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Evaluation of Mechanical Stability in Development of Customized Hip Implant
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ARG e A5t B2 Q4H Gl 9% Atolz= R 2 2l AAE HABHSTE 28(L/M/S),

3 A 25 dTwE HA % AFe] B 32LMS), 36(LMS)SEA X £AE E =]

Sa= A o]n, Large/Medium/Small & 2¥9] =84
g2 2E5Y T3S dAe AYsd 2ds o] Bo 44w Zolo wE 2 Fo|ThFig 1). Large

Adste] &8 e 7|Ee We] oid, X = 19.5mm °©] 31 Medium & 17mm, Short ¥= 13.5mm

Bl diE=n 71 dAse Jdeud s A4 o A Zolz AAFHAT AtEET tiEI

3t AT ¢ JEE e WHoE FoA" FF A717F 27 g 3 /A AL FoA
"4’ A 2mEy AFHA dAe dnkAel I AAZ sFem, A Holdl AelE aLyshe]

Ao gz dEE 2 AY Xray YA E B Head Offset Z©]E Ball Head & E3t9 xA3}17]

o Qla#d AA FAWTE FE2T 5, FEd ko] F 97k REE HAE AT

FAUTE HRste JdF3HEE dAE I, 24

H T HAH sty A AEgH HAEE AF . .

3 oAHE AYHUT. Fx wEH ATHE

AAMY FHe A dEHEH fARE HA Y !

AF@Hel A zto] 7h5dtel F 83 (osteolysis), < :

THEe] s (loosening)s o EAHE Fola <l ‘

Tedel 98 AP £ Aow, AT & o o

= A BRbellA AT wEY deEde Awst Large Medium Short

o, AXE s A ¥ Fe 5 8E 7 de Fig. | Design of three different models of ball heads

o AdH FAMES FHiE AL ¢ U= A (Insert Depth: Large 19.5mm, Medium 17mm,

o7 gdbdrt @4 & nEg dsad g Short 13.5mm)
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2 g o] 1 7} 2 §3os mdEe FA% T AL {3eAn

He MEHEZ 9B Ball Head

=
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Element Method)& £33} Stem Head & 3/ A7
£ 9% A" EAS HAEST Ball Head &

ezl 71 43 HEZA g - “05:01]
Hlsl Zxvh Aok gEA o, AA A
A el Ao dojubx] grevh AR Qb
d BENE B 5%%“% ETBAL FAZE EﬂOﬂ
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o] B4 X% Bernhard Weisse 8] =% & %113]';3\‘4
(Table 1). 2 22l AAZAL Stem # Ball &
0.35, Ball ¥ Cone & 0.3 & n}&A S
E3 Y7 FE£2H S Ball Head 9HE4 37t 71%
ol 1SO 7206-10 T2l 9ste] Y % Wgo=

46KN o2 A 835t ?ilﬂ S Stem, Ball
Cone &9 #HZ elements = Y £o2% &3U 4 9]

Al B3, Cone & 3¢ elements & X, Y & 2 W 3o
2 o F&3th

Table 1 Material properties of implant components

Material Mo d}ill?lsst(lli/IPa) Poisson’s ratio
Ball Head 380,000 0.245
100°cone 210,000 0.3
Stem TiAl6V4 105,000 0.3
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Fig. 2 Axisymmetric 2D FE model(Static load and
boundary conditions)
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718 A (Fig. 3) Best/Worst Case
Boundary & A8t} Head Offset @ Z o]
33.2mm, 35mm, 40mm, 45mm, 50mm 9} Neck Shaft

[ =
T Head Offset 2} Neck Shaft Angle 2] 5 717
E A

Angle & 110° 1157, 120" , 125° , 130" , 135",
140° , 145" , 150" 2439 ohFig. 4(a,b)."” C type
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¥ A9E Bolt Aoz PR ol ¥ EE
oA AFRE A e RAdNE 4 WA Qs
of B} A< gl 2dd 432 wole A
o2 yeht, ol what 4 WA TS A&l
#Pes 2AYL AU B JI) FLHE
& AA AL Yte] 1SO 7206-4, $/ASTM F1612
of #HFAS el Agstnt Hip o 7HaiAE
32 AFHAH =] Anterior-Posterior(AP) B3

Fig. 3 Measurement of design parameters in stem using
X-ray image ((DHead Offset, @Neck Shaft angle)

Fig. 4(a) 50_110 FE model- Fail case(Head Offset: 50mm,
Neck Shaft angle: 110° )

Foroe @P

Fig. 4(b) 33.2_130 FE model-Success Case(Head Offset:
33.2mm, Neck Shaft angle: 1307 )

o= 55“ , Medial-Lateral(ML) o= g1° o )
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Bt Range Of Motion(ROM) &7
UL-EH:] o]_:_J,]_ﬁ o]-;G/H 437},] T2eE g zq
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date A WA BAo R @A 4 A%

H3 Q¥ C-type DDHI 29& 7tA 3 &2 &
g AFaBEe F8 Y W5 Neck shaft angle
7} Head offset Zo|Hale] w2 ROM < A3
ot ROM o 4L Az A F Qe 6 LT
o) @ gl FAYY AnE 53 Aoz <
T 1A A3s T gy dAHd A" bs
ASg 71E7] flshed AAEAT Neck shaft

angle ¥ Head offset = Soildworks®Z ©] &3] 9
7FA(110° , 1157 , 120 , 125 , 1307 , 135" , 140° ,
145° , 150° )9} 5 7}X](33.2mm, 35mm, 40mm, 45mm

50mm)z AE3ste] AASSIT. ROM 54L&
Soildworks®®] Motion 7|52 o] &sle] ) 33F%]
A A HEYFL 7EoE T HAEY &A9)

=74 BN E A5A 1
Abduction, Adduction, Internal-rotation, External-rotation
9 6 WBFie 0o hEF L AAe] Al
o BE g9 $4Y Fuet MnE ST

(Fig. 5) Flexion, Extension,

T Cup 15 falesarden

Logp 8 b cliveiog

Stens 10 Arstirtordon

Mo 67 Addustes
Fig. 5 Position of hip implant component Stem: 6°
Adduction, 10° Antetorsion Cup: 45° inclination,
15" Anteversion

Cranial
Flaxion
Abduction
Ant. Extension
3 - - External
Rotation
internal ,w""/w Lateral

Rotation

Fig. 6 ROM between ball head and cup in six directions

3.8

3.1 kiIT s He MFS
T 2Mdx

Ball Head ¢] 9 714 RHES AA ;& F3

st oo 9L 166~344MPa

2{8t Ball Head &

0:1 Cl /\q =3
o] ¥ Z ©Bo] F=WA Ball Head 9 A5 A1203
o] o A4%=H 350MPa BT} WA EEIE
AL 2 4 glth 288 X dlo] Ball Head & F717}
7} gFol A 7] wE-o Worst Case = <3 % 28L
A Ao dA-SHo| A BEIIATHEFIG 7).
28 mm

Large Medium Short
32mm

Large Medium Short
36 mm

Large Medium Short

Fig. 7 Stress analysis of ball head in 9 different models
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Table 2 Maximum stress in neck shaft of stem(x: length

of head offset, y: change of neck shaft angle,
Safety Zone: under 900MPa)

B2 et e B o4 AT o4l "da
Wi g Eaho 781\49}3 o] Ball Head & A}-83%F
2do] 1157 9 1507 & AT do] Uwkel
FFET A FAH] olHE Asis ¥
g AlE T oA Age s oA
EHE wrA & AoR AiEy

Table 4 Change of ROM dependent on stem geometry
(Diameter: 28/32/36mm, C type, x: neck shaft

33.2 33 40 45 50
110 19304 | 9454 | 971.1 | 1036.1 | 1137.8
115 816.2 | 848.4 | 852.1 980.1 | 11232
120 | 807.2 | 8034 | 8306 | 9162 | 1055.9
125 701.9 | 742.6 | 8283 | 928.1 | 976.6
130 | 672.8 | 708.1 | 844.5 | 943.7 | 1088.5 |
135 6154 | 742.6 | 887.1 | 1017.5 11944
140 | 720.2 | 787.8 | 908.3 { 1102.3 | 12585
145 762.8 | 846.1 | 1003.3 \ 11309 + 11123

150 | 8699 | 1234.1

Table 3 Average values of ROM for normal cases

Motion Type Motion Angle
Flextion i 113°
Extention 23°
Abduction 48°
Adduction 31°
Internal rotation 45°
External rotation 45°

Table 3 & uielo] ROM & e Aoz
Table 4 = C-type DDHI 222 Neck shaft angle ¥
Head offset 1 &0 wh& &23 ROM Ztolth. ROM
o AS AF, AH, Yolo o g Zost U
Bl 3 Al oA o) HE 2F5Y

F e WHAE FHHIE  activerange-of-motion

(AROM)! 799} & Abghe] ojste] #Hujghs
ZA3E  passive-range-of-motion(PROM)S] 7 $-7}
g2 Z3s Yehdd® duziez JdRdnge
A7}, o7t o dE ROM 9] MV AXE
3ol 9tk Table 3 9 Fh& THR ] & 49
A EAgSE e etste] 19 Al oo A<l
e ddeE AT g v ddes A
ait‘%-.“ %74 A#E By Ball Head & A7 o] #4
of mel ARkAl FAUe Wt AHE 2
URATE ol fre Aol AR wet FdstAe] 7
A7) E] Aoz AR Neck shaft angle ©]
Aol el Abduction, Internal-rotation, External-
rotation 9} b2 ZFZF 79%, 88%, 42% Z7}EFE I
Flexion, Extension, Adduction & Zt2 70%, 68%, 59%

=

angle)
M C | 115 125° 135° 145° 150°
Flextion 161 140 125 113 108
Extention 78 68 62 55 33
&bductmn 43 53 64 74 79
Adduction 78 69 59 49 45
External ,
xiema 46 55 64 76 85
rotation
Internal
i 109 117 128 141 151
rotation
M C | s 125° 135° 145° 150°
_ Flextion 142 141 128 116 1|
Extention 85 73 66 59 56
—
! Abduction | 45 55 66 77 2
Adduction 80 70 62 52 47
Ixternal |
Externa 50 58 63 83 04
rotafion
Internal
fiema 2 o121 132 | 147 | 160
rotation
| 36M C | 115 125° 135° 145° 150°
Flextion 181 147 133 121 116
Extention 85 80 73 66 63
Abduction 49 38 69 79 84
Adduction 83 73 63 55 51
External
xierna 55 63 75 90 104
rotation o
nternal 7 | o126 | 139 | 155 | 169
;mtau(m
4. 4B
THR & ¢lg-¥do] /jutel oo m#Ad
o] Ao gojA ddtHeim gl W e
2 AbgE5 9. AT AlsdE IFHEEe F
ol 10~15 WolghE HolA dFHde Fudd
FAe Awstn ol wEkA AFo| M= o
H3 EAE My fdM 4 BEY ATy
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e & e 29 v 53 HAE
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2 4 A%, Neck shaft angle 2] #HFE
Abduction, Internal-rotation, External-ratio < #
Flexion, Extension, Adduction 2 2o} A+ 72
T ATt F4 vlolelel dvlcle] Hip joint ROM
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