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Abstract

Background: The aim of this study was to evaluate the stress occurring in the fixation systems both developed in
various geometric designs for this study and currently used in sagittal split ramus advancement osteotomy using
finite element analysis.

Material and Methods: The finite element model that imitates three-dimensional sagittal split advancement osteot-
omy was fixed in 10 different miniplate fixation methods: one miniplate fixed with four monocortical screws in a
horizontal and oblique pattern; four-hole two miniplates with eight monocortical screws; five-hole miniplate fixed
with four monocortical and one bicortical screws; six-hole straight and curved miniplates fixed with six monocor-
tical screws in different geometric designs. Unilateral masticatory muscle loads that have previously determined
in the literature were applied to the model at the anatomical muscle attachment regions and the data obtained from
finite element analysis and static linear analysis methods were recorded as Von mises, maximum principle and
minimum principle stress values.

Results: It was observed from the results that maximum stress occurred in Group 1, which consisted of double
backward T-shaped miniplate with 6-holes and, minimum stress occured in group 10, which mimiced hybrid sys-
tem with one miniplate and four monocortical and one bicortical screws.

Conclusions: Based on our results, the stress on the miniplates changes according to the geometric designs and
the stress on the miniplate decreases as the numbers of miniplates and bars increase. The hybrid miniplate may
be preferred by the surgeon as it will be exposed to less stress in excessive mandibular advancements by using the
advantages of both the miniplate and the bicortical screw.

Key words: Sagittal split ramus osteotomy, biomechanics, miniplate, finite element analysis, fixation methods.
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Introduction

Bilateral Sagittal Split Ramus Osteotomy (SSRO) is the
most commonly used surgical procedure in orthogna-
thic surgery for correction of mandibular deformities,
as it allows 3D corrections of the mandible (1). Pro-
viding adequate stability after orthognathic surgery
is important to minimize complications and relapse.
Particularly in cases where the mandible is advanced,
segments need more stable fixation systems because the
bone contact between the segments are reduced, the tis-
sues adjacent to the segments are stretched, and tend
to displace the distal segment back toward its original
poisition (2).

Today, the use of rigid internal fixation systems has en-
abled us to obtain more predictable successful results
than wire osteosynthesis systems (3). Considering the
advantages and disadvantages, three basic fixing meth-
ods have been used that have proven their success so
far: bicortical screws, miniplates with monocortical
screws and hybrids methods. Biomechanical studies in-
vestigating the properties of various fixation techniques
in mandibular osteotomies include in-vitro and finite el-
ement analysis studies (4,5). The finite element method
allows the analysis of biomechanical properties of bone
and fixation techniques in various situations and loads.

There are many reports in the literature of in vitro anal-
ysis of osteotomy stabilization using 2.0-mm bicortical
screw fixation in various patterns. Traditionally, the
use of three interpositional bicortical screws placed in
an "inverted-L" pattern has been considered the "gold
standard" for having the best mechanical behavior in
mandibular advancements (6). However, using bicorti-
cal screws method carries a risk of damage to adjacent
anatomical structures such as teeth, nerves or vessels,
due to the need for transcutaneous access.

Another rigid internal fixation method is miniplate fixa-
tion with monocortical screws. The main advantage of
miniplate fixation is that the monocortical screws pass-
es only through the buccal cortex so that does not cause
any nerve damage and there is no need to use a buccal
trocar compared to bicortical screw fixation. Although
miniplate fixation does not provide as rigid biomechani-
cal resistance as bicortical screws, it is one of the best
alternatives for great advanced mandible mobilization
needs. Moreover, it can be applied more than once to
increase the biomechanical resistance against chewing
forces. Considering these advantages, miniplate fixa-
tion has become the most preferred method among sur-
geons (7,8).

Mini-plates are suitable to be modified both in designs
such as straight, curved, Y, Z, Square or L-shaped, and
in different geometrical arrangements such as oblique
or straight, upon use of two parallel mini-plates or hy-
brid forms by placing them on the midline, lower or up-
per edge of the osteotomy line.
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Although clinical evidence indicates that one miniplate
is sufficiently stable in short advancements (9-12), ap-
plication of a single miniplate in large mandibular ad-
vancements (10 mm or more) may be risky due to the
excessive chewing forces to which the segments will
be exposed (8). In such cases, stability can usually be
achieved with an additional bicortical screw or an ad-
ditional miniplate to the posterior segment of the man-
dible (13). The hybrid technique combines both the
advantages of the bicortical screws technique and the
advantages of the miniplates and monocortical screws
technique. Adding an additional bicortical screw/
screws to the miniplate with monocortical screws fixa-
tion increases stability.

Although the sagittal split osteotomy technique has un-
dergone various modifications to date, it is now a rou-
tine standard procedure and its fixation is provided with
rigid internal fixation systems. However, which internal
fixation system provides the best fixation remains un-
clear. In addition, as evaluated in this study, the effect
of the increase in the number of mini-plates, its incli-
nation, and the geometric design of the monocortical
screws used with it on stabilization have not been fully
revealed.

Since controversial results have been obtained as a re-
sult of many biomechanical test studies or finite element
analysis studies on the stability of miniplate fixations
to date (14-16), research continues on whether a special
mini-plate to be produced can provide more stability.
In this presented study, it was aimed to verify the stress
and displacement by finite element analysis (FEA) of
ten different types of rigid internal fixation and to com-
pare the stability and stress of conventional, new de-
signed and custom-mini plate systems. It was tried to
select groups that are considered to be the most stable
by the authorities and whose stability can be increased
by modification. It was also sought to answer the ques-
tion of whether stability is increased when a miniplate
design that mimics the geometric design of the bicorti-
cal screw is used, as bicortical screws are known to be
more rigid.

Material and Methods

This research was conducted through colloboration
between Samsun Ondokuz Mayis University Faculty
of Dentistry and Ay Tasarim Ltd. For this study, com-
puter system was used that had Intel Pentium®D CPU
3,00 GHz processor(2200 Mission College Blvd,Santa
Clara,CA 95054-1549 USA),Windows XP Professional
Version 2002 Service Pack(39900 Corporate Campus
Dr.,Suite 3000 Louisville Kentucky,40223 USA)oper-
ating system software, Rhinoceros 4.0(3670 Woodland
Park Ave,Seattle,Washington, 98103 USA)modelling
softwareand FEM Pro(Algor, Inc.150 Beta Drive Pittsb
urgh,Pennsylvania,15238-2932 USA)analysing sofware.
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- Modelling

This study was carried out by using 3D finite element
model analysis of human mandible. Hemimandible
models were generated by 3D complex processing and
transferred to VRMesh software for 3D mesh model-
ling. In Solidworks, both the cortical mandible layer
and cancellous bone were combined to develop a corti-
cocansellous mandible model. Generated bi-layer solid
models underwent a virtual sagittal split osteotomy
(Obwegeser technique with DalPont and Hunsuck mod-
ifications), which resulted in 2 segments of the man-
dible: proximal and distal. A 10 mm advancement of
SSRO was simulated in a 3D mesh model of mandible
according to the DalPont-Hunsuck modifications.

- CAD Modelling of Hardware

Demo models of screws and miniplates supplied in the
study were scanned in 3D on a macro scale with smart-
optics 3D scanner. Models obtained in the .stl format
were sent to Rhinoceros 4.0(3670 Woodland Park Ave
N,Seattle, WA 98103 USA). In rhino software, the Bool-
ean method was harmonization between the miniplate
and the bone, screws and bone and miniplate. In this
way, the mandible, temporomandibular joint and disc,
miniplates and mono and bicortical screws were moved
to the model to reflect its true morphology. All mono-
cortical screws with a diameter of 2 mm and a length of
5 mm. The bicortical screw for Group 10 is modeled as
12 mm lenght.

Young’s moduli of cortical bone, spongious bone, and
titanium(Ti-6Al1-4V) were 14.8 GPa, 1.85 GPa, and 110
Gpa, respectively. Poisson’s ratio used in the analysis
was 0.3 for bone and 0.33 for titanium alloy (17).

- Creation of Experimental Groups

In this study, 10 group of different miniplate fixation
methods were created for advancement of Sagittal Split
Osteotomy (Fig. 1). All screws to be applied were 2mm
diameter and Smm long monocortical screws. Only
for Group 10, the most distal screw was designed as a
12mm bicortically.

These ten groups were selected from the techniques
previously proven to be highly stable in the literature
and their modifications designed for this study, consid-
ering that these techniques would increase stability.
These modifications were made by:

1. changing the geometric patterns of monocortical
screws, as in bicortical screws (3 screws in T-pattern,
backward T-pattern, vertical form and inverted-L
form)

2. increasing the number of bars (one/two)

3. changing the curve (straight/curved)

4. changing the placement (horizontal/oblique)

5. creating a hybrid technique by adding a bicortical
screw, in order to examine the effects of many param-
eters on stability.
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Fig. 1: The fixation groups created in the study. a) Group 1: One
double backward T-shaped miniplate with 6-holes. b) Group 2:
One double T-shaped miniplate with 6-holes. ¢) Group 3: One four-
hole straight miniplate placed obliquelly. d) Group 4: One six-hole
miniplate with 3 screws in vertical form to each other. ¢) Group 5:
One six-hole straight miniplate formed by combining 2 inverted-L-
shaped plates with a bar. f) Group 6: The same design as Group 5,
with two bars. g) Group 7: The same design as Group 5, with curved
miniplate. h) Group 8: One four-hole straight miniplate placed hori-
zontally. 1) Group 9: Two four-hole miniplate placed horizontally. j)
Group 10: Hybrid miniplate.

Group 1: One six-hole double backward T-shaped mini-
plate-fixed with 6 monocortical screws (Fig. 1).

Group 2: One six-hole double T-shaped miniplate-fixed
with 6 monocortical screws (Fig. 1).

Group 3; One four-hole straight miniplate placed
obliquely-fixed with 4 monocortical screws (Fig. 1).
Group 4: One six-hole miniplate, with 3 holes vertically
in each side unioned with a bar-fixed with 6 monocorti-
cal screws (Fig. 1).

Group 5: One six-hole straight miniplate formed by
combining 2 inverted-L-shaped plates with a bar-fixed
with 6 monocortical screws (Fig. 1).

Group 6: The same design as Group 5, with two bars-
fixed with 6 monocortical screws (Fig. 1).

Group 7: The same design as Group 5, with curved
miniplate-fixed with 6 monocortical screws (Fig. 1).



Med Oral Patol Oral Cir Bucal. 2023 Nov 1;28 (6):¢553-61.

Group 8: One four-hole straight miniplate placed hori-
zontally-fixed with 4 monocortical screws (Fig. 1).
Group 9: Two four-hole miniplate placed horizontally-
fixed with 8 monocortical screws (Fig. 1).

Group 10: Hybrid miniplate (Five-hole obliquely placed
miniplate-fixed with four monocortical screws, and one
bicortical screw on most distally) (Fig. 1).

- Transferring Three-Dimensional Models to Finite Ele-
ment Analysis

After the models were created geometrically with the
VRMesh software, they were transferred to Algor Fem-
pro (Algor Inc., USA) software in .stl format to be ready
for analysis. The material (modulus of elasticity and
Posison ratio) values describing their physical proper-
ties are given to each of the structures that make up the
models (Table 1).

Table 1: Basic physical properties.

Elastic Poisson’s
Modulus ratio
(MPa)
Cortical Bone 13700 0.30
Spongious Bone 1370 0.30
Titanium (plate/screws) 110000 0.33
Dentin 18600 0.31
Disc 44.1 0.40

Pa is the Pascal unit which is the equivalence to Newton/m*

Models made in VR Mesh software were imported into
Algor software as surface data in the form of .stl. In or-
der to be able to analyze in Algor software, the meshing
process was performed in a solid form.

The number of elements and nodes used in the mathemat-
ical models containing the scenarios are given in Table 2.
In the software program, solid body properties were
accepted as linear elastic, homogeneous, and isotropic.
Since the values obtained as a result of FEA were the
results of mathematical calculations without variance,
no statistical analyses could be made.

Evaluation of different fixation tecniques in SSRO using FEA

Table 2: Number of nodes and elements in the experimental groups.

Grup 01 Number of nodes = 186237
Number of elements = 873478
Grup 02 Number of nodes = 182265
Number of elements = 860456
Grup 03 Number of nodes = 164322
Number of elements = 766968
Grup 04 Number of nodes = 181206
Number of elements = 851752
Grup 05 Number of nodes = 191136
Number of elements = 892328
Grup 06 Number of nodes = 195002
Number of elements = 904881
Grup 07 Number of nodes = 181570
Number of elements = 853413
Grup 08 Number of nodes = 168152
Number of elements = 782206
Grup 09 Number of nodes = 216132
Number of elements = 1013319
Grup 10 Number of nodes = 179750
Number of elements = 828853

- Loading and Boundary Conditions

All the models were fixed from the glenoid fossa of
the temporal bone to have 0 degree of freedom (DOF)
motion. In addition, X symmetry is given from the
middle axis of the model, that is, from the medial line.
In addition, the buccal direction was limited in a cer-
tain area in the proximal part to represent the cheek
muscles.

In the light of anatomical data, using the values refer-
enced by many studies in this field, anatomical force
vectors were placed in the regions where the mastica-
tory muscles attach to the mandible in the 3D model,
and the relevant force magnitudes imitating unilateral
biting forces were assigned to these vectors (Fig. 2),
(Table 3).

Table 3: Forces of occlusion exerted by the muscles applied onto the mandible in the finite element analysis.

Applied Forces in Three Dimensions

Muscle Total Force (N)

Fx Fy Fz
Superficial masseter 190.4 79.7 39.4 163.3
Deep masseter 81.6 29.2 44.5 61.8
Medial Pterygoid 174.8 65.2 84.9 138.2
Anterior Temporal 158.0 -6.9 23.5 156.1
Medial Temporal 95.6 47.8 21.2 80.0
Posterior Temporal 75.6 64.6 15.7 35.8
Superior Lateral Pterygoid 28.7 18.5 21.8 2.1
Anterior Belly of Digastric 40.0 37.6 9.7 -9.4
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Fig. 2: Directions of application of muscle forces and boundary conditions. (One arrow: medial pterygoid
muscle, two arrows: masseter muscle, and three arrows: temporal muscle). a) Group 1: One double backward
T-shaped miniplate with 6-holes. b) Group 2: One double T-shaped miniplate with 6-holes. ¢c)Group 3: One four-

hole straight miniplate placed obliquelly. d) Group 4: One

six-hole miniplate with 3 screws in vertical form to

each other. ) Group 5: One six-hole straight miniplate formed by combining 2 inverted-L-shaped plates with
a bar. f) Group 6: The same design as Group 5, with two bars. g) Group 7: The same design as Group 5, with
curved miniplate. h) Group 8: One four-hole straight miniplate placed horizontally. i) Group 9: Two four-hole
miniplate placed horizontally. j) Group 10: Hybrid miniplate.

Results

- Stress Values on Miniplates

At 10mm advancement, the magnitude of the stress on the
plates was found to be significantly different between the
groups. As a result of this finite element study, remark-
ably lower stress values were observed on the hybrid-

miniplate group when compared with the other miniplate
groups. The highest stress among the groups was record-
ed in Group 1 (558.82N/mm?2), where 2 vertical screws
were placed close to the osteotomy line and one screw was
placed away from the osteotomy line, and the lowest stress
value was found in Group 10 (128.27N/mm?2) (Table 4).

Table 4: Maximum and minimum Von Mises stress values created on the miniplates and neck of the screws in different groups.

Groups Miniplates Neck of the Screws
Max. stress (N/mm2) Min. Stress (N/mm?2) Max. Stress (N/mm2) Min. Stress (N/mm?2)

Group 1 558.82 417.04 55.66 38.83
Group 2 359.86 229.24 143.34 27.52
Group 3 416.6 165.22 200.43 80.9
Group 4 385.48 140.82 101.88 24.49
Group 5 454.07 95.28 120.64 20.54
Group 6 322.67 23.68 127.88 25.15
Group 7 313.42 113.99 109.12 27.22
Group 8 404.38 98.54 142.51 47.92
Group 9 223.5 50.85 115.10 27.29
Group 10 128.27 0.02 317.59 13.14
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In all of the miniplates, it was observed that the stress
was concentrated on the bars close to the screws (Fig. 3). '
I

Fig. 4: Stress distribution on the neck region of screws in all groups.
a) Group 1: One double backward T-shaped miniplate with 6-holes.
b) Group 2: One double T-shaped miniplate with 6-holes. ¢) Group
3: One four-hole straight miniplate placed obliquelly. d) Group 4:

Fig. 3: Stress values on miniplates in all groups. a) Group 1: One One six-hole miniplate with 3 screws in vertical form to each other.
double backward T-shaped miniplate with 6-holes. b) Group 2: ¢) Group 5: One six-hole straight miniplate formed by combining 2
One double T-shaped miniplate with 6-holes. ¢) Group 3: One four- inverted-L-shaped plates with a bar. f) Group 6: The same design as
hole straight miniplate placed obliquelly. d) Group 4: One six-hole Group 5, with two bars. g) Group 7: The same design as Group 5,
miniplate with 3 screws in vertical form to each other. ¢) Group 5: with curved miniplate. h) Group 8: One four-hole straight miniplate
One six-hole straight miniplate formed by combining 2 inverted-L- placed horizontally. i) Group 9: Two four-hole miniplate placed hori-
shaped plates with a bar. f) Group 6: The same design as Group 5, zontally. j) Group 10: Hybrid miniplate.

with two bars. g) Group 7: The same design as Group 5, with curved
miniplate. h) Group 8: One four-hole straight miniplate placed hori-
zontally. 1) Group 9: Two four-hole miniplate placed horizontally. j) . .
Group 10: Hybrid miniplate. - Stress Values on Cortical and Spongious Bone
The maximum stress recorded for the bone was observed

in the region close to the screw in all groups. While the

- Stress Values on Neck of Screws lowest stress value on cortical bone was found in Group
Von Mises stresses in the neck regions of the screws that 10 (41.58N/mm?2), the highest stress value on sponigous
fit into the plate threads were examined for each group. bone was also found in the same group (36.70N/mm?2).

It was recorded that the highest stress value on the neck

of screws belonged to the posterior bicortical screw in Discussion

Group 10 (317.59N/mm?2). It was also observed that all SSRO is considered the standard surgery to correct
of the monocortical screws in Group 10 were exposed to mandibular insufficiency (18). The major concern in this
less stress than the screws in the other group. When the osteotomy technique is postoperative relapse, which is
monocortical screws in other groups were evaluated, it unpredictable and has a multifactorial etiology. Some of
was observed that the highest stress value was observed the factors contributing to relapse include inadequate

in Group 3 (200.43N/mm?2), while the stress values ob- fixation periods or method of fixation, magnitude of dis-
served in Group 1 were remarkably low (55.66N/mm?2). tal segment advancement, condylar malposition in the
In general, the highest stress values on the neck of the glenoid fossa, posterior migration in response to soft
screws were found to occur on the screws in the distal tissue and muscle pull, lack of control of the proximal
segment (Fig. 4). segment during surgery.
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Early relapse is usually caused by movement at the os-
teotomy site. Inadequate or improper fixation causes
segmental movement due to altered muscle orientation.
Another factor for early relapse is thought to be the
amount of forward displacement of the distal segment
(19-21). Kobayashi et al. (22) reported that advancement
of greater than 10 mm increase tendency to relapse. If
these two factors occur in the same patient, relapse will
inevitably occur.

Today, miniplates, bicortical screws or a combination
of the two systems(hybrid) have become the most com-
monly used techniques among rigid internal fixation
techniques (23). Each fixation technique has its own
advantages and advocates, and its application mostly
depends on professional experience and preference.
Biomechanical tests and finite element analysis (FEA)
are two main methods that have been frequently used
to define the best fixation system in SSRO. FEA is a
number-based method developed for use in engineer-
ing, and later used in dentistry to solve complex me-
chanical problems, and provides a close approximation
of the in vivo geometry. Model detail verification and
convergence studies are possible if the model is mod-
eled in surface modeling tools (Surface First Approach)
as parametric modeling. Since the model is parametric,
trying multiple surface mesh detail leveling is possible
to reach a convergence point. However, we have used
mesh surface modeling (Mesh First Approach) in this
study to get highly detailed and realistic organic 3d
models that cannot be achieved by parametric surface
modeling. The software we have used can import the
mesh models (.stl files) and perform solid modeling and
analysis. In this way, we gain the advantage of working
on highly realistic 3d models without losing the abil-
ity to find the convergence point. However, since our
models are highly detailed and the number of meshed
nodes is far beyond any possible convergence point, we
assume that we get rid of that disadvantage of the Mesh
First Approach method.

Bicortical screw applications in different configura-
tions were compared in the studies. The configurations
consisted of 1 bicortical screw, 2 bicortical screws in
a vertical pattern, 2 bicortical screws in a linear pat-
tern, 3 bicortical screws in an inverted backward-L pat-
tern, 3 bicortical screws in an inverted-L pattern and
it was concluded that the 3 bicortical screws placed
in inverted-L configuration had the highest stability
(14,17,24,25). Despite the biomechanical benefits, the
use of bicortical screws has serious biological disad-
vantages such as the possibility of condylar torque, risk
of inferior alveolar nerve damage, difficulty in trocar
insertion and the need for extraoral incision, and dif-
ficulty in removing the screws in case of infection or
other complication (25,26). The present study is limited
to miniplate geometric designs and a bicortical screw
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was used only to increase stability. However, the geo-
metric designs of bicortical screws have been tried to
be imitated with monocortical screws on the miniplate.
Another fixation method used after sagittal split ramus
osteotomy is the use of monocortical screws and plates
described by Michelet et al. in 1973 (27). This method
is frequently used in SSRO due to its advantages such as
intraorally placement of mini screws without the need
for a transbuccal approach, less risk of inferior alveo-
lar nerve damage, allowing function in the early post-
operative period, minimal torsion at the condyle, and
removal of the plate and screw under local anesthesia
if necessary. In this present study, it was aimed to com-
pare the popularly used miniplate fixation systems with
the miniplates in different geometric configurations de-
signed for this study.

Recently, many fixation studies have been reported in
the literature comparing the stability of different mini-
plate and bicortical screw in different configurations. As
a result of these studies, no significant differences that
could affect stability were found. However, excessive
mandibular advancements (more than 10 mm) require
more rigid fixation. In this study, which we conducted
to compare the stability of mini-plates of different de-
signs, we also wanted to evaluate whether transferring
the geometric design of the inverted L-shaped fixation
with 3 bicortical screws, which is considered the most
resistant fixation method in the literature, to the mini-
plate will increase the stability. Group 5,6 and 7 repre-
sented this configuration and the maximum von Mises
stress value was found in a six-hole straight miniplate
formed by combining 2 inverted-L-shaped plates with a
bar. However, a significant reduction in stress value was
observed when an additional bar was added to the mini-
plate or when a curved mini-plate was used.

Hybrid technique was described to take advantage of
both the bicortical screw and monocortical screw-plate
systems (28). In addition to a miniplate and four mono-
cortical screws, hybrid fixation with a bicortical screw
placed posterior to the last hole above the upper border
of the inferior alveolar nerve increases stability. Accord-
ing to the results of our study, it was observed that the
amount of stress in the 5-hole miniplate fixation meth-
od, in which the most distal obliquely placed screw was
placed bicortically, was significantly lower compared to
the other methods. This result shows that the addition of
a bicortical screw to the miniplate significantly reduces
stress. When one and two miniplates were compared,
it was observed that the second miniplate significantly
reduced the stress. Additionally, placing the miniplate
obliquely rather than horizontally has been shown to
reduce stress.

It has been reported in the literature that the screw clos-
est to the osteotomy in the proximal segment is exposed
to the highest stress in the system, followed by the
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screw closest to the osteotomy in the distal segment. In
our study, it was observed that stress developed more in
the screws closest to the osteotomy lines in all groups.
This result is compatible with the literature. Moreover,
considering that the stress will be higher in the regions
close to the osteotomy lines, increasing the number of
screws in this direction was not effective in reducing
the stress.

As a result, if a clinical relevance is to be established
with this finite element study, it has been determined
that obliquely located 5-hole miniplate with four mono-
cortical and one bicortical screws is exposed to less
and homogeneous stress against chewing forces, and
the resulting stress is concentrated in and around the
bicortical screw. If a rigid fixation is required, choosing
the last screw as bicortical in miniplates, increasing the
number of bars or increasing the number of miniplates
are alternative options that should be kept in mind.
There are some limitations to this FEA study. The study
was limited to miniplates only and the bicortical screw
was added to only one group with the thought that it
would increase stability. Condylar torque that may oc-
cur after fixation has been disregarded. The models did
not include the soft tissues of the temporomandibular
joint (TMJ) and the condyle is fixed throughout the
simulation. As in other FEA studies, the study was per-
formed only on the mandible, ignoring the biomechani-
cal effect on the maxilla and its soft tissues. We believe
that clinical studies should be conducted to evaluate the
effects of adapting the use of bicortical screws to mini-
plates of different designs on the stress formation on the
TMJ, maxilla and soft tissues.
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