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Abstract

Background: Direct screw placement for quadrilateral plate fractures in the danger zone of the acetabulum is very
difficult. This study was performed to simulate the surgical procedure and try to obtain effective and safe screw
angles through the middle window of the ilioinguinal approach in Chinese patients.

Methods: We randomly collected the pelvic computed tomography (CT) scans of 100 adults. DICOM-formatted CT-
scan images were imported into Mimics software. The three-dimensional reconstruction (3D) digital model of the
semi-pelvis was established. A 3.5 mm cylinder was used to simulate the pathway of the screw from the designated
insertion point. The angles of insertion and intersex differences were explored by statistical analyses.

Results: The screws could be inserted via three angles: medial inclination, anterior inclination and posterior
inclination. The mean minimum medial inclination angle (MIMIA) of insertion point A was 4.96°+ 1.11° in males and
8.66° £3.40° in females, and the intersex difference was significant. The mean minimum medial inclination angle
(MIMIA) of insertion point B was — 5.31°+ 3.69° in males and 1.75° + 8.95° in females, and the intersex difference
was significant. There were no differences between any of the angles for males and females at insertion point O.

Conclusions: Preoperative measurement and calculation by digital tools before screw placement for quadrilateral
plate fractures of the acetabulum are feasible. Double cortical screws could be placed safely in the danger zone
through the middle window of the ilioinguinal approach to increase the stability of the acetabulum.
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Background

The ilioinguinal approach is a standard anatomical ap-
proach that gives an excellent visual and exposure of the
quadrilateral plate through the middle window [1]. Un-
fortunately, screw placement for acetabular fracture is
difficult duo to its complicated geometry, especially

* Correspondence: Dr_muweidong@163.com

'Department of Traumatic Orthopaedics, Shandong Provincial Hospital
Affiliated to Shandong University, 324 Jing Wu Road, Jinan 250012,
Shandong, China

Full list of author information is available at the end of the article

K BMC

when conducted in the danger zone of the acetabulum
for the treatment of displaced quadrilateral plate frac-
tures. Traumatic hip arthritis can be developed in pa-
tients with non-anatomically reduced fractures even
with well-placed screws [2].

Many experts have studied the danger zone and have
analysed screw implants in cadavers [3-5]. It is very dif-
ficult to place a double cortical screw directly in the
danger zone to fix the quadrilateral plate [6, 7]. Several
techniques have been reported to prevent complications
with screw placement in the danger region of the
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acetabulum. However, these methods might increase op-
eration time and cause iatrogenic trauma [8—10]. There-
fore, finding accurate points of insertion, lengths and
angles of screws are of high value before surgery [11].

To date, number of computer software related to or-
thopaedics have been reported to measure the safety of
screw implantation [12, 13]. Materialise’s Interactive
Medical Image Control System (Mimics), which is often
used for three-dimensional reconstruction, simulating
operations with the use of internal fixation and analysing
data, might be a more efficient method for implants [14,
15]. Thus, we simulated the surgical procedure by using
Mimics software and attempted to obtain safe and ef-
fective screw angles for the quadrilateral plate of the
acetabulum in Chinese patients.

Materials and methods

We retrospectively collected pelvic computed tomog-
raphy (CT) scans (digital imaging and communication
in medicine format) of 100 adults who had undergone
continuous slice CT scanning at the imaging research
centre of our hospital between September 2017 and
February 2019. Patients were excluded if they had
pelvic or acetabular fractures, tumours, severe de-
formities, or severe hip inflammation. This study was
approved by the Institutional Review Board of our
hospital, and patients’ informed consent was obtained.
A total of 50 male and 50 female virtual pelvic
models were created.

DICOM-formatted CT-scan images of each patient
were imported into Mimics software (20.0; Materialise,
Leuven, Belgium). We removed the soft tissue by image
segmentation, removing the femoral head through
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region growth, and we removed the sacroiliac joint
through multiple slice editing. The three-dimensional re-
construction (3D) digital model of the semi-pelvis was
established.

First, we reduced the transparency of the semi-pelvis
models and observed the 3D model through the perspec-
tive method described in previous studies [16, 17]. Ac-
cording to the anatomical structure of the pelvis, the
special area of the quadrilateral surface (under the arcu-
ate line and behind the obturator foramen) is flat. The
axial view should be parallel to this surface and perpen-
dicular to the arcuate line. As shown in Fig. 1a, the re-
gion surrounded by the green line was commonly used
for screw placement through the ilioinguinal approach.
Under this visual angle, the inner border of the acetabu-
lum was the green dotted line and the “most dangerous”
screw insertion point was located on the shortest vertical
line along the acetabular border to the quadrilateral sur-
face. The width of the commonly used 3.5 mm curved
reconstruction plate was 10 mm, so the insertion points
for the screws were 5mm away from the pelvic bound-
ary. To facilitate operation and avoid deviation, the point
O, 5mm away from the quadrilateral surface, was con-
sidered the “most dangerous” screw insertion point. The
distance from point A and point B to point O was 10
mm. Points A, O and B were on the same line, which
was parallel to the quadrilateral surface (Fig. 1b). The
key point of the study was to identify the location of
screw insertion point O. As shown in Fig. 1a, the blue
line initiated from the eminelntia iliopectinea was per-
pendicular to the quadrilateral surface. The distance
from point O to the blue line was measured. It was
marked as OO’.

eminelntia iliopectiné

nsertion Point O

Fig. 1 a: The axial observation perspective was parallel to the quadrilateral surface (green dotted line) and perpendicular to the arcuate line (red
dotted line). The region surrounded by the green line was commonly used for screw placement through the middle window of the ilioinguinal
approach. Insertion point O was 5 mm away from the quadrilateral surface. The blue line represents the distance from eminelntia iliopectinea to
the quadrilateral surface. OO’ represents the distance from point O to the blue line. b: The distance (blue dotted line) from point A and point B

to point O was 10 mm. Points A, O and B were on the same line, which was parallel to the quadrilateral surface

Point A
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Then, 3.5 mm cylinders were employed to simulate the
pathways of the screws from the insertion points A, O
and B. The screws were in three directions: medial in-
clination (perpendicular to the arcuate line and pointing
to the quadrilateral surface), anterior inclination and
posterior inclination (parallel to the plane of the quadri-
lateral surface). In this procedure, screws were inserted
tangential to the margins of the acetabular cortex, pene-
trating into the bilateral cortices (Fig. 2).

The angle between the reference line (black line: paral-
lel to the quadrilateral surface and perpendicular to the
arcuate line) and the screw tangential to the medial mar-
gin of the acetabular cortex was the minimum medial in-
clination angle (MIMIA). The angles between the
reference line and the screws tangential to the anterior
and posterior margins of the acetabular cortex were the
minimum anterior inclination angle (MIAIA) and mini-
mum posterior inclination angle (MIPIA), respectively.
The MIMIA, MIAIA and MIPIA were measured (Fig. 2).
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The collected data were analysed by SPSS 19.0 statis-
tical software. The experimental data are represented as
the mean + SD. T tests were used to compare the data.
Statistical significance was accepted at p < 0.05.

Results

The study subjects included 50 males and 50 females
aged between 18 and 79 years old, with a mean age of
53.03 +18.99 years. We observed that the screws could
be inserted via three angles: the minimum medial inclin-
ation, anterior inclination and posterior inclination.

The distances between insertion point O and the refer-
ence blue line were 12.79+341mm in males, and
13.30 £ 3.21 mm in females. However, the value was not
statistically significant for the different sexes (P> 0.05,
Table 1).

As viewed from insertion point A, the mean MIMIA
was 4.96°+1.11° in males and 8.66° + 3.40° in females,
and the intersex difference was significant (P < 0.05,

range of three different angles in male and female

Fig. 2 a-i: The illustration presenting the angles for safely introducing the drill-bit from Insertion Point A, O and B (simulating a clinical scenario):
the angle between the green dotted line and the black solid line represents the angle of drill. With quadrilateral surface as a sign, we can see the
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Table 1 Measured distances (OO') in different genders Table 3 Measured angles from insertion point O

Gender L (mm) Group MIMIA(®) MIAIA(®) MIPIA(®)
Male(n = 50) 1279+ 341 Male(n = 50) 13.05+267 29.55+10.21 2574547
Female(n = 50) 13.30+3.21 Female(n = 50) 1205+224 3634+ 11.16 3045+ 11.21
t value* —0493 t value* 0.904 -1418 —-1.193

P value* 0.525 P value* 0.537 0.576 0.058

Note:* t and P are the results of inter-sex comparisons

Table 2). In males, the mean MIAIA and MIPIA were —
1.49°+6.29° and 45.75°+6.13°, respectively, from the
view of insertion point A; in females, the values were —
1.81°+7.58° and 48.45° + 14.69°, respectively (the nega-
tive value of the MIAIA indicated that the screw was
placed in posterior inclination rather than in anterior in-
clination). However, the difference between the results
for males and females was not statistically significant
(P>0.05, Table 2).

As viewed from insertion point O, the insertion angle
of the screw is recommended to be smaller in males
than in females, but no significant differences were
found in the inward tilt of the screws. In males, the
mean MIAIA and MIPIA were 29.55°+10.21° and
25.74° + 547°, respectively; in females, the values were
36.34°+11.16° and 30.45° + 11.21°, respectively. These
results did not significantly differ for the different sexes
(P >0.05, Table 3).

As viewed from insertion point B, the mean MIMIA
was smaller in males than in females (- 5.31°+3.69°
and 1.75° + 8.95°, respectively, and the negative value of
the MIMIA indicated that the screw was placed in lat-
eral inclination rather than in medial inclination). The
angle was significantly different for the different sexes
(P <0.05, Table 4). These results indicate that the screw
at the line tangential to the acetabulum had more of an
outward tilt angle in males than in females. The mean
MIAIA and MIPIA were 56.14° + 8.92° and - 5.12° + 2.89°,
respectively, in males; likewise, the angles were 61.21° +
10.66° and 2.33° + 5.20°, respectively, in females, (the nega-
tive value of the MIPIA indicated that the screw was
placed in anterior inclination rather than in posterior in-
clination). The values for males and females were not sig-
nificantly different (P > 0.05, Table 4).

Table 2 Measured angles from insertion point A

Group MIMIA(®) MIAIA®() MIPIA()
Male(n = 50) 496+ 1.11 -149+6.29 4575+6.13
Female(n = 50) 8.66 £ 3.40 1.81+£7.58 4845 +14.69
t value* —-3.260 —-1.062 —0.535

P value* 0.014 0.344 0.602

Note:* t and P are the results of inter-sex comparisons. “For the MIAIA, a
negative value indicates a posterior inclination

Note:* t and P are the results of inter-sex comparisons

Clinical cases

As shown in Fig. 3, we can observe the three imaging
pictures A-C from a 45-year-old man who was injured
by a car accident. The red arrow represents the dis-
placed quadrilateral plate fracture. After reduction, two
3.5-mm cortical bone screws were used to fasten the
quadrilateral plate (green arrow shown in imaging D-F).
Figure 4 shows X-ray and CT scans from a 51-year-old
man who also suffered serious traffic injuries. We placed
two hollow countersunk screws to fix the quadrilateral
plate which also achieved a good reduction. Postopera-
tive CT-scan images were imported into Mimics soft-
ware. Observing from the coronal plane and 3D model
of the semi-pelvis, we found that the insertion angle of
the screws corresponded to that of our study (Fig. 4g-i).

Discussion

Currently, the anterior ilioinguinal approach is com-
monly used in treating patients with pelvic and acetabu-
lar fractures [18, 19]. Internal fixation with a screw-plate
system is currently the most frequent method of fixing
acetabular fractures, and plate placement on the superior
border of the arcuate line is commonly used [7, 20-22].
With the ilioinguinal approach, the area of the projec-
tion of the acetabulum onto the anterior surface can be
exposed through the middle window [1].

The quadrilateral plate is an area similar to a trapez-
oid. It is bound by the obturator foramen anteriorly, the
greater sciatic foramen posteriorly, the pelvic arcuate
line superiorly, and the horizontal line joining the obtur-
ator foramen and the ischial spine inferiorly [23, 24]. Be-
cause of the special location of the quadrilateral plate,
soft tissue structures are at risk when fixing quadrilateral
plate fractures. Bleeding from the corona mortis, direct

Table 4 Measured angles from insertion point B

Group MIMIA* () MIAIAC) MIPIA* (%)
Male(n = 50) —531+369 56.14 +892 ~5.12+289
Female(n = 50) 175+895 612141066 2334520
t value* ~2304 ~1.153 ~3952

P value* 0.008 0.856 0.101

Note:* t and P are the results of inter-sex comparisons. *For the MIMIA, a
negative value indicates a lateral inclination. For the MIPIA, a negative value
indicates an anterior inclination
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cortical bone screws used to fix the quadrilateral plate

Fig. 3 A 45-year-old man was injured by a car accident. a-c: preoperative X-Ray, CT cross section and 3D reconstruction. The red arrow represents
the displaced quadrilateral plate fracture. d-f: postoperative X-Ray, CT cross section and 3D reconstruction. Green arrow shows two 3.5-mm

or indirect injury of obturator vessels and nerves, and
direct injury to the urinary bladder by retractors are
common complications [25, 26]. Quadrilateral plate frac-
tures are mostly encountered in fractures of both col-
umns, accompanied by central dislocations of the hip [7,
27]. In addition, T-type fractures, anterior column and
posterior hemi-transverse fractures, posterior column
and transverse fractures involve this inside wall [27, 28].
Open reduction and internal fixation with spring plates,
H-shaped, T-shaped, L-shaped and reconstruction plates
buttressing the quadrilateral surface, even with cerclage
wires are common methods [29-31]. In some other
studies, buttress plates have proven helpful in maintain-
ing the quadrilateral surface or medial acetabular wall
[21, 32]. However, the quadrilateral plate is too thin and
is located in the danger zone, so these technologies in-
clude indirect or elastic fixation. In some studies, it is
considered that the screws have to run parallel to the
anterior border of the greater sciatic notch and parallel
to the quadrilateral plate [1, 18, 33]. However, there are
some limitations on the insertion point in clinical prac-
tice. Moreover, if the quadrilateral plate is too thin, we
cannot place the screw in parallel and have to use a cer-
tain tilt angle. There is no systematic study in which
screws are placed in the danger zone to directly fix the
quadrilateral plate. In other words, it is very difficult to
place a double cortical screw in the danger zone to fix
the quadrilateral plate [7].

The combination of Mimics software and CT data not
only saves manpower, materials and financial resources,

but can also be repeated and verified by test results with
high reliability in guiding practice [34]. At present, this
combination is widely used in basic and clinical trial
studies [35-37]. This digital anatomical measurement
provides a reference for screw placement in pelvic and
acetabular fractures. In this study, we confirmed the lo-
cations of three insertion points according to the loca-
tion of the eminelntia iliopectinea and arcuate line. We
studied the screw placement penetrating the double cor-
tices via three different angles. As shown in Fig. 2, we
could operate the drill-bit at safe angles from point A, O
and B during the surgery.

In this study, we described that screw placement in
the danger zone of the anterior surface of the acetabu-
lum could be used as a common method for the treat-
ment of acetabular fracture. Our results were analysed
to find the ranges of effective and safe angles. Given the
data obtained from our study, more screws could be ap-
plied to increase stability, without penetrating the
acetabulum.

As shown in Tables 2 and 4, the MIMIA from inser-
tion points A and B in males was significantly smaller
than that in females. Consequently, it can be seen that
females required a greater tilt towards the quadrilateral
plate surface than males to avoid screw penetration of
the joint. The reason for this may be that the thickness
of the acetabular medial wall in this region was smaller
in females than in males. There were no significant dif-
ferences in angles between males and females in terms
of point O, as shown in Table 3. We speculated that this
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Fig. 4 A 51-year-old man was suffered serious traffic injuries. a-c: preoperative X-Ray, CT cross section and 3D reconstruction. The red arrow
represents the displaced quadrilateral plate fracture. d-f: postoperative X-Ray, CT cross section and 3D reconstruction. Green arrow shows two
hollow countersunk screws used to fix the quadrilateral plate. g-i: Postoperative CT-scan images were imported into Mimics software. Observation
of the coronal plane and 3D model of the semi-pelvis shows that the insertion angle of the screws corresponded to that of our study

could be due to the larger femoral head and wider ace-
tabular margin in males, even though the thickness of
the medial wall of the acetabulum was smaller in
females.

Some related studies have reported screw placement
in the danger zone of the acetabulum. Our data differ
from those of some previous studies. Benedetti [38] se-
lected the vertical line of the anterior surface of the an-
terior column as the reference for screw placement.
However, this landmark is unreliable for the irregular
outline. As the quadrilateral surface is relatively flat, it is
very convenient to touch or mark its direction with a
Kirschner wire. Therefore, in our study, we considered
the quadrilateral surface as a reference to determine the
angle of the screw, which could ensure the accuracy of
the screw placement. In contrast to the research of Ji
et al. [14], we performed a study of the anterior and pos-
terior angles of screw placement. As shown in Fig. 2, the
anterior and posterior inclination screws were long and
able to penetrate into bilateral cortices. These screws are

more stable than inward tilted screws and can be widely
used in clinical practice. Confirmation of the screw in-
sertion sites was decided by the holes on the steel plate
in some related digital anatomical studies [34]. In our
study, we determined the insertion points through the
eminelntia iliopectinea. In the actual operation, 2 or
more screws can be placed first to secure the reduction
of quadrilateral plate fracture, as shown in Figs. 3 and 4.
Then, the contoured plate can be inserted to strengthen
the fixation.

Mimics software has been widely used in 3D recon-
struction for the development of digital orthopaedics
technology. Preoperative 3D modelling enables more ef-
fective diagnosis and simulates the surgical procedure
[39-44]. Our study provides surgeons with accurate data
for selecting the correct zones of entry and angles before
the implantation of screws. Upper transverse and upper
oblique fracture lines are often involved in acetabular
fractures based on fracture mapping [45, 46], but we can
place the screws into the quadrilateral plate and control
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the angle to ensure double cortices. The obstacle to ap-
plying the technique is the complex anatomical structure
through the middle window of the ilioinguinal approach.
The difficulty of exposure and the risk of neurovascular
injury are problems we need to pay attention to and deal
with. Perhaps we can further study the intraoperative
guide tool to improve the technique.

There are some limitations to this study. Quadrilateral
screws can be effectively applied to transverse and ob-
lique fractures around the arcuate line. Nevertheless,
they play a limited role in severe comminuted fractures
or lower fracture lines. We only studied the fixation of
the fracture. However, how to perform fracture reduc-
tion was not mentioned. We only researched the com-
mon method of screw placement (superior border of the
arcuate line). In addition, more patterns of fixation
should be considered. We only studied the pelvises of
Chinese people, who have different skeletal shapes than
the American and European populations. In addition, we
did not collect data according to height, weight or body
bone density. Moreover, during the actual operation, we
had to account for not only the bone but also the soft
tissue. These factors may affect the implantation of
SCrews.

Conclusion

Our results imply that the direct implantation of screws
for quadrilateral plate fractures in the danger zone of the
acetabulum with the use of preoperative measurements
and calculations by digital tools is feasible. Mimics soft-
ware can be used for 3D reconstruction, imitating screw
implantation, and reducing unnecessary injury during
operation. Double cortical screws could be placed stably
and safely through the middle window of the ilioinguinal
approach.
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