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Abstract

Background: Given that zygoma fractures are the second most common facial trauma, knowledge of their treatments is of clinical value. Amg
these are fixation methods, which despite their importance are neglected in many aspects.

Objectives: Therefore,for the first time in the literature, the present finite element analysis evaluated displacements and dynamics of the zygom
fixed using four 2- and 3-point resorbable and four nonresorbable plates under normal and maximal mastication loads.

Methods: A maxillofacial CT scan of a man with linear fractures without severe displacements was used to model the zygoma and its adjacer
bones. Seven combinations of resorbable and seven combinations of neresorbable mini-plates 2mm thick were fixed on the zygoma (abital
rim, zygomaticomaxillary buttress [ZMB], and frontozygomatic [FZ]) using 6mm miniscrews. ZMB was fixed using an-shaped 4hole plate. The
infraorbital rim was fixed with a curved 5-hole miniplate. The FZ suture area was fixed with a 4hole miniplate. The model underwent 150N and
750N loads. Minimum and maximum displacements, rotational displacements, stresses, and strains of the zygoma models were edéted.
Results Non-resorbable fixation methods can yield much smaller stresses, strains, and dlspements compared to resorbable fixations. Also the
parameters were much smaller under the 150N load compared to the 750N load. The worst results belonged to the fixation of Riemd ZMB and
the best results belonged to the fixation of ZMBRim, and especidly FZ-ZMB, Rim-FZ, and FZZMB-Rim.

Conclusions: In patients with heavy masticatory forces, it is not recommended to use resorbable platBggomatic fractures are the second most
common facial injury, knowledge of their management is important. However, fixations methods, which are of importance are vaable.
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Introduction

Zygomatic bone fractures are the second most common
facial trauma after nasal bone fractures, due to its prominent
anatomy and its attachment to other facial bones."?
Zygomaticomaxillary complex (ZMC) fractures refer to the
bony fractures of the zygoma in 4 regions: the
zygomaticomaxillary buttress (ZMB), the frontozygomatic
(FZ) suture, the zygomaticotemporal suture, and the
zygomaticomaxillary suture.*> The displacement of the
broken ZMC can lead to asymmetry, flattening of the
zygoma, visual-ocular disorders, disruption of the dental
occlusion, or limitation of opening of the mouth.*

The primary goal in treating bone fractures is to limit the

extent of bone displacement to prevent complications such
as lack of proper healing, infection, life-threatening
abscesses, or functional dysfunctions.”> In the past, wire
fixation was used to treat the fractures of the zygomatic
complex, but the results were not satisfactory.® In the last few
decades, a wide variety of methods have been proposed to fix
bone fragments.! Among the available techniques, the most
appropriate and standard one is the use of internal fixation
by a mini plate and screw,” which is widely used today.>*
One of the main concerns of surgeons is the degree of
stability of the method wused for various plates.®®
Controversial findings are published on the degree of

stability of plates in various fixation methods: Some authors
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prefer the 1-point method,>'® while others favor 2-point!"'?
or 3-point methods,'? with some studies considering both 2-
and 3-point methods similarly effective without any effects of
the place of fixation."* Besides these, 4-point fixation has
been as well suggested by some studies.*® In a previous study,
we assessed 1-point fixations

Finite element analysis (FEA) is a method to simulate the
physics of materials and is broadly used to assess dynamics
and behaviors of maxillofacial structures or treatment
appliances under various loads and conditions existing
dentistry.'>!* This method can be used to measure the
physical forces and movements of the ZMC fixed using
different devices.* To our knowledge, except our recent
simulation on 1-point internal fixations of ZMC,* no FEA
studies testing structures that are relevant to clinical
parameters of ZMC fracture and taking into account post-
surgical occlusion forces has been reported in the literature.
Moreover, the literature lacks any studies on the stability of

many combinations of resorbable miniplates.

Objectives

Therefore, and considering the controversies over merits of
different numbers and positions of fixation using plates,' we
aimed to assess, for the first time, biomechanical patterns of
different resorbable and non-resorbable 2-point and 3-point
plates and their initial stability in treating fractures by finite

element analysis.

Materials and Methods

The FEA model used in this study was based on the CT scan
of a patient with a zygomatic bone fracture (taken
retrospectively) selected from archived CT scans at a private
radiology center. As selection criteria, a man about 30-40
years old, with linear fracture but without severe
displacements and missing bone fragments and also without
pathological, craniofacial, or occlusal problems before the
injury was selected from the archive. University’s review
board approved the methods. Two maxillofacial surgeons
and a computer engineer performed computer modeling and
simulations. Mimics Innovation Suite V17.0.0.435 X64
Platform (Materialise, Leuven, Belgium) was used to model
the CT slices (n=205, thickness=0.5 mm, format=DICOM) in
Loss-less Compression mode. The model’s accuracy was
increased by constructing it in all three dimensions manually
with a slice thickness of 0.5 mm. the cancellous and cortical

bones were separated and the zygoma simulation was

transferred to 3-Matic Research 9.0.0.231 (Materialise bv,
Leuven, Belgium) for simulation of 3D geometrical solid
surfaces. After reverse-engineering the fixation plates
(thickness=2 mm) and placing them on the model using
6mm miniscrews (Jeil Medical Corporation, Korea). L-
shaped 4-hole, curved 5-hole, 4-hole miniplates were used to
fix the ZMB, infraorbital rim, FZ suture areas, respectively.
Finite Element Abaqus (Dassault Systems, SolidWorks Crop,
2013) was used in the next step for mechanical analysis (with
241286 triangular volumetric elements and 483042 nodes)
and estimating the linear displacement, rotational
displacement, stress, and strain under physiological and
severe mastication loads. Model parameters were as follows.
Poisson coefficients: for resorbable screw and plaque (0.46),
non-resorbable screw and plaque (0.33), and the bone (0.3):
Modulus of elasticity: resorbable plate and plaque (3.15 GP),
non-resorbable plate and plaque (105 GigaPascals), and the
bone of (14.8 GigaPascals [GP]). After meshing, the force was
exerted at the zygoma’s center of gravity. The force was
applied along the Z axis (perpendicular to the occlusal plane)
and set at 150 and 750 N as normal and maximum occlusal
loads.”” Maximum and minimum extents of linear
displacement, rotational displacement, stress, and strains

were calculated and tabulated.*

Results
Displacement
Minimum displacement value for all fixation methods
(non-resorbable, resorbable) and under either force (150 N
and 750 N) was zero. In the non-resorbable group, under the
150N force, the maximum displacements of FZ-ZMB
(frontozygomatic-zygomaticomaxillary buttress), Rim-FZ
(Rim-frontozygomatic), ZMB-Rim (zygomaticomaxillary
FZ-ZMB-Rim
zygomaticomaxillary buttress-Rim) were respectively 0.123,
0.1649, 0.1757, and 0.117. In the non-resorbable group,
under the 750N force, the maximum displacements of FZ-
ZMB, Rim-FZ, ZMB-Rim, and FZ-ZMB-Rim were
respectively 0.664, 0.8903, 0.9487, and 0.6317. In the
resorbable group, under the 150N force, the maximum
displacements of FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-
ZMB-Rim were respectively 0.1166, 0.4786, 1.041, and
0.2544. In the resorbable group, under the 750N force, the
maximum displacements of FZ-ZMB, Rim-FZ, ZMB-Rim,
and FZ-ZMB-Rim were respectively 1.761, 2.584, 5.621, and
1.374. had much

buttress-Rim), and (frontozygomatic-

Non-resorbable fixations smaller
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displacements compared to their counterpart resorbable
ones. Under the 150-N force, all non-resorbable categories
showed minimal displacements. Among resorbable
categories, the fixation of FZ-ZMB, Rim-FZ, ZMB-Rim, and
FZ-ZMB-Rim showed minimal displacements (Figures 1 to
4, Table 1). Under the 750-N force, among all resorbable and
non-resorbable fixations, only the FZ-ZMB, Rim-FZ, ZMB-
Rim, and FZ-ZMB-Rim fixations using non-resorbable
fixations had minimal displacements (Figures 1 to 4).
Rotational displacement

Minimum rotational displacement value for all fixation
methods (non-resorbable, resorbable) and under either force
(150 N and 750 N) was zero. In the non-resorbable group,
under the 150N force, the
displacements of FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-
ZMB-Rim were respectively 0.01704, 0.02285, 0.02246, and

0.0164. In the non-resorbable group, under the 750N force,

maximum rotational

the maximum rotational displacements of FZ-ZMB, Rim-FZ,
ZMB-Rim, and FZ-ZMB-Rim were respectively 0.09204,
0.1234, 0.1267, and 0.08858. In the resorbable group, under
the 150N force, the maximum rotational displacements of
FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-ZMB-Rim were
respectively 0.006536, 0.02681, 0.03794, and 0.01928. In the
resorbable group, under the 750N force, the maximum
rotational displacements of FZ-ZMB, Rim-FZ, ZMB-Rim,
and FZ-ZMB-Rim were respectively 0.1104, 0.1448, 0.2049,
and 0.1041. Resorbable fixations showed greater rotational
displacements than non-resorbable ones. Under the 150-N
force, resorbable and non-resorbable FZ-ZMB, Rim-FZ,
ZMB-Rim, and FZ-ZMB-Rim categories had minimal
rotational displacements. Under the 750-N force, among all
resorbable and non-resorbable fixations, only the FZ-ZMB
and FZ-ZMB-Rim fixations had somehow minimal
rotational displacements.
Stress

Minimum stress value for all fixation methods (non-
resorbable, resorbable) and under either force (150 N and
750 N) was zero. In the non-resorbable group, under the
150N force, the maximum stresses of FZ-ZMB, Rim-FZ,
ZMB-Rim, and FZ-ZMB-Rim were respectively 187.9, 192,
192.7, and 155.7. In the non-resorbable group, under the
750N force, the maximum stresses of FZ-ZMB, Rim-FZ,
ZMB-Rim, and FZ-ZMB-Rim were respectively 1015, 1037,
1041, and 840.5. In the resorbable group, under the 150N
force, the maximum stresses of FZ-ZMB, Rim-FZ, ZMB-

Rim, and FZ-ZMB-Rim were respectively 403.6, 230.2, 163.1,
and 128. In the resorbable group, under the 750N force, the
maximum stresses of FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-
ZMB-Rim were respectively 791.2, 1243, 880.5, and 691.1.
Stress was lower in non-resorbable types compared to their
resorbable counterparts. Under both the 150N and 750N
loads, the FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-ZMB-Rim
had minimal stresses (either in the resorbable or non-
resorbable).
Strain

In the non-resorbable group, under the 150N force, the
minimum strains of FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-
ZMB-Rim were respectively -0.00092, -0.00114, -0.00757,
and -0.00088. In the non-resorbable group, under the 750N
force, the minimum strains of FZ-ZMB, Rim-FZ, ZMB-Rim,
and FZ-ZMB-Rim were respectively -0.005, -0.00613, -
0.00409, and -0.00478. In the resorbable group, under the
150N force, the minimum strains of FZ-ZMB, Rim-FZ,
ZMB-Rim, and FZ-ZMB-Rim were respectively -0.00057, -
0.00302, -0.00231, and -0.00159. In the resorbable group,
under the 750N force, the minimum strains of FZ-ZMB,
Rim-FZ, ZMB-Rim, and FZ-ZMB-Rim were respectively -
0.00874, -0.01628, -0.01246, and -0.0086. In the non-
resorbable group, under the 150N force, the maximum
strains of FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-ZMB-Rim
were respectively 0.002605, 0.004871, 0.006247, and 0.00233.
In the non-resorbable group, under the 750N force, the
maximum strains of FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-
ZMB-Rim were respectively 0.01407, 0.0263, 0.03373, and
0.0126. In the resorbable group, under the 150N force, the
maximum strains of FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-
ZMB-Rim were respectively 0.009383, 0.03256, 0.01929, and
0.01501. In the resorbable group, under the 750N force, the
maximum strains of FZ-ZMB, Rim-FZ, ZMB-Rim, and FZ-
ZMB-Rim were respectively 0.08698, 0.1758, 0.1042, and
0.08107. Non-resorbable fixations showed much smaller
strains compared to their counterpart resorbable ones.
Under the 150N force, all non-resorbable fixation methods
showed minimal strains; however, in the case of resorbable
categories, the all evaluated cases had minimal strains. Under
the 150N force, all non-resorbable categories showed
minimal strains. Under the 750N force, non-resorbable
categories had low strains, while resorbable methods had
much higher strains; The FZ-ZMB and FZ-ZMB-Rim

fixations had the lowest strains among the resorbable methods.
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Table-1. Maximum and minimum of the stress, strain, displacement, and rotational displacement

Strain Stress Displacement Rotational displacement

Type Force Method Max Min Max Min Max Min Max Min
NR 150 N FZ-ZMB 0.002605 -0.00092 187.9 0 0.123 0 0.01704 0
Rim-FZ 0.004871 -0.00114 192 0 0.1649 0 0.02285 0
ZMB-Rim 0.006247 -0.00757 192.7 0 0.1757 0 0.02246 0
FZ-ZMB-Rim 0.00233 -0.00088 155.7 0 0.117 0 0.0164 0
750 N FZ-ZMB 0.01407 -0.005 1015 0 0.664 0 0.09204 0
Rim-FZ 0.0263 -0.00613 1037 0 0.8903 0 0.1234 0
ZMB-Rim 0.03373 -0.00409 1041 0 0.9487 0 0.1267 0
FZ-ZMB-Rim 0.0126 -0.00478 840.5 0 0.6317 0 0.08858 0
R 150 N FZ-ZMB 0.009383 -0.00057 403.6 0 0.1166 0 0.006536 0
Rim-FZ 0.03256 -0.00302 230.2 0 0.4786 0 0.02681 0
ZMB-Rim 0.01929 -0.00231 163.1 0 1.041 0 0.03794 0
FZ-ZMB-Rim 0.01501 -0.00159 128 0 0.2544 0 0.01928 0
750 N FZ-ZMB 0.08698 -0.00874 791.2 0 1.761 0 0.1104 0
Rim-FZ 0.1758 -0.01628 1243 0 2.584 0 0.1448 0
ZMB-Rim 0.1042 -0.01246 880.5 0 0 0
FZ-ZMB- 0 0 0

Trauma Monthly. 2020;25(3):134-142

137



