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Diagnostic Features of 
Pelvic Osteolysis on Computed 
Tomography: The Importance 
of Communication Pathways
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Background: Progressive periacetabular osteolysis following total hip arthroplasty may require revision surgery. The
purpose of this study was to use computed tomography scans of hemipelves retrieved at autopsy from patients who
had had a total hip arthroplasty, to define the radiographic characteristics that differentiate clinically important os-
teolytic lesions from osteoarthritic bone cysts.

Methods: We analyzed forty-four hemipelves that had been retrieved at autopsy at a mean of eight years after a total
hip arthroplasty with an uncemented acetabular component. Computed tomography images were analyzed to identify
the location, volume, and presence of cortical erosion and/or communication pathways with the joint space for all pe-
riacetabular bone defects. Lesions that were not present on preoperative or immediate postoperative plain radio-
graphs were defined as new lesions. These new lesions were compared with those that were present on preoperative
or immediate postoperative plain radiographs, which were defined as preexisting lesions.

Results: Forty-six lesions were identified on computed tomography, and sixteen of them were preexisting lesions. The
mean volume of the preexisting lesions was 1.5 ± 1.5 cm3, which was significantly smaller than the mean volume of
5.6 ± 11.4 cm3 of the thirty new lesions (p = 0.034). Twenty-eight of the thirty new lesions had a clear communication
pathway with the joint space, while thirteen of the sixteen preexisting lesions demonstrated no communication path-
way. New lesions were significantly more likely to communicate with the joint space than were preexisting lesions (p <
0.001). Cortical erosion was seen in sixteen of the thirty new lesions; none of the sixteen preexisting lesions exhib-
ited cortical erosion (p < 0.001).

Conclusions: The most important difference between osteolytic lesions and preexisting bone defects was the pres-
ence of a communication pathway to the joint space. Lesions that did not have an identifiable communication to the
joint space were smaller and were not associated with cortical erosion. Lesions with communication to the joint
through multiple pathways or through a central dome hole were larger and more likely to be associated with cortical
erosion.

Clinical Relevance: Periacetabular lesions that are not present on perioperative plain radiographs and that have a
communication pathway with the joint space and associated cortical erosions as seen on computed tomography are
likely to be osteolytic lesions.

ncemented cup fixation is commonly used in primary
total hip arthroplasty and has shown excellent mid-
term and long-term results1-5, but pelvic osteolysis is

one of the major obstacles threatening the long-term success
of these uncemented acetabular cups6-9. Pelvic osteolysis has

been observed with use of computed tomography in associa-
tion with as many as 52% of total hip replacements10,11. We
have observed, in our clinical practice, that it is difficult to de-
termine on computed tomography whether a lesion represents
total hip arthroplasty-induced osteolysis or the remnants of a
preoperative osteoarthritic cyst, especially if the preoperative
and immediate postoperative radiographs are not available for
comparison with the computed tomography scan.

U
A commentary is available with the electronic versions of this article,
on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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The purpose of this study was to use computed tomog-
raphy scans to define the characteristics that could be used to
differentiate between clinically relevant osteolysis and other
bone defects, such as osteoarthritic bone cysts, that existed
prior to a total hip arthroplasty. We hypothesized that new le-
sions would have larger volumes, would more frequently com-
municate with the joint space, and would be more likely to be
associated with cortical bone erosion.

Materials and Methods
e examined forty-four hemipelves containing unce-
mented titanium acetabular components with a mod-

ular polyethylene liner. All of the acetabular components had
been implanted at our institution with the same press-fit
method12. All of the hemipelves were retrieved from indivi-
duals who had provided appropriate consent for the use of
their autopsy material in research studies. The index arthro-
plasties had been performed because of primary osteoarthri-
tis in thirty-nine hips, rheumatoid arthritis in three hips,
osteonecrosis in one hip, and posttraumatic arthrosis in one
hip. None of the hips had a prior infection or had undergone
structural bone-grafting.

The implanted acetabular components were of six dif-
ferent designs: eighteen were Duraloc 100 cups (DePuy, War-
saw, Indiana), five were Duraloc 1200 cups (DePuy), eleven

were Triloc cups (DePuy), eight were Arthropor cups (Joint
Medical Products, Stamford, Connecticut), one was a PSL
cup (Osteonics, Allendale, New Jersey), and one was a Harris-
Galante II cup (Zimmer, Warsaw, Indiana). Screws were used
with the Arthropor cup design to secure the polyethylene liner,
but they were not used with any of the other designs. The
implanted femoral components were all cast chromium-cobalt
anatomic medullary locking stems (AML; DePuy)13. The
femoral head was chromium-cobalt in thirty-five retrieved
specimens and ceramic in nine. Twenty-four femoral heads
were 32 mm in diameter, and twenty femoral heads were 28
mm in diameter.

The forty-four hemipelves were from twenty-two men
and twenty-two women with a mean age at the time of surgery
of 69.9 years (range, forty-two to eighty-seven years). The mean
age at the time of death was 77.9 years (range, forty-seven to
ninety-five years). The acetabular components were in situ for
a mean of 8.1 years (range, 1.7 to 15.9 years). All acetabular
and femoral components had stable fixation and had been
functioning well at the time of the patient’s death.

Plain Radiographs
One author (C.A.E.), who was blinded to the results of the
computed tomography scans, examined the preoperative and
immediate postoperative radiographs for preexisting bone

W

Fig. 1

Sagittal, coronal, and axial computed tomography slices demonstrating pelvic osteolysis in a right hemipelvis retrieved post 

mortem. The solid white arrows on the sagittal and coronal images show a lesion communicating through the central dome 

hole with perforation of the medial wall. The outlined white arrows on the coronal and axial images show a lesion with an 

erosive pattern communicating around the rim of the acetabulum. In this hip, the hole eliminator has separated from the 

central dome hole.
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defects. The anteroposterior pelvic and iliac oblique radio-
graphs for each hip were placed in random order, and the
reviewer assessed each of the radiographs independently of
one another. The sclerotic border of all cystic bone defects was
outlined for later comparison with the three-dimensional
computed tomography reconstruction derived from the post-
mortem computed tomography images.

All clinical follow-up radiographs were also reviewed.
Although we had excellent-quality preoperative and imme-
diate postoperative radiographs of the hips in this study, we
did not have an adequate number of annual radiographs to
perform a serial analysis of lesion growth. Only twenty-eight
hips had one or more radiographs that had been made more
than three years postoperatively, and only three hips with
new lesions had clinical radiographs with visible lesions at
more than two time-points. Additionally, the time-intervals
between the last clinical radiograph and the postmortem
analysis (specimen radiographs or computed tomography
images) were too variable to allow a study of the rate of le-
sion growth. The time-interval between the last clinical ra-
diographs and the deaths of the patients ranged from 0.3 to

9.4 years (mean [and standard deviation], 3.0 ± 2.4 years).

Computed Tomography
The use of retrieved specimens enabled us to optimize the
image quality of the computed tomography scans since we
were able to image each hemipelvis separately after we re-
moved the femoral head and stem, which often generate
most of the image artifacts associated with clinical computed
tomography scans.

Each retrieved specimen was scanned in 1-mm axial slices
in standard mode (GE HiSpeed Advantage; General Electric,
Waukesha, Wisconsin; and Somotom Sensation 4; Siemens,
Munich, Germany) at 120 kV and 220 mA. Coronal and sag-
ittal images were reconstructed from the axial images (Fig. 1).
The original data were automatically segmented on the basis
of statistical properties, and an experienced orthopaedic sur-
geon reviewed the raw and segmented data to identify all
periacetabular bone defects. For this study, we defined osteo-
arthritic cysts and other bone defects that existed prior to to-
tal hip arthroplasty as “preexisting lesions.” Expansile regions
devoid of bone that were not visible on preoperative and/or

Fig. 2

Anteroposterior pelvic and iliac oblique plain radiographs of a left hip made immediately postoperatively and the three-

dimensional computed tomography model of the same hip. A cystic bone defect (solid arrows) was suspected on the 

anteroposterior radiograph (A) and was clearly seen on the iliac oblique radiograph (B). The three-dimensional computed to-

mography model was oriented in the same planes. The anteroposterior view (C) and the iliac oblique view (D) of the three-

dimensional model clearly show the lesion.
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immediate postoperative radiographs were subsequently re-
ferred to as “new lesions.”

A three-dimensional computed tomography model
was made of each specimen that had one or more bone de-
fects. This model included the acetabular component, the
bone defects, and the periacetabular bone, which was ren-
dered translucent, allowing us to identify the defect location
through the bone. The three-dimensional model was ori-
ented to match the contour and size of the bone as seen in the
radiographs (Fig. 2). We then defined a bone defect as a “pre-
existing lesion” if it had the same appearance and location on
both the postmortem computed tomography and the preop-
erative or immediate postoperative plain radiographs. The
three-dimensional volume of each lesion was calculated with
use of a computer-aided imaging program (VirtualScopics,
Rochester, New York) (Fig. 3). The three-dimensional loca-
tion of each lesion was determined by its presence in one or
more of the five zones that comprise the cup surface: ante-
rior, posterior, superior, inferior, and central (Fig. 4). The di-
ameter of the central zone (Zone 5) was defined as one-half
of the cup diameter on a two-dimensional projection of the
cup surface. The peripheral zones (Zones 1 through 4) were
equally divided by four lines drawn ±45° from the cup center
with respect to the superior-inferior central axis through the
most proximal and distal points of the intersection of the
coronal plane and the edge of the cup. A lesion was associ-
ated with a particular zone if it occupied >40% of the cup
surface within that zone or if half of the total area of in-
volvement of the lesion on the cup surface fell within that

zone. If a lesion spanned more than three zones and did not
occupy >40% of the cup surface within any zone or if half of
the total area of involvement of the lesion on the cup surface
did not fall within any zone, it was assigned to a zone with
the most cup surface area involvement.

The computed tomography images were examined to
determine the presence and pattern of communication be-
tween the bone defect and the joint space. We also evaluated
whether the lesions exhibited cortical thinning or perforation
and measured the maximum width of the cortical perforation.
A cortical perforation was defined as a defect wider than 2
mm. All other instances of cortical erosion were classified as
cortical thinning.

Data Analysis
A Mann-Whitney U test for two independent samples was used
to compare the volume of preexisting and new lesions. Chi-
square analysis was used to determine whether the prevalence
of preexisting and new lesions differed among locations. Chi-
square analysis was also used to determine whether the preva-
lence of preexisting and new lesions differed on the basis of
communication pathways to the joint space and the presence
of cortical erosion. A Kruskal-Wallis nonparametric test for
multiple independent samples was used to assess whether the
lesion volume differed among cases depending on the com-
munication pathway. Statistical analysis was performed with
use of SPSS statistical software (version 8.0; SPSS, Chicago,
Illinois). Probability values of <0.05 were considered to be in-
dicative of significance.

Fig. 3

Anteroposterior (left) and intrapelvic (right) views of the three-dimensional reconstruction of the 

acetabular component and pelvic bone defects. The size of the lesion communicating through 

the central hole (L1) was 1.6 cm3; the lesion communicating with the rim (L2) was 1.4 cm3.
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Results
Periacetabular Bone Defects Identified 
on Computed Tomography

total of forty-six lesions were identified in twenty-eight
of the forty-four hemipelves (Fig. 5). The mean volume

(and standard deviation) of the bone defects was 4.2 ± 9.4
cm3 (range, 0.3 to 54.6 cm3). The lesion volume was <1 cm3

in twenty lesions (44%) and was >5 cm3 in five lesions
(11%).

By matching the three-dimensional computed tomogra-
phy models with the perioperative clinical plain radiographs,
we identified sixteen lesions that had existed prior to total hip
arthroplasty (preexisting lesions). The mean volume of the
preexisting lesions was 1.5 ± 1.5 cm3 (range, 0.3 to 4.9 cm3).
The mean volume of all other defects (new lesions) was 5.6 ±
11.4 cm3 (range, 0.3 to 54.6 cm3). The difference in size be-
tween the preexisting lesions and the new lesions was signifi-
cant (p = 0.034).

Lesion Location
Thirteen of the sixteen preexisting lesions appeared in the
superior zone, while only eight (27%) of the thirty new le-
sions were present in the superior zone (Fig. 6). Preexisting
lesions were more likely to be identified in the superior zone
(p < 0.001).

Communication Pathways Between 
the Lesions and the Joint Space
We were able to observe a clear communication pathway be-

tween the lesions and the joint space in thirty-one (67%) of
the forty-six lesions. Twenty-eight of the thirty-one lesions
were new lesions. We identified four different communication
pathways between the lesions and the joint space: around the
rim (nine lesions), through a central hole (six lesions), in as-
sociation with a screw or screw-hole (eight lesions), and
through multiple pathways (eight lesions) (Fig. 7). Of the six
lesions that definitely communicated through the central hole
of the acetabular shell, three lesions also had potential com-
munication through a gap between the bone and implant
surface (Fig. 7). We could not unambiguously identify a com-
munication pathway for fifteen lesions. The mean volume of
lesions that had a definite communication pathway was 5.6 ±
11.2 cm3 (range, 0.3 to 54.6 cm3), which was significantly
larger than the mean volume of 1.3 ± 1.4 cm3 (range, 0.3 to 4.9
cm3) for the lesions that did not have a clearly identifiable
communication pathway (p = 0.012).

Thirteen of the sixteen preexisting lesions did not have a
communication pathway to the joint space. Among the three
preexisting lesions that did communicate with the joint space,
two of the lesions had openings located at the rim of the ace-
tabulum and peripheral to the rim of the acetabular compo-
nent. The other lesion was located at the site of a screw-hole in
the acetabular cup. Twenty-eight (93%) of the thirty new le-
sions had at least one apparent communication with the joint
space. The two new lesions (7%) without communication were
0.4 and 1.2 cm3 in size. Compared with preexisting lesions, the
new lesions were significantly more likely to communicate
with the joint space (p < 0.001).

A

Fig. 4

The three-dimensional location of each lesion was defined by dividing the acetabular component 

into five zones: anterior, posterior, inferior, superior, and central. A lesion was assigned to a par-

ticular zone if it occupied >40% of the cup surface within that zone or if half of the total area of 

involvement of the lesion on the cup surface fell within that zone.
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Lesion Volume Compared with the 
Type of Communication Pathways
For the twenty-eight new lesions that had communication
with the joint space, a significant difference was detected in
lesion volume depending on the type of communication
pathway (p = 0.019). The eight lesions that communicated
through multiple pathways (mean lesion volume, 14.3 ± 19.6
cm3) and the six lesions that communicated only with the cen-
tral dome hole (mean lesion volume, 5.6 ± 6.0 cm3) tended to
be larger than the seven lesions that communicated only
through screw-holes (mean lesion volume, 1.2 ± 1.3 cm3) and
the seven lesions that communicated only around the rim
(mean lesion volume, 1.7 ± 1.6 cm3).

Cortical Erosion 
Around the Lesions
None of the preexisting lesions demonstrated cortical perfo-
ration or cortical thinning. Sixteen of the thirty new lesions
were associated with cortical perforation. Twelve of the six-
teen new lesions perforated the acetabular rim, while four
others perforated the medial wall. Three other lesions had
cortical thinning. All of the new lesions communicating
through multiple pathways were associated with cortical per-
foration. Four of the six lesions communicating through the
central dome hole were associated with cortical perforation
or thinning of the medial wall. Two of the seven lesions com-
municating around the screw-hole had cortical thinning.
Five of the seven lesions communicating around the rim had
cortical perforation adjacent to the cup. The prevalence of
cortical erosion was higher for new lesions than for preexist-
ing lesions (p < 0.001).

Fig. 5

Lesion volume versus time in situ for forty-six lesions.

Fig. 6

A: The locations of the new lesions stratified by 

cup zone. Two of the thirty lesions spanned 

multiple zones. B: The locations of the preexist-

ing lesions. Such lesions were more likely to be 

located in the superior zone (p < 0.001).
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Discussion
or more than ten years, we have retrieved postmortem
specimens containing primary uncemented titanium ace-

tabular shells and modular polyethylene liners. We recently
began to analyze these specimens to better understand the
patterns of osteolysis associated with uncemented implants.
Removal of the femoral head and stem allowed us to eliminate
the primary sources of beam scatter and computed tomogra-
phy image artifact. This, in turn, allowed us to examine more
carefully the characteristics of different bone defects and to
determine how osteolytic defects differ from preexisting os-
teoarthritic cysts. From this analysis, we found that the most
important difference between new lesions and preexisting ones
was the presence of a communication pathway to the joint
space. We identified four communication pathways, includ-
ing the rim, central dome hole, peripheral screw-holes, and
implant-bone gaps. Our results led us to conclude that, if a
communication pathway cannot be found when cystic bone
lesions are examined, there is a high probability that the bone

lesion is not an osteolytic one resulting from the implantation
of the total hip replacement. Rather, lesions with no commu-
nication pathways likely existed prior to the total hip arthro-
plasty. In this study, thirteen of the fifteen lesions without
communication pathways on computed tomography were
visible on the preoperative or immediate postoperative radio-
graphs. Moreover, our results suggest that detecting the type
of communication pathway may also be an important factor
in predicting future lesion size. We found that lesions with
multiple communication pathways or communication through
a central dome hole were larger than those with communica-
tion through a screw-hole or around the rim.

It has been postulated that a communication pathway
to the joint space is important to the pathogenesis of both os-
teoarthritic cysts and osteolytic lesions14-16. In this study, all le-
sions that were >5 cm3 had a communication pathway to the
joint space. The average volume of preexisting lesions was 1.5
cm3, and the largest preexisting lesion was 4.9 cm3. In view of
the lesion volumes illustrated in Figure 5 and the absence of

F

Fig. 7

Examples of four different communication pathways between the osteolytic lesions and the joint 

space seen on computed tomography: around the rim (A), through the central hole (B), around a 

screw-hole (C), and through a gap (D).



1549

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 7 ·  JU LY 2005
DIAG N OST I C FEATURES OF PE LV I C OS TE O LYS I S  ON COMPUTE D 
TOMOG R A PHY : THE IM P O R T A N CE OF COM MU NI CAT ION PATHWAYS

reports in the literature describing complications associated
with osteoarthritic cysts, we regard bone defects with a vol-
ume of ≥5 cm3 and communication with the joint space as
probably osteolytic and, therefore, clinically important. We
believe that when small lesions are observed on computed
tomography, one must be particularly careful to determine
whether they are truly osteolytic lesions or preexisting bone
defects. Puri et al. reported a 52% prevalence of osteolysis in
fifty hips at a mean of 7.6 years with use of computed tomog-
raphy10. However, only 14% of the cups in their study had os-
teolytic lesions of >5 cm3. On the basis of the findings in the
current study, if the lesions are <5 cm3, do not erode cortical
bone, and do not have a communication pathway to the joint,
there is a high probability that they do not represent osteoly-
sis and thus are not of clinical concern.

We acknowledge several constraints and limitations
of the present study. First, we were restricted to a relatively
small number of specimens because we analyzed donated
postmortem retrieved specimens from a select, rather elderly
population. While we are certain that the bone defects iden-
tified on plain radiographs made prior to the total hip ar-
throplasty do not represent osteolysis, we cannot be certain
that all defects appearing in the postmortem computed to-
mography images represent total hip replacement-induced
osteolytic lesions. It remains possible that some of the new
lesions identified in this study represent preexisting lesions
that we were unable to identify on plain radiographs. We
suspect that this is the case for the two “new” lesions without
communication pathways. Theoretically, an immediate post-
operative computed tomography image would definitively
identify any preexisting bone defects, but such was not avail-
able for these cases.

Second, we recognize that there are many factors that
may contribute to the development of periacetabular osteolysis,
such as the type of polyethylene, wear rates, sterilization tech-
niques, cup orientation, time in situ, and cup design. How-
ever, we did not analyze this information for two reasons: (1)
the limited number of hips with osteolytic lesions in this
study precluded a meaningful statistical analysis with regard
to these variables, and (2) the purpose of this study was not
to correlate wear with osteolysis or to clarify the mechanism
of the osteolysis but, rather, to demonstrate that not all lo-
calized areas of periacetabular bone loss represent total hip
replacement-induced osteolysis. The correlation of osteolysis
with these and other variables remains an important area for
future study.

Third, we caution that this postmortem study does not
demonstrate that routine clinical computed tomography
scans can accurately differentiate between osteolytic lesions
and preexisting bone defects. Metal artifact from the femoral
components in a clinical scan could hinder the ability to vi-
sualize osteolytic lesions. However, we believe that the ad-
vent of new technologies and the use of optimum settings
will likely mitigate future problems associated with metal
artifact.

Finally, we acknowledge that, while the determination
of the pattern and rate of the radiographic growth of periace-
tabular bone defects is very important and of interest to clini-
cians, the lack of annual follow-up radiographs precluded a
serial analysis of the rate of lesion growth in these hips.

Clinicians should be aware that computed tomography
may lead to an overdiagnosis of osteolysis, particularly in the
absence of perioperative imaging studies that can document
the existence of preexisting bone defects. Osteolysis is cur-
rently defined as a periprosthetic region devoid of bone with a
well-defined sclerotic border. In view of our findings, we pro-
pose that the definition of osteolysis on computed tomog-
raphy be expanded to include the presence of a communication
pathway to the joint space. �
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