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Objective: The purpose of this study was to develop a stretchable joint motion sensor that is based on silver
nano-particle. Through this sensor, it can be utilized as an equipment for rehabilitation and analyze joint

Method: In this study, precursor solution was created, after that, nozel printer (Musashi, Image master
350PC) was used to print on a circuit board. Sourcemeter (Keithley, Keithley-2450) was used in order to
evaluate changes of electric resistance as the sensor stretches. In addition, the sensor was attached on
center of a knee joint to 2 male adults, and performed knee flexion-extension in order to evaluate accurate
analysis; 3 infrared cameras (100 Hz, Motion Master 100, Visol Inc., Korea) were also used to analyze three
dimensional movement. Descriptive statistics were suggested for comparing each accuracy of measurement
variables of joint motions with the sensor and 3D motions.

Results: The change of electric resistance of the sensor indicated multiple of 30 times from initial value in
50% of elongation and the value of electric resistance were distinctively classified by following 10%, 20%,
30%, 40% of elongation respectively. Through using the sensor and 3D camera to analyze movement variable,
it showed a resistance of 99% in a knee joint extension, whereas, it indicated about 80% in flexion phase.

Conclusion: In this research, the stretchable joint motion sensor was created based on silver nanoparticle
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that has high conductivity. If the sensor stretches, the distance between nanoparticles recede which lead
gradual disconnection of an electric circuit and to have increment of electric resistance. Through evaluating
angle of knee joints with observation of sensor's electric resistance, it showed similar a result and propensity
from 3D motion analysis. However, unstable electric resistance of the stretchable sensor was observed when
it stretches to maximum length, or went through numerous joint movements. Therefore, the sensor need
complement that requires stability when it comes to measuring motions in any condition.
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Figure 2. Joint motion sensor

E48 MZE 1780 cm, HNIE 72 kg, LIO| 28A0|Ct.

Korean Journal of Sport Biomechanics



185
t21 2lsH

.
o

b

3
=

Eo2 X

2t
=4

o o
| MYUS

=

ML

MoM =

M|
—
sensor calibrationS XI&4s}SCt.

dq

x
=

q

t

|
(i)

A
(=]

q

=
=

—

Development of Stretchable Joint Motion Sensor for Rehabilitation based on Silver Nanoparticle Direct Printing
A

KJSB

I
LHo

-

jod
o+

ol
%0
KIr

N
e

-
e

IS

1

sl

i 3cHel A Q|M7tHE2H100 Hz, Motion Master 100, Visol Inc,,

o
[¢]

[e]
9
Korea)

=2
=

KIr

=N

= -
= U

2
=)

A

o

=

t Butterworth low-

tRiCt S zteet ot
LoD, ojmf AHEH b= 6 HZ2 2780}

(direct linear transformation, Abdel-Aziz

|

Kwon3D 3.1 program (Visol Inc, Korea)
[e)

2
[S)

A

=

=

A+BX+CX
voltage

angle

365.022

C = -0.000271194

B = -0.0021175

Y
X
A

Y
& Karara, 1971)2 E3|| 3%t

4) 3%k}

pass digital filter
AL

5. SAXzE

.~ Flexion
Extension ‘\

—
P
¢
Soj7t7| ® mz

ol S

& =20 A
dA=2 o

Figure 3. Experimental setup
A1

3719f HEAOHHE

|

.I

S

Al

g

S
=

.
=

A
(=]

4

=
=

A
(hi)

tof

.
o

=2
S

0|

=

=

M AlSEALE

o

=
MO mHE MFE BEMM HI|1H XML Hel F

HMXFE AEB|M(Teraleader, UMP 100)

(descriptive statistics)
RESULTS

1.

FRACE

4, AtREM

2| Aol H7

=
=

Z|CH 50%77HX|
(Keithley, Keithley -2450)5 0|&38}0{

=
=

o| Aa|7}

[

=

I7_|-O

=
=

Ab LRl 2 L= Rt

I
11_
X0

=
Bl

dq

20| HA|

of gofl et

1

H

H

10

YSHRULCE Ablof map &7] K
HEA|BE (Figure 4)2F 20| 50%2] AI0fA

=
=

HAl S2lALt

E 3| X(Teraleader, UMP 100)Z 0|&3}0{

o

.
[=)

OfX[HA X

=

CHH| &
MEd 2EMMO K

3

100

<l

IMe| ®7|™ X
http://e-kjsb.org

—

i

x
FRACE (Figure 5)2F 20|

.
2

o

71gxol o 30 Y= FItet ALz Lt
M

=
of me As

o
EHGLCE EEBF 10%, 20%, 30%, 40%, 50% HAOA 2H2H MIA 7} LEEFLY

tol Al

.
[¢)

2
[S)

0|

=

=

SRCH, SAlO 2o H7IH M

= 2A0[E(Keithley, Keithley-2450)

AN

[e]]

A
e

Mol F7IH xak

I

S
=

PSS
o

Q|

2) ¥ MNH 2%



186 Woen-Sik Chae and Jae-Hu Jung

S22Ho| XY wlo] w2t MAl KBl ksl 1S ol
g+ At

—e— Joint sensor (0~50%)

AR/R
o
.\

0 10 20 30 40 50
Strain (%)

Figure 4. Relative electrical resistance change depending on stretching
of joint motion sensor

6
—— Knee joint
4 -
(=]
x
(04
<
2+
0 1 1 1
50 100 150

Time (s)

Figure 5. Relative electric resistance change of joint motion sensor
depending on motion of knee

3. A3y BRMMeL XY 5% 24 Zo| Zes Hol 5
M HgE 24

1z

STH MH-BT S5 Al NHY TR} %Y 53 &
S 2425 Holg N3 21, 230l LA BF PEHE
z 2 2=z e

=
o etz 7} oF 99% MEQl oz L

t

|

i

10

m

HEHOIME B e

o Met=Jt 9 80% HE=Ql Ao 2 LIEMCHTable 1-2, Figure 6-7).

N Loz o
inl
Ot
A
2
4o
Hiu
i T
il
1o
I
N[
>
2]
g
e
nz

Table 1. Angular kinematic parameters of subject 1 (deg)
3D motion Motion sensor Accuracy (%)
Extension 175.2+0.2 176.2+0.1 99.4+0.1
Flexion 90.2+3.0 73.116.1 81.0+4.3
ROM 84.6+2.8 102.8+6.0 78.6+3.6
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Figure 6. Angular kinematic parameters of subject 1

Table 2. Angular kinematic parameters of subject 2 (deg)

Accuracy (%)
99.8+0.3
80.9+2.0
80.8+1.3

3D motion Motion sensor
175.6+0.3
Flexion 88.0+1.8

ROM 87.2+1.5

Extension 175.9+0.3

71.2+3.3

104.0+2.8
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Figure 7. Angular kinematic parameters of subject 2
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during landing in high school female and male basketball players.
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