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Abstract

Background One-point fixation was superior to the two and three-points fixation in minimally displaced zygomati-
comaxillary complex (ZMC) fracture regarding the cost, invasiveness, scaring, number of wounds, and operation time.
Accordingly, this study aimed to predict which one-point fixation is the most stable in managing minimally displaced
ZMC fracture.

Material & methods This study simulated the different one-point fixation approaches on three ZMC models
after fracture reduction and application of all forces exerted on the fractured area. The findings were represented
as stress impact on the ZMC fracture and plating system as well as the inter-fragments micro-motion.

Results The von misses stresses of plates for the zygomaticofrontal, infra-orbital rim, and zygomaticomaxillary
buttress model were (66.508, 1.285, and1.16 MPa) respectively. While the screws’von misses for the infraorbital rim,
zygomaticofrontal, and zygomaticomaxillary buttress models were (13.8,4.05, and 1.60 MPa) respectively. Whereas,
the maximum principles stress at zygomaticofrontal, zygomaticomaxillary buttress, and infraorbital rim models were
(37.03,37.01, and 34.46 MPa) respectively. In addition, the inter-fragment micro-motion for zygomaticomaxillary but-
tress, infraorbital rim, and zygomaticofrontal models were (0.26, 0.25, and 0.15 mm) respectively.

Conclusion One-point fixation at zygomaticomaxillary buttress is the preferred point because it is exposed to low
stresses, and the inter-fragment micro-motion is within the approved limit with the elements in the same direction
of fixation which indicates the rigid fixation. In addition, it is less palpable and scarless.

Trial registration clinical trial.gov (NCT05819372) at 19/04/2023.
Keywords Finite element analysis, Stability, Zygoma, Zygomaticomaxillary complex, Fixation

Introduction
The zygomatico-maxillary complex (ZMC) is the major
middle face component. It supports the mid-face width,

*Correspondence: . . o
Shaimaa Mohsen Refahee the orbital content, and the malar eminence projection
smr11@fayoum.edu.eg anteriorly [1].

! Oral & Maxillofacial Surgery Department, Faculty of Dentistry, Fayoum . . .

University, Fayoum, Egypt It consists of thick bone vertical buttresses that transfer
2 Oral & Maxillofacial Surgery Department, Faculty of Dentistry, Tanta and distribute the forces from the teeth-bearing area to
University, Tanta, Egypt the cranium as nasomaxillary, zygomaticomaxillary, and

3 . . . . .
Mechanical Power Engineering Department, Faculty of Engineering, pterygomaxillary buttresses. These vertical buttresses
Helwan University, Cairo, Egypt

resist the compressive stress resulting from the trauma.
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They are supported by other horizontal buttresses that
resist the lateral force causing buckling of the facial bone
as supraorbital, infraorbital, and alveolar buttresses. Most
of the load is transferred by the zygomaticomaxillary but-
tress, while the inferior orbital rim (IOR) is loaded with
minimal stress so it was not necessary to plate this area
[2, 3]. Accordingly, ZMC plays a significant role in sup-
porting the facial structure, function, and aesthetic [1].
The main target for ZMC fracture management is
restoring the function, stability, and aesthetic of the mid-
face and surroundings [4]. Open reduction and internal
fixation is the most commonly used approach to achieve
this target in the ZMC fracture management [4]. Differ-
ent plates’ materials, shapes, and dimensions were used
for internal fixation of the ZMC fracture. Fixation with
1.5 mm curved titanium mini-plates is the most pre-
ferred plate for non-comminuted ZMC fracture fixation
at IOR and zygomaticofrontal (ZF) with 2 screws on each
side of the fracture line. A 2 mm L-shaped titanium mini
plate was used at the zygomaticomaxillary buttress to
resist the masseter muscle’s action [5]. Titanium plates
are biocompatible, easily adapted, and manipulated. In
addition, it is hard enough to give stability to the reduced
fracture segments [6, 7]. However, titanium plates need
to be removed over the time as they may cause discom-
fort to the patient and infection. Some studies suggested
the use of resorbable plates and screws to avoid the tita-
nium plates’ drawbacks, but their strength is debatable
[7-9]. Accordingly, small resorbable microplates can be
used at IOR to avoid its palpability under thin skin, as it
is considered hard enough with the low values of stress
at IOR [10]. The method of fixation depends on the
impact of trauma, as it determines the degree of post-
fixation segment stability. The ZMC fracture is classified
according to the intensity of trauma into low, medium,
or high energy patterns. Whereas the low energy pattern
described the non or minimally displaced simple isolated
fracture with minimally displaced IOR, no orbital con-
tent changes, no ocular problem, and no step-off at any
part of ZMC. While the high-energy one described the
completely displaced/ comminuted ZMC fracture [11].
Different methods of fixation were included in ZMC
fracture management as three-, two-, or one-point fixa-
tion methods [12-16]. Nasr WF et al. [17] proved that
two- and three-point fixation methods had the same
results regarding segment stability with a low-cost two-
point method in the medium energy pattern of ZMC
fracture. But Kim JH et al. and Neto RM et al. [15, 18,
19] supported that one-point fixation was superior to
the two and three-point fixation in the low energy pat-
tern of ZMC fracture with intact IOR regarding the cost,
invasiveness, scarring, number of wounds, and opera-
tion time. One point fixation method was reported to be
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enough in the low energy pattern of ZMC fracture as Dal
Santo et al. [20] proved that the force of masseter muscle
was reduced at the fracture side for 4 to 6 months and
the cause of post-fixation instability improper pre-surgi-
cal segment reduction. In addition, ZMC is not consid-
ered to function all the time as the mandible. So, not all
separated articulations needs to be fixed. Different stud-
ies confirmed that the one-point fixation either at the ZF
suture or IOR was not preferred as plates in these sites
are palpable, the incision causes a visible scar, and the
ZF suture is exposed to high stresses which may lead to
hardware failure. In addition, the thin overlaying soft tis-
sue is prone to injury due to penetration by the plates.
Accordingly, the used plates are very thin and endanger
the rigidity of fixation [14, 21, 22]. Whereas, the zygoma-
ticomaxillary (ZM) buttress was considered the preferred
area for fixation because it is a bone buttress that resists
muscle force and its incision is scarless [14, 15, 23].

In contrast, Hwang [13] proved that the one-point
fixation method at the ZF suture in the management of
minimally displaced ZMC fracture can be used. Al-Qat-
tan M and Gelidan A [24] suggested that only one-point
fixation at the IOR is effective in minimally displaced
medially rotated ZMC fracture. Only one study com-
pared the different one-point fixation methods using
three-dimensional (3D) finite element analysis (FEA) and
demonstrated that there were no differences concerning
segment stability [25]. However, it did not use the plates’
design as used during the surgery. In addition, it did not
evaluate the effect of all muscles’ force exerted on the
fractured ZMC segment. As masticatory, facial expres-
sion muscles that were attached to the ZMC and the
biting force exerted bending and shear forces on the frac-
tured segments and affected their instability [26].

The authors hypothesize that each area for the one-
point fixation method (either ZF, ZM, or IOR) may have
different stresses which may affect the stability after frac-
ture fixation. Accordingly, this recent study aimed to pre-
dict which one-point fixation approach is most sufficient
and stable in managing minimally displaced ZMC frac-
ture after evaluating all muscles’ forces exerted on it.

Methods

This FEA study was completed in the oral and maxillo-
facial department between February and July 2023. It
was consented by the research ethics committee, Fac-
ulty of Dentistry, Tanta University on February 2023
(#R-0s-2-23-3), and documented on the clinical trial. gov
(NCT05819372) on April 19, 2023.

As part of this study, multislice computed tomography
imaging (CT) (scan parameters 120 KV, 100 Ma, scan
time 0.5 s, slice thickness 0.625 mm, and resolution from
226 to 3071HU) with isolated minimally displaced ZMC
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fractures with no orbital floor fracture, no ocular prob-
lem, and no orbital content changes was used to recon-
struct three dimensional (3D) finite element models.
The fracture was analyzed accurately using Mimics 19.0,
EXOCAD, SolidWorks, and ANSYS 19.2. software to
predict which point of fixation is valuable.

Reconstruction of ZMC models

Three 3D finite models were reconstructed by the mir-
ror function of Mimics software based on the DICOM
file of CT images to obtain the ZMC bone geometry
after reduction. Five fracture lines were defined using the
reverse engineering and segmentation function of solid-
work software including the inferior orbital rim (IOR);
zygomatic frontal suture (ZF); the zygomatic maxillary
suture (ZM); the zygomatic arch (ZA) and the zygomatic
sphenoidal suture (ZS). Finally, an internal fixation tita-
nium screw-plate system that was identical to that used
in the surgery was designed by solidwork software and
placed on each model at IOR, ZF, or ZM using ANSYS
as follows (Fig. 1a-f). The screw plating system was used
with a screw 2 mm in diameter, 4 mm in length, and a
plate thickness of 1.5- 2 mm.

Identification of simulated material properties and mesh
creation

According to the values described previously, the
mechanical properties of each component (cortical bone,
cancellous bone, gingiva, and titanium plating-screw
system) were identified in the software [27-32]. Regard-
ing the mesh, a simple unstructured tetrahedral mesh
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generation was performed with a variable density. The
density was lower than 0.2 mm element size around the
screws-bone connection and higher away from the inter-
est, with a global element size of 0.9 mm, a tolerance
value of 0.045, an aspect ratio of 6.7, skewness of 0.68,
and total element and node’s numbers listed in (Table 1).

Defining the boundary and loading simulation

The boundary condition and load configurations were
constant across the finite models. The all model’s bound-
aries were considered immovable to mimic the surround-
ing of ZMC fracture with the median occlusion [33].
Frictional contact was set between the plate and bone or
the retaining screw in all models with a frictional coef-
ficient of 0.3220 [34].

All the screws were tightened to the mini-plates with
a 30 Ncm tightening torque. The sum of the muscles
including the masseter, temporalis, medial, and lateral
pterygoids as well as the biting and joint reaction forces
that impact the fractured bone were identified in the
software as mentioned before [35] and represented in

Table 1 showing the elements and nodes number of the mesh
in each model

Model Element Node

IOR 431,582 793,957
ZF 438,457 794,587
/M 421,459 797,854

IOR Infraorbital rim, ZF Zygomaticofrontal, ZM Zygomaticomaxillary

b d

f

Fig. 1 a Showing of IOR model. b Showing simulation of the mini-plate as used clinically at IOR model. ¢ Showing of ZF model. d Showing
simulation of the mini-plate as used clinically at ZF model. e Showing of ZM model. f Showing simulation of the mini-plate as used clinically at ZM

model
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(Fig. 2). Each model’s displacement was prevented using
a fixed restraint on the skull inferior border.

Outcome assessment and data analysis

The FEA revealed stresses at every node in each model.
The findings were represented as stress impacts on the
ZMC fracture and plate-screw system as well as the dis-
placement between the fracture fragments.

Stress in this study represented by Von Mises and
Maximum Principal Stress. Von Mises stress was used
to determine which stress value would cause the failure
of a screw-plating system. While Maximum Principal
Stress indicates the value of the stress that affects the
bone around the fracture line and causes bone resorp-
tion if it exceeds 50Mpa [36]. In addition, the displace-
ment between the two bony fragments relative to the
surrounding zone was analyzed which is an indicator of
fixation rigidity and fracture stability.

The numeric data was transformed into color graphics.
The colors ranged from red, which represents the maxi-
mum stress to blue, which represents the minimal stress.

Results
Von misses stresses for all models
Regarding the mini- plates’ von misses stresses, the maxi-
mum von misses stress (66.508 MPa) was recorded for
the ZF model, followed by the IOR model (1.285 MPa),
whereas the lowest stresses were recorded for the ZM
model’s plate (1.16 MPa) (Fig. 3a-c).

Regarding screws’ von misses stress, the maximum one
was recorded for the IOR model’s screws (13.8 MPa), fol-
lowed by the ZF model’s screws (4.05 MPa). While the

PT
Time: 1.5
8/26/2023 411 PM

B rr 26427 N

B R 47193N

B AT 26427 N

B Lr:378.N

B PRE: 15745 N

B voL: 24627 N

B MEDIAL PET: 19145 N
B MASETER: 34001 N
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lowest stress was recorded for the ZM model’s screws
(1.60 MPa) (Fig. 4a-c).

Maximum principal stresses of the bone

Regarding maximum principal stress, the highest one
(37.035 MPa) was recorded for the ZF model, followed by
the ZM model (37.018 MPa). While, the lowest one was
recorded for the IOR model (34.46 MPa) (Fig. 5a-c).

Micromotions for all models

Regarding the interfragment micromotion, the maximum
one (0.26 mm) was recorded for the ZM model, followed
by the IOR model micromotions (0.25 mm). While, the
lowest one was recorded for the ZF model (0.15 mm)
(Fig. 6a-c). In addition, elements were orthogonally
recorded on the fixation at ZF. On the other hand, ele-
ments were recorded along the same direction of the
fracture line at both IOR and ZM.

Discussion
Zygomaticomaxillary complex fractures are among the
most common maxillofacial trauma and their manage-
ment is considered challenging. Open reduction and
internal fixation is considered the standard method for
treating ZMC fractures [4]. Multiple fixation approaches
have been used according to the fracture severity and
extension as one-, two-, and three-point fixation [12, 16].
Because of growing concern about scaring, minimally
invasive procedures were used by surgeons to treat ZMC
fractures using one-point fixation. One-point fixation is
superior to the other fixation approach in the case of a
minimally displaced ZMC fracture in the terms of cost,

Fig. 2 Showing all forces that act on the fractured ZMC area. PT: Posterior temporalis muscles; JR: Joint reaction; AT: Anterior temporalis muscle;
LP: lateral pterygoid muscle; MEDIAL PET: medial pterygoid muscle; MASETER: masseter muscle; PRE: biting force (at second premolar); MOL: biting

force (at first molar)
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Fig. 3 a Showing von Misses stress on the plate of the IOR model. b Showing von Misses stress on the plate of the ZF model. ¢ Showing von Misses
stress on the plate of the ZM model
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Fig. 4 a Showing von Misses stress on the screws of the IOR model. b Showing von Misses stress on the screws of the ZF model. ¢ Showing von
Misses stress on the screws of the ZM model
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Fig. 5 a Showing maximum principal stress on the bone of the IOR model. b Showing maximum principal stress on the bone of the ZF model. ¢
Showing maximum principal stress on the bone of the ZM model
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Fig. 6 a Showing the interfragments micromotion at IOR model. b Showing the interfragments micromotion at ZF model. ¢ Showing
the interfragments micromotion at ZM model
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invasiveness, scarring, number of wounds, consequent
infection, and operation time [13, 15, 18, 23].

The authors hypothesize that each area for the one-
point fixation method (either ZF, ZM, or IOR) may have
different stresses which may affect the stability after frac-
ture fixation. Accordingly, the specific aim of the study
was to predict which one-point fixation approach is the
most sufficient and stable in the fixation of minimally dis-
placed ZMC fracture after evaluation of all forces exerted
on it.

In this study, the 3D-FEA was used for diagraming the
stress distribution over the IOR, ZF, and ZM to predict
the most stable one-point fixation approach under sim-
ulated muscles’ forces for cases of minimally displaced
ZMC fracture. The FEA had been used to analyze the
facial structures, and provide fine details about the stress
distribution and displacements [37, 38].

According to Ben-Nissan, all forces that exert a load on
the fractured area were simulated in this FEA study as
even a small muscle force may cause displacement of the
fractured bone fragment. In contrast, Fallahi et al. [25]
simulated the force of the masseter and pterygoid mus-
cles only with 125 N force on the fractured ZMC.

Regarding the Von Misses stress on the titanium plate,
it was used to determine which stress value would cause
the failure of a screw-plating system. The maximum von
Misses stress (66.508 MPa) was documented for the ZF
model, followed by the IOR model (1.285 MPa), and the
lowest stresses were recorded for the ZM model’s plate
(1.16 MPa). However, these results are not significant
because all values were lower than the plate’s fatigue limit
(900-1000 MPa) and yield stress (934 MPa). Accordingly,
the plates at the different sites were not expected to fail
3, 39].

About the maximum principal stress recorded for the
bone surrounding the screw-plating system, the highest
maximum principal stress (37.035 MPa) was recorded for
the ZF model, followed by the ZM model (37.018 MPa),
and the lowest one was recorded for the IOR model
(34.46 MPa). These stress values were consistent with
Hanemann et al. and Hart NH et al. [10, 40] who proved
that the ZF fixation point exposed to high stress could
cause a plate-screw system failure in comparison to the
ZM fixation point that was exposed to the least stress.
All maximum principal stress values in this FEA study
were considered clinically insignificant since they were
below 50 MPa. This conclusion was consistent with Sugi-
ura et al. [36] who reported that if the maximum princi-
pal stress of the bone surrounding the screw exceeds 50
MPa, it may cause bone resorption.

Concerning the interfragment micromotion, the one
(0.263 mm) was recorded for the ZM model, followed
by the IOR model (0.257 mm). Then the lowest one was
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recorded for the ZF model (0.158 mm). The micromo-
tion between the two fracture fragments affects the
fracture healing. All micromotion values were observed
between 0.15 and 0.50 mm with no significance that
indicated a single fixation point was adequate for post-
fixation stability and did not affect bone healing [41].
This was in agreement with Fallahia et al. [25] who used
finite element analysis to study the effects of differ-
ent plate fixation methods in the zygomaticomaxillary
complex and observed no significance between IOR,
ZF, and ZM regarding fracture stability.

The fixation rigidity also depends on the direction of
the elements in relation to the fracture line. This study
recorded the orthogonal direction of the elements to
the fracture line at the ZF area which represents the
behavior of shear loading on the fixation plates and
causes less fixation stability that can affect bone heal-
ing. On the other hand elements were recorded along
the same direction of fixation at both IOR and ZM
which represents the behavior of tensile and compres-
sion loading that indicates more fixation stability. These
results were in agreement with Prado FB et al. [42].
The strengths of this study were the use of FEA with a
simulation of all forces exerted on the fractured area as
the small muscle contraction affects the stability of the
fractured segments. In addition, the plates’ geometry
was simulated as used in the surgical field with a semi-
circular plate at IOR, a straight mini plate at ZF, and an
L-shaped plate at ZM, to simulate the clinical environ-
ment. The main drawback of this study was the simu-
lation of bone as a homogenous and isotropic material
when in fact it is heterogeneous and anisotropic. This
is done in most FEA studies for simplicity. However,
simulating the bone as heterogeneous and anisotropic
makes it so tough to simulate rather than the huge time
it takes. Furthermore, this method of simulation did
not affect the accuracy of the results.

The clinical significance of this study is confined to
the ability to use a one-point fixation method for the
simple ZMC minimal displaced fracture with no ocu-
lar problem or orbital volume changes as it respects the
soft tissue, decreases the operating time, infection sus-
ceptibility, cost, and does not affect bone healing. The
ZM is considered the best choice for one-point fixation.
It provides more rigid fixation and stable fracture as the
stress and the micromotion values at ZM were within
the approved limit with parallel elements’ movement
to the fracture line (tensile/ compression loading). In
addition, it is less palpable and scarless as the incision
was made intraorally.

Further studies comparing the one-point fixation at
ZM, ZF, and IOR with large a sample size and different
fracture patterns are recommended.
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Conclusion

According to the results of the study, the authors sug-
gested ZM as the most preferred one-point fixation
approach for ZMC minimally displaced fracture manage-
ment. It provides more stable fracture and rigid fixation
as stress and micromotion values at ZM were within the
approved limit with parallel elements’ movement to the
fracture line (tensile/ compression loading). In addition,
it is less palpable and scarless as the incision was made
intraorally.
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