a 8 % a v = ¥ dl 1 ¥ a
nie Lﬂﬁ"TZMﬂ"J’]NLﬂui.li‘L’JmL‘Ll’]@zIWﬂL‘V]HN“IIEH%\?@?I@ZWI‘WT’]HNV]N’]ﬂﬂQWﬂ’Wﬁ‘I‘N’WuﬂﬂL‘l

Taaltlsunsumannainas

Wy

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬁﬂﬁ
ol mﬁﬁmﬂmﬁmﬁ 8¢

TunAINeae @W’Wﬂ\‘iﬂi‘ﬂANM’]QV}ﬁl’]@ﬂ

Un13fnmn 2552

a a a

AUANTVRIIAINIUUNUIN Y



Three-Dimensional Stress Analysis of Polyethylene Acetabular

Component in the Extreme Flexion Position

— a Finite Element Analysis

A\ f////

ﬂﬁﬁﬁ”%ﬂ%‘ﬁ TR

Interd|SC|pI|nary Program)

QW']ﬁ\iﬂ‘ﬁﬁfm‘iﬂ’mmﬂﬂ

Academic Year 2009

Copyright of Chulalongkorn University



vadadnutinug nrersiAuAuLTn ot Innen
ynuzssdiaainnyufinanndanisaulng
Inelusunsurauiamned

ine utlaT weuuuas

A19717911
et J1se Alaiad

& Wyad andrrioad
' MmassiaTy

:--H
N g
o

<id = 2
aransEmUEnE Inetinuiuan
aranstT N Anenfinadion

i d
yusavuiudiuniia

- L ]
UnuNAINeIaL
LN

BINITANHIRINY

IMINEIAL

NNAINLUANY

(sRaA8RTI975E wrsunng Alead nAuaeAingn)



193 wansugs - nFirrsiankuoatias v fousnssedieasiwnaysiinanndanislian
uUné lanlusunsumanfiames.  ( Three-Dimensional Stress Analysis of Polyethylene Acetabular

Cemponent in the Extreme Flexi

' / Finite Element Analysis) AT neman -

an.un. gz Flafmd nwn“: - andsrined, a.ms InFa fmrﬂmﬁj.
4 vl \kj ///

_._-—#f
1nﬁi~ﬂn mannﬁ'ﬂ&*mmmmrﬁu viamdinacinnifiourus
vvimfaweauazying

sunsumsuAned

rhmiuuﬂ:quﬁmn‘f i W AN AN I NAYLLAEN1INIEAIBAN

alt o o
uidnuierneuuinast e AH’A' e

eindtasnmsguivids vlidanine
vuszwinneasinnifiouiudnasnnmeRioussuULseti m'{ﬁnﬁn Maximum principal stress
winriu 103 MPa AT 24.5¢ t AL naTvines mwnnmﬁﬁ‘uqun*i‘nn
frnedt WifinnT2nm : ' ey 4 05 uax 4.15 AnAAY

wuminazinn 2ﬂjﬂﬂm

TRANTE

ﬂ‘lJFJ'J‘VlEI‘V]‘iWEl’]ﬂ‘i
R e

auiledn o, #ﬁnrﬁnmuﬂu{hu it M s

" ﬁﬁ)ﬁunnmmmmwwmunﬁh




##5187165820 MAJOR BIOMEDICAL ENGINEERING
KEYWORDS: TOTAL HIP REPLACEMENT, STRESS, IMPINGEMENT, FINITE ELEMENT ANALYSIS
TRAI PROMSANG : THREE-DIMENSI -_ TRESS ANALYSIS OF POLYETHYLENE ACETABULAR
FLEX!

- A FINITE ELEMENT ANALYSIS. THESIS

CO-ADVISOR : PROF.PIBUL
PP

Objective: This 7 i
paosition in total hip nt .Fin

liner. Impingemen finitely polyet wien t has been a major cause of

revision hip surgery. S i i oss-legged are specif positions typically used in Asian

Methods: A al finite ele  model as been\developed for the purpose of studying
the effects of squatting and sit legged pos tions. he study was divided into two groups. First,
SES. vd, hip ranges of motion at one standard

deviation were also analyses. Location ntarea and stress distribution were demonstrated.

Results: Squatting an s-legg '__' e standard deviation obviously cause the
significant impirfg'éﬂer};aﬁ' r - ﬁﬁﬁal stresses are 103 MPa and

24.5 MPa in squattifig. ng G gged, respectively. There is no impingement when the mean hip
4 ﬂi}l 14.15 in squatting and sitting
cross-legged, respectively. Ll

Conclusions: Squ?ﬁng and sitting cross-legged can cause significant impingement in common used

RN e TS
EIRIAIU YRINBIAY

q Academic Year: 2008 ... Advisor's Signature
Co-Advisor's Signature (7 %9 v

Co-Advisor's Signature



TRUBUNISATU

aaazinanlunn A0 auin e dnusaiiuidnSaganslidand

VRUBLNIZALL

Aﬂl 2N ° . . .
Algdaelunnmnan ode Finite element analysis

r= < 5 o v o A PP
A":_, NFANI AUN IRUTN N9 A
o) £

._'k-jm.ﬁ‘w%hﬂ, uN Asdnn

o]
T @uﬁﬂ@uéﬁ@qm\ﬂﬂﬁwﬁ

m@muqnﬂ f

-

el
LAZUN. TN ’Wﬂiqﬂﬁmm

ﬂﬂﬂ@ VSIS BT

gndwiansastansa llvinauaaemuil

ARIANTANNINYAY



AN9118y

4

q W’m*ﬁﬂ%ﬂi SJWFJ i El'}ﬂ d

‘]Jﬁ‘ﬂ%l‘]]u‘ﬂ AAINaz AU



UU

e My

1J1/WI 2 L‘ﬂﬂ’&

________________________ 21
__________________________________ 21
____________________________________ 22
Parameters of proSthesiol et as s i e, Y . 23

2 "-. ﬁ: '
ﬂﬁi‘ﬁﬂﬁ%ﬂ\ﬁ’ﬂ \ersl (Angle of prosthesis)____.__________ 27
A0 -

j

JUNAUNT L'Ll‘]_lfﬁ’mm Finite element analysis_______________ﬂ __________________ 37

fru ig) Wﬂﬂﬁw #INT

5 a1nannIIael

AR TUNNING N

I



2

AFUTYNIN
silnwi ’ /// wU
1 TeadaazInn ﬁ el snaw uﬁ’mﬂwmm:ﬁmﬂwn_ﬁ

2

3
axial planes________ 15

4
ree axial planes_____ . 16
5 —— . 17
6 18

] i

N19nA mpegement 2484 metal femoral eck AU cup

ﬂ uEJQMEJM@WEI.Q..I].? _________
q W’] AT NGNS fl

Dimension 2489 Femoral head and neck

12 Offset Loz Neck-shaft angle 289 Femoral neck 26



13 Acetabular inclination 45° and AntevT 715 waE Neutral stem alignment_ 28

.

15 ATWLENEIB9 Fem ' ' \ _____________________ 29

N

16 NNIASYNUBINTLAN 1989 (Sque NALBAE 30

________________________________________________ 31
18 NNIFINNIBINTZAN Fe
TneldyamvileAndeunnnmsg W (+1 = = 32
19 miﬁmm@'% )
oAy nnvibaAn ENIIMNNRAIgIW (F1SD) 33

o]

I |
20 LULUNTENI emoral neck My Polyethylene mmvmmuwag

ﬁﬁﬁh NEUNINGINT

21 T“’f;l‘” £U199¢1I9 Femoral neck m_l Polyethylene AUz TAZNNE

q MR FY i) 7] EJ 1 ﬁlﬁl

' '
a K '

mmvmﬂm (Squatting) TmﬂhuuwmmLummummﬁqu (+18D)



23 NN1TNTLANLUBIANHLAL (Contour of effective stress)

¥ \"# B9§ (+1SD) () 45

——

=

ing) Toe 13393 uwﬂ"’jﬂ\u (+1SD) 46

______________________ 47

26 Position of total hi quatting pos b . 48
27 ﬂ']ﬁ'ﬂﬁ:t@']ﬂ“llﬂ\'iﬂ

50

28 NINTLANTBIANLAL ;_jf,':wg'

mm:ﬁqsﬁma i

Ima’lﬁgu'ﬁ'u% ? &J __________________ 51

29 Contours of Res tant Dlsplacement

“ﬁ”ﬁﬁ”‘?‘ﬂﬂﬂﬁwm N9

ﬂﬁﬂ, memmmmummmu +1SD

ammnsmumwmaﬂ



30 Contours of Maximum principal stress
mmvu\mmau'\ﬁ (Sitting cross-legged)

TmﬂhuuwmmLummummﬁm

31 Position of total hip repl

ﬂUEJ’JVIEIVIﬁWEI'Iﬂﬁ
qmmnmummmaa



2
AN
1

2

ﬂNEl’)VIEIVIiWB']ﬂ?
QW’]MT’IWJNW’YJVI&I']&EJ



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



2

=b

Un

VANAITHAZINUIENLN BT DY

RUIRAALASN 1)

nsinde il asudiagrIaniaunde (Totallp replacement) Wumstindpiiainem
Ansiian ndaesdeaclnnluszasnilmaaenaasiaguud. dinadentesdnazinnazinll
s = e 94 < = = 1 1 < =1 ol A o
filaadlanisisuasyin limaiasauassazlnndednAhl - dinadanisdiiiugingdsedniu

LN

9, I |

da1] 99 lunastindail asudens Ao uvsdady  arAatisdeaaailadaudnaaaana

o q-i <2 = 2, = i 2/ AJ 2. 9. -7
W1 R HaRnwenfan W Wl ag 2 nnlazn s @suinnae wieasivn  lasdeazlnnazding

ﬁmmﬁ@ﬂnﬁimszﬂmﬁm (End stage of hip joint disease) fvgil Talsanvinlddaainn

neAHneLNA MgEngaingn e uanantaz ey i sadear wnides Tsadadnaug

o—I @ 'VI =4 N 2 [1]
WPasls LaAnaswnNataINNISINAARA 16

4 ” - - T
s1nwi 1 uasslsedearinnldenluscazganng @y anudslnfveswaelan

Laviinas wn



o 2=l s &8 = | 2 = o 15 2
Luflaq fuladineimuinistinfassndne dadiasaiunsvaning Ll cement
a X | . y & = | a - X
WATMNTUETENYT cementless fixation I@ﬂﬂ’]ﬁ‘ﬂ@lﬁ]@ﬁ‘zﬁﬁq’N"ﬂ@Lﬂﬂmﬂﬂﬂﬁﬁ@ﬂ@imﬂﬂlu@’]ﬂ
2 dp o 2 o 4w = ; ;
nissenaesnazandildlugneuaedaneiildintedion  Gudunalonasdanan  (biologic
: ; = % i £ = % 2= g .
fixation) mﬂmﬁ‘m@mwmﬂiuﬁ‘wzmq WLUIMNATELAFATELY EHAILIT cementless fixation
o ¥ = g i G e 2 , ,
PV HUURZHAITHAIN mmzmﬂqmﬂﬁmwmqmum Wt U 1 cement fixation
o - p— g | o =
A11730 N SEARPLYY Cementless —fixation  Wia b uaa s tings Bunui s
o Ls g o = - | 2
(acetabulum component) Lazaauioas lni e (femoral component) Tugquaasin

e
A N 2T

Y
w2 wamsdaaslnn ey a5 wel

o 2 =l = a 2 2 4 7] s |
ﬂW?W@Ju’]ﬂlﬂ%‘izTWﬂLﬂﬂﬂﬁJLW@ngﬂuﬂﬁ??mﬂﬂHﬂ@ﬂﬂ@@xtWﬂL@@ﬁJ HIVFELWINTEE
AR T = e e o : ; = i g a W
fates 1aHesatieusmi oA Vol d arthroplasty 183 Smith-Petersen P gt AL

S0 B Wl B | a 4 - % S .
TayzHaNEnE e WNg (Cup) AIBLAIWAINIEAn femUr lna"TawNead wionszgn

2 e el oo P TNt (R 5 P
LL@ZLU’]@iT‘Wﬂ‘W@‘J’W%i‘ﬂﬂl“lﬁlfﬂ’ﬂﬁiﬁ@ﬂu ’ﬂlﬂ‘JJ‘J‘V@Q@LW@SL‘WL%@LH@W’N@T]L?J’]Nqﬂ@qﬂl:ﬂu
Fibrocartilage AgaiangzAN femoral head waziiin Acetabulum natewiudalual wsiilald

5 - - = & . & )
vLﬂvL@?zﬂzclﬁuﬂ Lﬂ@ﬂq?ﬂﬁ@q@ﬁ@q LI AIRIMEAR ENNAAITAFITF GLEIE Y Ug2ne Urus i anasFig



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



ﬂUﬂ?ﬂﬂﬂiWﬂWﬂi
ARANIAINM N8



Lo g & , < 4 . &
mrielunnsinemant AnansasAimsiadaulvainanndtmsldeuiaThl
: X _— d
BENATU PSR NTER nnstusatylavienisdading wdiv fadunsenfiasesnwuu

Fadtenfianrorasiumudainmaginenguild wmddedldindnedoem

14

wAngle (') SD() ROM() SD()
Flexion
Squatting heels doya 79 95.4 26.2
Squatting heels 8.6 91.3 171
KEnesling dorai-flexed 10.4 73.9 29.4
Knpeeling plantar-f 8.6 58.8 8.7
Sitting cross-legied 126 85.4 34.2
Abduction :
Squatting heels dow 7.2 28.2 13.9
Squatting heels uj 5.8 3.7 11.2
Kneeling dorsi-flexed 8.4 25.3 15.3
Kneeling plantar-flexed . 53 276 12.5
Sitting cross-legged 4 6.6 36.5 15.0
External rotation
Squatting heels down -9.2 118 25.7 11.8
Squatting hesls up 14.9 12.7 3.7 12.7
Kneeling dorsi-flexed - 121 16.1 28.1 12.8
Kneeling plantar-flexed 2.1 2 -89 15.1 34.0 14.9
Sitting cross-legged 2-3 { o v o W) ~-3.2 12.5 40.3 18.4

mﬂﬂ'lﬂ 2 uama Group mean il ' € activities in the three axial planes

wirilaiisues {squatiing hesls-down)- ATLBABTEIdRR- TN Fainam flexion
THA @b ﬁﬂn Ustanod 16 a4

InauIT (sitting cross-legged) mmﬂﬂw&ﬂﬂwnﬁﬂqmuu flexion

sennns 95 9
dnuluving

U3l 83 897 alidyetion 123t 34 5317 uSZextemal rotation 1723104 37 BIA7

ARy ‘3‘?’!’&‘!‘0‘?‘3 NHINT

qmmmmumfmmaﬂ



Inte Position Cut of Position
Ankle Ankle

T -]

[X]
g
Angle (degrees)

Flexion Angle (degrees)

-15
100

B0
e Percenlage
—— External Rotalion +1 SD

f1uan i 3 Ll Sq v¥n group mean angles and standard

I

deviations at the three joints in the thr

es. Ankle and knee: n=26; hip: n=25

AU INENINGINS
ARIANTAUNNIINIAY

15



Inte Position Out of Position
Ankls

hnide

45 - - 30 45 - 130
30 20
.-"_""-\‘_
16 3 gt 10
1] s -‘.—.:-:{9 = '_":3_.: Sl ;_——o— 0
T -10
figi— : : : -20
1} 20 40 B0 30 100 +£
i
— 200 ; B T, e, NPT, Ol e, KnES - 20 @
o et st
é‘, 150 |- L — s =10 @
k] ~ T — “_"_H.._._ar--ﬁ_\‘ 8 .—"_'- Em
= 100 . : 10 100 0 £
2 " By e
£ s T _ =L e S, i / P
; i A . = =
= = o e e - | o
S op——T =g —f F f .28 0 5 o0 E
] - =
@ o S
w -50 -30 =60 =30
i 20 40 60 Ba’ . 100 0 20 40 60 80 100 3
E=]
1 <L
120 g hon S N VR 60
95 W W 45
s WL ,»-""’"x_
70 y S oMY T W 30
i b %
45 _.a-r;»{ff # e
Siak! o i
20 f—— 20 0
—r-'j. .""‘-—-
-5 o . -5 —— e — 1 115
0 20 40 0 20 | 40 60 80 100
Cycle Percentage Cycle Percenlage
—— Flexion #1°5D —— Abduction +1 SD —= External Rotalion +1 SD

g‘ﬂLLﬁﬁxﬂﬁ 4 LL&JLLQ?] Sitting crossdegged group mean angles and standard deviations at

the three joints in the three axial planes. Ankle and knee:n—26;hip:n-23

9+ o 2 I = o o+ ] o) 0 ] | o a e ;lf
“IJ'EIELI@V]@S‘,H’]@J’]l‘ﬂﬂﬁ‘ﬁ‘iﬂ‘ﬂﬂluﬂquqr‘%ﬂ“ﬂ'ﬂﬂgLL[?N"JWEI’]HWHEE AEATH N LRREVILIA U1

al

i

ULy 1LNeEeN (squatting heel down) Tagss flexion 1lszanoe 95 89e1 abduction
Useaaa 26 89A0 WAS external rotation ez 16 adA . AyseRLNiATLIE
WA TRaN S (siting. crossdegaad) Tagiys flexion U3ssinoy 83 Beed abduction
sz 34 8981 Las external rotation Ussannd 37 a4a7
i | i ';i’ 2, Q " 0. 10 “« = "’-E‘ 2
A ats e e draeyniin Tl lun13ae model Wiinite element program sde
Aullgnuasduiine itinuiae maliludeuasiidnasgeaagiildifia impingement

484 acetabulum polyethylene iUl femoral neck prosthesis it
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& kinematics of high range of motion activilies of

ROM"Y 8D(")

Flexion

I Wm\&\‘.\:{ ©_spo)

Squatting heels dwu 7.4 95.4 26.2
Squatting heels up 8.6 91.3 17.1
Kneeling dorsi-flexg 10.4 73.9 0.4
Kneeling plnntn.r- Hexed B.6 8.8 9.7
Sitting crosslegged 12.6 &5.4 842
Abduction

Squatting heels do 1.2 8.2 139
Squatting heels uf 0.8 37 11.2
Kneeling dorsi-flexed A3 5.3 153
Kneeling plantar-flexed 5.3 27.6 125
Sitting cross-legged 6.6 36.5 15.0
External rotation

Squatting heels down 116 25.7 118
Squatting heels up 12.7 3.7 125
Kneeling dorsi-flexed 16.1 28,1 12,8
Eneeling plantar-flexed 151 4.0 149
Sitting cross-legged 125 40.3 18.4

=) - - - o :
FTHY 2 WaPS Group mean hi hefive aclivities in the three axial planes
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Time = 1

Contours of Effective Stress {v-m)
max ipt. value
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Time = 1

Cont of Resultant Displac t
min=0, at node# 32654
max=3.18255, at node# 74409

max displacement factor=0.3
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Time = 1

Contours of EMective Strees {v-m)
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AUNNYL27 LARINIENIZANLTENAILAY (Contour of effective siress)

Frlnge Levals
2 450e+01
2305e+01
1.960e+01 _
1.715e+01 _
14700401 _
12256+01 _|
8802400 |
73536400 |
4.803e+00
24540+00
3901603 |

puzilidinaund (Siting cross-legged) el EyavviAdaugnAsg (+1SD) (n)

a0



Time= 1 Fringe Levels
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Contours of Resultant Displacement
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