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Abstract
This article summarizes reconstruction options avail-
able for acetabular revision following total hip arthro-
plasty. A thoughtful methodology to the evaluation and 
treatment of patients with implant failure after joint 
replacement is essential to guarantee accurate diagno-
ses, appropriate triage to reconstruction options, and 
optimal clinical outcomes. In the majority of patients 
who undergo acetabular revision, factors such as bone 
loss and pelvic discontinuity provide a challenge in 
the selection and implementation of the proper recon-
struction option. With advanced evaluation algorithms, 
imaging techniques, and implant designs, techniques 
have evolved to rebuild the compromised acetabu-
lum at the time of revision surgery. However, clinical 
outcomes data for these techniques continue to lag 
behind the exponential increase in revision hip arthro-
plasty cases predicted to occur over the next several 
years. We encourage those involved in the treatment 
of patients undergoing hip replacement surgery to 
participate in well-designed clinical studies to enhance 
evidence-based knowledge regarding revision acetabu-
lar reconstruction options. 
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EPIDEMIOLOGY OF REVISION HIP 
ARTHROPLASTY
Over the past several decades, total hip arthroplasty has 
become recognized as an effective treatment option for 
the reduction of  pain and disability associated with ad-
vanced degenerative arthritis with successful clinical out-
comes. As population factors, such as aging and obesity, 
drive the demand for primary hip arthroplasty, the de-
mand for revision joint replacement will continue to rise 
as well. Recent data analyses have shown that in addition 
to the substantial increase in prevelance of  primary total 
hip arthoplasty procedures, the rates of  revision proce-
dures are expected to rise as well[1]. Despite attempts to 
improve implant design and evade the previous pitfalls 
of  early reconstruction techniques, the prevalence of  
revision hip arthroplasty cases has not declined[2]. In 
the United States, 46 000 hip revisions were performed 
in 2004 and this number is expected to be more than 
double by 2030[3].

In 2009, Bozic et al[4] released data detailing the causes 
of  revision total hip arthroplasty. Their review demon-
strated the most common causes of  total hip revision, re-
gardless of  component, included instability/dislocation, 
mechanical loosening, and infection. Isolated acetabular 
component revision comprised 12.7% of  all revision 
hip procedures and instability/dislocation was reported 
as the most common indication. As such, a surgeon’
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s pre-operative planning and understanding of  suitable 
reconstruction options for acetabular revision is essential 
for the growing population of  patients who will undergo 
total hip replacement.

PATIENT EVALUATION
There is a wide spectrum of  signs of  symptoms that can 
occur in the setting of  acetabular component failure. 
Pain is a common presenting complaint and often times 
groin pain can represent acetabular component failure 
while thigh pain may be correlated to femoral compo-
nent failure. Clinical patient presentation ultimately de-
pends on the underlying cause, whether it be infection, 
polyethylene wear, instability, or aseptic loosening. The 
steps towards comprehensive evaluation of  a painful to-
tal hip have been described in the arthroplasty literature, 
and these guidelines must be implemented to eliminate 
systemic or infectious etiologies that could preclude a 
definitive single-stage reconstruction of  the acetabu-
lum[5]. Leg-length discrepancy, joint deformity, location 
of  prior incisions, functional status and baseline neuro-
logic deficits should be detected and documented during 
the pre-operative evaluation as well. It is important to 
note that the patient population in this setting could be 
older with osteopenia, compromised soft tissues, and 
multiple medical comorbidities. 

In addition to obtaining a good history and physical 
examination data, radiographic and advanced imaging 
modalities are useful in defining the extent and location 
of  bone loss associated with acetabular component fail-
ure. Anterior-posterior pelvis radiographs and frog-leg 
lateral views of  the involved hip can be supplemented 
with Judet views for evaluation of  the acetabular col-
umns. They can also give clues to the underlying cause 
of  the component failure. Three-dimensional computed 
tomography is often helpful in quantifying the pres-
ence and severity of  osteolytic lesions. This is especially 
important in the setting of  prior revision hip surgery or 
prior irradiation where radiographs may under-estimate 
the amount of  bone loss that is present. The informa-
tion obtained from these studies assists in classifying the 
extent of  the acetabular defects, thereby guiding treat-
ment options. Preoperative computed tomography (CT) 
angiogram of  iliac vessels is advised when protrusion 
of  the failed acetabular component past Kohler’s line is 
substantial. 

CLASSIFICATION SYSTEMS FOR 
ACETABULAR DEFECTS
In orthopaedics, classifications are judged on their reli-
ability, reproducibility, and ability to guide treatment 
plans and predict outcomes. With regard to revision 
hip arthroplasty, classification systems for acetabular 
defects have been used to present the severity of  bone 
loss that will likely be found intra-operatively, allowing 
for appropriate selection of  reconstructive options[6]. In 

1989, D’Antonio et al[7] first described what is now com-
monly known as the American Academy of  Orthopae-
dic Surgeons (AAOS) classification system of  acetabular 
abnormalities after total hip replacement. The AAOS 
classification system distinguishes between segmental 
and cavitary defects, and also subdivides the presence 
of  pelvic discontinuity. Though widely used in the litera-
ture, this classification system does not account for the 
location or size of  acetabular defects. A decade after the 
introduction of  the AAOS classification system, Saleh 
et al[8] released results validating the Gross classification 
system, which quantified the extent of  contained versus 
uncontained bone loss and implications related to use of  
morselized bone graft during revision reconstruction.

Perhaps the most widely cited and clinically imple-
mented system, the Paprosky Classification was devel-
oped to establish acetabular defect type, size, and loca-
tion for a collective guidance towards the selection of  
appropriate reconstructive options for revision surgery. 
Developed from a systematic review of  bone loss seen 
in 147 failed acetabuli, this system was based on four ra-
diographic measures obtained from an anterior-posterior 
radiograph of  the pelvis: superior hip center migration, 
ischialosteolysis, the position of  the implant relative to 
the Kohler (ilioischial) line, and teardrop osteolysis (Table 
1). Unique to this methodology, defects were classified by 
type to indicate whether the remaining acetabular struc-
tures are completely supportive (Type I), incompletely 
supportive (Type Ⅱ), or unsupportive (Type Ⅲ) of  an 
implanted component. In the original study, reconstruc-
tive guidelines for allograft selection were determined by 
the extent of  remaining structural support according to 
defect type. Today, this classification system continues to 
provide a useful treatment algorithm, even with the avail-
ability of  a wider variety of  modular metal augmentation 
and reconstruction options.

SURGICAL RECONSTRUCTIVE OPTIONS
Treatment of  acetabular component failure and associ-
ated bone defects depends on patient characteristics, the 
degree and location of  bone loss, the ability of  the col-
umns to support biologic fixation, and the presence of  
pelvic discontinuity. The ultimate goal of  revision ace-
tabular reconstruction should be to obtain stable fixation 
and restore the hip center[5]. The various traditional and 
newer revision options for the acetabular component are 
discussed below and outlined in Table 2.

Isolated polyethylene liner exchange
The technique of  isolated polyethylene liner exchange is 
useful in the setting of  substantial polyethylene wear and 
osteolysis with evidence of  a stable acetabular compo-
nent. Previous studies have demonstrated the relation-
ship between polyethylene wear and progressive oste-
olysis with compromised bone stock[9]. Liner exchange 
with highly cross-linked polyethylene has been shown to 
decrease average wear rates significantly[10].
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To justify isolated liner exchange, the modular me-
tallic shell should be well-fixed and appropriately ori-
ented[11]. This should be evaluated both pre-operatively 
and intra-operatively. Once the stability of  the acetabular 
prosthesis is confirmed and liner exchange is contem-
plated, it is then important to consider the adequacy of  
the locking mechanism between the liner and the me-
tallic shell. If  the locking mechanism is compromised, 
one may consider cementing a new liner into the fixed 
metallic shell to prevent micromotion between the two 
surfaces for primary fixation. The clinical track-record 
and historical performance of  the implant should be 
considered along with the available liner and head size 
options offered by that particular component.

Hemisphere reconstruction
Historically, treatment options for acetabular component 
instability or malposition included use of  cemented ac-
etabular all-polyethylene prostheses implanted with the 
same techniques that had been employed for the primary 
arthroplasty procedure. The results of  the cemented 
revision procedures were poor, resulting from mechani-
cal failure secondary to poor cement interdigitation and 
fixation leading to excessive micromotion within the 
acetabular bed[12]. In contrast, hemispheric metal cups 
with porous coating and associated techniques have been 
developed that encourage bone in-growth and held the 
promise of  durable biologic fixation. 

Cementess hemispherical porous-coated implants are 
the most commonly used implants for acetabular recon-
struction in North America. With supportive and viable 
host bone and a reliable in growth surface, the cups ad-
dress most revision problems encountered. Initial stabil-
ity is provided with a press-fit and screw fixation. Cavi-
tary defects are addressed with morselized bone graft.

These components are acceptable for patients who 
have not shown evidence of  hip center migration or 
significant pelvic discontinuity (Paprosky types Ⅰ, ⅡA 
and ⅡB), which can be assessed pre-operatively as well 
as intra-operatively[5]. It is generally accepted that at least 
50% of  the bone stock must be present to support the 
cup. Internal fixation with screws is also advocated to 
supplement the in-growth of  the press-fit component. 
When there are focal superior segmental or cavitary de-
fects identified at that time of  revision, modular metallic 
augments, structural allograft, or morselized impacted 

allograft[13] may be added to supplement the acetabular 
bed. Care must be taken to maintain the appropriate ori-
entation of  the revision cup despite the presence of  aug-
ments in the dome. Park et al[14] recently published long-
term data from their cohort of  patients who underwent 
revision hip arthroplasty with use of  a cememntlessac-
etabular shell. In this group, survivorship, with revision 
of  the shell for aspetic loosening or evidence of  loosen-
ing as the endpoint, was 95% at 20-year follow-up.

Jumbo cups following allografting for focal defects 
also have a role in acetabular revision surgery. There is 
no universally-acceted definition of  what diameter de-
fined the jumbo cup. Jumbo cups are loosely defined by 
the ratio of  component size to the pelvis and the hip 
joint, as compared to the size of  the original implant[15]. 
These jumbo cups offer numerous advantages in regards 
to maximizing the contact area between the cup and host 
bone when a larger reamer is necessary to establish rim 
contact. The larger components can also accommodate 
larger femoral heads, reducing the rate of  dislocation. A 
large mismatch between a large shell and a small femoral 
head may increase the rate of  impingement and reduce 
the soft tissue constraints to dislocation and is to be 
avoided. Another potential disadvantage with the jumbo 
cup comes with displacement of  the femoral head hip 
center into a lateral inferior position, which has been 
reported. Nevertheless, satisfactory mid-term results 
and survivorship are documented with use of  acetabular 
jumbo cups in revision arthroplasty, with survival rates 
as high 92% at 14 years[16,17].

High hip center placement of  an uncementedac-
etabular hemispheric component is another option when 
there is a defect in the superolateral dome or posterior 
column that precludes the standard placement of  a 
hemispheric shell in a more anatomic location. To ac-
commodate the defect, the shell is placed in a more 
superior position. Accordingly, it is often necessary 
to do concomitant procedures at the time of  revision 
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Description
  Type Superior hip 

center migration
Is chialosteolysis Kohler line Teardrop

  Ⅰ Minimal None Intact Intact
  ⅡA Mild Mild Intact Intact
  ⅡB Moderate Mild Intact Intact
  ⅡC Mild Mild Disrupted Moderate lysis
  ⅢA Severe Moderate Intact Moderate lysis
  ⅢB Severe Severe Disrupted Severe lysis

Table 1  Paprosky classification system for acetabular defects[26]

  Acetabular revision option Clinical pearls
  Isolated liner exchange The stability and orientation of the acetabular 

metal component should be confirmed at the time 
of revision, liner may be cemented if needed 

  Hemispheric 
  porous-coated cup

May be used in conjunction with adjunct tech-
niques of bone grafting, screw fixation recom-
mended

  Highly porous metal cup Appears to be effective in achieving biologic 
fixation in cases of severe bone defects, aug-
ments may be used for structural support, cup-
cage construct can be used to offload cup 

  Antiprotrusio cage Useful in cases of severe bone defects or pelvic 
discontinuity, spans areas of healthy host bone 
and accommodates bone grafting deep to the 
cage, relies on mechanical fixation alone

  Customized triflange 
  implant

Requires several weeks or month to obtain im-
plant, serves as a good salvage option in cases 
of catastrophic bone loss and discontinuity, 
may achieve biologic fixation 

Table 2  Reconstruction options for acetabular revision
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to ensure that soft tissue tension and appropriate leg 
lengths are restored. As superior placement of  the hip 
center can also be associated with lateralization of  the 
component, there have been some reports of  increased 
dislocation or loosening rates with high hip center place-
ment[16]. A high hip center is also disadvantageous from 
a biomechanical standpoint and will typically result in a 
limp. Hip stability may be compromised due to the small 
head size and bony impingement. A long term follow-up 
study by Hendricks et al, however, reported survivorship 
of  89% after 15 years in their cohort of  patients who 
underwent high placement of  noncementedacetabular 
components[18].

A traditional contraindication to use of  a cementless 
hemisphere revision component was recent pelvis irradi-
ation, although preliminary reports of  successful results 
using newer porous metal technology suggests that this 
recommendation may need to be revisited. The presence 
of  pelvic discontinuity and severe bone loss (Paprosky 
type ⅡC or Ⅲ) may warrant the use of  techniques that 
can provide more stability for the implant in the setting 
of  compromised bone stock. 

Highly porous metal components
In recent years, highly porous metal components have 
become popular options for both primary and revision 
arthroplasty procedures. Tantalum implants (Trabecular 
Metal, Zimmer, Inc, Warsaw, Indiana, United States) 
were developed to provide increased porosity and a tra-
becular bone-like configuration to allow for rapid and 
extensive bone in growth along with good initial stability 
in bone. Some designs incorporate a locking mechnism 
for the polyethylene insert, whereas others require a ce-
mented polyethylene liner, which allows for placement 
of  the shell in the areas of  large defects and compensa-
tory orientation of  the cemented liner to re-establish 
femoral head coverage and hip stability.

Modular revision systems that use porous metal 
augments have been developed. These augments are as-
sembled intraoperatively based upon the defects encoun-
tered and act like structural bone graft substitutes (Figure 
1). The cup may also be supplemented with a cage fixed 
into the ilium (the so-called “cup-cage” construct) to 
offload the porous metal cup to allow time for bony in 
growth and cup stabilization.

A large published series by Skytta et al[19] reviewed 
the surgical short-term results of  827 revisions per-
formed with the Trabecular Metal acetabular shell. After 
3 year follow-up, the overall survivorship was 92% with 
the rates of  aseptic loosening documented as 2%. In 
another retrospective series comparing titanium and 
tantalum cups, similar results in hip revision cases with 
minor bone deficiencies (Paprosky Ⅰ, ⅡA, and ⅡB) 
were demonstrated[20]. However, the performance of  the 
two implants differed significantly in the cases associated 
with severe bone loss (Paprosky ⅡC and Ⅲ), with 12% 
of  tantalum cups and 24% of  titanium cups demonstrat-
ing evidence of  loosening and failure. To investigate 

this distinction further, Fernandes et al[21] performed a 
retrospective review to evaluate the outcome of  TM ac-
etabular components used in revision cases with major 
bone deficiency. They demonstrated satisfactory mid-
term results with only 1/46 patients showing evidence 
of  loosening over an average follow-up of  50 mo.

Antiprotrusio cages
The armamentarium for treatment large bone defects 
(Paprosky ⅡC or Ⅲ) has traditionally included antri-
protrusio cages. These expansile implants are indicated 
for cases in which stability cannot be obtained with an 
uncementedhemispheric cup or in situations where the 
remaining host bone is too compromised to achieve bio-
logic fixation of  a porous implant. Antiprotrusio cages 
provide a larger contact area between the remaining host 
bone and the implants, which potentially reduces the 
likelihood of  implant migration. Current implant designs 
also allow for concomitant treatment of  bone defects 
with either morselized or bulk allograft materials pro-
tected by the cage construct. Use of  antiprotrusio cages 
requires wide surgical exposure as they span the acetabu-
lar defects or area of  discontinuity. Solid fixation into 
the posterior column is essential and, in the most severe 
cases, additional internal fixation with posterior column 
plating may be warranted.

In the setting of  combined segmental and cavitary 
defects, impaction bone grafting with compressed par-
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Figure 1  Preoperative radiograph showing failed acetabular component 
with large medial defect and intact rim (A) and postoperative radiograph 
demonstrating the revision acetabular construct using tantalum augments 
as “footings” to support the cup (B). 
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ticulate graft used in conjunction with an antiprotru-
siocage construct has shown successful clinical results. 
With this construct, the healthy host bone is bridged by 
the cage implant, which protects the grafted area while 
consolidation and reconstitution of  the acetabular bed 
occurs[22]. In one original study, a review of  patients with 
combined segmental and cavitary defects (Paprosky Ⅲ) 
treated with an antiprotrusio cage and allograft demon-
strated radiographic remodeling of  the graft behind the 
cages at 5-year follow-up[23]. The rate of  aspetic failure 
was 12% in this group, which exceeded the historial re-
sults with these implants. The increased rate of  loosen-
ing and need for revision in these cases, compared with 
other acetabular reconstruction options, is likely multi-
factorial and includes the increased severity of  disconti-
nuity and defect found in the patients for whom use of  a 
cage is indicated. This construct does rely on mechanical 
fixation alone with no potential for long-term biologic 
incorporation. 

Custom triflange implants
Custom triflangeacetabular prostheses are indicated for 
the treatment of  massive acetabuluar bone loss and pel-
vic discontinuity, situations where the amount of  bone 
loss exceeds the limits of  defect-matching technqiues 
(Figure 2)[16]. They are also considered as reconstructive 
options when the host bone stock has been compro-
mised by radiation. The implant is customized from data 
obtained from 3-dimensional CT reconstruction imag-
ing, which details the degree and location of  bone loss 
as well as the orientation of  the pelvic dissociation. Ac-
cordingly, the time needed to design, manufacture, and 
sterilize these prostheses can take up to several months 
and must be taken into consideration during the pre-op-
erative planning process. Modern triflange cups encor-
porate porous ingrowth surfaces to encourage biologic 
fixation to host bone. The high cost of  these implants 
and lack of  intraoperative modularity is a consideration. 
Many surgeons consider the use of  the custom triflange 
implant as a final salvage procedure when there is cata-
strophic bone loss.

In 2007, DeBoer et al[24] published the results of  their 
study of  30 hips with failed hip arthroplasty and pelvic 
discontinuity treated with custom manufactured acetabu-
lar prostheses. The authors found definite radiographic 
healing of  the discontinuity without evidence of  implant 
migration or screw breakage at the mean ten-year follow-
up. They documented a marked improvement in Harris 
hip scores and stability of  the implant over the years of  
follow-up. The dislocation rate was 16%, however no 
revisions were required in their study group. Christie et 
al[25] also published results from a retrospective review of  
76 hips reconstructed with custom triflange prostheses. 
In their group, re-operation occurred in 7.8% of  their 
patients for dislocation, but no triflange components had 
to be removed. Almost all patients showed radiographic 
evidence of  remodeling and there was marked improve-
ment in the Harris hip scores.

Contraindications to use of  custom triflange prosthe-
ses include urgent clinical situations that do not allow for 
the wait period required to manufacture the customized 
implant. In addition, given the complexity of  the pros-
thesis, the technical challenge and the extensive surgical 
exposure required for its implantation, custom triflange 
prostheses should not be used in cases where defect-
matching techniques can be employed and less complex 
and costly acetabular reconstruction options are suitable.

FUTURE OF ACETABULAR 
RECONSTRUCTION
The goals of  acetabular revision are to extract failed 
implants with minimal host tissue and bone destruction, 
implant an acetabular prosthesis that will provide dura-
ble function and lasting pain relief, and to address osse-
ous defects or dissociation by effectively restoring bone 
stock. From acetabular bone loss, polyethylene wear and 
osteolysis, to catastrophic pelvic discontinuity, there is 
now a spectrum of  reconstruction options that allows 
for consideration of  patient factors and the condition of  
the acetabular bed to guide the treatment algorithm. Re-
quirements for a successful and durable long-term result 
include supportive host bone and stable implants. With 
the improvements being made in currently available bio-
materials and implant designs, there is still a significant 
amount of  research that needs to be done in the form 
of  well-designed clinical studies to ensure that we are 
providing the optimal services to the growing number of  
patients that will stand in need of  revision reconstruc-
tion in the future. 
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