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1. Introduction

Superior pubic ramus fractures are a common type of fracture in
the pelvis. These fractures are often associated with pelvic ring
damage. In aging populations, the number of low-energy trauma
caused by elderly pubic branch fractures also tended to increase.
Therefore, it is necessary to fix the superior pubic ramus.1 There are
many negative aspects of classic open reduction and plate fixation,
such as trauma, complications, and the length of time the patient is
restricted to bed-rest. Percutaneous insertion of long screws into
the anterior column has become an important component of
orthopedic minimally invasive treatment of pelvic fractures.2

However, due to the selection of the needle insertion point, the
needle angle, and the screw diameter, among other elements, a
unified procedure has not been agreed upon. This limits the
application of this technology, especially for inexperienced
surgeons.

Several studies have indicated that there are many retrograde
percutaneous insertion points. However, only some of them have
been reported according to specific anatomic description.3 In this

article, we chose the subpubic angle as the insertion point. From
this point, we attempted to calculate the best screw angle and
maximum screw diameter and length for fixation of fractures that
occur in Zone I, as described by Nakatani.2

2. Materials and methods

We analyzed computed data from half hips of 40 adults
(20 women and 20 men) who underwent scanning for a non-pelvic
disorder. All CT scans were performed using 0.8-mm slice pelvic CT
scanning (Siemens Sensation Open 40-slice CT scanner; Siemens,
Erlangen, Germany). Scanning was performed from the anterior
superior iliac spine to the lesser trochanter. Data from every case
underwent processing as described below.

2.1. Simulating radiographs

The Mimics medical imaging software was used to analyze the
computed tomography data and to export the pelvic three-
dimensional model. Next, we generated four synchronized
windows – axial, coronal, sagittal, and a 3D-model. Based on the
Nakatani classification system, Zone I was defined as medial to
the obturator foramen, while Zone III was defined as lateral to the
obturator foramen. Zone II is located between Zones I and III
(Fig. 1).
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A B S T R A C T

Objectives: The study’s aim is to calculate the parameters for retrograde insertion points for fixed

superior pubic ramus fractures.

Methods: From the pubic symphysis, diameter and length of the screw were measured, as well as the

angle between the screw axis and the 3 planes.

Results: When the diameter was fixed at 4.5 mm, the maximum lengths were 125 mm and 119 mm.

Conclusions: When the fracture occurs in Zone I, the penetration point could be selected in the pubic

symphysis pubis angle to ensure that medial fracture fragments have sufficient screw channel length.
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2.2. Virtual screw placement and position analysis

The pubic symphysis angle was selected as the insertion point,
and simulation of insertion of virtual computer-aided design
screws (diameter 2.0 mm) was performed, positioning the screw
into the anterior column based on standard surgical techniques as
described in the literature.4–6

The three-dimensional model pelvis underwent a 458 contra-
lateral rotation, enabling us to obtain the Obturator oblique
(Judet) toggle transparency treatment. The screw position axis
was traced. The virtual screws in ‘‘0.1 mm’’ amplitude gradually
increases in diameter until the virtual screws penetrate the pelvic
cortex in each of the 4 windows of the pelvic outlet position and
the pelvic inlet position as shown in Fig. 2 in Zone I and Zone II. The
diameter was read as the maximum screw diameter. The screw
length was measured from the insertion point to the Zone II lateral
border, and this length was defined as Length 1. The diameter was
adjusted to 4.5 mm, and the screw length was increased until it
penetrated the pelvic cortex. This length was marked as the
maximum length and labeled Length 2 (Fig. 2f). Because it has
been shown that the mean screw length and the narrowest
diameter have significant differences between men and wom-
en,7,8 we decided to analyze the hip data for men and women
separately.

2.3. Establishment of the pelvis coordinate system

The front iliac spine and the upper pubic symphysis were
set as the coordinate points, and the coronal plane was
then established using those 3 points. We then chose the
two anterior superior iliac spine points to create the horizontal
plane through the 2 points and perpendicular to the coronal
plane. The upper pubic symphysis was selected as a point
through which the sagittal plane passed and was perpendicular
to the coronal plane and horizontal plane. The pelvic coordinate
system was used to measure the angle between the axis line and
planes. All of these points are diagrammed and described in
Fig. 3.

The data were analyzed using SPSS statistical software,
comparing the index difference between men and women.
We used an independent sample t-test and a paired sample
t-test, with an a value of 0.05. p < 0.05 indicates significant
difference.

3. Results

The virtual computer-aided design-generated average diameter
of the screws is 7.9 � 0.5 mm in males and 6.56 � 0.34 mm in
females. The minimum diameter is 6.3 mm in males and 5 mm in
females. The average Length 1 of the virtual screws is 60.9 � 2.9 mm
in males and 73.7 � 5.6 mm in females. The minimum Length 1 is 56.
5 mm in males and 65.2 mm in females. The average angle is shown in
Table 1.

4. Discussion

Percutaneous insertion of screws has the following advantages
in comparison with traditional treatment techniques: (1) less
surgically invasive, effectively reducing the amount of bleeding,
and increasing early rehabilitation; (2) simple to operate and can
significantly shorten the operation time; (3) damage is avoided due
to the ability to reveal and, around the pubis important nerves,
blood vessels, or organs. However, there are some risks for
percutaneous screw fixation with pubic fractures: (1) damage to
the obturator vascular anastomosis or obturator neurovascular
bundle may occur; (2) if the screw is too long, it may enter into the
hip joint and damage the femoral head. These disadvantages could
be attributed to a lack of understanding of proper trajectory and
techniques for screw insertion. Before our study, a great number
articles had been published describing the anterograde screw
fixation of anterior column acetabular fractures, and this technique
is always recommended because the operation is easy and
typically causes relatively less damage. When the fracture occurs
in Zone II or Zone III, anterograde screw fixation can meet the
general requirements. When fractures occur along the Nakatani
Zone II, more cross length and insertion points near the anterior
acetabular rim, called Zone A as described in a pervious study, are
required.3 However, when the fractures occur in Zone I, there may
be a failure in fixation, due to a lack in screw length when using an
anterograde screw. Thus, the retrograde screw fixation may
represent a more proper technique. To enhance the fixed stability,
we need to select larger diameter screws and twist the screw as
deep as possible.

In the present study, we chose the subpubic angle as the
insertion point to achieve enough length and relative maximum
diameter across the fracture block in Zone I. We found that, unlike
the current general understanding, there was no significant
difference between men and women in the needle insertion angle
from this point. As described in Table 1, the average diameter of the
virtual screw was 7.9 mm in men, and 6.56 mm in women.

Based on these data and our clinical experience, we prefer
to insert the screw in this way using a 7.3–6.5 mm diameter and
60–70 mm length for male patients and a 6.5–4.5 mm diameter
and 70–80 mm length for female patients. An angle of approxi-
mately 508 and 88 between the axis and the sagittal plane and the
coronal plane, respectively, was selected for both men and women
in clinical practice because it is easy to achieve. We believe that
selection of those angles from the subpubic angle is safe for both
men and women.

4.1. Ideal screw position

There are several criteria for retrograde percutaneous screw
fixation to achieve the ideal screw position. A good retrograde
percutaneous screw should have sufficient length across fracture
fragments and near the cortex zone. To achieve a higher fixation
intensity and a low piercing rate, conventional surgery surgeons
often use a multiple perspective approach. Different radiographs
could help surgeons discover penetrating screws that appeared
safe, and 3D fluoroscopy-based navigation have an outstanding

Fig. 1. Nakatani system 3D imitation.
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