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Abstract

Background Reconstruction of large acetabular defects

remains a substantial challenge in hip arthroplasty. There

remains a paucity of data on the long-term results of ace-

tabular trabecular metal augments.

Questions/purposes The purpose of this study was to

assess the survivorship, clinical outcomes, restoration of

center of rotation of the hip, and radiological signs of

component fixation of trabecular metal augments in the

context of reconstruction of acetabular defects.

Methods Between 2002 and 2005, we performed 56 revi-

sion (n = 53) and primary (n = 3) THAs using trabecular

metal augments in combination with a trabecular metal

acetabular component. Of the 56 patients, 16 (29%) died

during followup. Of the 40 surviving patients, 37 (93%) had

complete radiological followup, 23 (58%) had complete

outcome questionnaire followup, and 17 (42%) provided

partial questionnaire responses in the clinic or over the

telephone. Median followup was 110 months (range, 88–128

months). During that period, we used these implants when

preoperative templating indicated that an augment would be

required to achieve acetabular implant stability with resto-

ration of the hip center of rotation. We also chose during

surgery to use an augment when we could not achieve a

stable acetabular trial component without one. The combi-

nation of trabecular metal augments and trabecular metal

shells was used in 18% (53 of 292) of our acetabular revi-

sions during that time. Survivorship, functional outcome

(WOMAC and Oxford hip score), health status (SF-12), and

osseointegration according to the criteria of Moore and

presence of radiolucencies were determined.

Results Survivorship of the augments at 10 years was

92% (95% confidence interval, 81%–97%). Four patients

underwent cup revision, one for infection and three for

loosening. The mean WOMAC global score was 79 (SD

17), the mean Oxford hip score 76 (SD 18), the mean

physical component SF-12 score was 39 (SD 11), and the

mean mental component SF-12 score was 52 (SD 9). The

center of rotation was corrected from more than 35 mm

above the inter-teardrop line in 48 of 56 patients preoper-

atively to only five of 46 postoperatively. One patient had

radiographic findings suggestive of loosening, but this

patient was asymptomatic.

Conclusions The results of the acetabular trabecular

metal augments continue to be encouraging in the medium

to long term with low rates of revision or loosening in this

complex group of patients. We continue to recommend the

use of these augments in the reconstruction of complex

acetabular defects.

One or more of the authors (BAM, CPD, DSG) certify that they have

or may receive payments or benefits (eg, serve as a consultant) from a

commercial entity (Zimmer, Inc, Warsaw, IN, USA) related to this

work. The institution of the authors has received funding from

Zimmer, Inc.

All ICMJE Conflict of Interest Forms for authors and Clinical

Orthopaedics and Related Research1 editors and board members are

on file with the publication and can be viewed on request.

Clinical Orthopaedics and Related Research1 neither advocates nor

endorses the use of any treatment, drug, or device. Readers are

encouraged to always seek additional information, including FDA-

approval status, of any drug or device prior to clinical use.

Each author certifies that his or her institution approved the human

protocol for this investigation, that all investigations were conducted

in conformity with ethical principles of research, and that informed

consent for participation in the study was obtained.

M. R. Whitehouse, B. A. Masri, C. P. Duncan, D. S. Garbuz (&)

Department of Orthopaedics, The University of British

Columbia, 3rd Floor, 910 West 10th Avenue, Vancouver,

BC V5Z 4E3, Canada

e-mail: garbuz@shaw.ca

123

Clin Orthop Relat Res (2015) 473:521–527

DOI 10.1007/s11999-014-3861-x

Clinical Orthopaedics
and Related Research®

A Publication of  The Association of Bone and Joint Surgeons®



Level of Evidence Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

The creation of a stable acetabular construct and the

restoration of lost bone stock remain a significant chal-

lenge during revision hip arthroplasty [24]. Smaller bony

defects can be addressed with porous-coated components

[37]. If the defect is uncontained and too large, sufficient

contact with host bone will not be achieved with this

tactic and therefore sufficient stability to allow bone

ingrowth will not be achieved [18]. Alternatives include

impaction allografting with cement with containment

created by the use of rim meshes [16, 34], the use of bulk

allografts [32], bilobed acetabular components [7], jumbo

acetabular components [11, 40], high placement of the

hip center of rotation [10], or the use of a reconstruction

cage [17].

Our unit has previously described the early results of

reconstruction of acetabular bone loss with the use of

porous trabecular metal augments in conjunction with a

trabecular metal shell in revision hip arthroplasty [33].

Here, we provide a longer-term followup of those patients

with the addition of a further 19 patients. Porous trabecular

metal, composed of tantalum, has theoretical advantages

over conventional porous metals such as titanium, includ-

ing a high coefficient of friction, a modulus of elasticity

closer to that of bone, high volume porosity, and highly

interconnected pores resembling the structure of trabecular

bone [5, 8]. These properties facilitate early implant sta-

bility and bone ingrowth combined with predictable and

reliable mechanical properties in the long term.

The purpose of this study was to evaluate (1) the sur-

vivorship of these reconstructions in the medium to long

term; (2) the functional outcome and health status of these

patients; (3) the restoration of the center of rotation of the

hip at reconstruction; and (4) the osseointegration of the

components as assessed on plain radiographs.

Patients and Methods

Fifty-six patients had trabecular metal augments in con-

junction with a trabecular metal acetabular component

implanted in our unit between September 2002 and

December 2005. Fifty-three of the procedures were revi-

sion arthroplasties and three were primary procedures

(idiopathic osteonecrosis in two hips and osteonecrosis

after fracture-dislocation of the hip). Six of the revisions

were second-stage reimplantations after infection. In three

hips there was a pelvic discontinuity, addressed by plating

of the posterior column. Of the 56 patients, 16 (29%) died

during followup. Of the 40 surviving patients, 37 (93%)

had complete radiological followup, 23 (58%) had com-

plete outcome questionnaire followup, and 17 (42%)

provided partial questionnaire responses in the clinic or

over the telephone. Median followup was 110 months

(range, 88–128 months). During that period, we used these

implants when preoperative templating indicated that an

augment would be required to achieve acetabular implant

stability with restoration of the hip center of rotation. We

also chose during surgery to use an augment when we

could not achieve a stable acetabular trial component

without one. We used the combination of trabecular metal

augments and trabecular metal shells in 18% (53 of 292) of

our acetabular revisions.

The interval between the index surgery and death in the

patients who died (n = 16) was a median of 65 months

(range, 24–106 months). The mean age at the time of

surgery was 67 years (SD 14.8). There were 30 women and

26 men. The mean body mass index was 27 kg/m2 (SD

4.3). Twenty-seven operations were performed on the left

and 29 on the right.

Trabecular metal revision shells were used in all patients

(TMR; Zimmer, Inc, Warsaw, IN, USA). Polyethylene

liners were cemented into the shells using Simplex with

tobramycin in 40 patients (Stryker Canada, Ontario, Can-

ada) or Palacos with gentamycin in 16 patients (Zimmer,

Inc). The surgical technique used has been described pre-

viously [33]. In short, the need for augments was

anticipated on the basis of preoperative templating and

intraoperative confirmation of poor stability of the trial

components without an augment. The acetabulum was

initially reamed for the shell to restore the hip center and an

augment used if the surgeon felt this was necessary to

restore the center of rotation and achieve stability of the

acetabular component by providing support. Trials were

used to confirm the optimum implant sizes to achieve this

aim. Secondary reaming of the defect was performed with

a hemispherical reamer matching the planned size of the

augment. Where the surgeon felt they were required,

additional screw holes were created with a high-speed 4-

mm burr into the cup or the augment to enhance screw

fixation. Large morsels of allograft were packed into the

augment and impaction grafted into any osteolytic defects.

Host bone contact was less than 50% in 31 patients. Bone

cement was not deliberately inserted between the augment

and shell in all cases. The median number of screws placed

through an augment into host bone was two (range, zero to

five) and the median number of screws placed through the

shell was three (range, two to five). The median trabecular

metal shell outer diameter was 62 mm (range, 48–72 mm).

The most commonly used trabecular metal augments were
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the conventional hemispherical augments. These come in a

range of diameters (50–70 mm) and thicknesses (10–30

mm); the three most common sizes augments used were the

58 9 20 mm (n = 16), 58 9 10 mm (n = 12), and

56 9 20 mm (n = 7).

The Paprosky classification [26] was 2A in six patients,

2B in nine patients, 2C in two patients, 3A in 28 patients,

and 3B in 11 patients. The classification of the defect was

based on the preoperative AP and iliac oblique (Judet)

views of the pelvis and confirmed intraoperatively. Further

classification of the defect was performed intraoperatively

by plotting the location of the defect according to the

acetabular clock face where, for example, in a right hip

12 o’clock is superior, 9 o’clock posterior, and 3 o’clock

anterior (Fig. 1) [33]. Preoperatively the hip center was

located at a mean of 48 mm above the interteardrop line

(SD 10.0; range, 29–77 mm). A high hip center was defined

as being more than 35 mm above the interteardrop line [2,

28, 33] and this was the case in 48 of the 56 patients

preoperatively. Radiographic signs of osseointegration

between host bone and the acetabular augment were as-

sessed according to the criteria of Moore et al. [23]. The

following signs were noted: (1) absence of radiolucent

lines; (2) presence of a superolateral buttress; (3) presence

of medial stress shielding; (4) presence of radial trabeculae;

and (5) presence of an inferomedial buttress. Moore et al.

noted that when three or more signs are present, the posi-

tive predictive value for bone ingrowth is 96.9%, the

sensitivity is 89.9%, and the specificity 76.9%. The pre-

sence or absence of radiolucent lines between the cup/host

bone and augment/host bone interfaces was noted.

Health status was assessed with the SF-12 questionnaire

[39]. Hip functional outcome was assessed with the Oxford

hip score (OHS) [9] and patient functional outcome was

assessed using the WOMAC [4].

Statistics

A D’Agostino and Pearson normality test was performed to

determine the distribution of data. Where data were nor-

mally distributed, central tendency is described with the

mean and SDs. The functional outcome scores were nor-

mally distributed. Where it was not normally distributed,

the median and range were used. Kaplan-Meier survivor-

ship analysis with 95% confidence intervals was performed

for the endpoints of revision of the modular tantalum

augments or reoperation of any description on the affected

hip.

Results

The survivorship of the modular tantalum augments at 10

years, with revision as the end point, was 92% (81%–97%;

Fig. 2). The survivorship of the affected hip without

Fig. 1A–B An illustration shows the acetabular clock face for the (A) right and (B) left hips.
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reoperation for any reason at 10 years was 87% (75%–

94%; Fig. 3). Four revisions of the acetabular augments

and associated shells were performed. One was performed

for deep infection (initial defect a Paprosky 3A with no

discontinuity). The patient was treated with a staged revi-

sion, which was complicated by premature loosening and

another reoperation for hematoma formation. Three

patients underwent revisions for aseptic loosening of the

acetabular augment and shell. In addition to the revisions

described, three patients underwent a reoperation without

revision of the well-fixed augments or shells, including one

application of a strut graft to the femur and two procedures

for recurrent instability.

The mean WOMAC global score was 79 (SD 17) and

the OHS 76 (SD 18). The mean SF-12 score was 39 (SD

10.8) for the physical component and 52 (SD 9.2) for the

mental component score. No issues with function or pain

were reported by patients (n = 17) followed up in the

clinic or over the telephone who did not complete the

outcome questionnaire in full.

Postoperatively the mean hip center was 28 mm (SD

6.5; range, 16–48 mm) and five patients had a hip center

more than 35 mm above the interteardrop line.

The radiographs of the surviving patients demonstrated

five signs of osseointegration in two patients, four signs in

23 patients (Fig. 4), three signs in 11 patients, and two in

one patients. In the three patients in whom a radiograph

had not been performed within the last 2 years, the latest

radiograph available revealed there were four signs of

osseointegration in two patients and three signs in one.

Radiolucent lines between the acetabular augment and the

host bone were not visualized in any of the patients other

than those that had been revised for loosening of the aug-

ment and acetabular construct; none of these radiolucencies

had recurred.

Discussion

The reconstruction of large acetabular defects is a sub-

stantial technical challenge. A number of different

techniques have been described to facilitate reconstruction.

Reconstruction with trabecular metal augments in con-

junction with trabecular metal acetabular components is

one option that is becoming popular as a result of favorable

early results. The longer-term results of the use of this

strategy are not known. We therefore sought to evaluate the

survivorship, patient-reported outcomes, hip center resto-

ration, and osseointegration of reconstructions using these

components in our unit.

Our study is limited by the lack of a comparison group

and the small size of the series, as is common in complex

revision THA studies. The mean age at followup in the

series was 76 years. The SF-12 scores in this series are

comparable to population normal values for this age group

in large health surveys [38]. This method of reconstruction

with the described implants was used as our standard

technique during the period of study in which restoration of

a migrated center of rotation was desired by the surgeon

and adequate stability could not be achieved with a revision

shell alone. This represented 18% of our acetabular revi-

sions during this period. The mortality rate in the followup

period limits our ability to obtain complete clinical and

radiological followup; this is again typical of the popula-

tion studied. We feel 93% radiological followup (n = 37 of

40) in the surviving patients is good for the population and

period of followup. Whereas complete patient-reported

outcome questionnaires were only available in 58% of the

surviving patients (n = 23 of 40), which is a limitation of

the report, clinic or telephone followup was conducted for

all surviving patients with none of the patients reporting

Fig. 2 The survivorship curve shows the Kaplan-Meier analysis with

95% confidence intervals with the need for revision of trabecular

metal augment as the endpoint.

Fig. 3 The survivorship curve shows the Kaplan-Meier analysis with

95% confidence intervals with the need for reoperation for any cause

as the endpoint.
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issues relating to function or pain. The radiographic

assessment was performed by an author from the institu-

tion, which is a source of potential bias, but the author was

not involved in any of the operations.

Survivorship in the presented cohort was 92% at 10

years when septic and aseptic loosening of the acetabular

construct was considered as the endpoint. This experience

compares favorably with the report of Abolghasemian et al.

[1] in which the survivorship of trabecular metal shells in

combination with augments was noted to be 91.1% at 5

years in a series of 34 patients. Although a different clas-

sification scheme was used here [29], all three failures

resulting from aseptic loosening in their series were in

defects equivalent to 3B in the Paprosky classification.

Sporer and Paprosky reported no failures resulting from

aseptic loosening in a series of 3A defects treated with

trabecular metal shells and augments at a mean followup of

3.1 years (28 patients) [35]. In a series of 13 patients with

3B defects, one failure resulting from aseptic loosening at a

mean followup of 2.6 years was reported [36]. Structural

acetabular allografts are associated with higher complica-

tion rates where the allograft supports more than 50% of

the implanted components [25]. The results of minor

column defects (\50% of implanted component supported

by graft) indicate that survivorship of 80% at a mean fol-

lowup of 10 years with aseptic loosening as the endpoint

may be achieved [42], falling to 55% at 20 years [22].

When a major column graft is used (typically when[50%

of the implanted component is supported by graft), survi-

vorship of 55% at a mean followup of 7 years has been

shown [14]. The use of bilobed acetabular components has

been associated with failure rates of 24% at a mean fol-

lowup of less than 4 years [7]. Jumbo cups have been

associated with favorable survivorship of 92% to 96% at 14

to 16 years [19, 27] where adequate support can be

obtained. Acetabular impaction grafting has shown prom-

ising results with 87% survivorship for aseptic loosening at

20 years and 75% for any cause of failure [30]; however, it

is technically demanding, time-consuming, and may be

associated with higher failure rates in massive bone loss

[6]. Combining the technique with trabecular metal aug-

ments to support large areas of graft offers promising early

results [15].

When compared with our earlier report of patients

undergoing this procedure [33], there has been a trend

toward a decline in the recorded OHS, which is typical of

Fig. 4A–C The figure shows a typical case with the use of a trabecular metal shell and augment for reconstruction: (A) preoperative AP

radiograph; (B) followup AP radiograph at 10 years; (C) followup lateral radiograph at 10 years.
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aging in this population [13, 20]. The WOMAC score did

not show any signs of deterioration in comparison with our

earlier series, in contrast to the OHS. As is the case with

functional outcome scores such as the OHS [13], the

activity levels of patients after revision are best predicted

by preoperative activity levels [41]. Direct comparison

with the functional outcomes of other methods of recon-

struction in this population is hampered by the variety of

outcome measures used and different methods of reporting.

Abolghasemian et al. [1] reported a mean OHS of 38 (on a

0–48 scale) after reconstruction of patients with substantial

acetabular bone loss using the same implants as reported

here. Sporer and Paprosky [35, 36] reported average

modified Postel-Merle d’Aubigne scores of 10.3 and 10.6,

respectively, in patients undergoing reconstruction for

Paprosky 3B defects with discontinuity and patients with a

3A defect reconstructed with a trabecular metal acetabular

component with or without an augment. Gustke et al. [19]

and Patel et al. [27] reported average Harris hip scores

(HHSs) of 72 and 81, respectively, after reconstruction

with jumbo cups. Schreurs et al. [31] reported an average

HHS of 79 after reconstruction with impaction grafting and

Gehrke et al. [15] an average HHS of 82 when combining

impaction grafting with a trabecular metal augment.

The use of the combination of trabecular metal aug-

ments and shells allowed us to restore the center of rotation

and therefore biomechanics of the hips in the majority of

the patients in our series. A high center of rotation of the

hip is defined as more than 35 mm above the interteardrop

line [2, 28] with a systematic review of the use of highly

porous metals in acetabular revisions demonstrating cor-

rection from a mean of 39 mm to 24 mm [3]. Successful

restoration of the hip center was achieved in all but five of

the patients in the series. None of the patients with a hip

center above 35 mm failed, the grade of osseointegration

was 5 in one patient, 4 in two patients, and 3 in two

patients. Although a purely elevated hip center of rotation

may not necessarily lead to poor hip abductor function if an

increased neck length is used [12], the increased lever arm

acting on the head/neck taper in this situation is a potential

cause for concern. Elevation of the hip center may also

require trochanteric advancement and pelvic osteoplasty to

restore the abductor function and prevent impingement and

instability [11]. The results in our study are favorable in

comparison to other series using similar [1] and alternative

techniques [21].

Moore et al.’s criteria for the assessment of osseointe-

gration indicate that if three or more signs of

osseointegration between porous components and host bone

are present, there is a 97% chance of bone ingrowth into that

component [23]. Only one case in this series had a grade of

less than 3 according to these criteria. The successful

osseointegration of the augments, maintained in the medium

to long term in this complex group of patients, is encouraging

and similar to the findings of Abolghasemian et al. [1]. The

only case in our series with a score of less than 3 was

asymptomatic and the Moore grading was stable over time.

These results were obtained despite the fact that 31 of the

patients in this series had less than 50% contact between host

bone and the trabecular metal shell or augment.

In summary, the promising results of our earlier expe-

rience [33] have been maintained in the medium to long

term. Good survivorship, patient-reported outcome mea-

sures, restoration of center of rotation of the hip, and

osseointegration of the implants have been demonstrated at

7 to 11 years followup. This surgical technique continues to

be our default method where the surgeon wishes to correct

the center of rotation of the hip and this cannot be achieved

with standard revision components but adequate stability

can be achieved without the need for the use of a trabecular

metal cup/cage construct.

Acknowledgments We thank Nelson V. Greidanus MD, MPH, for

contributing patients to the study and Daphné Savoy BA, for her
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