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Abstract-The commonly used hip implant consists of three p&s
namely, one piece femoral stem and head, a polyetage cup and
acetabular cup. The polyethylene cup and the acetalar cup
were fixed to the pelvis to the bone using PMMA (aglic) bone
cement. The present work involves understanding of tress
shielding phases in hip arthroplasty using alterna¢ material in
various Hip-Implant designs namely, metal on polyétylene and
all polyethylene for best combination for durability. The
geometric models of hip implant will be generatedrbm CT-scan
using MIMICS software. After receiving hip 3D-model from
MIMICS, other significant hip implant parts were generated
from 3D modeling software CatiaV5 and also integragd with hip.
Then the preliminary calculation for predicting the joint force is
done based on free body diagram. A finite element odel of hip
and all implants will then be developed in HYPERMESH.The
loads and boundary condition to be specified in thénite element
model are based on the gait cycle loads. An implidinite element
analysis is done in ANSYS 14.5 for static analyssolution. Based
on the result obtained, the comparison of various esigns is made
for best durability.

Keywords — Acetabular shell, Finite element analysis, Stress
shielding, Implant components with alternate materal
combination, Implants mass, Total hip arthroplasty

1. INTRODUCTION

The hip is a true ball and socket joint surroundeih
powerful and well balanced muscles, which enableside
range of the motion in several physical planes evtdlso
exhibiting remarkable stability. As there are stusal link
between the lower extremities and the axial skalebip not
only transfer forces from the ground up but it'scalcarry
forces from the trunk, head, neck, and upper eitiesn
Consequently this joint is also crucial to athledittivities in
which it is often exposed to many greater thamitrenal axial
and twisting forces. The hip joint is unique (sil
physiologically, anatomically, and developmentallgnd
therefore the diagnosis of the pathologic conditisnmore
difficult than for most joints in the human bodye&use of
these diagnostic challenges, the hip has receigadiderably
less attention than the other joints in the pastiqdarly in
the reference to sports medicine and the surgtsature. In
the clinical setting of a plain x-ray of a pelvishéiting non-
arthritic joints was the difficult situation; patits were
potentially diagnosed erroneously with the ‘grotmam ‘or
otherwise. With the advent of better MRI (magnegisonance
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imaging) enhanced by arthrography, we now have tteibe
comprehension of a pathological processes withim tip
joint. This Accompanying increased in understandihg
evolving potential to treat these problems. Forglsin hip
arthroscopy is undergoing continued development sorde
excellent results have been reported treating teasief intra-
articular conditions. So now we can assess and pa&ents
with newer diagnoses, we should also ensure that
knowledge of hip anatomy and biomechanics alsovesoln
it. Only with this all fundamental understandingncéhe
clinician or engineer can provide adequate treatnfi@nthe
patient suffering from hip problem (disease or dental case)
or malfunction.

Q Acetabular Shell

@\, Polyethylene
7 Liner
7 Femoral Head D
? (Stem) ?’
LINER CUP

Hip Implant
|| || (Head Tap)

i STEM

(Shell) ’

\ |
I L
Unasse: mbled Total Hip Assembled Total Hip
Fig 1.1: Unassembled & Assembled Total Hip
Fig 1.2: Hip & Leg Implant Components
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THR (Total hip replacement) surgery is most commarded
nowadays to treat joint failure caused by osteaitighor in
accidental fracture case. As shown in fig 1.1 & fi@, the
most commonly used hip implant consists of threetspa
named; femoral stem and head made of metal (stsiskeel),
a plastic hemispherical component made of HDPE/UHRBN
and acetabular component made of steel. The pghgsth cup
(ball-top/head-top) and acetabular cup were fixethe pelvis
to the bone using Poly-methyl Meth-acrylate (PMM#gne
cement shown in fig 1.3.

\ "
Fig 1.3: Schematic Diagram of Total Hip Replacemsith Exploded View
lllustrating Porous Nature of PMMA (Acrylic) Bonee@ent
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The commonly used hip implant consists of thpsets
namely as shown in fig 1.1 & fig 1.2, one piece éeah stem
and head made of Metals(stainless steel), a plasip
component made of UHMWPE (Ultra High Molecular Wrig
Polyethylene) & PEEK (Polyether ether

acetabular cup were fixed to the pelvis to the basig
PMMA (acrylic) bone cement.

2. HIP MECHANISM

During walking and running a person momentarily pllitof
his body weight (newton) on single leg (as riglg $hown in
fig 2.1). The forces which entirely acting on tteg Icarrying
the total body weight are shown in fig 2.2 duringcls a

single-leg stance. \Fis the amount of the resultant force

applied by the hip abductor muscles,i$-the amount of the
joint reaction force applied by the pelvis on tleenfir head,
W1 is the leg weight, W is the total weight of thedy applied
force as a normal by the ground on the leg (alsa@vn in fig
2.1) [16]. The angle between the line of actionhaf resulting

muscle force and the horizontal is denotedas

B R

Fig 2.1: Forces acting on the right  Fig 2.2:gBAeg stance leg carrying the

entire weight of the body

ketone) and
acetabular cup component made of HDPE(High Density
Polyethylene) or UHMPE. The polyethylene cup ane th

& y directions. The resultant muscles force haisa of action
that makes an ang& with the horizontal [16]. Therefore:

B B () 0]

Fig 2.3: (a) free body diagram of right leg& (b)ogeetric parameters
Muscles force [16]:
_ (W — bW, )cosp — a(W— W, Jcosa

F.. =
M a(cosasing — sinacos@) (2)
Joint force [16]:
[
Fp= R + () (®)

Geometric parameters are (where h is height):
a = 0.05h,b = 0.20h,c = 0.52h
a =45% 3 =80%0 = 70°
And also leg weight ‘Wwith respect to total weight ‘W’ is
W, =0.17W.
As shown in fig 2.3, the joint reaction force makian angle
@ =tan"'(F, /F.) =748"
2.2 Gait Cycle
Bipedal walking is a significant characteristic the human
beings. This present data about the different ghatéhe gait
cycle and significant functions of the foot whilabking.
Gait speed concludes the involvement of each body
parts. Walking at normal speed mainly includes kbwer

The mechanical model of the leg with the rectangulaéXtremities, with trunk and the arms providing dteess and

component of the forces acting on hip and the itgmr
parameters to explain the geometry of the FBD (showfig

2.3). O is a point along the instantaneous axispifining of
the hip joint, A is where the hip abductor musdes attached
to the femur, B is a center of gravity of the lagd C is where
the ground response (reaction) force is appliedhanfoot.

The distance between A and O, B and C are all ndayed b,

balance. Faster the speed more of the body depamdke
upper extremities and trunk for thrust as well akabce and
steadiness. The legs remain to do most of the vagrkhe
joints produce bigger ranges of motion trough langeiscle
responses. In bipedal system the three major jaifitshe
lower body and pelvis work with each other as mesand
momentum move the body onward. Degree to which the

and c, respectively: is the angle of inclination of the femoral body’s center of gravity moves throughout forwamhslation
neck to its horizontal, anilis the angle of the long axis of the describes efficiency. The body’s center moves dyuabth

femoral shaft makes with horizontal. Se, € B) is almost
equal to the total neck to shaft angle of the fefhai.
Determination for the force exerted by hip abductarscles
and joint reaction force at the hip to supportldgeand the hip
in the position as shown in fig 2.1 & 2.2

2.1 Free Body Diagram (FBD) of the Leg.

For the solutions of the hip problems, we mighlizgithe free
body diagram of the right leg (Note: approximately can get
same for left leg, like mirror image) supportinge tlentire
weight of a person. As shown in fig 2.3a, the mesend joint
reaction forces are shown in terms of their compoiethe x

side to side and up and down throughout gait.

2.2.1 Sequences for Walking and Phases Gait Cycle

We have some sequences for normal walking thatrsecisu
summarized as follows:

a) Registering and beginning of the gait commanithiwithe
central nervous system

b) Transmission of gait systems to the exterioperipheral)
nervous system

¢) Generation of numerous forces

d) Contraction (Shrinkage) of muscles

e) Regulation of joint forces and moments acrossles#l
segments and synovial joints
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f) Generation of floor (ground) reaction forces

Sorting of the gait cycle includes two main phasgsnce
phase and swing phase. The stance phase livenoé®he
gait cycle however the swing phase lives in onl9646f gait
cycle. Gait cycle contains a combination of opemnd alose-
chain actions.

Detailed sorting of the gait cycle (100%) distirghes six
phases shown in fig 2.4 as B:

There is some alternative sorting of gait contéiresfollowing
eight phases shown in fig 2.4 as A:

NEW
A GAT  Iniy  Loading  Mig: Teminal Intigl  Mid-  Terminal
TERMS Contaci Response slance Stance Preswing Swing  Swing  Swing

CLASSIC  Heel Foot

Midstance Heel Toe Midswing Heel

B GAT  Siike Flat off Off Strike
TR Acculralln, - Deceloraton _,
- - STANCE PHASE - —ss——SWING PHASE ——

C i 0 20 33N 40 5 & 0 8 0 W

% of GAIT CYCLE
Fig 2.4: Stance Phase and Swing Phase (SingleOgeli¢)

Table 2.1 Analytic estimates of peak hip forces [5]

Activity Mag_;nitude/TotaI weight ‘W’
Walking slowly with/without a cang¢ 2.2/3.4

chair raising 3.3

Walking 4.8-55

stair ascending/climbing 7.2-7.4

stair descending 7.1

3. MATERIAL SPECIFICATION FOR HIP IMPLANT

In this present work main component on which we gomg
to focus is UHMWPE as hemispherical cup componerithv
has moving contact with stem head component. bau$ on

the assembly u can notice the component other than

hemispherical cup and stem head are just fixecespactive
places. As per the function of the hip joint thewng contact
zone will have wear and also peak stress will lmided on
stem head as it is holding total load of upper bedya
reaction force plus moment on leg will generate tear
phenomenon after some cycle of fatigue life.

As per the earlier research were done on hip intplan

combination based on hemispherical cup and sterd hea
like MoM (metal on metal), CoC (ceramic on ceramidpC
(metal on ceramic) and some combination with pokgme
Material selections in present work are shown inleta3.1.

Wear volumes and particles size for various madteria

combinations (determined by hip simulator testinghvone
million simulated gait cycles) can be seen Tntal Hip
Arthroplasty[21].

Table 3.1: Material selection for THA components

Component Material Most used material
class
Stainless Steel, CoCrCo-
Femoral Stem Metal | wrought, Ti-alloy (Ti-6Al-
4V), Tantalum
Metal Stainless Steel, CoCrMo-cast
Femoral Head Polymer| PEEK
Ceramic| Alumina(AIO;), Zirconia
Polymer| UHMWPE &PEEK
Acetabular Cup Liner | Metal Stainless Steel, CoCrMo-
(Head Top) cast, - - -
Ceramic Alumina(Pure Qr Zl(conla-
Toughened), Zirconia
Acetabular Cup Shell Metal Stainless Stell, Titanium -
(Metallic Backup Cup) Foam, Tantalum-Foam

3.1 Material property

In this present work test are done only on MoP &nen

polymer) as there are very less risk of any biaabproblem
and also it has good hold on life of implant, ayyper gives
which light weight combination due to polymer aniveg
longest experience. Also it's an economic devicbaaised in
THA.

Polymer like UHMWPE and PEEK is used in presentknas
a combination with SS316L, Co-Cr-Mo, Titanium allapd

Tantalum to obtain the alternate combination witikNONVPE

and PEEK. In present work taking total weight oplemt and
stress shielding on hip is focused to get bettenldnation as
per the static analysis. We obtain six better ambdg
combinations for MoP combination.

Also we work in reducing total weight of implant lmsing

alternate material for acetabular shell which metal backup
which is fixed with hip. Alternate materials forguvere like
SS316L, porous titanium (Ti-foam) and porous tamta(Ta-

foam). Then we obtained 18 combination of altermagerial

for THA. On all 18 combinations analyses were ddoe
understand the stress phase and stress shieldinig.on

Table 3.3: Mechanical properties of biomaterialedum THA in comparison
with cortical and cancellous bone of hip as a host

Young's . . S
. Density | Poisson | Yielding
Matengl/ m?dglus "o Ratio stress
Properties E (Kg/m3) oy (Mpa)
(Mpa) | 9 P
Cortical bone 16200 1990 0.36 120 [6]
Cagce"ous 382 500 0.3 389 | [6]
one
Stainless stee 20000 8000 0.29 187 5]
T'}a”'”m 5200 4540 0.32 82 [21
oam
Te}”ta'“m 1800 16654 0.33 68 [21
oam
UHMWPE 550 933 0.4 21 Tegt
PEEK 3600 1320 0.4 80 [2
Ceramic
380000 3900 0.22 350 5
(A1,09) B
Co-Cr-Mo
(ASTM F-75) 220000 8200 0.3 450 [5]
Titanium
alloy 110000 4700 0.33 850 [5]
(Ti-BAI-4V)
Tantalum 186000 16690 0.35 1060 [21]
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Also for test on UHMWPE we followed Reliance Teatali
Data for Relene Ultra 2504 (UHMWPE) and followee test
result as mechanical data for UHMWPE young’s mosids
550MPa, density 0.933 g/cc and Poisson ratio&lsh PEEK
mechanical data were used from the test and asalysi

Once a prefect assembly is obtained then matendglgoties is
assigned to the entire component respectively. dJaiternate

component for different component 18 combinationswa

obtained. Each analysis will be done with alternatzterial
assigning to each component.

Like this after analysis of all 18 combinationsdsne then
study of stress shielding on hip and stress digioh will be
compared with all combination to get the best arwdten
combination for the hip-implant application.

4 FINITE ELEMENT MODEL

Meshing is the procedure of converting a part anaalel into
small pieces or elements called discretization. BRRIESH
tool is used to achieve fine meshing. This meshedahwill
be filled with elements and nodes. The field camteshed by
using numerous type of elements, here in the pteserk
only TETRA mesh with tri elements are used, sinbe t
TETRA is the best suitable element for the 3D maghin
present work we have 5 components which all arer@&3hed
model. Full hip implant is using only TETRA mesh aeb for
discretization. Using element type for the companén
SOLID45.Finite element meshing is carried out fdr the
components of the hip with implants. Fine meshmgadne at
all the critical sections where the stresses apeerd to be
more, probable at the thin layer of hip and coroérall
elements, since it creates the discontinuity.

Extracting geometry is the first phase (step) imedl in the
stress analysis process. In the next sections etealsl of the
finite element mesh created on each part of the amg
implants using HYPERMESH are described. Fig 4.1wsho
the global finite elements mesh of hip with impknEig 4.2

shows separately meshed model of Hip bone and ipla

component.

FE model of the hip and implants, meshing is cotepldy
using only TETRA elements. Fine-meshing is at ttie layer
of hip and corner of all elements, since all are #iress
concentrated location; granular meshing is donestt of the
locations. Precaution has been taken during meghmgode
of the adjacent part. Global analysis consist ofral d¢ype
element, no. of elements used 1460011 and Node¥$810

Fig 4.1: Global FEA model of a hip with Implant rhesl with Solid 45
element

Fig 4.2: Distinguished FEA model for Hip and Impisn
4.2 Loads and boundary conditions for static analyis
Once after completion of meshing of the wing bamads &
Boundary conditions are defined. As in the pratticase
wings are subjected to bending load like a cargildxeam i.e.
one end is fixed & other side transverse load iag.
4.2.1 Load Calculation for the Joint Force Acting onthe Stem
Head [16]
As per the section 2.2 free body diagram and figv# can calculate
the joint force and the angle of joint force.
Also, we have simplified formula to find hip joifdrce and muscles
force with respect total body weight (W).
Fj=3.4W and Fy =2.6W
Considering a person with mass (m) = 75 Kg
Total body weight
W =73x 281 = 735.75 Newton
Using simplified formula to find joint force, we ge
F; =3.4x735.75 =2501.55 = 2502 Newton
cFu = 2.6x735.75 =1912,95 = 1913 Newton

As shown in fig 2.3, the joint reaction force makian angle
@, We also know
Z Fx =0 FIR = FI-'[}: = FME-EISE
Where, resultant muscles forces angl@ is 70°
Fpp = 1913 x cos70" = 654.267 = 655 Newton
Also we have
LFy= 0:Fy = Fyy + W -W,
FI‘F = FHSIHE + 1.-'#' —_ W’L
Frp = 1913 % sin70" + 735.75 — 125
= 2408.335 = 2409 Newton
As we know all the resultant forces in x and y dil@n, now
we can find the angle of joint force using abowverfala.

@ = tan‘l{2=1:[]9f655:] = 74780 = 74.8°
Therefore, as per the load calculation the loaactng on the
joint with an angle of 74%8with loadof 2502 N. as shown in
fig 4.3.Therefore the UDL acting on the neck ofnsthead
with 33 nodes, so each node is carrying load of,

2502
* Fupr = 33 ThereforefupL = 75.81 N
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Fig 4.3: FEA Model with Laédégnd Boundary Condit{&tatic Analysis)

5 RESULTS AND DISCUSSION

5.1 Static Results

The understanding of the result for the separategcomponent is
possible at ANSYS software since it is a post pgeoe Theexact
stress distribution can be observed after onceisalis done.
The stress like principal stress, normal stressydinate stress
and von-mises stress can be seen in post prooasANSYS
software. Also stress can be seen in each compbydnitling
other components. And fig 5.1 shows the stressilligion in
the hip with implants. The stress values are \aiffor the

group of each combination to check the maximumsstre

concentration part of the implants. The maximumgigal
stress theory (von Mises stress theory) result mods
selected to review the analysis results.

The stress distribution for the given loads hasmbaeserved
and that exposes, the stress is distributed unijotorthe stem
head and head top (hemispherical cup/Acetabular)lilso
we can see the stress shielding phenomenon on Highvis
also necessary for bone to be strong and tough@snsin in
fig 5.1.

The main objective of this work is to use alternaterial for
combination of hip with implants. Main reason fosing
alternate material is to obtained better implantimation
with less mass (gram), also implant should havéebstress
shielding on hip so that hip does not become wedgeatic
analysis was done on all the combination with abé

material. Alternate combination was made by chamgin

acetabular shell to achieve better stress shieldingnging of
stem with head to achieve low mass combination bt life
span (durability).

Whereas acetabular liner is kept constant for fitstee

combinations as UHMWPE, other three combinationsewe

using PEEK. As in this present work we are justufing on
metal on polyethylene (MoP), wear rate is to betrmdrby
using alternate material with less deformation wedso if

5

wear is obtain it will be of polyethylene which doeot have
any biological reaction inside the human body.

In this present work totally 18 combinations weradm for
hip-implant, on which the analysis was done to fine better
and good combination which have all the good arithisie
result which fulfill the objective of this presembrk. After all
the analysis we are having all combination masseahle 5.1
and all peak stress for the differenent materiadd atress
shielding value which is shown in table 5.1 ana atsfig 5.7.
One thing was common in all the combination thakimam
stress induced only on stem head and neck anditalsas
ranging 75MPa to 79MPa. Therefore as per the ditsabi
point of view all the combination were good andoatan be
used for THR.

When we observe all 18 combination in terms of mass

(weight) then one can notice that where thereriatam metal
used in implant has high mass then other combimati®
shown in table 5.1. Therefore when there is a nafetbss
mass implant, implant with tantalum will be rejettélso one
can notice that implant combination with Ti- allepd Ti-
foam has significantly very less mass which is vgopd so
that it can be used for more life span also duegs weight it
can be preferred first for THR. Otherall combinatibas
average mass of 250-300 grams.

Finally we also know stress shielding on hip isoalsery
necessary so that hip can’'t go weak due to lessoostress
shielding occurring because of some tough andielastterial
implant. But in present work we had focused on sstre
shielding to so as one can observe the stressbdisdn on hip
with alternate combination as shown in table 5.he @an
notice that implant with Ti-foam and Ta-foam hasywgood
stress shielding effect on hip stress value raffiges 21Mpa
to 26MPa and it's a very needful for hip bone. Hiere in
stress shielding cases 2nd& 3rd combination aré fgted.
Other all combination has average stress shieldiithn
average stress value ranging 15Mpa to 18MPa.

The maximum deflection or displacement is carriedstem
with head as it is moving joint. In present work tmaximum
deflection 1.536 mm is observed at the lower endstefn
which is just due to moving contact part. As steead is
moving in result to gait cycle for normal walk. Stdeflection
indicated just displacement for moving stem head.
Analysis is carried out by using joint force witbirjt force
with joint force angle acting on hip joint. Statioalyses were
done for all the combination and above followingulés were
found.

Fig 5.1: Stress contour on the hip with implantthveritical stress location
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Fig 5.5: Stress Contour on the Acetabular Liner
(Hemispherical Cup)

Fig 5.2: Stress Shielding on Hip Cortical Bone

o ) _ This work has exploded much material and many
Once global analysis is done, then maximum stresatibn  compinations with good results in any one objectaed
and deformation in each component of assembly mexlel gyerage in other, some combination gave best résuie
examine. One by one single component are seen ff@M entire objective which shows it was a great apgidasard
global analysis and check out stress distributioreach parts  {he hijomechanical part which together has a vetal vole in
of implants and stress shielding on hip. All compuats are the future.
separately shown from fig 5.2 to 5.6. :

6848
Fig 5.6: Stress Contour on the Stem with Head (Fehommponent)

5.2 Stress Shielding

Stress shielding is one of the important aspectsetstudied
for better understanding of bone needs. As we khone is
solid element in human body which actsas connedttorgs to
bone with much different type of joints like hiping knew
joint, shoulder joint, elbow and many more. Strelsiglding is
a phenomenon which means how much stress is applita
bone so that bone accept it in good form which $iblpne to
become strong and strong. If there are no stresdag) on the
bone, the bone will become weak and it will leadntany
bone problem and become reason for many type of [bag
5.7 shows the stress shielding value in all 18 doatlon
which helps to decide which combination will givetter

: stress shielding so that bone does not become weake
Fig 5.4: Stress Contour on the Acetabular Shelité/Backup cup)
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Stress Shielding on Hip

1 2 3 4

=1(a) 1(b) 1(c) 1(d) 15.2393 15.2393 15.2392 15.2393
= 2(a) 2(b) 2(c) 2(d) 263353 263357 263313 263337
= 3(a) 3(b) 3(c) 3(d) 21435 21.435 21.4314 21.4332
m 4(a) 4(b) 15.5896 15.5895
= 5(2) 5(b) 1/./069 1/./059
= 6(a) 6(b) 14.7149 14.7121

Fig 5.7: stress shielding stress acting on higterzate material combination
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6. RESULTS & CONCLUSION

For this present work model created by modelingwsn® and
then the stress analysis for hip-implant was cdrioeit by
doing static analysis. The result from FEA was thay
support for the development of an integrated procedased
on analytical methods.

Present work was done on many important objectlies
stress shielding on hip, reducing implant mass avainly
using UHMWPE and PEEK as the combination with ngetal
for metal on polyethylene (MoP) combination. And gat 18
good combination models. From which some are lpestress
shielding on hip, some are very light weight ancheare with
low stress compare to other combination. but weehanly
few model which are best in all the objective suash 3rd
combination which is having good stress shieldiagvell as
less stress and also very less implant weight coenfia all
combination, after that combination 2nd combinatisrvery
good in stress shielding but comparatively highghigi and
1st, 4th, 5th& 6th combination is average.

If we arrange combination in stress shielding easabination
will be in shown as,

\ 211(,1 -~ 3:'C ~ 5L1. ~ 4.1] -~ 15L:>’ 6Lh

Same as, if we arrange combination in implant meesse
combination will be shown as

‘ 2o e cl s S laanliatsl

These present works illustrate how stress analysis
alternate material design combination can be usedht hip
implant application. This work has exploded muchtarial
and many combinations with good results in any anjective
and average in other, some combination gave begl rie the
entire objective which shows it was a great appraaevard
the biomechanical part which together has a vetigl vole in
the future.
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Table 5.1: Static Analysis Results Showing PeaksS&® Deformation (DMX) and Total Implant Mass

Components Materials Used Peak Stresses Induced (Mpa) DMX
Combination | Metal Hemispherical £ Hip hire Hip Implass .
No Backup | Cup Stem with . | ‘ - grams
(Cup) (Ball Top) Head Cortical | Cancellous | Cup Ball Top | Stem
1" combination
1(2) SS316L | UHMWPE SS316L 15.2393 | 0.684 47.1559 | 13.51% 78.7152 | 0.370475 | 0.29246
1(b) SS316L. | UHMWPE CoCrMo 152393 | 0.68404 47.1559 | 13.5184 | 78.2813 | 0.370052 | 0.29636
1(c) SS316L | UHMWPE Ti alloy 15.2392 | 0.684045 471519 | 13.5295 | 76.8699 | 0.374296 | 0.22664
1(d) SS316L | UHMWPE Tantalum | 15.2393 | 0.684044 47.1538 | 13.522 75.8108 | 0.370822 | 0.46566
2™ combination
2(a) Ta-foam | UHMWPE SS316L 26.3353 1.27898 10.4285 | 17.0213 | 78.6763 | 0.41476 0.41356
2(b) Ta-foam | UHMWPE CoCrMo 26.3352 1.27894 10.428 17.0209 | 78.2426 | 0414334 | 0.41746
2(c) Ta-foam | UHMWPE Ti alloy 26.3313 | 1.27937 104343 | 17.0293 | 76.8322 | 0.418598 | 0.34774
2(d) Ta-foam | UHMWPE Tantalum | 26.3332 1.27903 10.4296 | 17.0239 | 75.7735 | 0.415102 | 0.58676
3" combination
3(a) Ti-foam | UHMWPE SS316L 21.435 1.08117 11.8834 | 16.0061 | 78.6848 | 0.59086 0.24401
3(b) Ti-foam | UHMWPE CoCrMo 21,435 1.08114 11.8828 | 16.0057 | 78.251 0.397579 | 0.24791
3(c) Ti-foam | UHMWPE Ti alloy 214314 1.08137 11.8906 | 16.0149 | 76.8405 | 0.401835 | 0.17819
3(d) Ti-foam | UHMWPE Tantalum | 21.4332 | 1.08119 111725 | 16.0089 | 75.7817 | 0.398347 | 0.41721
4" combination
4(2) SS316L. | PEEK SS316L 15.5896 | 0.687029 40.4085 | 16.6793 | 78.6916 | 0.174764 | 0.30116
4(b) SS316L | PEEK CoCrMo 15.5895 | 0.68703 40.4061 | 16.6772 | 78.2581 [ 0.174764 | 0.30506
5™ combination
5(a) Ta-foam | PEEK SS316L 17.7069 1.07844 9.8905 271517 | 78.7227 | 0.199987 | 0.42226
5(b) Ta-foam | PEEK CoCrMo 17.7059 | 1.07835 9.89117 | 27.1522 | 78.2899 | 0.199623 | 0.42616
6" combination
6(2) Ti-foam | PEEK SS316L 14.7149 | 0.953737 10.714 25.1057 | 78.7106 | 0.188588 | 0.25271
6(b) Ti-foam | PEEK CoCrMo 14.7121 | 0.953644 10.7125 | 25.1058 | 78.2777 | 0.18823 0.25661
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