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Abstract

This study is concerned with the shape optimization of stem for the artificial hip prosthesis with unbonded

cement mantle. The artificial hip prosthesis with unbonded cement mantle allows a stem to slip on cement

mantle because of polished stem surface. Unbonded cement mantle type has several advantages compared

with bonded cement mantle type, for example, small micro motion, preventing stress shielding and so on. In

this study, 2-dimensional axisymmetric model was developed with considering characteristics of unbonded

cement mantle. Moreover, optimal shape of stem was obtained by using feasible direction method. The

objective of this optimization is maximizing supported vertical loading. The slip motion and stresses of stem,
cement mantle and bone is used for constraints. The optimal shape which obtained by this study has slope of
0.15 in proximal part and maintains the width about 5mm in distal part In addition, simplified 3-dimensional

analysis which applying optimal shape is carried out. The result of 3-dimensional analysis showed that

optimal shape has some advantages for cement mantle stress. However, more realistic 3-dimensional analysis

which including bending effect, complex geometries etc. is needed in further research.
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Fig.1 Surface Model of ‘Standardized Femur’
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Table 1 Material Properties of Artificial Hip
Prosthesis System

Cortical Cancellous
Cement stem
bone bone
Young’s modulus
17 0.325 2.2 234.48
(GPa)
Poisson’s ratio 0.3 0.29 0.3 03
Ultimate
140 70 44.63 1600
Strength(MPa)
Fatigue
30 5 8 700
strength(MPa)
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Fig. 3 2-Dimensional Axisymmetric Model
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Fig. 4 Von-Mises Stress to different Element Size

-934 -



B AfE SR AR T A2 A7 o
T AW QoRo A AAN o8- 84
e ARE T4 1mm, FYAA 2mm, EIE
AA 3mm 2 o I Az Foof Yk et

T Zbol 7} vrRlwk ok 2000~3000 7MY Q4E B
o

3.1 MAYE IEHse 2 HE =

HEAS Fo g4L Fux dng dAwS
= Foe 34 B3], gHe 2 Ueghgs=E
Fig.5 9} Zo] Asigi).

AdF 2@ Fo 4 AN Hy 29, Hs
T U B54R-E AL £ oy B ooy
dqMde A9 F Jde AW +£4 5% =45
2 A agxn Hd 8L 448 wx @
T glon® o AT A0 Frh AF un
ol 283t e FHele AA Ao uwe)
et gt g Yo uis 4 shFe] 2 )
FTE ARXGEZ B AP g BZAE 4
shETo s zterst AlA g4 AAE Seei.
¢, YA ue TFAHOZ
g Fale RS olH &7
& e 43 E A
A oog, 1 =g¥ O
TANTE oz B34
ol g IR =

B EA Aoy 4 AA
Mgt 4 38 4 A AW
9| e e g W
A gzE Al E vy
2 AF uHA |eA Y 2

Fig. 5 Design Variables for Stem Shape
Optimization

Table 2 Constraints for Stem Shape
Optimization

lower limit upper limit
r2 Imm 20mm
r3 Imm 23mm
L
4 Imm 18mm
5 Imm 10mm
6 Imm Smm
7 {mm Smm
Sitem 10mm
Citem 700MPa
*Gement 8MPa
Cortical 30MPa
GCancellous 15MPa
*Gbone-cement 1.85MPa
*Thone-coment 2.8MPa
**slope 0.01 0.22

*: using Hoffman’s failure index, fi_cmen S 1

**: slope is tangent of angle between axisymmetric axis and profile
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Fig. 6 Flow Chart for Stem Shape Optimization
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Table 3 Results for Stem Shape Optimization

Initial shape | Optimal shape
2 12mm 12.462mm
r3 10mm 10.826mm
4 8mm 8.1641mm
5 6mm 5.3171mm
6 Smm 4.9989mm
7 3mm 4.1989mm
Maximum vertical loading 923.6N 11153N
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