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The Thickness of the Medial Wall of the Acetabulum Prevents Acetabular
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Intra-operative acetabular fracture is a total hip arthroplasty complication that can occur during cementless cup
insertion, especially in osteoporotic patients. We conducted this biomechanical study to investigate the impact
resistance of the acetabulum with simulated bones of different density by drop-weight impact testing. Low- and
high-density polyurethane foam blocks were used as osteoporotic and healthy bone models, respectively.
Polyurethane blocks were used as the acetabular cancellous bone. Composite sheets were used as the acetabu-
lum’s medial cortex. The testing revealed that the osteoporotic bone model’s impact resistance was significantly
lower than that the healthy bone model’ In the healthy bone model, even thin acetabular cancellous bone with
>1 mm acetabulum medial cortex was less likely to fracture. In the osteoporotic bone model, fracture was pos-
sible without =1 mm medial cortex of the acetabulum and thick acetabular cancellous bone. Although impac-
tion resistance differs due to bone quality, the impaction resistance in this osteoporotic bone model was equiv-
alent to that healthy bone model’s when a thick medial wall was present. To avoid intra-operative acetabulum
fracture, surgeons should consider both the bone quality and the thicknesses of the medial cortex and acetabu-
lar cancellous bone.

Key words: intra-operative acetabular fracture, drop weight impact testing, total hip arthroplasty, impact resistance
otal hip arthroplasty (THA) is a common inter-

T vention in orthopedic surgery that functions to
provide relief of pain [1]. However, a THA also poses a
risk of complications [2, 3] including aseptic loosening
of the acetabular cup [4] and intra-operative fractures [5],
especially in osteoporotic patients. The press-fit technique
is necessary to obtain primary stability for a cementless
acetabular cup component [6] because primary stability
has been identified as a crucial factor to achieve osse-
ointegration and long-term survival of the acetabular cup
component [7-11]. A press-fit also needs increased
impaction force during the insertion of the acetabular cup;
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impaction force that is too great can cause an intra-op-
erative acetabular fracture [12,13]. Intra-operative
acetabular fractures occur mainly during the insertion
of cementless acetabular cup components.
Haidukewych et al. [14] reported that the intra-op-
erative incidence of an acetabular fracture is 0.4%, and
they noted that osteoporotic bone is a known risk factor.
Hasegawa et al. [15] stated that peri-prosthetic occult
fractures of the acetabulum occur relatively frequently
during press-fit impaction, 8.4% incidence. The medial
wall of the acetabulum consists of medial cortex and
acetabular cancellous bone. This area receives impaction
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during the insertion of cementless acetabular cup com-
ponents. We tested the following hypothesis herein:
(1) The thickness of the medial wall is associated with
resistance to impaction. (2) In patients with healthy
bone, a thin medial wall due to excessive cup reaming
maintains the resistance to impaction. (3) Avoiding
excessive cup reaming and preservation of the thickness
of the medial wall would help prevent intra-operative
fractures in patients with osteoporotic bone.

Although some studies have indicated that bone fra-
gility is a risk factor for intra-operative acetabulum
fracture [14,15], there are no experimental biome-
chanical reports regarding this finding. In this study,
we performed drop-weight impact testing under different
conditions to investigate the resistance of the acetabu-
lum during the insertion of an acetabular cup implant.

Methods

Bone model.  In this biomechanical study, TS. and
T.T. created an original acetabular model using simu-
lated bones. High-density Sawbones" (block #1522-04;
density, 0.48 g/cm’; compressive strength, 18 Mpa;
Sawbones, Malmé, Sweden) and low-density Sawbones”
(block #1522-03; density, 0.32 g/cm’; compressive
strength, 8.4 Mpa; Sawbones) were used as simulated
bones. Sawbones provides polyurethane foam blocks
that simulate cancellous bone in reproducible, clean,
and artificial materials. Sawbones also provides com-
posite sheets that simulate cortical bone (#3401-07 or
#3401-01; density, 1.64 g/cm’; compressive strength,
157 Mpa). We used the low-density Sawbones as a
model of relatively fragile osteoporotic bones (group O),
and high-density Sawbones as relatively strong normal
bones (group N). We created a hemispherical cavity
(52 mm dia. ) and 2, 5, or 8 mm thickness of the ace-
tabular cancellous bone in each block to represent the
acetabulum. We used 1- or 2-mm-thick composite
sheets and bonded them to the blocks to represent the
medial cortex of the acetabulum.

The medial wall of the acetabulum consists of the
medial cortex and acetabular cancellous bone. We pre-
pared three types of bone models using two different
Sawbones (high- or low-density). The type 1 bone model
was made from a Sawbones block without a composite
sheet. The type 2 bone model was made from a Sawbones
block with the 1-mm-thick composite sheet, and the
type 3 model was made from a Sawbones block with the
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2-mm-thick composite sheet. Five samples of each bone
model type were prepared in this study.

Experimental device.  Figure 1A illustrates the
experimental device used in this study. We used the
CEAST 9340 droptower impact system (Instron, Canton,
MA, USA) to perform the drop-weight impact testing.
The experimental set-up that we specifically manufac-
tured for this study was designed to hold each block on
the test platform during the testing (Fig.1B). Three-
dimensional press-fit acetabular component implants
(GS cup; Teijin Nakashima Medical Co., Okayama,
Japan) were used in this study. The external diameter of
the implants was 50 mm.

The acetabular cup was inserted into the cavity rep-
resenting the acetabulum. The external diameter of the
cavity was 52 mm in order to fit the implant into the
cavity considering the thickness of the porous coating of
the implant. A metal liner was put into the acetabular
cup to receive the drop-weight impaction. The mass drop
weight was 3.0 kg and had a displacement amplitude of
300 mm. The mass drop weight and height were chosen
to generate force magnitudes of 12,000+700 N. The
average force of the manual impact of a hammer used by
the hip surgeons (T.S. and T.T. ) with the Sawbones held
on the testing platform was approx. 12,000 N. The force
induced by the mass falling on the head of the cup was
recorded using a force sensor (CEAST instrumented
striker; Instron). The output voltage file was post-pro-
cessed by a software routine in Visual IMPACT (ver.6,
Instron).

g~ |
Fig. 1 Experimental device. A, CEAST 9340 droptower impact
system (Instron); B, Original jig to hold the Sawbones block. Black

arrow: Acetabular cup. White arrow: Liner. Black triangle: Saw-
bones (representing the acetabulum).
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Experimental protocol. ~ Drop-weight impact test-
ing was performed under 3 different conditions: in
both groups O and N, the testing was performed on the
bone model types 1, 2, and 3. In only group N, the
testing was performed on bone model types 1, 2, and 3
with an acetabulum (2- or 5-mm acetabular cancellous
bone thickness). In only group O, the testing was per-
formed on types 1, 2, and 3 with an acetabulum (5- or
8-mm acetabular cancellous bone thickness). Five sam-
ples of each bone model type were tested, and the peak
force was measured with a force sensor.

Statistical analysis. 'We used the Statistical
Package for the Social Sciences (SPSS, ver.20.0; IBM
SPSS Statistics for Windows, Armonk, NY) for the sta-
tistical analysis. The Mann-Whitney U-test was used to
assess the differences in peak force in each bone model
type between groups O and N. We performed a one-
way analysis of variance (ANOVA) to assess the differ-
ences in peak force between bone model types 1, 2,
and 3 within the same group. P-values <0.05 were
considered significant.

Results

Figure 2 shows typical representative signals recorded
by the force sensor during the mass drop-weight testing,
and Table 1 summarizes the peak force data for the three
bone model types of the two Sawbones with different
densities of bones in groups O and N. The impact resis-
tance was significantly increased from bone model
types 1 to 3 in both the osteoporotic and normal bones
with 5-mm acetabular cancellous bone thickness (both
p<0.001). The impact resistance values for bone model
types 1 and 2 in group O were significantly lower than
those in group N (both p<0.001). The impact resistance
for type 3 in group O was equivalent to that in group N
(p=0.862). The type 1 blocks in groups O and N and
type 2 blocks in group O were broken by the testing,
which indicated that these blocks could not absorb the
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impact of a mass drop. The type 2 blocks in group N and

the type 3 blocks in groups O and N were not broken.
Figure 3A shows typical representative signals recorded

by the force sensor during the mass drop-weight testing
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Fig. 2 A, Typical representative signals recorded by the force

sensor during the drop-weight impact testing in Group O of
5-mm-thick acetabular cancellous bone; B, Typical representative
signals recorded by the force sensor during drop-weight impact
testing in Group N of 5-mm thickness. The impact resistance was
significantly increased from bone model types 1 to 3 in both the
osteoporotic (A) and normal bones (B) with 5-mm acetabular can-
cellous bone thickness.

Table 1 Peak force data for three types of two different density sawbones of 5 mm thickness

i group O group N
5 mm thickness (n=5) (n=5) p-value
Type 1 (block only) 5427 £ 321 N 8203 +£271 N <0.001°
Type 2 (block +1 mm composite sheet) 8142 + 157 N 11471 +315N <0.001°
Type 3 (block +2 mm composite sheet) 11014 £ 217 N 11721 £ 214 N 0.862°

All data represented as mean =+ standard deviation. *Mann-Whitney U test
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of 2-mm acetabular cancellous bone thickness, and
Table 2 summarizes the peak force data for the three
types of acetabula in Group N with two different thick-
nesses of acetabular cancellous bone. The impact resis-
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Fig. 3 A, Typical representative signals recorded by the force
sensor during drop-weight impact testing in Group N of 2-mm-thick
acetabula; B, Typical representative signals recorded by the force
sensor during the drop-weight impact testing in Group O of
8-mm-thick acetabula. The impact resistance increased from bone
model types 1 to 3 in both the normal (A) and osteoporotic acetab-
ula (B).
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tance increased significantly from bone types 1 to 3 in
both acetabula (both p<0.001). No significant differ-
ences were observed in the impact resistance for the
type 1, 2, and 3 blocks with the 2-mm and 5-mm ace-
tabular cancellous bone thicknesses (p=0.481, 0.352,
and 0.435, respectively). The type 1 blocks with the
2-mm and 5-mm acetabular bone thicknesses were both
broken in group N. These results indicated that type 1
blocks could not absorb the impact of a mass drop. In
contrast to type 1, neither the type 2 blocks nor the
type 3 blocks with 2-mm and 5-mm acetabular bone
thickness were broken in group N.

Figure 3B shows typical representative signals recorded
by the force sensor during the mass drop-weight testing
of 8-mm acetabular cancellous bone thickness, and
Table 3 summarizes the peak force data for the three
types of acetabula in group O with two different thick-
nesses. The impact resistance increased significantly
from bone type 1 to bone type 3 in acetabula of both
5-mm and 8-mm thicknesses (both p<0.001). The
impact resistance of the types 1 and 2 acetabula in the
8-mm acetabular cancellous bone thickness group was
significantly higher than that of the 5-mm acetabula
thickness group (both p<0.001). There was no signifi-
cant difference in the impact resistance of the type 3
acetabula between the 5-mm and 8-mm acetabular can-
cellous bone thickness (p=0.493). The type 1 blocks
with the 5-mm or 8-mm acetabular cancellous bone
thickness and the type 2 blocks with the 5-mm thick-
ness were broken in group O. These results indicated
that blocks could not absorb the impact of a mass drop.
In contrast, the type 2 blocks with 8-mm thickness and
the type 3 blocks with 5-mm or 8-mm acetabular can-
cellous bone thickness were not broken in group O.

Discussion

Our study’s 3 major findings were as follows. (1) The

Table 2  Peak force data for three types of two different thickness of acetabulum in group N
Thickness
2mm 5mm p-value
(n=29) (n=3)
Type 1 (block only) 8082+ 415N 8203+ 271N 0.481°
Type 2 (block +1 mm composite sheet) 10517 =440 N 11471 £ 315N 0.352°
Type 3 (block +2 mm composite sheet) 10747 +482 N 11721 £ 214 N 0.435°

All data represented as mean =+ standard deviation. *Mann-Whitney U test
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Table 3  Peak force data for three types of two different thickness of acetabulum in group O
Thickness
5mm 8 mm p-value
(n=5) (n=5)
Type 1 (block only) 5427 + 321N 8107 326 N <0.001°
Type 2 (block +1 mm composite sheet) 8142+ 157 N 10238 +486 N <0.001°
Type 3 (block +2 mm composite sheet) 11014 £ 217 N 11049 £ 651 N 0.493°

All data represented as mean =+ standard deviation. *Mann-Whitney U test

impact resistance of the osteoporotic bone model was
lower than that of the healthy bone model and increased
as the thickness of the medial wall increased. (2) When
the thickness of the medial wall was maintained by a
minimum of reaming, the impact resistance increased,
even in the osteoporotic bone model. (3) In the healthy
bone model, even when cup reaming caused thinning
of the medial wall, sufficient impact resistance was
maintained. These results support our hypothesis.

We used low-density Sawbones as a model of rela-
tively fragile osteoporotic bones and high-density
Sawbones as a model of relatively strong normal bones
in this study. We set the thickness of the medial cortex
to 1 or 2 mm, and we set the thickness of the acetabu-
lar cancellous bone in osteoporotic bone to 5 or 8 mm
and 2 or 5 mm in healthy bones. Since the impaction
force varies by manual impaction, we performed drop-
weight impact testing by using a droptower system to
reproduce the impaction force. In studies that exam-
ined the duration of impaction during the insertion of
acetabular cup components in vitro using drop-weight
impact testing with a protocol that is similar to that used
in the present investigation, a force magnitude higher
than 2,000 N was chosen [16]. In other biomechanical
studies, an impact force of 4,000-5,000 N was chosen
[17,18]. In contrast, the typical impact force was dif-
ferent in vivo (comprised of intervals between 6,000 and
15,000 N).

Based on their biomechanical study’s findings,
Michel et al. [17] reported that a simple configuration
using simulated bones does not take into account the
influence of damping that may be encountered during
the actual surgical procedure, since the pelvic bone is
surrounded by soft tissue and has a large damping
effect. In the present study, the average force of manual
impact using a hammer by hip surgeons (T.S. and T.T.)
under conditions in which the Sawbones were held on a
testing platform was approx. 12,000 N (data not

shown). We therefore chose values of the mass drop
weight and height that would generate force magni-
tudes of 12,000+ 700 N.

The peak force of the bone model type 1 block
(5 mm thickness) was 5,427 +321 N in group O and
8,203+271 N in group N against an impact generating
approx. 12,000 N. Under these conditions, the bottom
of the Sawbones was broken, and we concluded that the
Sawbones could not absorb the impact of a mass drop.
When we bonded composite sheet to a Sawbones to
represent the medial cortex of the acetabulum, the
impact resistance increased depending on the thickness
of the composite sheet. The peak force values of the
type 3 block (5-mm thickness) were 11,014+217 N in
group O and 11,721 +214 N in group N, which were
not significantly different (Table 1). These results sug-
gest that (1) the impact resistance in osteoporotic bone
is lower than that in healthy bone and increases with the
thickness of the medial wall, and (2) the medial cortex
of the acetabulum contributes to the impact resistance.

The peak force values of the bone model types 1, 2,
and 3 with acetabula with two different thicknesses
(2 mm and 5mm) in group N were not significantly
different (Table 2). Types 2 and 3 blocks absorbed the
impaction of a mass drop with no acetabulum cracking.
These results suggest that even if reaming of the acetab-
ulum causes thinning of the medial wall, the risk of
fracture would not be high in patients with healthy bone.

In contrast, in group O, the impact resistance of
bone model types 1 and 2 with 8-mm thick acetabula
was significantly higher than that obtained with the
5-mme-thick acetabula (Table 3). Because of the 2-mm
thickness of the medial cortex, the peak force of bone
model type 3 was not significantly different between the
5-mm and 8-mm acetabular cancellous bone thick-
nesses. These results suggest that (1) the bone stock of
the acetabular cancellous bone and the thickness of the
medial cortex are important in osteoporotic bone, and
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(2) when the thickness of the medial wall was main-
tained by a minimum of reaming, the impact resistance
increased, even in osteoporotic bone. In clinical prac-
tice, it is important that surgeons determine the thick-
ness of the medial cortex and acetabular cancellous
bone in preoperative CT images, as excessive reaming
can be evaluated for high fracture risk when an acetab-
ular component is to be implanted in an osteoporotic
patient with thin acetabular cancellous bone thickness.

This study had some limitations. First, the biome-
chanical properties of the human pelvis and Sawbones
differ, and there may be differences between our exper-
imental results and the clinical environment. However,
simulated bones such as Sawbones could serve as repre-
sentative models for varying bone quality, which is also
a significant factor in resistance to impaction [19], and
a consistent polyurethane testing medium has been
used in several biomechanical studies [18,20-22].
Second, the external diameters of the implant used in
this study and the cavity differed. In clinical practice,
when inserting a three-dimensional press-fit acetabular
component implant such as a GS cup, we perform the
same reaming of the acetabulum. In this study, the
external diameter of the cavity was made 2 mm wider
than that of the implant considering the thickness of the
porous coating, in order to fit the implant into cavity.
When the external diameter of the implant and that of
the cavity are same, the variance of the impaction force
may be different, and this should be investigated in
future studies. Third, our study did not investigate the
question of what is the sufficient thickness of medial
cortex and cancellous bone to absorb the impaction
when an acetabular component is implanted. The pres-
ent experimental parameters consisted of 2 types of
bone quality, 2 thicknesses of medial cortex, and three
thicknesses of cancellous bone. We did not examine
which parameters contribute the most to impaction
resistance. This point should be investigated in future
studies.

Fourth, the structure of the human acetabulum and
that of our model using Sawbones are different. The
human pelvis is a three-dimensional structure that is
supported by surrounding soft tissues such as muscles
and ligaments. It was impossible to reproduce this
structure experimentally. In this study, the structure of
the acetabulum model was simple because it was neces-
sary to hold the Sawbones block in the original jig to the
perform drop-weight impact testing; we were thus able
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to investigate the impact resistance of Sawbones of dif-
ferent densities by using this simple structural acetabu-
lum model.

The results of this study constitute an ex vivo valida-
tion of a biomechanical method consisting of simulated
bones and drop-weight impact testing. It is unclear
whether the present findings can be applied to clinical
practice. Although our results did not reveal how great
a thickness of the medial wall could avoid acetabular
fracture, it seems to be important to consider the frac-
ture risk by measuring the medial wall thickness during
pre-operative planning. We did not choose to use
human tissues for ethical reasons sine the present
method has not been validated. Further studies should
be performed in cadavers to test our present findings.

In conclusion, we used drop-weight impact testing
to determine the impaction resistance upon the inser-
tion of acetabular cup components. Although the
impaction resistance differed due to bone quality, the
impaction resistance in the osteoporotic bone model
was equivalent to that of healthy bone under the condi-
tion of a thick medial wall. To avoid intra-operative
acetabulum fracture during a total hip arthroplasty, it is
important to consider not only the patient’s bone quality
but also the thicknesses of the medial cortex and ace-
tabular cancellous bone.
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