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6.1 Introduction

The treatment of acetabular fractures is a com-
plex area of orthopaedics that is continually
refined. Until the middle of the twentieth century,
surgical treatment of pelvic and acetabular frac-
tures was non-existent [1].

In the early 1960s, the management of acetab-
ular fractures was revolutionised by the work of
Judet and Letournel. They recognised that the
principles applied to the treatment of displaced
articular fractures (anatomic reduction, stable
fixation, and early movement) should also be
applied to the acetabulum. Their studies led them
develop news surgical approaches and a classifi-
cation system which has been tested in time and
is currently used all over the world [2]. This
approach led to a reduction in the incidence of
post-traumatic arthritis and an improvement in
the overall outcome.

Acetabular fractures constitute 18 % of pelvic
injuries and most often occur in young adults
involved in high-energy motor vehicle collisions or
falls from a height. As with pelvic fractures, acetab-
ular fractures also can occur in older patients with
osteoporotic bone, usually from a low-energy fall.
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6.2 Anatomy

The acetabulum can be described as an incom-
plete hemispherical socket with an inverted
horseshoe-shaped articular surface surrounding
the nonarticular cotyloid fossa. This articular
socket is composed of and supported by two col-
umns of bone, described by Letournel and Judet
as an inverted Y [3].

The anterior column is defined as the strut of
bone that extends from the sacroiliac joint to the
ipsilateral pubic ramus. The anterior column
includes the superior pubic ramus, anterior half
of the acetabulum, anterosuperior and anteroinfe-
rior iliac spines, and anterior iliac crest. The ilio-
pectineal (also called the iliopubic) line on
radiographs approximates the anatomic anterior
column [4].

The posterior column is the bony strut extend-
ing from the posterosuperior iliac spine to the
ischial tuberosity. The posterior column includes
the portion of the ischium from the ischiopubic
junction of the obturator foramen to the greater
sciatic notch and posterior half of the acetabu-
lum. The ilioischial line on radiography approxi-
mates the anatomic posterior column.

The walls of the acetabulum extend from the
corresponding columns, consequently forming
the acetabular cup, and stabilise the hip joint. The
posterior wall is larger and extends more later-
ally; the anterior wall is smaller and stabilises the
hip joint anteriorly and has been described as
extending to the pelvic rim [5].
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The neurovascular structures passing through
the pelvis are at risk during the original injury
and subsequent treatment, and the various surgi-
cal approaches are designed around these struc-
tures. The sciatic nerve exiting the greater sciatic
notch inferior to the piriformis muscle frequently
is injured with posterior fractures-dislocations of
the hip and fractures with posterior displacement.
The superior gluteal artery and nerve exit the
greater sciatic notch at its most superior aspect
and can be tethered to the bone at this level by
variable fascial attachments.

6.3  Clinical Evaluation

Patients with acetabular fractures often have mul-
tiple injuries and the initial approach to evalua-
tion should follow ATLS guidelines [5]. Careful
assessment of the ipsilateral lower extremity
should be taken and performed to rule out frac-
ture or ligamentous injury of the knee. The soft
tissues overlying the greater trochanter should be
carefully inspected for signs of a Morel-Lavallee
lesion, a closed degloving injury resulting in a
haematoma and liquefied fat forming between
the subcutaneous tissues and the fascial layer.
Sciatic nerve function should be carefully
assessed in the ipsilateral extremity, especially
with fractures involving the posterior wall.

6.4 Radiographic Evaluation
Acetabular fracture classification by Judet and
Letournel requires oblique radiographs of the
pelvis. A standard radiograph series consists of
an anteroposterior view and left and right Judet
views. Judet views are right posterior oblique
(also known as right iliac oblique or left obtura-
tor oblique) and left posterior oblique (also
known as left iliac oblique or right obturator
oblique) views of the pelvis. Appropriate posi-
tioning of the obliquity is confirmed by ensuring
that the coccyx projects over the ipsilateral fem-
oral head: In the right posterior oblique projec-
tion, the coccyx should project over the right
femoral head.
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The obturator oblique view splays open the
contralateral iliac wing and allows visualisation
of the ipsilateral iliopectineal line and posterior
wall. For example, with a right obturator oblique
view, the right iliopectineal line, left iliac wing,
and right posterior wall are best visualised.

An iliac oblique view shows the ipsilateral
ilioischial line and the anterior wall. Thus, the
right iliac oblique view will show the entire right
ilium en face, the right anterior wall, and the left
posterior wall. These views are critical to ortho-
paedists because they are the intraoperative views
used to judge reduction.

CT scan better defines acetabular fractures, par-
ticularly in identifying the location and displace-
ment of fractures and loose fragments in the hip
joint. CT also helps with preoperative planning.
Furthermore, CT offers better soft tissue assess-
ment for rapid evaluation of visceral structures in
the multitrauma patient [6] (Figs. 6.1 and 6.2).

6.5 Classification

There are several acetabular fracture classifica-
tion schemes, with the most widely used classification
scheme being the Judet-Letournel classification
scheme.

In the Judet-Letournel classification system,
acetabular fractures are classified into two broad
categories: elementary and associated fractures.
The associated fracture patterns are composed of
a combination of at least two of the elementary
fracture patterns. The importance of this classifi-
cation system lies in the fact that different acetab-
ular fractures are repaired by different surgical
approaches and techniques [7].

Elementary fractures include wall, column,
and transverse fractures. These fracture types can
easily be remembered by recalling the basic func-
tional anatomy of the acetabulum: Elementary
fractures involve a single wall, a single column, or
are purely transverse. The simplest elementary
fractures are two-part fractures. It is important to
note that the term “transverse fracture” should be
reserved to describe a diagnostic type of acetabu-
lar fracture, whereas the term “transverse” should
be avoided when describing the orientation of a
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Fig. 6.1 CT scan. Axial
view of acetabular fracture

Fig.6.2 CT scan. 3D
reconstruction of acetabular
fracture

fracture because it may quickly become confus-
ing as to which type of fracture is present.
Associated fracture patterns have at least three
major fracture fragments and include a posterior
column fracture with a posterior wall fracture, a
transverse fracture with a posterior wall fracture,
an anterior column fracture with a posterior
hemi-transverse fracture, a T-type transverse
fracture, and associated both-column fractures.
Although there are ten fracture patterns,
90 % of acetabular fractures that occur are one
of five types: associated both-column, T-type,
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transverse, transverse with posterior wall, and
elementary posterior wall fractures [8]. Some
investigators have advocated concentrating
only on these common fractures; however,
commonly acetabular fractures do not fit per-
fectly in one of the fracture patterns in the clas-
sification scheme.

The most frequent type of fracture involved
the posterior wall, accounting for 23.9 % of all
injuries. Fractures involving both columns were
seen in 22 %, those described as transverse and
involving the posterior wall accounted for
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Fig. 6.3 Posterior wall
fracture

17.7 %, while other fracture types were less com-
mon and were seen in less than 10 %.

The AO group has developed an alphanumeric
classification system for acetabular fractures
based on the severity of the fracture: Type A frac-
tures include fractures of a single wall or column,
type B fractures involve both anterior and poste-
rior columns (both transverse or T-type frac-
tures), and type C fractures involve both anterior
and posterior columns, but all articular segments,
including the roof, are detached from the remain-
ing segment of the intact ilium. Type C fractures
are those designated both-column fractures in the
Letournel and Judet classification. Each type has
subtypes 1, 2, and 3, depending on the character-
istics of the fracture (Figs. 6.3, 6.4, and 6.5).

6.6 Treatment

6.6.1 Nonsurgical Treatment

In the past few decades, indications for conserva-

tive management have been reduced to a mini-

mum, and it is currently used mostly in

circumstances preventing surgery [9].
Nondisplaced fractures or displaced frac-

tures that do not involve the dome of the

acetabulum are treated nonsurgically. The
dome of the acetabulum has been defined by
Matta et al. [10] as the area within the 45° roof
arc or the superior 10 mm on a CT scan. An
exception to this rule is posterior wall frac-
tures, which may not involve the dome but nev-
ertheless can result in hip instability if a large
fragment is involved.

Some both-column fractures have extensive
comminution, but the fragments remain mini-
mally displaced around the femoral head. This so-
called secondary congruence also allows for
nonsurgical management. Other contraindications
to open reduction and internal fixation include the
following: associated medical conditions that pre-
vent surgery; advanced osteoporosis or degenera-
tive joint disease, making hip arthroplasty the
better option; and local or systemic sepsis. In all
those cases, the treatment consists in mobilisation
out of bed with toe-touch weight bearing for
10-12 weeks.

6.6.2 Surgical Treatment
Open reduction and internal fixation, as for any

other intra-articular fracture, is now a standard
treatment for a displaced acetabular fracture. In
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Fig.6.4 T-shaped fracture

Fig. 6.5 Both-column
fracture

a comparative study, nonoperative treatment of
the displaced acetabular fracture has been shown
to give far inferior results compared to operative
treatment (30 % good results versus 86 % good
results). The goal of treatment of a displaced

acetabular fracture is to achieve anatomical
reduction of the articular surface with rigid
internal fixation to allow early joint motion, but
the choice of surgical approach remains contro-
versial [11].
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6.6.2.1 Indications for Operative
Treatment and Selection
of Approach
Indications include fractures involving the dome
of the acetabulum with at least 2 mm of displace-
ment, fractures that result in instability of the hip
joint, and fractures with trapped intra-articular
fragments. The approach selected depends on
pattern and location of the fracture. Fractures
involving a single column or wall can be
approached through a single approach (ilioingui-
nal or modified Stoppa for anterior fractures and
Kocher-Langenbeck for posterior fractures).
The Kocher-Langenbeck approach is used
most frequently in the operative treatment of
acetabular fractures. It gives access to the retro-
acetabular surface of the innominate bone from
the ischium to the greater sciatic notch. Access
to the quadrilateral surface is possible by palpa-
tion through the greater and lesser sciatic
notches, allowing assessment after the reduction
of fractures involving the quadrilateral plate and
anterior column. The greater sciatic notch also
provides a window for the placement of clamps
to manipulate and reduce these fractures. The
superior gluteal neurovascular bundle limits
access to the superior iliac wing in this approach.
The ilioinguinal approach offers a direct view
of the iliac wing, the anterior sacroiliac joint, the
entire anterior column, and the pubic symphysis.
Both-column fractures may require both an
anterior and a posterior approach or an extensile
approach such as the extended iliofemoral. This is
an anatomical approach and follows an interner-
vous plane, reflecting anteriorly the femoral
nerve-innervated muscles and posteriorly the
muscles innervated by the superior and inferior
gluteal nerves. The posterior flap is mobilised as a
unit without damaging its neurovascular bundles.
This approach provides direct exposure of the
whole outer aspect of the ilium, the posterior col-
umn down to the ischium, and the hip joint. With
further retraction of the iliopsoas and abdominal
muscles medially, exposure of the internal aspect
of the ilium is also possible.
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6.6.2.2 Fracture Osteosynthesis

Posterior wall fractures are the commonest type
of acetabular fracture. Fractures of the posterior
wall of the acetabulum as well as fractures of the
posterior column, fractures of the posterior col-
umn and wall, transverse fractures, and trans-
verse posterior wall T-shaped fractures can be
managed with the operative technique described
below [12].

Displaced posterior column fractures can be
reduced using either a bone hook or a reduc-
tion forceps. Rotational deformities can be cor-
rected by inserting a Schanz screw into the
ischial tuberosity, thus allowing manipulation
of the deformity.

In an isolated posterior wall fracture, the
fragment is reduced anatomically and held
with the aid of K-wires. Lag screws can then be
inserted from the wall to the posterior column.
A depth gauge is usually used to determine the
screw length and 3.5 mm screws are used from
the posterior wall to the posterior column. The
overall fixation is then neutralised by the appli-
cation of 3.5 plate appropriately contoured to
accommodate the shape of the posterior col-
umn. The plate must be contoured adequately
to include coverage of the posterior wall frac-
ture. Where there is a transverse facture, a
screw can be inserted from the posterior to the
anterior column.

Isolated anterior column and anterior wall
fractures account for only 6.3 % of acetabular
fractures. Their outcome is often analysed with
other associated fracture patterns, particularly
hemi-transverse or bicolumnar fractures, thereby
masking their true prognosis. In spite of exten-
sive literature on the management of acetabular
fractures in general, information on outcome fol-
lowing open reduction and internal fixation
(ORIF) of anterior column and anterior wall
fractures is scarce [13]. Depending on the dis-
placement and stability of the fracture fragments,
either closed reduction and percutaneous fixa-
tion or ORIF through an ilioinguinal approach
can be performed (Figs. 6.6, 6.7, and 6.8).
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Fig. 6.6 Posterior wall
osteosynthesis using screws

Fig. 6.7 Posterior wall
osteosynthesis using plate




58

E. Zamora-Carrera and J.C. Rubio-Suérez

Fig. 6.8 Both-column osteosynthesis across double
approach

Outcomes and
Complications

6.7

Following stable fixation, patients should be
mobilised as soon as possible. Weight bearing on
the injured side is limited to touch down for
10-12 weeks. With stable fractures or solid fixa-
tion, active and active-assist range of motion of
the affected extremity is begun as soon as symp-
toms allow. Isometric quadriceps exercises and
straight leg raises are begun early to minimise
thigh atrophy. Full weight bearing is delayed for
10-12 weeks, at which point progressive
strengthening exercises are added.

The outcome following acetabular frac-
ture may be influenced by various factors.
Those beyond the surgeon’s control include the

mechanism of the injury, damage to the femoral
head, sciatic nerve injury, dislocation, fracture
pattern, associated injuries, the patient’s age, and
comorbidities. Crucial yet controllable factors
include the timing of surgery, surgical selection,
and quality of reduction and fixation. Restoration
of articular congruity with stable fixation is the
most significant predictive factor of post-trau-
matic osteoarthritis [14]. Complex associated
fractures need to be fixed within the first 5 days,
but more simple fractures can be adequately
managed up to 15 days after the injury. Beyond
this time, results become less satisfactory.

Mears et al. [15] showed in his study of 424
fractures treated by operation that simple frac-
tures were reduced anatomically in 87 % of
patients, whereas associated fractures could be
reduced anatomically in only 59 %. Matta [16]
had similar results, achieving anatomical reduc-
tion in 96 % of simple fractures and only 64 % of
associated fractures. Both agree that both-column
and T-type fractures showed the least accuracy of
reduction.

6.7.1 Early Complications
Deep vein thrombosis (DVT) is a major concern
for patients with acetabular fractures. Prevention
includes use of pneumatic compression boots and
chemical prophylaxis.

latrogenic nerve or vessel injury can result
from surgical treatment. Maintaining the knee in
flexion and the hip in extension during the
Kocher-Langenbeck approach helps to decrease
the tension on the sciatic nerve. Self-retaining
retractors should be used with caution. There is
an overall incidence of post-traumatic nerve pal-
sies associated with acetabular fractures of
16.4 %. This rises to more than 40 % in fractures
involving a posterior dislocation of the hip. The
incidence of infection is between 4 and 5 %.

6.7.2 Late Complications

Heterotopic ossifications are most common with
the extended iliofemoral and Kocher-Langenbeck
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approaches and least common with the ilioingui-
nal approach. A meta-analysis by Giannoudis
et al. [17] showed an incidence of 25.6 % of HO
following operation for acetabular fractures.
However, only 5.7 % of patients will develop HO
grade IIT or IV according to the Brooker classifi-
cation. Several clinical studies have shown that
either local radiation or oral administration of
indometacin provided effective prophylaxis
against HO following the surgical treatment of
acetabular fractures.

The overall incidence of osteoarthritis (OA)
following operatively treated acetabular fractures
is around 26 %. Higher rates can be reached,
especially in anterior column/posterior hemi-
transverse, T-shaped, and posterior wall/posterior
column fractures. Further risk factors for the
development of post-traumatic OA include asso-
ciated chondral or osseous lesions of the femoral
head and the quality of reduction.

The incidence of avascular necrosis (AVN)
described in published papers varies from 3 to
53 %. Recent reports show that it may be grossly
overestimated and that most of the observed
changes in the head of the femur are probably
due to OA. However, in patients sustaining a pos-
terior fracture dislocation of the hip, the inci-
dence of AVN increased up to 9.2 % [18].

8.5 % of patients with fractures treated by
operation needed an arthroplasty at an average of
2 years following the initial procedure. Anyway,
long-term results are influenced by numerous
factors. The type of fracture and the quality of
the reduction are the main influences on func-
tional outcome. The quality of reduction is a cru-
cial but controllable factor. An excellent or good
functional outcome can be expected in between
83 and 89 % of patients with an anatomical
reduction [19].

The treatment of these fractures sets high
demands and needs to be in the hands of experts.
Tertiary referrals should be undertaken as early
as possible, since the timing is of utmost impor-
tance. It is important, at operation, to obtain the
most accurate reduction of the fracture, which is
possible, with a minimal surgical approach. Both,
anatomical reduction and minimal approach,
influence the outcome.
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Conclusions
Acetabular fractures constitute 18 % of pelvic
injuries, and most often occur in young adults
involved in high-energy motor vehicle colli-
sions or falls from a height. The treatment of
acetabular fractures is a complex area of ortho-
paedics that is continually refined. Patients
with acetabular fractures often have multiple
injuries and the initial approach to evaluation
should follow ATLS guidelines. CT scan is
currently the best diagnosis tool in the acetabu-
lar fracture assessment. There are several ace-
tabular fracture classification schemes.
However, the most widely used is the Judet-
Letournel classification scheme. Nondisplaced
fractures or displaced fractures that do not
involve the dome of the acetabulum are treated
nonsurgically, except posterior wall fractures.
Open reduction and internal fixation, as
for any other intra-articular fracture, is now a
standard treatment for a displaced acetabular
fracture. The approach selected depends on pat-
tern and location of the fracture: ilioinguinal
or modified Stoppa for anterior fractures and
Kocher-Langenbeck for posterior fractures.
Both-column fractures may require both an
anterior and a posterior approach. Early com-
plications include deep vein thrombosis, post-
traumatic nerve palsies (16.4 %), and wound
infection (4-5 %). Late complications are as
follows: heterotopic ossification (25.6 %),
osteoarthritis (26 %), and avascular necrosis
(3-53 %). 8.5 % of the patients require total hip
arthroplasty 2 years following the initial proce-
dure. The treatment of these fractures sets high
demands and needs to be in the hands of experts.
In these cases, an excellent or good functional
outcome can be expected in between 83 and
89 % of patients with an anatomical reduction.
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