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Abstract

Background: This proof of principle study aims to investigate the applicability of finite element analysis (FEA) in

Oral and Maxillofacial (OMF) surgery, by studying the effect of mandibular body height and osteosynthesis positio-
ning on unilateral mandibular body fractures based on Champy’s technique. Material and methods: Mandibles

made of polyurethane foam (Synbone®), with heights of 18, 14, and 10 mm were used to create a FEA model with

a unilateral straight-line fracture, fixated with a standard commercially available 6-hole 2 mm titanium miniplate.
Two different FEA programs were used for the comparison, namely: Solidworks and Comsol Multiphysics. The FEA
outcomes were compared with a series of mechanical tests with polymeric models fixed in a customised device

and loaded onto a mechanical test bench. Results: First, the study illustrated that the optimal plate position

appeared to be the upper border. Second, lower mandibular height increases instability and requires a stronger
osteosynthesis system. Conclusions: FEA’s and polymeric model testing outcomes of unilateral non-comminuted

fractures were highly comparable with current opinions of mandibular fracture management. The promising out-
come of this study makes it worthwhile to do more extensive analysis in order to determine whether FEA alone

is sufficient for optimisation of fracture management.
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Introduction

Osteosynthesis plates and screws are routine-
ly used in oral and maxillofacial (OMF) surgery [1-5].
In OMF surgery, mandibular fracture management
is based on two completely different principles:
(1) the osteosynthesis plate must provide enough ri-
gidity to avoid fragment displacement during func-
tional movement achieved through rigid fixation by
placing solid plates at the lower border (load-bearing
principle), and (2) the Champy technique suggest-
ing the use of semi-rigid fixation with miniplates in
which the tensile forces are neutralized by placing
the plates in the so-called ideal line of osteosynthe-
sis, resulting in interfragmentary stability between
the bone segments (load-sharing principle) [6-8].

The applied (mastication) forces on the mandible
cause different tension and compression zones [9].
The mandibular body’s upper border is a tension zone,
whereas the lower border is a compression zone [8-9].
According to current clinical understanding and lit-
erature, a decrease in mandibular body height in an
atrophic mandible results in a narrow range between
the tension and compression zones [10-13]. In a se-
verely atrophic mandible, the tension and compres-
sion zones more or less overlap each other and the
load-sharing principle is not valid anymore [6-8, 14-15].

Following Champy’s theory, many studies started
using expensive and time-consuming cadaveric or
polymeric bone models [16-19]. It could be benefi-
cial to use three-dimensional (3D) modelling and fi-
nite element analysis (FEA) instead of model testing.
FEA is a non-invasive computational method to eval-
uate the stress distribution and displacement within
a structure on load application [20-21]. It is a reliable
and accurate numerical simulation tool for studying
force distribution in the OMF area [21-22]. FEA ena-
bles the studying of mandibular fracture fixation, possi-
bly leading to solutions regarding plate positioning and
predicting the consequences of mandibular height de-
crease [23-26]. So far, the use of FEA to address clinical
issues has been limited. In OMF surgery, not every
issue regarding the best possible osteosynthesis has
been resolved, e.g. complex comminuted fractures
or extremely atrophic mandibles [14-15]. As these
cases are less common than non-complex fractures,
any subsequent clinical studies are very time-con-
suming or impossible without the required inclusions
[15, 27]. Therefore, there is a need for a validated
three-dimensional (3D) computer modelling and FEA
simulation method to analyse these fractures and to
plan the best osteosynthesis system for each clinical

scenario, possibly by introducing new implants (e.g.
degradable or patient-specific 3D printed plates) [23].

Hence, the purpose of our study was to compare
mandibular model testing with FEA as a first step
towards developing a validated 3D computer model
for optimising mandibular fracture management. As
proof of principle, we studied the effect of plate po-
sitioning and the effect of reduced mandibular body
height in mandibular body fracture management
based on the FEA simulations. In this initial study,
the model was simplified by using mandibles with
a unilateral straight-line body fracture only. Our first
hypothesis was that the clinical observations of plate
positioning and its effect on fracture stability, according
to the load-bearing versus load-sharing principles, are
reproducible in the 3D computer model. The second hy-
pothesis was that the 3D computer model will confirm
the theory that a reduction in atrophic mandible height
leads to a decrease in interfragmentary stability making
load-bearing fixation necessary. Finally, we hypothe-
sized that FEA is a suitable tool to facilitate the visualis-
ation of fixation stability which may subsequently help
the surgeon in selecting an appropriate osteosynthesis
system and in positioning the plate correctly.

Material and methods

Study design

We used FEA to analyse the effect of plate posi-
tioning for different mandibular body heights with
a unilateral mandibular body fracture. The FEA sim-
ulations were conducted primarily in the computer
simulation software Solidworks version SP5.0, 2020,
3D Modelling and Simulation, Waltham, Massachu-
setts, USA). The eligibility, reproducibility and accu-
racy of the outcomes generated in Solidworks were
compared with those from a second simulation soft-
ware Comsol Multiphysics (version 5.5, 3D Modelling
and Simulation, Stockholm, Sweden). Further valida-
tion was done by comparing the results with a series of
polymeric models fixated in a customized device on a
mechanical test bench (DYNA-MESS Priifsysteme, Stol-
berg, Germany). All the mandibles were fixated with
the same type of osteosynthesis system (2.0 mm tita-
nium miniplates, KLS Martin Group, Tuttlingen, Germa-
ny) and identical simulations were conducted for each
study.
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Assembly modelling

Synbone (Zizers, Switzerland) mandibles with
body heights of 18, 14, and 10 mm (representing
the slightly, moderately and severely atrophic man-
dibles, respectively) were used to create the 3D com-
puter models of the mandible. Cone beam comput-
ed tomography (CBCT) (Planmeca, Promax 3D Max
ProFace, Helsinki, Finland) was conducted on each
Synbone mandible and digital imaging and commu-
nication in medicine (DICOM) files were generated.
The CBCT scans were made at the bone setting with
a voxel size of 400 um, tube current of 2.5 mA, and
tube voltage of 120 kV. DICOM files were used for
the 3D modelling of the mandibles. The 3D com-
puter modelling dimension measurements were
performed using the Mimics software (version 25.0,
Materialise, Leuven, Belgium). The 3D mandible

Ly Ly

models were then created in Solidworks after which
they were geometrically simplified to eliminate mesh
errors and simplify the simulation computations (Fig-
ure 1). In the study, the same type of straight-line
unilateral mandibular body fracture was applied to
each model. The distance between the fracture sur-
faces was set at 0.1 mm. The fracture type, size, and
placement were identical in all the 3D models. The
fracture was placed in the middle of the mandibular
body, in between the first molar and second premo-
lar. A standard commercially available 6-hole 2 mm
osteosynthesis titanium miniplate (KLS Martin Group,
Tuttlingen, Germany) with a length of 36.3 mm and
6 x 2 mm diameter screws with a length of 18.4 mm
were modelled in Solidworks. The 6-hole miniplate
was used for all the FEA computer simulation analy-
ses (Figure 2).

Figure 1. 3D computer modelling of the mandible: (A) Synbone® mandible, (B) DICOM file from CBCT, and (C) a simplified 3D model

of a mandible

S .

Figure 2. Plate positioning at the (A) 18 mm, (B) 14 mm, and (C) 10 mm mandibular body heights: (1) miniplate positioned at the upper

border, (2) in the middle, and (3) at the lower border of the mandible
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FEA Solidworks

FEA was primarily performed in the Solidworks soft-
ware. The analysis started with positioning the oste-
osynthesis miniplate at the mandible’s upper border
and subsequently lowering it towards the lower border
along the fracture line. This was done to determine
the effect of plate positioning at different mandibular
body heights (Figure 2). Plate positions 1 to 3 repre-
sent the miniplate at the upper border, in the middle,
and at the lower border of the mandible, respectively.

The average mastication force (200 N) was app-
lied downward on the symphysis of the mandible
(Figure 3A) [28-29]. The mandibles were fixed at the
condylar head to replicate the temporomandibular
joint by applying the fixed geometry option from the
Solidworks fixture property manager tab (Figure 3B).
Furthermore, the effect of fixation site was evaluat-
ed by conducting a series of sensitivity tests for dif-
ferent fixation locations (Supplementary Figure S1).

The chosen mandible material properties were simi-
lar to those of the Synbone® polyurethane foam man-
dible to allow for a comparison with polymeric model

testing. The mandible material properties were set at an
elastic modulus of 2410 MPa, shear modulus of 862.2
MPa, mass density of 1.26 g/cm?, tensile strength of
40 MPa, and a Poisson’s ratio of 0.39 [30-32]. The prop-
erties of the titanium miniplates and screws were as
follows: an elastic modulus of 104800 MPa, mass den-
sity of 4.43 g/cm?, tensile strength of 1100 MPa, yield
strength of 827.4 MPa, and a Poisson’s ratio of 0.31 [1].
Using the Solidworks contact-sets property manager tab
we defined the boundary conditions between the man-
dibles, miniplates, and screws (Figure 3C). The connec-
tion between the two fracture surfaces was defined by
using the contact-sets with a fixed distance of 0.1 mm
between the fracture surfaces (Figure 3D), representing
optimal fracture reduction. When the fracture surfac-
es touch, only the forces normal to the surfaces would
be exchanged and there was no friction force present.
The mandible screw holes and the screws were set as
bounded, meaning that the screws were fixed tightly
in the mandible, pressing the plate against the man-
dibular body. The connection between the miniplate
and the screws, as well as the connection between the
miniplate and the mandible, were set using the contact

Figure 3. FEA set up in Solidworks: (A) Mastication force of 200 N is applied downward on the symphysis, (B) Fixation at the condylar
head, (C) Contact boundary condition between the mandible and osteosynthesis system, (D) Contact-set boundaries between the fractu-
re surfaces with a fracture distance of 0.1 mm and no penetration, and (E) Impression of the used mesh.
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Supplementary Figure S1. FEA Von-Mises stress [MPa] for different fixation location: (A-B) 18 mm height mandible, (C-D) 14 mm height
mandible, and (E-F) 10 mm height mandible; note: plate positioned at the upper border (right) and plate positioned at the lower border
of the mandible (left)



Supplementary Figure S2. Mesh convergence plots: (A) 18 mm height mandible, (B) 12 mm height mandible, and (C) 10 mm height
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option from the contact-sets property manager. Only
normal forces and no friction were present here, which
is in accordance with the current opinion on stabilis-
ing mandibular fractures using non-locking plates. The
boundary conditions and parameters were identical in
all of the FEA studies.

FEA Comsol

Comsol was used to verify the Solidworks results
and to evaluate whether the outcomes were reproduc-
ible, reliable, and accurate. The 3D computer model
assemblies of each mandible and the osteosynthesis
miniplate were imported from Solidworks in STEP file
format. The imported assemblies were processed and
saved in the Comsol 3D environment. All the FEA inputs
were performed identically as in Solidworks. A force
of 200 N was applied downwards on the symphysis
of the mandible and fixation was set at the condylar
head. The connections between the miniplate and the
screws, as well as between the miniplate and the man-
dible, were set using the contact constraint option. The
connection between the mandible and the screws was
set as fixed using the continuity constraint option. The
applied mesh was similar to the one in Solidworks.

FEA mesh convergence

The chosen mesh dimensions were checked in the
simulation models to determine whether they were
correct. The mesh size was reduced until the results
were independent of the mesh size and mesh conver-
gence was reached (Supplementary Figure S2). The
converged mesh was used for the remaining FEA stud-
ies (Figure 3E). The mesh applied in Solidworks was sim-
ilar to the mesh in Comsol.

Polymeric model testing

A polymeric mandible is made of polyurethane
foam and is an adequate substitute for cadaveric hu-
man bone for testing purposes [30-32]. It has been
shown to be a successful simulator for a similar sized
and shaped human bone [30, 33-34]. Polymeric mod-
el testing was conducted on a mechanical test bench
to validate the FEA. Polymeric mandible replicas with
body heights of 18, 14, and 10 mm were obtained from
Synbone. A straight-line unilateral fracture was applied
to each mandibular body and fixated with the osteo-
synthesis miniplate system. Polymeric model testing
of 18 and 14 mm mandibular heights entailed using
a 4-hole miniplate with four screws. A 6-hole miniplate

Figure 4. Mandible (with straight-line fracture and miniplate fixation) positioned on the custom-made device and loaded in a mechanical
test bench; the starting point is (A) until it reaches the breaking point (D)
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Figure 5. FEA Von-Mises stress [MPa]: (A-B) 18 mm height mandible, (C-D) 14 mm height mandible, and (E-F) 10 mm height mandible;
note: plate positioned at the upper border (right) and plate positioned at the lower border of the mandible (left)

with six screws was used for the 10 mm mandibu-  tested. Each of the three polymeric mandible replicas
lar height. Only the osteosynthesis miniplates po- (the 18, 14 and 10 mm heights) was tested three times.
sitioned at the upper border of the mandible were A custom device was built to position the mandibles on
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the mechanical test bench (Figure 4). A load represent-
ing the mastication force was applied to the mandible
and gradually increased at a rate of 10 N/s (Figure 4A).
The values were set in the computer system of the me-
chanical test bench. The force on the mandible was in-
creased continuously until the failure point where the
mandible breaks down was reached (Figure 4D). Com-
puterised sensors on the mechanical test bench record-
ed the data. All three mandible heights were tested us-
ing the same technique.

Data analysis

The FEA Solidworks outcomes were compared with
the Comsol outcomes. This was done by first meas-

won Wises (N/mm 2 (MPa)).

won Mises (N/nm 2 [MPa)
1718807

woneze

95846
B3B65
nasE—,
PR e
o

35843

-
I 23963
119.82

uring the amount and the location of the maximum
Von-Mises stress (Figure 7A-B). Then the displacement
in the Z-axis was compared (Figure 7C-D). Finally, the
Von-Mises stress pattern at a selected stress point was
compared between the two FEA studies (Figure 6). The
FEA outcomes were also compared with the polymeric
model testing by observing the displacement patterns
of the miniplates positioned at the upper borders of the
mandibles with the different fracture heights (Figure 8).
The displacement in the Z-axis of the FEA was used for
the comparisons with the displacement in the polymer-
ic model testing. Finally, data were evaluated with help
of experts in statistics, however due to the small sample
size statistical analysis did not make sense in this study.

Figure 6. Comparison of Von-Mises stress between Solidworks (right) and Comsol (left) at 450 MPa for the 18 mm mandible height: (A-B)
plate positioned at the upper border, (C-D) in the middle, and (E-F) at the lower border of the mandible
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FEA Solidworks

The results of the FEA are presented in Table 1,
showing the maximum Von-Mises stress [MPal]
and displacement [mm] outcomes. The maximum
Von-Mises stress was located at the miniplates cur-
vature between the third and the fourth screw holes,
specifically at the edge of the plate where it was
touching the mandibular body at the unilateral frac-
ture site (Figure 5A-F). The table shows that stress and
displacement increased with a decrease in mandi-
bular body height. The same applies to when the
miniplate was lowered from the mandibular upper
border towards the lower border along the fracture
line. The ratio of the Von-Mises stress and the ratio
of the displacement in relation to plate positioning
(miniplateatthelowerborderversustheupperborder)
and mandibular body height (10 mm versus 18 mm)

are presented in Table 2. Observing the fracture sur-
faces shows that when the miniplate was positioned
at the upper border, the fractures remained closed,
intact, and stable. This was due to the tension zone at
the upper border of the mandible and the compres-
sion zone at the lower border. However, when the
miniplate was lowered, particularly when positioned
at the lower border, the fracture surfaces tended
to open from the upper border in a wedge-shaped
form. In this situation the fixation was unstable (Fig-
ure 5).

FEA Comsol

Comsol was used to check the reproducibility and
accuracy of the Solidworks simulations. The Von-Mises
stress [MPa] and displacement [mm] are shown in Ta-
ble 1. The maximum stress location according to Com-
sol was identical to all the Solidworks FEA outcomes,
namely at the edge of the plate where it was touching

Table 1. FEA outcomes in Solidworks and Comsol regarding the maximum Von-Mises stress and displacement

Man_dible Plate

height position Von-Mises Displacement Von-Mises Displacement
[mm] stress [MPa] z-axis [mm] stress [MPa] z-axis [mm]

18 1 643 4.30 646 4.31

2 919 4.69 911 4.73

3 1198 5.35 1120 5.47

14 1 894 5.12 880 5.16

2 1273 5.69 1253 5.78

3 1599 6.46 1560 6.64

10 1 1516 8.76 1521 8.85

2 2065 9.65 2072 9.76

3 2536 10.53 2560 10.70

Plate position: (1) upper border, (2) middle, and (3) lower border of the mandible. The z-axis was in the same direction as the applied

200 [N] force

Table 2. Ratio of the Von-Mises stress [MPa] and displacement [mm] (Z-axis) for plate positioning and mandibular body height

Solidworks

Von-Mises stress | Displacement | Von-Mises stress

Comsol

Displacement

18 1.86 1.24 1.73 1.27
Plate positioning * 14 1.79 1.26 1.77 1.29
10 1.67 1.20 1.68 1.21
1 2.36 2.04 2.35 2.05
Ma”hd;'l?g“r:?LTdy 2 2.25 2.06 2.27 2.06
3 2.12 1.97 2.29 1.96

* Ratio of the miniplate positioned at the lower border compared to the upper border for the 18, 14 and 10 mm mandibular body heights
** Ratio between the 10 mm versus the 18 mm mandibular body heights for the plates positioned at the upper (1), in the middle (2) and

the lower borders (3)
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the mandibular body at the unilateral fracture site (Fig-
ure 5). The Von-Mises stress pattern comparison illus-
trates that the stress pattern remained identical in both
FEA simulations at any selected stress point (Figure 6).
This demonstrates that the Solidworks FEA outcomes
are reproducible, accurate and correct. Furthermore,
the Von-Mises stress ratio and the displacement ratio
for the plate positioning and mandibular body height
were similar to those generated in Solidworks (Table 2).

Fixation location sensitivity test

Sensitivity test evaluations of the different fixation
locations illustrated a change of less than 10% for the
maximum stress and displacement values. However, no
changes were observed in the stress or displacement
distribution patterns, as they remained identical. Fur-
thermore, the FEA outcomes for analysing the effect of
different mandibular body heights and plate positioning
remained identical with no changes observed for the
different fixation locations (Supplementary Figure S2).

Polymeric model testing

The displacement outcomes of the polymeric model
testing are displayed in Table 3, showing that a decrease
in mandibular body height resulted in an increased dis-
placement. This indicates that the probability of failure
increases when the mandibular body height decreases.
Furthermore, the polymeric testing patterns were sim-
ilar to the FEA, namely: a decrease in mandibular body
height increased the fixation instability leading to im-
plant failure.

Outcomes comparison

The FEA plots show that the Von-Mises stress (Fig-
ure 7A-B) and displacement (Figure 7C-D) increased
with a decrease in mandibular body height. The
same applies when the miniplate was lowered from
the mandibular upper border towards the lower bor-
der along the fracture line (Figure 7). The maximum
Von-Mises stress location at any selected stress point
was similar in both simulation software (Figure 6).
Furthermore, Figure 8 shows the 200 N displace-
ment comparisons between the FEA and polymeric
model testing, where displacement increased with
a decrease in mandibular body height. Both the FEA
simulations and polymeric model testing illustrated
a similar pattern: a decrease in height resulted in an
increase in displacement (Figure 8). Finally, the FEA

outcomes were similar and highly comparable with
those from the polymeric model testing.

According to the literature, FEA has been a prom-
ising applicable tool in OMF surgery to analyse differ-
ent types of fracture management and osteosynthesis
implants [20-24, 35]. The outcomes of our study are
consistent with some of the data that can be found in
the literature. According to Tams et al. plate position-
ing is a crucial factor for mandibular fracture fixation
stability [9]. Lowering the plate along the fracture line
from the mandibular upper border toward the lower
border decreases the fracture fixation stability. There-
fore, locating the plate on the upper border results
in better stability, even with small plates. Based on
Champy et al., upper border plate placement is based
on the fact that mastication creates a tensile force
in the upper border and a compression force at the
lower border resulting in the closure of the fracture
(Figure 5) [8]. This study’s FEA simulation results are
similar, whereby the Von-Mises stress and displace-
ment increase when the plate is moved along the
fracture line from the upper border towards the low-
er border of the mandibular body (Table 1, Figure 7).

According to Ellis et al. and Gerbino et al., the man-
dibular body height significantly affects fracture fixa-
tion stability [36-37]. A decrease in mandibular height
increases fracture fixation instability [38]. It is more
difficult to achieve fixation stability with a miniplate
in the atrophic mandible than in cases with a normal
mandibular height. In terms of stability, it means that
a miniplate that does well in slightly or moderately
atrophied mandibles (18 or 14 mm height) and per-
forms poorly in severely atrophic mandibles (10 mm)
(Table 2). The literature suggests several solutions for
instability in the management of mandibular frac-
tures with decreased height: e.g. thicker plates and/
or more screws at each side of the fracture [36-38].

We used the polymeric model testing method to ve-
rify the FEA simulation outcomes. They both showed
that displacement increases when the mandibular bo-
dy height decreases (Table 3, Figure 8). This is in line with
the literature [5, 8, 37] and the current clinical observa-
tion. This suggests that both FEA studies are good mod-
els for analysing mandibular fractures. Furthermore,
the polymeric model testing outcomes indicate that
using a 6-hole miniplate is not sufficient for lower man-
dibular height fracture management. It is plausible that
a 4-hole miniplate would have performed even worse in
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this case. Therefore, 10 mm or lower mandibular height
fracture fixation requires a stronger osteosynthesis sys-
tem. In this case, the load-sharing principle is not valid
and the load-bearing principle should be applied [6-7].

There are some limitations regarding the poly-
meric model testing. Namely, only displacement
outcomes in the Z-axis (the same direction as the
applied force) could be compared between the pol-
ymeric tests and the FEA studies. This is because
the mechanical test bench used in this study could
only calculate the displacement as the output re-
sult. Furthermore, the displacement values be-
tween the FEA studies compared to polymeric mod-
el testing were not exactly similar (Table 3) due to:
(1) the shape of mandibles (the geometrical
shapes of the polymeric models were similar to
human mandibles, whereas the FEA mandibles
were simplified models to eliminate mesh errors,
(2) FEA uses numerical simulation to calculate
the amount of displacement. However, on the
mechanical test bench, displacement was meas-
ured based on the movement of the loading bar
from the predetermined zero position to the end
position where the mandible fractured or fixa-
tion failed. Nevertheless, the displacement re-
sults from the FEA studies and polymeric model
testing are highly comparable (Table 3, Figure 8).

Finally, our FEA and polymeric model testing
outcomes are similar and comparable with earlier
studies [1-9, 19]. The similar displacement patterns
of the FEA and polymeric model testing, together

with the comparability with earlier studies [6-9, 36-
-38], show that our study was conducted correctly.

The outcomes of the 3D simulation software programs
were similar and comparable (Table 1 and 2) including
stress and displacement patterns (Figure 6 and 7). This
indicates that the FEA setup and outcomes are repro-
ducible and correct. The minor differences in the Solid-
works and Comsol outcome values are caused by the
inherent differences in the computational calculations
in the 3D simulation environments of both software.

Currently we are working on improving our current
mandible model by developing a 3D computer model
based on the exact geometrical shape of the mandible
instead of using a simplified version, as we did in this
study. An approachable method for 3D mandible mod-
elling is being designed based on CT images. We believe
that the FEA approach could significantly help the sur-
geon by giving a better understanding of the preferred
fracture management regime via creating a 3D visualis-
ation of the fracture, guiding towards an optimal repo-
sition approach and enabling the selection of the most
suitable fixation technique. Regarding complex fracture
cases (e.g. comminuted or atrophic mandibles), FEA
could be applied to design a patient-specific osteosyn-
thesis system. To achieve this, we are analysing other
types of mandibular fractures (e.g. angle, symphysis or
parasymphysis) based on the FEA simulation and poly-
meric model testing validation. The model should help
the surgeon to optimise mandibular fracture treatment,
thereby improving the surgical practice and the clinical
outcome. It is possible the same FEA methodology ap-

Table 3. Polymeric model testing displacement at 200 N compared to FEA displacement

Mandibular body height

Test number

Displacement [mm]

[mm] Polymeric model Solidworks
Testing (FEA)

18 I 3.85
II 3.46
111 3.28

Mean 3.53 4.30 4.31
14 I 4.26
II 3.74
III 5.09

Mean 4.36 5.12 5.16
10 I 4.49
II 5.68
III 5.93

Mean 5.37 8.76 8.85

All the test numbers (Test Number I-111) were done under the same conditions as miniplate located on the mandibular upper border.
Italics: the mean polymeric model displacement (average test I-1ll) compared to the FEA study’s displacement values.
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proach can be used for optimisation of other bone frac- This is achieved by evaluating the biomechanical be-
tures. However, extensive model testing is necessary to haviour between the plate and the fracture (e.g. stress,
validate whether FEA can be used to test other kinds displacement, and forces). Further, FEA provides a clear
of fracture management. Such studies could determine  visualisation of what could be expected in terms of frac-
whether FEA alone is sufficient to optimise surgical frac- ture stability.

ture management.

This study illustrates that FEA is a promising appli-
cable tool for simulating various types of fractures and
fixation systems in OMF surgery. It can be applied in the
clinical setting for fracture management. FEA can pro-
vide clinicians with a lot of information regarding the None.

selection of suitable osteosynthesis and the position-
ing of the plate concerning fracture fixation stability.
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