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Abstract

Background Stabilization of a pelvic discontinuity with a
posterior column plate with or without an associated ace-
tabular cage sometimes results in persistent micromotion
across the discontinuity with late fatigue failure and com-
ponent loosening. Acetabular distraction offers an
alternative technique for reconstruction in cases of severe
bone loss with an associated pelvic discontinuity.
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Questions/Purposes We describe the acetabular distraction
technique with porous tantalum components and evaluate its
survival, function, and complication rate in patients under-
going revision for chronic pelvic discontinuity.

Methods Between 2002 and 2006, we treated 28 patients
with a chronic pelvic discontinuity with acetabular recon-
struction using acetabular distraction. A porous tantalum
elliptical acetabular component was used alone or with an
associated modular porous tantalum augment in all patients.
Three patients died and five were lost to followup before
2 years. The remaining 20 patients were followed semian-
nually for a minimum of 2 years (average, 4.5 years; range,
2-7 years) with clinical (Merle d’Aubigné-Postel score)
and radiographic (loosening, migration, failure) evaluation.
Results One of the 20 patients required rerevision for
aseptic loosening. Fifteen patients remained radiographi-
cally stable at last followup. Four patients had early
migration of their acetabular component but thereafter
remained clinically asymptomatic and radiographically sta-
ble. At latest followup, the average improvement in the
patients not requiring rerevision using the modified Merle
d’ Aubigné-Postel score was 6.6 (range, 3.3-9.6). There were
no postoperative dislocations; however, one patient had an
infection, one a vascular injury, and one a bowel injury.
Conclusions Acetabular distraction with porous tantalum
components provides predictable pain relief and durability
at 2- to 7-year followup when reconstructing severe ace-
tabular defects with an associated pelvic discontinuity.
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Level of Evidence Level 1V, therapeutic study. See
Instructions for Authors for a complete description of
levels of evidence.

Introduction

Acetabular revision in the presence of severe bone loss will
become increasingly common as revision THA is per-
formed more frequently and in younger patients [10].
Osteolysis and stress shielding often progress asymptom-
atically with well-fixed, cementless, acetabular components
[9]. The severity of bone loss can be quite pronounced
before the cup migrates or the patient experiences symp-
toms. Similarly, migration of a cemented acetabular
component may result in a large amount of bone destruction
[1]. Pelvic discontinuity, with separation of the superior and
inferior portions of the pelvis, may occur in cases of severe
bone loss. Solid fixation of the acetabular prosthesis is more
difficult to obtain due to motion between the superior and
inferior hemipelvis. Successful reconstruction may involve
a purely mechanical construct that gains stability through
supplemental fixation strategies or one that achieves sta-
bility with bone ingrowth into the porous acetabular
component. For ingrowth to occur, the initial reconstruction
must minimize micromotion and the surrounding milieu
must remain biologically active.

Several authors have suggested concomitant compres-
sion plating of the posterior column at the time of
reconstruction in patients with a pelvic discontinuity [5, 8,
19]. This technique provides initial mechanical stability
and ideally subsequent biologic fixation once bone heal-
ing occurs. Success of this technique depends on both
(1) adequate bone stock and (2) a favorable biologic
environment necessary for primary bone healing [1].
However, these two essential conditions are less likely in
cases of a chronic pelvic discontinuity [5, 19]. Severe bone
loss along the posterior column with an associated dis-
continuity may preclude direct bony apposition and initial
stability of a hemispherical socket with internal fixation
techniques. Historically, bulk acetabular allografts were
utilized in these cases. Previously published data from the
senior author (WGP) revealed rates of aseptic loosening of
50% with this technique [14]. Acetabular cages have been
used to bridge the defect and obtain relative fixation along
the iliac wing and ischium [6, 8, 15, 16]. With this
mechanical approach, bone ingrowth into the acetabular
cage does not occur and micromotion and stress on the
mechanical construct persist [6, 15, 16]. Failure rates from
50% to 60% have been reported due to mechanical loos-
ening or broken flanges [6, 16]. Because of reported high
failure rates with these various approaches, two of us
(SMS, WGP) developed a novel method of reconstruction

with porous tantalum components placed into a distracted
pelvic discontinuity. We presumed this method would
provide adequate initial mechanical stability for bone
ingrowth to occur into the prosthesis both superiorly and
inferiorly to bridge the discontinuity in a biologic fashion.
Thus, we anticipate a decreased incidence of mechanical
failure with our method of acetabular distraction.

We therefore describe the technique of acetabular
distraction and report the (1) survival, (2) function, and
(3) complications associated with this method.

Patients and Methods

Through our institutional data repository, we identified all
28 patients with a chronic pelvic discontinuity undergoing
revision THA with the technique of acetabular distraction
between 2002 and 2006. This cohort represents a fully
consented, unselected series of patients treated for a
chronic pelvic discontinuity as no other patient with pelvic
discontinuity during this time interval underwent recon-
struction with an alternate treatment strategy. Before a
minimum 2-year followup, five patients had been lost and
three others had died from causes unrelated to the revision
procedure. These eight patients were excluded from the
study cohort. The remaining 20 patients had a minimum
followup of 24 months (average, 54 months; range,
24-84 months). Fifteen of these patients were women while
five were men. The average age at the time of the revision
procedure was 67.5 years (range, 43-85 years), and the
average number of previous surgeries was 2.6 (range, 1-6).
Within this cohort, the original diagnosis was osteoarthritis
in 10, rheumatoid arthritis in nine, and developmental
dysplasia of the hip in one. Aseptic loosening was the rea-
son for revision in all 20 patients. The acetabular defects
were classified using the system described by the senior
author [13]. Four of the acetabuli were classified as
Type IIC, three as Type IIIA, and the remaining 13 as
Type HIB [2, 13]. Briefly, Type IIC defects are those defects
that have distortion of the superior rim, less than 3 cm of
superior migration, medial migration to Kohler’s line, and
minimal ischial osteolysis. Type IIIA defects have greater
superior rim distortion with greater than 3 cm of supero-
lateral migration, intact Kohler’s line, and moderate ischial
osteolysis. Type IIIB defects have substantial superior
dome destruction with greater than 3 cm of superomedial
migration, broken Kohler’s line, and severe ischial
osteolysis. No patients were recalled specifically for this
study; all data were obtained from medical records and
radiographs. We had prior institutional review board approval.

Each surgery was performed by one of us (SMS, WGP)
through a posterior approach. After the acetabular com-
ponent was explanted, the lower portion of the ischium was
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stressed with a Cob elevator and motion between the
superior and inferior portions of the acetabulum confirmed
the presence of a discontinuity. All interposed fibrous tis-
sue and granulation tissue were débrided to uncover viable
host bone where punctate bleeding was encountered. Full
hemispherical reamers were then placed in the acetabular
defect at the level of the native hip center to determine the
anterior-posterior dimension of the pelvic defect. Sequen-
tially larger reamers were used until the anterior-superior
and posterior-inferior margins of the acetabulum were
engaged. With severe bone defects, the reamer may not
fully engage these specific regions of the acetabulum. In
these situations, we relied on porous tantalum augments to
reestablish this relationship and fill any large cavitary
defects. Careful attention is necessary to avoid reaming
eccentrically into either the anterior or posterior direction.
The type and position of additional porous tantalum aug-
ments were dictated by the location and severity of bone
loss after the anterior-superior and posterior-inferior
regions were engaged with the reamer. Large defects are
often encountered in the anterior-superior region of the
acetabulum necessitating the use of a buttress augment; this
concomitantly serves to increase the surface area available
for biologic ingrowth. In this series, 11 of the 20 patients
received augments; the remaining nine patients required no
augments. One augment was used in eight patients, either
in the anterior-superior region (six) or in the posterior-
superior region (Fig. 1). In three of these 11 patients, two
augments were used to provide secure points of fixation for
the socket in anterior-superior and posterior-inferior
defects of the acetabulum. Augments were first secured to
the host bone with screws. Next, the acetabular component
was impacted into place with polymethylmethacrylate
cement limited to the augment-cup interface. Attempts
were made to maximize the amount of host bone contact
with the augments and acetabular component. Particulate

Fig. 1 A tantalum elliptical cup is shown spanning the pelvic
discontinuity. A superior augment was used in this case.
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graft was placed into any remaining cavities before the
revision shell was impacted into place. The superior and
inferior aspects of the hemipelvis were distracted through
the discontinuity by placing a porous tantalum acetabular
component 6 to 8§ mm larger than the last hemispherical
reamer. The distraction of the pelvis was accomplished by
initially placing the inferior aspect of the porous acetabular
component against the remaining ischium followed by
bringing the implant to the desired position while contin-
uously placing an inferiorly directed stress. This distraction
of the pelvis created a press fit, which provided the initial
mechanical stability of the cup until multiple cancellous
screws were placed into the remaining ilium and ischium.
As described by Laflamme et al. [11], a polyethylene liner
was cemented into the cup to allow screws to function as a
fixed-angle construct. The femoral head size was maxi-
mized in all patients. Two patients with deficient abductors
had a constrained liner, nine patients had a tripolar
(unconstrained) articulation due to a retained femoral
component, six had a 40-mm head size, one had a 36-mm
head size, and two had a 32-mm head size.

All patients were restricted to touch-down weightbear-
ing for 12 weeks, followed by partial weightbearing with a
walker for an additional 12 weeks.

All patients were examined clinically and radiographi-
cally at 2 weeks, 6 weeks, 3 months, 6 months, and yearly
thereafter for a minimum of 2 years. Clinical outcome
measures included the Merle d’Aubigné-Postel pain and
walking scores [3]. This assessment for pain assigns 6 points
for no pain, 5 points for slight/intermittent pain, 4 points for
pain after some activities, 3 points for pain allowing only
limited activities, 2 points for severe pain with activity,
1 point for severe/spontaneous pain, and O points for severe/
constant pain. The walking component assigns 6 points for
no cane/limp, 5 points for no cane with mild limp, 4 points for
being able to walk short distances without a cane, 3 points
for being able to walk short distances with a cane, 2 points
for being able to walk very limited distances with a cane,
1 point for needing a walker, and O points when unable to
walk. Complications were subdivided into major com-
plications that necessitated further surgery and minor com-
plications that did not.

Radiographic evaluation consisted of standard AP radio-
graphs of the pelvis and AP and Lowenstein lateral
radiographs of the hip. These were obtained preoperatively
and at all postoperative time points (Fig. 2). The most recent
radiographs were compared with the initial postoperative
radiographs. Two reviewers (SMS, VKK) independently
evaluated all radiographs for loosening and migration.
Loosening was defined as a change in the component
abduction angle of greater than 10° or a change in the hori-
zontal or vertical position of greater than 6 mm after
correcting for magnification (Fig. 3).
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The pre- and postoperative Merle d’Aubigné-Postel
scores were compared using a paired Student’s t-test.
Kaplan-Meier survival plots were constructed with radio-
graphic loosening and clinical failure as discrete end points
(SPSS® for Windows®, Version 14.0; IBM Corp, Armonk,
NY, USA).

Fig. 2 A well-fixed porous tantalum metal cup is shown. No cup
migration or hardware failure can be seen at 6 years postoperatively.

Fig. 3A-B (A) A radiograph
taken 39 months after surgery
shows a well-fixed cup. (B) In a
radiograph taken 50 months after
surgery, migration of the cup is
noted.

Results

Among the 20 patients in this cohort, one construct failed.
The patient had rerevision for symptomatic aseptic loos-
ening at 9 months; this was due to the loss of ischial
fixation and subsequent failure of ingrowth resulting in
acetabular component protrusio (Fig. 4). Radiographically,
in the remaining 19 patients, four were loose with com-
ponent migration at followup times ranging from 12 to
48 months. All of these radiographic failures were in
patients with Type IIIB acetabular defects that demon-
strated changes in abduction angle, horizontal or vertical
position, and loss of ischial fixation. Two radiographic
loosenings were identified within the first year of followup;
one was identified within 2 years’ followup and one at
4 years’ followup. Two of these four also had fractures of
supplementary bone screws (Fig. 5). However, all implants
classified as loose have subsequently remained stable over
an average period of 49 months with no further radio-
graphic migration.

Clinically, 17 of 19 patients denied pain in the operative
hip: one patient reported minimal pain after walking six
blocks or more and one patient reported pain with sitting
for long periods of time. Seven patients walked without
assistive devices, four patients used a cane for long dis-
tances, five patients used a cane at all times, and three
patients used a walker at all times. None of the patients
used a wheelchair. The mean (£ SD) improvement
(p < 0.001) of the Merle d’Aubigné-Postel pain and
ambulation score was 6.6 £ 1.2 (3.3 preoperatively to
9.6 postoperatively). At most recent followup, the four
patients with radiographic loosening were pain free and
functioning well with an average Merle d’ Aubigné-Postel
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Fig. 4A-B (A) A radiograph
taken 3 months after surgery
shows a well-fixed prosthesis.
(B) At 9 months, the cup has lost
ischial fixation resulting in ace-
tabular component protrusio. The
patient was symptomatic and
needed a revision.

Fig. 5 Broken screws can be seen as this cup has migrated from its
previously well-fixed position. The patient is now 6 years postoper-
ative and no further component migration has occurred. The patient
remains asymptomatic.

score improvement (p < 0.001) of 5.6 = 1.0 (3.0 preop-
eratively to 8.6 postoperatively).

Associated perioperative complications included three
major and one minor complication. One patient with an
iatrogenic colonic perforation required general surgical
intervention, another with an intraoperative femoral artery

@ Springer

injury required repair by a vascular surgeon, a third with a
superficial infection was treated with irrigation and débri-
dement, and a fourth with a greater trochanteric fracture
was treated nonoperatively. At the most recent followup,
there were no postoperative dislocations.

Discussion

In response to suboptimal outcomes in the management of
severe acetabular defects associated with pelvic disconti-
nuity, we have developed a novel method of acetabular
distraction with porous tantalum components. We believe
this provides adequate initial mechanical stability for bone
ingrowth to occur into the prosthesis both superiorly and
inferiorly to bridge the discontinuity in a biologic fashion.
Our first purpose was to describe the technique of dis-
traction and report its survival. Our second purpose was to
describe the clinical function and complications associated
with this method in a series of patients. The intent is to
frame these results in the context of previous fixation
strategies for chronic pelvic discontinuity encountered in
revision THA.

Our study is associated with a few notable limitations.
First, the absence of a control group makes it difficult to
draw conclusions regarding the impact of this technique
and patient-related factors that may affect outcome com-
pared to other techniques. Second, the series is relatively
small. One large revision series identified 31 pelvic dis-
continuities in 3505 patients (0.9%) [1]. The low incidence
of these difficult cases underscores the paucity of literature
that clearly discerns the efficacy and survival of the dif-
ferent philosophies to reconstruction. Our study is one of
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the largest series evaluating severe defects in the setting of
pelvic discontinuity. Most of the literature evaluating
chronic pelvic discontinuities encountered at the time of
revision acetabular surgery comes in the form of an anal-
ysis of these difficult cases as a subset of a larger, more
diverse revision series. Third, with a followup of 2 to
7 years, we cannot ensure the long-term durability of these
reconstructions, especially in the setting of four radio-
graphic failures that are functioning well clinically. Fourth,
the retrospective design of this study is a discernible lim-
itation. At this time, there are no randomized trials
comparing this technique to others. Fifth, we did not report
bony healing of the discontinuity as it is difficult to reliably
and accurately evaluate radiographic healing of a pelvic
discontinuity using this surgical technique. This method of
reconstruction relies on acetabular bone ingrowth from the
superior and inferior hemipelvis for stable fixation.
Therefore, we believe component migration or change in
position can be used as a surrogate for stable fixation and
healing. Sixth, we did not assess intraobserver variability
for assessing radiographs. Finally, we lost five patients to
followup; consequently, that may introduce a potential bias
in the rate of mechanical failure rate.

Fifteen of our 20 reconstructions remained clinically and
radiographically stable at an average of 4.5 years postop-
eratively while four of the 20 hips demonstrated early
migration of the acetabular component. None of the four
have had further radiographic change in component posi-
tion implying bony ingrowth, and all patients remain pain
free. Only one socket required revision, and this was for
aseptic loosening. The cause of this failure was believed to
be inadequate fixation into the ischium. We now strive to
obtain a minimum of two screws into the ischium (Fig. 6)
to avoid early vertical displacement of the acetabular
component. There have been recent reports of a 57.7%
versus 14.3% 5-year mechanical failure rate, comparing a
novel cemented cage technique to porous metal constructs
in pelvic discontinuity [7]. We have previously reported
poor intermediate-term results with structural or cancellous
allografts combined with acetabular cages in patients with
chronic pelvic discontinuities [15]. At an average followup
of 5 years, five of 16 reconstructions were revised for
loosening, while an additional three appeared radiograph-
ically loose. We presumed these discontinuities did not
heal and persistent micromotion led to eventual fatigue
failure of the cages. Others have reported on the use of a
custom triflange device in 20 hips with severe bone loss
and discontinuity at an average followup of 10 years [4].
Definite healing was concluded radiographically in 18 of
20 hips with no cases of implant migration. Six patients
demonstrated nonprogressive radiolucent lines, one patient
sustained partial sciatic nerve palsy, and five patients sus-
tained one or more dislocations. Holt and Dennis [8]

Fig. 6 In addition to the use of superior augments to stabilize this
defect, it is imperative to obtain adequate fixation of the ischium with
two screws to prevent cutout and subsequent vertical displacement.

reported on the use of the custom triflange device in 26 hips.
In that series, however, only three of the 26 hips had a pelvic
discontinuity. Two of these three pelvic discontinuities
failed secondary to loss of inferior fixation in the ischium.
The authors recommended caution in the use of the device
without additional column plating. When taken as a whole,
the current literature indicates mechanical constructs appear
to provide unreliable outcomes, given the potential for
fatigue and late loosening (Table 1). Recent reports rec-
ommend compression plating of the acetabular columns to
reduce and stabilize the pelvis in an attempt to create a solid
bony substrate for acetabular reconstruction [5, 8, 19]. One
potential disadvantage of this technique is that larger sur-
gical exposure and soft tissue stripping may lead to
increased infection rates and decreased osteogenic healing
potential of the remaining host bone [19, 20]. Additionally,
the severity of bone loss encountered with discontinuity
may result in segmental bone defects making the possibility
of healing between the superior and inferior hemipelvis
unlikely. In this context, we became interested in highly
porous metal constructs for these difficult acetabular
reconstructions. We began to use these sockets, along with
particulate bone graft, when healing across a discontinuity
was believed to be impaired, such as in chronic cases [17].
Theoretically, these cups offered a greater opportunity for a
biologic solution, potentially leading to better patient out-
comes and improved component survival.

We previously compared the functional scores of 12
patients with pelvic discontinuities treated with porous

@ Springer
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metal sockets to 12 patients treated with a cage construct
[12]. Treatment with the porous tantalum metal shell
offered a reproducible and consistent improvement in pain
and ambulation at an average of 2.1 years’ followup.
In 2006, we produced a 2.6-year followup report of
13 patients with pelvic discontinuity treated with a porous
tantalum shell. Those patients had improved Merle
d’ Aubigné-Postel scores from 6.1 to 10.3 [18]. The current
study found a mean improvement of the Merle d’ Aubigné-
Postel pain and ambulation score of 6.6 (3.3 preopera-
tively to 9.6 postoperatively). These findings corroborate
our previous work from 2006 [18] and demonstrate a
major improvement in function with this technique at
4.5-year followup.

With regard to complications in our series, no patient
has sustained a postoperative dislocation and only one
developed a superficial infection. This is markedly
decreased compared to our series of patients with posterior
column plating and acetabular cage reconstruction [15].
This may be due to decreased surgical time and minimi-
zation of soft tissue stripping with the less extensive
dissection. A series of seven patients reported on compli-
cations in pelvic discontinuity treated with pelvic plating
and acetabular reinforcement ring [5]. One patient sus-
tained incomplete sciatic nerve palsy, one developed
recurrent dislocation, and one required revision for aseptic
loosening. Another series of 17 pelvic discontinuities were
treated with bulk allograft in conjunction with anterior and
posterior column pelvic plating [19]. That study reported a
high complication rate, including eight dislocations, three
infected hips, four loosenings, two sciatic palsies, and an
overall reoperation rate of 47%. Reconstruction of chronic
pelvic discontinuity with extensive bone loss is fraught
with difficulty and complications will occur; our series had
only one rerevision due to early mechanical failure. We did
not encounter other mechanical failures but did have three
complications necessitating further surgery: one vascular
injury, one colonic perforation (ileus), and one superficial
infection. There was also one greater trochanteric fracture
that was treated nonoperatively and remains asymptomatic
at latest followup.

In conclusion, acetabular distraction for chronic pelvic
discontinuity shows promise in obtaining reliable and
durable fixation. To achieve long-term durability, the pel-
vis must be stabilized to allow primary bone healing of the
discontinuity, or this alternative method to bridge the dis-
continuity may be utilized. Ultimately, both the superior
and inferior portions of the pelvis must achieve indepen-
dent growth into the porous tantalum component for
success. In this series of chronic pelvic discontinuities,
acetabular distraction provided a more predictable survi-
vorship, an improvement in clinical function, and a
decreased reoperation rate for mechanical failure.
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