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Two-dimensional finite element stress analyses were conducted of the acetabular 
region after total joint replacement. The effect of subchondral bone retention was 
evaluated for both conventional and metal-backed acetabular components. Stresses 
in the bone, cement and acetabular cup were significantly reduced when subchon- 
dral bone was retained for both component types. The results indicate that the most 
favorable stress conditions are created when a metal-backed acetabular component 
is implanted with subchondral bone retention. 
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Failures of fixation of the acetabular component 
in total hip replacement (THR) are found with 
increasing frequency as longer patient follow-ups 
are obtained. At 12-15 years after implantation, 
Charnley (1979) reported that the incidence of 
acetabular component migration was 1 1  per cent 
and an additional 14 per cent of cases had “sev- 
ere demarcation” at the bone/cement interface; 
meaning the presence of a continuous radiolucent 
line at the interface in the frontal projection. A 
retrospective study of the roentgenograms of cases 
resulting in severe migration suggests that demar- 
cation increases progressively following implan- 
tation. Migration is commonly delayed in onset 
and is usually unrecognizable during the first 5 
years. Characteristically, it becomes manifest 
with increasing frequency in the second and third 
5-year periods after insertion (Charnley 1979). 

To obtain better acetabular component fixa- 
tion, some have advocated that the surgeon 
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should retain as much subchondral bone as possi- 
ble during socket preparation. Eftekhar & Paw- 
luk (1980) conducted in vitro studies of mechani- 
cal factors associated with subchondral bone re- 
tention under torsional cup loading. They divided 
cadaver acetabulum specimens to be tested into 
two groups. In group I (non-reamed), subchon- 
dral bone was retained. Cartilage was scraped 
away and multiple fixation holes were drilled into 
the ilium, ischium and pubis. In group I1 
(reamed), subchondral bone was removed and 
the acetabulum was deepened to provide com- 
plete intrusion of the cup into the acetabulum. 
Cement fixation holes were drilled into cancell- 
ous bone. After socket preparation, the acetabu- 
lar components were cemented in place with ac- 
rylic bone cement. All socket preparations were 
then subjected to torsional loading to failure with 
a superimposed compressive force of 21 13N (475 
pounds). The torque was measured with respect 
to angular motion of the structure during loading. 
Cross-correlation of the results of 48 specimens 
using stiffness as a function of acetabular pre- 
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paration demonstrated that specimens with the 
subchondral bone retained, exhibited greater 
torsional stiffness and strength than specimens 
with subchondral bone removed. They argued 
that retention of subchondral bone provides a 
better distribution of stresses, offers a greater re- 
sistance to torque for small angular displace- 
ments, and may reduce interface micromotion 
which can lead to late acetabular loosening. 

The conclusions of Eftekhar & Pawluk are not 
inconsistent with those of Anderson et al. (1972) 
who also measured the response of acetabular 
components to torsional loading. These resear- 
chers suggested that surgical preparation of the 
acetabulum should include removal of all articu- 
lar cartilage and cleaning of the acetabular fossa 
and cautioned against the removal of subchondral 
bone. Contrary to Eftekhar & Pawluk, however, 
they found that the drilling of cement holes in the 
acetabulum was relatively unimportant. The tor- 
sional tests of Volz & Wilson (1977) resulted in 
contradictory recommendations on the removal 
of subchondral bone. Volz & Wilson found that 
the greatest torsional strength of fixation was 
achieved when the subchondral bone was 
reamed, the cup was fully intruded, and anchor- 
ing holes for cement were used. 

The previous studies mentioned were limited 
to loading which was torsional in nature. It is 
doubtful that acetabular loosening observed 
clinically can be primarily attributed to torsional 
loads (Anderson et al. 1972, Volz et al. 1977). 
The primary force acting on the acetabular com- 
ponent during normal activities is the compres- 
sive joint reaction force exerted by the head of 
the femoral component (Crowninshield et al. 
1978). It is difficult to devise a meaningful ex- 
perimental test of the influence of subchondral 
bone retention which incorporates this compres- 
sive loading condition at the hip joint. In this 
study, we have resorted to finite element stress 
analyses of the acetabular region. The analyses 
presented are extensions of the methods used in 
previous papers (Vasu et al. 1982, Carter et al. 
1982). These previous studies showed that in the 
normal acetabulum before joint replacement, 
much of the stress at the roof of the acetabulum is 
transferred via the subchondral bone to the corti- 
cal shell of the medial and lateral walls of the 

ilium. The insertion of a polyethylene acetabular 
component after removal of the subchondral 
bone causes a significant alteration in the dis- 
tribution of stresses. During single-limb stance, 
the polyethylene cup is pushed between the walls 
of the ilium causing high stresses in the cancellous 
bone, cement, and medial wall of the ilium. The 
addition of a metal-backing to the component 
helped to prevent cup penetration and markedly 
reduced the stresses in these critical areas. 

The objective of the study reported here is to 
determine the stress distribution for the conven- 
tional and metal-backed acetabular components 
when subchondral bone is retained. The results 
are interpreted in light of the results of our previ- 
ous models. 

MATERIALS AND METHODS 
During THR surgery, the acetabular articular cartilage 
is removed. However, the removal of subchondral bone 
is, under some circumstances, at the discretion of the 
surgeon. In socket preparation, multiple holes may be 
drilled into the cancellous bone to provide additional 

Model Sect ion 
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Figure 1 .  Nlustration of the pelvis showing the orien- 
ration of the finite element model section (from Vasu et 
al. I 982). 
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Figure 2. Diagrams of the geometry and loading condi- 
tions used in the (A) conventional, and (B) metal-backed 
models. The material propeties for each numbered re- 
gion were as reported in Table 1. 

cement fixation. To generate our two-dimensional fi- 
nite element models, we selected a plane of high load- 
ing by cutting a thin slice from a pelvis through the 
center of the dome of the acetabulum normal to the 
acetabular surface (Figure 1). To account for the bone 
material property distribution, the slice (with only car- 
tilage removed) was divided into five discrete bony re- 
gions. In the model, a layer of acrylic bone cement was 
introduced and the acetabular components to be 
analyzed were then added (Figures 2A-B). A detailed 
description of the specimen preparation and techniques 
for estimating material properties in each bone region is 
provided by Vasu et al. (1982). The material properties 
used for each of the regions shown are documented in 
Table 1. 

Figure 3. The element meshes used in (A) conventional, 
and (B) metal-backed models. 

The two-dimensional plane strain finite element 
models that were analyzed consisted of the basic model 
slice with a layer of cement approximately 3 mm thick 
and the acetabular component, with or without a metal 
backing (Figures 2,3). N o  fixation holes were included 
since their representation in a two-dimensional model 
cannot adequately reflect their mechanical function. 
The analyses were conducted using a total hip resultant 
force of 89.9 N directed superior-medial at an angle of 
21" from the vertical. The magnitude of this two-di- 
mensional force resultant was selected to be consistent 
with the three-dimensional joint reaction pressure dis- 
tribution created during the single-limb stance phase of 
gait (Vasu et al. 1982). The distribution of the hip force 
resultant in terms of nodal point loads is illustrated in 

Table 1 .  Distribution of material properties 
~~ 

Region Volume Apparent Yield Modulus Poisson's 
fraction density stress ratio 

S E 
Vf g/cm3 MPa MPa 

1-Bone 
2-Bone 
3-Bone 
4-Bone 
5-Bone 

0.126 0.252 2.86 40 0.18 
0.676 1.352 82.20 6188 0.326 
0.260 0.52 12.17 352 0.22 
0.3725 0.743 24.82 1025 0.247 
0.676 1.352 82.2 6188 0.326 

6-Polyethylene 
7-Polymethylmethacrylate 
8-Chrome-cobalt alloy 

22 500 0.4 
25 2000 0.4 

690 2 000 000 0.29 
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Figure 4 .  Principal stress 
distributions after conventional total 
hip replacement with subchondral 
bone retained. 

Figures 2A and 28. The model boundary conditions 
consisted of rigid support provided superiorly and in- 
feriorly on the bone slice. Four-noded, isoparametric 
quadralateral and three-noded triangular elements 
were used exclusively. The model with the conventional 
acetabular component consisted of 938 nodes with 557 
elements (Fig. 3A). The model with the metal-backed 
acetabular component consisted of 1012 nodes with 
601 elements (Figure 3B). 

RESULTS 

The distribution of principal stresses calculated 
after insertion of the conventional and metal- 
backed component are shown in Figures 4 and 5 
respectively. The mechanics of deformation were 
qualitatively similar for hip replacement with 
either component. The high stresses borne by the 
components and cement were transmitted pri- 
marily to the subchondral bone and the walls of 
the ilium. The stresses in the cancellous bone 
were relatively low regardless of the component 
being modelled. Superiorly, the ilium was ex- 
posed to a bending action such that the lateral 
wall was in compression and the medial wall was 
in tension. 

The primary difference in the stress fields cal- 
culated for the two models relates to the greater 
efficiency of the metal backed component in 
transmitting stresses to the walls of the ilium 
while maintaining relatively low stresses in the 

cement and subchondral bone. In the conven- 
tional component model, biaxial tensile-com- 
pressive stresses are created in both the bone ce- 
ment and subchondral bone (Figure 4). The ten- 
sile stresses are of particular concern due to the 
lower strength of bone cement and dense bone 
under tensile loading. The addition of a met- 
al-backing to the component was effective in re- 
ducing the principal tensile stress in the subchon- 
dral bone and eliminating tensile stress in the 
superior and lateral areas of the bone cement 
layer (Figure 5 ) .  
In interpreting the distribution of stresses in 

Figures 4 and 5 ,  one must be aware of the differ- 
ences in strength in each of the materials being 
modelled. A strong material such as a Cr-Co al- 
loy can withstand much higher streses than a 
weak material like cancellous bone. A critical 
parameter in assessing the severity of the local 
stress state is therefore the ratio of the local stress 
to the yield stress of the material being examined. 
To allow a preliminary look at the stress mag- 
nitudes relative to the yield stress in each mat- 
erial, we calculated the von Mises’s effective 
stress at each element. The percent of yield stress 
based on these values and the assumed yield 
stress of each region (Table 1) were calculated 
using the von Mises’s yield criterion (Vasu et al. 
1982). The yield percentages are presented as 
contour plots in Figure 6. These plots dem- 
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Figure 5. Principal stress distributions after total hip replacement using a metal-backed acetabular component with 
subchondral bone retained. 

onstrate that for both models relatively low backing, however, reduces these stresses further 
stresses are created in the subchondral and and also reduces the stress in the bone cement at 
trabecular bone. The addition of the metal- the superior pole of the component. 

Figure 6. von Mises's yield 
contours for total hip 
replacement with subchondral 
bone retention for (A) 
conventional, and (B) 
metal-backed acetabular 
components. 

3 
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VON MISES' STRESS 

Figure 7.  von Mises's yield contours for the (A) normal acetabulum (Vasu et al. 1982), (B) total hip replucement with 
a conventional component and subchondral bone removed (Vasu et al. 1982) and (C) total hip replacement with u 
metal-backed component and subchondral bone removed (Carter et al. 1982). 

DISCUSSION 

To appreciate the role of subchondral bone in the 
distribution of stresses after total hip replace- 
ment, one must compare the results of this study 
to those of our previous studies. Using similar 
finite element models we have previously shown 
that when a conventional component is inserted 
after removal of subchondral bone, the stresses in 
the superior pole cancellous bone and in the me- 
dial wall of the ilium are increased (Figure 7A, 
B). Significant tensile stresses are also created in 
the bone cement at the superior pole. The addi- 
tion of a metal-backing significantly reduced the 
stress in these areas (Figure 7C). 

If one compares the yield stress contours of the 
conventional component with and without the 
subchondral bone retained (Figures 6A, 7B), the 
advantages of subchondral bone retention are 
obvious. The bone, cement, and cup stresses are 
markedly reduced by retaining subchondral bone. 
When a metal-backed component is used (Fig- 
ures 6B, 7C) it is also advantageous to retain the 
subchondral bone. However, subchondral bone 
retention does not appear to be as important with 
a metal-backed cup as with a conventional cup. In 
all of our joint replacement models it should be 
noted that there is a concentration of stress at the 
inferior lip of the component. We believe that 
this concentration is an artifact of our model since 
a two-dimensional model cannot adequately 

represent the out-of-plane stiffness and support 
provided by the pubis and ischium (Vasu et al. 
1982). 

Holm (1982) conducted photoelastic inves- 
tigations of the stress fields in the 0s coxae under 
various loading conditions. The correlations be- 
tween the principal stress trajectories and the 
cancellous bone orientation were noted. Holm 
argued that it would be desirable to have stress 
fields after prosthetic replacement to be similar to 
those prior to surgery. Our results indicate that 
by retaining subchondral bone, the principal 
stresses are essentially unchanged in orientation 
but slightly reduced in magnitude. 

These studies have indicated that subchondral 
bone is important in transmitting stresses to the 
walls of the ilium and protecting the cancellous 
bone and bone cement from elevated stresses af- 
ter total joint replacement. This finding is con- 
sistent with that of Pederson et al. (1981) and 
Van Syckle & Walker (1980) although their finite 
element models were considerably different from 
ours. The use of a metal-backed cup results in 
improved stress distributions. If it is necessary to 
remove the subchondra! bone to obtain adequate 
seating of the component, the use of a metal- 
backed component is strongly advised. The met- 
al-backing provides a greatly increased compo- 
nent stiffness and effectively acts as a surrogate 
subchondral plate in protecting the bone cement 
and cancellous bone from elevated stresses. 
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