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ARSTRACT

Title of thesist Finite element analusis of the Femoral Heasd

Ghandikota Ramamurthyy M.S5.M.E.»1983

Thesis directed bwi Frofessor M. Parras

Femoral comronent loosening and srosthetic stem
fractures have rencwed interest inr conservaltive
glternatives to cornventional total his rerlacements. 0One
such alternstive is the concert of surface reslacement. The
ohbuective in this studwy is 8 finite element analuwsis of a
femoral surface rerlacement cur with rarticular sttention
given to the interfacial stresses. A axisummelric model

with a dgrid of two-dimensional isorarametric elements is

generated. This studwe utilizes an adartive model so0 as Lo
include the effect of bone remodeling in resronse Lo
stress. The stiffrness is considered to he linearly
srorortionzl to the stress in the femorasl head and neck.
Isotroric erorerties are chosen. The stresses are
determined bw rerforming iteraztive finite element asnaluses
based uron an  arrrosriate wvariation of the stiffress
rrorerte in ezch analusis until the results obtained are
withim the convergence limit. Flots of stress contours in
the femoral head sre obtsined for the loads acting on  the

Jdoint during walking.
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FREFACE

The finite element anzslusis has wide arrlications in
biomaterial and biomechanics research. The analusis of the
surface reslacement of the femoral head is considered to
Frovide an insight to 2 better design of +the hir Joint
rerlacement. The sresent studye makes use of the GIFTS 5.06
software. Howevery the score of the investigstion is
limited due to the unavailsbilite of the software on the
comruter resources available for the research. letails of
the initial rreraration for the model set ur and deneration
are rresented herve so that the reader is at ease to develor
and analyze the model to obtain the results. Even thouagh
the emrhasis is on the GIFTS software wet the reader is at
no loss to rerform the analugsis using anw  other softuware
which swerorts the analusis of wigsymmetric solids
subJected to non- axisuymmetric loadingy ey ANBYS

software.
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1) INTRODUCTION TO SURFACE REFPLACEMENT

A) NEED FOR SURFACE REFLACEMENT

Most of the total hir arthrorlasties are rerformed on
Joints which have been disorganised bw osteoarthrosis or
rheumatoid arthritis., The natural histories of these two
comrlaints differ and also the states of Jdoints considered
for rerlacement differ in some rerects which need to be
considered in rrostheses design. In general the affected
Joint will exhibit some combinastion of eainy stiffriesss
deformity and instabilitw. From & survew of total his
rerlacements rerformed at the Hosrital for Srecial Surderuys
New York City during the reriod 1971 to 1977 it was found
that out of arrroximately 3000 surderies there were 35
cases of mechaniecal failures in sbsence of infection. 0OFf
these 35 casesr 14 patients had dislocations of the
rrostheses and 7 ratients had 1ooseniné of the femoral
comronent. Besides these 6 ratients had fractures of the
femoral stem and 3 ratients had loosening of the scetabular
comronentlref,1].

A similar survey dore by Beckenhausgh and
Ilstruslref.2] shows that out of 333 consecutive charnlew

total his arthrorlastiesy 24% of the rerlacements dave

reontdenosgrarhic evidence of loosening of the femorasl
comronent. The asbove mentioned facts show high incidences

of comeonent loosening and femorazl stem Fractures.
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The doals of hir reconstruction are
1Y to eliminate or reduce rains
2) to restore normal activity and
3) to increase stabilitw.
Faimn can be relieved rrovided all surdgical comronernts of

the srostheses -cement- bhorne recomstruction asre erorerly

imrlanted and remain structurally sound. The life of the
rerlacement can be incressed if the stresses in  the
comronents are below the zllowable limits.

Even thousgh total hir rerlazcement has rroved to be 2
relisble method for relieving ea3in and restoring Jdoint
function by rrorer fiuxationy wet femoral fractures and
loosening suddests alternatives to conventionsl total hie
arthrorlasty. One such alternative is to limit the extent
of early surdgical intervention bw resurfacing the femorasl
head and acetabulumy while maintazining vascularization of
the femoral hesd. This is the concert of surface
replacementlref .31,

B) ADVANTAGES AND' SALIENT FEATURES

Immediate advantadges and salient festures of the
surface rerlacement are the following 3

a) It eliminates the rossibilitsy of stem looseningy
migration and stem fatigue fracture.

b) Stemless resurfacing devices mew eliminate lonsg-term
fixation rroblems which arrarently result from elastic

mismatoh between the stem and the femoral shaft.



) It reauires minimal resection of femorazl borne tissue and
is thus more conservative.
) The hir can be resurfaced without interfering with the

abductor muscles and without removing healthw bone.

) In total hir rerlacements deer infection rates of about
1-8% oceursy which is a serious rroblem. Surface
rerlacement reduces the rossibility of deer bone infection
associsted with the invasion of the medullsrue cansl.

) Surface rerlacement can maintzin normal weight hesring
structure of the rroximsl femur.

) Here more load besring bone is retsined. This is
eriticel in masintaining the visbility of the femoral
heasd/neck and in reducing the likelihood of the femoral
neck fractures.

) Since minimal bome is  removed inn surface rerlascement
therefore surface rerlazcement allows for revision to 2 stem
ture rrostheses for a8 srorer functioning of the Joint, In

the extreme event of +the fazilure of the device fusion

rrocess can be rerformed.
i) BResides the above advantssesr surface rerlacement
devices can be imrlanted in wounser ratients with dood

reliabilitu.

C) MODEL ANALYSIS

The rurrose of this study is to investidgate the
femoral surface rerlacement comsornent. The emrhasis 1s on

the interfacial stresses of the erostheses and the bone



adJacent. A uniform state of stress is desired to the
extent rossible. To erevent loosening of the comeonent
tensile stresses must be avoided. The obdective is to make
the rrostheses suitasble for adartation by rerforming an
analysis so0 a8s to have as far as rossible 3 wuniform state
of compressive stress by minimising the shear and tensile
stresses, The loads on the comronent and the stresses in it
can be obtained from & erorer analusis of the Joint.
Theoretical stress analusis of the qomposite srostheses
-cement- hone structure holds considerable rromigse for 8
better understanding of the mechanical behaviour.
The model analvsis is comelex in nature because of
the
1) three-dimensional geometrw »
2) non~homodeneousy non-linear and anisotroric rrorerties
of the cancellous and cortical borme architecture and
3) dynamic loading configuration from muscle Torce and
Joint reactions rroduced bw various human activities.
Analutical solutions are rossible for eroblems having
simrle deometry and simrlified xternasl losding
confidurations., The stress anslusis in 2 solid body

involves the solution of a set of mathematical ecuations

which dgovern the behaviour of the materizl subdected to
mechanical losding. Howevers deometric irredgularities and
material non-uniformite in the femoral head make these

analutical solutions imrracticsl. Ome camn meke simelified
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assumrtions but these maw effect the realitw of the model.
One such stress analusis on the femoral shaft is reresented
by Koch (1917) [Cref.4]1 using simele ecuations of strength
of materials,

An slternative to the classical analutical methods is
to utilise arproximztion technicues involving comrputer and
numerical analusis. The most widelw wused amondg these
methods is the finite element analusis wusing high sreed
digital comruters to rerform a8 verwy large number of matrix

orerations Lref.5»61.



2) FINITE ELEMENT ANALYSIS TECHNIQUE

A) GENERAL METHOD ¢

The finite element znalusis is 8 numerical technicue
in which 8 structural rart is divided into small but finite
elements. These elements are then surerimrosed on to a dHrid
sustems where identifiasble roints of the elementsr called
nodesy are referenced with resrect to a3 co-ordinate sustem.

Since the wvaristion of the field wvariasble (like
dirlacementr stressr temreraturer rressurer ete) inside the
continuum is not known the varistion in the element is
arrroximated by simrle functions defimed in  terms of the
values of the field wvariazsble at the rnodes. These
interrolating functions are called share functions. The
solution of the field ecuations wield the nodal values of
the field wvarisble. Once these are knowny the share
functions define the field variable throushout the
assembledge of the elements. The following are the dgeneral
sters in a finite element analusis Lref.5y613

The first stery as mentioned abovey is the
discretizastion of the redion into elements. The redion that
is beindg analwzed is modelled with arrrorriste finite
elementsy i.e.y the numbery size & share and arrangement of
the elements has to be decided.

The second ster is the selection of a8 FTOREY

interrolation function to arrrodimate the unkrown solutior.



The assumed solution should be simele and sastisfy certain

converdgence recuirements., The disrlazcement model within an

element maw be assumed as

T

{Ut= [w0,@] = [n]{Q] (1)
where {U} is the vector of nodal disrlascements uy v and we
and { Q@ > is the nodal disrlacement dedgrees of freedom of
the element and L N 1 is the matrix of shasre functions.

The next ster is the derivation of the element
stiffness matrices and load vectors from the azssumed
disrlacement model using either ecuilibrium equations or
variational formulation methods. The eauilibrium ecuations
can be derived using different methods like force methods

disrlacement methods etc. Examrles of variational
formulation methods are the erincisle of minimum rotentisl

energdyy rrincirle of minimum comelementary enersyy etco.
The derivetion using +the rrincisle of mirimum
rotential enerdy is as follows [ref.5]¢

If ’Tip = the rotential enerds of the bodur and

E = total number of elements then

T, = Ty 2)

1 (Qj
where l\P is the rotentizl ererdy of the elementy

ey



given by

wheres

i

T = 4 [ 1) (g6 -5

v3)

- LT ¢# 45
107 53 4v (5)

volume of the element

surface redion over which distributed
surface forces are Frescribed

surface forces vector

bodwe forces (Fer unit volume) vector
strain vector

initial strain vector

material rrorerty matrix



Considering linear isotroric 3~0 solid elements
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where
El '®) (@) ]
2z
P o
O =~
2
o o 2
8l = |2 2 . [N @
> o
> 2 2
2z A
2 2
?5  © Sz

The stress {4V ) can be obtained from the strains {6}

bw the relstion

iw) = ] (f3 - fed)
- [PIElEe - Pliey

Substituting for U} and €€3Y the eauastion for

rotentisl enerdwy becomes
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n0=s JI[1#T M =] {¢% v
/f@ é? =)1a

[L {?3 a5y
"3 fff[éﬁ@] M 1£5 v &)

/&

So far the rotentizal enersy is calculsted considering
only bodw and surface forces. Howevery in deneral some
external concentrated forces act at various nodes. If €83
be the nodal forces and {@} the corresronding disrlacements
of the entire regiomns then the total rotentizsl enerdy is

diven bw

A (9)

where
/"'

RS = [Q R, ‘%] (lo)

the nodal disrlzcements of the whole region and M is the

total rumber of dedrees of freedom.
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Congidering the summation over 311l elementsr L0y
using dHlobal relations the total rotenltisl enerdgw of the

redion in terms of the nodal dedgrees of freedom:r {GE} is

gl ) [ e EIEe

C=| v@)

- [a] > (e Blsste

o

given bw

A (] {23es % 43 av)

(<1573 (1)

The recessary conditions for mimimization of

of rotential enerdw are

a Oy o
e

Gl ’241 254)

M

2985
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Using eans 11 & 13 one obtains the followimg

[ Z fvf[f) [e] [»] [2] AV] <ol

- 85+ ) ([ (e Priega

+ jé) [N]T{g{é% dg; + f@) ]:er%é} Av) ()

o ( Z 1) gt - 52+ Z@q@@ S

- 2

(<= (8] [>][e] av (o

= glement stiffriess matrix
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i

% 2] =] $e.2 dv (15)

element losd vector due to initiazl strains

]

i

ff, 007523 45, 2

element load vector due to surface forces

#

~\N
AN
&
™J
1

Jf o 5 #8 4 “@

element load vector due {0 hode forces

i

~N\
_.Q

(VN
H

total load vector

Once the stiffrness matrix for each element has been
derived the next ster is the asssemblese of the element
eauations to obtain the overall equilibrium ecustions as

given bw

LKI1<4Q> = €£FP > (20)



where [ K 1

i
SV

C N@J @
{

globhal stiffrness matrix

it

E
©
e

e=t

#2)

E E
© @)
L P > = ﬁ?} + EZ{ PL > + j;k gs I
= &

nodsl force vector

#

&~
w3
W
i

nodal disrlacemenrnts vector

The next ster is the determination of the solution
for the wunkrnown disrlacements. In linesr eauilibrium
#roblemsy there is a relativelw straight forwanrd
aprlication of matrix azlgebrs technicues. Howevers for
non~linear sroblems the desired éalutions are obtained bw a3
sequence of stersy each ster involving the modification of
the stiffrness matrix and/or load vactor. Onece the
digslacement matrix is determinedy the strains can be
evalusted from the strain-disrlacement relations and the

stresses can be evaluated from the stress - strain

relations.

E) AXISYMMETRIC ANALYSIS ¢

In the rresent studwy the structural comnronents are
axigswmmetric or arrrodimately axiswvmmetric. The stress

distribution in the structure is 3-Dimensional snd could he
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caleulated wusing 8 3I~0 finite element ideslization.

Howevers taking advantadge of the axisummetric geometrw and
the exact loading arrliedr the comerutational effort can be
reduced significantly. In the idesl csse the loading is
also axiswvmmetric and in such a8 situation a 2-D asnalusis of
g unit radian of the structure wields the comrlete stress
and strain distributions, Howeverr 1if the axisymmetric
model is subdected to non- axiswmmetric loasding then the
choice lies between 8 fully 3I-D anslusisy in which
substructuring or cuyclic swmmetry sre usedy amd =3 fourier
decomrosition of the loads with 2 fourier axisummetric
solution.

The following dgives anm insisght into the analusis of
an axisvmmetric model subdected to non- axisuvmnetric
loading in the radisl and axizsl directions wusing F:
triangular (3 -node) axiswvmmetlric element with the loading
rerresented a8 & surersrosition of the fourier
comronentslref.61. Analusis of +the radial losding is
sresented here. Similar analusis of the axial losding can
be rerformed and the two loadings are combined todether to
get the solution for the resultant losdins.

In the analusis the externasl radial loading foe,un

(ef.figure 1) is exranded in the fourier series

i

P

b |
W = 7 \KQ{DC cos o+ > TZPS =npe  23)
——F—;—Z A

"
Pl
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where F, and Fg Bare the total rumber of swymmetric andg
antisummetric load contributionss sbout @= 0 resrectively.
The resronse due to the summetric and antisummetric losd
contributions are surerimrosed to wield the comelete
analysis.,

Comsidering the resronse due to symmetric loading one

has for an element»

w(a,y ) = Z cosb® TN s @
9(4,90) = Z compo W] 97 25
W (d)j)9> - Z Co= bO [NJ VSP (28

v

where ur vy wFare the element uwunkrnown gSeneralized nodal

roint disrlacements corresronding to mode =,
The straims in culindrical co~ordinstes are
- 2 8 3

€ v

" ———

fes= 17 1 . (z%)

R 5 T s
Y S 19
P N r

,_
<O

a9
&o

¢

ﬂt—

B 9y
{

=l3n
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Substituting eens 24-26 into 27 one obteins the
strain ~disrlacement matrixy EBPJy for each value of & and
surerimrosing the strasin distributions contained in  each
harmonices the totasl strains are obtained. The unknown nodal
Froint disrlacements can now be obtsined using the ecuations
14-22 in the dgenerzl rrocedure.

In &2 similar manner the resronse due to antisummetric
losding can be obtained simely bw interchandind in eens
24-26 811 sine and cosine terms with cosine and sine terms
resrectively, Finallyr the comerlete resronse of the model
is obtained b surFerimrosing the disrlacements

corresronding to a2l]l harmonics.



3) SURVEY OF FEMORAL ANALYSIS

Arrlication of finite element analusis to the stress
analusis of thuman femur started in the early 707g,

Different researchers rresented different models using 2-D

or 3-D elements and either considering or nedlecting the
side effects of muscle loadindgs in addition to the Joint
forces. Rubicki (1972) used & 2-D model considering muscle
forces in addition to the Joint forces and comrared the
results with those of simrle beam theorw. Brekelmasns (1972)
also used a8 2-D modely considering muscle losdings with
constant bone thickness and different loading conditions.
Wood (1973) considered non—homogeneous erorerties and
non-uniform thickness of the bomne using 2~-01 isorarametric
elements. He showed that the beam theorw does not give
accurate stress distribution for this case.

Arrlication of finite element analuwsis of total hie
rerlacementy i.er considering both the errostheses and bone
were rresented by Andriscchi (1975)y McoNeice (1976)y Forte

(19753 Svensson (1977) and 8 few others. Their studies

were mainly on the femoral stem discussing the stress
ratterns and the bone-cement interface studies.

Analusis using 3-0 finite elements were done bw Wood
(1975) s Olofsson (1976)y VUasllirran (1977)y etec. Howevers
their results were not asccurate stress distributions and

besides these models consumed a great amount of comerutation

time for an analusis. Thus it does not seem reslistic to



use such 8 model at rresent when a8 finer mesh of 2-D

elements with varwing thicknesses can show better results.
A comrarative study of the different 2-DI and 3-D
element models was rresented by Clarkers Grueny Tarr and
Sarmientolref.7] in the International conference
rroceedings on finite elements in biomechanics (feb 780).
Their results are shown in table(l)., Some of the finite
element studies were directed towards the femoral head. One
such rresentation is by Brown and Fergusonbref.81 using 2-D
elements which could account for the non-uniform
distribution of the stiffrness in the cancellous bore.
Howevery 2-I simulation of 2 3-D rroblem does not dive a
true rerresentation of the femorasl head, Considerimg the
femoral headr the rrostheses and the bone adidscent is
axisymmetric and the neck is arrroximatelw vounds Thus in

ang events since the interfacial stresses are under studw

here therefore g 2~ axisvmmetric model closelwy resembles

to the actual femoral hesd asnd the nechk.
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TARLE I. SURVEY OF F.E.A, MODELS
Studw Model Element/ Femur Femur Hir Load

node +THR load(N)axis (@) ($)
Rubicki’? 2n-C NS X 2316
Erekelmans’72 20-NC 9367537 X 1200 20
Wood’ 73 2D-C 63/230(%x) F 1740 12
Simon’74 2n 168/129 F 804/2412 20
McNeice 74y /77 20-C 897/982 X 2225 10,25(@)
Andriacchi’7é 20 NS X Jn 0:20:45(@)
Valliarran’77 an 196/323(%) F X 790-11000 8%
Svensson’77 20-C 118/NS X X 1620 24
Rohrle’77 3n B04/NS(X) X X 1716 16
Harris’78 3n 12327815 X 2316
RKwak ' 79 20 152/N8 X 100 0s23545(@)
Yettram’79 2D-R 751/834 X 1000 0
Crowninshield’7% 3D 400/NS X Jn 20040
Tarr’79 30 1032/139500) X Jn 20¢@)

Note! Limear homodeneous isotroric model assumed

unless otherwise srecified.
orthrotroric model for cortical bone

comrosite model with out—of-rlane deometries
normalized Joint load? F- prosximal femur

B....
C.‘..
Jn-
NC-~
(%)
(@)
(%>
(k)

no cancellous
- dinclination
- inclination
- inclination
- only finest

bones NS- rnot srecified? N- rmewtons
to sadittal bodwe slane (vertical)
to lateral edsge of stem

to femorazl shaft

mesh noted



4) THE ADAFTIVE MODEL

It is observed from exrerimental studies that the
bone remodels in resronse to the arrlied stress, The
introduction of 8 rrostheses rroduces a8 change in  the
stress distribution in the femoral head and neck since
there is rnow a2 different comrosite structural stiffrness.

According to Wolf’s law the stiffrness and strendgth
vary with the stress asrlied. A linesar relationshir between
the stiffness and strength is considered as follows

E=Cg” (28)
where E = chosen elastic stiffnessy
€ = constant of eprorortionalituy

0= gtress resulting from arrlied load.

The constant of srorortionslity is determined from
the wield strength and elastic modulus data obtained from
the cancellous bone samrles as rresented bw  Brown et.

allref.81. Their studies show that the wield strength and

the stiffrness values are lirnearly erorortional to one
anotherys redgardless of the testing direction. Considering
the design stress to be arrroximately one-third of the
gield strengthy i.e.y

qj~hf’= 3G » (29)
the constanty Cr derived from the date in Brown et.
al.Lref.81 is found to be 26.47 N rer m27N er m% Howevers

more exrevimental work reed to be done to identifuy better



vélues of C.

To bedin with the snalusisy turical rrorerties which
are the result of the normal stress distribution are
assumed. The introduction of the rrostheses changes this
distribution and thus the stiffness is changed in
accordance with Wolf’s law. Thereforey for the following
analusis the stiffress is modified asccordingly and the
analusis rereated. This rrocess is continued until
convergence.,

The following are the rrocedural sters in the
adartive model analusis?
1Y An initisl natural stiffrnessy Ey is chosen in  each
element and G is comruted.

2) The stiffness distribution is modified bw the relation
E ™! = G“r (30)

for esch 2nalusis r.

3) The results are checked for converdencer i.e.r when

il 2
LZ(E - E I]Jé' 5 & (31>

ig satisfiedy where & is an arbitrary convergence
rarametery the srnalusis is terminsted.
The fimsl analusis and distribution are considered to

be those associated with a8 fully remodeled femur.
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9) ORJECTIVE OF FPRESENT STURY

The rurrose of this study is to serform a finite
element analusis of the adartive TFfemoral resurfacing our

model and analuze the stress distributions in the head due

to the load transmitted from the acetabular redion of the
relvis., The basic design reauirements of cur arthrorlastw
to be followed are
1) adeauate fixastion of comronentsi tensile arnd shear
stresses are minimised to achieve & state of
comrressive stressy
2) selection of functional materizls to rrovide both
strength snd wears
3) erorer fit of articular comronents i.e.» the

femoral ocur with the ascetabular cus.

Uron fulfilling these recuirements the femorzsl head
should remain (3) viable (after rartisl interrurtion of
blood surrly)r (b) erove strong enough for resumed weight
beasring and (c) have adecuate fatigue resistance to
withstand many wears of cuclic loading.

The ob.dective here is to studwy the interfacisal
stresses more srecifically. To reduce the effect of
disiusatrorhys 3 uniform state of stress in the bone is to
be obtained as far as rossible, High reak stresses should
be avoided to minimise rressure neucrosis. To have a8 rrorer

fivation without looseningy tensile stresses shouwld be



avoided., Uniform comrressive stress is ideal:s shear
stresses should be minimised and tensile stress =ones
should be removed as far as rossible. Knowing the dgeometrw
and material srorertiesy the obdective here is to rerform a
finite element analusis to BESO8S the Hedgree of
disiusatrorhy and to aschieve a uniform state of stress as
rosgible. Once 38 rarticular state of stress is obtained in
a8 finite element analusisy the stresses can be modified and
reevaluated by rerforming 8 re~ analusis varwving the
stiffrness rrorerty in the erostheses -~bome redions This
srocess is rereated till the desired converdgence limit is
achieved.

The finite element model is constructed to consider
all the above factors. The femorzsl cur is rerresented bw 8
2-D axdisvmmetric model wusing the solid mesh deneration
carabilities of GIFTS 5.046 . GIFTS is carasble of solving
axkisummetric models under either axisvmmetric loads or
non—-axisummetric loads broken down into 8 fourier series.
Loads from Joint reactions and muscle forces for common
activities rerformed are taken from dross analwtical models
or from arrrorriate finite element model arrroximations as

rresented in the following sections.



6) THE ANATOMIC MODEL OF THE FEMORAL HEAD

Faor 2 successful mathemastical model anslusis of the
femoral head rerlacement one needs to krow the
rhuysiological model in detsil. These studies have been
grlit into three broad classifications as follows 3

1) the share or geometrz of the femoral head »

2) the material rprorerties of the femoral head and

3) the boundary loading configuration on the femoral
head during various activities.

A) GEOMETRY/SHAFE ¢
The share and the immer architecture of the femoral
head is well rresented bw Koch LCref.41. The longitudinal

sections are cut in rlanes rarallel to the rlane rassing

through the londgitudinal axis of the shaft» head and neck
of the femurs which is directed mediallwy and about 12
dedrees anterior to the true frontzl elane of the bodw.
Figure(2) shows one such section verw colose to the
longitudinal axis of thg tone. The inner architecture of
the other rarallel sections had 2 verwy close similarituy to
the one shown in figure(l), Figure(3) rerresents a sagittal
section throusgh the werer rortion of the femur. This
section includes the neutrsl rlane of the usrer femur and
80 dives one & dood rerresentation of the architecture of
the femur in the redion of the neutral axis. Figure 4 shows
8 series of tranverse sections ( nmormal to the neutrsl

anis) in the redion of the femur head.
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amining all these sections it is seenm that the
femoral head is made ur entirelw of the sronsie bone excert
for a thin shell of comeract bone forming the articulsr
surface. The thinning of the trabeculse structure bedins
immediately below the atricular surface of the head. The
transverse sections in the head asre eracticallw circulsr
and these sections through the neck show a gradual
thickening of the outer shell with 8 corresronding decrease

in the density of the srongw bone a3s the sections sare

farther off from the headlef. figure 41.



B) MATERIAL FROFERTIES ¢

Satisfactore material rrorerties in the femorzl head
have been rresented bw Brown and Fergusonlref.81. Thew
rerformed direct rheological tests for identifwing the
seratial and  directionasl wvariatons of the mechanicsl
Pprorerties of the cancellous borne in the human rsroximsl
femur., It is suddgested bw manw authors that the stiffness
and strength of the cancellous bone are immedistely
derendent uron the void fraction and the trabecul se
rattern. Because of the comslex internal anatomyy
sronounced sratial and directionzl materizl rrorerties may
be exrexted. So Brown and Fersuson made direct measufements
to find the stiffress and strendgth of the individual cubic
cancellous bone samrles each underdgoing successive uniaxial
comrressive loadindgs in the three mutusally rerrendicular
directions. Rased on the dates from individual cubes from
different locations within the femur head 8 comruter
contour routine and calcomr rlotter were wused to sererare
the =lots of the materizl srorerty distributions of each
section. The salient material srorerty distributions for
the sresent stude are derived from the results of Brown and
Ferduson.

There have been many investigators who have
considered anistroric rrorerties in the bhuman femur. One
such grour are Bushkirky Ashman and Cowinlref.1131, Thew

have develored sn ultrasonic method to. study the elastic



33

rrorerties of the femur. The mean technical constants from
their results are shown in table II.

8. Vallisrany §. Kdellberdg and N. L. Svenssonlref.12]
rresented a comearison of the influence of isotroric and
anisotroric rrorerties on the stress distribution in the
femur « Plots of maximum errinciral stress on  the medisl
side and lateral side for the losding case for one-led
stance and walking are rresented. Even though 2 comrarison
of the stress values onn the medisl side show some
differences in the numerical values uget there has been no
significant diffference on the lateral sice. The
deflections of the femoral head are found to be almost the
same for both the isotroric and anisotroric cases. Since
stresses are compruted based on the deflections therefore
there should be no lardge differencesy for both the
isotroric and anisotroric modelsy in stress values in  the
interfacial redion of the rrostheses. Besides there is not
much cortical bones which has high dedree of anisotroric
rrorertiesy left after resectiomn, 8o to simrlify the model
isotroric material rrorerties can be assumed for the
rresent analusis.

As mentioned above the materizl rrorerties of the
femoral head are chosen from the results of Brown et.
alesLref.8+131. The model is subdivided into different

regdgions based on the wvariation of materizl rrorerties.

Studuwing the variation of the elastic modulus and the wield
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strength contours Lof,. fidure Sré61 in the femoral headr one
finds that the rsrorerties are not truly axisummetric.
Howevers since these srorerties vary with growth therefore
the material erorerties for the redgions are chosen b
Judgement rerresenting very closelw the variations
rresented by Brown and Fersguson. The subdivisions and the

srorerties of the different regioms are illustrated in

figure 7.



TABLE II. ANISOTROPIC FROFPERTIES OF THE FEMUR

Young‘s modulii ¢

£y « 13,0 6Ps L2 = 14.4 6Pa %3 = 91.5 oFs

Rigidity modulii ¢

it

612 = 4,74 GFa 613 5.85 GFa 623 = 21.5 GPa

Foisson’s ratio

/212 = .37 /713 = (24 /723 = 0,22
/221 = .42 /431 = Q.40 /“32 = 0,33
Note? 1- radial direction

2= circumferentisl direction

3~ longitudinasl direction
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C) BOUNDARY LOADING CONFIGURATION ¢

Analusis of the 3~I boundary loading conditions at
the hir Joint have been rerformed bw Faul (1967)» Johnstons
Brand & Crowninshield (1978). The minimum function at the
hir Jdoint is that reeuired for +the activities of daily
living to be rerformed. An accertable function means the

abilitw to walk on the levels ur and down slores and uer and

down stersy and to sit down and stand ur with little or no
use of the arms. Among these asctivities of foremost
imrortance is walking and so the loading configuration for
walking activity is considered in the znaluwsis.

The exrerimental results of the hir Joint loadindg
have been used in finite element studies of the human
femur, Rubicki et. 81l.s(1972) [ref.14]1 cosidered 8 hir
Joint load of 169 1lbf (= 751.7 N) in one-leddged stance for
8 bodwy weight of 200 1lb (= 88%.6 N). He has estimated the
hir abductor muscle force to be 358 1bf (1592.4 N) and
thereby increased the Joint load on the femorsl head to 521
1bf (2317.4 N). The abductor muscle force was assumed to be
rroduced by only the gluteus medius and gluteus mindmus
nuscles.

Andriacchi ete. al.yLref.15) rerformed & 2-D stress

analusis of the femoral stem of & totzl hir rFrostheses
considering normalized Joint load (IN) arrlied to the
femoral hesd in the three directiorns (0r20¢45) dedgrees with

resrect to the londgitudinal sxis of the femoral stem.
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Svensson et. al.sLref.10]1 used the results of Mcleish
and Charnleg(l1?70) to rerform the 2-~0 stress ansluesis of
the femur with imrlanted Charnlew rerostheses. Thew have

taken a Joint losd of 14620 Newtons (2.35 times boduy weight)

at 24.3 dedrees with the femoral shaft and the trochanter
load of 1062 Newtons (1.94 times body weight) st 29.5
dedgrees with the femoral shaft in the one-lesded stance
agetivity,

8ih & Matic Cref.146] considered the abductor muscle
foree 8s 8 shearing foree acting on the dgreater trochanter
and distributed Joint load over the femoral hesd in their
2-0 analusis for the failure rrediction of the total his
rrosthesis sustem. Thew have tsken 8 Jdoint losd of 9460
Newtons distributed over 40 dedrees arc on the femoral head
and 8 shearing traction 7.10ES FPascals on the drester
trochanter for 3 444.8 Newtons bode weidght in one-leddged
stance.

Crowninshield et. aleslref.17,181 ~resented 2
detziled analusis of the loading at the hie Joint
considering the effect of 27 serarate musculo~ tendinous
units. Howevery his attention is mainlw on the acetabulsar
comronent and the loads cannot be transfered to the femoral
head without the rrior knowleddge of the orientation of the
lozds with resrect to the femoral head.

Faul‘s results LCref.19+20]1 of the loading on the

femoral head are best suited for the rresent stude. Faul
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has simrlified the comrlex anatomical sustem of 22 muscles
acting at the hir and 14 muscles and 6 lidaments at the
knee to grours on their asnatomical diserosition andy for the
musclesy on  the basis of their rhasic activitye B%
demonstrated bw muoelectric signals. On this simrlified
basis the variation of the hir Joint force (as multirles of
body weidght) is evaluated for 3 walking cucle activity for
slows normsl and fast walking corresronding to 1,10y 1.48
and 2,01 M/S asveradge forward sreed. The results are shown
in figure 8. The maximum force on the femoral head occurs
at 47%4 of the cucle time from heel strike and its madgnitude
is 4,9 times body weight in slow and normsl walkingy and
7.6 times bodw weight in fast walking. The orientation of
the maximum force from the axis Joining the centre of the
femoral head to the centre of the condule is shown to be
12,5 dedrees in the frontal view and 7 dedrees in the
lateral view [fidure 91, Faul aslso showed the maximum Joint
force in stairs ascending to be 7.2 times bodw weight and
in stairs descending to be 7.1 times bodw weisght. Also the
maximum force while climbing ur the ramr is 5.9 times body
weight and descending down the rame is S.1 times bodwu
weight.

In the rresent studw the results for the walking
cucle activitwr as merntioned asbover are chosen from Faul’s
work. Since the exact geometric location of the Jdoint load

is uncertain and since the load is transmitted teo the



femoral cur through the contact ares of the acetsbular cur
therefore the maximum load is considered to he distributed
over an arrrorriate small redgion on the femorzl head rather
than considering it to be arrlied to 2 single node, Taking

the bodw weight to be 660 Newtonsy the losd on the femoral

nead is taken to be

4,9 X 660 3234 Newtons for slow & normal walking

7.6 X 660

9016 Newtons for fast walking.

The angle of inclinastion of the femoral cur from the
x®is Joining the centre of the femoral head to the centre
of the condule is 48 dedrees on the averagelref.201.
Therefore the idinclination of the maximum load on  the
femoral head is 35.5 (= 48-12.5) dedrees from the surface
rerlacement cur axislfigure 101. Considering the Joint load
orientation to be along the 35.9 dedree auxis a contact
redion of %0 dedree arcr i.e.r 25 dedree arc on either side
of the load axisy» is arbitrariley selected as shown in

figure 10.
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7) THE FINITE ELEMENT MODEL OF THE FEMORAL CUF

The finite element analusis is done by constructing
the model wusing aeuadratic disrlacementy linear strain
elements namelw TAé and RA? elements surrorted bw GIFTS
9406+ Considerable imerovements can be obtained with this
higher order element mesh deneration 8s comrared to that
with 2-D constant strain elements. The elementsy TAS6 and

Q4% schematically shown in figure 11y are used in

sisymmetric solid eroblems for accurate determination of
disrlacements and stresses.

The model under study consists of the femoral head
with its surface rerlaced bw 3 metal cur shown in figure
13, The size and share of the metal cur is clesrlw shown in
figure 12. According to St. Venant’s srincirle the redion
*far awaw" from the aeprlication of loads is unaffected and
s0 the length of the model considered ranges from the head
to the rroximity of the neck. The model is denerated using
the mesh generation carsbilities of GIFTS software. The
mesh of the elements generated is shown in figure 11. Since
the stresses at the srostheses- cement- bone interface are
of imrortance therefore a8 finer mesh is denerated din  the
interfacial redion. The details of mesh dHeneration is

rresented in the following section.

The moadel is subdivided into different redions based

usan the varistion of the material srorerties. In the idesl
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case the materizl rrorerties are truly axisymmetric,
Hawevers since the bone srorerties vary with growth
considering adults with different adesy therefore the
regions are chosen by Juddgement resresenting verw ocloselw
the variation of materizl erorerties rresented by RBrown et
alerlref.8131. By sgsuitsble interrolsation and asveradging
methods the material rrorerties for the different regions

are chosern and are tabulated in table IV, The bone

rrorerties chosen are as followslref. table 1113

Young’s modulus §3 1300 -~ 7900 MFa

-J

Yield strendgth ¢ 62 -~ 262 MFa

I3

Poisson’s ratio § 0.37 ~ 0.42

The materizl srorerties of the acrulic cement are
taken as followsCref.103¢
Younsg‘s modulus ¢ 2070 MFa
Ultimate strengthl 6%9.9 MFa

Foisson‘s ratio § 0.19

The material chosen for the metasl cur is the standsrd

ASTM~F75y surgical cobalt chromium allow and its srorerties
are as follouws?

Young’s modulus { 196100 MFa

Ultimate strength § 450 MPa

Foisson’s ratio P 0.30
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Each of the redionsy selected on the basis bf the
variation of materizl rFrorerties is subdivided into
elements as follows - all cuadrilateral redions are meshed
with cuadrilateral QA? elements and 211 trizndular redions
are meshed with triandular TAé elements, In 8ll there are
10 redgions defined wusing 44 Lkeunodes lesading to 198
euadrilateral disrlacement» linear strain elements. The
external loading on the model is considered for uélkinﬁ
cdcle scetivity from Faul’s resultsCref.19»201. As mentioned
earlier 2 load of 3234 Newtons is chosen for slow and
normal walking and 8 load of 9016 Newtons is chosen for

fast walking. This loading is distributed on the curve

3-4~5 Lref.fidgure 151,

Summetric boundary conditions are arrlied to the
model aslong the awxis 35-44 [ef, fidure 151y i.e.y the nodes
along this axis have the x-translationsal dedree of freedom
surrressed, The nodes alond the bottom edsger d.e.» 10-44
Lefe fidure 151 are held ridid considering the
end-condition. To facilitate the sliding connection between
the axizsl rod of the metal cur and the adJacent boner the
nodes alond the eddges i.e.y 20-33-43 [ef.fidure 1951 have

only the w-translational desree of freedom.

With the sbove information the model is denerated:

analured and the resulting stresses at the interfacial
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region are obtaimed. As mentioned earlier the iterative

firnite element stress analuyses are rerformed by arrrorriste
variation of the stiffrnessy in relation to the stressesr in
the srostheses— bone redion till the desired converdence is

achieved.
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8) ANALYSIS USING GIFTS 5.06 ¢

The srnalusis using the GIFTS software turicallw

consists of the execution of the following modules in
seauencelref.2212
BULKM/EDITM - to dgenerate the model »
RULKF/RULKLEB/EDITLE — to dgenerate the loading as 8
series of sine-cosine harmonic functions »
OFTIM - to ortimize the bandwidth »
STIFFX - to comrute the stiffness matrix for
the axiswummetric models
SAVEK -~ to store the stiffrness matrix for later user
SOLAX - to comrute the disrlacements »
STRESX -~ to comrute the stresses s
RESULTS - to disrlaw the results » edy stress

contours in the model.
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?) MESH GENERATION USING GIFTS 5.06

The model dgenaration dis rerformed using the mesh
generator module BULKM. Due to the asxisuwmmetric conditions
only ane half of the structure need to be modelled ¢ of.
fig 14 ). The rrocess of mesh generation is carried out in
the following sters !

1) define material & thickness menus

2) define hew rointsy

3) define line & curve houndariesy and finally

4) define srids.
In the rresent case there are 7 distinct "material
rrorerties” sets defined for the redions as giver in  table
IV, Each materiasl rrorerte set consists of the Young’‘s
modulusy Er the Poisson’s ratiomﬂv and the design stresss

§§¢ The later is used as & reference to comrare the comruted

stresses.
Material rrorerties are defined using the commandss
ELMAT 3 ( define the first 3 rroe. )
1 ( set identifier & 1 )

1.E45y1.,E7y0.3 ( set # 1 rrorerties ! g&!Ev/L)

194 ]

{get identifier # 2

S0 0000 bees ttas  ates omes sees Sheh G004 beaq seee

005 aeh doem shts  boss bess bare beem  Sers sete ere

and s«0 on for all the 7 sets.



The dgrid deneration rroceeds as follows. The 2-I
surface of the model is divided into several redgions each
having 3 or 4 sides based on the following criterion. Egzch
rair of orrosite sides of the aeuadrilateral redion have
same number of nodes and a3ll the sides of the sides of the

triandular redion must have same ruumber of nodes. The dgrid

boundaries maw be defined bw straight linesy circular arcs
or 2nd or 3rd order rarsmetric CUTVES., With this
Frreliminare work the kew nodes can be defined at the
corners of the drids., The kew roints and the redions
selected for the sresent study are labelled in figure 14,
The kew nodes 1 to 46 are defined by the wuser with

the following commands?

KPOINT ( generate ore or more kew nodes )

46 ( kew node # 46 )

0.90.50, ( 46y94b6r246 )

10 ( kew node # 10 )

22:520490.  ( x10-210-210

and s on

0 ( terminate kew node inrut )
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TABLE TII. USER DEFINED KEY NODE CO-ORDINATES

KEYNODE X-~-COORD Y~-COORD Z-COORD KEYNODE X-COORD Y-COORD Z-COORD

1 4,0 79.5 0.0 23 14.5 27.5 0.0
2 7.5 78.0 0.0 24 14.5 33,0 0.0
3 11.0 7740 0.0 25 17.5 0.0 0.0
4 22,0 66.0 0.0 26 4,0 68.0 0.0
5 24,0 51.0 0.0 27 745 68,0 0.0
6 22.5 47.0 0.0 28 14.0 54,5 0.0
7 20.0 44,0 0.0 29 12.0 26,5 0.0
8 17.5 28.0 0.0 30 1240 11.5 0.0
9 17.5 11.5 0.0 31 15.5 0.0 0.0
10 22,5 0.0 0.0 32 0.0 56,5 0.0
11 4.0 76,0 0.0 33 3.0 12,0 0.0
12 10.0 76,0 0.0 34 3.0 0.0 0.0
13 16,5 71.5 0.0 35 0.0 80,0 0.0
14 20,0 51,0 0.0 36 2.0 79.25 0.0
15 20,0 51,0 0.0 37 0.0 76.0 0.0
16 4.0 73.5 0.0 38 0.0 73,5 0.0
17 9.5 735 0.0 39 0.0 71.0 0.0
18 19.0 62,0 0.0 40 0.0 68.0 0.0
19 18.5 44,0 0.0 41 0.0 5645 0.0
20 4,0 71.0 0.0 42 0.88 8.88 0.0
21 8.5 71.0 0.0 43 0.0 8.0 0.0

22 16.75 S99.0 0.0 44 0.0 0.0 0.0
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TARLE V. MATERIAL PROPERTIES OF THE REGIONS

REGION % YOUNGS MODULUSYE YIELD STRENGTHy EDIS8DN’§
(Newtons/ se. mm) (Newtons/ sc. mm) RATiO

1 1926100 450 (%) 0.30
2 196100 650 (X) 0.30
3 2070 69,9 (%) 0.1%9
4 7900 262 0.42
5 6600 193 0.37
é 6600 193 0.37
7 3200 131 0.37
8 5100 143 0.37
@ 1924100 650 (%) 0,30
10 1300 62 0.37

Regions # 1+2 & 2 resvesent the metal cur

Redgion # 3 rerresents the acrulic cement

Note! (¥%) - based on ultimate strendthiref.10)
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The user defined kew node co-ordinates are rresented
in table III, Once the kew nodes have been defined the nex
ster is to generate curves which define the boundaries of
the 10 redions considered. Since the metal cur is srherical
in share therefore the curves between the kew nodess
rerresenting the metal cur sre dgenerated a8 circular ares
(ef. fig 14). The curve 8-92-10 on the cortical bone surface
is taken to be a 2nd order sarametric curve.

Along with the generation of the curves the other
internsl nodes are definmed to enable subdivision of each
region into TAé and QA% ture elements. The deneration of
these internal nodes is considered wuniform without any
biasing. The totzl number of nodes considered on  these
curves should suffise the generation of the elements later

on. To dgenerate straight lines two kew nodes are sufficient

but to gererate circular or sarametric curves three nodes
Bre Necessarg.

Straight lime curves are generated using the
instruction SLINE. A straight line curve named ‘L10257
between nodes 10 and 2% and having 3 intermediate nodes on

it can be generated zs follows!

SLINE
Lio2s ( curve identifier )
102255 { end kevw nodes asre 10225 and

total # of nodes= 9)
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Likewise circular arcs are dgenerated using the
imstruction CARC and the 2nd order rarametric curves using
the instruction FARAM2.

For examrle »
CARC (to generate circular arc)
cs7 (curve identifier)

Sede7yE  (kew nodes sre Sybe7 andg
total # of nodes= 5)

FARAM2 (to deneraste raram? arc)

L81¢ (curve identifier)

8:9210r11 (kevw rodes are 8+9:10 and
total # of nodes = 11)

The following instructions generate 211 the curves

which will be used to define the regions.

CARC/ 0351/ 35s36»1¢5/7 {denerate circular arc ‘C3517
with nodes 35,36 & 1 and total #
of nodes an the curve is 3)

CARC/ C13/ 19293:5//

CARC/C3S /3+4+Ss172//

CARCY/ CS7/5s697+5//

FARAM2/ L8100/ 8951011 /7

SLINE/ L198/ 19+8,7// (denerate st., line ‘L1988’
between nodes 19 & 8 with 2
total of 7 nodes)

SLINE/Z L1112/ 11¢12,5//



SLINE/ L1415/ 14+15+97/7
SLINE/ L1857 15+5.5//

CARC/ C1214/ 12+13+14,9//
SLINE/ L7715/ 1597257/
SLINE/ L1617/ 16917+5//
SLINE/ L1718/ 17+18+9/7
SLINE/Z L1819/ 18519913//
SLINE/ L1997/ 19+7+5//
SLINE/ 2122/ 21:22+%9//
SLINE/ L2021/ 20:21,3/7/
SLINE/ L2223/ 22+23917//
SLINE/ L2324/ 23+24+9//
SLINE/ L2425/ 24,20+5/7

SLINE/ L2524/

k3

Sy2699//
SLINE/ L2827/ 26+27+5//
SLINE/ L2829/ 28y29+13//
SLINE/ L2930/ 29:30+11//
SLINE/ L3031/ 30:31+5//
SLINE/ 1.3034/ 30+3455//
SLINE/ L3233/ 32+33923//
SLINE/ L4143/ 41+43+23//
SLINE/ L3334/ 33+34v11//
CARC/ C3343/ 33242v43+9//
SLINE/ L1025/ 10+25+5//
SLINE/ L2831/ 25+,31+3//7
SLINE/ L3134/ 31+34»5/7/
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SLINE/ L3444/ 34+44y5/7/
SLINE/ L4344/ 43+44»11//
SLINE/ L1116/ 11+1695//
SLINE/ L1620/ 16+20:5//
SLINE/ L2026/ 2092623//
SLINE/ L2632/ 26+32+5//
SLINE/ L3227/ 32+27+5/7/
SLINE/ L3337/ 35:37+5//
SLINE/ 1.3738/ 37+38+5//
SLINE/ F38§9/ 3Bs3995//
SLINE/ L3940/ 39+40+3//
SLINE/ L4041/ A40+415//

SLINE/ L1111/ 1+11+5//

Once the curves have been denersated some of these can
be combined together into simele curvesy to helr define the
grid boundariesr wusing the COMPLINE command which is
defined as follows?

COMPLINE

NAME

Ll!L2!+0¢

The above instructions define the comrosite line
‘NAME’y comrosed of lirmes ‘L1‘y ‘L2‘y ete. A maximum of 9
lines can be combined into & comrosite. None of the

comronent lines maw themselves be comrosites.



boundary curves

The

COMPLINE/
COMFLINE/
COMPLLINEY/
COMFLINE/
COMFLINE/
COMFLINE/
COMPLINE/
COMPLINE/
COMPLINE/
COMPLINE/

COMPLINES

The

following

instructions

B1S/ C13yC35//

B1115/7 L1112,C1214,0L.1415/7/

B117/ L1112+L121 4y

E1619/
B2025/
B1610/
B2631/
B2730/
Br3234/

BL133/ L111sL11169L14620s

B3543/ L3537yL3738yL3839y

following

L1617yL1718,L1819//

L2021y L2122,L2223,

used irm the model dHenerationt
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define the combined
L141S.L.157 7/
L2RI2A L2425 //

L1617+L1718,L1819y L198,1.810//

L2627 2728512829,

L2728y

2829y

L2930//

323313334 //

curves

are

denerated +to

L2930,L3031 //

ease

L2026y L2632y1.3233 //
L3940¢1.40415L.4143 //

the

arrlication of summetrw and boundasrwy conditions (arrlied in

the module BULKLE).

COMPLINE/ L1044/ L102%541.2531,

L3134+1.3444//

COMPLINE/ 12033/ L2026sL263241.3233 //

COMPLINE/ L3544/ L3537yL3738,1.383%y

the

elements.,

After defining the srid boundaries the last

mocel

generation

is

the

The imstruction GETY zllows

deneration

Qane

1.394051.4041,L.4143,

ster
of the
to define

L4344/ /

in
dgrid

the



element twrer materizl rnumber and thickness number for the
surface elements to be denerated din 2 rarticular redion
(gdrid). The number of nodes on each of the eddes have been
rreviously chosen so as to ensble the deneration of the
higher order elements. A four sided grid is denerated by
the command GRID4 and & three sided drid is denerated by
the command GRIN3.,

Necessary rrecautions should be tasken when denerating
elements by automatic mesh deneration to avoid bhisghly
distorted elements which lead to =oor numerical results. So
irn order to avoid mnumerical inaccuraciesry a2ll TAS elements
should have no ansles less than 15 dedrees or dreater than
150 dedrees and zlso the ratio between anw two sides should
rnot be dreater than 4. Likewise for QA? elements the ratio
of anw two sides showuld not be dreater than 4 and any
vertex angle should mot be smaller than 1§ dedrees or
greater than 150 degrees.

The following instructions enable the deneration of

TAd elements in 8 3~ sided g#ridy say redion 2 ¢

GETY

Tas (element ture)

1s1 ( defines mat. set # and thickness set #)
GRIN3

G2 (drid identifier)

L1S85:CS57yL.715%  (boundary curves identifiers)
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Likewise the following instructions are wused to
dgenerate QA? elements in 8 4~ sided dgridy say redion 5!

GETY
Ay (element ture)
491 (mat. set & 4 and thickrness set & 1)
GRIDG
G5 (grid identifier)
L2026y B2631y L2G3LyR2025 (boundarw curve id’s)

The following instructions are used to dHenerate the

grid elements!?
GETY/Qa%9/1+1//
GETY/TA&/ /11 //
GETY/QA9/2+1//
GETY/QA9/3+1//
GETY/Qa9/4y1//
GETY/Th&/4y1//
GETY/QA9/Ss1//
GETY/TA&/6v1 7/
GETY/QA9/1+1//

GETY/QA9/ 7l //

The model with

GRIN4A/G1/ BL1S»LISSyB1115,L111 //

GRIDI/GR/ L1GGC579L715 /7

GRID4/G3/ L1116R1621y L1979B117 //

GRINA/GA/ L1620yB2025y L10259B1610 //

GRINA/GS/ L2026 yB2631y L2G31B202G //

GRID3/G&6/ L2627 9L.2632L.3227 7/

GRINDA/G?/ 1L.3227,B2730y L3034,B3234 //

GRIN3Z/G8/ L3034»1.3134,1.3031 //

GRINA/G?/ C351.R133y C3343,B3543 //

GRIN4A/GLO/ C33435L.4344y L3444,L.3334 //

the dgHrid boundsries can be rlotted
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using the module BRULKM. Howeversy to rlot the dHenerated
elemernts the module EDITM has to be wuseds The finite
element model as a8 whole is shown in figure 15,

Once the model has been denerated the next ster is to
define the boundary losding conditions for the model wusing
the modules RBULKLER and EDITLER. BULKLE can be used to arrly
distributed line and surface loads onto the model denerated
by BULKM. The solution of multirle losd cases is rermitted
i the GIFTS swstem. Commands for susrressing and releasing
dedgrees of Treedom are at the wuser’s disrosal. Loads to
kewnodes and srid boundaries can be arrlied using commands
LOADK and LOADL ir the module BULKLE. Howevers loads to anw
of the sustem nodes can be arrlied using the command LOADF
irm the module EDRITLE. The loasding configuration for this
analusis is taken from Faul’s results [ref.19,201 for 8
walking cucle sctivity.

The module RULKF is executed before BULKLE to
denerate the freedom rattern for the model. BULKF 2llows

only those freedoms which the model can surrort and thus
relieves the user of the necessity of surrpressing 2all
surerflous freedoms be hand.

Distributed lime load can be aerlied using the
command LOADLy which is defined as follows?

LOADL v M Lime load im M direction
LNAME Curve identifier

VieV2 Ermd values of the load
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M= 123 for force aslong X¢rYryZ dirvections respectivelw,

The distributed loading on the femoral head
considered is R= 3234 Newtons along the are areroximatelw
from 10.35 to 60.95 dedrees from the cur axis. The arc lendgth
of the loading is obtained as follows!

Arce Lengthy 8§ radius X subterded andle

#

#

40 X ( 30 X 3.1415/7 180)

i

34,21 mm.

The horizontal comronent of the loading at the arec extremes

i
Ul = ( 3234 / 34,91 ) ¥ SIN (10.95 desgrees)
= 16.88 Newtons
U2 = ( 3234 / 34,91 ) %X S5IN ( 40.35 dedrees)

= 830,63 Newtons

Similarly the vertical comeonent of the loading at the two

ends is
Vil = ( 3234 / 34.%1 ) % €08 ( 10,5 dedgrees )
= 91,09 Newtons
U2 = ( 3234 / 34.91 ) X C0OS ( 60,5 dedrees )

45,62 Newtons

The above loading is asrrlied using the commands?
LOADL.» 1 loading i X~ dir.
£35 curve identifier

~16.88y-80,63 end-values of the load
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LOADL.» 2 losding in Y- dir.
035 curve identifier

~21,09y-4%5,462 end-values of the load

The freedom rattern can be modified for 8ll nodes
along & line using the commands SUFL  and RELL which are
defined as follows?

SUFL (M) surrresses Treedom M in 23ll nodes

LNAME of the line LNAME

If M = O then 211 freedoms are surrressed.

RELL (»M) relesses freedom M in a3ll nodes

L.NAME of the line LNAME

If M= 0 then 21l freedoms sre released.

The nodes along the edde 10-44 (ef, fid.159) are held
ridid arprlwing the end condition bw the commands

SUFPL»0/ 1.1044 //
The nodes along the edse 35-44 have -~ translationsl degree
of freedom suprressed by the swmmetrw condition. This is
accomrlished wsing the command

SUPLyl 7/ L3544 //
To facilitate the sliding conmection the nodes along  the

boundary curve 20-33-43 have 311 desgrees of freedom



surrressed excert for the w- translational ¢
freedom. The following commands are used to rerm.
sliding connection.

SUPL»0 / L2033 //

RELL»2 / L2033 /7

SUPL»0O / C3343 //

RELL 2 7 C3343 //

This comrletes the mesh dgeneration

arelication of boundare conditions. The model
solved on executing the modules OPTIMy STIFFX»
ard STRESX resrectivelw in secuernce. The

stress analusis can be obtained from the moc



71

10) REFERENCES

12 FelliccisF«M.r SalvatisE Ay and RobinsonvH.Je»
*Mechamnical Failures in Total Hir Rerlascement recuiring

reareration®y The Journal of Bone sand Joint Surderwuy

val.é6l-Ar No.l» Jarnuasry 1979y e=28-364.

2) ReckenbaughsyR Dy and IlstrursD.M: o *Total Hirm

Arthroslasty®y The Journal of Borme and Joint Surderys

val:60-Ay No.3y Arril 1978y pr306-313.
3) AmstutzsH.C.s Graff-RadfordrA.s GruensT.A.» andg
ClarkesI.Cev "Tharies Surface Rerlacements"y Clinical

Orthroraedics and Relsated Research"y vol.134y 1978y

pe87-101,
4) KochsJ:Cev "The laws of bone architecture®r American

Journal of Anzstomygr vol.21y 1917y pel177-298,

9) Rans8.8.y "The finite element method in endineering®sy

Ferdamor Fress Ltd.r New Yorks 1982,

6) BatherK.J.y "Finite element rrocedures in engineering

analusis"y Frentice-Hally Inc.y Englewood Cliffss NeJdey
1982,

7} ClarkesI.C.» GruensT.A.» Tarry arid Sarmientos
Internationzl Conference rroceedings on finite elements in
Eiomechanicsy februarw 1980,

8) Brown:T.0.s and FergusornsA.B.,r "The develorment of 2
comrutationzl stress snalusis of the femoral head®» The

Journal of Bonme and Joint Surderys vol.60-Ay No.Sy Julwy




1978y prbdl9-629.,
?2) CrowninshieldsR.D.y BrandeR.A.» arnd Johrmstol
*Analusis of femoral stem desidn in tota

arrthrorlasstuy®y Transactions of the Orthorsedic

Societwy February 1979y =33,

10) SvenssonsN.C.» ValliarransS,y and WoodsR.D

analusis of human femur with imelanted
rrosthesis®y Jaurnal of Biomechanicssy vol
reS81-588,

11) Van BuskirkesW.Cor CowinsS.C.v WardsR.N.,» "U
measurement of orthotrosic elsstic constants

femoral bhorne®y Journal of Biomechanical

vol 103y 1981y rrb7-72,

12) ValliarransS.er KdellbergsS.» and
International Conference Froceedings on fini-
Biomechanicsy Februarw 1980.

13) BrownsT. .0, and GrafyG.Ess "Mate

digstributions in the human femoral head®s

the Orthorasedic Research Societwy vol.3:110y

14) RubickisE.F.» SimonensF.A.,y and Weissl
mathematical anzlusis of stress in  the

Journal of Riomechanicsy vol.5y1972» per203--215.

19 AndriscchisT.F.y GelanterJ.0.r EBelwtschhko

HametonsS.r "A stress asnzlusis of the femoral

hir rrostheses®s The Journal of Rone and

vol .38~y No.5y Julul976y rrbdlB8-624.



73

16) 8ih»G.Cery and MaticsPery *"Failure rrediction of the

total hir rrosthesis sustem®s Journsl of Riomechsanics

vol.1l4y 1981y =rB833-841.
17} CrowninshieldyR.Der»  JohnstonsR.C:v  Andrewsy» .Gy and
BraridsR.A+» "A Biomechanical investigation of the human

hir'y Journal of Riomechanicss vol.ll» 1978y pe?5-85,

i) JohnstorneR.Coe s BrandrsrR.:A. CrowninshieldsR Dy

*Reconstruction of the hier"y The Journal of Bore and Joint

Surderwy vol.sl-Ay No.5y July 1979y prb&39-652.

19) PaulsyJiF.y *Load actions on the human femur in  walking

and some resultant stresses®s wrerimental Mechanicsy

vol.1ly March 1971y re121-125,

200 PaulsJPer "Force actions transmitted bw Joints in  the

human body®s Froceedings of the Rowasl Societwy Londony

vol.B192y 1976y relb3-172,

21) ParrasyM.r "Femoral comronents N.J. Conservative Hir®y

Endomedics Imncorrorstiony Fartd SRH-003.
22) KamelsH.A.» McCaberMeW.r and HurtensK.A.y The GIFTS

sustems Version 5.03 User’s Reference Manualy Aepril 1981,

Univ. of Arizonzsy Tucsons Arizons.



	Copyright Warning & Restrictions
	Personal Information Statement
	Title Page
	Approval Page
	Vita
	Abstract
	Preface
	Acknowledgement
	Table of Contents
	Chapter 1: Introduction to Surface Replacement
	Chapter 2: Finite Element Analysis Technique
	Chapter 3: Survey of Femoral Analysis
	Chapter 4: The Adaptive Model
	Chapter 5: Objective of Present Study
	Chapter 6: The Anatomic Model of the Femoral Head
	Chapter 7: The Finite Element Model of the Femoral Cup
	Chapter 8: Analysis Using Gifts 5.06
	Chapter 9: MESH Generation Using Gifts 5.06
	References

	List of Tables
	List of Figures
	temp.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33




