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Abstract
Managing deficient acetabular bone in primary and revision total hip arthroplasty requires thought and planning.
This paper focuses on the management of bone loss in revision arthroplasty and presents an overview of the
literature, the careful pre-operative assessment required prior to surgery and the surgical options available to
achieve an optimal outcome.
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Introduction
In most cases of revision of the acetabular component in total
hip arthroplasty (THA) there will be some degree of bone
loss. Contained defects with an intact rim are not usually
problematic. The majority of these cases can be managed
with an uncemented hemispherical cup.¹,² Impressive outcomes have also been reported for acetabular revision with
impaction bone grafting and cemented cups.³,4 Uncontained
defects, or defects associated with pelvic discontinuity, pose a
more challenging problem. High morbidity and failure rates
are associated with reconstruction of these deficiencies.5,6

Several authors have classified acetabular bone loss.7-¹² These
classifications aim to guide management or to compare outcomes but often have poor inter- and intra-observer correlation.¹³-¹5 Part of the problem is that accurate assessment of
bone loss can be difficult and intra-operative findings may
not correlate with radiological assessment.
Numerous techniques have been described to address
acetabular deficiencies. The purpose of this paper is to
review the current literature and to provide guidelines for
assessing and managing bone loss in acetabular revision surgery.
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History and clinical assessment
A thorough history and clinical assessment of the patient
with possible acetabular bone loss following previous
THA is important before any special investigations are
requested. Questions that may be relevant pertain to possible current or previous infection, progressive limb
length discrepancy and the number and extent of previous
operations. It is important to enquire about the indication
for the primary THA as the acetabulum might have been
deficient before the initial surgery (e.g. acetabular dysplasia or trauma).
Patients often present to a different institution or practice from where they had their index surgery. Clinical
notes or correspondence with the index surgeon must be
obtained if possible, along with details of the implants
used.
Pain is the most common presenting symptom and it is
important to enquire about the nature of the pain. ‘Startup’ pain is often experienced with loosening of prostheses.
A loose acetabular component often causes groin or buttock pain. Persistent pain from the time of surgery suggests infection, fracture, impingement or failure of initial
stability of uncemented prostheses. Late onset pain is
associated with aseptic loosening, low grade infection,
osteolysis or instability.¹6

Clinical examination starts with assessment of gait.
Acetabular component migration due to bone loss will affect
the biomechanics of the hip. Proximal or medial displacement of the hip centre of rotation shortens the abductor
lever arm resulting in a Trendelenburg gait. Marked shortening (>2 cm) will result in a short-limb gait.

Investigations
Before formulating a management plan for the THA patient
with bone loss, special investigations are aimed at:
• determining whether implants are loose or well fixed
• quantifying bone loss
• confirming or excluding infection

Plain radiographs
Subtle changes on a single radiograph can be difficult to
interpret and bone loss is usually underestimated.¹7 Serial
radiographs are the most important radiological investigation for assessing acetabular bone loss in a patient with previous THA.

Acetabular component migration due to bone loss will
affect the biomechanics of the hip and thus the gait

Clinical
assessment
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Figure 1. X-ray protocol for THA patients
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The following X-ray protocol is suggested (Figure 1):
• Asymptomatic THA with minor bone loss on X-ray
(small lucencies, minimal osteolysis): Repeat X-ray
at 3/12. If still asymptomatic and no progression of
X-ray changes then repeat AP pelvis and lateral view
of hip at 12 months.
• Asymptomatic THA with major bone loss on X-ray
(extensive osteolysis) but components not obviously
loose: Manage on merit. A patient with progressive
bone loss may benefit from early intervention, even
without any symptoms.
• Symptomatic THA with minor bone loss on X-ray
(excluding patients with obvious or likely infection): Repeat AP pelvis and lateral view of hip in 3
months.
• Loose component (symptomatic or asymptomatic):
Book for revision if patient medically fit.

CLINICAL ARTICLE

Ultrasound

It has been shown however to remain positive for up to 2
years following THA in asymptomatic patients and is of
questionable value during this period.²¹
Gallium-67 citrate (Ga) is used as an adjunct to increase
specificity but accuracy in diagnosis of peri-prosthetic infection remains low with the sequential Tc-Ga technique.²³
Indium-111 (In) labelled leukocyte scanning provides
improved specificity and will increase accuracy of diagnosis
if combined with Tc scan.²4 Leukocytes accumulate in areas
of infection but not in areas of increased bone turnover due
to other causes. This is however a costly and time-consuming procedure and positive predictive value remains low.
False positives may occur because of the presence of leukocytes in bone marrow, and specificity might be increased by
correlating images with bone marrow images of the ilium.
Scher et al²5 do not recommend the routine use of In scanning to determine the presence of infection in the loose or
painful total joint arthroplasty. Glithero et al²6 report false
negatives (poor sensitivity) in chronic peri-prosthetic infection. Leucocyte scans might improve in the future with
improved labelling.
Positron emission tomography (PET) with fluorodeoxyglucose (FDG) measures biological activity of particularly macrophages and neutrophils, with an increased
glucose uptake in areas of infection. This is a very promising
modality that is less time-consuming and potentially more
accurate than other nuclear studies.²7,²8

Ultrasound provides little information about bone loss but
can be of use when a pseudo-tumour is suspected.¹8

Classification

Magnetic resonance imaging

Several classifications exist for acetabular bone loss in
THA.7-¹² The two most commonly cited classifications are
those by Paprosky7 and D’Antonio8 (AAOS classification).

Computerised tomography
CT scan provides more information about bone quantity
and quality than plain X-ray.¹7 It is however an expensive
investigation that exposes the patient to additional radiation. It is not a routine pre-operative investigation for all
revision cases but can add valuable information in cases
with severe bone loss.

Metal artefact reduction sequence magnetic resonance
imaging (MARS MRI) now allows for much improved
MRI imaging of THA with greatly reduced artefact from
metal implants.¹9,²0 The typical signal characteristics of
osteolysis on MRI are: areas of low T1 signal and intermediate to slightly increased T2 signal (similar to skeletal
muscle), with a well-defined additional line of low signal
surrounding areas of marrow replacement.¹9 In quantifying bone loss it is inferior to CT scanning and the main
indication is for soft tissue assessment. In patients with
metal-on-metal (MoM) bearing THA, MRI may be a useful pre-operative investigation for suspected adverse reactions to metal debris (including pseudo-tumours and
metallosis).

Nuclear studies
Technetium-99 methylene diphosphonate (Tc) bone scan
is less accurate in assessing loosening of components than
plain X-rays but may increase the accuracy of the diagnosis
when combined with plain X-ray.²¹ For assessment of possible infection, Tc scanning provides high sensitivity but
does not differentiate bone infection from fracture, new
bone formation, heterotopic ossification or arthritis.²¹,²²
Because of its sensitivity it remains a useful examination to
exclude infection (good negative predictive value).

Paprosky classification
Paprosky’s classification7 is based on assessing the remaining host bone available to provide support for the acetabular
component (Table I and Figure 2). The remaining superior
dome, medial wall, anterior and posterior columns are
assessed. Defects are classified as types I-III. A type I defect
has an intact rim (walls and dome) and no cup migration.
The teardrop is present (medial wall uninvolved) and there
is no ischial bone lysis (posterior wall present). The remaining bone is completely supportive. In type II defects the
remaining host bone is partially supportive. The rim is distorted but the columns are intact and supportive. This group
is sub-classified according to the location of the defect. Type
IIA defects are oval enlargements of the acetabulum with
superior bone lysis but an intact superior rim. There is superior migration of the cup (<2 cm).

Positron emission tomography (PET) with fluorodeoxyglucose
(FDG) is a very promising modality that is less time-consuming
and potentially more accurate than other nuclear studies

SAOJ Spring 2012 BU_Orthopaedics Vol3 No4 2012/08/09 3:34 PM Page 37

CLINICAL ARTICLE

SA ORTHOPAEDIC JOURNAL Spring 2012 | Vol 11 • No 3 / Page 37

AAOS classification

TYPE 1

TYPE 2

TYPE 2 A

TYPE 2 B

TYPE 2 C

The American Academy of Orthopaedic Surgeons
(AAOS) classification8 distinguishes between segmental
and cavitary defects (Table II). Type I are segmental
defects that are peripheral (IA), involving superior, anterior or posterior rim, or central (IB) with absent medial
wall. Cavitary defects or volumetric expansions are classified as type II and sub-classified once again into peripheral (IIA) and central (IIB). Combined segmental and cavitary defects are classified as type III, pelvic discontinuity
type IV and arthrodesis type V. This is a descriptive classification that does not provide the surgeon with a guide
for reconstruction options. Poor reliability has also been
demonstrated with this classification system.¹³-¹5

Saleh classification
Arrows indicate direction of acetabular migration

TYPE 3 A

TYPE 3 B

Figure 2. Paprosky classification of acetabular bone loss

In type IIB defects the dome is more distorted and the superior rim absent. The component migrates superolaterally.
When the medial wall is absent, the teardrop is obliterated
and there is medial migration of the component. This defect
is classified as a type IIC. In type III defects the remaining
host bone is non-supportive. This occurs when there is
destruction of the acetabular rim and either or both
columns are non-supportive. There is superior migration of
the component by more than 2 cm. In a type IIIA defect
there is a rim deficiency from 10 o’clock to 2 o’clock. There is
moderate, but not complete, destruction of the teardrop, and
moderate lysis of the ischium. Migration is usually superolaterally because there is some medial wall still left intact.
Type IIIB defects have rim deficiencies from 9 o’clock to 5
o’clock, there is complete obliteration of the teardrop and
severe lysis of the ischium. Component migration is usually
superomedially.
Paprosky developed the classification evaluating 147
patients. Acetabular defects were graded pre-operatively
on a plain AP radiographs. Intra-operatively 11% of grade
II defects were upgraded to type III and 5% of type III
defects were downgraded to type II. The intra- and interobserver reliability of the Paprosky classification of plain
radiographs have been found to be moderate to poor by
other authors.¹³-¹5

Like the Paprosky classification, the Saleh classification9
aims to estimate the remaining supportive host bone stock
following removal of the implant (Table III). The authors
identify specific deficiencies that provide challenges at
revision surgery without suggesting reconstruction
options. Type I defects have no significant bone loss. Type
II are contained defects with an intact rim. Uncontained
defects with less than 50% segmental loss of the acetabulum are classified as type III, and those with more than
50% segmental loss are classified as type IV. Pelvic discontinuity is classified as type V. The Saleh classification has
been shown to have higher inter-observer reliability than
other acetabular bone loss classifications.¹5
The complexity of the problem of acetabular bone loss in
revision surgery and the limitations of radiographic
assessment make it impossible to devise a perfect classification system that is simple, reproducible, suggests management options and predicts outcome. Johnson et al¹5
compared 6 classifications and found that the Saleh classification most reliably describes ‘the baseline characteristics that are most important to the surgeon for the purpose of planning a revision procedure and appropriately
following the results.’
Despite poor reliability of the Paprosky classification on
plain radiography, it remains useful because of its widespread use and the reconstruction guideline it provides.
The classification serves as a guide only and it is important that the surgeon appreciates its limitations. Even with
meticulous pre-operative planning, the final assessment of
severity and location of bone loss is often made intraoperatively and reconstruction performed accordingly.

Pre-operative planning
Plain radiographs
Plain radiography is the most common, most cost-effective and possibly the most useful investigation for preoperative planning. It is not without limitations and generally underestimates osteolysis.¹7
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TYPE IIA
1. Hemispherical cup

BONE LOSS with Hip Centre
>2cm above Native hip

NO
TYPE IIB
1. Hemispherical cup

Medial to
Ilio-ischial
line
YES

NO

YES

'
YES

TYPE IIC
1. Hemispherical cup + medial B/G

Press-fit stability
with trial cup

NO
Potential for
durable Biologic
fixation with
hemispherical cup

Spherical
Shape of
Acetabular remodelling
Oblong

TYPE IIIA
1. Large Hemispherical cup

TYPE IIIA
1. Hemispherical cup + ‘Figure 7’ B/G
2. Trabecular metal shell + superior Augment
3. Accept ‘high hip centre’

NO

Pelvic Discontinuity

TYPE IIIB
Non biological Fixation
1. Cage + Cancellous B/G
2. Cage + Structural posterior column B/G

NO

Non biological Fixation
1. Trabecular Metal + augments
2. Custom Implant Triflange
YES

Healing Potential

YES

NO

TYPE IIIB
Acute
1. Plate + Cage + Cancellous B/G
2. Internal plate + Cage + Trabecular Metal

TYPE IIIB
Chronic
1. Acetabular Transplant
2. Trabecular Metal + augments
3. Custom Implant Triflange

Figure 3. Algorithm for management of acetabular bone loss based on the Paprosky classification.
Adapted from J Arthroplasty 2005;20:79-84.

???
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Three radiographic criteria are assessed on the AP radiograph for pre-operative classification according to the
Paprosky system:
1. Superior migration of the hip centre. Superior migration of less than 2 cm is classified as a type II defect.
Paprosky considers migration of more than 2 cm to be
indicative of severe bone loss and major acetabular
destruction, with loss of support structures. This is
classified as type III defect. Some modifications of the
original classification differentiate between type II and
type III defects at 3 cm of superior migration.²9,³0
Pelvic discontinuity is not mentioned in the original
classification. Once the acetabular component has
migrated superiorly by more than 2 or 3 cm (type III
defect), there is high risk of associated pelvic discontinuity because of the deficiency of the anterior and
posterior columns at that level. In a later publication
Paprosky et al³¹ state that pelvic discontinuity is
unlikely if migration of the hip centre is less than 3 cm
above the superior obturator line.
2. Ischial osteolysis is considered to be an indication of
destruction of posterior support structures and is
associated with type III defects. Type IIIA defects
demonstrate moderate lysis and type IIIB defects
severe lysis of the ischium. The classification does not
clearly define moderate or severe osteolysis.
3. The teardrop is intact in type IIA and IIB but is obliterated in type IIC defects where the medial wall is
absent. Type IIIA defects demonstrate incomplete
destruction of the teardrop (medial wall of the
teardrop present) and it is completely obliterated in
type IIIB defects.

A

B

The position of the implant relative to the ilio-ischial
line (Kohler’s line) on the AP radiograph is preferred by
some as a measure of medial migration because the
teardrop may be absent if anatomy was distorted by the
original pathology. The ilio-ischial line represents the
posterior column and is usually disrupted in cases of
pelvic discontinuity. With medial migration of the
acetabular component the line becomes obscured and
the disruption may not be appreciated. A 45° iliac
oblique (Judet view) or 65° false profile view (Lequesne
view) provides a better assessment of the posterior column and increases the sensitivity of diagnosis of pelvic
discontinuity on plain films.³²
A lateral radiograph of the hip is usually performed to
assess the femur and femoral component. This view also
provides additional assessment of the acetabular dome
and position of acetabular component.

Templating
Templating is an important step in pre-operative planning of revision surgery. The requirement of unusual
implants or sizes is often identified by templating. These
implants may need to be specifically ordered.

Once the acetabular component has migrated
superiorly by more than 2 or 3 cm, there is high risk of
associated pelvic discontinuity

C

Figure 4. A: Type IIA (Paprosky) acetabular defect. B: Revised with large uncemented hemispherical cup.
C: Well-fixed five years post revision
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C

Figure 5. A: Type IIIA (Paprosky) acetabular defect in elderly, low demand patient. B: Revised with uncemented hemispherical cup. High hip centre accepted. C: Eight years post revision. Well-fixed cup. Patient is
pain-free and walks unaided.

Computerised tomography
CT scanning is the most sensitive and accurate modality for detecting and measuring acetabular peri-prosthetic bone loss.¹7,³³ Some authors recommend routine
CT scanning for pre-operative planning of revision
THA or even as a screening tool in asymptomatic
patients.¹7 It is however a costly investigation and
exposes the patient to additional radiation. It is reasonable to reserve CT scanning for assessing osteolysis of the
anterior and posterior columns or for excluding pelvic
discontinuity when it is not clearly defined on plain films.

3D model
A three-dimensional model pelvis can be created from CT
images. This gives the surgeon the opportunity to preoperatively match different cups or augments to available
bone and to work out angles for screw fixation. As this
handy tool becomes more cost-effective and readily available, it is likely to play an increasing role in pre-operative
planning of acetabular reconstruction in the future.

Angiography
Angiography or CT angiography to identify the major
pelvic arteries may be indicated in certain cases. Sporer³0
recommends angiography or vascular consultation in all
cases where the acetabular component has migrated
medially to the ilio-ischial line. In our experience preoperative angiography is only indicated in rare cases of
catastrophic bone loss where an intra-pelvic approach will
be required for retrieval of components. In these cases the

surgery should be planned and performed in conjunction with a vascular surgeon. In the vast majority of
cases of medial migration of the acetabular component,
there is either remodelling of medial bone or fibrous tissue separating the component from the pelvic cavity. A
conventional extensile approach will suffice in these
cases and angiography is not required.

Surgical technique and implants
The aims of acetabular revision are to provide a functional, pain-free hip. It should be a long-term solution. This
should be pursued while minimising morbidity and cost.
For revision of septic THA a two-stage procedure is
recommended. Management of the septic THA is
beyond the scope of this article and the surgical technique described here is for cases of aseptic loosening
with bone loss.
Where possible deficient bone stock should be
restored and further bone loss prevented. To recreate
normal biomechanics of the hip, the centre of rotation
should be restored. Often the position of optimal stability provided by remaining bone does not correlate with
the optimal hip centre position. In these cases the surgeon needs to individualise the planned reconstruction
according to the patient’s requirements. For the younger
patient as much bone as possible is preserved or
restored and an optimal hip centre is aimed for. In the
older, lower demand patient a sub-optimal hip centre
may be accepted in favour of a less extensive procedure
that still results in a stable implant (Figure 3).
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Figure 6. A: Type IIIB (Paprosky) acetabular defect.
B: Revised with impaction bone grafting and a
cemented cup

A

B

More recently hemispherical porous tantalum cups have
been used in cases of less than 50% bone contact. Lakstein et
al³6 reported reasonable early to mid-term results with
hemispherical porous tantalum cups in 53 revision THA
cases with 0%–50% (average 19%) host bone contact.
Contained medial defects can be filled with morcellised
bone graft and the hip centre corrected with an uncemented hemispherical cup if a press-fit is achieved on an intact
acetabular rim. If a press-fit is achieved in a medialised position, the hip centre can be corrected by using a lateralising
cup or liner (Figure 5).
Segmental defects involving less than 30% (type IIB) of the
acetabular rim can also be managed with a hemispherical
cup.
If a hemispherical cup is used for larger segmental defects
or where remodelling of the acetabulum has occurred, it
usually results in a change in the centre of rotation. This can
be a subtle superior displacement of the hip centre when a
large hemispherical cup is used for spherical remodelling
(type IIIA) or a significant displacement in cases of oblong
remodelling (type II B) or large superior segmental defects
(type IIB) (Figure 6).

Cemented cup

Figure 7. A: Type IIIB (Paprosky) acetabular defect.
B: Defect bone grafted. Cup cemented into antiprotrusio cage. Medial migration corrected but hip
centre still high

Uncemented hemispherical cup
The majority of acetabular revisions can be performed with
an uncemented hemispherical cup.¹,² Porous coating,
porous metal or hydroxyapatite promotes biological fixation between host bone and the titanium shell. Initial stability is required to allow for bony on-growth or in-growth
and this is achieved by a press-fit. Screws or spikes may be
required for initial stability.
Cavitary (type IIA) defects and medial bone loss (type IIC)
are filled with bone graft (Figure 4). Using the acetabular
reamer in reverse is an elegant way to push bone graft into
defects. Press-fit can be obtained if the acetabular rim is
intact. A minimum of 50% host bone contact was traditionally recommended for using an uncemented hemispherical,
and an anti-protrusio cage or roof reinforcement ring
advised when there is less than 50% host bone contact.³4,³5

With good results reported for uncemented acetabular revision, cemented acetabular revision has become less favoured
over the last two decades, particularly in the USA.³7 In 1995
Raut et al³8 published disappointing results with cemented
acetabular revision at a mean follow-up of 5.5 years. The
authors did comment, however, that similar results were
published at the time for uncemented revisions. With
improved cementing techniques and the use of cross-linked
all-polyethylene (PE) cemented cups, excellent results have
been achieved with cemented acetabular revision, particularly in Europe and the United Kingdom. Schreurs et al4
reported 75% survivorship at a minimum follow-up of 20
years following cemented acetabular revision with all rerevisions as an end-point. When septic re-revisions and rerevisions of well-fixed implants for PE wear were excluded,
survivorship was 87%.
Impaction bone grafting with cemented acetabular revision is an effective way to restore lost bone (Figure 7). The
technique described by Schreurs et al³9 involved morcellising cancellous bone with a rongeur to chips 0.5–1cm in
diameter. Segmental medial wall defects are closed off with
slices of cortico-cancellous bone. Cavitary defects are tightly impacted with the morcellised cancellous bone using
specifically designed impactors and a mallet. The authors
advise against the use of a bone mill to morcellise bone and
reverse acetabular reaming for impaction. In their study
autograft or fresh frozen allograft was used; no irradiated
allograft was used.³9

Impaction bone grafting with cemented acetabular
revision is an effective way to restore lost bone
according to Schreurs et al
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Figure 8. Modular porous metal augments

Figure 9. Lateralising cup and liner. Clockwise from
top left: DePuy® Multi-hole and Deep Profile revision cups, +4 mm PE liner and standard PE liner

A

B

Figure 10. A: Type IIIB (Paprosky) acetabular
defect with pelvic discontinuity following failed
reconstruction with bulk allograft. Note disrupted
ilio-ischial line (white arrow). B: Re-revision with
tantalum revision cup and superior augment. Screw
fixation to ilium and pubis
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Autograft can be harvested from the iliac crest but this
adds time and morbidity to the procedure and may not provide enough graft. Fresh allograft can be collected during
primary arthroplasty procedures to be frozen in a bone
bank, but this is not common practice in countries where
there is a high incidence of communicable diseases. Gamma
radiation treatment and freeze-drying of allograft reduces
the risk of disease transmission and immunological rejection but also reduces osteoinductive, osteoconductive and
osteogenic properties, as well as structural integrity.40
There is some concern that irradiated allograft might not
incorporate as well as autograft or fresh frozen allograft.
Disappointing results have been published where irradiated
allograft was used for impaction bone grafting in femoral
revisions.4¹ Emms et al4² have shown encouraging mid-term
results with the use of irradiated allograft for impaction
bone grafting and cemented acetabular revision but longterm results are not yet known.
Another concern with the technique is reported high failure rates in high-grade and uncontained deficiencies.6
Alternatives to autograft and allograft include xenograft
and bone graft substitutes such as hydroxyapatite, calcium
sulphate, polyhydroxyacids, glass-ionomer ceramics,
absorbable ceramics and collagen matrices.4³ Xenograft
shows poor osseointegration and collagen matrices and
polyhydroxyacids lack the required strength.4³
Bone graft substitutes can be used in isolation or in combination with auto- or allograft. Encouraging results have
been reported with combining fresh frozen allograft with
calcium phosphate,44 hydroxyapatite45 or biphasic porous
ceramic (80% tri-calcium phosphate, 20% hydroxyapatite).46 The volume of fresh frozen allograft is reduced and
the authors argue that this reduces the risk of disease transfer or immune response.46
McNamara et al47 combined irradiated allograft with calcium phosphate (1:1) for acetabular impaction bone grafting
and report 100% survival at a minimum of 3.4 years.
Beswick et al48 did a systematic review of the literature pertaining to the use of bone graft substitutes in revision THA.
They concluded that ‘the literature is deficient in both long
term follow up of larger series and in randomised controlled
trials comparing bone graft substitutes with allograft. In the
context of allograft shortage, concerns over infection and
immunological rejection, and costs, there is a need for
appropriately designed randomised controlled trials comparing use of bone graft substitutes with established practice. In addition to prosthesis related outcomes, studies
should explore the patient experience of revision hip
replacement incorporating bone graft substitute material’.

Structural support
In type III defects (superior migration of the acetabular
component by >2 cm), a normal centre of rotation cannot be
recreated with a hemispherical cup without augmentation.
Superior structural support can be provided by bulk allograft or by metal augmentation.
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Table I: Paprosky classification of acetabular bone loss7
X-ray findings
Type I
Minimal bone loss

Intra-operative findings

No migration
Minimal lysis
A Superior migration <2 cm
Teardrop intact no ischial lysis
Type II
B Superolateral migration <2cm
Columns intact
Teardrop intact no ischial lysis
and supportive
C Medial migration
Teardrop obliterated
A Superolateral migration >2 cm (‘up and out’)
Teardrop partly intact
Columns non-supportive B Superomedial migration >2 cm (‘up and in’)
Teardrop obliterated

Table II: AAOS Classification of acetabular bone loss8
Type I
Segmental
deficiency
Type II
Cavitary
deficiency

A Peripheral: Superior/Anterior/Posterior
B Central: Medial wall absent
A Peripheral: Superior/Anterior/Posterior
B Central: Medial wall present

Type III

Combined segmental and cavitary deficiency

Type IV

Pelvic discontinuity

Type V

Arthrodesis

Table III: Saleh classification of acetabular bone loss9
Type I

No significant bone loss

Type II

Contained cavitary defect. Columns intact

Type III

Uncontained segmental defect (<50%)

Type IV
Type V

Uncontained segmental defect (>50%).
Both columns affected
Uncontained defect associated with
pelvic discontinuity

Distal femur or femoral head allograft is shaped into a
figure-of-seven and attached to the ilium with screws.49 A
new acetabulum is then created in an anatomical position
using an acetabular reamer. Both cemented and uncemented cups have been used with bulk allograft. Bulk
allograft can also be combined with other devices such as
a reinforcement ring, anti-protrusio cage or the Kerboull
acetabular reinforcement device.50-5² The potential advantage of bulk allograft is the restoration of bone stock. It is
however technically difficult and high complication and
failure rates have been reported.5¹
Metal augmentation can be done by using modular
porous metal augments or a dual-geometry or oblong
acetabular component (Figure 8).5³

Supportive rim
Superior dome deficient
Superior rim intact
Superior rim compromised
Medial wall absent
Rim deficiency
10–2 o’clock
Rim deficiency
9–5 o’clock

Excellent bony in-growth has been shown with porous
metal (tantalum).54 Modular augments, plates and cupcage constructs offer great versatility for acetabular reconstruction. Early results of acetabular reconstruction using
tantalum in cases of severe bone loss look promising.55-58
Tantalum augments shaped as part of a hemisphere are
available in various diameters and heights. Once the
acetabular bone has been prepared using a reamer, a trial
acetabular component and trial augments are placed in
the cavity and optimal positioning is determined.
Definitive augments are attached to bone with screws.
Fenestrations in the augments allow for the placement of
morcellised bone graft. A layer of cement should separate
any two modular tantalum components. A modular cup
with screw holes (with cement between the cup and augment) can then be used if the ideal orientation can be
achieved. Screws are placed through the shell into host
bone. An all tantalum revision cup can also be used and a
polyethylene liner cemented into the shell. Additional
screw holes can be created in the tantalum revision cup
using a high speed burr if required.

Pelvic discontinuity
Pelvic discontinuity occurs when the superior and inferior
aspects of the hemipelvis are separated by a fracture through
both columns.59 This can be due to severe bone loss or trauma. Reconstruction of severe acetabular defects with associated pelvic discontinuity is a challenging problem. Some
success has been reported with acetabular anti-protrusio
cages that span the defect and are secured to the ilium and
ischium, combined with morcellised bone graft, but longterm results remain disappointing.60,6¹ Total acetabular
transplant with bulk allograft combined with a cage is also
associated with high morbidity and failure rates.³0
In a pelvic discontinuity with the potential to heal,
osteosynthesis can be performed by rigid fixation of the
posterior column with a plate and screws construct.³¹ This
will prevent distraction of the defect when a press-fit is
sought with the acetabular component and augments.
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Sporer and Paprosky³¹ describe a technique of stressing
the acetabular bone intra-operatively to assess for pelvic discontinuity. If present, a distinction is made between an acute
discontinuity with minimal gapping, and chronic discontinuity with sclerotic bone and a large amount of fibrous tissue. An acute discontinuity has the potential for healing, and
the fracture is bone grafted and compressed. In chronic discontinuity with no potential for healing, the defect is distracted.
Early results with the use of tantalum acetabular components and augments are promising (Figure 9).55-58 If augments alone do not provide enough stability for the acetabular component, a cup cage construct can be utilised.6²,6³
The cup cage is implanted into the revision tantalum cup.
Fixation with screws is through the cage and cup into available host bone, and through the iliac flange into the ilium. A
smaller inferior flange is designed to spike into the ischium.
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