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Abstract

The choice of suitable hip implant is one of important factors in the total hip arthroplasty (THA). In clinical view point, an improper
adaptation of hip implant might induce abnormal stress distribution to the bone, which can shorten the lifespan of replaced hip implant.
Currently, interest in the custom-designed hip implants has increased as studies reveal the significance of geometric shape of patient’s femur
in modeling and designing the implants. In this study, we have developed custom-designed hip implant models with various sizes, and
analyzed the stress distribution in the bone and bone cement using the Finite Flement Method. It was found that minimizing the gap between
implant stem and femoral cavity is crucial to minimize the stress concentration in the bone.
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Fig. 1. (a) The parameters represented the characteristic of femur's geometrical shape and (b) the corresponding design variables determining

a shape of custom-made hip implant
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If. METHOD

A. Implant Modeling

2 AT dEE 9F 3 W7 (canal) ¢ F3E A3
£ /1A HelolE At (7], o8 A5 Aol B4
A Aendd =& AT (Fig. 1, Table 1) A4 Q7
el /Mg 2 54 2] 34 hehe el e S A
HFR ALESto 24 7l thE 2 J73 5 sl g9
o B 22 HAA B3 3 Abe]z2 8 o) AEA kit &

B 1. UHE| S @4t nifo|e| et QIZBA MA o] A A
Table 1. Femur parameters and corresponding design variables

(neck) F-i-9] Aol ot Ax & HE & J/de] Aol A4rE a2
vk s}, A€l (stem) 2| /% (anterior/posterior) I /8=
(medial/lateral) 3o /d-& ZAA = 779 Wge dEE
W FHE 7P aE o vehd F gle 4] vetr]
HEZH, 7} i gro] Wol wa} Qg #d o] i 71841 343
< HoJUR] gon A T2 B2 Feu Ale]z W7ol 7}
Fottt ey S-S 3 FA ol oid FES JHE
Poz e Ee] ¥4 depig ghS a2 AAREE A
A2AL tE I FAH o2 ARIEA] F& S Sl o] 2 &
A7) 93l 5% el tish Ad st ALY Fgo] B ast
o} & AT = dEE 34 Fefved] 7P 24 e gel A
ARMTE AHE-Sl #Z0] JIFAE S A $, Edfol] 4l o2
(try and error) WHES 58] I S 234 Z ESI Y B
A ARl AYE F e Ad =719 38 (Fig. 2
Type 1) & AABIAE o} A& 7] B4 02 ALg-8t Q3@
o] A/F B/ & ek A4S A A ATES S 43
Al B7 st AR FF- Wk gor HAAAQ % (width)

Parameters Design variables

A (medial canal width at 15m proximal to lesser trochanter) a

B (medial canal width at lesser tfrochanter) b

frzg::l C (medial canal width at 20mn distal to lesser trochanter) c
D (medial isthmus width) d

E (lateral canal width at 20mn distal to lesser trochanter) e

sagittal F (anterior canal width at lesser trochanter) f
view G (anterior canal width at isthmus) 9
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Fig. 2. The variations of implant by changing design variables. Type 1 has the
closest design variables to the femur’s parameters and each design
variables are reduced by total of 2mm steps as reaching to type 4

Bone cement
between implant and
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Fig. 3. 3D modeling of a bone cement

B. Bone Cement Modeling

Z AES AR Q3 #ET 7 Alele] Wl 30 Lo
2N A3 BAE wyste HE (8] At Ec] dzRP 2l T
Asle 88§43l o] g3A o 2 12 Z (cortical bone)
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AL, B 98 Atk oS AFVA g o2 A3
WAERe 2 2ok (stress shielding) B4 I8k v 237
Q) e P} mebd BBE ZANE B BRI 2 §
4 293 B go] QTR 9% 2 T3] 7 A IS B
She ol Wl Fe stk & 5 Ik B Aol EAHY) Z A
WEY] B2 Sla) HE2 J3 $2) P4E (cancellous
bone) 4] we} 2 AMIES T RE0R ro] BdY 4%
o E E o] B o] EASHe Fe AMEE Y 2
ZHA ] YA el 1.2mn S ZA (offset) & 7HA 1 2719 &
Apolm, BFZo] EABA e 25 $E| AHEE YT
W B4 o kel hE B UL N B2 glo] Ag - YEs

=94 3%t (Fig. 3).

C. Finite Element Modeling

¥ Zzte] 3a1) B 52 F8 fr¢9 4 (Finite Element)
2dg #7221 slo]H ul< (hypermesh 6.0, Altair Engineering)
o] 8% gl Ed} v4] (volume tetra mesh) W& o] &3} Ad 4
A7 484 84 (4-node linear tetra element) © 2 -F3FQ A
24 o3, A8 73t e s s TR ol A (ABAQUS
6.5, Dassault system) S Al-8-8}a] A A #2412 =385} At
Ao B #4894 1A Al 4HR) 24T (tetrabedral) Hohe= 6WHA|
849 (hexahedral)o] o< 3 83 278 Hol= A2 g2iA 3]
or, B =RoA ARSRE Al 22 tiEE 4 Bl =49A
4ol B} X129 ghol] 278 AFE Ho|= A2E vEh,
ololl we} 4R A 2 AYE AREsle] {94 Rdld 315} [9].

HdE 2d& o 590007, AFHE-L Ay AR &
374 Azt whet oF 5000~800071) 84mo] AHEE oW, &
AES} B73E B2 T HH 9| FAbo] Wil wje} 24z}
8400~940071, 7400~860071 2] QA o] A5 1Tt 0|83t &
A5 Zt7te] g (S F, S, SAWE, JF3A) vt}
EYAQ A3 & Bl A, vebA 2 2de] Aol A Ay
3he SEH A U 2o 23 ghd AR S v|Xx] geth
AFHA] P4 sl ma} AT B FHo) JRiA = &
(von mises stress) ©] Z7] 2 B¥XF gH o B3] 3
124 & (Gruen zones) [10] & F1 sl & 12719 g4 A
(F AHE 22 o/, 3 BE 67) & BA3den, o8
Fig. 59} Zo] 67]]¢] #AlgH o0& T3ttt Zhztel g
£ /919 (proximal/distal) 3 ol wi} 44 1, 6 (proximal
part), 99 2, 5 (mid part), 9 3, 4 (distal part) 2 FE& <= 9
o, /9 & H =l Wt & 4G 1~3 (medial part), G 4~6
(lateral part) o2 TE& 4= glom, o3t BHIF L 7|ES
27 2dol $¥e] 27) % $X2 Hm Bsgch

T LS AT B R FE20 2 AA HEEE 0%
3l sl AE 24 (heel strike loading) & F1 3}, 422 24| )
3j| 20° HFgkol| 4 1780N9] & (hip force)Z, 40° UlHakof A 1260N
9] 3] (abducting force)-& 288ttt oj2| g 24 E o] &3t 3]
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84 Rt siM 2 95t 7S U siE . 72 =ol| s 20°
ti5tof| Al 1260N, 40° 2Hatol| A 1780N XM &
Fig. 4. The constraint and loading conditions for finite element analyse.
The hip force and abductor force is applied by 1780N and
1260N respectively with 20° and 40° to a vertical axis.

A& A A8 2 A7) o) § fAR o] SHEHUTH11]. 24 =
o)) A8-9 4% T3 (isotropic) o™, M= ¢ a}A 2
3} (perfect bonding) ¥ A o 2 714 5l t) (Fig. 4, Table 2).

lll. RESULTS

AFZHE W/ S A 7Tl A Bk BT, HEFH &S 7
e HA A o2 v)sg 4] A S8 S YEplA T tiEE
o YFHA & w2 A Ak i e Y2 B o
gt 27| thg 235 Jel 3 Yt} 99 1 (medial/proximal) o
A & ARES] Hof 32 g Z A9 o 14%0) EFs}A]
Tk olF T ] &4 wiglel we}l 1 Z7F A== Al 100% (~2
Hl) of @&t} gy 9= 539 99 6 (lateral/proximal) 2
Z A HENN = Q3w o] A Hstol nje) ol H= Ho) &
B zke] Wil Aeke FE 4 gAY 29 Bl I3 HE S
A 4277t Aulgkel 1.80MPa BT} oF 28% 7+ g e
UEPATE 497 (99 3,4) o A ald B9 AN (B4
W d) 7L HE 20 34 getng (sejelE] D) 2o e E

¥ 2 Fotes rdzo ARRE SMx|
Table 2. Material properties used in the FE models
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Fig. 5. Region of interest for analysing the stress distribution and magnitude by

referring to Gruen zones [12] Region 1 comrespends to a medial/proximal
part; region 2 is medial/mid part; region 3 is medial/distalpart; region 4 is
lateral/distal part; region 5 is lateral/mid part; region 6 is lateral/proximal part.

Z AEC A S AUk o 50% FF7A] AAF A
AT vHA, 2915 (proximal) } A9 5 (distal) &} FIHF-E
ol 9§ 29} 59] ZF A ECME AZHAL] Z31 FAVL Z0E
FEZ A L ZRIAN F A EE A 3B% e Y
A (B9 3, 4) M Eok= A9kt a8y F AHEA 9]
0 S8 99 1, 694] 1~2MPa, 94 2, 504 3~5MPa, %
A 3,40 A] 5~11MPa 2 29| 5ol AARZ 255 Hat 37
o, A ZoA] GA] B 528 A S Jepin) ZF B Y
dAe] Ao e Jukdlo g sy REo] QA WSy} Wl
ke A QoA WA B AlFste] 2 A0 2 Fal HAy
Ve A4S Bt &, Hul $Egke] F5 1 S| ¥ X3}
EHY GA "R HolAE RS B U 29790 99 1,2,
5, 6914 AFHH 3 FA7 2AEFTE AN Syl F
7k, A3 o) £ HY 94| Hojxle AL AT 4 9l
o} vha Q97 E3] 28lo] Tdo] 9xlshE BEM = AA A
T o} foll slFohe 2] 3 FA7F FolE4F A S
I 1 ¥ 9 e Folrlt (Fig. 6, Fig. 7).

Part Material EBlastic modulus(GPa) Poisson's ratio
Hip implant CoCr—alloy 210.0 0.3
Bone cement PMMA 2.28 03
Cancellous bone Cancellous bone 0.400 0.3
Cortical bone Cortical bone 11.0 04
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Fig. 6. The stress distribution of bone cement. Each type number represents the corresponding
type of implant (Fig. 2) used in FEM. And the stress values are expressed by von mises.
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Fig. 7. A max von mises stress magnitude of cortical bone and bone cement in each ROI. The graph (a) represents
the results of region 1, (b) is region 6, (c) is region 2, (d) is region 5, () is region 3, and (f} is region 4.
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IV. DISCUSSION
2 A7 E 529 FASAL videts 81 2EY 2
2B A S8l MR AANGTL g2 L o 5
A @ Bl o G v A B8] el B A
AEfA LA S S gkt 1 £2ol taiM 24 &t
o Ao g Aol gd e 8% Fre AAHSs) wslstE A

Aol @A) Al Fa FHoZ BX WUt gt
78S Ho|v, 4= 39 Huigte] AZFE 1 EXH IA
oA A& 9% 5 Ui
AAH oz 29 FEQ 99 1,2, 5, 6ol AT U E
Z9] g4 sefule gholl 2HEFE T se 3 A
ZolEH Hugo] E¥xte MY gAl Folee A BT U
o} uhE 919] 289 49 3, 40X = g Fio] Ml tiEE
o] g4 setu|g gholl 2P 5= EA-eH ] Hdghe AR
AZH e AL B3 4= 9t} &, AFHAH ] 2979 2
7R 9 FAS AR AT a, b, c e, g, fe E I FA
BevEll A, B, G, E, G, Foll 23 g +5, ¥z I8
o) Y959 Fe & AFAE AARS d9 f= 7hsshd e
BLFE F AME 7[R & H-8H L FolAM 1 X o
A L dojvke AS 4 4 Aok v HARSIH(a, b,
c, e, g, D AURAA Ax A HH ol A3 FH) Al £AE
AN 4= glon, A2 Edo] dl ofj2] WH S Bl A3 uAS
Aol BAI7F 94 e S elA =g segd 7P 2
A3 g Folof Fit). o @ AAE wiEt o E A AAS AA
gvid A F3 AR 98 2 AWEd JlEiAE H$H & Fo
T ZIAQ SHEAL AEE IS A Bt &, AF A A
3 A, Fo] WA FY FEAA FH & v w B T HA
SARlata & o Ao 8- o] HA T 2uf ol A Hr) 8ufl |7
A 2 AL AL F oH, A0 E AFHHAA Al e
BHh 44 2 g0l YAt AL & T Utk &, A
of, s AA FA e i FEe] 8ol tEEe ¥4
3 E4s e W, 13HE A Folle 2 ske &
THAE B3 F5EY) g2 gHE2E AdHE §
£ Aot} o]Ro] ojn] & Liz “g A (stress
shielding) &Fo|tH[12]. S8t 4 A F o8 o] 71A]
EAEE o715 Bt Lo} dud o, A- L teH
ZAE7F E5E 2 AR HE AAEA QA AL EFol IF
DA Ao 7 Q3 R AY §7 AR st B9y siA ¥
3l Aot} o]& A3 ZF &4 (bone resorption)t} A4
(bone remodeling) o2 We] Y7t FolEx A7 ATH
A9 &g Aot B 5 L8 itk &, 38 A Y
o] dojuir] gkt lF oA LAY SFHo] T F AHE
2 23 AT FFA R A e A2 A3V &9
A7 A Aol wl$ 28 29lo] A} a2y £ A7 AT
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2 ZA AL AU dE S W3l 2818 Adshe WAo] of
U Qg gt AR AUTH[13]. SR 28] 2] <
FHEL oln] B AFE B3 /P GAAQ A3 wAe] I
2 A o, E A7E 71 R4 21 Feo] 3 AE S
Mdalr] g W] B7pt o EHo|mg o= IF 7%
<8 A 42 =97 seich AFlA gl rhsskkel, ¥
Aol A A JFBAL e 2] B4 54 ALt E W
F AAA7} WSl wet QI FH| 71AIF 8730
Halel =H, ZH AAWN S DEES Bl ¥ 22 27]9) &9
o]t m2A REIEE sk Ro] rhedltt. o2 g A= AlF
e FFP4e AYdtet 88 AARE AL 3
ozl 7l s, ZH AARe] AE AL Hstd] mE 7|AH 5
A B4 AT A7 thRolzjol ftkw AR
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