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Abstract

Objective: This study was performed to explore the treatment of central dislocation of the

femoral head without involvement of the acetabular columns.

Methods: Preoperatively, a three-dimensionally printed model of the patient’s pelvis was man-

ufactured according to the patient’s computed tomography data. An all-locking anatomical plate

was designed based on the mirror of the ipsilesional semi-pelvis. The fracture was reduced using

reduction forceps and femoral traction via the lateral rectus approach. The customized plate was

used as a template for reduction of the quadrilateral plate fracture.

Results: Reduction and fixation of this patient’s fracture was achieved with a customized

all-locking anatomical plate with a propeller shape via the lateral rectus approach.

Conclusions: This report describes an isolated quadrilateral plate fracture with central dislo-

cation of the femoral head without involvement of the columns, which is a rare injury that has not

yet been classified. It was effectively treated using a customized all-locking anatomical plate with

propeller shape via the lateral rectus approach.
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Introduction

The Judet–Letournel classification1 is

the most commonly used acetabular frac-

ture classification system and is based on

the involvement of the columns and walls.
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Isolated quadrilateral plate fractures are
rare. To date, only two cases of linear quad-
rilateral plate fractures without dislocation
of the femoral head treated by nonsurgical
procedures, one case of a quadrilateral plate
fracture accompanied by central dislocation
of the femoral head and a femoral neck
fracture treated by reduction and fixation,
and one case of a quadrilateral plate acetab-
ular fracture treated nonoperatively have
been reported in the literature.2–4 In con-
trast, the present report describes an isolat-
ed quadrilateral plate fracture with central

dislocation of the femoral head without

involvement of the columns. The fracture

was surgically treated with a customized

plate via the lateral rectus approach. This

report may provide clinicians with a better

treatment option for this rare injury and

promote an update of the Judet–Letournel

classification.

Case report

The study protocol was approved by the

Medical Ethics Committee of the Third

Affiliated Hospital of Southern Medical

University. The patient was informed of

the full implications and provided written

informed consent.
A 28-year-old woman sustained an

injury of the left hip following a fall when

using the toilet, resulting in left hip pain

and immobility. Radiographs revealed

a left acetabular fracture with central dislo-

cation of the femoral head (Figure 1).

A computed tomography (CT) scan with

three-dimensional reconstruction showed a

comminuted quadrilateral plate fracture of

the left acetabulum and central dislocation

of the femoral head without involvement of

the columns or walls. (Figure 2(a)–(c)).

Figure 1. Anteroposterior radiograph of the
pelvis showing a left acetabular fracture, dislocation
of the femoral head, and severe osteoporosis.

Figure 2. (a) Computed tomography (CT) three-dimensional reconstruction of the quadrilateral plate
fracture with no involvement of the anterior acetabular column and wall. (b) CT three-dimensional
reconstruction of the quadrilateral plate fracture with no involvement of the posterior acetabular column
and wall. (c) CT three-dimensional reconstruction of the quadrilateral plate fracture with dislocation of the
femoral head.
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Moreover, the patient had a 21-year history
of treatment with oral glucocorticoids fol-
lowing removal of her pituitary gland in
1996 and therefore had severe osteoporosis.

After admission, a three-dimensional
printed model of the patient’s pelvis was
manufactured using her CT data. An all-
locking anatomical plate was designed
based on the mirror image of the ipsilesional
semi-pelvis (Figure 3(a), (b)). Under general
anesthesia, the patient was treated via the
lateral rectus approach5,6 in the supine posi-
tion. The fracture was reduced with assis-
tance of reduction forceps and femoral
traction. The customized plate was used as
a template for reduction of the quadrilateral
plate fracture (Figure 4). The customized all-
locking acetabular anatomical plate with a
propeller shape was then placed for fracture
fixation after satisfactory fracture reduction.
After placement, the fracture reduction and
plate joint were checked again by radio-
graphic examination. The direction of the
locking screw was adjusted according to
the bone quality, ensuring that the screws
were located in the thick part of the acetab-
ulum but did not exit the acetabular fossa.
The operation time was 75 minutes, and the
intraoperative bleeding volume was 300 mL.

After surgery, the patient was administered

preventive treatment for infection and lower

limb deep vein thrombosis as well as

other symptomatic treatment, and her post-

operative recovery was good. No surgery-

related complications occurred during the

postoperative course. At the last follow-up

Figure 3. (a) Matching of the customized plate to the three-dimensionally printed model designed based on
the mirror image of the ipsilesional semi-pelvis. (b) All-direction screw holes were designed for the differ-
ences in the materials between the plate and screws, and the all-locking effect was achieved by the screw
thread biting the plate.

Figure 4. Intraoperative radiograph showing
fracture reduction using the plate assisted by the
reduction forceps and auxiliary femoral traction.
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(6 months after surgery), the patient attained
a Merle d’Aubigné score of 16 points (pain,
none; walking, long distance with cane or
crutch; range of motion, 95%).

Discussion

The acetabulum comprises the ilium, ischi-
um, and pubis, which are connected by
cartilage during infancy. The cartilage is
replaced by hard bone after gradual ossifi-
cation of the ossification center. The ilium,
ischium, and pubis of the adult acetabulum
are thick. The weight-bearing structures of
the acetabulum are the anterior column
(formed by the ilium and pubis) and the
posterior column (formed by the ilium and
ischium). The non-weight-bearing structure
of the acetabulum is the quadrilateral plate,
which is the junction of the ilium, ischium,
and pubis and is the anatomical basis for
fracture formation because of its thinner
bone structure and smaller bone mass com-
pared with the ilium, ischium, and pubis.
Central dislocation of femoral head was
reported as a result of axial loading the
femur in abduction.7 Moreover, an uncon-
trolled and strong contraction of muscles
inserting at the greater trochanter caused
by convulsion can account for Central dis-
location of femoral head as a direct impact
to the greater trochanter.8 When an impact
occurs, the force is usually transmitted
from the femoral head to the acetabular
columns and walls. Therefore, most quad-
rilateral plate fractures are associated with
acetabular anterior and/or posterior
column fractures.9 Isolated quadrilateral
plate fractures with no involvement of the
acetabular columns are rare. To date, only
three such cases have been reported (includ-
ing the present case), indicating that such
fractures involve complex mechanisms of
injury. Because these fractures are atypical,
a high index of suspicion is advised regard-
ing a direct impact on the greater tuberosity
in patients with severe osteoporosis.

Such fractures have not yet been classified
because of the lack of adequate description
and classification systems.10 The use of
currently available classification systems
for acetabular fractures appears to be inad-
equate for isolated quadrilateral plate
fractures. In one classification, a high-
grade intrapelvic dislocation of >1.5 cm
was distinguished from a moderate disloca-
tion.11 However, associated injuries to the
femoral head or proximal femur or non-
orthopedic trauma were not incorporated
in this classification. Therefore, a modifica-
tion of the Judet–Letournel classification
system may be required.

In the two previously reported cases
involving linear quadrilateral plate frac-
tures without displacement, the hip range
of motion was not affected; therefore,
these fractures were treated with nonsurgi-
cal procedures.2,3 Because our patient had
an isolated quadrilateral plate fracture with
central dislocation of the femoral head, her
quality of life might have been seriously
influenced if she had undergone treatment
without repair of the structure and function
of the hip. In 1987, Meinhard et al.4

reported a case involving a young man
with a central acetabular fracture with an
ipsilateral femoral neck fracture and intra-
pelvic dislocation of the femoral head.
The patient was treated with reduction
and fixation of the femoral neck fracture
and no surgical procedures for the quadri-
lateral plate acetabular fracture. In the pre-
sent case, the patient’s pituitary gland had
been removed at 9 years of age, and her
endocrine system was completely disor-
dered. She had been treated with glucocor-
ticoids for a long period of time. Therefore,
in addition to the fracture, the patient had
severe systemic osteoporosis with type II
diabetes. Reduction of the femoral head
dislocation and reconstruction of the isolat-
ed quadrilateral plate fracture would have
been difficult to achieve by closed traction,
and other fractures might have been caused
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by violent traction. The “V” sign on post-
operative radiographs after open reduction
and internal fixation was recently suggested
to indicate a congruous joint and may
require operative treatment.12 Thus, our
patient was treated with the lateral rectus
approach. This operation allowed us to
verify that the acetabular anterior and pos-
terior columns were intact via exposure of
the quadrilateral plate and anterior and
posterior columns of the acetabulum.
Considering the patient’s severe osteoporo-
sis, tolerance of the reduction forceps by the
bone, holding force of the screw, and spe-
cial anatomic structure of the quadrilateral
plate, we customized an all-locking anatom-
ical plate with a propeller shape for the
patient. After exposure of the fracture, the
plate assisted by the reduction forceps was
used to fix the fracture under lower extrem-
ity traction. Radiographs and a CT scan
showed good reduction (Figure 5(a)–(c)).

This report has described a comminuted
quadrilateral plate fracture of the left
acetabulum with central dislocation of the
femoral head without involvement of the
columns or walls. Traditional plates are dif-
ficult to fix in patients with quadrilateral
plate fractures and severe osteoporosis.
In this present case, fracture reduction and

fixation were achieved using a customized

all-locking anatomical plate with a propel-

ler shape via the lateral rectus approach.
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