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Abstract

Acetabular fractures are one of the rare injuries. They are usually occurring following a
high energy trauma. The type of acetabular fractures is mainly depend on the position of
the femoral head at the time of injury. The acetabular fracture are usually associated with
visceral and neurovascular injuries. There can be anterior, posterior or central fracture
dislocation associated with this injury. A closed degloving injury of the subcutaneous
tissue which is detached from the underlying fascia-Morel-Lavelle lesion is also common
feature. The sciatic nerve injury can be associated with posterior wall or column inju-
ries. The most commonly used investigation are anteroposterior, Judet views and 2D/3D
computerized tomography. Most commonly used classification is modified Judet and
Letournel classification. They divided acetabular fractures into five simple fracture pat-
terns and five associated fracture pattern. The Orthopedic trauma association modified
Letournel classification and gave computerized coding. In this chapter, we are describing
the clinical features and classification of acetabular fracture in a simple and vivid manner.

Keywords: acetabular fractures, Judet and Letournel classification, Morel-Lavelle lesion,
Judet views, spur sign

1. Introduction

Acetabular fractures are one of the rare injuries. The incidence of acetabular fracture is about
3 per 1 lakh population. There are bimodular pattern of occurrence of acetabular fractures.
In elderly patients, it is usually produced by low energy trauma and in younger patients
it is produced by high energy trauma. The pattern of fracture is mainly determined by the
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position of femoral head at the time of injury, force vector and quality of bone .This fracture
are usually associated visceral and neurovascular injuries. In this chapter, we are going to
describe the clinical feature and classification of acetabular fractures.

2. Clinical features

The most common cause of injury in acetabular fractures is road traffic accidents and fall from
a height [1, 2]. Usually acetabular fractures are associated with other major visceral injuries.
There are very few literature available on the relationship of non-orthopedic injuries associ-
ated with acetabular fractures. Even though most of the acetabular fractures are caused due
to axial compression along the femur, driving the femoral head into the acetabulum [3]. In
a study on patients with combined pelvic and acetabular fractures, Dalal et al. reported 27%
with traumatic brain injuries, even though there was relatively low rate of abdominal injuries
[4]. According to him, some of the causative energy of the injury pattern is distributed to long
bones before it reaches pelvis and torso, thus producing lower extremity fractures. Most of the
posterior wall or column fractures are caused by axial forces transmitted to the acetabulum
by knee and femur with the hip in adducted and flexed position—Dashboard injury. The
other fracture pattern is caused by direct lateral compression force transmitted through the
trochanter or indirect axial force along the femur in extended position of hip joint [5, 6]. In yet
another study, it was noted that axial load pattern of injuries were associated with lung injury,
retroperitoneal haematoma, traumatic brain injury and lower extremity fractures whereas
incidence of genito-urinary injury, hepatic and splenis injury, pelvic vascular injury are more
associated with lateral compressive type of acetabular fracture [7].

Life threatening injuries like head injury, abdominal and other visceral injury must get pri-
ority in the initial evaluation of acetabular fracture. Other skeletal injuries, like fractures of
patella-ipsilateral shaft of femur, tibial plateau fractures and knee ligamentous injury are also
looked into. The lower limb will be flexed, adducted and internally rotated in posterior dis-
location of hip which is usually associated with posterior wall or column fracture whereas
it will be in abducted, extended and externally rotated in anterior dislocation. Lateral dis-
placement of the anterior superior iliac spine on the affected side might give clue regarding
central fracture dislocation of hip. Local injuries including skin, open acetabular fractures and
perineum and scrotal injury must be excluded. A closed degloving injury of the subcutaneous
tissue which is detached from the underlying fascia—Morel-Lavele lesion must be looked
into because of the risk of high infection and wound healing in post-operative period. These
lesions are not apparent initially but become evident later [8]. A careful neurological examina-
tion to rule out sciatic and common peroneal nerve injury should be done. There are isolated
reports of injury to iliofemoral artery associated with high anterior column fracture and supe-
rior gluteal artery injury in displaced fracture into the greater sciatic notch. Hence, high index
of suspicion should be there to rule out vascular injury of the ipsilateral lower limb [9, 10].

Sometimes acetabular fracture can produce profuse bleeding and shock. According to Letournel
and Judet “the cause of shock relates to severity of trauma and to hemorrhage from the fracture
site and often from other visceral lesions. The respective part played by the various elements
producing the shock may be difficult to apportion” [4]. According to Dalal et al. patients with
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acetabular fractures needed lower transfusion rate than with pelvic fractures. But in yet another
study out of 16 acetabular fracture, 2 fracture required embolization compared to 9 of the 100
pelvic fractures. The transverse and posterior wall fractures often require blood transfusion.
Both column fractures, T-shaped fracture, fracture with extension into the sciatic notch and
those fracture associated with pelvic injury are more likely to have greater blood loss and may
need blood transfusion [11].

3. Radiological anatomy

Accurate classification of acetabular injury is important for its proper treatment. Various clas-
sification system have been suggested because of the complex anatomy of the acetabulum.
Judet and Letournel classification is the most widely accepted and commonly used classifica-
tion. Radiograph provides most of the essential information for classifying acetabular frac-
tures. Computerized tomography with 3D reconstruction imaging is also useful in classifying
acetabular fractures [12-16].

The acetabulum is an incomplete hemispherical socket with an inverted horseshoe shaped
articular surface surrounding the non-articular cotyloid fossa. The articular socket is com-
posed of and supported by two lamda [A] shaped columns as described by Judet and Letournel
(Figure 1). The anterior and posterior walls are extensions of the respective column and forms
the cup of the acetabulum [16-18]. The anterior column is longer and larger and composed of

Figure 1. Columns of acetabulum. Blue—Posterior column. Green— Anterior column. Red —Sciatic buttress.
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iliac crest, iliac spine, anterior half of the acetabulum and pubis. The posterior column extends
superiorly from the ischiopubic ramus and consists of ischim, ischial spine and the posterior
half of the acetabulum and the dense bone forming the sciatic notch. The anterior and the
posterior columns meet at the sciatic buttress. The sciatic buttress extends posteriorly from
anterior and posterior column to become the articular surface of the sacroiliac joint thus con-
necting the columns with the axial skeleton. The roof (dome) of the acetabulum is the weight
bearing area that supports the femoral head. The quadrilateral plate is flat thin bone which is
forming the medial wall of acetabulum. The iliopectineal eminence is the prominent part in
the anterior column that lies directly over the femoral head.

4. Radiological evaluation

The radiographic evaluation of the acetabulum includes an anterio-posterior (AP) view and
Oblique (Judet) views [19]. Minimal individual variations of the normal articular area can be
visualized by comparing the anatomical landmarks of both hips. For example, comparison of
the medial clear space between the head and tear drop will give a clue regarding femoral head
subluxation. The iliopectineal line represents the anterior column and ilioischial line represents
the posterior column. A line joining the lateral edge of sourcil to lateral edge of the inferior tear
drop represents the anterior wall and a line representing the lateral edge of superior acetabulum
to the lateral sclerotic area in the inferior margin of acetabulum represents the posterior wall [20].

In the AP radiograph, we have to look into certain radiological landmarks.

1. Iliopectineal line.
2. Ilioischial line.

3. Tear drop (formed laterally by inner wall of acetabulum and medially by quadrilateral
plate).

4. Roof.
5. Anterior wall.

6. Posterior wall.

The iliac oblique view will clearly show anterior wall and posterior column, quadrilateral
surface and posterosuperior roof arc. The obturator oblique view will show posterior wall,
anterior column and anteriosuperior roof arc. The obturator ring represents parts of both
columns, and fracture of the obturator ring may be associated with other pelvic injuries like
lateral pelvic compression injury or sacral fracture.

Evaluation of the acetabular fracture is made easier by both 2D and 3D CT scan [21]. The entire
pelvis is usually included in the tomogram to avoid missing a fracture and comparison of the
opposite side. The newer spiral CT scan of 1.5 mm and continuous bone section through the
pelvis and acetabulum can be obtained. The 3D reconstruction view will help the surgeon to
understand the fracture pattern and its anatomical location inter-operatively. Fracture lines in
sagittal and coronal planes, marginal impaction, intra-articular loose fragments, concentricity
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of the reduction, rotation of the articular fragment and other associated pelvic injuries can be
very well visualized in CT scan. Fracture lines in the sagittal plane represent transverse and wall
fractures. Fracture lines in the coronal plane represent column fracture and the vertical limb
of T-fracture. Magnetic resonance imaging (MRI) has no value in the immediate evaluation or
classification, but is useful in determining the vascularity of femoral head at a later date [22].

5. Classification

The universally accepted classification of acetabular fracture was described by Judet and
Letournel in 1964 and later modified by Letournel [12, 14]. This classification helps the surgeon to
approach acetabular fracture in a more anatomical and fracture biomechanics. The Orthopaedic
Trauma Association (OTA) modified Letournel classification and gave computerized coding
according to AO comprehensive classification of fractures of long bones [23]. According to Judet
and Letournel classification, acetabular fractures are divided into two basic groups: simple
fracture type and complex fracture type. Each group consists of five types. The simple fracture
pattern includes isolated anterior and posterior wall fractures, isolated anterior and posterior
column fractures and transverse fracture (Figure 2). The Associated fracture pattern includes
T-type fracture, combined fractures of posterior column and wall, transverse fracture with pos-
terior wall fracture, anterior column with posterior hemitransverse fracture and bicolumnar

Figure 2. Simple acetabular fractures. (A) Posterior wall fracture (B) Posterior column fracture (C) Anterior wall fracture
(D) Anterior column fracture (E) Transverse fracture.
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Figure 3. Associated fractures. (A) Posterior wall with posterior column fracture (B) Transverse with posterior wall
fracture (C) T shaped fracture.(D) Anterior column with posterior hemitransverse fracture.(E) Bicolumn fracture.

fracture (Figure 3). There is one exception in each group. The transverse fracture in the simple
group involves both columns and the anterior column with posterior hemitransverse fracture
involves only one column in complex group [24].

6. Simple fractures

6.1. Posterior wall fracture

This is the most common type of acetabular fracture. It involves disruption of the posterior wall
which can be single or multifragmentary. There can be marginal impaction or acetabular depres-
sion fracture commonly associated with the posterior dislocation of the hip joint and radiologi-
cally identifiable disruption of the posterior wall with break in the sagittal plane of CT scan.

6.2. Posterior column fracture

Characterized by disruption of the ischial portion of the pelvis and fracture line usually extends
through the sciatic buttress. The fracture line usually extends from obturator foramen to greater
sciatic notch through weight bearing dome of the acetabulum. The iliac oblique view shows
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break in the ilioischial line and displaced articular cartilage along with posterior segment with
an intact portion of roof, creating an image resembling a flying bird (Gull sign) [11]. In CT scan,
fracture line will be seen in the posterior column in the coronal plane of axial section.

6.3. Anterior wall fractures

It involves disruption of anterior wall. The radiograph demonstrate disruption in the iliopec-
tineal line which is best seen in iliac oblique view. CT scan demonstrates fracture in sagittal
plane of axial cut.

6.4. Anterior column fracture

The fracture disrupts iliopectineal line. The fracture line extends from anterior iliac crest to
superior pubic ramus disrupting the obturator formen. Obturator oblique view will show
fracture line disrupting the anterior column. In high or intermediate anterior column frac-
tures, the roof segment usually displaces medially. CT scan shows fracture in coronal plane in
the anterior column of axial section.

6.5. Transverse fracture

This fracture separates acetabulum into two segments transversely. It involves both col-
umns with intact obturator foramen. This fracture is subdivided into three types according
to the level of fracture, namely infratectal, juxtatectal and supratectal [11] (Figure 4).
Radiographically, both iliopectineal and ilioischial lines will be disrupted. In CT scan, it is
characterized by sagittal-oriented fracture line extending through both columns.

C

Figure 4. Types of transverse fractures. (A) Supratectal fracture (B) Transtectal fracture (C) Infratectal fracture.
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7. Associated Fracture Patterns

7.1. T-shaped acetabular fractures

T-shaped fracture is a combination of transverse acetabular fracture with vertical extension
into obturator ring distrupting it. Sometimes there is extension of fracture into pubic ramus
and ischim. The vertical fracture component differentiates this fracture from transverse frac-
ture. But the superior extension of the fracture does not involve the iliac wing which is an
important point to differentiate this fracture from both column fracture. On the radiograph,
both iliopectineal and ilioischial lines will be disrupted in both Judet views. On the CT scan,
the transverse component will be seen in sagittal plane of axial image.

7.2. Both column fracture

There are many fracture patterns which involves both column like transverse, T-shaped frac-
ture, transverse with posterior wall but all these fractures have to be differentiated from both
column fracture. It is one of the commonest acetabular fracture pattern [13].This fracture is
differentiated from all other fracture patterns in that articular surface is completely detached
from the remaining portion of the iliac wing which articulate to the sacrum. The anterior
and posterior columns separate from each other. It is actually a fracture involving anterior
and posterior columns with fracture line extension into the obturator ring and iliac wing.
Obturator ring and iliac wing involvement is a must for diagnosing this fracture pattern.
Sometimes, CT scan is the only investigation to identify this fracture type. The pathogno-
monic sign of both column fracture is the presence of spur sign in obturator oblique view,
which means the remaining portion of the ilium attached to the sacrum with sciatic buttress is
seen projected lateral to the medially displaced acetabulum. Central dislocation of the femoral
head is usually seen in the AP view. CT scan shows fracture involving both the columns with
disruption of obturator ring and inferior pubic ramus. The main fracture line extending supe-
riorly from the acetabulum into the iliac wing is seen in the coronal plane.

7.3. Transverse fracture with posterior wall

This fracture pattern has the characteristics of both transverse and posterior wall fractures
described above. It will not disrupt the obturator foramen. In the radiograph both iliopectin-
eal and ilioischial lines will be disrupted. Additional fracture in the posterior wall will also be
seen. Obturator oblique views and CT scan will help to identified the posterior wall fracture.

7.4. Anterior column with posterior hemitransverse fracture

The fracture line usually extends from antero-inferior iliac spine and passes inferiorly
through the cotyloid fossa exiting at the superior ramus disrupting the obturator foramen.
A pure transverse fracture of the posterior column alone is seen with it. It is sometimes
referred as reverse T-fracture. Usually the transverse component will be undisplaced. The
ilipectineal line will be always disrupted. Obturator oblique view is the most ideal view
to pick up this fracture in radiograph. CT scan helps to distinguish it from transverse and
T- fractures.



Clinical and Radiological Assessment of Acetabular Fracture
http://dx.doi.org/10.5772/intechopen.76114

7.5. Posterior column with posterior wall fracture

The fracture line will extend from the sciatic notch to the obturator ring through the cotyloid
fossa. The AP view shows disruption of ilioischial line. The obturator view shows posterior
wall fracture and iliac oblique view shows posterior column fracture.

Comprehensive classification has been developed to standardize the nomenclature world-
wide. An alpha-numeric classification system was developed by AO group for acetabular
fractures based on its severity.

Type A-Fracture involving single wall or column.

Type B-Fracture involving both anterior and posterior columns (T-type and transverse
fracture).

Type C-Fracture involving both anterior and posterior columns, but all articular segments
including the roof are detached from the remaining segment of intact ilium (Both column
fracture).

The evaluation and classification of acetabular fractures based on Judet and Letournel can be
concluded like this:

A. Acetabular fracture with intact obturator ring. The possibilities are:

Anterior wall fracture (iliopectineal line alone disrupted with anterior wall disruption).
Posterior wall fracture (posterior wall disruption).

Transverse fracture (Both iliopectineal and ilioischial lines disrupted).

L N e

Transverse with posterior wall fracture (both iliopectineal and ilioischial lines with pos-
terior wall disruption).

B. Acetabular fractures with obturator ring disrupted are:

1. Anterior column fracture (iliopectineal line disruption).

2. Anterior column with posterior hemitransverse (both iliopectineal and ilioischial line
disruption).

3. Posterior column fracture (Ilioischial line disruption).
4. Posterior column with posterior wall fracture (Ilioischial and posterior wall disruption).
5. T-shaped fracture (both iliopectineal and ilioischial line disruption).
C. Acetabular fracture with obturator foramen disruption with fracture line extending to the
iliac wing.
1. Bicolumn Fracture (Spur Sign).

AO comprehensive classification of the fractures acetabulum.
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Type A: Partial articular, one column involved.
A -Posterior wall fracture.

A -Posterior column fracture.

A -Anterior wall or anterior column fracture.
Type B: Partial articular fracture.
B,-Transverse fracture.

B,-T shaped fracture.

B,-Anterior column + posterior hemitransverse fracture.
Type C: Complete articular fracture.

C,-Both column fracture, high variety.

C,-Both column fracture, low variety.

C3-Both column fractures involving the sacroiliac joint.

In a review of 229 patients with acetabular fractures by Herman et al. found certain fracture
patterns, which cannot be included in any one of the Judet and Letournel classification. They
have proposed a newer classification system based combination between the displacement
vector of the fractures and the specific fracture architectural structures. But further studies are
required to evaluate the utility of the proposed classification [25].

8. Principles of treatment

The aim of treatment of any acetabular fracture is to get anatomical reduction and stable fixation
and early mobilization and delayed weight bearing. This can be achieved either by operative or
non-operative treatment. In displaced fracture more than 2 mm, the roof arc angle <30°, Failure
to achieve and maintain concentric reduction by closed methods, incarcerated or impacted
intra-articular fragments are indication for open reduction. If there is vascular or sciatic nerve
injury developing following a closed manipulation such situation warrants emergency ORIF. In
patients with poor bone quality, late presentation, medical contraindication, severely commu-
nited fracture, secondary congruency can be treated non operatively. Most of the fractures are
reduced using the principle of ligamentotaxsis. Interfragmentary screws are used for rigid fixa-
tion which should be protected using reconstruction plate in the neutralization mode [26].
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