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Abstract
Purpose The aim of this study was to comparatively
evaluate the use of a three-dimensional (3D) square-shaped
plate for the treatment of mandibular angle fractures.
Materials and methods Synthetic mandible replicas were
used to evaluate the effectiveness of the 3D square plate
along with three other mandibular angle plating techniques.
The plating techniques consisted of: (1) a 3D miniplate (2×
2 holes, square, 2 mm); (2) a 3D miniplate (6×2 holes,
curved, 2 mm); (3) two miniplates (four holes, straight,
2 mm and 1.6 mm); and (4) one single miniplate (four
holes, straight, 2 mm). Each group was subjected to incisal
and homolateral molar region loading by a tensile materials
testing machine (Monsanto Tensometer 20). Load stiffness
values and peak measurements of the fracture gap distrac-
tion at the superior aspect of the mandible were measured.
The mean values (±standard deviation) were derived and
compared using one-way analysis of variance, with statis-
tical significance set at p<0.05.
Results For homolateral molar loading, statistically signif-
icant differences existed within groups (p<0.05). For
incisal edge loading, no statistically significant differences
were found for stiffness among the fixation methods tested.

Gap distraction at the superior aspect of the mandible was
limited for three of the groups tested.
Conclusion Under the conditions tested, the 3D square plate
system provided the most favorable mechanical behavior.

Keywords Angle . Fracture . 3D .Mandible . Biomechanics

Introduction

Fractures of the mandibular angle are common and account
for 25–35% of all mandibular fractures [1]. For decades,
closed reduction has been the preferred method of
treatment. With the introduction of plating techniques, the
need for maxillomandibular fixation (MMF), if used at all,
varies from 2 to 4 weeks [2].

Many methods of osteosynthesis for angle fractures have
been described, including fixation of fragments with lag
screws, reconstruction plates, compression plates, and
miniplates [3–7]. Much debate exists about the use of
either one or two plates for treating angle fractures.
According to Gear et al. [8], the most common surgical
treatment for angle fractures is the use of a single miniplate
with or without MMF, with the next most common being
the two-miniplate technique.

The purpose of this study was to evaluate the biome-
chanical behavior of the most clinically accepted methods of
fixation and to compare them with two three-dimensional
(3D) approaches.

Materials and methods

Synthetic mandibles from Synbone® (Malans, Switzerland)
were used for the experiment. Synthetic mandibles were
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chosen because they are made to match human dimensions,
proportions, and anatomy. They have a dense outer layer
resembling cortical bone and a porous inner core that
resembles cancellous bone. Because of their uniformity,
they can be used to eliminate many variables associated
with human cadaveric or animal mandibles.

All mandibles were prepared for the experiment by
drilling a socket in each of the coronoid regions and by
making the same fracture in the angle region. Both sockets
and fractures were standardized for the experiment with the
help of a prefabricated surgical guide.

After performing the necessary osteotomies, all plates
were precontoured accordingly, such that they were evenly
applied on the mandible. Reduction forceps were used to
reduce the fractured sites, while all screw holes were drilled
perpendicular to the mandible. All plates and screws were
composed of titanium alloy (Stryker-Leibinger, Freiburg,
Germany). The self-tapping screws were 2.0 mm and
1.6 mm in diameter and 7 mm in length.

Twenty mandibles were divided into four groups. All
holes were filled with adequate screws. The following
plating systems were used for the experiment:

Group 1: 3D miniplates (2×2 holes, square, 2 mm). These
plates were placed in the upper border of the
external oblique ridge and the upper buccal side
of the mandible.

Group 2: 3D miniplates (6×2 holes, curved, 2 mm ) were
placed in the middle of the buccal surface of the
mandible.

Group 3: Two-plate systems consisting of a miniplate
(four holes, longitudinal, 2 mm) fixed on the
upper border of the external oblique ridge and a
standard (four holes, longitudinal, 1.6 mm) in
the inferior border of the mandible.

Group 4: Single miniplates (four holes, longitudinal,
profile height 2 mm) fixated on the upper
border of the external oblique ridge (Fig. 1).

In order to study the performance of the above fixation
approaches, the mandible models were divided into four
subgroups of five. Therefore, each technique was tested
with five independent specimens, each one used for one
testing procedure only.

Two loading modes were used in this study: an incisal
edge loading and a homolateral molar loading. Incisal
edge loading was applied to reproduce vertical loads,
while homolateral molar loading was applied to reproduce
torsional forces. The latter loading simulates mastication
forces during a left lateral movement of the mandible,
where the left condylus stays close to its position while
the right condylus starts a protrusion. The connection
between the condylus and the rotation point of the
protrusion can be considered as the rotation axis for this
movement [9].

The mandibles were loaded through two different
custom-made jigs, one for each loading mode (Fig. 2).
The jigs were adapted to a tensile materials testing machine
(Monsanto Tensometer 20, Dorcan, Swinton, Wiltshire,

Fig. 1 Photographs of the
plating techniques used in the
study
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UK). For incisal edge loading, the samples were secured
with a stainless steel rod passing through the sockets in the
coronoid region, as described by Haug et al. [10]. The
proximal fragment of the mandible was thus immobilized
through the contact of the mandible condyles on the metal
base of the jig and the steel rod. For the homolateral molar
loading, the reconstructed side of the synthetic mandible
was secured with a stainless steel rod through the coronoid
region. The condyle region was permitted to rest on the jig.
The activator applied vertical loads to the molar region of
the distal fragment, thus resulting in torsion between the
two parts of the reconstructed area of the mandible.

The behavior of the plating systems was evaluated
within a 0 to 200 N range, following a 100 N preloading
test, at incisal edge loading, and within a 0 to 100 N range
at homolateral molar loading. Measurements of fracture gap
distraction at the superior aspect of the experimental
fracture were recorded before the load application and at
the application of loads of 100 and 200 N on the incisal
edge of the mandible by using known digital photography
techniques and subsequent AutoCAD-based procedures,
with an accuracy of about 0.1 mm [11].

Using raw data, load versus displacement graphs were
plotted and construct stiffness values calculated using linear
regression. Changes of gap distraction at the superior aspect
of the experimental fracture versus load were also plotted.
Mean and standard deviations of eight measurements of
bending and torsional stiffness were derived from each
fixation technique and compared for statistical significance
by one-way analysis of variance. A p<0.05 was considered
significant. To assess the differences, each fixation tech-
nique was compared to the proposed technique (group 1).

Results

The typical load–displacement diagram for the determination
of the bending stiffness of group 1 can be seen in Fig. 3. This

diagram shows that for forces up to 200 N, the bending
stiffness displays a linear elastic behavior. Torsional loading
was limited to 100 N due to deviation from linearity of three
of the fixation techniques (groups 2 and 4) above this load.
There was only one plate fracture recorded during testing of
the plating systems, which was in group 3.

The mean values and standard deviations of stiffness
under incisal edge loading and homolateral molar loading
are presented in Figs. 4 and 5. High standard deviation
values were observed for bending stiffness, in contrast to
the corresponding values of torsional stiffness. Possible
reasons for these high standard deviations might be the
misalignment of the holes at the coronoid region through
which a stainless steel rod secured the mandibles in place,
misalignments in osteosynthesis, or a slight slippage of the
condyles on the metal base of the jig.

The results of the statistical analysis are summarized in
Table 1. Group 1 presented statistically significant higher
torsional stiffness compared to any of the other studied
groups (p<0.05). On the contrary, concerning bending
stiffness, no statistically significant difference among the
studied groups was observed (p>0.05).

Fig. 2 Experimental apparatus with mandible model in the testing position. a Incisal edge loading for reproduction of vertical forces. b
Homolateral molar loading for reproduction of torsional forces

Fig. 3 Load–displacement diagram for the determination of the
bending stiffness of group 1
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With respect to fracture gap distraction at the superior
aspect of the experimental fracture, the results of the
present study showed that three of the tested mandible
plating techniques, groups 1, 3, and 4, demonstrated limited
gap change during bending loading. This finding was
expected, as these techniques comprised a plate bridging
the fracture gap at the superior aspect (Fig. 6).

Discussion

The angle region is one of the most frequent sites for
mandibular fractures, with direct application of miniplates
as dictated by Champy et al. [12, 13] being the most
commonly used fixation technique (Gear et al. [8]). Debate
still exists concerning the optimal treatment of mandibular
angle fractures [14, 15]. Miniplate osteosynthesis provides
rigid fixation that may be easily adapted to the curvature of
the bone, and requires only a simple operation. The AO/
ASIF approach seems to be less preferred due to the need
for an extra oral approach and increased complication rates
[16, 17].

The stability of single miniplate fixation of angle
fractures was challenged by several biomechanical studies
based on 3D models. Kroon et al. [18] and Choi et al. [19]
both observed bony gaps along the inferior fracture border,
and this fracture movement was thought to contribute to
subsequent complications, including infection. The use of a
second plate was suggested to reduce anterior–posterior
separation of the fracture line as well as lateral displace-
ment, which is frequently observed. Until now, it has not
been clarified how the placement of a second miniplate
affects complication rates [20, 21].

3D miniplates are new, but are already commonly used
by surgeons. A biomechanical study in sheep mandibles by
Wittenberg et al. [22] showed acceptable to good results.
Our goal in this study was to compare fixation with two 3D
miniplates with the most clinically accepted miniplate
intraoral fixation methods. For this study, we used a 3D
miniplate (group 2) that was placed in the buccal aspect of
the mandible and a square-shaped miniplate that was
contoured so as to lie passively in the external oblique
ridge region (group 1). The 3D plates can be considered a
two-plate system, with two miniplates joined by intercon-
necting crossbars.

Only a few studies have investigated the selection of an
appropriate load level to simulate in vivo biting forces, and
these report only qualitative results with no data. Most

Fig. 5 Mean value and standard deviation of stiffness under homo-
lateral molar loading

Fig. 4 Mean value and standard deviation of stiffness under incisal
edge loading

Table 1 Mean, standard deviation, and statistical comparison of load
stiffness to group 1

Groups Bending Torsion

1 41.14 (8.69) 17.13 (0.41)

2 34.17 (4.76) 11.65 (0.96)

3 31.64 (3.72) 14.74 (0.26)

4 31.10 (8.61) 11.66 (0.71)

Torsion=group 1 versus 2, 3, and 4; p<0.05. Bending=group 1 versus
2, 3, 4; p>0.05

Fig. 6 Fracture gap distraction at the superior aspect of the experimental
fracture under incisal loading
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studies of bite forces have been reported on healthy
persons, dental prosthesis wearers, and postoperative bite
forces [23]. The bite forces of healthy persons vary between
127 and 721 N depending on age, sex, and method of
measurement [24]. The differences in the data on bite forces
demonstrate the difficulty in measuring those forces in
vivo. Ellis et al. [25] have found that bite forces in the acute
postoperative period are much lower than bite forces
recorded later in the postoperative period or in the non-
operated population. This observation was echoed by
Harada et al. [26] when assessing orthognathic surgery
candidates preoperatively and postoperatively. Mastication
forces have been shown to decrease dramatically after a
fracture (25–66 N), with the values gradually returning to
normal as healing progresses. These findings were sup-
ported by Tate et al. [27] who found molar bite forces in
patients with angle fractures to be significantly less than
those of controls for several weeks after surgery. Based on
these studies of bite force in postoperative patients, we
made the assumption that meaningful information regarding
mechanical behavior would be obtained within the 200-N
range for incisal loading and within the 100-N range for
molar loading.

As discussed above, stiffness measurements were taken
for all groups after placing an incisal or homolateral load in
an attempt to reproduce vertical and torsional forces.
During incisal loading, there were no statistical differences
among groups. On the other hand, a significant difference
in the results was observed during molar loading, with
groups 1 and 3 being significantly different from the other
groups (p<0.05). In addition, group 1 showed the best
mean value. Similar results were also found by Haug et al.
[10]. For incisal edge loading, only minor differences were
found within categories, and no differences were found
between those groups representing their categories. For
homolateral molar loading, statistically significant differ-
ences existed within and among categories.

From the above-described results, we can make the
assumption that 3D plates can reproduce similar biome-
chanical scores to the traditional plating techniques.
Furthermore, Champy’s investigations with the “ideal lines
of osteosynthesis” in the mandible also apply to these 3D
plates, as seen with group 1.

Our biomechanical study shows that it is reasonable to
use 3D plates for fixation of mandibular angle fractures. In
addition, the use of a square-shaped 2.0 mm 3D plate,
properly contoured as described, seems to have optimal
biomechanical behavior in simulated bending and torsional
forces. These plates are easier to place intraorally than
reconstruction or compressive fixation systems, a feature
that may increase their clinical use in the future. However,
this outcome should be confirmed by further clinical
studies.
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