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Abstract

BACKGROUND

With the modernization of society and transportation in the last decades in China,
the incidence of high-energy trauma increased sharply in China, including that of
acetabular fractures.

AIM
To establish different finite element models for acetabular posterior column
fractures involving the quadrilateral area of the acetabulum.

METHODS

The three-dimensional models of the normal and fractured pelvis and the five
internal fixations were established using the computed tomography data of the
pelvis of a living volunteer. After the vertebral body model was inserted in the
way of origin matching and all cancellous bones were copied using the duplicated
cancellous bone model as the subtractive entity, the Boolean operation was
performed on the pelvis model to obtain the model of the complete pelvis cortical
and cancellous bones.

RESULTS

In the standing position, the maximum stress was 46.21 MPa. In the sitting
position, the sacrum bore the simulated gravity load at the upper end. When
comparing the five fixations, there were no significant differences in the stress
mean values among groups (sitting: P = 0.9794; standing: P = 0.9741). In terms of
displacement, the average displacement of the internal iliac plate group was
smaller than that of the spring plate group (P = 0.002), and no differences were
observed between the other pairs of groups (all P > 0.05). In the standing position,
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there were no significant differences in the mean value of displacement among the
groups (P = 0.2985). It can be seen from the stress nephogram of the internal
fixations in different positions that the stress of the internal fixation was mainly
concentrated in the fracture segment.

CONCLUSION
There were no significant differences among the fixations for acetabular posterior
column fractures involving the quadrilateral area of the acetabulum.

Key Words: Acetabulum; Hip fractures; Analysis; Finite element; Fracture fixation;
Orthopedic fixation devices

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Acetabular fractures are challenging, especially fractures of the quadrilateral
area. Obtaining a three-dimensional finite element model of the pelvis is an effective
method for biomechanical research and can provide some basis for the biomechanical
characteristics of different fixation methods. This study aimed to establish different
finite element models (in simulated standing and sitting positions) of the internal iliac
plate, combined plate of anterior and posterior columns, triangle plate, row nail
blocking, and spring plate for acetabular posterior column fractures involving the
quadrilateral area of the acetabulum. The results suggest that there are no significant
differences among the fixations.

Citation: Xie XJ, Cao SL, Tong K, Zhong ZY, Wang G. Three-dimensional finite element
analysis with different internal fixation methods through the anterior approach. World J Clin
Cases 2021; 9(8): 1814-1826

URL: https://www.wjgnet.com/2307-8960/full/v9/i8/1814.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i8.1814

INTRODUCTION

With the modernization of society and transportation in the last several decades in
China, the incidence of high-energy trauma, including acetabular fractures, has
increased sharply in China"”l. The life-time prevalence of hip fracture is 20% in
women and 10% in men', and acetabular fractures represent 18% of the total hip
arthroplasty procedures in Chinese patients”. In China from 2002 to 2006, the
incidence of hip fractures increased 2.8- and 1.6-fold in women and men,
respectively”. The treatment of acetabular fracture is challenging. Presently, the
primary treatment of displaced acetabular fracture is still open reduction and internal
fixation!”"1,

The fractures of the quadrilateral area of the acetabulum are not included in the
Letournel classification!*"”], but many complex fractures of the acetabular posterior
column involve the quadrilateral area of the acetabulum!**\. Although the load-
bearing area of the acetabulum is mainly at its top, not at the quadrilateral area, when
a high-energy injury occurs, the quadrilateral area as a part of the inner wall of the
posterior column is often hit into the pelvis by the femoral head and displaced
together with the posterior column™!. Moreover, anatomical reduction and fracture
fixation aim to restore the matching relationship of the acetabulum and avoid leaving
a central subluxation of the hip joint and traumatic arthritis, with a significant impact
on clinical efficacy!"'*"l. Previous studies suggested using a 1/3 tubular steel plate or
L-shaped steel plate to block the displacement of the acetabulum-related
structures!>'*"’l. Zha et all'! suggested using a multidirectional fixation device with
pelvic brim long screws. Nevertheless, the preoperative planning of such fractures is
complicated because of the complex anatomy of the hip.

In the traditional biomechanical studies of the pelvis, human cadavers are often
used, but the measurements of displacement and stress in cadaver specimens
inevitably lead to large errors. Cadaveric specimens have the disadvantages of high
cost, limited availability, and difficulty in repeated tests. In addition, cadaveric
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specimens will lead to systematic errors because even though the bones and joints
retain their properties, the properties of the soft tissues will inevitably suffer from
rigor mortis and the fixative/preservative solutions. In many studies, the soft tissues
are removed, and only the bones and the joint are kept, but all information about the
contribution of the tendons, fascia, and muscles to the stability of the joint is lost!***!l,
Therefore, at present, three-dimensional (3D) finite element modeling is an effective
method for biomechanical research””]. Nevertheless, in order to ensure the success of
the experiment and the accuracy of the data, it is necessary to reconstruct the bone
model accurately. The pelvis and acetabulum are a complex bony structure with
cancellous bone sandwiched in the cortex”. Because the muscles and ligaments
around the acetabulum play an indispensable role in stabilizing the pelvis bone
structure and reducing stress concentration!™), it is necessary to pay attention to the
addition of important ligaments when modeling to obtain a 3D finite element model of
the pelvis with high simulation value and good stability.

At present, no biomechanical study has evaluated the stability of a 3D finite element
model for the modeling of the treatment of acetabular posterior column fractures
involving the quadrilateral area of the acetabulum. Therefore, the present study aimed
to use a finite element model to establish different internal fixation models of the
internal iliac plate, combined plate of anterior and posterior columns, triangle plate,
row nail blocking, and spring plate and to simulate the standing and sitting positions.
Using advanced mathematical modeling techniques, a mathematical model of an
actual hip joint was obtained and could be used to measure forces, and stresses could
be measured at specific points and under different conditions. The results will provide
a basis for determining the biomechanical characteristics of the fixation of acetabular
posterior column fractures.

MATERIALS AND METHODS

Finite element models of the pelvis

A 48-year-old healthy male volunteer was selected as the research subject. This
individual had undergone a vasectomy and had no plans for fertility. The risks and
possible harms were carefully explained, and he signed the informed consent form,
which was first approved by the ethics committee along with the study protocol. His
pelvis was scanned using a dual-source 16-row computed tomography scanner
(Siemens, Erlangen, Germany). The bone tissue window was selected for scanning.
The thickness of the scanning layers was 1.0 mm, and the scanning range was from the
upper edge of the fifth lumbar vertebra to the upper part of the bilateral femur,
including the whole ischial tubercle. The computed tomography images were
imported into Mimics 17.0 (Materialise, Leuven, Belgium) to generate the 3D model of
the pelvis. The .stl file saved from Mimics 17.0 was opened in Geomagic Studio 2013
(Geomagic Inc., Morrisville, NC, United States), and the model was subdivided by 4 x
mesh to ensure that no serious deformation occurred during model processing. The
accurate pelvis, sacrum, and femur models were obtained after removing the
redundant deformation features of the model and the sharp nail-like objects. The
precise surface module was used to detect the contour of the model, edit the deformed
or unreasonable contours, add the contour appropriately, and generate more regular
surface pieces to fit the surface model. Then, the geometry model was exported to the
general Step format to build a 3D model of a normal pelvis.

Using SolidWorks 2014 (Dassault Systems SolidWorks Corporation, Waltham, MA,
United States) and according to the software prompts, feature recognition and surface
diagnosis of the geometric models were carried out, and the problematic surfaces were
repaired. Then, the model was saved to the SLDPRT part format. After the vertebral
body model was inserted in the way of origin matching and all cancellous bones were
copied using the duplicated cancellous bone model as the subtractive entity, the
Boolean operation was performed on the pelvis model to obtain the model of the
complete pelvis cortical and cancellous bones. The upper and lower surfaces of each
sacrum and pelvis cortical bone were treated equidistantly, and the equidistant
distance was 0 mm. The sacroiliac joint cartilage was established between them. The
redundant part of the equidistant surface was then excised to make it fit the sacrum
and pelvis entirely. Similarly, the acetabulum cartilage on both sides was generated,
and a completely normal 3D model was obtained. The above geometric model was
imported into Ansys 17.0 (ANSYS Inc., Canonsburg, PA, United States), and the
analysis type was specified as “Static Structural.” Then, the property parameters of
each material were set in the material library, as shown in Table 1.
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Table 1 Material property parameters of the main structures of the pelvis

Part Modulus of elasticity in MPa Poisson’s ratio
Pubic cartilage 5.00 0.45
Interosseous sacroiliac ligament 5610.00 0.20
Sacrum 6140.00 0.30
Sacrospinous ligament 12.60 0.20
Sacrotuberous ligament 46.48 0.300
Sacroiliac joint cartilage 54.00 0.40
Iliac cancellous bone 132.00 0.20
Femur 18200.00 0.38
Posterior sacroiliac ligament 133.00 0.20
Acetabular cartilage 12.00 0.42
Iliac cortical bone 17000.00 0.30
Anterior sacroiliac ligament 208.00 0.20

Jaishideng®

In the connection interface, the contact type between each structure was defined, in
which the contact of the joint surface was set to “frictional,” and the corresponding
friction coefficient was 0.5. The other contact types were set as “bonded,” which means
that the relative position relationship of the structures on both sides of the contact
surface was fixed. The spring element was used to simulate the ligament, and the
tensile stiffness of each ligament was set. Next, the model was divided into meshes. In
order to ensure the accuracy of the calculation to meet the requirements of the
analysis, the type and size of the mesh were controlled. The mesh was set as the
tetrahedral mesh with a size of 2 mm. Finally, the 3D finite element model of the pelvis
was generated without error (Figure 1).

Fracture model

The right acetabular posterior column fracture model involving the quadrilateral area
of the acetabulum was finally generated by setting up the reference plane, marking the
fracture line, and cutting the fracture model according to the fracture line (Figure 2).

Surgical techniques

Using SolidWorks 2014 (Dassault Systems SolidWorks Corporation, Waltham, MA,
United States), the models of the combined steel plate of anterior and posterior
columns, internal iliac steel plate, row nail, triangle steel plate, and spring steel plate
were generated by determining the equidistant surface, setting the datum plane and
drawing the sketch of steel plate, drawing the boss, cutting with the tangent plane,
cutting and stretching, and drawing the details of the steel plate. Then, they were
imported into the 3D model of the pelvic posterior column fracture. Finally, different
internal fixation models of the posterior acetabular column involving the quadrilateral
area of the acetabulum were generated (Figure 3).

Loading and stress analyses
The upper surface of the sacrum was set as a rigid plane to simulate the sitting
position and bipedal standing position under the human physiological state. The
gravity of the upper half of the adult body was equivalent to a pressure of 600 N and
uniformly loaded along the gravity axis. In the standing position, the lower end face of
the femur was restrained, and the freedom of the six directions of the relevant nodes
was set to zero to ensure that the plane composed of the bilateral anterior superior iliac
spine and pubic symphysis was parallel to the gravity axis. Then, the stress and
displacement distributions of the pelvis model in the standing position were
calculated. In the sitting position, the bilateral ischial tubercle was restrained, and the
freedom of the six directions of the relevant nodes was set to zero to ensure that the
midpoint of the line between the lowest points of the bilateral ischial tubercles was
perpendicular to the gravity axis. Then, the stress and displacement distributions of
the pelvis model in the sitting position were calculated.

After the restraint and load were applied, ten points evenly distributed on the
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Figure 1 Finite element mesh of the pelvis model. A: Front view; B: Back view.

Figure 2 Establishment of the acetabular posterior column fracture model involving the quadrilateral area of the acetabulum.

%\

Figure 3 Different internal fixation models of acetabular posterior column fractures involving the quadrilateral area of the acetabulum. A:
Combined plate of anterior and posterior columns; B: Internal iliac plate; C: Row nail; D: Triangle plate; E: Spring plate.

JBaishideng®

fracture line of the posterior column and quadrilateral area of the acetabulum in the
acetabulum fossa were selected, and the stress and displacement data were measured
in the sitting and standing positions. At the same time, the maximum stress and
displacement of the ten points were obtained. Then, the displacement and stress
distribution on the fracture line of the different internal fixation models were
compared. In general, the more unstable the internal fixation, the greater the stress and
displacement. The measurement indexes were: (1) The stiffness of the acetabulum
structure was used to reflect the overall stability of the acetabulum after treatment of
the fracture with different internal fixation; and (2) The stress distribution, the
maximum value, and its position with different internal fixation methods were
measured. According to the properties of the different materials, the mechanical
characteristics were evaluated, and the possibility and location of failure of internal
fixation were predicted.
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Statistical analysis

Statistic Package for Social Science 22.0 (IBM Corp., Armonk, NY, United States) was
used for statistical analysis. Continuous data conforming to the normal distribution
(according to the Kolmogorov-Smirnov test) were presented as means * SD, while
those not conforming to the normal distribution were presented as medians (range).
The mean values of stress and displacement at each point were compared among
fixations. For the variable not normally distributed, the Kruskal-Wallis test was used,
followed by the Dunnett-t post hoc test. For the indexes with a normal distribution,
one-way analysis of variance and the Bonferroni post hoc test were used. P values <
0.05 indicated statistical significance.

RESULTS

Validation of the pelvic model

Figure 4 presents the validation of the simulation of the biomechanical conduction
process. As can be seen by the colors on the model (dark blue indicating the smallest
relative stress/displacement and red the highest), in the standing position, the stress
applied on the sacral endplate was transmitted to the bilateral sacroiliac joints and
ilium through the sacrum, backward and downward through the posterior acetabular
column, forward through the medial arcuate edge of the pelvis to the pubic
symphysis, and finally to the bilateral lower limbs through the hip joint. The
maximum stress was 46.210 MPa. In the sitting position, the stress distribution of the
pelvis was from top to bottom, and the sacrum bore the simulated gravity load at the
upper end, which has a downward and forward displacement trend. The stress was
mainly concentrated in the sacroiliac joint, posterior column, superior ischial branch,
and pubic branch. The specific measurement data are shown in Supplementary Table
1.

Comparisons among stress distributions and displacements of the fragment lines
For the combined plate of the anterior and posterior columns in the sitting position,
the stress on the fracture line was mainly concentrated in the middle of the acetabular
fossa. The maximum stress was 2.296 MPa, the maximum displacement was 0.938 mm,
and the average displacement was 0.604 + 0.286 mm. In the standing position, the
stress on the fracture line was mainly concentrated above the acetabulum. The
maximum stress at each node of the fracture line was 1.880 MPa, the maximum
displacement was 0.240 mm, and the average displacement was 0.140 = 0.049 mm
(Tables 2 and 3).

For the internal iliac plate in the sitting position, the stress on the fracture line of the
left acetabulum was mainly concentrated in the anterior and superior acetabulum. The
maximum stress at the fracture end was 2.653 MPa, the maximum displacement was
0.590 mm, and the average displacement was 0.444 + 0.136 mm. In the standing
position, the stress on the fracture line was mainly concentrated in the posterior and
superior acetabulum. The maximum stress at each node of the fracture line was 1.815
MPa, the maximum displacement was 0.241 mm, and the average displacement was
0.146 + 0.044 mm (Tables 2 and 3).

For the row nail blocking technology in the sitting position, the maximum stress at
the fracture end of the left acetabulum was 2.726 MPa, the maximum displacement
was 1.109 mm, and the average displacement was 0.694 + 0.286 mm. In the standing
position, the stress on the fracture line of the left acetabulum was mainly concentrated
in the posterior and superior acetabulum. The maximum stress at each node of the
fracture line was 2.683 MPa, the maximum displacement was 0.244 mm, and the
average displacement was 0.150 + 0.046 mm (Tables 2 and 3).

Regarding the triangle plate in the sitting position, the stress on the fracture line of
the left acetabulum was mainly concentrated in the front and upper part of the joint.
The maximum stress was 2.803 MPa, the maximum displacement was 0.914 mm, and
the average displacement was 0.677 + 0.227 mm. In the standing position, the stress on
the fracture line of the left acetabulum was mainly concentrated in the upper part of
the acetabulum. The maximum stress at each node of the fracture line was 2.507 MPa,
the maximum displacement was 0.237 mm, and the average displacement was 0.147 +
0.042 mm (Tables 2 and 3).

For the spring plate in the sitting position, the stress on the fracture line of the left
acetabulum was mainly concentrated in the anterior part of the acetabulum. The
maximum stress at the fracture end was 2.735 MPa, the maximum displacement was
1.125 mm, and the average displacement was 0.817 *+ 0.283 mm. In the standing
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Table 2 The stress of each point on the fracture line, in MPa

N Combined steel plate Internal iliac plate Row nail blocking Triangular steel plate  Spring steel plate
ode Sitting Standing Sitting  Standing  Sitting  Standing  Sitting Standing Sitting  Standing

1 0.470 0.891 0.549 0.703 0.606 0.827 0.485 0.568 0.538 0.650

2 0.812 0.299 0.991 0.376 1.200 0.239 1.227 0.412 1.142 0.483

3 1.285 0.653 1.213 0.792 1.197 1.105 1.298 0.923 1.186 0.792

4 2296 0.603 1.929 0.624 2314 0.612 2305 0.706 2.401 0.654

5 2,017 1.880 2117 1.597 2153 2.683 2129 2,507 2113 2,019

6 2.664 1.751 2,653 1.815 2.726 1.920 2.803 1192 2.735 1.803

7 0.535 0.154 0.509 0.173 0.541 0.187 0.551 0.180 0.547 0.161

8 0.592 1.153 0.603 1.128 0.614 1.164 0.597 1.226 0.602 1.092

9 0.783 1.228 0.790 1.316 0.793 1.357 0.785 1.366 0.798 1.124
10 0.947 0.776 0.938 0.839 0.951 0914 0.963 0.814 0.971 0.785
Mean 1.240 0.939 1.229 0.936 1310 1.101 1314 0.989 1.303 0.956
SD 0.757 0.541 0.708 0.497 0.756 0.719 0.778 0.618 0.772 0.547
Minimum 0.470 0.154 0.509 0.173 0.541 0.187 0.485 0.180 0.538 0.161
value

Maximum 2.296 1.880 2,653 1.815 2.726 2.683 2.803 2507 2.735 2,019
value

In the sitting position, there were no statistical differences among groups (P = 0.979). In the standing position, there were no statistical differences among

groups (P = 0.974). SD: Standard deviation.
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position, the stress was mainly concentrated in the posterior and upper part of the
acetabulum. The maximum stress at each node of the fracture line was 2.019 MPa, the
maximum displacement was 0.257 mm, and the average displacement was 0.171 +
0.042 mm (Tables 2 and 3).

When comparing the five fixations, the results showed no statistically significant
differences in the mean values of stress among the groups (sitting position: P = 0.9794;
standing position: P = 0.9741) (Table 2). In terms of displacement, there was a
statistically significant difference among the groups in the sitting position (P = 0.004),
and the pairwise comparisons showed that the average displacement of the internal
iliac plate group was significantly smaller than that of the spring plate group (P =
0.002), and no differences were observed between the other pairs of groups (all P >
0.05). In the standing position, there were no significant differences in the mean value
of displacement among the groups (P = 0.2985) (Table 3).

Stress distribution of the internal fixation methods

It can be seen from the stress nephogram of the internal fixations in different positions
that the stress of the internal fixation was mainly concentrated in the fracture segment,
indicating that the internal fixations had considerable stress on the fracture segment,
and the possibility of internal fixation failure was relatively high in this part (Figure 5).

DISCUSSION

The standing and sitting positions are the most physiological postures in daily human
life. Therefore, in this study the stability of the fixation of the acetabulum posterior
column fracture involving the quadrilateral area of the acetabulum was analyzed with
each internal fixator in the standing and sitting positions. The results suggest no
significant differences among the fixations for the acetabular posterior column fracture
involving the quadrilateral area of the acetabulum. The fixation effect of the spring
plate was relatively poor.

Of course, the pressure load was different in the standing and sitting positions.
Indeed, in the standing position, the stress applied on the sacral endplate was
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Table 3 Displacement of each point on the fracture line, in mm

N Combined steel plate  Internal iliac plate Row nail blocking Triangular steel plate  Spring steel plate
ode Sitting  Standing  Sitting  Standing  Sitting  Standing  Sitting  Standing  Sitting  Standing

1 0.097 0.089 0.085 0.099 0.087 011103 0.093 0.107 0.102 0.141

2 0.910 0.103 0.481 0.086 0.956 0.097 0.914 0.105 1.104 0.127

3 0.938 0.112 0.458 0.102 0.683 0.124 0.832 0.120 1.017 0.136

4 0.104 0.093 0.484 0.128 1.109 0.115 0.753 0.098 0.936 0.128

5 0.887 0.121 0.401 0.157 0.990 0.131 0.914 0.144 1.125 0.205

6 0.682 0.117 0377 0.128 0.887 0.135 0.756 0.126 0913 0.146

7 0.652 0.129 0.473 0.172 0.633 0.153 0.671 0.167 0.801 0.182

8 0.556 0.194 0.503 0.172 0.545 0.201 0.539 0.187 0.714 0.214

9 0.520 0.198 0.588 0171 0.511 0.198 0.597 0.178 0.618 0.201
10 0.690 0.239 0.590 0.241 0.538 0.244 0.702 0.237 0.843 0.257
Mean 0.604 0.140 0.444 0.146 0.69%4 0.150 0.677 0.147 0.817 0171
SD 0.286 0.049 0.136 0.044 0.286 0.046 0.227 0.042 0.283 0.042
Minimum 0.097 0.089 0.085 0.086 0.087 0.097 0.093 0.098 0.102 0.127
value

Maximum 0.938 0.240 0.590 0.241 1.109 0.244 0.914 0.237 1.125 0.257
value

In the sitting position, there was a statistical difference in the means among groups (P = 0.004). The pairwise comparisons indicated that the average

displacement of the internal iliac plate group was significantly smaller than that of the spring plate group (P = 0.002). There were no other significant

pairwise differences (all P > 0.05). In the standing position, there were no significant differences in the means among groups (P = 0.299). SD: Standard

deviation.
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transmitted to the bilateral sacroiliac joints and ilium through the sacrum, backward
and downward through the posterior acetabular column, forward through the medial
arcuate edge of the pelvis to the pubic symphysis, and finally to the bilateral lower
limbs through the hip joint. In the sitting position, the stress distribution of the pelvis
was from top to bottom, and the sacrum bore the simulated gravity load at the upper
end, which had a downward and forward displacement trend. The stress was mainly
concentrated in the sacroiliac joint, posterior column, superior ischial branch, and
pubic branch. Those measurements were in concordance with what was expected from
those positions as supported by previous studies .

In this study, the spring plate fixation showed a worse effect than the other fixation
methods. It might be because the distal end of the plate cannot be fixed with screws,
and the displacement of the distal end cannot be controlled. If the steel plate is over
shaped when the steel plate is placed, then the steel plate near the pelvic edge will not
fit the bone surface. There were no significant differences among the combined plate,
internal iliac plate, row nail blocking, and triangle plate fixation for acetabulum
posterior column fracture involving the quadrilateral area of the acetabulum. Those
results might suggest that those four fixation devices can be used interchangeably, but
their specific application should be combined according to each patient’s clinical and
individual conditions.

Various studies used a finite element model to assess the impact of different fixation
devices for hip fractures. Fan et al* compared the double-column reconstruction plate,
the anterior column plate combined with posterior column screws, and the anterior
column plate combined with quadrilateral area screws in T-shaped acetabular
fractures and showed that the anterior column plate combined with quadrilateral area
screws achieved the best outcomes in terms of pressure and displacement. Using a
similar approach, Lei etal® compared the same three fixations except for
hemitransverse acetabular fractures and showed that the anterior column plate
combined with quadrilateral area screws also achieved the best outcomes. Yildirim
et al suggested that anterior or posterior column screws were superior to two-
column support for transverse acetabular fracture. The direct comparison of those
three studies with the present one is difficult because of the differences in fracture
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types. Nevertheless, the present study suggests that the internal iliac plate resulted in
the smallest displacement in the sitting position.

The present study has limitations. The finite element model has shortcomings.
Because of the complex structure of the pelvis and acetabulum, the thickness of the
cortical bone and the amount of cancellous bone are different between each bone block
and different parts of the same bone block, and there are also differences between
different individuals. Therefore, it is inevitable to observe errors compared with
clinical practice when assigning an elastic modulus and Poisson’s ratio to a specific
bone block. Second, in terms of a simplified model, this experiment includes the
reconstruction of muscles and ligaments. When modeling, because of the use of the
spring element to simulate a ligament, there is a large stress concentration on the
surface of the cortical bone in the pelvis model, which has a certain error with the
actual reality of the solid pelvisP. In this study, it is assumed that the materials
involved are continuous and homogeneous, which is not consistent with the
characteristics of non-uniformity, heterogeneity, and nonlinearity found in actual
human tissues. Due to the computing limitations, it is impossible to analyze every
point on the fracture line, so there are some differences between the experimental
results and reality. In addition, a fracture of the quadrilateral area of the acetabulum: is
often comminuted, which is challenging to simulate. Finally, the model was
constructed from a single healthy volunteer. Because hip fractures are more frequent
in elderly and osteoporotic women, future studies should also examine those patient
types and make comparisons among them.

CONCLUSION

In conclusion, ten points on the fracture line of the posterior column and quadrilateral
area of the acetabulum in the acetabulum fossa were measured for stress and
displacement data in the sitting position and standing position using five different
fixation devices. There were no significant differences among the fixations for the
acetabular posterior column fracture involving the quadrilateral area of the
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acetabulum. The fixation effect of the spring plate was relatively poor, while the
internal iliac plate resulted in the smallest displacement in the sitting position. The
results provide a basis for the biomechanical characteristics of acetabular posterior
column fracture fixation.
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ARTICLE HIGHLIGHTS

Research background

With the modernization of society and transportation in the last several decades in
China, the incidence of high-energy trauma, including acetabular fractures, has
increased sharply in China.

Research motivation

The treatment of acetabular fractures is challenging, especially for fractures of the
quadrilateral area. Obtaining a three-dimensional finite element model of the pelvis is
an effective method for biomechanical research and can provide a basis for the
biomechanical characteristics of different fixation methods applied in acetabular
posterior column fracture.

Research objectives

This study aimed to establish different finite element models (in simulated standing
and sitting positions) of the internal iliac plate, combined plate of anterior and
posterior columns, triangle plate, row nail blocking, and spring plate for acetabular
posterior column fractures involving the quadrilateral area of the acetabulum.

Research methods

The three-dimensional models of the normal and fractured pelvis and the five internal
fixations were established using computed tomography data of the pelvis of a living
volunteer.

Research results

In the standing position, the maximum stress was 46.210 MPa. In the sitting position,
the sacrum bore the simulated gravity load at the upper end. When comparing the five
fixations, there were no significant differences in the stress mean values among
groups. The average displacement of the internal iliac plate group was smaller than
that of the spring plate group, and no differences were observed between the other
pairs of groups. In the standing position, there were no significant differences in the
mean value of displacement among the groups. Of note, the data were obtained from
the model constructed from a single individual. The results should be validated in
multiple individuals.

Research conclusions
There were no significant differences among the fixations for acetabular posterior
column fractures involving the quadrilateral area of the acetabulum.

Research perspectives

The results provide a basis for the biomechanical characteristics of acetabular posterior
column fracture fixation. Nevertheless, future studies should examine patients with
different characteristics (e.g., elderly, female, or osteoporotic) and patients with
different types of fractures because simple posterior column fracture is not commonly
seen, and this fracture model cannot satisfy the biomechanical studies of all kinds of
posterior column fractures.
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