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Skeletal metastatic disease of the acetabulum: historical and
evolving techniques for management
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Abstract: The skeleton is the third most common organ system to be involved in the spread of metastatic
carcinomas. More options for systemic therapies, surgeries and adjuvant treatments are providing longer
survival for patients with known metastatic carcinoma to the bone. This means more patients are living with
metastatic skeletal disease than ever before. If metastatic disease results in enough bone loss it can cause
significant pain and dysfunction for patients. The acetabulum and pelvis are common sites of metastatic
disease. The complex anatomy of the bony pelvis and acetabulum, as well as its proximity to important
neurovascular and pelvic structures, can make surgical management of acetabular metastatic disease
technically difficult. Decision making for patients with symptomatic skeletal metastatic disease is complex,
and multidisciplinary teams can be helpful in providing appropriate care for these patients. Systemic
chemotherapies, immunotherapies or targeted therapies may not adequately treat large areas of metastatic
disease in the hip and pelvis. Radiation therapy is not successful for all patients. Fortunately, there are
evolving therapies that are giving patients and providers more options for treatment. This review article
will cover some of those new therapies and their outcomes, focusing on newer ablative, minimally invasive
and surgical reconstruction techniques for metastatic disease involving the acetabulum. Decision making in

the management of a patient’s metastatic acetabular disease is still made on a case by case basis. This review

article hopefully will remind clinicians of the variety of treatments available to these patients.
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Introduction

The incidence of new cancer diagnoses has remained
stable in the United States, while mortality from cancer
has decreased slightly over the past decade (1). This means
more patients are living with a cancer diagnosis in the
United States than ever before. The number of patients
who will develop skeletal metastatic disease annually in the
United States is more difficult to predict, but ranges from
280,00-400,00 patients (2,3). The incidence of skeletal
related events, as defined by patients with metastatic
skeletal disease who develop pathologic fracture, spinal

cord compression or need surgery or radiation for their
metastatic disease, has been detailed in the placebo arms of
a number of trials evaluating the efficacy of antiresorptive
therapies. For instance, in trials randomizing patients to
placebo versus bisphosphonate therapy, pathologic fractures
were identified in 52% of patients with metastatic breast
cancer in the placebo arm (4), as compared to 25% of
patients with metastatic prostate carcinoma (5), or 22% of
patients with metastatic lung carcinoma (6). The economic
burden associated with the treatment of patients with

metastatic skeletal disease was estimated to be 12.6 billion
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dollars in 2004. That number most certainly has grown over
time (7).

Bone represents the third most common organ system
to be involved in the distant spread of a carcinoma (3).
The distribution of metastatic disease in the skeleton has
been well characterized. Most metastases will involve the
axial skeleton, with the spine, ribs, sternum and pelvis
representing the four most common sites of disease (8). Any
orthopaedic surgeon who regularly treats metastatic skeletal
disease will most certainly encounter challenges from
patients presenting with metastatic acetabular disease.

Classification systems for metastatic disease of
the acetabulum

Enneking in 1978 described one of the first classification
systems used for the surgical management of malignancies
of the pelvis (9). His classification system was simple, but
is still widely used. He divided the pelvis into three zones:
zone one involves the pelvis, between the acetabulum
and sacroiliac joint, zone two involves the acetabulum
itself, and zone three involving structures medial to the
acetabulum. Harrington in 1981 published his results on
the management of acetabular metastatic disease, and
proposed a classification system (10). He divided acetabular
involvement into type 1 lesions where the acetabular
columns and walls are preserved, type 2 lesions where
the medial wall and quadrilateral surface of the pelvis are
disrupted, and type 3 lesions where the roof and superior
rim of the acetabulum are disrupted, often with large
iliac wing lesions involved. The Metastatic Acetabular
Classification (MAC) classifies acetabular metastases
into four types, including involvement of the acetabular
dome (Type 1), involvement of the medial wall (Type 2),
involvement of a single column (Type 3), involvement
of both columns (Type 4) (11,12). Paprosky in 1994
defined acetabular defects in the setting of revision total
hip arthroplasty (13). While his classification system was
not specific to metastatic skeletal disease, it is similar to
the Harrington and MAC systems, and offers specific
reconstruction techniques for specific acetabular defects.
Importantly, all of these classification systems highlight
the same basic principles. The first is that adequate pre-
operative planning is essential. As much information as
possible, often utilizing MRI and CT imaging, should be
gathered about the size and location of bony defects about
the acetabulum. Second, an appropriate approach and
exposure is needed and can be successfully gained with
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good preoperative planning. Third, efforts should be made
to remove as much pathologic bone as possible. Fourth,
medial wall defects are prone to failure by protrusion, and
implants preventing that mode of failure should be selected.
Fifth, adequate bone stock for implant and cement fixation
is needed beyond the acetabular defect.

Treatment options

The treatment options for patients presenting with
metastatic skeletal disease involving the acetabulum
have evolved significantly. The use of ablative therapies,
minimally invasive procedures for cementation and
hardware placement, and surgical hip reconstruction
procedures will be reviewed.

A multidisciplinary care team

Many patients present with well-contained, small acetabular
lesions that do not require any site-specific therapy. It is
important to understand that not all patients will require
invasive procedures. The value of a multidisciplinary team
of providers with expertise in treating skeletal metastatic
disease cannot be overstated (14,15). Specifically, teams
that involve medical oncologists, radiation oncologists,
orthopaedic oncologists, interventional radiology and
palliative care have been organized and demonstrate
improved patient care (14). These teams can best assess
treatment options for patients on an individual basis,
emphasizing patient prognosis and goals of care. Often, the
least invasive therapies are offered first to patients, saving
surgical reconstruction options for evolving, significantly
symptomatic disease. Even symptomatic patients with
lesions involving the weight bearing dome, medial wall,
or column can be treated initially with protected weight
bearing, systemic therapy and radiation therapy with good
results (Figures 1,2). The decision-making in these cases can

be quite complex, and a multidisciplinary team proves very
helpful.

Ablative therapies

A subset of patients presenting with metastatic disease to
the skeleton may be candidates for an ablative procedure,
often using percutaneous image guided techniques.
These patients may have painful metastases with limited
impact on the articular surface of the acetabulum. Often,
they have failed prior therapies such as systemic therapy,
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Figure 1 A 57-year-old woman with a new diagnosis of metastatic breast carcinoma presented with bilateral pathologic acetabular fractures.
She had noticed pain and limited ability to walk over the course of 2 months, but chose not to seek care. She was treated with systemic
chemotherapy, bisphosphonate therapy and radiation to her bilateral hips. (A) AP pelvis radiograph at her initial presentation. (B) A pelvic
radiograph 18 months after completion of radiation and systemic therapy shows healing of her fractures. She was able to bear full weight and

walk distances with a walker. She reported no pain in her left hip, and low levels of pain on the right. She chose not to pursue any further
intervention at last follow-up. AP, anteroposterior.

Figure 2 A 63-year-old male with known metastatic lung cancer presented with worsening right hip pain. (A,B) Bone loss secondary
to metastatic disease in the right posterior column, medial wall and superior dome of the acetabulum. He was treated with systemic

chemotherapy, bisphosphonate therapy and radiation. (C,D) Follow-up CT imaging shows excellent remodeling of bone 8 months after
radiation therapy and the patient walked without pain.
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antiresorptive therapy or radiation. Many patients wish to
avoid surgery, or are poor surgical candidates, and may see
benefit from a less invasive ablative treatment. The hope
is that a direct ablation of metastatic cancer will decrease
pain, and with time, remodeling of the bone in the area can
provide structural support and prevent fracture.

The two best studied techniques for image guided
ablation of skeletal metastases are radiofrequency ablation
(RFA) and cryoablation. RFA probes heat tissue to
approximately 90 degrees Celsius and on average generate
a zone of ablation measuring 4 cm in diameter, although
techniques have been described to control the zone of
ablation using multiple probes, or simultaneous cooling
techniques (16,17). RFA carries the disadvantages of an
inability to simultaneously image the zone of ablation with
conventional CT or US imaging, and the lack of adequate
penetration of heat beyond cortical bone (less effective for
metastatic lesions with associated soft tissue components).
Cryoablation is gaining more favor in recent studies as
the optimal technique for ablation of skeletal metastases
(18-20). Cryoablation works to kill neoplastic cells via
rapid cooling and thawing, with freezing temperatures
reaching -40 to -60 degrees Celsius. Multiple probes can
be utilized to accommodate larger metastases. The “ice
ball” generated with cryoablation can be visualized with
CT imaging, allowing for real time monitoring of the
zone of ablation, and cryoablation techniques are more
successful at penetrating cortical bone. Multiple reports
have demonstrated effective RFA and cryoablation of small
to large metastatic lesions, ranging from 1-18 cm in size
(18-20). Thacker ez 4. (18) performed an evaluation of RFA
versus cryoablation for painful metastatic disease to bone,
including 31 metastases involving the pelvis and acetabulum.
They found that patients treated with cryoablation had
lower immediate post-procedure pain scores and shorter
post procedure length of stay. Gardner et /. reported on 6
patients with metastatic renal cell cancer to the acetabulum
successfully treated with cryoablation therapy (20). Bauones
treated three patients with painful acetabular metastases
using thermal ablation, and temperature monitoring in
an effort to protect the acetabular cartilage (17). The
MOTION multicenter trial is a prospective multicenter trial
that recently published results on the safety and efficacy of
cryoablation used for painful skeletal metastases, including
nineteen patient with pelvic and acetabular involvement (19).
The MOTION trial authors found a decrease in pain scores
and an increase in quality of life measures that persisted up to
24 weeks post treatment. Of note, patient’s mean pain scores
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dropped from 7.3 on a ten-point scale to 3.7, suggesting an
improvement, but incomplete palliation of pain (19). There
are a number of issues that should be considered when
planning an ablation procedure including the size of the
metastatic lesion, proximity to vital structures, proximity
to the joint surface and pathologic fracture risk. For these
reasons, an experienced interventional radiologist should be
involved and there is benefit to discussing these cases in a
multidisciplinary fashion.

Percutaneous structural angmentation

Acetabular metastatic disease is often accompanied by
significant bone loss, and structural instability of the
acetabulum and surrounding pelvis. In these cases, ablation
therapies alone may not be sufficient to restore structural
support. A number of techniques have been described
that combine percutaneous ablation therapies with
cementation and percutaneous screw placement. Wallace
et al. demonstrated success with an image guided technique
for RFA and percutaneous cement injection for contained
acetabular defects in metastatic disease in 12 patients (21).
Follow up was only to a median of 62 days, but no immediate
post-procedure complications were noted. In a study of 11
patients who were treated with percutaneous cementation of
acetabular metastases, median follow up was 26.4 months,
with two of the ten patients requiring further intervention
for evolving disease or symptoms (22). Powell ez al. present
two cases of percutaneous cement and screw placement for
very large periacetabular metastatic tumors with reported
pain relief beyond 1 year (23). Yang er a/. recently published
a series of patients with metastatic acetabular disease treated
with percutaneous screw placement alone (24). In their
series, three cannulated screws, one in the anterior column,
one in the posterior column and a third in a “trans-columnar”
fashion were placed percutaneously without cement
augmentation. They demonstrated good pain relief in the
majority of patients. Four patients progressed to needing
an open reconstruction with hip arthroplasty, in which case
the previously placed screws were maintained to assist with
augmentation.

Surgical bip reconstruction

Patients can present with very large areas of periacetabular
metastatic disease at the time of initial cancer diagnosis,
or disease that has been refractory to previous treatments.
Often this results in pathologic fracture of the acetabulum.
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Pain and dysfunction for these patients can be severe. These
patients may be candidates for surgical reconstruction,
usually with variations of total hip arthroplasty. An approach
for total hip arthroplasty allows for extensive exposure of
the acetabulum, with treatment of metastatic tumors and
bone loss through the joint itself. The metastatic tumor can
be curetted from the bone, and surgical adjuvants can be
applied. Pelvic reconstruction is then accomplished with a
hip arthroplasty, using a number of techniques that will be
reviewed here.

Harrington published his series of 58 patient treated with
hip arthroplasty for pathologic fractures of the acetabulum
in metastatic disease (10). He described three different
patterns of disease that were managed with cemented
acetabular reconstruction using Steinman pins or anti-
protrusio cages. In general, he reported relatively good
short-term outcomes with these techniques. However, only
45% of patients were ambulatory 2 years post-surgery, and
five of his reconstructions failed secondary to advancing
metastatic disease.

The Harrington technique has evolved over time
with variable outcomes reported in the literature. Marco
et al. reviewed the outcomes of 54 patients treated for
metastatic acetabular disease over the course of 10 years at
Memorial Sloan Kettering (12). The patients were treated
with either cemented hip arthroplasty alone, a modified
Harrington reconstruction with retrograde screws, or a
modified Harrington reconstruction with antegrade screws
or Steinman pins. The majority of patients had an anti-
protrusio acetabular cup placed. The authors were the
first to describe a very useful triangulation guide for pin
insertion, which is positioned in the acetabulum and allows
for a more accurate antegrade screw or pin positioning. A
tibial drilling guide found in an ACL reconstruction set can
work well for most patients as well. The authors reported a
22% early complication rate, with less than half of patients
surviving more than 1 year. There were five reported
fixation failures in surviving patients at 12 months. Pain and
function improved in most patients, and the authors argued
their reconstruction techniques are justified as a palliative
procedure, despite complications and overall low survival.

A number of other studies have demonstrated similar
success and complication rates with a variety of different
reconstruction techniques. Tillman er /. describe outcomes
in 19 patients treated with three antegrade Steinman pins and
a cemented liner (25). Clayer et 4. (26) and Rowell et al. (27)
both described outcomes with the use of an anti-protrusio
cage and cement construct.
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Despite the potential complications that can be seen
with a Harrington reconstruction, the technique of total
hip arthroplasty using cemented implants, augmented with
pins or anti-protrusio cages, is still a warranted a valuable
construction option for patient with large periacetabular
defects from metastatic disease (Figure 3).

With improved systemic therapy options, more patients
with skeletal metastatic disease are living longer. There is
growing interest in the use of techniques that may allow for
more durability of reconstruction as compared to cemented
Harrington reconstructions. Most notably, the use of
tantalum metal with high porosity has shown promise in the
setting of periacetabular metastatic disease, or in patients
who have a history of pelvic irradiation (28) (Figure 4).
Khan ez al. reported on 20 patients treated with porous
tantalum acetabular components and total hip arthroplasty
at the Mayo Clinic (29). A combination of tantalum metal
augments, acetabular shells and anti-protrusio cages
were used. No cement, outside of a small bead of cement
between the augment and shell was used. More than half of
their patients had died less than 2 years post-surgery, but in
the remaining patients, there was no implant failure.

Another evolving prosthetic design is the pedestal cup,
or “ice cream cone” acetabular prosthesis. This prosthesis
utilizes a press fit technique to place a hydroxyapatite coated
conical stem into the sciatic buttress if the ilium. Lowe et /.
reported on 24 patients with periacetabular metastatic disease
treated with a pedestal cup prosthesis (30). They found a
22% complication rate at a mean follow-up of 36 months,
with dislocation and deep infection occurring in 8% and
12% of patients respectively. They highlight decreased
complications in cases using intraoperative navigation, and
an overall survival rate of the implant of 90% at 5 years. A
number of other studies have demonstrated success with the
use of this implant design in periacetabular metastatic disease
(31,32).

Newer technologies allow for custom-made implants
for patients with periacetabular bone loss secondary to
metastatic disease. This provides a powerful tool for
the surgical team. Pre-operative imaging can be used to
plan for and build implants the match a patient’s bone
loss. These implants can allow for bony ingrowth, screw
fixation and/or stemmed fixation, potentially allowing
for immediate bony stability and limited dependence on
cement. Custom implants come with the drawbacks of
time needed for manufacture (5-8 weeks on average) and
significant monetary cost. Ji et al. recently published their
results with custom made 3D printed modular hemipelvic
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Figure 3 A 72-year-old male with metastatic lung carcinoma presented with increasing pain in his left hip. He was treated initially with
systemic chemotherapy, radiation and bisphosphonate therapy, but had worsening pain as well as CT imaging that demonstrated further
bone loss about the left acetabulum. Plain radiographic (A) and CT imaging (B) demonstrate extensive bone loss superior to the left
acetabulum. He was treated with a pre-operative embolization followed by a Harrington reconstruction procedure. He returned to normal

function with no pain in the left hip. His immediate post-operative radiograph (C) and a radiograph 1 year post-surgery (D) are shown.

Figure 4 A 64-year-old woman with metastatic breast carcinoma involving the right acetabulum presented with worsening right hip pain.
Metastatic disease and pathologic fractures of the left acetabulum had previously been treated successfully with non-operative therapy. She
was treated with radiation to the right hip more than 1 year previously. An initial radiograph (A) demonstrated a pathologic fracture. She
failed a course of protected weight bearing and 1 month later presented with progression of her fracture, as well as collapse of the femoral
head (B). 3D reconstructions of a CT scan are shown in (C). She was treated with a tantalum acetabular shell and cage construct. Her

radiographs 2 years post-surgery (D) demonstrate stable implant position without evidence of component loosening.
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endoprostheses in a series of 80 patients, including 16
patients with metastatic disease to the acetabulum (33).
They reported no cases of aseptic loosening in their series
with an average follow up of 33 months.

Comparing techniques

Unfortunately, the majority of publications detailing
reconstruction techniques and outcomes for metastatic
acetabular disease are of poor quality. There are few
studies that compare techniques. Colman et 4/. compared
outcomes of patients treated with percutaneous cement
acetabuloplasty versus cemented total hip arthroplasty
using Steinman pin columnar reconstruction and anti-
protrusio cages in 28 patients (34). They found lower
complication rates in the acetabuloplasty group, but
overall better pain reduction and better functional scores
in the surgery group. Houdek et a/l. recently compared
reconstructions with tantalum acetabular implants to those
using the modified Harrington technique with cemented
reconstructions (35). They compared 78 patients treated
with the Harrington reconstruction at one institution to
a group of 37 patients treated with tantalum acetabular
reconstructions at a separate institution. They found a
significantly lower all cause revision rate in the tantalum
group, with no cases of acetabular loosening, as opposed
to five cases of implant loosening in the Harrington
group. It should be noted the mean patient survival was
only 34% at 2 years, limiting the evaluation of long-term
durability in both groups. A systematic review published
in 2018 evaluated the outcomes of 1,700 patients pooled
from 57 studies and treated with a number of different
reconstruction techniques (36). These included patients
with primary bone tumors as well as metastatic disease.
Seven reconstruction techniques were compared, including
the Harrington technique, reconstructions using tantalum
implants, and reconstructions using custom made implants.
They identified an overall complication rate of 50% after
these complex procedures, but suggested better early
radiographic and functional outcomes with tantalum metal
reconstructions and custom-made implants.

Conclusions

While a number of different techniques, using a variety of
different implants and technologies have been described for
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the treatment of acetabular insufficiency in the setting of
metastatic disease, there most certainly is no consensus on
which technique works best. Unfortunately, the problem
in itself is diverse. Different tumor types will respond
differently to adjuvant therapies. The influence of radiation
therapy or prior ablation procedures on the durability
of a hip reconstruction is not fully understood. There is
likely a significant amount of variability on the success
of a hip reconstruction based on the size and location
of the treated metastatic disease alone. Considerations
should also be given to health care cost for the palliative
treatment of skeletal metastatic disease. There are no
reliable publications comparing the costs of the treatment
approaches used for metastatic disease to the acetabulum.
For all of these reasons, the orthopaedic surgeon managing
metastatic acetabular disease must be aware of their
patient’s goals, the opinions provided by other providers in
a multidisciplinary team, and the options at their fingertips
in the operating room. Systemic therapy alone may work
best for one patient, while radiation or an ablation is better
for the next, or a surgical hip reconstruction for the third.
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