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Operative fixation of displaced acetabular fractures with
anatomical reduction has good reported outcomes in the

hands of experienced surgeons, but certain patient factors
and injury patterns predictably lead to failure of reconstruc-
tion and posttraumatic osteoarthritis.1–3 As the elderly
population increases and is more active, orthopaedic trauma
surgeons treat more patients older than 60 years with
displaced acetabular fractures.4,5 These patients more com-
monly have poor bone stock, preexisting osteoarthritis,
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Abstract Early total hip arthroplasty in patients with acetabular fractures is considered in rare
situations with specific indications. Generally, this treatment option is considered in
patients older than 55 or 60 years, but the physiological age must also be considered.
The patient should be functional and ambulatory before the injury and healthy enough to
tolerate the insult of a surgical procedure of thismagnitude. Preexisting conditions such as
osteoporosis and osteoarthritis encourage consideration of total hip arthroplasty. Specific
injury patterns are predictive of fixation failure in older patients with acetabular fractures.
These findings represent worse articular injury and low bone density that would intuitively
lead to failure. This “gull sign” or “seagull sign” describes either the central–superior dome
impaction seen in high-transverse fractures or the impaction of the subchondral bone on
the intact edge of a partial posterior column fracture. Other radiographic predictors of
failure in posterior wall fractures include comminution of more than three fragments,
involvement of the superior dome in high posterior wall fractures, andmarginal impaction.
Older patients have a high incidence of these radiographic findings, predictive of fixation
failure without arthroplasty. Other injury characteristics including concomitant displaced
femoral neck fracture and femoral head injury are also indications for total hip arthroplasty
in older patients. Acute hip arthroplasty can be performed using the posterolateral, direct
lateral, anterolateral, and anterior approaches to the hip. There are also reports of patients
who underwent combined approaches to the hip for stabilization of the injury using the
anterior intrapelvic approach and ilioinguinal approach. Combined approaches are gen-
erally not recommended. Extended approaches are not recommended or necessary for
early arthroplasty in acetabular fractures. This review article highlights recent trends of
early total hip arthroplasty in senior patients with acetabular fracture, and the indications
for the procedure, complications, clinical outcomes, and technical considerations, with
cases to highlight these concepts.
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medical comorbidities, and fracture patterns that predicta-
bly lead to failure,5,6 complicating operative management of
these injuries. Options to treat these injuries include non-
operative management, percutaneous fixation, open reduc-
tion internal fixation (ORIF), and ORIF with total hip
arthroplasty (THA).

When modern THA was being developed, displaced acet-
abular fractures were often managed with traction/immo-
bilization or less commonly with limited, open internal
fixation. Series of patients with fracture–dislocations of
the hip in the 1950s and 1960s treatedwith these techniques
report “mild-to-moderate concessions.”7 Patients with pro-
gressive loss of function were treated with cup arthroplasty
or THA. Primary arthroplasty for acetabular fractures was
not performed because “the magnitude of operative injury
superimposed on the tissue injury from trauma has failed to
improve what could be obtained by direct attack on the
fracture.”7 Around the same time, Coventry reported a series
of five patients who underwent THA for chronic and sub-
acute fracture–dislocations of the hip.8 Two patients under-
went cemented THA at 3 and 7 weeks after the injury.
Otherwise, THA was reserved for late reconstructions of
chronically dislocated joints. Coventry described a technique
of staged fixation of the acetabulum with removal of the
femoral head and THA 5 to 8weeks after the initial operation.
One patient in this series had loosening of the acetabular
component.8 Other studies reported a series of patients
treated successfully with mold arthroplasty for acute acet-
abular fractures.9,10 Despite these reports of a small number
of successful cases, early THA for acute acetabular fracture
would not widely be considered until the development of the
modern press-fit acetabular implant.

Most of the subsequent literature in the 1970s and 1980s
focused on the late reconstruction of failed nonoperative or
operative treatment of acetabular fractures with posttrau-
matic osteoarthritis and avascular necrosis of the femoral
head. Boardman and Charnley reported the largest series at
the time of patients who underwent late reconstruction of a
failed acetabular fracturewith THA.11 Their average time from
injury to reconstruction was 15 years. Most of these patients
were initially treated nonoperatively (81%).11 These patients
were relatively young at the time of reconstruction (54.7
years), and they reported good outcomes with low complica-
tion rates. More recent series using press-fit acetabular com-
ponents report improved functional outcomes for these
patients but higher rates of revision surgery at midterm
follow-up compared with patients with primary osteoarthri-
tis.Ranawatet al reporteda revision rateof19%at anaverageof
4.7 years follow-up for various indications including infection,
aseptic loosening, and dislocation.12 Berry and Halasy
reported a series of 33 patients with late THA for failed
acetabular fracture with minimum 10 years follow-up.13

Reconstruction was performed for failed ORIF in 44% of cases.
Overall, there was a 41% revision rate. Nine (27%) hips under-
went revision of the acetabular component. Higher rates of
revision surgery in these series compared with patients with
primary osteoarthritis allude to the technical difficulty of
these late reconstructions even when performed by experi-

enced surgeons and the relatively young age of the patients
with increased demand on implants.

In the 1990s, reports of a larger series of patients who
underwent successful THA for acute acetabular fracture
brought this treatment option to the forefront. Since that
time multiple authors have published a series of cases with
varying rates of success, but overall reliable outcomes for
appropriate indications. Mears and Shirahama published
descriptions of the technical aspects of the procedure14

and later the largest series of patients treated with acute
THA for acetabular fracture.15 The following discusses the
indications for early THA inpatientswith acetabular fracture,
clinical outcomes, and technical considerations. Three case
examples are included to highlight technical considerations.

Indications for Early Total Hip Arthroplasty
in Patients with Acetabular Fractures

Early THA is considered in a small subset of patients with
acetabular fractures. Most patients with displaced acetabular
fractures are indicated for ORIF, and multiple surgical
approaches have been described. For experienced surgeons,
satisfactoryclinical outcomeshavebeen reliablyachieved.1,16,17

Patients who are physiologically and chronologically older
offer more complexity for the treating surgeon. In senior
patients (older than 60 years), rates of conversion to late
THA for failed fixation has been shown to be between 616

and 28%.3 These patients havehigher rates of fracture patterns
that predictably lead to a failure of fixation.5 Ferguson et al
reported that patients older than60 years have roof impaction
in 40% of cases of anterior column fractures and marginal
impaction in 38% of posterior wall fractures.5 In these older
patients, the treating surgeon needs to be able to recognize
fracture patterns that will predictably lead to a failure of
operative fixation to appropriately indicate early THA.

Posterior wall fractures, isolated and with associated
fracture patterns, have rates of failure after operativefixation
between 1018 and 26%,2 depending on the severity of the
initial injury and how the author describes failure. Predictors
of failure include comminution of more than three frag-
ments, involvement of the superior dome, and marginal
impaction.2,18 Moed et al also found poor results in patients
who developed osteonecrosis of the femoral head. Osteone-
crosis seen more commonly in patients with greater than
12 hours to closed reduction of a hip dislocation. In older
patients with these predictors of failure with ORIF after
posterior wall fracture, THA can be considered as a viable
treatment option.

In patients older than 60 years, the presence of dome
impaction has been shown to be predictive of fixation failure.
This is referred to as the “seagull sign” or “gull sign” and is
described based on twodifferent fracture patterns. Judet et al
described a partial fracture of the posterior column, where
the intact posterior column at the articular surface was
impacted by the femoral head.19 This impaction can often
be addressed through a posterior approach but is an indi-
cator of osteoporotic bone. Anglen et al in an often-quoted
study reported outcomes in a series of patients older than
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60 years with fixation of acetabular fracture. They noted that
patients with central–superior dome impaction in a high-
transverse fracture pattern and central dislocation had a high
failure rate.6 Eighty percent of patients with this radio-
graphic finding did not have anatomical reduction with
fixation, and the rate of loss of reduction was high. These
impaction injuries indicate more severe articular injury as
well as low subchondral bone density, both predictors of
failure. They concluded in their paper that THA should be
considered in senior patients with a “gull sign.”

Most papers that report a series of patients undergoing
early THA for acetabular fractures report similar indications
for the operation.15,16,20–23 Elderly patients are a common
justification for THA. Generally, a cutoff of 60 years is
described, but the physiological age of the patient must be
considered. Carroll et al includedausefulflowchart to consider
when managing senior patients with acetabular fracture.22

THAwas considered when an elderly patient was determined
to be able to tolerate surgery, was functional and ambulatory
before the injury, and fit the criteria of irreducible fracture,
longer planned operation with ORIF only, impaction of the
articular surface, displaced femoral neck fracture or femoral
head fracture, arthrosis, and severe osteoporosis.22 Similar
inclusion criteria are listed in these series.

Clinical Outcomes for Total Hip Arthroplasty
in Acute Acetabular Fractures

Clinical concerns for performing early combined ORIF with
THA in patients with acetabular fracture include the magni-
tude of the operation in elderly patients who are injured and
often polytraumatized with preexisting comorbidities, loos-
ening of the acetabular component due to compromised
fixation, and dislocation. Overall, reported series of these
operations using modern implants and techniques have low
complication rates with good function, but complications

and reoperation rate are slightly higher than that in patients
undergoing THA for osteoarthritis.

Mears and Velyvis reported the largest, most complete
series on our literature review.15 They reported on 57 patients
who underwent early THA combined with ORIF for acetabular
fracture, with an average follow-up of 8.7 years. The most
common complication they reportedwas heterotopic ossifica-
tion in 11%. Therewere no deep infections ormortality related
to the surgery. There was mild settling of the acetabular
component early (3 mm medially and 2 mm vertically), and
no patients suffered nonunion of the fracture or loosening of
the acetabular component. Other series also reported settling
of the acetabular component.20 Six patients had excessive
medialization of the acetabular cup, as determined by the
surgeon, but this was not associated with loosening or pain.
There were only two dislocations in the series. One required
revision for recurrent dislocations. Multiple series reported a
low rate of dislocation. Herscovici et al in a series of 22patients
undergoing the combined procedure reported on two patients
who underwent revision for dislocation.21 In their series, two
patients also underwent revision for component loosening.
Heterotopic ossification is a common finding in these patients
postoperatively. They reported a rate of 21%. Only one patient
has grade IV ossification and none elected to have a repeat
operation for theheterotopicossification.Complication rates of
early THA for acetabular fracture are summarized in►Table 1.

It should be noted that regardless of timing, THA per-
formed after acetabular fracture demonstrates decreased
survivorship and higher complication rates compared with
THA performed for primary osteoarthritis or avascular
necrosis. Morison et al reports 64 to 78% survival rate at
10 years compared with 90% in hips without previous
acetabular fracture in a matched cohort study.24

It should also be noted that the surgeons reporting success
with this operation all perform a high volume of THA and
fixation of acetabular fracture and have teams that are

Table 1 Complication rates reported in a series of early THA for acetabular fracture

Author Number
of
patients

Revision at
follow-up
(%)

Heterotopic
ossification
(%)

Acetabular
loosing
(%)

Femoral
loosening
(%)

Dislocation
(requiring
revision)
(%)

Infection
(%)

Early
postoperatively
mortality (%)

Mears and
Velyvis15

57 5.3 11 0 0 3.5 (1.8) 0 0

Herscovici et al21 22 18.2 22.7 9 9 13.6 (9) 0 0

Beaulé et al25 10 0 10 0 0 10 (0) 0 0

Mouhsine et al30 11 0 27.3 0 0 0 0 0

Boraiah et al20 18 5.6 5.6 5.6 5.6 5.6 5.6 0

Rickman et al27 24 0 0 0 0 0 4.2 4.2

Sermon et al28 64 8 28 – – – – –

Enocson and
Blomfeldtet al26

15 0 26.7 0 0 0 0 7

Lin et al17 33 6 27.2 3 0 3 3 0

Total 254 5.9 18.5 1.6 2 4.3 1.5 1.1

Abbreviation: THA, total hip arthroplasty.
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prepared for the magnitude of the operation and its possible
complications.

Technical Considerations

Early THA has been described using multiple approaches to
thehip.Mears et al reported using three different approaches
for the reconstruction and arthroplasty depending on the
pattern of the fracture, but they highlighted the advantage of
prepping the acetabulum through the anterolateral
approach. In their series, the posterolateral approach was
used in 28%, anterolateral in 67%, and extended lateral in
5%.15 They also published the most detailed description of
the technical aspects of the operation. Their preferred
approach was the anterolateral approach because this
allowed for reaming and positioning of the acetabulum
without pressure from the anterior soft tissues to misdirect
into a retroverted position. The components are placed in the
axis of the acetabulum. The resected femoral head is used as
a structural bone graft. A multihole press-fit acetabular
component allows for the placement of multiple 6.5-mm
screws and uses the cup as a “hemispherical plate” to support
the fixation.

Herscovici et al reported using an ilioinguinal approach
combined with a posterolateral approach in three patients.21

The indicationwas the concern that fixation through a poster-
olateral approachwould not sufficiently stabilize the pelvis to
support the acetabular component. The pelvis was reduced
and stabilized through the ilioinguinal approach with the
patient supineand thenpositioned lateral toperformposterior
fixation andTHA.Dual approacheswere not preferredbecause
of longer operative times and increased blood loss.

Beaulé et al reported the use of an anterior Levine
approach for the fixation of an acetabular fracture with
anterior THA.25 This series primarily included anterior col-
umn/wall fractures that were best reduced and stabilized
through this approach. Series published by Boraiah et al20 as
well as Enocson and Blomfeldt26 used only the posterolateral
approach. Rickman et al primarily used an anterior intra-
pelvic approach combinedwith a posterolateral approach for
THA.27 They advocated that their fixation was safe for early
weight-bearing with THA. Surgeons should use approaches
that they perform often and allow for stable fixation before
arthroplasty.

Cable fixation is also described for the fixation of these
injuries.14,28 There are reports of safe placement of these
fixation devices that allow for the stabilization of the injury
to allow for THA. This should not be performed without
extensive previous technical experience with this fixation
strategy.

Case Examples and Authors’ Preferred
Management

In our practice, early THA for patients with acetabular
fracture is uncommon but is strongly considered in older
patients with fracture patterns that will predictably lead to
failure with ORIF alone. Previous studies at our institution

have highlighted patterns with high failure rates, and this is
taken into consideration when managing these patients.2 A
review of our patients with operatively treated acetabular
fractures identified 14 patients who underwent early THA.
During this time period, 215 patients underwent operative
fixation without arthroplasty. Early THA was performed
acutely in 6.5% of cases with reliable results. Elderly patients
with displaced both-column, anterior column, and anterior
column fractures that could be mobilized early were treated
nonoperatively.

In the evaluation of these patients, the preinjury ambu-
latory/functional status, preexisting comorbidities, and
associated injuries must be carefully considered. As shown
in the previously described series, these patients often offer
more complexity in the form of preexisting conditions. A
similarmedical and traumawork-up is performed in patients
who have displaced femoral neck fractures in this age group.

Standard work-up in patients with acetabular fracture
includes an anteroposterior (AP) pelvis and Judet oblique
films taken in the emergency room. Computed tomography
(CT) scan is used to assess articular injury and further
evaluate fracture pattern. Three-dimensional reconstruc-
tions are useful for preoperative planning. After a patient
is indicated for early THA, a low AP pelvis radiograph is
obtained for templating.

Our patients all undergo screening for Staphylococcus
aureus (SA) nasal colonization preoperatively. Patients who
are positive for SA colonization are given mupirocin nasal
ointment and chlorhexidine washes twice a day for 5 days.
Surgery is not delayed for completion of this treatment.
Positive screening for methicillin-resistant SA is an indica-
tion to add vancomycin to the perioperative antibiotics.
Ancef is given to all patients before incision in the operating
room. There is evidence that gram-negative coverage should
be added to the perioperative antibiotics in patients who are
undergoing pelvis surgery,29 but this is not currently per-
formed in our practice. Enoxaparin or subcutaneous heparin
is given, except for the day of surgery, unless contraindicated
for deep venous thrombosis prophylaxis.

The indications for early THA in our practice are similar to
the previously presented series. Age above 55 or 60 years is
often used arbitrarily as an age when arthroplasty should be
considered as one of the treatment options, but the physio-
logical age of the patient should be considered, as well as the
opinion of the surgeon for the chances of success with open
reduction and internal fixation alone. THA can be considered
in younger patients with certain failure using standard
fixation strategies. Certainly, severe articular comminution
or impaction is a predictor of failure as well as significant
femoral head injury/fracture. Preexisting osteoarthritis
would push toward THA. Osteoporosis is also taken into
consideration. In specific patients, the decision to proceed
with THA is made intraoperatively after evaluation of the
severity of articular injury. This possibilitymust be discussed
with the patient preoperatively.

In patients with comminuted posterior wall fractures
indicated for THA, the cup is placed more medially. This
allows for more surface area with press-fit fixation on the
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intact posterior wall and posterior column. In anterior
column fractures with bone defects, the femoral head is
morselized or used as a structural graft to support the
acetabular component. Also, the femoral head is osteoto-
mized prior to fixation to allow for easier reduction and
exposure of the acetabulum.

Posterolateral approach is our preferred approach for
fixation of the fracture and THA. Extended approaches or
dual approaches add significant risk, as shown in other
series,21 and is not required to obtain stability of the pelvis
with modern press-fit acetabular components. Multihole
acetabular components are used to allow for fixation across

the facture and for added stability. In anterior fracture
patterns, a portion of the femoral head is occasionally placed
in anterior defects either as a structural or morselized graft.
The cup is secured to the posterior column. In our experience,
adequate stability can be obtained through this approach. In
the absence of severe osteoporosis, uncemented femoral
components are preferred.

Case 1
A 68-year-old man with a past medical history of hyperten-
sion suffered a 12-feet fall from a ladder, resulting in a
posterior wall acetabular fracture–dislocation. He had no

Fig. 1 (a–c) Anteroposterior pelvis and Judet oblique views of the patient presented in case 1.

Fig. 2 (a–d) Computed tomography (CT) scan with three-dimensional reconstruction of the patient presented in case 1.
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other injuries. Prior to the injury, he worked in a factory. He
had no prior history of hip pain.

Radiographs and CT scan demonstrated a comminuted
posterior wall acetabular fracture with marginal impaction
(►Figs. 1 and 2). He was evaluated by the general surgery
trauma service as well as medical teams. After a discussion

with him regarding the prognosis of the injury and potential
treatment options, he underwent open reduction and inter-
nal fixation with THA. A standard posterolateral approach
was performed. The femoral neck osteotomy was performed
and the femoral head was removed. The intact acetabulum
was reamed to 1 mm less than the selected implant. The

Fig. 4 (a–c) Anteroposterior pelvis and Judet oblique views of the patient presented in case 2.

Fig. 5 (a–c) Computed tomography (CT) scan of the patient presented in case 2.

Fig. 3 (a–b) Immediate postoperative and 9-month radiographs after reconstruction in case 1.
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posterior wall fragments were then reduced to the trial
acetabulum andfixed using standard techniques for a poster-
ior wall fracture using a nine-hole pelvic reconstruction
plate. A standard three-hole acetabular component was
used as we had adequate fixation and did not require a
multihole cup. The femoral component was placed using
standard techniques.

The patient did well postoperatively. He was last seen in
clinic 9 months after the procedure and was having no pain.
Postoperative radiographs are shown in ►Fig. 3.

Case 2
A 79-year-old man with a history of hypertension suffered a
5-feet fall from a ladder resulting in a transverse posterior
wall acetabular fracture with central dislocation. He had
retired and previously worked as an engineer. He had no
previous hip pain or injuries.

Radiographs and CT scan demonstrated a transverse
posterior wall fracture with articular comminution
(►Figs. 4 and 5). In this case, the “gull sign” can be seen
on both AP and obturator oblique radiographs, indicating an

Fig. 7 (a–c) Anteroposterior pelvis and Judet oblique views of the patient presented in case 3.

Fig. 6 (a–c) Immediate postoperative and 5-year radiographs after reconstruction in case 2.
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articular injury predictive of failure with operative fixation
alone. He is also noted to have joint space narrowing on the
contralateral hip indicating preexisting osteoarthritis. He
was indicated for ORIF with THA. He was taken to the
operating room 4 days after the injury. Again, a standard
posterolateral approach was performed. In this case, the
transverse fracture was reduced after dislocation and
removal of the femoral head. Fixation was performed
with a nine-hole pelvic reconstruction plate and a 1/3
tubular plate. After fixation, reaming of the acetabulum
was performed. Standard THA was performed with a multi-
hole acetabular component.

The patient did well postoperatively. He was last seen in
clinic 5 years after the procedure and was having no pain.
Follow-up radiographs are shown in ►Fig. 6. He was very
active and continued to push mow his lawn and do yard
work.

Case 3
A 62-year-old woman with a past medical history of osteo-
genesis imperfecta suffered a fall from standing in the bath-
room, resulting in a both-column acetabular fracture with

central dislocation. She also had a distal radius fracture but
no other injuries. She was otherwise healthy and had no
preexisting hip pain.

Radiographs and CT scan demonstrated a both-column
acetabular fracture with articular comminution and central
dislocation (►Figs. 7 and 8). Again, in this case, the “gull
sign” is seen on radiographs. Her case had added complexity
due to her osteogenesis imperfecta. She was indicated for
ORIF with THA and taken to the operating room 4 days after
the injury. The posterolateral approach was performed. The
acetabulum was reduced using standard techniques and
stabilized using three pelvic reconstruction plates. Despite
her soft bone due to osteogenesis imperfecta stable fixation
was achieved. The acetabulum was reamed and a multihole
cup was placed. Standard press-fit femoral arthroplasty was
performed.

This case was significantly more difficult because of low
bone density. At the 2-year follow-up, the cup migrated
medially compared with initial postoperative radiographs
(►Fig. 9). The implants were stable at follow-up, and the
patient had some posterior painwith increased activities but
otherwise was doing well.

Fig. 8 (a–d) Computed tomography (CT) scan with three-dimensional reconstruction of the patient presented in case 3.
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