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Abstract
Purpose  The increasing worldwide prevalence of anterior column-posterior hemi-transverse fracture (ACPHTF) brings 
formidable challenges to orthopaedic surgeons. Our newly-designed locking plate had previously demonstrated promising 
effects in ACPHTF, but evidence of their direct comparison with conventional internal fixations remains lacking. In this 
study, we aimed to compare our novel plate with the traditional devices via finite element analysis.
Methods  The ACPHTF model was created based on a 48-year-old volunteer’s CT data, and then fixed in three different 
internal fixations: an anterior column locking plate with posterior column screws, double column locking plates, and our 
novel anatomical locking plate. These models were next loaded with a downward vertical force of 200 N, 400 N and 600 N, 
and the stress peaks and displacements of three different sites were recorded and analyzed.
Results  We first tested the rigidity and found that our newly-designed locking plate as well as its matched screws had a greater 
stiffness especially when they were under a higher loading force of 600 N. Then we evaluated the displacements of fracture 
ends after applying these fixations. Both our novel plate and DLP showed significantly smaller displacement than LPPCS 
at the anterior column fracture line and the pubic branch fracture line, while our novel plate was not obviously inferior to 
DLP in terms of the displacement.
Conclusion  This novel plate demonstrates a distinct superiority in the stiffness over LPPCS and DLP and comparable dis-
placements to DLP in ACPHTF, which suggests this novel anatomical locking guide plate should be taken into consideration 
in ACPHTF.

Keywords  Finite element analysis · Novel anatomical locking guide plate · Anterior column and posterior hemi-transverse 
acetabular fractures

1  Introduction

The anterior column-posterior hemi-transverse fracture 
(ACPHTF) is one of the most complex acetabular injuries 
in which treatment has, for many years, been a medical chal-
lenge to orthopaedists because of its involved location and 

frequently concomitant injuries [1–3]. As a classic acetabu-
lar fracture in the elderly, ACPHTF has an increasingly high 
incidence with the ageing population, and is more vulnerable 
to acetabular protrusion and quadrilateral plate displacement 
[3, 4].

Therefore, an absolute anatomic reduction is indispen-
sable as ACPHTF, usually an intra-articular fracture, is 
likely to cause traumatic osteoarthritis after injury [5, 6]. 
However, characterized by osteopenic acetabular fracture 
commonly seen in the geriatric population, ACPHTF is 
still lacking a form of adequate fracture fixation [7, 8]. 
Currently, the commonly reported treatment for ACPHTF 
was an anterior column conventional locking plate com-
bined with posterior column screws through the ilioingui-
nal approach [9], or double column locking plates through 
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both approach [2, 10]. However, these methods are often 
more invasive and require greater exposure to get better 
visualization, which could inevitably result in large soft 
tissue injuries.

We have previously established a systematic database of 
acetabular morphology based on the Chinese anatomical 
characteristics. And on this basis, we, for the first time, 
designed and created a novel anatomical locking guide 
plate (NALGP) with screw hole threads, which were con-
ducive to stable screw fixations in the ideal acetabular sites 
and provided a strong internal fixation [11, 12]. Moreo-
ver, NALGP also uses two types of screws (anterior col-
umn screws and Magic screws), which therefore provides 
adequate fixation of both anterior and posterior columns 
simultaneously. An inverted Y-shape structure was then 
formed by the NALGP and two screws, maximizing the 
reconstruction of normal acetabular anatomical structure 
[13, 14].

No direct comparative data on our newly-designed 
NALGP and conventional locking plate with screws or dou-
ble locking plates (DLP) are currently available in terms of 
the treatment of ACPHTF. Thus, in this study, we conduct a 
finite element analysis on (1) the conventional locking plate 
with posterior column screws (LPPCS), (2) DLP, and (3) 
NALGP with anterior column screws and Magic screws to 
determine which treatment could better facilitate the ana-
tomical reduction and strong fixation after ACPHFT.

2 � Materials and Methods

2.1 � Three‑Dimensional Modeling of the Anterior 
Column‑Posterior Hemi‑Transverse Fracture

The Dicom data from a 48-year-old male volunteer’s CT 
scanning were imported into the Mimics 16.0 software, and 
the coronal, sagittal, and transverse plane were defined, 
respectively. We then set the threshold at 216HU-873HU 
in the Mimics software, created a model mask, and recon-
structed the three-dimensional model of the half pelvis 
(Fig. 1A). This accurate geometric model was built based 
on the bone contour from the CT gray scale in Mimics as 
previously stated [15, 16].

According to the Judet and Letournel classification for 
acetabular fractures [17, 18], ACPHTF model was estab-
lished as previously stated [3]. Briefly, the ACPHTF’s one 
fracture line started from the 20 mm down from anterior 
inferior iliac spine to the superior margin of the obturator 
foramen, and continued to extend to the inferior margin of 
the obturator foramen. And the other fracture line extended 
from the central point of the first fracture line to the sciatic 
notch’s most upper point (Fig. 1B).

2.2 � Geometric Modeling of Instruments Fixation 
in the ACPHTF

Three types of internal fixation models (including LPPCS, 
DLP, and NALGP) were established using the Unigraphis 
software (Unigraphis Solutions of EDS, USA). These 
models were demonstrated as follows (Fig.  2). Each 
assembly of the model was meshed into 8 nodes with non-
linear solid hexahedron elements in the ANSYS Work-
bench software (ANSYS, USA). And the grid convergence 
were calculated by different sizes. The statistics of nodes 
and elements with or without instrument fixation were dis-
played in Table 1.

2.3 � Definition of the Boundary Conditions, Material 
Properties, and the Loading

(1)	 Boundary condition

The boundary conditions were defined as follows using 
the Abaqus6.11 software (Dassault System, Velizy-Villacou-
blay, France): (1) the surface between the bone and instru-
ments, or between instruments were both set as binding; (2) 
while the contact interactions between bones were assumed 
to be frictional [19] with a friction coefficient of 0.2.

(2)	 Material properties

Since materials were used to found models, we then 
assumed that all cortical bone, cancellous bone, and 

Fig. 1   The three-dimensional modeling of acetabulum and the 
ACPHTF. A Showed the normal acetabular model from the Dicom 
data of a 48-year-old volunteer. B Demonstrated the ACPHTF model 
and its fracture lines. Different colors were used to separate bone 
after ACPHTF
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internal fixations were continuous and isotropic linear 
elastic materials. The material properties were shown in 
Table 2.

(3)	 The applied loading and constraints

For calculation purposes, the pubic symphysis and sacro-
iliac joint were firmly fixed. The boundary condition of the 
model was set by constraining the ipsilateral ischial tuber-
osity and limiting its 6 degrees of freedom. As previously 
stated [20], in order to mimic the situation that patients with 
acetabular fracture were required to perform early partial 
weight-bearing, each assembly model was loaded with a 
downward vertical force of 200 N, 400 N and 600 N, respec-
tively, at 25° backward in the sagittal plane and 45° upward 
in the coronal plane. The force was applied located at the 
middle of the hip joint.

2.4 � Evaluation Index Among Three Types of Fixation

We first evaluated the stress distribution and stress peak of 
plates and screws [21], and then the displacement of fracture 
ends under the loading force of 200 N, 400 N and 600 N, 
respectively. Both stress distribution and stress peak can 
well reflect the rigidity of those instruments, which helps to 
choose suitable materials. And the displacement is a good 
indicator of the stability of internal fixation on the ACPHTF.

3 � Results

3.1 � Stress Distribution and Stress Peak

We firstly tested the rigidity of the three internal fixa-
tions and found that there were significant differences in 
the stress distribution of both plates and screws. Under 
the loading force of 200 N, 400 N, and 600 N, the von 
Mises stress peak of plate in the LPPCS was 51.547 MPa, 
85.422 MPa, 150.174 MPa, and the Von Mises stress peak 
of anterior and posterior plate in the DLP were 47.432 
and 21.48  MPa, 68.182 and 86.096  MPa, 98.188 and 
147.603 MPa, and stress peak of novel plate in NALGP 
was 44.58  MPa, 97.254  MPa, 191.53  MPa (Table  3; 

Fig. 2   The construction of three 
types of internal fixation models 
of ACPHTF. A–C showed the 
LPPCS, DLP, and NALGP, 
respectively

Table 1   The statistics of nodes and elements with or without instru-
ments fixation

Model ACPHTF ACPHTF with fixation

Nodes Elements Nodes Elements

LPPCS 186789 1001247 310475 206137
DLP 201465 1075243 336457 225463
NALGP 195473 1023543 314678 194587

Table 2   Bone and internal fixation material properties

Material type Elastic modulus (MPa) Poisson’s ratio

Cortical bone 12,400 0.3
Cancellous bone 77 0.3
Instrument 110,000 0.3

Table 3   The von Mises stress peak of plate among three groups

Loading force model Stress (MPa)

200 N 400 N 600 N

LPPCS (anterior plate) 51.547 85.422 150.174
DLP (anterior plate) 47.432 68.182 98.188
DLP (posterior plate) 21.48 86.096 147.603
NALGP (posterior plate) 44.58 97.254 191.53
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Fig. 3). As for the screws under the same loading force, the 
stress peak of anterior and posterior screws in the LPPCS 
were 47.941 and 22.123 MPa, 82.496 and 66.812 MPa, 
142.951 and 125.812 MPa, and in the DLP were 47.302 
and 88.909  MPa, 74.767 and 129.725  MPa, 120.207 
and 155.777 MPa, and in the NALGP was 59.047 MPa, 
105.793 MPa, and 195.066 MPa, respectively (Table 4; 
Fig. 4).

Fig. 3   The stress nephogram of plate among three groups. A, D, and 
G represent the LPPCS group, B, E, and H represent the DLP group, 
and C, D, and I represent the NALGP group. A–C were under the 
loading force of 200 N, D–F were under the loading force of 400 N, 

and G–I were under the loading force of 600  N. The left of B, E, 
and H showed the anterior column plate, while the right showed the 
posterior column plate. The red areas in the plate withstood the maxi-
mum force, whereas the blue area experienced the minimum force

Table 4   The Von Mises stress peak of screws among three groups

Loading force model Stress (MPa)

200 N 400 N 600 N

LPPCS (anterior screw) 47.941 82.496 142.951
LPPCS (posterior screw) 22.123 66.812 125.812
DLP (anterior screw) 47.302 74.767 120.207
DLP (posterior screw) 88.909 129.725 155.777
NALGP (posterior screw) 59.047 105.793 195.066
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3.2 � Displacement

We next evaluated the maximum displacement of the frac-
ture at the three sites: the transverse fracture line (TF), 
anterior column fracture line (ACF), and the pubic branch 
fracture line (PBF).

At the site of TF line and under the loading force of 
200 N, 400 N, and 600 N, the maximum displacement in the 
LPPCS was 0.089 mm, 0.101 mm, and 0.126 mm, and in the 
DLP was 0.057 mm, 0.071 mm, and 0.112 mm, and in the 
NALGP was 0.062 mm, 0.082 mm, and 0.124 mm, respec-
tively. At the site of ACF and under the same loading force, 

Fig. 4   The stress nephogram of screws among three groups. A, D, 
and G represent the LPPCS group, B, E, and H represent the DLP 
group, and C, D, and I represent the NALGP group. A–C were under 
the loading force of 200  N, D–F were under the loading force of 
400 N, and G–I were under the loading force of 600 N. The top of A, 

B, D, E, G and H showed the anterior column screws, while the bot-
tom showed the posterior column screws. The red areas in the screw 
withstood the maximum force, whereas the blue area experienced the 
minimum force
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the maximum displacement in the LPPCS was 0.032 mm, 
0.035 mm, and 0.041 mm, and in the NALGP was 0.038 mm, 
0.042 mm, and 0.077 mm, respectively. Similarly, the maxi-
mum displacement at the PBF in the LPPCS was 0.124 mm, 
0.191 mm, and 0.273 mm, and in the DLP was 0.094 mm, 
0.12 mm, and 0.183 mm, and in the NALGP was 0.107 mm, 
0.132 mm, and 0.191 mm, respectively (Table 5; Fig. 5).

4 � Discussion

In this study, we performed a finite element analysis of a 
NALGP with an anterior column screw and magic screw for 
anterior column and posterior hemi-transverse acetabular 
fractures. Two main results have been found: (1) compared 
with other two groups, our newly-designed anatomical lock-
ing guide plate as well as its matched screws had a greater 
rigidity especially when they were under a higher loading 
force of 600 N; (2) compared with the LPPCS, both our 
novel plate and DLP provided a better stability in the treat-
ment of ACPHTF. And the novel plate was comparable to 
DLP with regards to the maximum displacement as a whole.

In fact, ACPHTF has an increasing prevalence in the 
growing elderly population in recent years. This classic 
osteopenic acetabular fracture generally requires early ana-
tomical reduction and rigid internal fixation post injury [8, 
22, 23]. However, it remains controversial on which internal 
fixation should be taken for the treatment of this type of ace-
tabular fracture. Previously, our newly-designed anatomical 
locking plate was reported to have a promising effect on the 
acetabular fracture with a small sample [12], but no direct 
comparison between our novel plate and traditional internal 
fixation on the ACPHTF has been conducted to date. There-
fore, we conducted this study using finite element analysis.

To simulate the partial or full weight-bearing loading 
after ACPHTF, partial loading force of 200 N and 400 N, 
and full loading force of 600 N were set in this study. First, 
we compared the stress distribution between this novel 
plate with its screws and those conventional plates and 
screws. Stress distribution could imply the ability of plates 
or screws to resist the elastic deformation when subjected 
to force, as stress concentration is likely to cause plate or 

screw deformation or even breakage [24]. Whether it be 
under the force of 200 N, 400 N or 600 N, from the stress 
nephogram we could easily tell that the stress distribu-
tion of plate and screws in the NALGP group were more 
uniform and less concentrated, although there was higher 
stress on the plates and screws in the NALGP group com-
pared with those in other groups.

Then, we observed the maximum displacement at 
three different sites after the weight-bearing loading. 
The LPPCS showed the much greater displacement when 
compared with other two groups, whether it be the frac-
ture site or the size of loading force, although compara-
tively, LPPCS showed a little better stability at the TF 
site within group comparison. The DLP group unsurpris-
ingly demonstrated the optimal stability in the treatment of 
ACPHTF, regardless of the site or loading force. However, 
DLP demands bigger surgical exposure, and longer opera-
tive time, which would therefore induce greater soft tis-
sue injury and other concomitant risks [25]. On the other 
hand, compared with the DLP group, the NALGP group 
displayed a comparable displacement almost in all three 
sites and types of loading force, but experienced a slightly 
higher shift at the site of ACF. Namely, NALGP might not 
be as good as DLP in terms of anterior column stability 
with a loading force of 600 N.

NALGP, an inverted Y-shape structure plate, was 
designed on the basis of the acetabulum morphology of Chi-
nese patients, which therefore could match the acetabular 
structure very well. Unlike the previous plates, there is no 
need to pre-contour our newly-designed plate, minimizing 
the operative time [12]. Notably, the NALGP has a fan-shape 
structure in the rostral part, offering more stable fixation 
to the top of acetabular and then going a long way towards 
the treatment of acetabular fracture with top comminution. 
Moreover, the guiding screw hole embedded in the NALGP 
tells the surgeon where to put their screws, making possible 
the minimally invasive screw implants. After this finite ele-
ment analysis of NALGP, we further confirmed its advan-
tages in rigidity and stability. Thus, taking the superiori-
ties of NALGP into consideration, we would recommend 
the NALGP as the first choice for ACPHTF especially the 
patients with better stability of anterior column in this study.

Table 5   The maximum 
displacement of fracture at three 
sites among three groups

Site The maximum displacement (mm)

TF ACF PBF

Force 200 N 400 N 600 N 200 N 400 N 600 N 200 N 400 N 600 N

Model
 LPPCS 0.089 0.101 0.126 0.168 0.215 0.321 0.124 0.191 0.273
 DLP 0.057 0.071 0.112 0.032 0.035 0.041 0.094 0.12 0.183
 NALGP 0.062 0.082 0.124 0.038 0.042 0.077 0.107 0.132 0.191
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As comparison results of this study were dependent on 
the accuracy of the FE model [2], it’s necessary to make 
clear the accuracy of our FE model. Indeed, our FE model 
building procedures and parameters applied were strictly 
abided by previous studies [15, 16], in which they employed 
similar loading and boundary conditions. Moreover, the aim 
of this study was to test trends rather than absolute values 
among three groups. Taking that into consideration, we sup-
pose that this research may be reasonable and reliable.

This finite element analysis study also has some limita-
tions. First, we applied to the computer programs instead of 
the real environment, which inevitably lost some unknown 

information. We would next perform a cohort study to fur-
ther explore the advantages and disadvantages of our novel 
plates. Second, we only compared the NAGLP with two clas-
sic internal fixations. But as a controversial medical challenge, 
ACPHTF also had other types of fixation. More comparisons 
were needed in the next study.

Fig. 5   The maximum displace-
ment of fractures at three sites. 
A, D, and G represent the 
LPPCS group, B, E, and H rep-
resent the DLP group, and C, 
D, and I represent the NALGP 
group. A–C were under the 
loading force of 200 N, D–F 
were under the loading force of 
400 N, and G–I were under the 
loading force of 600 N. The red 
areas in the hip experienced the 
maximum deformation, whereas 
the blue area experienced the 
minimum deformation
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5 � Conclusion

Taken together, the major findings of our study were 1. com-
pared with the LPPCS and DLP group, our newly-designed 
anatomical locking guide plate as well as its matched screws 
had a greater rigidity especially when they were under a 
higher loading force of 600 N; 2. compared with the LPPCS, 
both our novel plate and DLP provided a better stability in 
the treatment of ACPHTF. And the novel plate was compa-
rable to DLP with regards to the maximum displacement as 
a whole. This NALGP with an anterior column screw and 
magic screw should be taken into consideration in the treat-
ment of ACPHTF.
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