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Abstract - The nonlinear finite element program has been developed to analyze the design performance of an artificial hip
prosthesis and long term behavior of a treated femur with stems made of composite material after cementless total hip
arthroplasty(THA). The authors developed the three dimentional FEM models of femoral bone with designed composite stem
which was taken with ellipse cross section of 816 brick elements under hip contact load and muscle force in simulating single
leg stand.

Using the program, density changes, stress distributions and micromotions of the material femoral bone were evaluated by
changing fiber orientation of stems for selected manufacturing method such as plate cut and bend mold. The results showed
that the composite materials such as AS4/PEEK and T300/976 gave less bone resorption than the metallic material such as
cobalt chrome alloy, titanium alloy and stainless steal. It was found that increasing the long term stability of the prosthesis in
the femur could be obtained by selecting the appropriate ply orientation and stacking sequence of composite.

Key words : Cementless total hip arthroplasty (F-AHE <lgudd #X%%), Composite hip Prosthesis(Z&AE UE BHAHE)
Nonlinear Finite Element Program(¥]43 #3284 T2a3) Bone remodeling algorithm(& AYY <xals)

N = a7 # .
AT ARz g @k AdEse] A 7 Ade
Aef #

A uRE AXNE=(THALF S ==

S LRl L :

o #AE DU DA 729 o) naeE] oot 9] A2AZTHL 29 8 HEo oA
& |

[

5 & oosening) 2)stress shieldinge] 93 # B4 2 EE 29D stress shielding EJJr—»‘ %9 r:}[4 171.
3)cementless ~¥19] Z-¢ biological fixationd] ¢]3F HZx 95 ;}%‘01] o) #eo] WMEPH olx] Wi(strain energy

density)i= WolA H9 HAE FHo 9 oy ¢ AL W
B2} 3FAF, (425-791) A7) % QAEA] AL 512 7lqeutH5) B F9e Selo] HolxW wWiiol ws)

G st 7 A ek
Tel. 031-400-5249, Fax. 031-501-0754
E mail. sungha@hanyang.ac.kr

A ongs oz st ¥ B mi B §elE Ao
o) FE3Y ool HW # I fukahAl €Aril620]. o



120 olzEg} . 54T

28 el Wk

ko Txa)d =7l H3k2 A (finite element
method)2] AHgo2 7 %

I wAy Q=
o A
g =

ofy

F

e

HT

-

fru

o

oo o

)

[

o :

£

oo

-

@

1)

k=)

o

5o
oft 53 oo ox
o E R
:‘L — F{II

oot 2 JZ:
ok
N

o~
]
ol
o
ofy
S
o)
o
1o
o
=
i
i
&
ro,
o
=
e
[y
lo
o,
)
Sl
B3

i, o
i

X
o e
:\9
_C".I_'.
E3
lon

3]

A one remodeling algorithm
A ZEOAE St o] ZEade
o] itk shtes Ak mE n#E U
8 ¢

O

&

huf
™ A2 olr a
j=3

M
ox ot

o
¢ WL ofh .
o B

o
i

-{n

i)

9
i3

i

o
L2 W fo od mt W

el

jeie]

2
L

p

=
~
oft

90 bone remodeling 4 ¢]
34 algorithm o[® t}& 3} 3o
HE 13T # e 949 ply drop off 849

3D layered brick 840|t} o] ZEIA:G ALEEe] EaA)
BHEY W 2 AR EAX wE AFuAAY HF7]H
AsE dldste BAE A 45S AEINC weka] A
o] H
=l

rir
ofh
ox
2L

-
UZE HPAR 299 AL AFande 7)Mo

4 AR FEAE Aelr{7].

o It ]
Et] frontal planed] W ©d-g ztech dAE 9
BEZ A% femoral head? F47F 79l FHO
(femoral head offset)t 48mmE, BHE9 FH&3 neck
shaft 7} o]t Zt=9l NSA(Neck Shaft Angle) © 135°%
R = ]%*—74] AAE 2" O 2°ﬂ Art. AEE =
3 2zt AE 24F ues ]
2 Zd e zAEH gle 2
&9 F gap? vnego] e
Eg B Fojol ¢4 HES HEskA dx AA HEFdol
5 A9t AAZAMoundary condition)S 1Y 13
o] femurd Y ©ddl TAZZ(fixed condition)E A
st A4alE5e 55Kgel BHAE VFeE 8 B A

A %
1“1 ot 2 Aol #A
A

oEHE smulatlon stk

1. i = HEHY 29 42Y X9t 27|
1

q

£

el wd HEFas
ERATHO,10].
Mo Abgwl 28 mdo AAY dxE £+ 10267, 2.
wE B60H A%BY HEES AE S 240, 82 ?:—
212878012 AT ndde) Y ¥ 2228 24 v 193670

258 2] %9} #7}E Tablel

»9
4

2 3o
k9 tlo

=

¢ Hip
¥ Contact
abductor ‘
force

vastus

laterals

medial
laterior anterio’

a8 1. AEelo|Mo] ALBE REtes

E HEZI A E(FS), siHE Z(2F)
Fig. 1. The finite element model and view points used
in the simulation ; the applied forces and treated femur
with hip stem(left), cancellous bone(right)
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Fig. 2. Cross sections and finite element of elliptic type
hip prosthesis

Table. 1 The location and magnitude of components of hip contact force and muscle forces
Component of location
Force(N) X{mm) Y{mm) Z(mm) XN v F
Hip contact 41.6 0 232.4 -215 -91 -1234
Abductor -24.4 -8.8 195 243 37 366
Tensor Fascia proxmal " " " 10 10
Tensor Fascia distal " " " 0 0 -16
Vastus laterals -14.62 -5.6 147 0 32 -156
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Table 2. Bone remodeling constant used in the
calculation
Material properties Value
Stress exponent(#) 3
Experiment constant(c) 3000
Minium density (o min) 0.01g/ cm®
Maximum density (o max) 2.0 g/cm’
Fully mineralized density(oc) 1.92g/cm’
Width of dead zone(w1, w2) 35%
(SCI:DEAe) of rate remodeling Curve 9510 5mm/MPa/day
Initial density of cortical bone 1.8 g/cm’
Initial density of trabecular bone 0.5g/cm’
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Table. 3. Material properties of stems used for analysis of bone remodeling(25)

Ti-6AL-4V Co cr alloy Stainless Steal AS4/PEEK (single ply) T300/976 (single ply)
E1 (GPa) 117 234 134 176
E> (GPa) 17 234 8.9 11.1
V12 0.3 0.3 0.28 0.3
V23 0.3 0.3 0.4 0.4
Gz (GPa) 451 90.18 5.1 7.6
G2z (GPa) 451 90.18 3.47 4.2

1: fiber direction 2:normal to the fiber direction 3: normal direction to the out of plane or stacking direction
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