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Abstract Acetabular revision of failed cages or rings
may be facilitated by previously placed bone graft,
enabling the use of highly porous cementless hemispheric
cups. We retrospectively reviewed all 15 patients who had
conversion of failed antiprotrusion cages (10 patients) or
roof rings (five patients) to cementless cups. All patients
had restoration of bone stock (three major column, eight
morselized, four combined bone grafts) performed in
conjunction with their index cage or ring reconstruction
arthroplasty. The minimum followup was 24 months
(average, 48.3 months; range, 24-72 months). Failure was
defined as radiographic cup migration. In 12 of the 15
patients, there was no radiographic change in cup position
at the last followup or symptoms indicative of loosening.
The average Harris hip scores improved from 31 (range,
15-48) to 69 (range, 56—87) at latest followup. Cup failure
occurred in three patients. In two patients, the failed cups
were revised; the third patient refused additional surgery.
Our experience suggests treatment of failed cages by
highly porous cementless cups is a reasonable option.
However, we recommend patients be followed closely to
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detect cup migration, which can occur until satisfactory
bony ingrowth occurs.

Level of Evidence: Level IV, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Acetabular reinforcement rings, also known as roof rings
and antiprotrusion cages, have been used for approximately
30 years in the management of severe acetabular bone loss
in revision THA [7, 9-11, 19, 27]. Roof rings are a metallic
device with a superior flange for the placement of multiple
screws for additional fixation. These implants are generally
used to protect morselized cancellous bone grafts in minor
acetabular dome or medial wall defects and are in contact
with host bone superiorly and inferomedially. In contrast,
antiprotrusion cages are larger metallic implants that span
the entire acetabulum from the ilium to the ischium. An-
tiprotrusion cages gain supplementary purchase through a
superior flange fixed with multiple screws onto the ilium
and a lower flange inserted through a slot into the ischium.
These cages are used for more extensive bone defects,
including uncontained defects of the acetabular columns
and dome when contact with native bleeding bone is
marginal for bone ingrowth to allow long-term fixation of
cementless cups [2, 19, 23, 26, 33, 34]. They protect the
extensively grafted acetabular bed, often by major column
grafts, by transferring some of the load from the acetabular
bed to the ilium and the ischium.

Because there is no bone ingrowth into the cages, they
have reported failure rates defined as aseptic loosening and
cage migration ranging from 0% to 25% at midterm as a
result of hardware failure of the screws or flanges [9, 32, 34].
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Fig. 1 A 76-year-old patient presented with a failed antiprotrusion
cage. Note the broken hardware and a distorted ischium.

Screws may eventually break, whereas the ischial flanges
can either break or loosen, leading to cage migration
(Fig. 1). Management of failed acetabular cage recon-
struction (reinforcement rings or antiprotrusion cages) may
require a repeated attempt at cage reconstruction [19].

However, bone graft implanted during the index cage
reconstruction may provide satisfactory bone stock to
allow coverage for a cementless hemispheric cup fixed by
multiple screws and simplifying the surgical procedure
[2, 4, 5]. Trabecular metal cups provide reliable bone
ingrowth and durability even under less favorable condi-
tions such as pelvic discontinuity [28, 29].

Our study had several objectives: (1) to determine the
rates of cup migration or presence of radiolucent lines after
conversion of failed cages to trabecular metal (TM) cups
without ancillary buttressing of a metallic augment or
structural bone graft; and (2) to evaluate the Harris hip
scores (HHSs) and use of walking aids for ambulation.

Materials and Methods

We retrospectively reviewed all 15 patients (nine women,
six men) who had a failed cage reconstruction with bone
grafting and who were converted to TM hemispheric cups
(Zimmer, Warsaw, IN) (Figs. 2, 3). The indication for all
revisions was aseptic loosening and cage migration. The
mean age at the time of surgery was 67 years (range, 34—
89 years). Average time to cage failure, defined as cage
migration resulting from loosening, hardware breakage, or
ischial flange escape, was 75 months (range, 22-123
months; median, 72 months; Table 1), which corresponds
to the reported time to failure of acetabular cages in pre-
vious studies [9, 33]. The only patient with a cage survival

Fig. 2 Postoperative radiographs of the patient at 6 weeks postcon-
version from a failed antiprotrusion cage to trabecular metal cup.
Note that the broken screws did not require removal and were left
in situ.

Fig. 3 Postoperative radiographs of the patient at 2 years postcon-
version from failed cage to trabecular metal cup. There is no change
in cup position or presence of radiolucent lines.

shorter than 50 months was referred to our institution as a
result of a technically malpositioned cage. Apart from this
patient, all index cage reconstructions were performed by
the senior author (AEG). Minimum followup was
24 months (average, 48.3 months; range, 24—72 months).
One patient died 36 months postsurgery; at her last fol-
lowup, 3 years postsurgery, there was no evidence of cup
migration or loosening. None of the patients was lost to
followup. We had prior approval of our Institutional
Review Board.

All patients had bone grafting (three structural, eight
morsellized, four combined bone grafts) performed in
conjunction with the initial cage or ring reconstruction
(Table 1). Ten of the cages were antiprotrusion cages and
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Table 1. Patient preoperative and intraoperative data

Patient Months to  Underlying Cage type Liner Number Previous Cup Head Morsellized
code cage etiology of screws  surgeries size  size bone graft
failure
1 92 Osteoarthritis Antiprotrusion  Unconstrained 5 64 32 No
2 72 Osteoarthritis Roof ring Unconstrained 4 60 28 Yes
3 71 Developmental Roof ring Unconstrained 4 48 28 Yes
Dysplasia
4 60 Osteoarthritis Antiprotrusion  Constrained 5 4 68 32 No
5 56 Osteoarthritis Roof ring Constrained 4 4 56 32 Yes
6 84 Rheumatoid Arthritis Roof ring Unconstrained 3 3 60 32 Yes
7 123 Osteoarthritis Antiprotrusion  Unconstrained 4 2 62 28 No
8 86 Osteonecrosis Roof ring Constrained 4 7 52 32 Yes
9 22 Osteoarthritis Antiprotrusion  Unconstrained 3 5 66 28 Yes
10 96 Developmental Antiprotrusion  Constrained 2 2 52 32 Yes
Dysplasia
11 53 Developmental Antiprotrusion  Constrained 4 7 74 32 Yes
Dysplasia
12 71 Neoplasia Antiprotrusion  Constrained 6 2 62 32 Yes
13 50 Osteoarthritis Antiprotrusion  Constrained 3 1 58 32 Yes
14 117 Post Traumatic Antiprotrusion  Unconstrained 3 2 60 40 No
15 72 Osteoarthritis Antiprotrusion  Unconstrained 2 5 48 28 No
Average 75.0 3.7 34 59.3 312
Minimum 22.0 2.0 1.0 48.0 28.0
Maximum  123.0 6.0 7.0 74.0 40.0
Median 72.0 4.0 3.0 60.0 320

five were reinforcement rings. In six of the 10 antiprotru-
sion cages, structural bone grafts were used either in
combination with morsellized bone graft (three patients) or
alone (three patients). In the remaining four patients, bone
stock was restored solely by morsellized bone graft. Con-
versely, morsellized bone grafts were used in four of the
five patients with failed reinforcement rings, whereas a
combined morsellized and major column bone graft was
used in one patient.

In each patient, we documented the number of previous
arthroplasties as well as surgical approach, acetabular and
femoral head sizes, type of liner, number of screws used to
fix the cup, and use of morsellized fresh frozen bone
allograft (Table 1). In six of the 15 patients, we inserted a
constrained liner at the time the failed acetabular cage was
converted to a TM cup to enhance hip stability. In four of
these patients, cage failure was accompanied by disloca-
tion, whereas another patient had a history of dislocations
and was already treated by a constrained liner before his
cage failure. The remaining patient had severely compro-
mised abductor function.

The senior author used revision model 00-7000-056-20
(Zimmer) TM cups for all of these complex revision
arthroplasties because they allow bone ingrowth even with
limited bleeding bone. If necessary, new drill holes can be
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drilled by the surgeon into the TM cups for enhanced initial
cup fixation by appropriately placed screws into the ilium
[14, 21, 22]. Drilling the TM cup is approved by the
manufacturer only in the revision model. The quality of
screw purchase was assessed by the senior author (AEG)
on a rough estimate scale of 1 to 10 with the aim to have at
least two screws with good purchase (8 and above) [4].
Subsequently, an average of four screws (range, 2-6;
median, 4) (Table 1) was used.

We performed a trochanteric sliding or extended
trochanteric osteotomy in all patients [9]. Extended tro-
chanteric osteotomy was used in two patients with loose
femoral components that were revised to a cementless
modular stem (ZMR; Zimmer) in conjunction with the cage
conversion. In cases in which there was a previous fibrous
union after a previous arthroplasty, the greater trochanter
bony shell was preserved, maintaining vastus lateralis-
abductor continuity, and was secured at the end of the
revision to the proximal femur. The loose cage was
removed carefully to prevent unnecessary damage to the
acetabular bone stock and soft tissues, especially at the
vicinity of the sciatic notch. The acetabulum was cleared
from residual cement and soft tissue typically present at the
backside of the cup. The acetabulum was initially assessed
for segmental as well as cavitary defects and was reamed
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Table 2. Functional outcome of patients with successful conversion from failed cages to trabecular metal cups

Patient code Height (cm)  Weight (kg)  Body mass Postsurgery Followup Harris hip score
index (kg/mz) ambulatory level (months) - -
Preoperative ~ Postoperative
at latest followup

1 165 72 26.4 2 canes 66 24.5 63.5

2 170 57 19.7 Walker 36 21 56

3 161 67 25.8 None 69 48.5 77

4 180 113 349 Walker 51 29 77

5 195 120 31.6 Cane 45 40 63

6 143 47 23 Walker 36 36.5 67

7 178 76 24 Cane 48 22 63

8 173 65 21.7 Walker 24 24 67.5

9 198 118 30.1 None 72 15 87.5

10 165 78 28.7 2 canes 60 44 65

11 170 49 17 Cane 36 45.5 56

12 177 85 27.1 Cane 36 25.5 78.5
Average 172.9 78.9 25.8 48.3 31.3 68.5
Minimum 143.0 47.0 17.0 24.0 15.0 56.0
Maximum 198.0 120.0 349 72.0 48.5 87.5
Median 171.5 74.0 26.1 46.5 27.3 65.0
Standard deviation 14.7 25.6 5.1 15.5 11.1 10.1

until good contact was reached with bleeding host bone.
The most superficial layer of the acetabular bone graft
implanted during the cage reconstruction was sclerotic
[21]. A deeper layer was transitional and has few islands of
bleeding bone. It was necessary to ream beyond this layer
to reveal the deepest layer of the bone graft that has
superior vascularity with more abundant bleeding bone,
allowing improved biologic conditions for bony ingrowth.
Once reaming of the acetabulum was completed, we
examined the acetabular bed to evaluate bone defects and
to determine if its bone stock could provide adequate
mechanical support for the cup. In all the patients included
in the study, the acetabular bed allowed a reasonable press
fit of the cup for primary fixation [2, 5, 21]. At the time of
conversion to TM cups, we encountered cavitary (Type II)
defects in 10 of the 15 patients [3, 25] that were filled with
packed fresh-frozen morselized bone allograft. No seg-
mental acetabular defects were encountered; thus, none of
the patients in the study had ancillary buttressing by a
structural bone graft or a metallic augment. A touch
weightbearing protocol was applied to all patients postop-
eratively for a period of 6 weeks with a gradual return to
full weightbearing over 2 weeks thereafter.

We clinically evaluated each patient at 6 weeks,
6 months postsurgery, and at annual followup visits. The
evaluation included HHSs (which had also been obtained
preoperatively) [13]. In addition, we recorded data
regarding patients’ use of walking aids preoperatively and
postoperatively (Table 2).

Radiographic evaluation included routine hip radio-
graphs (anteroposterior view of the pelvis as well as
anteroposterior and lateral views of the affected hip) per-
formed preoperatively and at 6 weeks, 6 months, and
annually postsurgery (Figs. 2, 3). Radiographs performed
at 6 weeks postsurgery served as the baseline to which
subsequent followup radiographs were compared. The
senior author (AEG) examined acetabular cup fixation
according to published criteria for cup migration as well as
for presence of radiolucent lines [20]. In each patient, cup
inclination angles and the vertical distance of the hip center
of rotation from the inter ischial line as well as the hori-
zontal distance from the hip center of rotation to the
ipsilateral teardrop were determined. If the teardrop of the
involved side was deformed after cage reconstruction,
the contralateral teardrop served as the reference point for
these measurements. Cup failure was defined if horizontal
or vertical acetabular component migration greater than
5 mm was observed or if radiographs demonstrated cir-
cumferential radiolucent lines, including in the area around
the screws [20].

Results

In 12 of the 15 patients, there was no change in cup
position or radiolucent lines on followup radiographs at
latest followup. None of these patients reported symptoms
indicative of loosening. In three patients, we identified cup
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at 6 months, 1 year, and 3 years postsurgery, respectively.
In the first patient, the cup was replaced by an antiprotru-
sion cage and the patient is doing well with HHS of 62 at
3 years followup. The second patient refused any addi-
tional surgical intervention and ambulates with a walker. In
the third patient, the cup was changed to a larger TM cup
(74-78 mm diameter) that was protected by an antipro-
trusion cage (cup-cage technique). He is doing well at 6-
month followup and ambulates with a walker. The cup
migrated in two of the six patients who were treated by a
constrained liner compared with only one of the remaining
nine patients treated by unconstrained liners at their index
conversion arthroplasty from failed cages to cups.

The average HHS improved from 31 (range, 15-48;
median, 27) preoperatively to 69 (range, 56—87; median,
65) at latest followup. Two patients did not use external
walking aids, four patients used a single cane, two patients
used two canes, and four patients used a walker (Table 2).
One patient, who had a hip dislocation after conversion
from a failed cage to a TM cup, was treated by revision of
his femoral component and changing his liner to a con-
strained one without changing the TM shell. No infections,
vascular or neurologic injuries were encountered.

Discussion

Clinical outcomes of acetabular reconstructions by cages
combined with allogeneic bone graft have been well docu-
mented [1, 2, 7-11, 23-27, 34] with a reported failure rate
reaching up to 25% at 5 years [9]. However, to the best
knowledge of the authors, there are no data in the literature
regarding the outcomes of repeated acetabular reconstruc-
tions after such failures. During the timeframe from
reconstruction with a cage to implant failure, the bone graft
implanted in conjunction with the cage reconstruction may
undergo remodeling and restore the acetabular bone stock
[21]. In some cases, this may provide adequate bone stock
for reconstruction with a cementless hemispheric cup
without structural support instead of repeated reconstruction
by a cage [4]. Consequently, the acetabular reconstruction
will not involve extra acetabular exploration of the ischium
and ilium that is required for repeated reconstruction by a
cage. Thus, the potential for sciatic nerve as well as the
superior gluteal nerve and artery injury may be reduced [14].
We report on the radiographic outcomes, including rates of
cup failure and presence of radiolucent lines as well clinical
outcomes using HHS and use of walking aids, in 15 patients
with failed acetabular cages managed by nonbuttressed TM
cups at a mean of 4 years.

Our study has certain limitations. First, the number of
patients was limited despite the high-volume referral base
and catchments area of our institution. Given there was no
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control group, the lack of published data in the literature
specific for outcomes after repeated acetabular recon-
structions after failed cages did not allow for a ready
comparison. Second, the followup review of the patients
was not blinded. Third, because this was not a randomized
study, selection bias and confounders could not be con-
trolled. In addition, the decision whether a nonbuttressed
cup is appropriate can be taken only after removal of the
old component and reaming the socket. This decision is
based on the type of the acetabular defects, quality of
fixation achieved, and amount of bleeding bone from the
restored bone stock. Consequently, the decision may not be
reproduced by an unbiased observer [25]. However, none
of the patients was lost to followup and we analyzed a
uniform acetabular reconstruction technique by a single
surgeon decreasing the heterogeneity of the study group,
allowing some conclusions regarding the usefulness of
such reconstructions.

Several series have reported promising preliminary
outcomes of acetabular reconstructions in patients with
combined cavitary and segmental defects treated with TM
cups and metallic augments with mechanical failure rates
ranging from 0% to 6% [12, 29-31]. Although mechanical
buttressing with metallic augments can provide ancillary
primary fixation to the cup, they are indicated for seg-
mental rather than cavitary acetabular defects [17, 29].
Outcomes of impaction bone grafting and cemented cups
are variable and require careful execution to achieve reli-
able long-term results [16, 28]. More recent series
indicated large cavitary defects can be reliably treated by
TM cups even in the face of limited contact with bleeding
bone [15]. TM is 80% porous with a microstructure similar
to bone and a modulus of elasticity between that of cortical
and cancellous bones. Moreover, it has a high coefficient of
friction [1, 6, 12]. These improved material characteristics
provide a favorable environment for bone ingrowth, bone
graft remodeling, and better initial stability. TM cups for
salvage of failed acetabular cages with cavitary defects had
a radiographic failure rate of 20% at an average 4-year
followup and compared favorably with reconstruction by
antiprotrusion cages. Repeated reconstruction of an anti-
protrusion cage can be technically difficult and entail a
substantial risk for neurovascular injury in the face of a
distorted ischium, which is often the case after cage failure
[14]. Two of the three failures in our study occurred in
patients who were treated with constrained liners as a result
of abductor weakness and instability. Under these border-
line mechanical and biologic conditions for cup fixation
and bone ingrowth, constrained liners may be prone to
early failure [18, 35] and should be avoided whenever
possible.

Use of nonbuttressed TM cups substantially simplified
the acetabular reconstruction and allowed substantial
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functional improvement in 12 of the 15 patients. None of
these patients who returned to ambulate with various
degrees of walking aids reported symptoms suggestive of
loosening at the latest followup. Although longer followup
is required, our preliminary results suggest treatment of
failed cages by nonbuttressed cups is a viable option when
bone stock has been adequately restored. Patients should be
followed closely to detect cup migration, which can occur
until satisfactory bony ingrowth takes place.
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