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INTRODUCTION

Pelvic fractures are mainly divided into unstable
fractures resulting in pelvic ring deformity, and stable
fractures, which include pubic ramus, iliac wing and
avulsion fractures1-6). Determining pelvic ring stability after
a pelvic fracture is important, because stable pelvic
fractures are usually managed successfully with
conservative treatment and do not lead to complications7-11).
On the other hand, according to the practice guidelines
for managing unstable pelvic fractures, early prompt

treatment is crucial in such cases because of potentially
life-threatening injuries and a high prevalence of
massive internal bleeding in the pelvis. Late treatment is
associated with a high incidence of complications such
as shortening of a lower extremity, pelvic obliquity,
walking difficulty, pain when sitting down, disorders of
urination, evacuation and sexual intercourse12-15).

MAIN SUBJECTS

1. Anatomy and Biomechanics

The pelvis is made up of three bones, two innominate
bones and the sacrum; each innominate bone is
composed of the ilium, pubis and ischium. Three
ossification centers of ilium, pubis and ischium grow out
radially and fuse at the acetabular triradiate cartilage at
the age of 16 years. Two innominate bones and the
sacrum are strongly interconnected by soft tissue
structures. The stability of the pelvic ring is determined
by the weight-bearing line passing through the sacroiliac
joint and the femoral neck, so the main structures
involved in hip stability are located posteriorly. The
symphysis pubis serves as a strut to prevent anterior
collapse of the pelvic ring during weight bearing.

The absence of this anterior strut, as in patients with
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congenital exotrophy of the bladder or trauma victims,
only minimally affects the weight-bearing function.
Sacroiliac ligaments stabilizing the sacroiliac joints that
maintain posterior pelvic stability are classified into the
interosseous sacroiliac ligament (the strongest ligament
in the body), and anterior and posterior sacroiliac
ligaments. The other major ligaments of the pelvis are
the sacrotuberous, sacrospinous, iliolumbar, and lateral
lumbosacral ligaments. The sacrotuberous and
sacrospinous ligaments that make up the pelvic floor are

also known as pelvic floor ligaments. The presence of
an avulsion fracture associated with the rupture of
ligaments connecting the bones of the pelvis is helpful
for determining the stability of pelvic fractures. Pelvic
fractures are divided into stable, partially stable
(rotationally unstable, vertically stable) and completely
unstable (vertically unstable) fractures10). Stable
fractures are characterized by the absence of ligament
disruption in the pelvic ring, whereas no injury in the
posterior ligament structures is observed in partially
stable fractures. Completely unstable fractures are
accompanied by the most severe forms of injury, such as
a deformity resulting in an upward movement of the
pelvic bones due to strong attraction of abdominal and
lumbar muscles damaged by injuries in the pelvic floor
ligaments and posterior ligament structures.

2. Determination of Pelvic Stability and Fracture
Classification

Pelvic stability mainly depends on the stability of the
posterior ligament structures, pelvic floor muscles,
ligaments and fascia. Complete vertical instability is
clinically or radiographically characterized by anterior
or posterior displacement of the sacroiliac joints by
more than 1 cm10). The findings of a computed
tomography (CT) scan are the best way to detect injuries
in both sacroiliac joints. The Pennal6) classification is
widely used to discriminate the fracture patterns on the
basis of the direction of forces exerted on the pelvis;

FFiigg..  11.. Two guided pins behind the iliac cortical density.

Ant.: anterior, Ext.: external.
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according to this classification, the types of pelvic
injuries are: anterior posterior compression, lateral
compression, and vertical shear injuries. The direction
of forces exerted on the pelvis has different effects on
injuries of the soft tissues and internal organs. For
example, an anteroposterioror compression force results
in the rupture of the internal organs, blood vessels, and
nerves, whereas a lateral compression force generates
direct penetrating injuries caused by fractured bony
fragments. However, pelvic stability cannot be
determined only on the basis of the fracture types
classified according to the force direction. For this
reason, the AO group has adopted the Tile10,11)

classification of pelvic fractures, which is based on
pelvic stability and the results of biomechanical
analysis. This classification system is commonly used
worldwide and is also known as the “universal
classification”. According to the Tile classification,
fractures are divided into the following types: A, stable;
B, partially stable (rotationally unstable, vertically
stable); and C, completely unstable (vertically
unstable)10). Furthermore, the classification system of
Young et al.16), which uses the Pennal6) classification but
also takes into account stability in addition to the
deforming force, is often used to understand the
mechanism of injury in regard to pelvic fractures.

FFiigg..  22.. Satisfactory reduction and early mobilization was performed with percutaneous iliosacral fixation and an
anteroinferior external fixator.

A B C

FFiigg..  33.. A 3-dimensional computed tomography image (AA) of a severely comminuted pelvic fracture and a postoperative
radiograph (BB) showing open reduction and rigid internal fixation with plates and screws.

A B
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3. Assessment and Management of Polytrauma
Patients

Open reduction, external fixation, and other methods
are increasingly used based on the reported results of
autopsy and radiographic findings for polytrauma
patients. In a study by Bucholz17), necropsy findings
revealed that pelvic fractures were observed in 47 (37%)
out of 150 cases of fatal car accidents and vertical
fractures were detected in 32 cases, indicating the
significance of the pelvic bone injuries. Multiple-trauma
patients should be examined and managed according to
their injuries in the following order: A, airways; B,
bleeding; C, central nervous system; D, digestive; and E,
excretory. Pelvic fractures correspond to case B. In cases
when blood pressure cannot be regulated despite
hemostasis of external bleeding, surgical procedures are
required when positive manifestation is observed in
mini-laparotomy performed to identify abdominal
bleeding. In cases of persistent bleeding or a negative
response to laparotomy, hemostasis of pelvic hemorrhage
is the most critical process in reducing pelvic dead space
by conducting external fixation2,9). If blood pressure
continues to drop, embolization needs to be performed in
cases of arterial bleeding; bleeding sites in the pelvic
cavity needs to be filled with surgical gauze in cases of
venous bleeding during emergency angiography.

4. Surgical Treatment of Pelvic Fractures

Pelvic fracture surgery aims to prevent associated
complications (including malunion and nonunion),
provide early management (including improvement of
systemic state and prevention of decubitus ulcers), and
enable early ambulation by repairing injuries and
displacement of the pelvic ring. Pelvic ring injuries are
mainly characterized by diastasis of anterior structures
and dislocation of posterior structures. Biomechanically,
the anterior structures of the pelvic ring function as
tension bands. They are repaired by performing internal
fixation to fracture or diastasis at or near the pubic
symphysis using fixators, plates, screws, cables or
wires5). Subsequently, reduction and fixation of the
posterior sacroiliac complex are the most important
steps to ensure pelvic ring stability. Plates, screws,
sacral bars or rods, or cannulated screws are inserted to
improve fixation, which is insufficient with an anterior
fixation. Although there are internal fixation methods
through an anterior or posterior approach5,18), closed
reduction and percutaneous screw fixation are the
preferred techniques. Surgical procedures are generally
conducted using a C-arm image intensifier, but a
navigation system or 2-dimensional and 3-dimensional
CT guidance is used as well21). External fixation can
adequately control Tile type B injuries22).

FFiigg..  44.. Preoperative (AA) and postoperative (BB) radiographs show rigid fixation of the pelvic ring by anterior plating with an
ilioinguinal approach and percutaneous iliosacral screws on S1and 2.
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In type C injuries, dislocated sacroiliac joints require
reduction and internal fixation (in addition to the use of
external fixators) to reconstruct the posterior structures
important for pelvic ring stability18). A surgeon needs to
carefully follow appropriate clinical guidelines by
identifying the advantages and disadvantages of surgical
methods after thoroughly examining the patient’s condition.

The techniques for the insertion of external fixators are
divided into anterosuperior and anteroinferior according to
the screw fixation method. In the anterosuperior
technique, the screws are inserted from the anterior iliac
crest1,23,24). In the anteroinferior technique, they are inserted
from the upper part of the anteroinferior iliac spine to the
dense bone in the upper part of the acetabulum5). In the
former method, early insertion is easy, but reliable firm
internal fixation is difficult because of the curved shape of
the iliac wing and its paper-thin middle part. Moreover, the
stiffness of the sacroiliac joints with external fixators
during exercise is unfavorable in comparison with the
results of the latter method (163 N/mm: 203 N/mm)4).
Therefore, the anteroinferior techniques is more
commonly used4,5,25). A recent study reported that sufficient
fixation ability can be achieved by placing a single screw
from the anteroinferior direction on each side in patients
with type B injuries26).
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