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ARTICLE INFO ABSTRACT

Keywords:
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Magnesium CAD/CAM miniplates are a promising alternative to titanium plates for mandibular reconstruction.
However, gas formation is an inherent part of the magnesium degradation process, and thus, the quantity of
magnesium used in fixation scenarios should be limited. Previous studies described several strategies to limit
material volume, such as plate thickness reduction and shape-optimization. In particular, shape-optimization has
been described as a strategy to limit material volume while maintaining mechanical integrity.

In consequence, the present study compared a shape-optimized CAD/CAM magnesium miniplate with stan-
dard CAD/CAM magnesium miniplates of varying thicknesses using a biomechanical finite element model. A
single-segment mandibular reconstruction was chosen as the investigative scenario, evaluated under different
biting tasks to assess the different plate shapes.

The shape-optimized magnesium plate demonstrated similar primary fixation stability compared to standard
CAD/CAM magnesium miniplates, despite having reduced plate material and surface area. Shape optimization
could help minimize magnesium volume and surface area to mitigate the issue of gas formation during the
degradation process in vivo while maintaining biomechanical performance comparable to common CAD/CAM
miniplates.

Finite element analysis
Magnesium

CAD/CAM miniplates
Shape-optimization
Biomechanics

1. Introduction

Due to its degradability, excellent biocompatibility, reduced stiffness
and reduced stress shielding, as well as reduced imaging artifacts in post-
operative imaging, magnesium is a promising alternative to the gold-
standard titanium for fracture fixation and free flap fixation in maxil-
lofacial reconstruction (Espiritu et al., 2022; Filli et al., 2015; Renden-
bach et al., 2018; Ruf et al., 2024; Wang et al., 2020; Schaller et al.,
2018). However, the main limitation to the clinical use of magnesium
plate osteosynthesis lies in its degradation behavior (Wang et al., 2020;
Chaya et al., 2015; Fischer et al., 2022; Naujokat et al., 2020; Chakra-
borty Banerjee et al., 2019; Staiger et al., 2006; Witte, 2010; Zhao et al.,
2017). As magnesium degrades, it produces gas, which can potentially
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lead to post-operative complications such as fistula formation,
wound-healing disorders, or inflammation (Byun et al., 2020). The
amount and rate of gas formation highly depends upon the volume and
surface of the fixator (Naujokat et al., 2020; Chakraborty Banerjee et al.,
2019; Rendenbach et al., 2021). Various approaches, such as alloying or
surface modification, have been developed to slow the degradation
process (Naujokat et al., 2020; Chakraborty Banerjee et al., 2019).
However, these methods can only delay degradation and do not address
the total amount of material implanted and thus the underlying cause of
gas formation over time. In consequence, limiting the quantity of mag-
nesium used in fixation devices remains the primary strategy for mini-
mizing total gas formation that result in local accumulation of
degradation products (Chakraborty Banerjee et al., 2019).
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Consequently, most studies have focused on evaluating magnesium in
form of miniplates rather than larger reconstruction plates (Ruf et al.,
2024; Fischer et al., 2022; Herzog et al., 2024; Orassi et al., 2021a;
Turostowski et al., 2024).

Further strategies described in the literature to reduce the total
material volume are plate thickness reduction or topology optimization
(Fischer et al., 2022; Orassi et al., 2021a; Koper et al., 2021; Lang et al.,
2021). While plate thickness reduction is a very simple approach, to-
pology optimization is a sophisticated optimization strategy, in which a
plate geometry is iteratively reshaped to minimize material volume and
in-plate stress under a specific loading condition (Koper et al., 2021;
Lang et al., 2021). In mandibular reconstruction, it has been shown that
a topology optimized plate design consists of two parallel strands with a
void in the middle (Koper et al., 2021; Lang et al., 2021). Therefore, this
study aimed to biomechanically evaluate the potential of a
shape-optimized magnesium CAD/CAM miniplate — whose design was
inspired by the findings of the previous studies on topology optimization
— compared to standard CAD/CAM magnesium miniplates of varying
thickness. Finite element analyses of a one-segmental mandibular
reconstruction using a fibula free flap were used as the primary method.
The study evaluated mechanical stresses in the plates and mechanical
strains in the healing regions.

2. Materials and methods

Existing finite element models of a reconstructed mandible with a
single-segment fibula free flap were adapted to the present research
question (Ruf et al., 2022, 2024).

2.1. Model geometry

The bony geometries were derived from a pre-operative CT scan of a
57-year-old female patient undergoing segmental mandibular resection
due to oral squamous cell carcinoma with bone invasion. The CT scan
was performed in axial mode with a slice thickness of 0.625 mm and a
voxel size of 0.5 mm x 0.5 mm (General Electric, Boston, MA, USA).
Image segmentation and meshing were conducted using Amira 6.0.1
(Thermo Fisher Scientific, Waltham, MA, USA), which differentiated
cortical and trabecular bone in the mandible and fibula based on gray-
scale values. Cortical bone was defined within Hounsfield Unit ranges of
300-2200 for the mandible and 250-2200 for the fibula, while trabec-
ular bone and medullary spaces comprised the remaining inner areas.

In SolidWorks (2020) (Dassault Systemes, Vélizy-Villacoublay,
France), the virtual mandible resection and fibula placement were per-
formed using a linearly extruded trapezoidal guide. The fibula segment
measured 5 cm in length and 1.2 cm in diameter and was positioned
from the right mandibular angle to the canine region.

In Abaqus CAE 2021 (Dassault Systemes, Vélizy-Villacoublay,
France), the mandible and fibula geometries were integrated into a
single volume part with four subdivided geometry sets. Intersegmental
gaps were created at the resection interfaces to represent regions of in-
terest (ROIs) for evaluating mechanical strains. A gap width of 1 mm was
chosen to simulate a realistic scenario (Steffen et al., 2022; Hashemi
et al., 2020).

2.2. Fixation scenarios

Since previous studies have identified the anterior healing region as a
potential area for the use of magnesium plates (Ruf et al., 2024; Orassi
et al., 2021a), three different magnesium CAD/CAM miniplate designs
were tested in the anterior region, paired with a short 2.0 mm CAD/CAM
titanium reconstruction plate in the posterior region. All miniplate de-
signs were created using 3matic (Materialise, Leuven, Belgium) in
collaboration with the senior author and according to clinical standards.
A standardized distance of the first screw to the osteotomy of 5 mm was
defined to reduce the impact of screw placement on primary fixation
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stability (Li et al., 2024). According to previous studies, paired 1.0 or
1.5 mm thick standard CAD/CAM magnesium miniplates were investi-
gated (Fischer et al., 2022; Orassi et al., 2021a) (Fig. 1). In addition, a
shape-optimized plate of 1.5 mm thickness with 3 screws on each side of
the osteotomy was created with a partially void bridge, in line with
previous studies on topology optimization (Koper et al., 2021; Lang
et al., 2021). The two strands of the bridge are each 2.3 mm wide with a
1.5 mm gap in between (Fig. 1). Monocortical magnesium screws (7 mm
length and 2 mm diameter) of simplified geometry were employed in all
screw holes in the CAD/CAM miniplates and the shape-optimized plate
(Ruf et al., 2022, 2024; Steffen et al., 2020). The lengths of the screws
fixing the reconstruction plate to the fibula were 7 mm to prevent harm
to the interosseous vessels (Steffen et al., 2020). In the mandibular angle
region, the reconstruction plate was fixed bicortically with screw lengths
of 7-8 mm.

2.3. Meshing and convergence

All geometries were meshed in Abaqus CAE 2021 using second-order
(quadratic) tetrahedral elements. Mesh sizes of 0.2 mm in the healing
regions, 0.25 mm for the plates, and 1.0 mm for the screws were
employed. Mesh convergence results from a prior study were considered
valid for the present study (Ruf et al., 2022).

2.4. Boundary conditions and loading

Tie constraints were used to simulate the connection of the screws,
plates, and bone tissue. For unilateral and incisal biting simulations, the
premolars and first molars (unilateral) and the incisors (incisal) were
restricted from vertical displacement, and condyles were fixed in the
glenoid fossa. Main biting muscles, including the masseter, temporalis,
and pterygoid, were modeled as loads. Muscle forces and activations
were adapted (full detachment of the superficial masseter and 50 %
detachment of the deep masseter on the resection side) from the liter-
ature and scaled to 12.5 % to simulate post-operative conditions,
resulting in a 45 N bite force under unilateral biting (Ruf et al., 2022;
Korioth and Hannam, 1994; Korioth et al., 1992; Lovald et al., 2009).
This value is in line with previously reported postoperative measure-
ments 2 weeks after fracture reposition (Gheibollahi et al., 2021). The
exact muscle insertion areas, fiber activations, muscle directions and
muscle forces have been described in previous studies (Ruf et al., 2022,
2024) and can be found in Appendix 1.

2.5. Material properties

Cortical bone was considered as anisotropic, linear-elastic material,
while isotropic linear-elastic properties were used for trabecular bone,
dentine, granulation tissue, and fixation systems. Granulation tissue
filled the interosseous gaps and fibula medullary spaces. Titanium
Ti6Al4V and magnesium WE43 material properties were defined, with
yield stresses of 830 MPa and 162 MPa, respectively, used as thresholds
for material failure (MatWeb, 2024a, 2024b). The material properties
were derived from the literature (Ruf et al., 2024; Korioth and Hannam,
1994; Lovald et al., 2009; MatWeb, 2024a, 2024b; Lefevre et al., 2015;
Rho, 1996; Schwartz-Dabney and Dechow, 2003; Lakatos et al., 2014;
Leong and Morgan, 2008) and are presented in Appendix 2.

2.6. Output evaluation

Mechanical maximum and minimum principal strains within the
healing regions were analyzed as indicators of potential healing out-
comes. Only elements with absolute strains exceeding 500 pstrain were
included in the evaluation to minimize the influence of elements that are
not part of the direct interface of the different-sized bones mandible and
fibula on the results. Using this elimination operation, the comparison
between strain percentiles of the different-sized anterior and posterior
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Fig. 1. - Investigated fixation scenarios including the 1.5 mm thick miniplates (A), the 1.0 mm thick miniplates (B) and the shape-optimized plate (C); exemplary

illustration of the plate fixation on the mandible (D).

gaps is feasible. Remaining outlier values were eliminated using the
ROUT-method (Q = 0.1 %) (Motulsky and Brown, 2006). Peak von Mises
stresses in the plates were calculated and compared to material yield
strengths to assess failure risks. Stress singularities due to model con-
straints were minimized by excluding the top 0.01 % and averaging the
10 greatest of the remaining values.

3. Results

The 1.5 mm miniplates had a combined volume of 417 mm? and a
screw volume of 288 mm?, resulting in a total magnesium volume of
705 mm®. The 1.0 mm miniplates had a combined plate volume of 272
mm?®, leading to a total magnesium volume of 560 mm?, which repre-
sents a 21 % reduction compared to the 1.5 mm miniplates. The shape-
optimized plate, with a 1.5 mm thickness, had a volume of 328 mm?,
with a screw volume of 216 mm?, resulting in a total magnesium volume
of 544 mm?® - a 23 % reduction compared to the 1.5 mm miniplates.

Additionally, the bridge region was assessed separately, as it is
considered the most critical area for primary fixation stability. The 1.5
mm thick miniplates had a bridge volume of 144 mm?, while the 1.0 mm
miniplates had a bridge volume of 97 mm? - a 33 % reduction compared
to the 1.5 mm plates. The shape-optimized plate had a bridge volume of
73 mm°, which represented a 49 % reduction compared to the 1.5 mm
thick miniplates.

The 1.5 mm thick miniplates had a combined surface area of 838
mm? and their screws 597 mm?, resulting in a total surface of 1435 mm?2.
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The 1.0 mm miniplates had a combined surface area of 740 mm?

resulting in a total surface of 1337 mm? - a 7 % reduction compared to
the 1.5 mm miniplates. The shape-optimized plate had a surface of 644
mm? and its screws of 453 mrnz, the total surface was 1097 mm? - a 24 %
reduction compared to the 1.5 mm miniplates.

The boundary and loading conditions resulted in bite forces ranging
from 11 N to 11.5 N for incisal biting and 44 N-44.5 N for unilateral
biting across the different plating scenarios.

3.1. A shape-optimized magnesium miniplate induces similar mechanical
stimuli within the healing region compared with standard magnesium
miniplates

Qualitative and quantitative strain levels are presented in Fig. 2.
Posterior strain levels were highly dependent on the biting scenario,
with unilateral biting (percentiles for scenarios 1.5 mm thick miniplates:
0.25-0.2 %, 0.5-0.29 %, 0.75-0.53 %, 1-1.35 %; 1.0 mm thick mini-
plates: 0.25-0.19 %, 0.5-0.28 %, 0.75-0.52 %, 1-1.32 %; shape-
optimized plate: 0.25-0.19 %, 0.5-0.28 %, 0.75-0.52 %, 1-1.33 %)
inducing higher strains in the posterior region compared to incisal biting
(percentiles for scenarios 1.5 mm thick miniplates: 0.25-0.12 %,
0.5-0.16 %, 0.75-0.29 %, 1-0.61 %; 1.0 mm thick miniplates:
0.25-0.11 %, 0.5-0.15 %, 0.75-0.27 %, 1-0.56 %; shape-optimized
plate: 0.25-0.11 %, 0.5-0.15 %, 0.75-0.27 %, 1-0.55 %). In the ante-
rior region, unilateral biting (percentiles for scenarios 1.5 mm thick
miniplates: 0.25-0.21 %, 0.5-0.38 %, 0.75-0.49 %, 1-1.32 %; 1.0 mm
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Fig. 2. - Intersegmental strain distributions in box plots (percentiles 0.75, 0.5 and 0.25) and contour plots for the anterior (bottom) and posterior (top) interseg-
mental gaps under unilateral (left) and incisal biting (right) over the investigated plating scenarios.
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Fig. 3. — Contour plots of von Mises stress (Legend in MPa) in the plates including the 1.5 mm thick magnesium plates (A, D), the 1.0 mm thick magnesium plates (B,
E) and the shape-optimized plate (C, F) under the biting scenarios of incisal (A-C) and unilateral biting (D-F).

thick miniplates: 0.25-0.22 %, 0.5-0.49 %, 0.75-0.62 %, 1-1.81 %j;
shape-optimized plate: 0.25-0.21 %, 0.5-0.46 %, 0.75-0.57 %, 1-1.58
%) and incisal biting (percentiles for scenarios 1.5 mm thick miniplates:
0.25-0.18 %, 0.5-0.34 %, 0.75-0.57 %, 1-1.53 %; 1.0 mm thick mini-
plates: 0.25-0.19 %, 0.5-0.39 %, 0.75-0.65 %, 1-1.79 %; shape-
optimized plate: 0.25-0.21 %, 0.5-0.39 %, 0.75-0.64 %, 1-1.79 %)
produced similar strain levels, which were comparable to posterior
strain levels under unilateral biting.

The variation in the anterior magnesium plates did not greatly in-
fluence anterior strain levels across the scenarios. Only the 1.5 mm thick
miniplate slightly reduced the local intersegmental strain compared to
the other two configurations. In addition, the changes in anterior fixa-
tion geometry had no effect on posterior strain levels for any of the
biting scenarios.

3.2. Maximum stresses in the shape-optimized plate are comparable to
those induced in standard magnesium miniplates

The contour plots of the von Mises stresses in the plates are presented
in Fig. 3. The maximum stress values for each plate, along with the
relative stresses (calculated as the ratio of maximum stress to the ma-
terial’s yield stress), are detailed in Table 1 for incisal biting and Table 2
for unilateral biting.

Higher stresses in the plates were observed during unilateral biting
compared to incisal biting. The highest absolute stress was located in the

Table 1

mandibular angle region of the titanium reconstruction plate, reaching
19 MPa during incisal biting and 39 MPa during unilateral biting. The
design variation in the anterior miniplates plates did not influence the
stress levels in the posterior titanium reconstruction plate.

In the standard miniplates and the shape-optimized plate, stress
peaks were concentrated in the bridge region (Fig. 3). In the anterior
region, similar maximum stresses were observed in the shape-optimized
plate (8 MPa for incisal biting and 14 MPa for unilateral biting) and the
1.0 mm thick miniplates (8 MPa under incisal biting and 13 MPa under
unilateral biting). The 1.5 mm thick standard miniplates experienced
maximum stresses of 7 MPa during incisal biting and 10 MPa during
unilateral biting.

When comparing the two materials, the magnesium plates exhibited
higher relative stress values (defined as the percentage of maximum
stress relative to the material’s yield stress) than the titanium recon-
struction plate. The maximum relative stress was 8.5 % for the shape-
optimized plate under unilateral biting. In contrast, the titanium
reconstruction plate experienced only 4.7 % of its yield stress during
unilateral biting.

4. Discussion
Magnesium is considered a potential alternative to titanium for

mandibular reconstruction due to its degradability, reduced imaging
artifacts, and lower stiffness compared to titanium (Espiritu et al., 2022;

Maximum stress values and maximum relative stress values (% of yield stresses: 830 MPa for titanium and 162 MPa for magnesium) in the investigated plating

scenarios under incisal biting.

1.5 mm thick miniplates

1.0 mm thick miniplates Shape-optimized plate

posterior 18.9 MPa (2.3 %)

reconstruction plate

18.8 MPa (2.3 %) 18.7 MPa (2.3 %)

6.4 MPa (3.9 %)
7 MPa (4.3 %)

superior miniplate

anterior . . ..
inferior miniplate

7.9 MPa (4.9 %)
7.6 MPa (4.7 %)

8.1 MPa (5 %)

Table 2

Maximum stress values and maximum relative stress (% of yield stresses: 830 MPa for titanium and 162 MPa for magnesium) values in the investigated plating

scenarios under unilateral biting.

1.5 mm thick miniplates

1.0 mm thick miniplates Shape-optimized plate

posterior 39 MPa (4.7 %)

reconstruction plate

38.5 MPa (4.6 %) 38.7 MPa (4.7 %)

10.1 MPa (6.2 %)
8.5 MPa (5.2 %)

superior miniplate

anterior . . ..
inferior miniplate

13.2 MPa (8.2 %) 13.8 MPa (8.5 %)

12.8 MPa (7.9 %)
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Filli et al., 2015; Rendenbach et al., 2018; Ruf et al., 2024; Wang et al.,
2020; Chakraborty Banerjee et al., 2019; Staiger et al., 2006; Witte,
2010; Zhao et al., 2017; Turostowski et al., 2024). However, a major
limitation to the use of magnesium is the gas formation during degra-
dation, which is directly proportional to the amount of magnesium
material (Chakraborty Banerjee et al., 2019). Therefore, the present
study aimed to biomechanically evaluate the possibility of magnesium
material reduction by reduced plate thickness and optimized shape
design. It was shown that plate material reduction in the anterior areas
by shape-optimization resulted in similar biomechanical conditions
compared to 1.0 mm thick magnesium miniplates and 1.5 mm thick
magnesium miniplates.

Previously, two parallel magnesium plates with the thickness of 1.5
mm have been shown to provide sufficient primary fixation stability as
they were assessed as equally stable compared to clinically used 1.0 mm
titanium miniplates (Fischer et al., 2022). This biomechanical in vitro
test has been performed on sheep mandibles as sheep mandibles provide
a similar biomechanical environment in comparison to human mandi-
bles (Fischer et al., 2022; Orassi et al., 2021b). 1.0 mm magnesium
miniplates have been assessed in silico showing acceptable stresses
compared to 1.5 mm magnesium miniplates and 1.0 mm titanium
miniplates particularly in the anterior areas (Orassi et al., 2021a). Thus,
the present study is in line with the previous studies as similar stresses
have been found when comparing the 1.0 mm magnesium miniplates
and the 1.5 mm magnesium miniplates in the anterior areas. The newly
designed shape-optimized plate showed similar maximum stress values
compared to the two investigated magnesium miniplate configurations.

The corpus/symphysis interface region of the reconstructed
mandible has been shown to be a good fit for magnesium plates since
they can increase the biomechanical stimuli in this critical region in
comparison to titanium plates and subsequently enhance bone forma-
tion (Ruf et al., 2022, 2024; Steffen et al., 2022). Magnesium’s de-
gradability is particularly advantageous in the anterior regions, as
non-degradable titanium plates often require removal prior to dental
rehabilitation of the tooth-bearing region (Ruf et al., 2024; Kreutzer
et al,, 2022). In consequence, the present study investigated the
shape-optimized magnesium plate in the anterior region. Analogously to
the previous studies, similar primary fixation stabilities of magnesium
miniplates of varying thicknesses have been observed (Fischer et al.,
2022; Orassi et al., 2021a). In this study, the shape-optimized magne-
sium plate was shown to provide similar fixation stability as the mag-
nesium miniplates, with a relevant reduction in material volume,
particularly in the crucial bridge area. Furthermore, the surface area has
been reduced by shape-optimization. Plate topology-optimization has
been performed for mandible reconstruction cases in previous studies.
The resulting plate shape showed two parallel plate strands as bridge
between the screw holes and has served as model for the
shape-optimized plate in the present study (Koper et al., 2021; Lang
et al., 2021). In consequence, the present study sides with the previous
studies in recommending shape-optimized magnesium plates in the
anterior areas for mandibular reconstruction.

Because gas formation limits magnesium’s clinical application, ap-
proaches to reducing gas generation are critical (Chakraborty Banerjee
et al., 2019). While surface modifications can slow degradation, this
strategy merely delays gas formation rather than reducing its total
quantity (Naujokat et al., 2020; Chakraborty Banerjee et al., 2019;
Rendenbach et al., 2021; Kopp et al., 2019, 2022). In contrast, limiting
magnesium material through techniques like shape-optimization or
plath thickness reduction reduces the absolute amount of gas produced,
offering a more effective solution (Chakraborty Banerjee et al., 2019).
Within the present study, shape optimization has resulted in a 23 %
material reduction compared to the 1.5 mm thick miniplates while
maintaining the mechanical integrity. The mechanically particularly
relevant bridge area experienced a material reduction of 49 %
comparing the 1.5 mm thick miniplates to the shape optimized plate.
The reason for the particular material reduction in the bridge area was
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that 3 screws were employed on each side of the shape-optimized plate -
a limitation to the material reduction in these areas. However, in addi-
tion to the volume reduction, the shape-optimized plate presented a
further surface reduction of 24 % in comparison to the 1.5 mm
miniplates.

Delayed osseous union and pseudarthrosis are common challenges in
mandibular reconstruction (Knitschke et al., 2022a, 2022b; Rendenbach
et al., 2019). Intersegmental strain is a key stimulus for bone formation,
especially during the critical initial healing phase (Duda et al., 2023).
Studies on one-segmental mandibular reconstructions have shown that
patient-specific reconstruction plates achieve favorable healing out-
comes in the posterior regions (Steffen et al., 2022). In both the present
study and prior research, anterior magnesium miniplates plates induced
strain levels in the anterior regions comparable to those in posterior
regions under reconstruction plate fixation (interquartile ranges from
quartiles 0.25 to 0.75 under unilateral biting of 0.2 %-0.6 % in the
anterior and 0.2 %-0.5 % in the posterior intersegmental gap) (Rufet al.,
2024). This suggests that localized application of anterior magnesium
miniplates or shape-optimized plates could enhance bone formation in
reconstructed mandibles.

The anatomy of the human mandible has been described has highly
variable between individuals (Puisoru et al., 2006). Therefore, it can be
considered a limitation of the present study that only one patient was
investigated within the present study. However, within the present
study, on purpose, only one patient has been investigated with different
plating scenarios to eliminate the influence of anatomical variability on
biomechanical results. Nevertheless, future studies should incorporate
multiple patients to validate the biomechanical findings across different
anatomical setups. Possible anatomical factors influencing the primary
fixation stability could be mandible shape, bone density or cortical
thickness.

Technically, shape optimization is limited to patient-specific plates.
Magnesium WE43 exhibits a narrow plastic phase, with an elongation at
break of just 2 % compared to 28 % for pure titanium (MatWeb, 2024a,
2024c). This characteristic makes magnesium unsuitable for
pre-bending and restricts its use to fixations that do not require per-
manent plate deformation. In a previous in vitro study comparing mag-
nesium and titanium miniplates, plate failure patterns correlated with
the varying material properties: Pure titanium plates failed due to
abnormal deformation, whereas magnesium plates showed a brittle
failure mechanism without visible plastic deformation around failure
points (Fischer et al., 2022). As a result, magnesium plates generally
require patient-specific production, which aligns well with shape opti-
mization techniques.

Although the initial healing phase has been shown to be crucial for
bone formation, bone healing is a process of many stages (Duda et al.,
2023; Claes, 2017a, 2017b; Claes and Heigele, 1999). In this study, we
focused on initial mechanical stability. Future studies are needed to
investigate the role of mechanical conditions induced by magnesium
miniplates on the later stages of the bone regeneration process.

To conclude, shape-optimization of magnesium miniplates appears
an effective strategy for reducing material usage while preserving pri-
mary fixation stability for mandibular reconstruction. For magnesium
miniplates, material reduction is of particular relevance because
degradation and gas formation are the primary limitations to their
clinical application. Shape-optimized plates provide a promising solu-
tion for enabling the clinical use of magnesium in mandibular
reconstruction.
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Appendix 1 - Healthy maximum muscle forces, reduced maximum muscle forces on 12.5 %, fiber directions and fiber activations for the participating muscles in the
investigated biting tasks unilateral (UNI) and incisal (INC) biting; fiber direction definition relative to the frontal (XY), transversal (XZ), and sagittal (YZ) planes

Healthy Maximum Muscle Force

12,5 % of Maximum Muscle Force

Fiber direction Fiber activation

@ ™ X Y VA INC UNI
Right Left Right  Left Right  Left
Superficial 190,4 23,8 —0,207 0,207 0,884 0,419 0 0,4 0 0,72
Masseter
Deep Masseter 81,6 10,2 —0,546 0,546 0,758 —0,358 0,13 0,26 0,3 0,72
Medial Pterygoid 174,8 21,85 0,486 —0,486 0,791 0,373 0,78 0,78 0,6 0,84
Lateral Pterygoid 66,9 8,3625 0,63 —0,63 —0,174 0,757 0,71 0,71 0,65 0,3
Anterior 158 19,75 —0,149 0,149 0,988 0,044 0,08 0,08 0,58 0,73
Temporalis
Middle Temporalis 95,6 11,95 —0,222 0,222 0,837 -0,5 0,06 0,06 0,67 0,66
Posterior 75,6 9,45 —0,208 0,208 0,474 —0,855 0,04 0,04 0,39 0,59
Temporalis
Appendix 2 - Anisotropic and isotropic material properties for bone, intersegmental gaps, and fixation materials. 1: longitudinal; 2: tangential; 3: transverse
Material Symphysis ~ Body Angle Ramus  Condyle  Coronoid  Fibula Dentin  Mandible Granulation Ti-6AI- WE43
cortical trabecular Tissue 4v
E1 (MPa) 20492 21728 23793 24607 23500 28000 28000 17600 300 1 114000 44200
E2 (MPa) 16350 17828 19014 18357 17850 17500 17700 17600 300 1 114000 44200
E3 (MPa) 12092 12700 12757 12971 12650 14000 17700 17600 300 1 114000 44200
Nul2 0,34 0,34 0,3 0,28 0,24 0,23 0,237 0,34 0,3 0,3 0,33 0,27
Nu23 0,22 0,2 0,22 0,23 0,25 0,28 0,42 0,34 0,3 0,3 0,33 0,27
Nul3 0,43 0,45 0,41 0,38 0,32 0,28 0.231 0,34 0,3 0,3 0,33 0,27
G12 6908 7450 7579 7407 7150 7150 4690 6567 115,4 0,385 44000 17000
(MPa)
G23 4825 5083 4986 5014 5150 5300 3600 6567 115,4 0,385 44000 17000
(MPa)
G13 5317 5533 5493 5386 5500 5750 4720 6567 115,4 0,385 44000 17000
(MPa)
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