleeve type
Black & Grey
Tone-on-tone
Flat-lock stitch

Aesthetic
the wearer

Elements
Type
Style
Color

Fabric
Sewing

Characteristics

{Table 6> 3D Design Elements for Knee Braces
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Outer part A Inner part Outer part B
{Fig. 11> Knee Braces 2D Pattern
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(Fig. 12> Flat-lock Stitch (Right)
(cloths-product. n.d)

E(Tone-on-tone) 2. HjM &l EA7HS F (Table 7)< 2D¥E1S olulele] HE3] Ui

< 2

o, 953 FA AEAE W FYdle]de g oA AL AL uHEE S A A AL SRIdeE
g Hasgstdh oA A S99 F A4 BEF T A AL A FHE AR FHSATh
AR FAE HAxstet] S8 AxEgold # &gk ofulete] Ato] == Abo] 2 FE]ok(size ko-
o] AMg3lE Q= (Flat-lock Stitch) ®21& rea) 72 &<l QA A4 ARG HFE HIA
243 tFig. 12-Right). of web 25-294 gAY kel 2HE# (537mm),

- 117 -



{Table 7> Knee Braces 3D Design Process

First Floor
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Open Status

Completed Status

{Table 8> CLO 3D Design for Knee Braces
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(Table 9> Thee Types of Dial Position
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