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A B S T R A C T

Purpose: The purpose of the study was to evaluate the stress distribution in various miniplates that were used
in cases that underwent advancement with total mandibular subapical osteotomy (TMSO) using finite ele-
ment analysis (FEA).
Material and method: Cone beam computed tomography (CBCT) images of a patient with appropriate bone
tissues were used as a reference for the modeling of the mandible. In all mandibular models, horizontal
TMSO was performed in a region 5 mm away from the apex of the teeth and vertical TMSO was performed in
the retromolar region, 10 mm posterior to the second molar tooth. After TMSO, the dentoalveolar segment
was advanced 3 mm andminiplates were placed symmetrically at four points for fixation. Four different min-
iplates with 2.0 mm thickness were used. Three different forces were applied to the models. Stress distribu-
tion on the models was evaluated using maximum von Mises stress values.
Results: The maximum von Mises stress occurred in Y + I and Y + L models following the application of 300 N
force from the incisal. An evaluation of posterior unilateral force indicated that the stress was remarkably
high in the models with a posterior I-plate. The stress in the Y + I model was higher under unilateral force
compared to the stress in other models. Under posterior bilateral force, the maximum vonMises stress values
occurred in the I-plates of T + I, Y + I, and L + Imodels (1006, 1012, and 1004 MPa, respectively).
Conclusion:Within the limitations of our study, we found that the ideal stress distribution was in the T + L and
L + L plate combinations in the plates used for fixation after advancement with TMSO.

© 2021 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Lefort 1 and sagittal split osteotomy (SSO) are commonly used in
the treatment of dentofacial deformities [1]. SSO is often adminis-
tered in cases requiring advancement, retrusion, and rotation [1,2]. In
addition to SSO, other techniques such as segmental osteotomies
(anterior segmental subapical osteotomy) and total subapical osteot-
omies can also be indicated in patients [3,4]. Surgical interventions
such as mandibular advancement and set-back surgery, augmenta-
tion, and rotation of the dentoalveolar segment of the mandible can
be performed using segmental or total subapical osteotomies.

Total mandibular subapical osteotomy (TMSO) first was defined
by McIntosch in 1974, for management of anterior open bite and den-
toalveolar retrusion or protrusion with inconsistency between the
chin and the lower lip [5,6]. TMSO was performed in various cases
such as anterior open bite, sagittal split osteotomy relapse, lateral
open bite, class II division I cases with normal chin position,
mandibular height deficiency with normal pogonion point, and class
II division II cases requiring a change in mentolabial sulcus [4,5,7-11].

Although TMSO was described long years ago, there are a limited
number of studies and case reports in the literature investigating the
effectiveness of TMSO. Even though there have been several bio-
mechanical studies evaluating different fixation methods used in
mandibular anterior segmental osteotomy [12,13], to our knowledge,
there is no biomechanical study investigating different fixation meth-
ods used in TMSO. In this study, we evaluated the stress distribution
in various miniplates that were used in cases that underwent
advancement with TMSO using finite element analysis (FEA).
2. Materials and methods

This research was conducted through collaboration between
Istanbul Aydın University Faculty of Dentistry and Ay Tasarim Ltd.

A computer equipped with Intel Xeon � R CPU 3.30 GHz processor,
500 GB Hard disk, 14 GB RAM, and Windows 7 Ultimate Version Ser-
vice Pack 1 operating system, an Activity 880 (Smart optics Sensor-
technik GmbH, Sinterstrasse 8, D-44,795 Bochum, Germany) optical
3D scanner, Rhinoceros 4.0 3D modeling software (3670 Woodland
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Fig. 1. Miniplates. A) T-plate, B) Y-plate, C) L-plate, D) I-plate.

Fig. 2. Experimental mandible models. A) T+Imodel, B) T+Lmodel, C) Y+Imodel, D) Y+L
model, E) L+Imodel, F) L+Lmodel.
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Park Ave N, Seattle, WA 98,103 USA), VRMesh Studio (VirtualGrid Inc,
Bellevue City, WA, USA) and Algor Fempro (ALGOR, Inc. 150 Beta
Drive Pittsburgh, PA 15,238−2932 USA) analysis software was used
to design and homogenize a 3D network structure and to create a 3D
solid model to perform FEA. Models were created geometrically with
VRMesh Studio and then transferred to Algor Fempro software in the
STL file format for analysis.

2.1. Modeling

Cone beam computed tomography (CBCT) images of a patient with
appropriate bone tissues were used as a reference for the modeling of
the mandible. All the images were obtained using a 3 M Iluma CBCT
scanner. The images were transferred to the 3D-doctor software, on
which bone tissues were separated based on their Hounsfield unit
(HU) values using the “Interactive Segmentation” method. Following
the separation process, a 3D model was obtained using the “3D Com-
plex Render” method. Spongious bone was obtained from the bone
tissue using the offset method and force transfer was achieved by per-
forming necessary adjustments. The modeling procedure was com-
pleted by placing all models into the three-dimensional space with
correct coordinates in the Rhinoceros software.

The stresses on the models were reported according to the von
Mises stress values, which are the initial values of deformation
energy indicating the stress distribution in FEA [14]. Material values
(elastic modulus and Poisson’s ratio), which define the physical prop-
erties of the structures in the models, were entered to the software
program (Table 1). 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 mathe-
matical calculations without variance, no statistical analyses could be
made.

2.2. Osteotomy and miniplate fixation

In all mandibular models, horizontal TMSO was performed in a
region 5 mm away from the apex of the teeth and vertical TMSO was
performed in the retromolar region, 10 mm posterior to the second
molar tooth. After TMSO, the dentoalveolar segment was advanced
3 mm and miniplates were placed symmetrically at four points for
fixation.

The insertion points of miniplates were determined as bilateral
canine and first molar area. Four different miniplates with 2.0 mm
thickness were used in the study:

1. T-plate
2. Y-plate
3. L-plate
4. I-plate, (Fig. 1)

Following the insertion of the plates, six study models were cre-
ated, among which T-, Y- and L- plates were used in the anterior and
L- and I-plates were used in the posterior region, as shown below:

1. Bilateral anterior T-plate, posterior I-plate (T+Imodel)
2. Bilateral anterior T-plate, posterior L-plate (T+Lmodel)
Table 1
Material properties.

Elasticity modulus (Mpa) Poisson’s ratio

Dentin 15,000 0.31
Enamel 80,000 0.3
Cortical bone 13,800 0.26
Spongious bone 1345 0.3
Miniplates and screws 110,000 0.35
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3. Bilateral anterior Y-plate, posterior I-plate (Y+Imodel)
4. Bilateral anterior Y-plate, posterior L-plate (Y+Lmodel)
5. Bilateral anterior L-plate, posterior I-plate (L+Imodel)
6. Bilateral anterior L-plate, posterior L-plate (L+Lmodel), (Fig. 2)
7. All the plates were adapted to the models advanced by TMSO (the

plates were bent and then adapted to the model) and then fixed
using 7 mm screws (Fig. 3). All the models were fixed from the
lower margin of the mandible and the condylar region to have 0
degree of freedom (DOF) motion (Fig. 4).

2.3. Force application

Three different forces were applied to the models:

1. 300 N vertical force from the incisal of the mandibular anterior teeth
(150 N on the right first incisor and 150 N on the left first incisor)



Fig. 3. Miniplate screw with 7 mm length.

E. BEDELO �GLU and M. YALÇ IN Journal of Stomatology oral and Maxillofacial Surgery 123 (2022) 203−208
2. 300 N vertical force from the occlusal of the unilateral first molar
3. 300 N force from the occlusal of each bilateral first molar (600 N

force in total), (Fig. 4)

In each model, the stresses occurring on the miniplates after the
application of occlusal forces were evaluated using maximum von
Mises stress values (Fig. 5).
Fig. 4. Boundary conditions and occlusal forces. A) Incisal force, B) Unilateral posterior
occlusal force, C) Bilateral posterior occlusal force.
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3. Results

The results indicated that the maximum von Mises stress
occurred in Y+I and Y+L models following the application of 300 N
force from the incisal, and the stress values for both models were
605 MPa in the right Y-plate and 639 MPa in the left Y-plate. The
lowest stress value in anterior plates occurred in the T+I and T+L
models with a T-plate, and their approximate value was 254 MPa.
The lowest stress in posterior plates was in the Y+L model
(96.50 MPa), (Fig. 6).

An evaluation of posterior unilateral force indicated that the stress
was remarkably high in the models with a posterior I-plate (T+I, Y+I, L
+I models) and was the lowest in the models with a posterior L-plate.
While the stress in anterior Y-plates (Y+I, Y+L models) was the high-
est, the stress in the T- and L-plates was lower. The stress in the Y+I
model was higher under unilateral force compared to the stress in
other models (Fig. 7).

Under posterior bilateral force, the maximum von Mises stress
values occurred in the I-plates of T+I, Y+I, and L+I models (1006, 1012,
and 1004 MPa, respectively). The maximum stress values in anterior
plates occurred in Y+I (550 MPa) and Y+L (587 MPa) models. The
stress values in anterior T- and L-plates are shown in Fig. 8. Among
all models, T+L and L+L had the lowest and most balanced stress dis-
tribution (Fig. 8).

4. Discussion

Finite element stress analysis (FEA) is a numeric method fre-
quently used for biomechanical evaluations in dentistry and maxil-
lofacial surgery and in determining the magnitude and distribution
of stress on miniplates, screws, and reconstruction plates used in
osteosynthesis. To date, numerous fixation methods and materials
used after fracture, orthognathic surgery, and other osteotomies
have been developed [12,13,15-17]. In some studies, FEA has been
used for the evaluation of fixation methods and the stresses occur-
ring after orthognathic surgery and fractures of the mandible (man-
dibular angulus, symphysis, condylar fractures) [16,17]. Among the
FEA studies that evaluated fixation methods after segmental or
total subapical osteotomy, the study by Kilinc et al. simulated a 3-
and 5-mm superior repositioning of mandibular anterior segmental
osteotomy and created three different finite element models corre-
sponding to different fixation techniques for each superior reposi-
tioning [12,13]. In the limited number of clinical studies on TMSO,
researchers used different fixation methods and miniplates but did
not evaluate the fixation methods biomechanically [1,2,4]. On the
other hand, some other studies employed various modifications
and approaches in the application of miniplates in TMSO. Among
these, Konopnicki et al. [1] used bilateral T-plates anteriorly and
applied the I-plate in the posterior molar region. Another
researcher applied horizontal I-plates posteriorly [4]. Cavalcante
et al. [2], on the other hand, applied bilateral L-plates in the ante-
rior region only.

In clinical studies administering TMSO, repositioning procedures
such as advancement, rotation, and augmentation can be applied to
the dentoalveolar segment after different indications, which, as a
result, may require different fixation methods and materials
[1,2,8,10]. In our study, 3-mm advancement was applied with TMSO
and no augmentation or rotation was performed. In each model, four
miniplates were applied, including two miniplates in the anterior
and two miniplates in the posterior region. To facilitate the adapta-
tion of the miniplates to the models after advancement, the mini-
plates were inserted in the models and fixed after bending. We
consider that the fixation methods used in different indications can-
not be evaluated clinically and biomechanically in accordance with
standardization since there have been clinical studies in the literature
that applied TMSO with different indications [1,2,8,10,18]. For



Fig. 5. Anterior (A) and lateral (B) aspect of the experimental model. (C) Stress distribution on the miniplates after the application of occlusal forces.

E. BEDELO �GLU and M. YALÇ IN Journal of Stomatology oral and Maxillofacial Surgery 123 (2022) 203−208
this reason, our study only included TMSO cases that underwent
advancement alone. Future studies evaluating biomechanical fea-
tures of fixation methods applied for other TMSO cases may guide
clinicians.

In our study, the L- or I-plate was preferred for the posterior
region in all models. Under anterior force, the stress in the I-plate
was approximately 30% higher than in the L-plate in all models. In
the stress distribution of T-, Y-, L-plates used in the anterior region,
206
the stress in the Y-plate was approximately twice higher than that of
L- and T-plates. The most balanced and minimum stress distribution
under anterior forces in all models was seen in the T + L model
(Fig. 6).

Under unilateral force, the stress in the Y + I model was higher
than in all other models. In posterior I-plates, the stress was approxi-
mately 20% higher on the side where force was applied and was 40%
high in the non-force side compared to the L-plates. The stress in



Fig. 6. Distribution of von Mises stress after anterior incial force on experimental models (MPa).

Fig. 7. Distribution of von Mises stress after unilateral posterior occlusal force on experimental models (MPa).
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anterior Y-plates, as in anterior bite force, was twice higher than that
of T- and L-plates. The lowest and balanced stress distribution was
seen in T+L and L+L models and the stress distribution in these two
models was similar (Fig. 7).

Under bilateral force, the stress in the I-plates was approximately
30% higher than in the L-plates in all models. In the anterior region,
the stress in Y-plates was about 70% higher than in T- and L-plates
(Fig. 8).

Increased stress in miniplates can lead to stress accumulation
in screws and bone resorption, miniplate fractures, and
207
osteosynthesis failure. Therefore, using plate systems that will
ensure a balanced and minimal stress on the miniplates is clini-
cally important.
5. Conclusion

Within the limitations of our study, we found that the ideal stress
distribution was in the T + L and L + L plate combinations in the plates
used for fixation after advancement with TMSO. In addition, the



Fig. 8. Distribution of von Mises stress after bilateral posterior occlusal force on experimental models (MPa).
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stress values in the Y-plate in the anterior region and in the I-plate in
the posterior region were the highest under all forces.
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