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Computational models may have the ability to quantify the relationship between hip morphology,
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socket joint and have neglected deformation at the bone-cartilage interface. The objective of this study

was to analyze finite element (FE) models of hip cartilage mechanics with varying degrees of simplified

geometry and a model with a rigid bone material assumption to elucidate the effects on predictions of

cartilage stress. A previously validated subject-specific FE model of a cadaveric hip joint was used as the

basis for the models. Geometry for the bone-cartilage interface was either: (1) subject-specific (i.e.

irregular), (2) spherical, or (3) a rotational conchoid. Cartilage was assigned either a varying (irregular)

or constant thickness (smoothed). Loading conditions simulated walking, stair-climbing and descend-

ing stairs. FE predictions of contact stress for the simplified models were compared with predictions

from the subject-specific model. Both spheres and conchoids provided a good approximation of native

hip joint geometry (average fitting error �0.5 mm). However, models with spherical/conchoid bone

geometry and smoothed articulating cartilage surfaces grossly underestimated peak and average

contact pressures (50% and 25% lower, respectively) and overestimated contact area when compared to

the subject-specific FE model. Models incorporating subject-specific bone geometry with smoothed

articulating cartilage also underestimated pressures and predicted evenly distributed patterns of

contact. The model with rigid bones predicted much higher pressures than the subject-specific model

with deformable bones. The results demonstrate that simplifications to the geometry of the bone-

cartilage interface, cartilage surface and bone material properties can have a dramatic effect on the

predicted magnitude and distribution of cartilage contact pressures in the hip joint.

& 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Evidence suggests that mechanical factors play a major role in
the development and progression of osteoarthritis (OA) (Mankin,
1974a, 1974b; Mow et al., 1995; Poole, 1995). In the context of
the hip joint, it has been hypothesized that morphological
abnormalities (i.e., dysplasia and femoroacetabular impingement)
are the underlying cause of hip OA (Cooperman et al., 1983;
Harris, 1986; Michaeli et al., 1997; Reynolds et al., 1999; Mavcic
et al., 2002; Murphy et al., 2004; Beck et al., 2005; Kim et al.,
2006). Therefore, accurate quantification of the relationship
between hip morphology and cartilage mechanics may be
important for understanding the cause and progression of hip
OA. The current understanding of hip OA is based on clinical
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observations, experimental studies, and computational/analytical
models. Computational models are attractive since it is techni-
cally feasible to develop hip joint models for live patients (i.e.
patient-specific models (Russell et al., 2006)), which could
substantially improve the diagnosis and treatment of oseto-
arthritic hips.

Clearly, patient-specific models must produce accurate pre-
dictions of cartilage mechanics to provide clinically meaningful
data. To ensure accuracy, an analyst must carefully consider
assumptions regarding the tissue material properties, loading and
boundary conditions, and morphology. Substantial research
efforts have been directed at developing constitutive equations
for both bone (e.g. orthotropic behavior (Pistoia et al., 2001)) and
cartilage (e.g. poroelasticity (Ferguson et al., 2000; Li et al., 2003)).
In addition, several studies have documented the importance of
boundary and loading conditions for predicting contact me-
chanics in the hip (Bitsakos et al., 2005; Phillips et al., 2007; Speirs
et al., 2007). However, the level of geometric accuracy required to
represent the articular cartilage and bone–cartilage interface
geometry is unknown.
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Most hip contact models have treated the hip as a concentric
ball and socket joint, assumed rigid bones, and represented
cartilage as a series of discrete springs with constant length and
stiffness (rigid body spring analysis (Genda et al., 1995, 2001;
Yoshida et al., 2006)). In addition, analytical models, based on
geometry digitized from plain film radiographs, have been
developed to estimate cartilage pressures on a per subject basis,
but these models also used idealized hip morphology (Ipavec
et al., 1996, 1999; Michaeli et al., 1997; Iglic et al., 2002; Mavcic
et al., 2002). It has been demonstrated that finite element (FE)
models of the hip joint that accurately reproduce subject-specific
bone and cartilage geometry and allow bones to deform can
predict cartilage pressures in good agreement with experimental
data (Anderson et al., 2008a, 2008b). However, it is unknown
whether this degree of model fidelity is necessary.

Investigators that have modeled the hip as a perfect ball and
socket joint have argued that a spherical representation of the
hip joint is appropriate (Genda et al., 1995, 2001; Yoshida et al.,
2006) since anthropometric studies have demonstrated that the
femoral head and acetabulum closely resemble a sphere
(Rushfeldt et al., 1981; Macirowski et al., 1994; Menschik,
1997; Shepherd and Seedhom, 1999). However, geometrical
similarity does not necessarily imply that models with idealized
geometry will predict cartilage contact mechanics accurately.
The first objective of this study was to elucidate the effects of hip
joint morphology on predictions of cartilage contact mechanics
from a validated, subject-specific FE model of the human hip.
The second objective was to determine the influence of a rigid
bone material assumption on the predictions produced by the FE
model.
C
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Fig. 1. Cross-sections through femur with bone (light gray) and cartilage (dark

gray): (A) orientation of plane used to define section through FE model of femur,

(B) subject-specific model, (C) subject-specific bone model with constant cartilage

thickness (Model 1), (D) subject-specific bone model with varying cartilage

thickness based on the best-fit radius of joint space midline (Model 3), (E) best-fit

sphere model with constant cartilage thickness (Model 4), and (F) best-fit

conchoid model with constant cartilage thickness (Model 5). Rigid bone model

not shown (Model 2).

Table 1
Description of subject-specific FE model and simplified FE models.

Bone topology

Subject-specific Irregular

Const. thick cartilage (Model 1) Irregular

Rigid bones (Model 2) Irregular

Smoothed cartilage (Model 3) Irregular

Sphere (Model 4) Smoothed

Conchoid (Model 5) Smoothed

Irregular refers to a cartilage/bone (bone topology) or cartilage/cartilage (cartilage to

Smoothed refers to topology that was fit to spheres and conchoids or a best-fit radius r

thickness was assigned by either direct segmentation of the CT image data or by projec

thickness was=1.28 mm, determined by Eq. (1).
2. Methods

2.1. FE model generation

A previously validated subject-specific FE model (SSM) provided baseline

geometry used to create five simplified models (Anderson et al., 2008a, 2008b).

The SSM accurately represented the varying thickness of the articular cartilage

layers and the geometry of the bone-cartilage interface for the acetabulum and

femur (Anderson et al., 2008a, 2008b), based on separate segmentations of

cartilage and bone from high resolution CT image data (Fig. 1).

Five simplified FE models were analyzed to distinguish the effects of hip joint

geometry and a rigid material assumption for bone (Table 1, Fig. 1). Model 1 used

the bone-cartilage interface geometry from the subject-specific model, but

represented cartilage thickness t as constant, given by

t¼
Ra�Rf

2
; ð1Þ

where Ra and Rf are the best-fit spherical radii of the acetabular and femur bone/

cartilage interfaces, respectively. From Eq. (1) cartilage was assigned a constant

thickness of 1.28 mm. Model 2 used subject-specific geometry for cartilage and

bones but represented the bones as rigid bodies. Model 3 included subject-

specific bone geometry, but used a smoothed cartilage contact interface with a

common radius R for the femur and acetabular cartilage articulating surfaces,

given by

R¼
RaþRf

2
: ð2Þ

The radius calculated in Eq. (2) can be interpreted as the midline of the joint

space. Using a common radius with subject-specific bone-cartilage geometry

resulted in a model with varying cartilage thickness for both acetabular and

femoral cartilage. Finally, Models 4 and 5 were assigned constant cartilage

thickness given by Eq. (1), with the bone-cartilage interfaces of the acetabulum

and femur independently fit to spheres and rotational conchoids, respectively.

Rotational conchoids have been shown to provide a better approximation of the

native hip joint geometry than spheres (Menschik, 1997) and are described in

polar coordinates by the following equation:

r¼ aþbcosy; ð3Þ

where r is a curve with length measured from the center of the conchoid (O) and y
is the angle between the curve r and the y-axis (Fig. 2, left). When b=0, r=a,

yielding the equation for a circle. Eq. (3) describes the Limacon of Pascal, which is a

conchoid of a circle with respect to the circle’s origin, O. To maintain consistency

with prior studies (Menschik, 1997; Kang et al., 2002; Xi et al., 2003; Kang, 2004),

this curve will be referred to as a conchoid herein.

A central rotation axis, n was chosen to fit the hip joint geometry to a

conchoid. One point along the axis of vector n was assumed to be at the center of

the femur/acetabulum (based on the center of a best-fit sphere). The direction was

determined by averaging the orientation of all vectors originating at this center

and ending at the native femur/acetabulum surface nodes (Fig. 2, right). Sensitivity

studies demonstrated that this assumption yielded the most appropriate

orientation of n since deviations from this axis always resulted in increased

fitting errors. Values of a and b were optimized by translating the center of the

femur and acetabulum, as determined by spherical fit, along the direction of n
until fitting errors were minimized.

Fitting error f was defined as the root mean squared distance that nodes from

the native surface had to move to conform to the best-fit sphere or conchoid:

f ¼
Xn

i ¼ 1

ðPi
SS
�Pi

SG
Þ
2=n

" #1=2

; ð4Þ
Cartilage topology/thickness Bone deformation

Irregular/varying Deformable

Irregular/constant Eq. (1) Deformable

Irregular/varying Rigid

Smoothed Eq. (2)/varying Deformable

Smoothed/constant Eq. (1) Deformable

Smoothed/constant Eq. (1) Deformable

pology) interface that was defined by direct segmentation of the CT image data.

epresenting the midline of the joint space (Eq. (2)), respectively. Varying cartilage

tion of the bone-cartilage interface to a constant radius (Eq. (1)). Constant cartilage
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where Pi
SS and Pi

SG are the three-dimensional coordinates of the subject-specific

and simplified geometry surface nodes, respectively, and n is the total number of

surface nodes.

All FE cartilage meshes were created using TrueGrid (XYZ Scientific, Livermore,

CA) as described previously (Anderson et al., 2008a, 2008b). Triangular surfaces of

the femoral and acetabular bone-cartilage interfaces were converted to triangular

shell elements to represent cortical bone (Anderson et al., 2005). Position-

dependent cortical thickness for the simplified meshes, specified at each shell

element node, was identical to the SSM using the Hughes–Liu shell element

formulation (Hughes and Liu, 1981). When using a Hughes–Liu shell element

formulation, three-node shells provide nearly identical bending behavior as four-

node quadrilaterals (Anderson et al., 2005). Hexahedral elements defined cartilage

geometry (�37,000 elements), while shell elements with varying nodal thickness

represented cortical bone for the pelvis and femur (�35,000 elements). The

number of shell and hexahedral elements for all simplified models was the same

as the SSM. Mesh density was chosen based on a convergence study performed in

the original research (Anderson et al., 2008a, 2008b).
2.2. Loading and boundary conditions, material properties

Loads and geometric orientation of the femur relative to the acetabulum

were prescribed based on published data for in-vivo hip loads (Bergmann,

1998; Bergmann et al., 2001). Bergmann et al. reported hip joint anatomical

orientations (flexion, abduction, rotation) and equivalent hip joint forces

(magnitude and direction) during routine daily activities for 4 patients with

instrumented femoral prostheses (Bergmann, 1998; Bergmann et al., 2001).

Data for the equivalent hip joint force at peak load for the ‘‘average patient’’

were used to simulate walking, descending stairs and stair-climbing

(�2000 N). Nodes along the superior iliac crest and pubis joint of the pelvic

bone were fully constrained (Anderson et al., 2008a, 2008b). Nodes at the distal

femur were allowed to translate in a plane perpendicular to the direction of the

equivalent joint reaction force.

Cartilage was represented as an incompressible, neo-Hookean hyperelastic

material (Buchler et al., 2002) with shear modulus G=13.6 MPa (Park et al., 2004).

Incompressibility was enforced using the augmented Lagrangian method

(Hestenes, 1969). Cortical bone was represented as hypoelastic, homogenous

and isotropic with elastic modulus E=17 GPa and Poisson’s ratio n=0.29 (Dalstra

et al., 1995). Trabecular bone was not included in the models as it has been shown

to have little effect on predicted cartilage contact pressures and increases solution

time substantially (Anderson et al., 2008a, 2008b). All FE analyses were performed

using NIKE3D (Maker et al., 1990) on an SGI Altix 3000 16 processor cluster.
CSPHERE

n

b

a

CCONCH

θ

r

x

y

CCONCH

Fig. 2. Conchoid schematic. (Left) two radii: a and b (dashed lines) and y define a

conchoid with center CCONCH according to the general equation: r=a+b cos y.

(Right) the best-fit conchoid (solid line) for the subject-specific bone-cartilage

interface (dotted line) was calculated by optimizing CCONCH, a, and b along the

direction of n. The central rotation axis, n, was calculated as the average

orientation of all vectors (dotted arrows) that originated from the center of a best-

fit sphere (CSPHERE) and ended at each surface node representing the native bone-

cartilage interface.

Table 2
Best-fit geometric parameters and fitting errors for sphere and conchoid simplified mo

Sphere (x�x0)2+(y�y0)2+(z�z0)2=r2

r (mm) Fitting error (mm)

Femur 25.055 0.182

Acetabulum 27.623 0.531
2.3. Data analysis

Best-fit values for the spherical and conchoid parameters and fitting errors

were tabulated for the femur and acetabulum. Predictions of peak contact stress,

average stress, and contact area for each simplified model were compared directly

to the subject-specific FE model. An element contact stress of 0.1 MPa was

stipulated as the lower threshold for calculating average stress and contact area

(Anderson et al., 2008a, 2008b). Contact areas were calculated by summing

individual element areas for only those elements that had nodal pressures greater

than 0.1 MPa.
3. Results

3.1. Parameter optimization values and fitting errors

Overall, the bone-cartilage boundary of both the acetabulum and
femoral head closely resembled the ideal hip joint geometry (maxi-
mum fitting errors �0.53 mm) (Table 2). For the femur, the con-
choid fitting error was less than the sphere, indicating that the fem-
oral head was slightly better described by a conchoid. Essentially no
difference between fitting errors for the acetabulum was observed.

3.2. Contact patterns

The contact pattern for the subject-specific model varied
according to the simulated loading activity (Fig. 3). The primary
location of contact moved posteriorly as the resultant joint reaction
force changed from shallow extension during descending stairs to
more moderate flexion angles during walking and stair-climbing.
There were several areas where cartilage pressures were localized.

All simplified models had predicted pressures and contact
areas that were noticeably different than the subject-specific
model but the degree of change varied (Fig. 3). Specifically, Model
1 and Model 2 predicted higher, more localized pressures than the
SSM. However, contact occurred in the same general regions as
the SSM. When compared to the SSM, cartilage contact pressures
were substantially reduced and distributed more evenly for Model
3. Pressures predicted by models with bone-cartilage interfaces fit
to spheres (Model 4) and rotational conchoids (Model 5) were
reduced even further. In addition, Models 4 and 5 predicted
patterns of contact that were very evenly distributed over the
articulating surface.

3.3. Peak pressure, average pressure, contact area

Cartilage peak pressures were affected by alterations in
cartilage and bone geometry and the ability of bone to deform
(Fig. 4, top). Peak pressures were slightly overestimated when
subject-specific bone geometry and constant cartilage thickness
were assumed (Model 1). Model 2 predicted peak pressures that
were nearly double those predicted by the SSM. In contrast, peak
pressures were reduced by more than 50% for the model that
assumed a best-fit cartilage radius (Model 3) and for both best-fit
sphere and rotational conchoid models (Models 4 and 5,
respectively). Changes to average pressure followed a similar
trend as changes to peak pressure, although these differences
dels.

Rotational conchoid r =a+b cos h

a, b Fitting error (mm)

24.039, 7.544 0.172

27.639, 0.001 0.530



ARTICLE IN PRESS

Su
bj

ec
t-

Sp
ec

if
ic

 
Su

bj
ec

t-
Sp

ec
if

ic
  

C
on

st
. C

ar
t T

hi
ck

 

(m
od

el
 1

) 

Sp
he

re

(m
od

el
 4

) 

C
on

ch
oi

d 

(m
od

el
 5

) 

Su
bj

ec
t-

Sp
ec

if
ic

  

R
ig

id
 B

on
es

 

(m
od

el
 2

) 

Su
bj

ec
t-

Sp
ec

if
ic

  

B
es

t F
it 

C
ar

til
ag

e 

(m
od

el
 3

) 

0 
M

P
a 

5 
M

P
a 

Walking  Descending Stairs Stair Climbing 

Fig. 3. Comparison of acetabular cartilage pressures between the subject-specific model (first column) and all simplified models (adjacent columns) for each loading

scenario analyzed (rows). Pressures were slightly elevated when a constant cartilage thickness was assumed to cover subject-specific bone geometry (column 2). Pressures

were substantially elevated and distributed over a smaller area when bones were assumed rigid (column 3). Assuming smooth articulating cartilage topology covering

subject-specific geometry (column 4) and fitting the bone-cartilage interface to both spheres (column 5) and conchoids (column 6), with constant cartilage thickness,

resulted in a substantial decrease in pressures, with contact distributed over a larger area.
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Fig. 4. Comparison of FE predictions between the subject-specific model and all

simplified models. (Top) peak pressures increased when a constant cartilage

thickness was assumed to cover subject-specific bone geometry and when bones

were assumed rigid. Peak pressures were less than half those of the subject-

specific model when cartilage topology was simplified to conform to a best-fit

radius, sphere or conchoid. (Middle) average pressures followed a similar trend as

peak pressure. Error bars indicate standard deviations in pressure for elements

that predicted pressures40.1 MPa. (Bottom) comparison of FE predicted contact

areas. As expected, contact areas followed a trend opposite to predictions of peak

and average pressure.
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were not as marked (Fig. 4, middle). Contact areas were also
altered in the simplified models. Models 1 and 2 predicted less
contact area than the SSM (Fig. 4, bottom). However, contact areas
were increased by �25% for Models 3–5.
4. Discussion

The results of this study have direct relevance to how
computational models of the hip joint are developed. Although
the morphology of the cadaver hip used in this study was
described well by idealized spheres and conchoids (average fitting
errors of �0.5 mm), predictions made by models that treated the
bone-cartilage interfaces as perfect spheres or conchoids grossly
underestimated pressures and predicted evenly distributed
patterns of contact for each of the loading scenarios analyzed.
Therefore, models that are based on best-fit spheres (such as
those reconstructed from digitized 2D plain film radiographs) or
conchoids likely lack the geometrical detail that is necessary to
accurately predict the magnitude and spatial distribution of
cartilage contact pressures.

Since the modulus of bone is orders of magnitude larger than
that of articular cartilage, computational models of the hip have
often treated the femur and acetabulum as rigid bodies (Macir-
owski et al., 1994; Genda et al., 1995, 2001; Yoshida et al., 2006).
This assumption is an attractive simplification because solution
times are greatly reduced (Anderson et al., 2008a, 2008b).
Moreover, model development time for subject-specific models
could be reduced substantially if rigid bones were assumed since
only the bone-cartilage interface would need to be segmented
from medical image data. In this study, rigid bone models
predicted peak and average pressures that were substantially
larger than models that treated bones as deformable with
pressures concentrated over a smaller area of contact. While
assuming that the femur and pelvis to be rigid may be appropriate
for certain modeling applications, investigators should use
caution when making this assumption for modeling hip joint
cartilage contact.

In most instances, contrast agent must be injected into the hip
capsule of patients prior to CT or MR imaging to clearly delineate
the articulating layers of femoral and acetabular cartilage.
However, it is possible to assign cartilage a constant thickness
(Eq. (1)) or varying thickness based on a projection to the best-fit
radius of the joint space midline (Eq. (2)) using only bone
geometry reconstructed from image data. Model 1, which
assumed constant cartilage thickness adjacent to an irregular
bone-cartilage interface, predicted pressures and contact distri-
butions that were more consistent with the subject-specific FE
model results than all other simplified models. Nevertheless, this
model had a tendency to overestimate cartilage pressures and
underestimate contact areas. While these differences may be
acceptable for certain applications such as phenomenological
studies, the assumption of constant cartilage thickness would be
less suitable for hips with pathologic bone anatomy such as those
with dysplasia.

When compared to the SSM, cartilage pressures were drasti-
cally reduced and contact was distributed over a larger region
when cartilage was assigned varying thickness based on the best-
fit radius of the joint space midline (Model 3). The substantial
decrease in pressures suggests that articulating cartilage surface
topology strongly dictates the magnitude and distribution of
contact pressures in the hip joint. Therefore, for patient-specific
studies where the hip joint cannot be disarticulated as it was in
this study, contrast agent should be introduced into the capsule to
ensure that the outer contact interface of cartilage can be
segmented and modeled independently.

Menschik determined that a conchoid provided a better 3D
description of cadaveric femora and acetabula than spheres.
However, the difference in fitting errors between the sphere and
conchoid were not substantial (Menschik, 1997). For example,
mean squared deviation of the osseous surface of the femoral
head from a conchoid and sphere were 0.023 and 0.035 mm,
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respectively (Menschik, 1997), which are similar in trend to the
data for the single hip analyzed in this study (0.182 and
0.172 mm, respectively) although they are an order of magnitude
smaller. This discrepancy in magnitude is likely due to the
method in which the surface points were digitized. Specifically,
Menschik used a high precision coordinate measuring machine to
digitize the ossesous surface of the cadaver tissues after the
cartilaginous tissue was dissolved, whereas we used the coordi-
nates of bone surfaces reconstructed from CT image data.

Pressures predicted by the subject-specific model corre-
sponded well to in-vitro data reported in the literature. In
contrast, pressure predictions from the simplified Models 3–5
did not agree with in-vitro data. For example, peak pressures
reported by von Eisenhart-Rothe et al. (1997), measured by
pressure-sensitive film on cadaver hips, ranged from 7 MPa at 50%
body weight to 9 MPa at 300% body weight. Afoke et al. (1987)
reported pressures on the order of 10 MPa at 350% body weight
using pressure sensitive film in a similar study. Both of these
experimental studies demonstrated that contact patterns were
not distributed evenly over the contact interface and concluded
that the irregular contact patterns were most likely attributed to
the fact that the hips tested were not perfectly spherical (Afoke
et al., 1987; von Eisenhart-Rothe et al., 1997).

Yoshida et al. (2006) developed dynamic discrete element
models (DEA) to predict hip joint contact pressures using the same
kinematic and loading conditions applied in the current study.
Their models assumed spherical geometry and cartilage with
constant thickness and predicted peak pressures of 3.26, 3.77,
5.71 MPa during walking, descending stairs, and stair-climbing,
respectively. Our spherical models with constant cartilage thick-
ness predicted peak pressures of 3.59, 3.31 and 4.67 MPa for the
same loading conditions, which are in excellent agreement with
the results published by Yoshida et al. However, whether analyzed
using a discrete element or finite element modeling approach,
spherical models with constant cartilage thickness underestimate
pressures when compared to measurements obtained in-vitro
(Afoke et al., 1987; von Eisenhart-Rothe et al., 1997).

Many of the limitations detailed in our previous hip joint FE
modeling study (Anderson et al., 2008a, 2008b) are applicable to
the current work, including neglecting the contralateral pelvis,
use of loading conditions from the literature, and modeling the
cartilage as an incompressible, homogenous, hyperelastic materi-
al. Sensitivity studies from our prior work demonstrated that
deformation of the contralateral pelvis did not have a notable
effect on predicted pressures (Anderson et al., 2008a, 2008b),
justifying this assumption in the present work. Loading based on
data reported from the literature was used since it is the most
complete set of data available. To guarantee uniformity, the same
kinematic positions and loads were applied to each simplified
model. Modeling the cartilage as an incompressible material is
justified because both the validation study and the current study
simulated the relatively fast loading of cartilage that occurs
during normal daily activities (loading rate=�0.33 Hz). Data from
in-vitro studies suggests fluid flow is minimal during fast loading
(Macirowski et al., 1994; Ferguson et al., 2003) and the
instantaneous response of an incompressible hyperelastic materi-
al has been shown to be equivalent to the response of a biphasic
material under fast loading conditions (Ateshian et al., 2007).
Finally, geometry for a single cadaver was used as the basis for all
models analyzed in this study. It is possible that this hip had
abnormal geometry that caused predictions to vary substantially
between subject-specific and simplified models. However, given
the small fitting errors (�0.5 mm) and grossly normal appear-
ance, it is unlikely that the specimen analyzed was abnormal.
Analyzing more models of other cadaver hips would improve the
interpretability of our results.
Previous studies suggest that even normal hips are not
spherical and have cartilage with irregular articulating and
bone-cartilage topologies (Rushfeldt et al., 1981; Macirowski
et al., 1994; Menschik, 1997; Shepherd and Seedhom, 1999).
While differences from idealized geometry, including spheres or
conchoids may be minor, the results of this study demonstrate
that geometrically simplified models of the hip joint do not have
the detail necessary to accurately predict the magnitude and
spatial distribution of cartilage contact pressures. Therefore, it is
recommended that models of cartilage contact mechanics in the
hip should use geometry that is as faithful to the true geometry as
possible. Use of accurate geometry is vital when studying
cartilage contact mechanics on a patient-specific basis since even
subtle differences in hip joint geometry are likely to lead to large
differences in contact mechanics. For patient-specific modeling
applications, imaging techniques such as CT/MR arthrography can
be used to obtain the geometry of the cartilaginous and bony
tissues in the hip joint.
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