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Background: Tantalum components have gained popularity for the management of Paprosky type IIIA
and IIIB defects during revision total hip arthroplasty. Although the use of antiprotrusio cages solely
shows suboptimal results, there are certain defects that still require their use. We hypothesized that
combining tantalum augments and an antiprotrusio cage would (1) improve radiographic stability, (2)
enhance survivorship, (3) decrease complications, and (4) improve clinical outcomes.
Methods: We retrospectively reviewed 20 patients with Paprosky type IIIA or IIIB defects who under-
went revision of the acetabular component with a highly porous tantalum augment and an antiprotrusio
cage combination. Preoperative and postoperative radiographs, survivorship free from aseptic compo-
nent revision, and the Harris Hip Score, Western Ontario and McMaster Universities Osteoarthritis Index,
and Short Form-36 scores were analyzed. The mean follow-up was 2.8 years.
Results: At the most recent follow-up, no antiprotrusio cages had migrated and all tantalum augments
had radiographic evidence of osseointegration. In addition, only 2 components were revised for aseptic
etiologies and only 1 was loose. Both were revised secondary to failures of the inferior flange of the
antiprotrusio cage. All clinical outcome scores significantly improved postoperatively. Finally, the risk of
major postoperative complications was noted to be 10%.
Conclusions: In summary, a tantalum augment combined with an antiprotrusio cage in Paprosky IIIA and
IIIB defects with divergent anatomy not amenable to a hemispherical socket provides a reliable technique
to restore the anatomic hip center and prevent superior migration and provides a bony ingrowth surface.
Longer term follow-up is required before the technique is widely adapted.
Level of Evidence: Level IV, therapeutic studies.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

The latest updated projections on total joint replacement de-
mand in the United States show a continuing growth trend for the
incidence of revision total hip replacement [1]. One of the main
difficulties during revision procedures is managing large uncon-
tained acetabular defects, particularly Paprosky type IIIA and IIIB
defects [2]. Multiple solutions have been proposed, including
structural allograft reconstruction, impaction bone grafting with
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wire meshes, antiprotrusio cages, custom triflange components,
uncemented jumbo cups, and cup-cage constructs. However, vari-
able results have been reported with these techniques [3-8].

For many years, antiprotrusio cages were used, but high failure
rates (up to 15%) with implant loosening due to superior migration
tempered the use [9-14]. In addition, most antiprotrusio cages do
not allow for the possibility of long-term biologic fixation. For
almost 2 decades now, surgeons have used porous hemispherical
implants because of the desire to gain long-term biologic fixation.

The use of highly porous acetabular components combined with
modular highly porous acetabular augments has gained recent
attention during revision surgery, given not only the enhanced
biologic fixation but also the improvedmechanical stability [15-18].
Multiple midterm studies have supported the use of such a
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Figure 1. Anteroposterior (AP) (a) and lateral (b) radiographs depicting a patient with a Paprosky type IIIA defect.
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construct in Paprosky type II, IIIA, and IIIB defects [8,15-18]. This
technique allows the surgeon to maximize the contact with the
host bone, while also restoring the anatomic hip center.

However, there are rare cases of acetabular bone loss where the
severity and geometry do not favor an uncemented highly porous
socket for press fit, even when combined with highly porous
acetabular augments. This occurs when there is massive global
bone loss (including the ischium) or severe bone loss with a
divergent geometry that precludes gaining stable rim fixation of a
hemispherical component [14]. In these rare circumstances, an
antiprotrusio cage may be needed. However, given the aforemen-
tioned limitations, antiprotrusio cages are rarely used indepen-
dently. We hypothesized that the use of modular highly porous
acetabular augments combined with an antiprotrusio cage would
allow for initial rigid fixation, adequate host-bone contact for
longer term bony ingrowth, and anatomic placement of the hip
center in these severe cases with global bone loss and divergent
anatomy. As such, the aims of this study were to determine the (1)
radiographic stability, (2) survivorship, (3) complications, and (4)
clinical outcomes associated with a highly porous acetabular
augment-antiprotrusio cage combination in patients with Paprosky
type IIIA and IIIB defects.

Material and methods

From January 2007 to December 2010, 20 patients with
Paprosky type IIIA or IIIB defects (Fig. 1a and b) underwent revision
Figure 2. Postoperative anteroposterior (a) and lateral (b) radiographs after the same
of the acetabular component with a combination of a highly porous
tantalum augment (Trabecular Metal®; Zimmer Biomet, Warsaw,
IN) and an antiprotrusio cage (Fig. 2a and b). During the study
period, 2 types of antiprotrusio cages were used: Burch-Schneider
Ring® (Zimmer Biomet; Warsaw, IN) in 11 cases and Reko-Ring®
(Smith and Nephew, Marl, Germany) in 9 cases. All cases were
completed at a single academic, tertiary care institution by one of 2
highly experienced revision hip surgeons. After obtaining local
ethics approval and informed consent, these cases were retro-
spectively reviewed. All patients had a minimal follow-up of 2
years, with a mean follow-up of 2.8 years (range, 2-5.8 years).

The acetabular bone defects were categorized preoperatively
with the Paprosky classification [2]. Preoperative radiographs
included an anteroposterior view of the pelvis and a cross-table
lateral view of the hip. It is not our routine practice to obtain a
computed tomography scan, given that the intraoperative defect
varies based on the bone loss that occurs with removal of the prior
implants. Based on the Paprosky classification, there were 12 (60%)
type IIIA and 8 (40%) type IIIB defects. Four patients with type IIIB
defects had pelvic discontinuities. The classification was confirmed
intraoperatively.

Patients were seen at 3 months after surgery, 1 year after sur-
gery, and then annually by a single orthopaedic surgeon who did
not perform the procedures and was not involved in the study. At
each visit, postoperative radiographs were obtained and included
an anteroposterior radiograph of the pelvis, in addition to a cross-
table lateral radiograph. Two blinded orthopaedic surgeons not
patient had a reconstruction with a tantalum augment and an antiprotrusio cage.
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involved in the study evaluated all postoperative radiographs for
evidence of loosening or migration. An analysis of radiolucent lines
was carried out for each patient and measured within each of the 3
DeLee and Charnley zones [19,20]. Gap sizes were compared be-
tween the initial postoperative radiographs and the radiographs
that were taken at each follow-up examination. Of note, preoper-
ative and postoperative limb lengths were measured and docu-
mented on the radiographs.

Survivorship was evaluated free from aseptic acetabular revi-
sion for loosening and free from any aseptic acetabular reoperation.
Complications were analyzed during 3 time points: intra-
operatively, early postoperative period (within 3 months), and later
postoperative period (>3 months after the revision procedure). The
clinical outcomes were assessed by the Harris Hip Score [21], Short
Form-36 [22], and Western Ontario and McMaster Universities
Osteoarthritis Index [23] score.

The mean age of the cohort at the time of the revision surgery
was 60.6 years (range, 33-83 years). There were 8 men and 12
women. The mean body mass index was 28.4 kg/m2 (range, 22.1-
33.1 kg/m2). The mean number of operations before the tantalum
augment-antiprotrusio cage combination was 3.7 arthroplasty
procedures (range, 2-7 arthroplasty procedures). The initial indi-
cation for the primary total hip arthroplasty was primary cox-
arthrosis in 13 patients, secondary coxarthrosis after acetabular
fracture in 3 patients, idiopathic osteonecrosis of the femoral head
in 2 patients, and developmental dysplasia of the hip in 2 patients.
The indications for revision with the tantalum augment-
antiprotrusio cage combination were aseptic cup loosening in 14
(70%) cases and the second stage of a 2-stage revision procedure
with a Girdlestone arthroplasty for the treatment of chronic peri-
prosthetic joint infection in 6 (30%) patients. In 6 cases, the femoral
component was also revised.
Figure 3. The schematic picture demonstrates placement of the tantalum augment in
the superior weight-bearing dome, along with supplemental screw fixation. Placement
of the augment allows for bony ingrowth, as well as recreation of the anatomic hip
center.
Surgical technique

General anesthesia with regional nerve blocks was used in all
cases. All procedures were completed in the supine or lateral po-
sition with either a Hardinge approach (12 patients; 60%) or
modified Watson-Jones approach (8 patients; 40%). For all cases in
which a prior acetabular component was in place, this was
extracted without difficulty or additional bone loss, given the pre-
existing loosening of the component. Multiple intraoperative cul-
tures were obtained, and none showed any growth at final follow-
up. All acetabular defects were classified intraoperatively and found
to be consistent with our preoperative assessment. In addition, the
fixation of the stem was assessed.

Next, the acetabular pseudomembrane was removed and any
remaining bone was gently reamed to produce a bleeding surface.
Of note, in all of these cases, there was severe bone loss with
divergent anatomy that did not allow placement of a highly porous
hemispherical socket. As such, modular porous augments were
trialed in the superior weight-bearing dome followed by placement
of a trial antiprotrusio cage. Combinations were attempted until the
hip center was recreated, and the modular porous augment was
placed on the host bone. At this point, the highly porous augments
were fixed to the host bone with multiple screws through the
augment (Fig. 3). Cancellous bone graftingmaterial was then placed
in any cavitary defects. Next, bone cement was placed on the lateral
surface of the augment before placement of the antiprotrusio cage.
This was essential because it rigidly joined the augment and anti-
protrusio cage, minimizing micromotion and allowing for bony
ingrowth. Finally, the antiprotrusio cage was placed based on pre-
viously describedmethods (Fig. 4) [14]. All cages were secured with
multiple screws into the host bone (Fig. 5).

A key point in using antiprotrusio cages is the technical diffi-
culty of the inferior flange insertion due to a risk of ischial fractures
or cutout of the flange. A big emphasis is put on the technique:
Figure 4. The schematic picture depicts placement of the antiprotrusio cage with the
use of bone cement between the tantalum augment and cage.



Figure 5. The schematic picture depicts the final tantalum augmenteantiprotrusio
cage augment with supplemental screw fixation into host bone.
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identify the ischium, drill a hole in the ischium, put a depth gauge
in, and hit the bone at 2-3 cm to be sure that you are in the ischium.
Always create a slot, and never put the inferior flange on the top of
the ischium. The use of trial flanges is optional. In acute pelvic
discontinuity with good bone stock, additional osteosynthesis of
the posterior column can be performed if the inferior flange is
slotted in the ischium.

All patients had the same postoperative protocol, which
included low-molecular-weight heparin for venous thromboem-
bolic prophylaxis. Patients were toe-touch weight-bearing with the
use of a walker for 6 weeks after surgery, followed by partial
Figure 6. Premature implant failure of the antiprotrusio cage in ante
weight-bearing for 6 weeks. At 3 months, patients were allowed
full weight-bearing.

Statistical analysis

Data analysis was performed using the Statistical Package for
Social Sciences software (IBM SPSS Statistics, version 18.0, for
Windows, Chicago, IL). Descriptive statistical results (the mean,
standard deviation, range, percentage) were recorded to describe
results, complications, and revisions. Statistical analysis was per-
formed using the Kaplan-Meier estimates and survival curves.
Subgroups were compared with the Mann-Whitney U test for
nonparametric analysis. Ethical approval was obtained before the
investigation from the local ethics committee (reference number
EA1/086/14).

Results

Radiographic stability

We observed radiolucent lines around the antiprotrusio cage in
6 hips. There were 3 gaps in zone 1, 4 in zone 2, and 2 in zone 3.
None of the radiolucent lines progressed, and in 2 cases, they
completely resolved by the most recent follow-up. There was no
component migration appreciated, and all tantalum augments
appeared to be osseointegrated. Themean preoperative limb length
inequality was 2.9 cm of shortening (range, 0.5-6.0 cm of short-
ening) in the operative extremity. Postoperatively, there was a
shortening of 0.5 cm (range, 0-3 cm) in the operative extremity.

Survivorship

A total of 5 (25%) hips had to be revised at an average of 15.5
months (range, 6-21 months) postoperatively. However, this
included both septic and aseptic etiologies. Two revision arthro-
plasties failed because of recurrent deep infections (6 and 14
months postoperatively) and were treated with a resection
arthroplasty and 2-stage revision. In the remaining 3 aseptic re-
visions, 2 were due to failures of the inferior flange of the anti-
protrusio cage and 1 was due to aseptic loosening of the femoral
component. As such, only 2 components were revised for failure of
the acetabular construct, resulting in a 90% survivorship at themost
recent follow-up. In the hip with the breakage of the inferior flange
of the Burch-Schneider ring (21 month postoperatively), the
implant seemed to be stable intraoperatively (Fig. 6a and b). After
roposterior radiograph (a) and computed tomography scan (b).
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removing the antiprotrusio cage, the tantalum augment showed
osseointegration and remained in situ. The cage was changed to
cemented dual-mobility cup. The follow-up examinations showed
good clinical results, without signs of implant failure on the ra-
diographs. One hip was revised because of a dislocation of the
inferior flange. Intraoperatively, the antiprotrusio cagewas noted to
be loose, but it had notmigrated. In addition, the tantalum augment
was stable. This Burch-Schneider ring was changed to a larger
Reko-Ring. Finally, one hip underwent revision for aseptic loos-
ening of the femoral component at 21 months postoperatively. The
acetabular components proved to be stable intraoperatively and
remained in situ.

Complications

There was one intraoperative complication, which consisted of
injury to the femoral artery with placement of a Hohmann retractor
on the deficient anterior acetabular wall. The patient underwent an
immediate primary repair and did well without any subsequent
issues.

There were 2 major and 2 minor complications. A temporary
palsy of the peroneal nerve was observed in one case that had
completely resolved at the most recent follow-up. Another patient
had an isolated dislocation 2 weeks postoperatively while at
physical therapy. He was treated with a closed reduction. A third
patient had prolonged serous drainage for 1 week, but it did not
require any additional intervention. Finally, there was one deep
venous thrombosis that was treated conservatively.

There were no late complications besides the 2 failed inferior
flanges of the antiprotrusio cages as noted previously.

Clinical outcomes

The mean Harris Hip Score improved from 35.3 (range, 13.8-67)
preoperatively to 77.3 (range 38-99) postoperatively (Table 1). The
Short Form-36 improved from a mean of 36 (range, 15-87) to 62.6
(range, 21-97) postoperatively. The Western Ontario and McMaster
Universities Osteoarthritis Index score showed improvement from
a mean of 38.1 (range, 10.3-87.8) preoperatively to 74.1 (35.2-98.4)
postoperatively (Table 1). Patient satisfactory scores showed that 6
(30%) patients were very satisfied, 12 (60%) patients were satisfied,
and 2 (10%) patients were unsatisfied because of a limited range of
motion at the last follow-up.

Discussion

Reconstruction of complex uncontained acetabular defects is
one of the major challenges in revision hip arthroplasty. Although
multiple solutions have been proposed, variable results have been
reported. The advent of highly porous hemispherical sockets
combined with modular highly porous augments has revolution-
ized management of many of these complex defects. However,
there are some circumstances in which an antiprotrusio cage is still
Table 1
Preoperative and postoperative functional outcome scores.

Preoperative
N ¼ 20
Mean (range)

Postoperative
N ¼ 20
Mean (range)

P-value

HHS 35.3 (13.8-67) 77.3 (38-99) <.001
SF-36 35.9 (15-87) 62.6 (21-97) <.001
WOMAC 38.1 (10.3-87.8) 74.1 (35.2-98.4) <.001

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index score;
HHS, Harris Hip Score; SF-36, Short Form-36.
required because of massive bone loss and divergent anatomy. To
maintain the anatomic hip center, ensure bony ingrowth in the
weight-bearing dome, and achieve rigid fixation, we hypothesized
that such cases could be managed with a tantalum augment-
antiprotrusio cage combination.

The combination of a tantalum augment with an antiprotrusio
cage is essential, as antiprotrusio cages have shown high failure
rates secondary to the lack of osseointegration [14,24,25]. The
tantalum augment in the weight-bearing dome allows for a bony
ingrowth surface, rigid fixation to the antiprotrusio cage, and the
hip center to be brought down to a more anatomic location
[26,27]. Moreover, in this investigation, it prevented superior
migration that was previously noted in other series without the
use of a tantalum augment [9,24,25,28]. In this study, all patients
had rigid fixation, bony ingrowth, and no evidence of radio-
graphic loosening or migration of the tantalum augment or
antiprotrusio cage.

In regard to survivorship, we noted only 2 aseptic failures of the
acetabular construct, resulting in a survival rate of 90%. In addition,
only 1 of the constructs was loose at the time of revision surgery,
indicating that 19 of 20 constructs (or 95%) were well fixed.
Although the follow-up is short, the early findings are optimistic,
given that these patients have the most difficult acetabular defects
to revise, often having failed previous complex acetabular re-
constructions. In addition, the results are more encouraging than
those of antiprotrusio cages alone [14]. Indeed, it is concerning that
one inferior flange in the Burch-Schneider group fractured. This
may have occurred either because of excessive bending during
intraoperative placement (leading to fatigue failure) or secondary
to micromotion in the ilium.

Moreover, it is important to note that there was a 10% rate of
major postoperative complications. This included one temporary
nerve palsy that fully recovered at the most recent follow-up, in
addition to an isolated postoperative dislocation. This rate is
consistent with complication rates reported for major revision total
hip arthroplasties.

There are limitations to the present study. Foremost, the patient
numbers are small. However, it is a reasonable number of cases for a
difficult situation encountered during revision hip arthroplasty. In
addition, although the follow-up is only midterm in length, it is
sufficient to establish the technique’s ability to restore the anatomic
hip center, achieve rigid initial fixation, and provide a bony
ingrowth surface. It will be important to follow up these patients to
determine longer term results. In our cohort, we observed a high
rate of patients who were lost to follow-up; therefore, it was not
possible to obtain long-term results.

In summary, a tantalum augment combined with an anti-
protrusio cage in Paprosky type IIIA and IIIB defects with divergent
anatomy not amenable to a hemispherical socket provides a reli-
able technique to restore the anatomic hip center, prevent superior
migration, and provide a bony ingrowth surface for longer term
durability. Long-term follow-up is required before the technique is
widely adapted.
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