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Mongkolchai Kampagdee. (2010). Analysis of the stress in the head of osteonecrotic
hip joint by Finite element method. Master thesis, M.Eng. (Mechanical Engineering).
Bangkok: Graduate School, Srinakharinwirot University. Advisor Committee:
Assist. Prof. Dr. Ganwarich Pluphrach , Wongwit Senavongse , Assist. Prof.

Kiattichai ruksachat, Dr. Wongwit Senavongse.

This thesis has the objective to analyze the stress in the necrotic lesion of the
femoral head comparing with the stress after treatments of different methods such as bone
grafting, core drilling and the application of both techniques together. The stress analysis in
the femoral head was done by using a computer program named Cosmos 2007.

This study of stress in the femoral head began with constructing a model from 3-D
scanned images with the file surnames of mcs. Subsequently, the scanned image files were
processed with image processing techniques to adjust and eliminate unwanted parts of the
bones before making surfaces under the file surnames iges. The surfaces obtained were
used to construct a model in the Solid Work 2007. The model of the femoral head was then
used to analyse the stress in the necrosis of the femoral bone by the program Cosmos
2007.

The findings of this study showed that the stress at the untreated necrosis lesion
of the femoral head had a value of 17.89x106 N/m2 which was more than the stress after
the treatment of bone grafting (13.82x106 N/mz). This shows that the femoral head can
share the stress better than without the treatment. After treated with core drilling technique,
the stress was very high at 39.06 x106 N/m2 at the end of the strut. However, with the
combination of bone grafting and core drilling, the stress distributed better and the bone
grafts were more compact resulting in the stress at 17.3x106 N/m2 which demonstrated that
the necrosis lesion after treatment performed better to resist stress and had no bone
fracture. This investigation can be a basis for the future study to find the best solution to

treat osteonecrosis of the femoral head.
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- FTWRIU W39 (Work or Energy metrod) laglfaannasnn
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{F} = wrindnuvasnade

stiffness matrix IIUVDITEUU

=
n

LSJVI%T’I%?’J&J“IJ 29MINTZAAVDITZUU

ich

tasaniundng {K Jiluwn3ndiongin (singular matrix) 39 ldsansonien {d e

lasass s ndudasandodonlvvauiwa (boundary) twagiavinliiuning tdaaunsardn

wrisndlang1u uazauIamanInIziaiudazasdandaansle

1.6 ¥IN1INILIAVDITLTLY

WRIDINNIIIAUALIDW UV ULUARI DLTa% MUTIAULATD LTIRINITDISHINTT

n9230 d1,d2,....dn lelagnsuigumsiTadiansasn s N fe

Fl ’;511"1‘71:4*?c 13 ] dl
F2 kzlknkzz ‘fz
F3 kElk 32*;533 ‘fz

Fn kalkﬂkﬂi d

H

1.7 ﬂ']i‘i/i"lﬂl’]ﬂ'ﬂ&lLﬁ%ﬂ'ﬂNLﬂ%ﬂﬂLLﬁ%ﬁﬂ?ﬁNlﬁ%

MNILAIMINTZAA U NRINITARIANULATLAN

du
E=—
dx

LRZAIAINLAWAN



15

a o 6
1.8 NMIAANANNIAAND

v a :

o &4 o & M =
INNAININA NI LG BT WA UN 6 ez 7 AgN1TanIUlainnaadala

q

a

a 6 A Aa (% A Ay 1 dl (% [ & 1
YDILARLNWG NI oUTI LAV IATIRTIIRTaTURINNIEAaI AN NRWlALT Wl La LTw
u‘%nmﬁi'lm‘msz%'@gm%au‘%nml@ﬁmmLﬁugo

6 a 6

2. msﬂ‘s:qnm"liﬁ”’iﬂﬂ‘lumaamum

A & a ea & a e « o
EanInazlei s W ludledwnd ez ymmadmnsumaasnidulassssns
dl [ [ v v 1 U [ dl Qs v v =) 6
uazh ldlslassassldagnonieeans ww dynuneinulasassdsznaudis mMadaaen
AMNULAY swﬁamﬁl,mwzﬂmaﬁamu NN38107 LAZNIIR AN WYBITzUUATIRI LA
JLUULATAIINTNANL

@Tﬂgﬂ WWuaratrinitaanuuutaaniuntzuan laasadndga2055 b ludLafLune

dl Aaa a 6 1 dll U a 6 1 %
UNANRDINAVUIA297108L0UG 120 9040 Luadmﬂmum:uaﬂ"l,amaaﬂaag‘luaﬂﬂmz

=< o A A & A = = £ A Y Y A a
FUNIAT 9 AR TWAITIATIZALNEIATINTES LLa:mﬂm@aamsmmmLﬂugoqwmnml@

PYDIMUNIZU aﬂgummxﬁﬁiﬂa@ﬂi:ﬁﬂ

<SR "

Awisenay 8 LLﬁ(ﬂ\‘iLLUU'ﬁ’]ﬂ@GVLWVL%@TLaaL&I%@T?J 2l asuazialiles



16

2.1 La8ALNWE
a 2 A : 1 di = 2 ad 6 a 6 o I U
MIIATIER LATIRI NI T UFINLAI 099NN EAT W I LafLunaa Tl uda
wislasirseantludusintaylan 9 LAY ADILAANTRAANTLLITURI N AL 9 RIALORLUUG
v 5 = { o A 1 a 1 v
IR RN FUN LA NS IA DI WAL LIINNTEYIN TINTULSL Rk RINNIDLLYaaN ke 3 Uszinn
NTAVE99K Ao Tundaanl 2 16 uaz 3 §@
- MSHLILARLNUANALAL
a eaa A a o a 6 aa A [ n:q’ ] dl
- LaaLuummmmuwm"lﬂl‘*ﬁ‘lumnLmﬁzmﬂtywmm@m LT TUWRIUN
UIINTEN UL NWEREIWTULIITe NTlnspasaunisinanuTanluianaaeiniudu
é’ogﬂLLammiLLa_iqLaamuﬁﬁaﬁm LLamﬁ;@@iammuamLa:mﬂu 2 ﬁ;@@ia

3 q@@ia e 4 aqm@ia

Q@@iamauaﬂ ﬁ;@@iamﬂu

(n) (7)

a faa A
AWUIENOU 9 URAILDRLUBANGALAL

- LAALNUARAINA
a 6 Aaa v a 6 [ a

LR BAREINANN LTI N1TILATIERAIULAUAINTNLATH AL WIS UL
I@yﬁ";"l,ﬂLa§mu@%:ﬁé’nwmzlﬂugﬂmumﬁﬂmmzﬁmﬁw Nusznaudm s uduFwaIInIa
wWulad laam ldiafiundrivasua ledsuainy fonunninefiuudlmumaoy Tuszau
il'ummLa”swhﬁ'w,aamu@i‘mwmﬁﬂmzﬁmmgﬂﬁmLL&iuﬂﬁﬂhLaﬁmuﬁﬁmﬁw FIWNNTAY
A L% a 6 v =} £ J > 1 g a u'a a v
IRanlTaflunda I uaTInIalad oy NUIUITBIT NN uazlauna lazauddlwanunmn

a & P ' o 3 & §r v A v | v
VAILANENUANATIAIN LL@]E’J'T‘ﬂ"ﬂ&ﬂ"l‘ﬂ%@l‘lﬁﬂ’)']llﬂ%"lLﬂ%ﬂx‘iﬂ“ﬁ%ﬂUWﬂ@ﬂvLﬂ



17

WUUTITNA wuylalawirsuansng

LUUTITHAN uuy'lalawisanIng

a 6 aa
AWUIENaU 10 LRAILDRLUUAFDING

- LARNUARINAG

iwwasuidsldnuniienedilamaaiiona g ld anwme

a 6 | d' d' a R d'
°naaLaaL&Jum]zl,i.luamaﬂuﬂssﬁuuaxgﬂmmmumamJ



18

WUUTITNAN wuylalawirsuunsng

(n)

LUUTITNAT wuylalawirTuansndg

()

MwiIenay 11 LRALABLUUALLUUENTA

n‘lb a (3 Aaa P ' v v A a 6 ' s A
BANIMBLBNLUUARINUAATNNNNNNIINTLR El\‘illLﬂﬂLNuﬂﬂﬂﬂ@Nﬂ%ﬂﬂI‘ﬂ%ﬂ?i
a 6 a [ [ s
AenzidymlumaliensddymluansaeUnsanszuen duaasluniwdsznay



19

N. LARLUBANTINTZUAN 2. LaRLNWALHlan LA . LARLIBANTIUFNIAT
MWUIEnay 12 LRAILAALNBALLULUNIINTZUAN
"gmiamﬂ@hLL&iumw:QﬂﬁaamﬂdﬁLaﬁmu@?ﬁﬂs:ﬂauéf’;mg@@iaifaﬂ LEAAZLNNAINY

ﬂ;ﬂﬂ’]ﬂl%ﬂ’ﬁuﬁﬁuﬂ"ﬁ LLﬂzlifL'Ja']l%ﬂ'ﬁﬁ']u’me']ﬂ ﬁGEﬂLLﬁ@GﬂﬁiLLﬁ\‘]Q@LLUU 4 '?‘(91 'ﬂzlﬁwﬂ
4' ' a ed A = % ' & v
RUARNALARABUINNINDRLNUARINAINNUIzNaVAY 8 ’@‘(ﬂ ey 16 ’i}@]@]a 1uan

yuaN 4 Q@@ia ¥NaM 9 ﬁ;@@ia

MUsznay 13 LALURAFIARNNUITNaUaY 4 90 Uaz 9 ada



20

yuan 8 fg@@ia ¥uAN 16 Q@@ia

Mwlsznay 14 LALUBAFIRALNNUSENauae 8 90 Uaz 16 9048

2.2 NIULSLORLNWG
a (ny 1 d' [ U ad 6 a 6 o & (% 1 : 1
MINATERTUEIBATDIININA 83T W lud o R iuwa st T udaIuLaTwaI
& a 6 1 dl dl % (% ] dl a aa
saniwefinuddesiiiualusnudiniadaiiaanuazainlunisisandymsesiidlan

AA&

A ¥ a 6 A v A 1 1 ¥ A >
Lﬂaﬂl‘mam&lu@la’mL%ﬂﬁ&l@’m@ﬁd‘ﬂﬂ‘izﬂaua’m’gﬂ@lEl aquluﬂfy%qaqwll@]ﬂl"ﬁ%ﬂﬂﬂ’]‘n@ﬂ’)ﬂu

, , a & = A A A A Aa ' v X ' a & A
ﬂ’]iLLUGﬁlzLLUGLaﬂLNu@Llluﬁ’]uLﬁﬂﬂu%saaLﬂﬂﬂwﬂwmuqﬂlﬂﬂé LANIIJLLUSEBEaNATIIN
o , da a i 2 A o v oA o A o VA v \ o
@l’]Lmu\‘l‘ﬂNﬂﬁLﬂaﬂuLLﬂmgﬂiﬂd"ﬂE]\‘i"]juﬁ’m%ia@’nmudﬂLLNﬂ‘Jt‘YI’]WEG(ﬂ’]LL%%GVII‘E’JEWJ@]’NT]%

a4 LLﬁ@dluﬂ’]Wﬂizﬂ'ﬂU

mMwisenay 15 uaaInsLUsBusEIweaniduiafiuud st



21

=)
‘YIE]EQG]'J']&ILEEI‘W']EI
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o’ —(o,+0,+0,)0" +(0,0,+0,0,+0,0,— T4, — T, —Ts)
(2.3)
2 2 2 —
oc—-(o.0,0,+21,7,7, 0,7, 0T, —0,T, =0
o 1 d ~ & a ~ ' v A
e ldlddswnaunaiauienly (o,)o,)0;) Namdanudulaugige

(Tl/z 1 To131 T3 ) I@ Uifﬂ’ﬂm?uﬁuﬁr

_0170, ) _ 0,03 ) _0,-03
T12 ——2 ; To3 ——2 ; Tyz = 5

(2.4)
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2. ﬂﬂﬂﬁﬂ'nmﬁuaaﬂmzﬁﬂ%'a (Octahedral shear stress theory)

lunangewans@nda (plasticity) Anazi3unnnu)Hin noudvad von  Mises

A i i & X A < a A va o axf @ ad
138 Huber-Hencky criterion nafiiaidwisduriyanagfadungufiuanls lasngujh
nadn Tageziiaanuidanisiiliannuiduideoussnazdaialuizg Sauvinuanudu
\HausanazaiafldannimaseuuiifiiunaaaszmiiaanInn 1nn1IRNTIUIAN
AU 0, 0, Uaz oy IRAayNTasuYIRWABNean ldudayuzwu ldFandnszuy
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MwWYsznay 18 U1V octahedral
1 2 2 2\1/2
Toct :g((o-l_o-z) +(O-2 _63) +(01_03) ) (2.9)
2 2 2 2 1/2
= 5(71/2 +Ty5+74,)
1
=3, ~0,)" +(0,-0,)* + (0, —0,)" +6(ry, + 15, +7;,))"” (2.6)
1 1
O et :5(0'1+02+0'3):§(0X+0y+02) (2.7)

AMHURRILWHVDIANLAK (stress Concentration)
v da Xa X 4 e o a o 4 4 =z A
mwmwnm@mu‘lu%mmn%mmamLawaﬁ]wmsﬂsmmmmamaamumuma
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ALLIINIENIIN LL(ﬂLMBW%VM%’]@G]&JE']JTNVL&I&&I’WLﬁ&lﬂﬂ’ﬂ&lmu“ﬂLﬂ(ﬂ"lluvl,llm’m%@’)ﬁ Y YARNE

v d a J g d v v a v 1
AULAUN mmulummmﬁﬁmm N THUINALAAANULT A ﬂvl@]xﬂ ] I@] RINTIDNTIAN

o da X a . A P o
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(2.8)

3. NOBH)AMAULABLARFIFA (The Maximum-Shear-Stress Theory (MSST))

mﬂmiﬁmaﬁi’a@)‘ﬁmﬁ@mwm%‘ﬂmmﬁmﬁ@mwmﬁmaaugqq@ "ﬂﬁﬂﬂﬂiﬂ@ﬁaULLiﬂﬁd%%ﬂﬁu
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__ S (2.11)
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nibmImanuewranazaasinsmnanutoly o > o, > o, JiumsRason
AANNLREANBHENNIILUIINB N
= s - -
4. NOEHNAI9KUI31 (Distortion Energy Theory)
WRIITUAINULATEA (strain energy) SNadanINLFER1Y lasdias1zhan

strain energy @anu8LINaT (U) Ao

Uwnunudin) = Eo'xgx

MWUIzNaU 20 MIURUBLLAIUUIALARLNIE LUTZUILURAN

LENUNTOEUENNIT strain energy @izmu'r;ﬂﬂ%m@ﬂugﬂmaaaumimmLﬁ”u

AIRNNNT

U = (%)(012 + 0220'32 -2v(o,0, +0,0,+0,0;)) (2.12)
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A o = A a £
LR Uluﬂ’]‘iﬂ’]u’] HOINVULFEUARNUNEINAY Y

_ O'l-l-O'2+O'3
O-ave_
3

UNUBANANLAUAANLARZLWILAUAILAIANLA LR 320

ave = MO_;VE
2E

WYL WL EUNNITUDIAULABARNIL Lo

3(-2) , . 2 0,+0,+0;3,,
== Oae 'Oy =S5
ave 2E ave ( ) ( 3 )
1_2V 2 2 2
= oE o, +0, +05 +2(0,0,+0,0,+0,0;)) (2.13)

Distortion energy flaANULANG1IILAING strain  energy 2adlafluuALA g AL

strain  energy2839ANULAKLARE

Ud =U _Uave
1+v
U, = 3—E(012 +0) +0l-0,0,—-0,0,—0,0,) (2.14)

{la & g & Y . . (% o A
ﬂ’J’]ﬂJLaEJWIUﬁLﬂmmﬁ il:ﬂluagﬂu Distortion energy 84tNAINNNITNARDIWITUINY

1169 TaganutduwnvinlwiAaanuFeriafaanudwAaaaaINauadIae
q q

0,=0,=3,0,=03=0 (2.15)

anuduwnaaurnin lltwldadsdaasansunwarangunis o, =¢LL§1$
814130191 Distortion energy ldnnunuarauns
1+v, S
U, =—( y )2 (2.16)

3E S.F.
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]
=

NAAWSUBI&UANT Distortion energy NV lATHINUNAREUNIAILFERY &INTD
ﬂszqﬂ@ﬂﬁmzmumﬂmﬁu 3 16 lapgNavomn

1-v )
g =—(0'1 +02 +a3 0,0, — 0,0, —0,0,),
3E
l+v
WaE U, =
‘3E 'S, F
wdwlan U, = (6} +02 +0? -0,0,-0,0,—0,0,) (2.17)

aNnutawaniiaina (Von Miss Stress)

n

Lﬂ%ﬂ?’%ﬂﬂ%@ LS Nﬂﬁ]“’l"lﬂuﬂﬁiaaﬂLLUUﬁ%ﬁ?%Lﬂiaﬂ’i}ﬂiﬂaﬁ]’]ﬂLaﬂLEJ‘LWI 34 \‘1

Xz ! z-yz

az1l3znaudIsnNuLe® 6 dauds ldun o, oo W

ANUIzNEYU 21 fIWUIENOUANNLABLARIZUIL
‘ij £ £ g: £ A d‘ =1 (-5 % 6 @ o %] J
BIUTZNOUNILAINLARGIRIN LAZANLA LAY TINAMNUFNABTNUAIRNNT A9

T, =Ty Ty, =T

Xy yx 1 “yz zy’sz =7

(2.18)

ZX

RUNIIVDI von mises ﬁ’]ll’]iﬂ@UquEﬂﬁ’JLLﬂﬁﬂ’J’]NLﬁ%ﬂﬂﬂ vLéf

O vormises = \/0.5[(0'X -0, )2 + (O'y -0, )2 +(c, -0, ) J+ 3(z'fy +75 + z'zzy) (2.19)
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AMULABINNIIVAY von mises  §1U1TOLD U%ﬂgﬂ%gﬂ“ﬂ 29U IANLABNAN

e . o
(Principal stress) anuLdawla (0,20, 20,) NIUNI

O yonmises — \/05[(01 —0, )2 + (0-2 — O3 )2 + (O-S —0; )2J (220)

1 v . a & 6 A A LK) 7
AANNLAY 289 von mises 32 lifiaay wandunnieasiFiUsinm Seacldainnuidu
uaTenanulaaanurasininu MnIuAaNuaRNIaaA (S,) KrafmanuLAulszay

(S,) wlglumsfmimmaianulasans asauns

aanutaeany (S.F)= —X— (2.21)
O

vonmises

. o S
Annudsaany (S.F)= —4— (2.22)

Gvonmises

IﬂiLLﬂﬁJ cosmos i?ﬂlﬂﬁﬂ?ﬂﬂ’)’]&lLﬁ%%gﬂ’ﬂﬁﬂ’s‘ﬁ(ﬂlﬂ‘i’]z FUNMINNULURANNFUFNNT

SF.=— #% SF.==¢ (2.23)
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AU 50 mm’ iy 46.32 N Lﬁa’lfﬁd’m@iami@‘hmmﬂ’ﬁmaaﬁal‘ﬁn\aﬁﬂszﬁ']@iangnﬁ'ﬁ

. @ ° ' 4 { 2
g2lwn Ny 50 N n3zvinsiaNwi 50 mm



36
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ANANULA (Stress) ﬂ"lfﬁlhlg]ﬁﬁ (young modulus) ANWATaILLT (poisson’s ratio) WNBYNMN
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mMIAnUAY NMsAnsnIzenilszneudisTunIzgnnanGIt Aa

{ 1 & a v g: Y 1
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& . @ A wa ! ‘g { .
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FWITaILsLY LAY 0.25

2. nzgnaululansaadisaunaniaiinGunnizgniuitii (Cancellous bone)

. o & . 2 =2 a2 & A &
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1982) wudwnszgn%’uﬁﬁmﬁoiwgﬁawhﬁ'u 1,000 MPa WRs@AW2Tadsly inny 0.3
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