Mechanical analysis of total hip resurfacing using
finite element method combined with quality

engineering
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hip resurfacing
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Newton



92 : 1

TIMDOEEAEL 5 & FHEOMEHEET R L EEHE
LERLTVDOPRBTH 2. FECIFRERIIFL
FHTH 5 7-0EBLBEENREFMN (B OH) »LF

L', LEEFEES DS <HFEL, ATHEBERM %
BRESDHE2/LEVIELEL4HEH. TAHLEEREC
LT ALRBAEIESRM 2 1T 3 A3/ E 121, ik L7
ATBE O A OB A5 b IR0 72 BEEM O LB
PHEEILEBVWI LPEEINTE .

KEEHRE AT B (resurfacing hip arthroplasty)
BREED N TIRBESHBERM I TEYBREIREFICL
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HEELUHE

| . HRREFEE (finite element method, FEM)

BEEFNVIIEET (SAWBONES®, Pacific Research
Laboratories) % 7.2 CAD (computer aided design) vV 7
k¥ = 7 Mimics (Materialise, NV, USA) % FH\WC{ERK L
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Workbench simulation ver.10 (ANSYS Inc, Canonsburg,
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Table 1. Material properties in the finite element model

Materials Young’s modulus (GPa) Poisson's ratio
Implant 205.8 0.29
Cortical bone 17.0 0.30
Cancellous bone 0.8 0.20
Bone cement 2.0 0.30

| Stem length (mm)

Stem width (mm)

Fig.1. Implant design and loading condition. Stem angle was
defined as the angle between implant-stem and anatomical axis
of the proximal femur. The proximal femur was quasi-statically
loaded by a 1000 N load. The area from femoral head to lesser
trochanter of femur was analyzed in this study.

Normal femur A

2 72(3). F72, EEGEREEA~OEEEIZAT LE
S/EOHBLAT MFAMEN A F LAESIZHRT
ot ATLAESIMmM, AFAES 10, fFAM
FE135° & il ettt & LT o - Ml B2 M4 1R 3.
WA T TRIERERFIRIEEDThH- 72 (15).

Table 2. The L4 orthogonal array

Type  Seplength  Siemlenth/ giom angle ()
A 50 5 135
B 50 10 145
C 70 5 145
D 70 10 135

Four models (A-D) were defined and used for analysis. Each
model was consisted of following conditions; tyJ:e A, 50mm in
stem-length, 5 in stem length/ width ratio, 135 degree in stem-
angle; type B, 50mm in stem-length, 10 in stem length / width
ratio, 145 degree in stem-angle; type C, 70mm in stem-length, 5
in stem length / width ratio, 145 degree in stem-angle; type D,
70mm in stem-length, 10 in stem length / width ratio, 135
degree in stem-angle,
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Fig.3. Factorial effects of each parameter in minimum principal
stress analysis.

Fig.2. The distribution of minimum principal stress at femoral neck. A, B, C, and D corresponded to the models defined in table 2. The
values are illustrated in color scale ranged from red (low values) to blue (high values). Red range indicated the collapse-area which

received minimum principal stress less than -1.0 MPa.
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Fig.7. Factorial effects of each parameter in maximum principal
stress analysis.

Optimum design

Fig.4, Optimum design in minimum principal stress analysis,
Optirmum design was consisted of 50 mm in stem length, 5 in
stem length / width ratio, and 135 degree in stem-angle.
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Fig.8. Optimum design in maximum principal stress analysis.
Optimum design was consisted of 50 mm in stem length, 5 in
stem length / width ratio, and 135 degree in stem-angle.

Fig.5. The area of collapse in each model. The area of collapse in
optimum design, type A, B, C, and D were 0, 436, 489, 1113,
and 16 pixel respectively.

Normal femur A B G D

0 MPa

Fig.6. The distribution of maximum principal stress at femoral neck. A, B, C, and D corresponded to the models defined in table 2. The
values are illustrated in color scale ranged from blue (low values) to red (high values). Red range indicated the crack-area which received
maximum principal stress more than 0.5 MPa.
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Fig.9. The area of crack in each model. The area of crack in
optimum design, type A, B, C, and D were 262, 319, 605, 917,
and 302 pixel respectively.
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Fig.11. Factorial effects of each parameter in Von Mises stress
analysis.

Fig.10. The distribution of Von Mises stress at femoral neck. A, B, C, and D corresponded to the models defined in table 2. The values are
illustrated in color scale ranged from blue (low values) to red (high values). Blue range indicated the stress shielding-area which received

maximum principal stress more than 0.1 MPa.
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Optimum design

e Ty

Fig.12. Optimum design in Von Mises stress analysis. Optimum
design was consisted of 50 mm in stem length, 5 in stem
length / width ratio, and 135 degree in stem-angle.

Area of stress shielding (pixel)

Optirmum design A ] c D

Fig.12. The area of stress shielding. The area of stress shielding
in optimum design, type A, B, C, and D were 4694, 4482, 5506,
7205, and 4186 pixel respectively.
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Abstract

Total hip resurfacing (HR) is the one of the method to treat young active patients who suffered from osteoarthrosis of the
hip or ostenecrosis of the femoral head. It has some advantage as compared with conventional total hip arthroplasty, such as
bone preservation, resistance to joint dislocation, less wearing and so on. In contrast, HR has two major demerit, metal ion
exposure and femoral neck fracture. Especially, femoral neck fracture causes early failure and needs revision surgeries. The
purpose of this study was to evaluate the contribution of stem length, stem width and stem orientation to biomechanical
stresses at the proximal femur in total hip resurfacing using finite element methods to prevent femoral neck fracture. Two
conditions were considered in each parameter as follow; 50mm and 100mm in stem-length, 5 and 10 in stem length / width
ratio, 135 degree and 145 degree in stem-angle. Four models were defined by Taguchi orthogonal arrays. Minimum principal
stress, maximum principal stress, and Von Miles stress on the cancellous bone at proximal femur were analyzed in each
models using software. Minimum principal stress and maximum principal stress applied on cancellous bone at femoral neck
were increased with thicker stem and greater stem-angle. This suggested that thinner stem and orientation of implant at 135
degrees against femoral axis would reduce the risk of femoral neck fracture. In the analysis of Von Miles stress, stress
shielding areas were not detected at femoral neck, but existed bone-implant contact region in all cases. This finding indicated
that the improvement of stem-length, width, and stem-angle could not prevent stress shielding which may induce mechanical
loosening of HR in the medium and long term. To resolve this matter, other devices might be needed in the design of HR
implant.



