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Management of Severe Bone Loss in Acetabular
Revision Using a Trabecular Metal Shell

Xavier Flecher, MD,*§ Scott Sporer, MD, I and Wayne Paprosky, MD {1

Abstract: We investigated the early results of trabecular metal components in 23
acetabular revisions associated with major bone loss. The mean age was 58.2 years.
According to Paprosky's classification, there were 17 type IIIA and 6 type IIIB
acetabular detects. Eight chronic pelvic discontinuities were intraoperatively assessed.
No additional plating or bone grafting was necessary. The mean postoperative
modified Postel-Merle d'Aubigne score was 10.6 points (8-12 points). The mean
postoperative position of the center of rotation was 26.3 mm vertically (15-47 mm).
The mean inclination was 45.1° (20°-63°). No mechanical failure occurred at a mean
follow-up of 35 months (24-50 months). Trabecular metal components appear
suitable to achieve primary stability in type III acetabular defect as an alternative to
bone graft and cages. Key words: total hip arthroplasty, acetabular revision, bone
defect, trabecular metal, results.
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Acetabular revision is a challenging procedure, and
one of the most challenging aspects of this surgery
relates to the management of a major bone loss.
With adequate biologic and mechanical condi-
tions, cementless acetabular components have
shown improved medium- and long-term survival
over cemented components [1-7]. However, pre-
operative understanding and determination of
acetabular bone loss are essential to achieve a
successful reconstruction. Based on the remaining
host bone, the surgeon has to evaluate if the
required biologic conditions are available and if
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primary mechanical stability will allow bone
ingrowth for the cementless hemispheric compo-
nent. The intraoperative decision is made both on
the stability of the trial component and the
mechanical stability provided by the remaining
host bone to the construct.

The senior author previously described a systema-
tic approach based on the severity of bone loss and
analyzed the ability of the use of hemispheric
cementless porous component in face of failed
acetabulum [8]. A type I defect has an undistorted
rim with no osteolysis or migration of the compo-
nent, a type II defect has a distorted intact rim with
adequate remaining bone to support a hemispheric
cementless implant, and a type Il defect has a
nonsupportive rim. In type I and II defects,
cancellous bone and porous hemispheric acetabula
may be used. A cementless acetabular implant is
usually suitable in types I and II, and satisfactory
outcomes have been shown [1,3,9].

A cementless component may not be adequate
in type IHI defects. Radiographs show superior
migration of greater than 2 cm with or without
ischial and medial osteolysis. The acetabular rim
does not provide sufficient initial stability and
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requires structural allograft to achieve the recon-
struction in the proper location. Type II is sub-
divided in 2 categories.

In type IIIA, durable biologic conditions for bone
ingrowth are present with a contact of the compo-
nent with the remaining host bone more than 40%
to 60%. Implantation of a cementless component is
possible but requires the use of a structural buttress
to provide initial stability, allowing secondary bone
growth to occur.

In type IIIB, the migration is superior and medial.
Less than 40% host bone is in contact with the
component, and the bone ingrowth required for the
durable stability of a cementless component is
compromised. Therefore, type IIB defects require
the use of a massive allograft fused to the ilium,
protected with an acetabular cage, and a cemented
polyethylene liner. Other current options include
placement of an acetabular component associated
with structural bone graft, placement of a large
acetabular component, and placement of an acet-
abular component on host bone in a superior
position (a high hip center). Moreover, patients
with type IIIB defect are at high risk for occult pelvic
discontinuity that may need an additionally poster-
ior reconstruction plate.

The poor clinical outcomes observed with these
techniques to face the major acetabular bone loss
and the controversial results of structural bone
grafting have incited the senior author to explore
the use of a trabecular metal acetabular component
with augments most of his current type III cases.

Materials and Methods

Material

A group of 23 hips (22 patients) underwent an
acetabular revision with the use of tantalum cups
and augments for type III defect and was included in
a retrospective clinical and radiographic study.
Preoperatively, 17 hips were classified as type IIIA
and 6 were classified as type IIIB. The mean age at
the time of surgery was 58.2 years (range, 34-84
years). There were 16 females and 7 males.
Acetabular revision was performed as an isolated
procedure in 15 cases (65.2%). The preoperative
diagnosis was mainly aseptic loosening (17 hips,
73.9%). On these, 11 acetabular components were
cemented (5 metal-backed, 5 whole polyethylene,
and 1 cage) and 6 were cementless, including
2 jumbo cups and 1 high hip center. The mean
number of previous surgery on the hip was 2.3. The
patients were followed up for a mean period of
35 months (range, 24-50 months) (Figs. 1 and 2).

Fig. 1. Anteroposterior view of a 79-year-old woman's
right hip with an aseptic cup loosening anteriorly 4 times
revised. A, On the preoperative x-ray, the acetabular
osteolysis is type IITA according to Paprosky's classification.
The presence of a pelvic discontinuity was not assessed
preoperatively. B, Postoperative x-ray at 34 months of
follow-up with osseointegration of both tantalum-made
cup and superomedial augment.
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Surgical Technique

Acetabular components made from porous tanta-
lum were used in this study (trabecular metal;
Zimmer, Warsaw, Ind). The trabecular metal mod-
ular cup is an elliptical multiholed porous tantalum
press-fit cup with a cross-linked polyethylene liner
locked in the socket. The trabecular metal revision
shell is an elliptical 2-piece design fixed by screws to
the ilium with a cross-linked polyethylene cemen-
ted into the metal shell. The tantalum acetabular
augment shape similar to a partial hemisphere
comes in 3 thicknesses (10, 20, and 30 mm) and 6
sizes to match the acetabular component sizes,
allowing for fit both the bone defect and the outer
diameter of the acetabular component.

All the surgeries were performed by one surgeon
with a posterior approach, patients in lateral
decubitus position. The approach could include an
extended trochanteric osteotomy performed in case
of cement removal around a revised stem. The
components and the fibrous tissues were removed,
and the acetabular bone loss and remaining bone
stock were analyzed. The presence of an acute or
chronic pelvic discontinuity was also assessed.
Finally, an intraoperative infection evaluation
including cell count and frozen sections was done.

The acetabulum was sequentially reamed with a
progressive increase of 1 mm in the desired location
to find the dimension of the cavity until 2 points of
fixation were found and the dimension of the cavity
assessed. The goal of the reaming was to shape the
oval acetabulum to a hemisphere constrained by
anterior and posterior walls. The reaming could
sacrifice in some cases a portion of anterior column
to create this hemisphere. However, care was taken
to avoid any damage to the posterior column.

The acetabular cup trial was realized as one size
above the reaming, which reproduces in our
experience the mechanical stability encountered
with the final trabecular metal component that has
an inherent 2-mm press-fit. The final goal was to
achieve a correct coronal inclination and antever-
sion of the cup and maximize the contact of the
whole construct with the remaining pelvic bone.
The trial implants can have full, partial, or no
inherent stability. With full inherent stability, the

Fig. 2. Anteroposterior view of a 51-year-old man's left
hip with a jumbo cup aseptic loosening (outer diameter,
64 mm). A, On the preoperative x-ray, the acetabular
osteolysis is type IIIB according to Paprosky's classification.
B, Immediate postoperative anteroposterior view of the
pelvis. C, Postoperative x-ray at 26 months of follow-up
with osseointegration of both cup and augment.
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trial had some press-fit, but the surgeon is able to
push on the rim of the trial without displacing the
trial, and a trial reduction can be performed without
displacing the trial component. With partial inher-
ent stability, the position of the trial is maintained
while the trial inserter is removed, and the trial can
be removed by the fingers or moved when the
surgeon pushed on the edge. The cup position will
not be maintained if a trial reduction is attempted.
Finally, no inherent stability implies that support of
the trial component by host bone is inadequate to
maintain placement of the trial in the desired
location once the trial inserter is removed. In the
present study, all the trials had partial or no
inherent stability.

When the trial had partial or no inherent stability,
one or more acetabular tantalum augment was
necessary to fit the defect and stabilize the trial. The
augment could be inserted in many variable loca-
tions according to the bone loss pattern. Augments
are often placed on the medial aspect of the ilium
and are commonly used with the wide base placed
laterally and the apex medially in type IIIB and in
the opposite way for the type IIIA defect. A reaming
of the bone loss was performed line to line according
to the augment size to maximize the contact
between the bone and the augment. The acetabular
augment was then secured by two or three 6.5-mm
screws to the pelvis. Portions of the augments may
be removed with a metal cutting burr to increase the
surface area contact with the acetabular cup.
Cancellous bone chips were compacted in the
remaining cavitary defect. Acrylic cement was
inserted to fill the space between the superior part
of the acetabular component and the acetabular
augment. The cup was inserted, line to line to the
reaming, and was fixed by any 6.5-mm screws as
possible. The choice for the trabecular metal revision
shell was made in case of need for additional screws,
as in pelvic discontinuity. No additional posterior
plating was performed in case of pelvic discontinu-
ity, which was stabilized in distraction by the
acetabular component. The hip stability was
achieved with a modular insert available in stan-
dard, 10°, and 20° elevations and large diameter
femoral head.

Clinical and Radiographic Evaluation

A modified Merle d'Aubigne and Postel system
[10] modified by Charnley [11] was used for the
clinical evaluation. The scoring system awards a
maximum of 6 points each for pain and walking
with a maximum score of 12 points. A score of 11
or 12 points was considered as an excellent result,

10 points as a good result, and 9 or below as a poor
result. Presence of complications as infection, nerve
palsy, or dislocation has also been recorded.

Radiographic analysis was performed preopera-
tively, immediately postoperatively, at 3, 6, and
12 months, and at the end of follow-up. These
radiographs included an anteroposterior view of the
pelvis and anteroposterior and lateral views of the
hip. The correction for radiographic magnification
was based on the known femoral head diameter.

The preoperative analysis included the analysis of
the preoperative location of the hip center, vertically
from the interteardrop line and horizontally from
the teardrop, and the leg length discrepancy.

The vertical position of the center of rotation from
the interteardrop line and the horizontal position of
the center of rotation from the teardrop [12], the
acetabular cup inclination, and the leg length
discrepancy were analyzed postoperatively. The
stability of the acetabular component was also
analyzed as described by Zicat et al [13] in each of
the 3 zones described by DeLee and Charnley [14].
An unstable acetabular component or a revision for
aseptic loosening was considered as a failure. The
presence of heterotopic ossification was assessed
using Brooker's classification [15].

The ,* test and Student ¢ test were used to make
assessment of statistical significance using P < .05 as
the critical value for a.

Results

The acetabular cementless porous trabecular
metal revision shell was used in 19 hips and the
modular trabecular metal cup in 4 hips. No relation
between the choice of the implant and the pre-
operative acetabular defect classification was found.
Conversely, the choice for the shell was made
intraoperatively only in case of need for additional
screws or pelvic discontinuities. Eight occult pelvic
discontinuities (34.8%) were revealed during the
surgery (6 in type IIIA hips and 2 in type IIB hips),
and all had a trabecular metal shell.

Sixteen trabecular metal augments were
required in 14 hips (60.9%). Eleven of the 17
type IIA hips (64.7%) required 1 or 2 augments
for 5 of the 6 type IIIB hips (83.3%). Three patients
required 2 tantalum augments of which 2 required
it both in posterosuperior and anteromedial
defects. No augments have been stacked. The
mean diameter of the acetabular component was
64.4 mm (52-80 mm). No structural allograft or
additional plating was performed. In 3 hips, a
morcellized bone graft of the medial wall was
associated (1 type IIIA and 2 type IIIB).
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Four hips required an extended trochanteric
osteotomy to achieve an associated femoral revision,
3 of which to remove the cement of a cemented
stem.

The preoperative mean Postel-Merle d'Aubigne
modified score was 6.8 points (range, 4-9 points).
All the patients had frequent pain with limitations of
activities, severe pain, or permanent pain including
at rest. Sixteen patients (69.6%) had a limp and
needed a cane to walk. Four patients were unable
to walk.

The mean modified postoperative Postel-Merle
d'Aubigne score was 10.6 points (range, 8-12
points). Fourteen patients (60.9%) had an excellent
result, 8 (34.8%) a good result, and 1 (4.3%) a poor
result. The mean pain score was 5.8 points (range, 3-
6 points). Seventeen patients (73.9%) had no pain,
and no patients had pain-limiting activities. The
mean walking score was 4.8 points (range, 3-6
points). Eleven patients were able to walk without
pain or limitation and did not need a cane. Six had
an occasional limp without a cane; 7 had a frequent
limp with an intermittent need for a cane. No
patient was unable to walk. Any correlation was
found between the clinical outcomes and the bone
loss classification.

Fourteen patients (60.9%) had no limp or walking
restriction, 4 (17.4%) had an occasional limp with-
out a need to a cane, and 4 patients (17.4%) had a
frequent limp and use a cane for long walks. On
these 4 patients, 2 had 4 previous surgeries on the
considerate hip with a 3B defect and the other 2 had
a 2B acetabular defect. One patient (4.3%) had a
permanent limp with the use of a cane. This 66-year-
old patient underwent a 2-stage acetabular and stem
revision for septic loosening, with a 3B acetabular
defect associated to a pelvic discontinuity and a 2A
femoral defect of which stem removal required an
extended trochanterotomy. No patient was unable
to walk.

All the extended trochanterotomy healed. No
infections, preoperative fracture, or sciatic nerve
palsy occurred. One patient (4.3%) required a
reoperation for current dislocation with an insertion
of a constrained liner at 23 months from the surgery.
No periprosthetic ossification was recorded.

The preoperative mean location of the center of
rotation of the hip was vertically 41 mm (range, 20-
66 mm) from the interteardrop line and horizontally
39 mm (range, 14-63 mm). The mean leg length
discrepancy was 28 mm (range, 1-55 mm), includ-
ing 4 patients with a preoperative leg length
discrepancy below 5 mm. These patients had a
bilateral acetabulum failure with migration, and
only one of them has undergone a bilateral revision

at the time of the study. The mean postoperative
location of the prosthetic head center was 26.3 mm
vertically (range, 15-47 mm) and 40.5 mm (23-55
mm) horizontally. The mean acetabular component
inclination was 45.1° (range, 20° to 63°). The mean
postoperative leg length discrepancy was 8.3 mm
(range, 0-38 mm).

No mechanical failure, screw breakage, loosening,
or migration has been noticed during the time of the
study. Two patients had a nonevolutive radiolucent
line below 1 mm present on the immediate post-
operative radiograph and at the end of follow-up
without clinical implication (1 on zone 2 and 1 on
zone 3). No patients required a revision at the time
of follow-up.

Discussion

Acetabular revision remains a major considera-
tion with the increasing life span of patients living
with total hip arthroplasties and indicating surgery
at younger ages. Cementless components have
shown satisfactory outcomes over cemented recon-
struction and have become the treatment of choice
of several authors in acetabular revision [1-7].

However, aseptic loosening in long-time asymp-
tomatic patients often leads to management of
major bone loss at the time of revision. Biologic
potential for bone ingrowth (including intimate
contact between the component and the host
bone) and appropriate mechanical condition motion
(<40 to 50 um) are usually available in types I and II
defects. Conversely, type III acetabula are not
supportive because of the bone loss and the frequent
presence of an occult pelvic discontinuity.

In type IIIA, the migration is superior and lateral,
and Kohler line is not violated. The contact of the
cementless cup with host bone should occur more
than 40% to 60% of the surface area. The trial
component will have partial inherent mechanical
stability, but the structural allograft is necessary to
support the implant. A cementless component
associated with a bulk graft allows bone stock
restoration for potential further revision and has
shown adequate medium-term outcomes [16,17].
Nevertheless, graft resorption may occur with a high
rate of loosening [18-20].

With type IIIB defect, the migration is superior
and medial, and there is less than 40% of available
host bone. The Kohler line is violated, and there is a
high risk of pelvic discontinuity [21]. In this setting,
the use of a cementless hemispheric component
with bulk allograft is compromised.

One solution then may be to use a structural
allograft with a cemented polyethylene [22]. Type
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IIIB acetabular defects treated with large acetabular
allograft and cemented acetabular components
without a supporting cage bridging the graft have
shown poor clinical results [23]. Many authors then
began to use reconstruction cages, but the overall
mechanical failure rate is between 0% and 15% at
midterm follow-up [24-27]. In our experience, 18 of
the 45 hips where a cage was used for a type LI
defect mechanically failed at 2- to 8-year follow-up
(9 hips revised for aseptic loosening and an addi-
tional 9 hips radiographically loose) [21]. Perka and
Ludwig [28] conducted a study on 63 Burch-
Schneider rings in 62 patients with segmental or
combined defects at a mean follow-up of 5.45 years,
and all cases of aseptic loosening occurred in type
1B defects and defects of the posterior column.

These findings have been since supported by other
reports and lead some authors to explore the use of
trabecular metal component in type III defects
[21,29-31]. In the current study, the trabecular
metal components used were cementless hemi-
spheric conventional cups associated with aug-
ments. The augments acted as a structural
allograft, increasing the contact surface area with
the host bone. The construct is then a modular
cementless acetabular component allowing the
restoration of the hip center without the use of a
cage. The early results of the present study were
encouraging with a mean modified postoperative
Postel-Merle d'Aubigne score of 10.6 points (range,
8-12 points) and no mechanical failure.

The presence of a high number of pelvic dis-
continuity was a concern in the present study. It has
been described that if the hip center has not
migrated more than 3 cm above the superior
obturator line, the probability of a pelvic disconti-
nuity was minimal [32] and that pelvic discontinuity
was rarely encountered in type IIIA acetabular
defects [21]. In the current study, the proportion
of patient with chronic pelvic discontinuity was
relatively high in both type III (35.3% of type IIIA
defect and 33% of type IIIB defect) with a mean
vertical migration of 23 mm (18-28 mm). All were
chronic pelvic discontinuity with a poor healing
potential and required the use of the acetabular shell
to be stabilized in distraction. Because the initial
stability of the whole modular construct was
enhanced with distraction, no additional plating
was necessary. Therefore, the clinical results of these
patients were not different than the general out-
come of the whole population studied.

Awaiting longer follow-up, these early results at a
mean follow-up of 35 months (range, 24-50
months) are hopeful. Even if the absence of bone
stock restoration is emphasized in the present study,

other authors described the use of trabecular metal
component with structural allograft [29]. With a
careful approach of the problems encountered in the
management of acetabular revision with severe
bone loss, the use of trabecular metal components
seemed adequate to achieve a stable fixation close to
the anatomical position without the use of cages in
type III defect.
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