ive

creat
commons

)

E D

O N S D

M

O M

C

XN & XHEAl-

)
)
A
5%
<+

ioll
)
10
ak

&l

O

3
<D

0%

W0 s

~U)

<3

oll

RJ 4D oo
oS
”) <+ 1

~ 2 O]

LICk:

El-

ZHE Metor

LICH.

!

MEXE ZEAIGHHOF &

— o
:_CI

t

¢}

MNERLEAlL A

K4 .
I
[
00 <
S
] =
Ww m
RC o0
= K’
0 oy
RC U
K &
S K
oF
)
J (@)
(o]

3l
ST
- .o
)
o 3 _Eu_JE
00 7 5
(@) LOr _
= 2 ol
o7 2 U

-
0 il
RM 5 O
= = %_”
S 19
JI Ay
5 80 gr
o=
[ ] [ ]

X ESLICH

tOd

HEAH0 2 Ol8Ke als 2o ol o

E

ol

I 2

Oloiotol &

S}
=

0l N2 0| =3 & 72 (Legal Code)

Disclaimer |:|._'|

lection

Co


http://creativecommons.org/licenses/by-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-sa/2.0/kr/

AA-71F ¥ &3 €3A
Bz 7% A

Knee Joint—-Knee Brace Analysis for
Enhanced Functions of Knee Brace

20134 24



e

Aol e Tgatel kA 2o ofsh, B ¥F SO YT

2}
=4S HE =99 °‘:rL7} AEH o2 F7131aL it o3 AF=
]

491 Aol FAHA 71 ek A TEAA AAAY BEL
951 FomA e AT FPANTA F& £F BT AR
& 23 AN BISTL 9k B AHelA D5 4] 3l
€ BV €34 35 F& FASNA F&H= Aw/F
5 @31 5A9 4 7F=E 7|79 FEA 7] FUIEE ol $%
g7} dFEEolc}t. o] st JFZE J|F= dA BAY FfFRo|lBRER %

r

mlo

AAe] Af wl§ FAEA] Gowl EAFE o7|skaL vholrt A
A& 948 5 94

uelx] o] P2 £33 RxXr] A5 AYPHL J=d EEY)
Hinge%-ol %7]o] &Y BAS HL3AY Zo] 7Py A& A4
3= 59 Hinge mechanisms Q7= Folrl #4431 Hojgic).
T €3 Bz ZA§ A dAC wH = 9FS A7EE AvE B2
q <3de] A a5 A5 A X-ray 9+ AW} AT,
BEARA NZRer $245 #4350 7 39 wsts AF3es 4,
I olF Fte] AA 74 BAFAE FRLLAY = AT Sl

mechanism& 2732 QA 23 &3" RZ/E Asse 9
3 A S APsA. og TR €3E FAI3S 43 U= IAE0|
BAA B AF= 53] &£3H <gdF U 5§ 7] (Femoral Condyle)
Ho] F#AH P (Osteoarthritis) & 3 U= A9 25 B2 Bz
7lel 23 & 250 AYH. (AR €32 GF dEHg7] F 3
s 43 = A7} ag Sl A3 g AR 249 o) w)



A" BZx7)e 7S BUlE Ry AR
% A3 st}

F89] : Knee Brace, Knee Joint, Condyle Separation
g 9 2011-20712



g BT 1
1.1 ST BT BT iiiiiiieieieeeeeeeeeeeeeeneasasasesensnsasanns 2
S e R 5
L L I L 7
i 2 €A AF L AdA -7 F ndF

3.1 Al B B Z e 9
3.2 A A = 7] B B ittt ettt ereeeenraeentareataneaaananas 11



4.1 A HEEE B M et raaaa 13
4.2 Knee jointoll A Q] HE . iiiiiiiiiiiiiiiieeinnerennees 15
4.3 58 1B T 17
SR o LI ) B B | . 22
T B Ly - 25
| RS <) ) S Lo < TN 27
AN 0 1] 5 4 L 29



List of Figures

Fig.1 Knee brace which is now in general use
Fig.2 3DSSPP task pane

Fig.3 Normal gait 3 postures
Fig.4 Stair-climb 3 postures
Fig.5 New mechanism of knee brace hinge

Fig.6 Knee brace geometric and FE models

Fig.7 Knee brace

Fig.8 (a) Knee joint (b) Reciprocal movement mechanism

Fig.9 Knee joint angle in sagittal plane (Motion capture
data and result of simulation)

Fig.10 Knee joint-Knee brace model

Fig.11 Femoral condyle

Fig.12 Applied force model (hiding knee brace)

Fig.13 Result of knee joint moment in coronal plane
(Lateral moment)

Fig.14 Medial part muscles of Thigh

Fig.15 Muscle activity of Adductor magnus

Fig.16 Muscle activity of Gracilis

Fig.17 Muscle activity of tensor fasciae latae

Fig.18 Muscle activity of BicepsFemoris

Fig.19 OA Valgus brace (SofTec Inc.)

Fig.20 Result of lateral moment when developed knee

brace applied



List of Tables

Table.1 List of Required Moment on knee joint

(relative value)

Vi



A 1A AE

o5 97, A7l 19

& AT LAEe G917t o YAl wE &FFo] o 2 o}3id
=52 71ertA LS =7 ok gk 2SS AAAS o] e &
T A9 FeoH o) A FAANINLA e +F B2V AL
273 AR FHlEX dx @ AAAE FBavt oid BF& Adde] HA
ofF A3l v=, S B d¥ T 4 dAE FF A7V 3] AYH
PE Foldh.

STE Bzu)e A Al AgHE dEF 71TE 7178 FEA 1
713 ol 8% d= FH ASe] diFEeld. oHF J=F JTF= 29
5 ZEEHA B A7E v 5E3] £ A7 Rzr)e 2o
WA RAY T2 ABF AR LFF o] FFolnR F AFHo| AHF
_?_ (<)

TrAbsA] kew SRS op7|FtaL velrt Al FASE dE 5 Ut

AA A2 L A dEF) 374 dE sFAFHe] Wt A4
(Sagittal plane)el*] J-curve Jelo] o}F EAAT A AFZ 7IAA 2
ot AA9] dids 32 3] A 7TE €32
ojg} 7}t R sigorng QA Y
W FH o Slet RE ERH Fel 2Fo] &R Rz ok
hinge ®|AYZo] AAHL )

2 AFeAE= AFA W29 hinge WIAYUES &35 oAl H&d &
IH Bz7|E 7R AOA T il B &85k dA RYS A EA
Aoz H 1 55 st A e Bz7|7t oW ¢ FE

Jo
b
1o
fd
o
)
ot

A%

o)

A
A dup} £80] HEAE Wsh LA b

ool kN &IA BE/FL AAlel WAL ol e 2es] AR
3, NEe AFSeNA FRYY SRR 227 WAUF 2 8279

7t PEES TIRES B}



1.1 &34 Bz27)e &3

Z] o

il
2}

R 5

g

o
2

Fig.1ell 257tA] A&E3L A= & Feie) £FA Bz E
Ehigict. o] RE7|7} By A ol g FFES wAA
& 7+s] LolR A}k 3k}, Michigan wldtel A 73k 3DSSPPe}
T B 7 3RS 7 IARLS AT 29T e s 2
= w3olAY ¥ EHES & & Jov, I ZAS A dolHg}

HolF= =g g0t} (Fig.2) o|AL A 39 AL
=7 AA QA Al ARk s A e] Jhedtchs HelA B AT
§°] FEde MAE 22 AAE, B2y aze] B¥
I Ak oA A Edlo]AS AP Hokct.

r-?"-'

il

3DSSPP=E %7} dukAl RS AV AdE 225 7
Aol BHA 37kx1 ] AAE vHe]l AP Kkt (Fig.3) 77
of tjate] Rx71E A& F%s Wt FEPS W ZES
o] Ry, 2x7] F§ A AJLS 3DSSPP B &£3H BEI)S
A LA = Zo] b5 FER 9] Fgor £A-d X, Y, Z
o] RRES Fo}. &Fse ERA-ANA 73 AFe RUE 7S
Uzjut z AAeAe] A F3/AF, WA/IA, AF/meE
bl st AA 7+e ALt BWEE xdo HEFE= 3]

——

A}

T 2

E¥ Rojdte] Rzy] F43 vjFgs wms) B dARDe
el A AFss 500 A% A FAR 7= 175.1cm, BFA
83.9kge = AA= Yt

o i = o

Table.1°l4 & & 9 =o] 3|4 2= ARD 2 SHHdA 9
Required Moment7} A X9 z}o]= =

s RAoE sttt Soldt HE £3A-ul ERES Fof 39 ET
A" =AA- 49 Required Momentel % 3|

#
3, 53] ZdelAe] RAESL ks A ¥ 4 94k o2

bt



SHRA AP BAEY PR NEAE FeFoH G B
A hre] Fgatt A0E o4 ¥ 5 ggich olFel 71%8A e
ekl e £F AARE A8 £ B 2 2 A% 23 @
2 2% & g

] Ppubsir: L Pagmsd Frgubgman g
Vmerd Mol e G0 Cap Seend  Mack Mes 5D Cap
| ESent W2 NE) 1 HED Eer MR B A

it S S - - ] a7 = =
U Sudal By A6 BmOEy 907 LI ak -
Fomwsfa a0 ] an
(1= fedd 2% REN BT WD 17 RPN N7 wmo

Shcuibe HumersifRal 09 LAFERL  ERS IAT WE 09 Dy 88 25
Rafnfi 48 FORWTD AR 27Q 1D EEN L R L L
ipdcmgie 50 MSUCT TS ITE W 0 ABRET HE 18§

Eudf sua

Tam Fafa 234 EXTEM 23 @7 B
L ey L1 WFT ey W7 m
Pdaiem (8 Pt} Sy i

=z L Pesla HI REN IA>I @18 B 448 ETEN FRE M W
] - s A Fewm Mfa 43 MON W 20 ® M1 ADH W) 02 =
[l I G T Frkl Feaffw OF REM 1% W8 B N80 DI WA BS 00

[KCICITIE 32

o

Fig.2 3DSSPP task pane

3 2 A L-tf] &t

-

-



Fig.4 Stair-climb 3 postures

Table.l List of Required Moment on knee joint(relative

value)
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Fig.5 New mechanism of knee brace hinge

Fig.6 Knee brace geometric and FE models
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Fig.10 Knee joint-Knee brace model
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Fig.12 Applied force model (hiding knee brace)
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Fig.19 OA Valgus brace (SofTec Inc.)

8.00E+00
6.00E+00 O
/'
/
|
4.00E+00
= Normal
2.00E+00 —30N
—— 60N

-2.00E+00

-4.00E+00

Fig.20 Result of lateral moment when developed knee

brace applied

I
=

2 2 At st



Fig.200]4 Xo]&= A3}

Aol FE wAR o}
FRNA A fApsH B

g
2

o] B
A B
He A

B Al BAE = wRE

o

=

24

AE7L w9 949

% % gk,



A —7;‘_ A
o =% ehape] AFNA A ofoltielF 2 SFA B2 HBA
A W% mAse] o] AAE A4 REse JEHE Fo B: ¥
27 S & 5 gt

N
X
A
o
re
Y
e
e ¥
i
!
ffo
-}
<
L)
A
|o
i)
K-
A
Yo
)
flo
oX
ox
[40
fz

N
N
I
>
i
&
o
i
e
2
o2
_°,l.'4
¥R
N
2
gl
2
o
o
T TR )

o 4 A9 sge e LA 2zAE A8
AP & 24 AA delEska skl 2 AHe ARsheicka

A ARSI e Ge PEeRE AEdoldel AeRe Rolx,
Hrh o $2 2#4E 2 5 9E ANEES 2T 5 9A 204 4

coronal plane ¥HNA U dEE7E EFAI=

o] HAES Folt &¥A HZ/|S B 2 oz ggoz
=
=

Geba 9T GEFL BARE 2E FBFANE g ool B

Tob7] shabel, QUalol A% B4 Sof ols) dsbgel 9L 7

¢ wol: # A7et Ze AFelMe] YD BaAo] siok: Aol
A ATt HRE A3he Hgrh] Rohs A% 2 WayH A

Aold dAsl A Pl N olnl S REchn A7,

2ol old A7E AWshvl AnyBody Bt ohlzt ojg] sbal

lo
=2
]

(4

—

25



T

o)
AN
AFEE AFEHIA e +5

flojel disl A =

XE

9% &

T
T

Ao] wo}

s

(]

A

S+3 L=
7&% 0y -

AA

ulk
=

7)-EAEF} D AAd o]

A% AEdolAdel o

g

26



References

(1) AHEE 9 8%, 2009, “dHEAZH JAFAZ AL $1F
Knee Brace Hinge® /I'%” | kAL Fsts] FAst&d 3],
pp. 39-40.

(2) £24 9 19, 2011, “92F <3Ae ZHo| 7Pid =AY
= 477, FRALTES FAREWS, pp. 905-906.

(3) MF= 9 29, 2011, “dA9 <A +F< LT =4

<32 A2 A7, IFALETHI FASEdI, pp.
903-904

(4) 9=F 9 5%, 2008, “FFLPE o]4F FT wzy) 7
S wE WP, IFALFHY A<=, pp.

257-258.

(5) ZdA ¢ 59, 2009, “Fx| @A &HH BRzr| A A
G}, AN 3] E=A2EM3), pp. 69-70.

6) 24 9 24, 2011, “FEXZ7](Armor vs. ComFix) %
£-A LA H 3} ul & A 73 el A 9]
Hip-Knee-Ankle®] %598 A%F” , ds7|As3] FA3t
< 3], pp. 2730-2734.

(7) Nakamura, T. and Kosuge, K., 2003, “Model-based

Walking Support System with Wearable Walking
Helper” , in Proc. of the 12th Int. IEEE Workshop

27



on Robot and Human Interactive Communication.

(8) Robert D.A. Gaasbeek, “Valgus bracing in patients
with medical compartment osteoarthritis of knee A
gait analysis study of a new brace” , Gait & Posture
26(2007), pp.3-10.

M
e
)
*

(9) Jacquelin Perry, “Gait Analysis” , <9
2006>, pp.—48

08 ._j .3&. L.i =]



Abstract

Knee Joint—-Knee Brace Analysis for

Enhanced Functions of Knee Brace

Hyung-Kwon Seo

School of Mechanical and Aerospace engineering
The Graduate School

Seoul National University

Knee brace is required to track the trace of complicated
motion which the knee joint makes. It is quite essential
for developers to analyze the knee brace together with
human knee joint at the same time. In the paper the new
mechanism of knee brace hinge which implements its
complicated motion based on reciprocator principle is
presented. For Human dynamic analysis the model in
AnyBody software which from AnyBody Technology Inc.,
we perform a modeling process that combines the knee
joint model and the knee brace model and inverse dynamic
analysis with knee joint-knee brace model. The work
shown in the paper is to play a role in for enhanced
functions of knee brace, when coupled with the gait

motion capture data. The result of the simulation with
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developed knee brace shows that the adverse effects of

the knee brace are decreased.

Keywords ¢ Knee Brace, Knee Joint, Condyle Separation
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