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Abstract

Knee implants still lacks sufficient design solutions to ensure improved long term performance without
aseptic loosening and the subsequent revision surgery.The present paper, used full factorial design of
experiment (DOE) method along with finite element analysis (FEA) to assess the influence of internal
contours of femoral component on mechanical stability of the prosthesis, and the biomechanical
stresses experienced by the femoral component, bone cement and the adjoining bone with preservation
of the external contours.The WASPAS approach, as a multi criteria decision analysis (MCDA)
technique, was then used to rank the alternative designs. The results of analysis of variance showed
that the internal shape of femoral component contours influenced the performance measureswhere the
angle between the distal and anterior cuts, the angle between the distal and posterior cuts, and the
cement thickness were highlysignificant. The predictive mathematical models of each performance
measureswre also estimated through statistical analysis. The ranking order and the following
sensitivity analysis revealed that the top designs mostly had higher cement thickness and the original
design was not the top choice for femoral component which by improving the current designbetter
long term performance can be achieved.
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A- Design of experiments
- Multi-Attribute Decision Making (MADM)
‘- Conceptual designs
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'- Loosening

¥~ Stress shielding
'~ Pegs

¥~ Contour

°- Fixation

*- Cemented

Y- Non-cemented
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"~ Full factorial design
*- Lateral view
¥~ Sagittal plane
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M- Pressure

Y- Anterior-posterior

'"- Rotation

'*- Standard deviation or STDV
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¥~ Isotropic
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Maximum micromotion at femur-cement interface =

+807+ 44.6 *y — 12.1 *5 — 56.7 *&— 0.330 *y*3
+0.492*5*¢ (Adj R? =68.8%)

O 89y LS diio 4 by Joe ANOVA ms
$r,ei5B plas Lol Ol 3l as aes o lid ¢ Jlyg08 dalad
o el sl &t s 88 By e clil 5 b
ol oa ools Hlas -V S o liie Ol 1l aiis
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BN s 89y 5 e S il g B Sl
slais Bl «(¥=90%) v 956 ol mhw o Ll
Flate JI jloges ams s Gl 1) Jlyged dalad (g9,
S rmeS il (e=94°) ¢ YL v a5 weo oo LS O¢e
QS oo dlul o (59, (€=88°) QT ol e 4 ced |
gl 3o ol Gl az ST 00,108 oy 59y Sl 2 5
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Maximum stress of peg = -220 + 1.557* § +1.990* y

+1.849*% § +0.42*% £ +24.44* t — 0.01586* B * y
- 0.01968* § *& — 0.2564* £ *t (Adj R2=98.5%)
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cv = +7.72-0.0609*5-0.0627*¢-
1.635*t+0.000535*5*c-+0.004826*5*t+0.011*c*t(Adj R?
=94.5%)
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Maximum micromotion at femoral-cement interface =
- 9833+ 94.5%y+ 101.¥*e+ 238.5 *t — 0.957*y*c — 2.68

*g* t (Adj R?=82.2%)
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CV Lin 4 by,s ANOVA mls -(F)Jgux

Source DF Adjuss;eudaitém of Adjusted Mean Square F-value p-value Prob > F
Model 15 0.359797 0.023986 25.47 <0.0001
Linear 5 0.277256 0.055451 58.88 < 0.0001
A-Beta 1 0.000281 0.000281 0.30 0.593
B-Gamma 1 0.000186 0.000186 0.20 0.662
C-Delta 1 0.011896 0.011896 12.63 0.003
D-Epsilon 1 0.263802 0.263802 280.10 <0.0001
E-Cement thickness 1 0.001091 0.001091 1.16 0.298
2-Way Interactions 10 0.082541 0.008254 8.76 <0.0001
AB-Beta*gamma 1 0.000604 0.000604 0.64 0.435
AC-Beta*Delta 1 0.000001 0.000001 0.00 0.980
AD-Beta*Epsilon 1 0.000218 0.000218 0.23 0.637
AE-Beta*Cement thickness 1 0.000003 0.000003 0.00 0.953
BC-gamma*Delta 1 0.000069 0.000069 0.07 0.790
BD-gamma*Epsilon 1 0.000001 0.000001 0.00 0.969
BE-gamma*Cement thickness 1 0.000213 0.000213 0.23 0.641
CD-Delta*Epsilon 1 0.004642 0.004642 4.93 0.041
CE-Delta*Cement thickness 1 0.041925 0.041925 4451 <0.0001
DE-Epsilon*Cement thickness 1 0.034865 0.034865 37.02 <0.0001
Error 16 0.015069 0.000942
Total 31 0.374866

CV &t 4 by e azily ials ANOVA zli - () Jou

Source DF Adjuss;euda;set;m of Adjusted Mean Square F-value p-value Prob > F
Model 6 0.358222 0.059703 89.67 <0.0001
Linear 3 0.276789 0.092263 138.57 <0.0001
C-Delta 1 0.011896 0.011896 17.87 <0.0001
D-Epsilon 1 0.263802 0.263802 396.20 <0.0001
E-Cement thickness 1 0.001091 0.001091 1.64 0.212
2-Way Interactions & 0.081431 0.027144 40.77 <0.0001
CD-Delta*Epsilon 1 0.004642 0.004642 6.97 0.014
CE-Delta*Cement thickness 1 0.041925 0.041925 62.97 <0.0001
DE-Epsilon*Cement thickness 1 0.034865 0.034865 52.36 <0.0001
Error 25 0.016646 0.000666
Total 31 0.374866

el 1) O ygod (Ban ol BaisS JPESeyg
Mean stress of cement = +2404 -5.521 3 -23.21y -
6.52¢-214.12t +0.048993 * y +0.2118p3 *t
+0.0652 y * ¢+ 1.8768 v *t(Adj R?=99.8%)

b Lol Sl b a5 ol plis (Jlyged dakd Lol
&bl sl hlite ol 3l g ates o0 € 5 B o sla g
Bt 1y e slys5S6 51 (M) S ot HI38 50
WJSE @ az g b oo e plis Jl)ged dskad Lol &gy i
4S5 sl 1 walys s bt (LalS 4 8 5 Bl
ol Loy G591y A5 (nyeS do Sl (VL zolaw
Sy s cal Jb e opl S e olml Jljged dakad

el 25 O )gods Ban () BALS i O3S
Maximum stress of femoral component main body
=+84.3- 0.903*  +3.174* y - 1.902* ¢ +2.09 t

(Adj R?=82.7%)
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Ol o,les i slajlxe 5l 555 Jlyg08 dxkad >k sl ol b 530 Sl s ol Ol 0 YA
olhwls gy bl b b (saiuad) 5 (6 S el e —(F) Jour
sostdo g yb oS c1 c2 c3 c4 c5 C6 SL(M X-MULT | Q | Ranking
Design 1 0389372 9.48 28.07 28.38 87.2 100.932 0.53 0.41 0.47 12
Design 2 0.385924 8.92 33.3 28.44 73.71 85.1921 0.56 0.43 0.49 8
Design 3 0.390437 109.7 41.11 28.57 140.1 22.3396 0.36 0.30 0.33 29
Design 4 0.390976 107.8 41.35 28.73 103.3 16.9006 0.41 0.33 0.37 24
Design 5 0.298166 9.24 33.04 30.41 89.83 101.273 0.55 0.41 0.48 9
Design 6 0.261059 9.45 38.52 30.67 73.73 85.5773 0.59 0.43 0.51 7
Design 7 0.30782 111.1 42.4 30.35 110.8 22.4754 0.41 0.32 0.36 25
Design 8 0.308112 10.83 40.92 30.33 104.7 16.9855 0.55 0.51 0.53 3
Design 9 0.524477 84.15 15.87 14.27 80.42 96.1091 051 0.34 0.42 18
Design 10 0.521298 85.29 16.54 18.52 67.17 80.1044 0.50 0.34 0.42 19
Design 11 0521705 119.7 96.7 13.41 101.4 22.171 0.43 0.30 0.36 26
Design 12 0.51379 119.8 42.72 1351 95.94 16.7533 0.48 0.36 0.42 14
Design 13 0.387602 77.03 99.9 14.06 79.79 95,7752 0.45 0.27 0.36 28
Design 14 0.386334 92.09 142.5 18.41 67.78 80.4483 0.43 0.25 0.34 33
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Design 27 0.502176 95.81 93.02 15.9 102.2 16.1628 0.43 0.32 0.37 23
Design 28 0.485211 94.06 80.83 15.23 96.4 13.0383 0.46 0.35 0.41 16
Design 29 0.585529 52.78 111.2 14.32 88.46 57.604 0.41 0.28 0.35 30
Design 30 0.584514 57.3 121.2 16.66 76.12 52.5542 0.41 0.28 0.34 31
Design 31 0.571804 95.54 80.01 15.33 102.4 16.1266 0.43 0.32 0.37 22
Design 32 0.592309 93.63 94.05 16.07 96.24 13.048 0.44 0.32 0.38 20
Commercial Imm | 0.30398427 1785 357.3 30.46 104.4 23.34681 0.46 0.25 0.35 34
Commercial 3mm | 0.24366085 142.2 352.8 33.94 104.8 18.16785 0.52 0.27 0.40 32
ol Jolows 13 L lons orastl (gl 52l 1) =(7) Jgoir
Jbw Criteria
* c1 c2 c3 ca4 cs c6
L9
wi 0.167 0.167 0.167 0.167 0.167 0.167
” 0.18¢ 0.175 0.175 0.14v 0.14y 0.18¥
W 10% 1 5% 1 5% 1 15% | 15% | 10% 1
w3 0.200 0.175 0.175 0.13¢ 0.13¢ 0.18¢
20% 1 5% 1 5% 1 20% | 20% | 10% 1
wa 0.217 0.175 0.175 0.125 0.125 0.18¢
30%1 | 5%1 5% 1 25% | 25% | 10% 1
0.217 0.18¢ 0.18¢ 0.11v 0.11y 0.18¢
wb
30%1 | 10%1 | 10%1 30% | 30% | 10% 1
w6 0.217 0.192 0.192 0.104 0.104 0.18¢
30%1 | 15%1 | 15%1 35% | 35% | 10% 1
w7 0.217 0.192 0.192 0.096 0.096 0.192
30%1 | 15%1 | 15%1 | 37.5% ) | 37.5% | | 15%1
w8 0.217 0.192 0.192 0.09v 0.09v 0.200
30% 1 15% 1 15% 1 40% | 40% | 20% 1
0.25) 0.192 0.192 0.08¢ 0.08¢ 0.200
WO 1 soset | 15%1 | 15%1 | 0%l | sovy | 20%1
wio 0.25 0.192 0.192 0.075 0.075 0.217
50%1 | 15%1 | 15%1 55% | 55% 1 | 30%1
wil | 02881 | 02r1 | 02rt | | O ) I~ L | oz
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