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Abstract Acetabular component revision in the context

of large contained bone defects with less than 50% host

bone contact traditionally have been treated with roof

reinforcement or antiprotrusio cages. Trabecular MetalTM

cups (Zimmer, Inc, Warsaw, IN) may offer a reasonable

treatment alternative. We evaluated the clinical and

radiographic outcome of this mode of treatment. We pro-

spectively followed 53 hip revision acetabular arthroplasty

procedures performed with Trabecular MetalTM cups for

contained defects with 50% or less contact with native

bone. All patients were clinically and radiographically

evaluated for evidence of loosening or failure. Minimum

followup was 24 months (average, 45 months; range, 24–

71 months). Contact with host bone ranged from 0% to

50% (average, 19%). The mean postoperative Merle

d’Aubigne-Postel score was 10.6 (range, 1–12), with a

mean improvement of 5.2 (range, �4–10) compared to the

preoperative score. Two failed cups (4%) were revised.

Two additional cups (4%) had radiographic evidence of

probable loosening. Complications included four disloca-

tions and one sciatic nerve palsy. The data suggest

treatment of cavitary defects with less than 50% host bone

contact using Trabecular MetalTM cups, without structural

support by augments or structural bone grafts, is a rea-

sonable option.

Level of Evidence: Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Acetabular bone loss encountered during revision hip

arthroplasty can pose a major challenge to reconstruct.

Cavitary bone defects are the most commonly encountered

major bone deficits [3, 10]. These defects represent a vol-

umetric loss in bony substance of the acetabular cavity

(including the medial wall), but the acetabular rim remains

intact [4].

It is well accepted that cementless hemispheric cups

need initial mechanical stability and biologic conditions

favorable for bony ingrowth to have reliable longevity [7].

Thus, acetabular bone defects in which implant contact

with greater than 50% host bone can be attained reportedly

can be addressed using a conventional uncemented cup,

screw fixation, and packing with morselized bone graft,

resulting in high hip scores and survivorship [3, 7, 10]. In

such cases, a slightly high or medial hip center and the use

of large-diameter cups are sometimes necessary to achieve

good initial stability of the cup.

In larger contained bone defects, when 50% host contact

cannot be achieved, roof reinforcement rings or antipro-

trusio cages are often recommended [1, 3, 10, 11]. The

recently introduced highly porous Trabecular MetalTM

(TM) cups (Zimmer, Inc, Warsaw, IN) facilitate bone

ingrowth and primary stability [22]. These cups have
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demonstrated encouraging revisions rates of 0% to 6% for

mechanical loosening for both primary and revision hip

arthroplasty at an average of 3 to 5 years [3, 6, 13, 14, 21,

22]. Utilizing these new TM cups, it is quite possible, when

reasonable primary stability can be obtained and reinforced

by effective screw fixation, the need for more than 50%

host bone contact may now be reduced. Contained defects

usually allow reaming to a hemispheric cavity at or near

the correct hip center and do not require structural support

in the form of metal augments or structural bone grafts.

Morselized bone packed into the contained defect adds to

the primary press fit of the cup and will later remodel and

integrate to the highly porous TM to provide long-term

support [2]. More extensive contained defects for which no

initial stability can be achieved should be protected by a

cage [1, 3, 10] or the use of impaction grafting [19]. It is

the authors’ practice to use the cup-cage construct for

such cases [3, 10]. Adequate management of segmental,

uncontained bone defects requires structural support, such

as structural bone grafts or metal augments [1, 3].

To assess the viability of TM cups as a treatment option

for contained defects for which more than 50% host bone

contact could not be made, we assessed (1) the radio-

graphic mechanical failure and loosening rates and (2) the

functional outcome and complications of this technique.

Materials and Methods

We performed acetabular revision surgery in 254 patients

(272 cups) in our institution between January 2002 and

June 2006. We prospectively followed 191 of these patients

(203 acetabular revisions) in whom the TM shell was used.

This study is part of a larger prospective study following all

patients treated with TM cups and for this study, we

included only patients with contained bone defects in

which more than 50% host could not be achieved. All

defects were Type II defects according to the classification

of Saleh et al. [17]. These defects involve dilatation and

weakening of the acetabulum, while the columns and rim

remain intact [17]. We excluded patients who needed

structural support in the form of a structural graft or a TM

acetabular augment and patients for whom there was no

initial stability of the trial component and therefore had the

cup protected by an antiprotrusio cage (a cup-cage con-

struct). This left 58 patients (58 arthroplasties) for study.

Five patients died or were lost to followup before 2 years

of followup were completed. Thus, 53 patients were

available for evaluation. The mean age at time of surgery

was 63 years (range, 29–86 years). Included were 29

(55%) men and 24 (45%) women. The indication for 48

revisions (91%) was aseptic loosening. Three (5%) of the

revisions were for instability and two (4%) for infection

(two-stage revisions). The femoral component was also

revised in 23 (43%) cases. Cementless modular stems

(ZMR1; Zimmer) were used in 16 cases, cementless

nonmodular stems were used in three cases, and proximal

femoral allografts with long cemented stems were used in

four cases. The index operation was a first hip arthroplasty

revision for 32 (60%) patients, a second revision for 18

(34%), and a third revision for three (6%) (Table 1). The

mean preoperative Merle d’Aubigne-Postel score was 5.3

(range, 1–10) [16]. The minimum followup was 24 months

(mean, 45 months; range, 24–71 months). All patients

were enrolled and provided consent to participate in the

study before the operation.

Our surgical preoperative planning included the radio-

graphic assessment of cup fixation and position, assessment

of acetabular bone stock, determination of the hip’s center

of rotation, and templating of the cup’s size in the ideal

position. This allowed us to be prepared in advance with

allograft, cages, equipment for extraction of well-fixed

cups, and, when uncontained defects are suspected, TM

augments or structural allografts. Erythrocyte sedimenta-

tion rate and C-reactive protein levels were obtained for all

patients, and, if suggestive of infection, we performed a

preoperative hip aspiration.

All patients were operated on in the lateral decubitus

position. We routinely used a modified trochanteric slide to

improve surgical exposure in complex acetabular revisions

[8]. If necessary, the slide was extended distally to remove

the femoral stem. After excision of the pseudocapsule and

removal of the old component, the available bone stock

Table 1. Patient demographics and preoperative clinical

characteristics

Characteristic Number of patients (%)

Gender

Male 29 (55%)

Female 24 (45%)

Age (years)* 63 ± 13 (29–86)

Indication for revision

Aseptic loosening 48 (91%)

Instability 3 (5%)

Infection 2 (4%)

Femoral component

Revised 23 (43%)

Not revised 30 (57%)

Number of hip revisions

1 32 (60%)

2 18 (34%)

3 3 (6%)

* Value expressed as mean ± standard deviation, with range in

parentheses.
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was assessed. We sequentially reamed the acetabulum until

a hemispheric cavity was formed with the support of both

walls. Cancellous bleeding bone would be more favorable

for bone ingrowth, but in the revision situation one must

often accept sclerotic and not bleeding bone [15]. We

prefer to position the cup slightly more anteverted and

horizontal than for primary hip replacement to protect from

posterior dislocation. At this point, the bone defect was

reassessed. If the defect was mostly contained and did not

need structural support, the cavities were packed with

morselized bone graft. Since autograft is usually less

available in revision surgery, we generally used deep-fro-

zen allografts. If autograft was available, for instance from

the femoral reaming, we added it to augment the allograft.

Trial components were used to assess coverage, impinge-

ment, and stability. We do not rely on screws only to

support the load forces of the hip [15]. If we could not

achieve stability with the trial, we protected the cup with a

cage. One of the two surgeons (AEG or DB) estimated the

percentage of host bone contact and allograft contact

intraoperatively. With the trial cup in, each quadrant of the

acetabular hemisphere was assessed separately for contact

with host bone, morselized bone graft, or no contact with

bone (uncoverage). Contact with each one of those surfaces

was expressed in 20% segments for each quadrant (repre-

senting 5% segments for the whole hemisphere). The

overall contact was calculated by joining the quadrant

scores and was recorded on designated forms (Fig. 1).

Contact areas in the different quadrants were also depicted

on the diagram. These data were entered into a prospective

database.

For situations where the bone defect was more global,

we used the acetabular reamer in reverse mode to better

pack and more evenly spread the morselized allograft while

creating a hemispheric cavity, which allows for improved

press fit of the cup. The cup is completely covered with

morselized bone and has no contact with host bone. Such

cases were recorded as 100% allograft contact and 0% of

host bone contact. The definitive cup was then inserted and

reinforced by as many effective screws as possible. At least

two good screws were required to provide adequate cup

stability. The TM cups can be either a ‘‘modular cup’’ with

a locking mechanism for the polyethylene liner or a

‘‘revision cup’’ into which the polyethylene liner is

cemented. We use antibiotic-impregnated cement in all

revisions. The revision shell liner, sized as recommended

by the manufacturer, provides a nominal 2- to 3-mm

cement mantle. The revision cup type allows customization

of the liner inclination and version relative to the cup. In

addition, so-called ‘‘revision cups’’ allow for drilling

directly through the metal shell to provide additional screw

fixation. Only one cup was modular. Average intraopera-

tive bone contact with the cups was 19% (range, 0%–50%).

Five cups had a global defect for which we performed

reverse reaming of morselized bone; we considered these

to have 0% of host bone contact. The remaining 49 cups

had between 20% and 50% of host bone contact (mean,

38%) (Table 2). The overall contact with morselized bone

graft was between 10% and 100%. The five sockets that

were reverse reamed were all completely covered and were

considered to have a 100% of morselized bone contact.

Fig. 1 An intraoperative cup contact recording form is shown. The

percentage of contact with host bone and morselized bone was

recorded and drawn on the acetabular illustration.

Table 2. Percentage contact of cups with host bone and morselized

bone graft

Percentage contact

of TM cup with

particulate graft

Percentage contact of TM cup with acetabulum

0% 20%–30% 35%–50%

100% 5

51%–99% 15 8

10%–50% 1 24
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The remaining 49 cups had between 10% and 80% (mean,

38%) of morselized bone contact. The mean cup size was

60 (range, 46–72). All cups were reinforced by at least two

screws (range, 2–5; mean, 3). All liners but one were

cemented into the cup. Two cups were constrained due to

prior instability and deficient abductor mechanism.

Followup visits occurred at 6 weeks, 12 weeks,

6 months, and 1 year after the procedure and then annu-

ally. Clinical evaluation in each patient included the Merle

d’Aubigne-Postel scores preoperatively, at 6 weeks post-

surgery, and at annual followup visits.

We obtained routine standard hip radiographs (antero-

posterior view of the pelvis and anteroposterior and lateral

views of the affected hip) performed preoperatively, at

6 weeks, and annually postoperatively. The initial 6-week

postoperative series of radiographs served as the baseline to

which all subsequent radiographs were compared. All

radiographs were reviewed by one observer (DL) not

involved in patient care. Evaluation of fixation of the cup

was based on evidence of migration and the occurrence of

radiolucent lines at the bone-implant interface. We recorded

cup inclination angles, the vertical distance of the hip center

of rotation from the interteardrop line, and the horizontal

distance of the hip center of rotation from the teardrop.

These measurements were used to assess cup migration on

the last radiograph compared to the baseline radiograph.

The cup was considered loose only if more than 3 mm of

migration in the vertical or horizontal directions or more

than 3� change of inclination were demonstrated [12, 18].

Radiolucent lines in the three acetabular zones of DeLee

and Charnley [5] were recorded. When serial radiographs

demonstrated a radiolucent line of more than 1 mm in width

in all zones, the cup was considered probably loose [23].

Cups were considered as failed if they were revised for

loosening or deemed mechanically unstable based on

migration or change of inclination on radiographs.

Results

There were two cup failures as defined by component

migration and need for revision. One had an initial host

bone contact of 30% and was revised 6 months after the

first revision (Fig. 2). The second patient had an initial

contact of 40%, failed at 9 months postoperatively, but

refused further revision. Thus, the mechanical failure rate

was 4%. Two cups (4%) had 1-mm radiolucent lines that

appeared during followup, both in all three zones. The two

cups’ position and alignment did not change. In one

patient, it was associated with the onset of minor nonpro-

gressive groin pain 5 years postoperatively. The other

patient complained of pain associated with a recent fall

2 years after the revision that was later resolved. These

cups were considered as probably loose. All other cups

were radiographically well fixed (Fig. 3). Four cups (7%)

had 1-mm radiolucent lines in the 6-week postoperative

Fig. 2A–D (A) A 75-year-old

patient had a cup revision after

failure of an antiprotrusio cage.

(B) She had a cavitary bone

defect with 30% of host bone

contact, and a TM cup was used.

(C) Five months later, the cup

failed and (D) was revised again

using a cage.
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radiograph that did not fill up at last followup: one in Zone

I, two in Zone II, and one in Zone III.

The mean postoperative Merle d’Aubigne-Postel score

was 10.6 (range, 1–12), with a mean improvement of 5.2

(range, �4–10) compared to the preoperative score. There

were five (9%) complications: four (8%) dislocations and

one (2%) sciatic nerve palsy. Three of the patients who had

dislocations had revision to a constrained liner. The cup

itself was well fixed in all of them and the new liners were

cemented in. We tend to use constrained liners more lib-

erally when only the liner is replaced and the cup is already

well fixed. This is even more so when it is a TM cup. There

were no deep infections.

Discussion

Acetabular component revision in the face of large contained

bone defects with no more than 50% host bone contact has

been traditionally treated with roof reinforcement rings or

antiprotrusio cages, associated with substantial complication

and failure rates [9, 20]. Trabecular MetalTM cups may offer

a reasonable treatment alternative. The objective of this

study was to evaluate the clinical and radiographic outcome

of this mode of treatment.

There were several limitations to our study. First,

assessment of bone contact was performed intraoperatively

and cannot be reproduced by an unbiased observer.

Unfortunately, preoperative objective assessment of bone

defect was not practical for the purpose of this study, since

bone contact needed be evaluated after removing the old

component and reaming the socket. Photography of the

defect and later calculation of bone contact would also be

impractical because of the difficulty in standardizing the

technique. A second limitation of this study is that there was

no control group of patients with the same characteristics,

treated traditionally with bone graft protected by a cage. We

could find no report in the English literature addressing

specifically contained acetabular defects with reference to

extent of bone loss for the purpose of comparison.

Cementless acetabular cups in revision hip surgery have

been used extensively over the past two decades [7]. It is

well accepted that a favorable biologic environment to allow

bony ingrowth is necessary for these implants to achieve

long-term stability and primary mechanical stability. Pre-

vious reports stated more than 50% host bone contact,

preferably in the dome and posterior column, is necessary to

allow initial stabilization of an uncemented cup by screws

and subsequent bony ingrowth [7, 9, 11]. More severe

cavitary bone defects, where less host bone contact is pos-

sible, have been traditionally treated with a large amount of

morselized bone graft packed into the defect and protected

by an antiprotrusio cage or a reinforcement ring. However,

cages are technically challenging and need a wide exposure

of the ilium and ischium. The most important problem with

cages is that they are not made of a material that allows

osteointegration and consequently there is a high incidence

of hardware failure due to screw breakage or ischial flange

Fig. 3A–B (A) This 77-year-old

patient had a revision of a failed

roof ring. (B) Five years later, the

TM cup was well fixed and the

morselized allograft remodeled.
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migration [10]. A failure rate as high as 24% at 5 years has

been reported (Table 3) [1, 9, 20]. Cages also have a high

rate of complications, such as sciatic nerve injuries, flange

fractures, and dislocations [9]. The recently introduced

tantalum TM cups have had encouraging results in both

primary and revision hip arthroplasty [3, 12–14, 21, 22]. TM

is 80% porous, has a bonelike microstructure, and has a

modulus of elasticity between that of cortical and cancellous

bone. It also has a high coefficient of friction [3, 6, 12].

These improved material characteristics provide a favorable

environment for bone ingrowth, bone graft remodeling, and

better initial stability [2]. We still do not have long term

followup of the use of TM cups, and the selection criteria

and outcome assessment vary considerably among studies

(Table 3). Nevertheless, cages had no advantage over TM

cups regarding mechanical failure rates at a mean followup

of 4 to 5 years, despite their potential better initial stability

[1, 9, 20]. Other studies that evaluated the performance of

TM cups for more heterogeneous groups of acetabular

defects had failure rates comparable to that of our series

[5, 13, 21, 22].

Our results demonstrate a 4% failure rate and high

Merle d’Aubigne-Postel scores at last followup (average,

45 months; range, 24–71 months). This specific and chal-

lenging subset of patients with large cavitary defects and

limited contact with host bone can clearly benefit from the

use of the described technique. As opposed to other

options, such as the antiprotrusio cage or the reinforcement

ring, this technique offers better potential for long-term

survival based on bone stock renewal and progressive

integration with the surrounding bone. In the short term,

the theoretical advantage of the reconstruction cage in the

provision of better initial stability did not prove itself

important, considering the low failure rate of our series.

One final although not trivial advantage of the TM cup

technique is its relative technical simplicity without the

need for extensive exposure of the ischium and ileum.

Our preliminary followup suggests the treatment of

massive contained acetabular defects with no more than

50% host bone contact by TM cups is a reasonable option.

However, patients should be followed closely to detect cup

migration, which can occur before satisfactory bony

ingrowth takes place.
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