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Analysis of Stress Distribution on
Fixation of Bilateral Sagittal Split Ramus
Osteotomy With Resorbable Plates and

Screws Using the Finite-Element Method
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Purpose: To determine the most appropriate stress distribution in fixation with resorbable screws and
plates after bilateral sagittal split ramus osteotomy using the finite-element method.

Materials and Methods: This experimental study was performed on simulated human mandibles
using computer software. The osteotomy line was applied to the simulated model and experimental loads
of 75, 135, and 600 N were exerted on the model in accordance with the vector of occlusal force. The
distribution pattern of stress was assessed and compared in 8 fixation methods: 1 resorbable screw, 2
resorbable screws in a vertical pattern, 2 resorbable screws in a horizontal pattern, 3 resorbable screws
in an L pattern, 3 resorbable screws in a backward-L pattern, 1 miniplate with 2 screws, 1 miniplate with
4 screws, and 2 parallel miniplates with 4 screws each.

Results: Among the simulated fixations, 2 parallel miniplates showed the greatest primary stability and
the single screw and the 2-hole miniplate showed the least tolerance to posterior forces.

Conclusions: This study showed the 2-miniplate/4-hole plate pattern was the strongest and the
single-screw and 2-hole plate patterns were the weakest of fixations in this bilateral sagittal split ramus
osteotomy model. The finite-element method showed that polymer-based resorbable screws and plates
(polyglycolic acid and D,L-polylactide acid) provide satisfactory primary stability in this model.
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here are 2 methods of fixation for bilateral sagittal
plit ramus osteotomy (BSSRO): wire osteosynthesis
nd internal rigid fixation. The latter is better for
tability.1-5 Fixation can be performed using many

different types of materials such as titanium and re-
sorbable plates. Titanium is the most common mate-
rial used for plates and screws and is the gold standard
for rigid-fixation plates and screws. It is biocompat-
ible, strong, and stiff. However, finding titanium par-
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ticles in tissues and in the pulmonary system and the
need for removal (eg, in children) are of concern.6,7

Greater use of resorbable fixation during the previous
2 decades has been reported.1-5 However, few studies

n bioresorbable fixation methods for BSSRO using
he finite-element method (FEM) have been per-
ormed.

The present study was undertaken to determine
hether bioresorbable fixation methods have enough
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primary stability to be an alternative for titanium. This
study analyzed the biomechanical stress distribution
around screws in 8 different methods of fixation with
resorbable plates and screws in simulated BSSRO us-
ing the FEM.

Materials and Methods

This experimental study was performed on a 3-di-
mensional simulated model of a mandible using
computer software from a computed tomographic
scan of a human mandible. The osteotomy line was
applied on the simulated model according to BSSRO
using a 0.5-mm tolerance space. All models were
then assembled using 8 different methods of resorb-
able fixation.

1. One transverse bicortical screw was placed
through the buccal cortex distal to the osteot-
omy line close to the superior border of the
mandible (Fig 1).

2. Two transverse bicortical screws were placed in
a vertical manner distal to the osteotomy line.
The upper screw was close to the superior bor-
der and the lower screw was close to the infe-
rior border of the mandible; the distance be-
tween screws was 3 cm (Fig 2).

3. Two transverse bicortical screws were placed
in a horizontal manner distal to the osteotomy
line close to the superior border of the man-
dible; the distance between screws was 10
mm (Fig 3).

4. Three transverse bicortical screws were placed
in an L pattern placed distal to the osteotomy
line. The distance between the anterior and pos-

FIGURE 1. One transverse bicortical screw placed in the buccal
cortex distal to the osteotomy line close to the superior border of the
mandible.
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terior screws was 10 mm. The vertical distance
between the superior and inferior screws was
30 mm (Fig 4).

5. Three transverse bicortical screws were placed
in in an inverted-L pattern distal to the osteot-
omy line. The distance between the anterior and
posterior screws was 10 mm. The vertical di-
mension between the superior anterior and in-
ferior screws was 30 mm (Fig 5).

6. One miniplate with 2 monocortical screws was
placed in the middle third of the mandible body
through the buccal cortex (Fig 6).

7. One miniplate with 4 monocortical screws was
placed in the middle third of the mandible body
through the buccal cortex (Fig 7).

FIGURE 2. Two transverse bicortical screws placed in a vertical
manner distal to the osteotomy line.
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FIGURE 3. Two transverse bicortical screws placed in a horizontal
manner distal to the osteotomy line.
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8. Two parallel miniplates were placed: 1 plate
with 4 screws near the superior border and the
other plate with 4 screws near the inferior bor-
der of the mandible (Fig 8).

The length of the bicortical screws was 11 mm and
the diameter was 2 mm. The monocortical screws
that were used with plates measured 6 mm in length
and 2 mm in diameter. The thickness of the plates was
1.3 mm and measured 5 � 25 mm.

The meshing process divided the primary structure
into segments; each point angle of these segments
had a node. By increasing the number of these nodes,
a more realistic model was simulated.

The vector of force was divided among the poste-
rior teeth. The first premolar, second premolar, first
molar, and second molar were placed under force.

FIGURE 4. Three transverse bicortical screws in an L pattern
placed distal to the osteotomy line.
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FIGURE 5. Three transverse bicortical screws in an inverted-L
pattern placed distal to the osteotomy line.
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The models were assessed for nonlinear mechani-
cal analysis with the FEM. Homogeneous and isotro-
pic forces on the mandible and teeth were simulated.

The resorbable plates and screws were fabricated from
polymers (polyglycolic acid and D,L-polylactide acid). Von
Mises stresses on screws (megapascals) were measured.

The Poisson ratios of the model and resorbable plates
and screws were almost the same (0.03), and the as-
signed moduli of elasticity of bone and fixations were
14.8 and 114 MPa, respectively. Cube meshing was
applied for each element (0.9-mm dimension). The
meshing was applied to input data from the computed
tomogram, which included mandibular bone and teeth.

The condylar head was considered a fulcrum and
the linear vertical load, perpendicular to the occlusal
plane, was applied to the middle third of the simu-

FIGURE 6. One miniplate with 2 monocortical screws placed in
the middle third of the mandibular body on the buccal cortex.
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FIGURE 7. One miniplate with 4 monocortical screws placed in
the middle third of the mandibular body on the buccal cortex.
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SARKARAT ET AL 1437
lated crowns of posterior teeth. The magnitudes of
load were set at 75, 135, and 600 N. The stress
distribution at fixation points was assessed by com-
puter software. A 3-dimensional model was produced
using Catia 7 (Dassault Systemes, Vélizy-Villacoublay,
France) and the stress analysis of models was evalu-
ated using ANSYS 10 (ANSYS, Canonsburg, PA).

Results

The 8 simulated models were divided into 3 groups
based on the vertical loads. A color scale with 9 stress
values presented the stress distribution on the fixa-
tion points. Table 1 presents the stress distribution of
each group. If the stress exceeded the modulus of
elasticity of bone, the structure was distorted. The
single plate with 2 screws showed the greatest stress
at 600 N, whereas the 2 parallel miniplates with 4
screws per plate showed the lowest (Fig 1).

Discussion

Many engineering studies have investigated internal
fixation methods, but few have considered clinical
factors (ie, 3-dimensional model and masticatory
forces after surgery).1 Assessment of stress distribu-
ion in 3-dimensional models is an advantage of the
EM.1 The FEM is a computerized numerical analysis
echnique that can be used to determine the stress
istribution of fixations.1 The FEM is a mathematical
odel that simplifies a complex structure to a simple

inear shape. The calculation of the mechanical be-
avior of these simplified structures and the interac-
ion of these structures can be analyzed with the FEM.

FIGURE 8. Two parallel miniplates: 1 plate with 4 screws placed
on the superior border and the other plate with 4 screws placed on
the inferior border of the mandible.
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hese models are nearly realistic; however, these
odels always differ from reality because of biotypes
uch as dissimilarity between genders, race, bone
uality, etc. The accuracy of results depends on the
etails of the network on the models.1,3,5 The present

study used models consisting of 343,600 nodes and
236,800 elements. The stress distribution around the
resorbable fixations was assessed using simulated
masticatory forces after BSSRO was performed. The
masticatory forces used in this study were based on
previous research. Gerlach et al8 in 2002 showed that
masticatory forces 1 week and 6 weeks after surgery
were 69.91 and 130.43 N, respectively. The fixation
methods in the present study showed tolerable stress
around the screws. The single screw was the weakest.
Two bicortical fixation screws exert forces between
the proximal and distal segments; as a result, this
phenomenon adds a frictional resistance along the
contact surface of segments greater than 2 extra fix-
ation points on a plate with a monocortical 4-screw
configuration. The values show that the single screw
and 2-hole plate pattern are more susceptible to fail-
ure; nevertheless, in vivo fixation failure may be in-
fluenced by patient factors (muscular strength, diet,
etc) and the surgical procedure (adaptation of seg-
ments, etc). The reason for choosing resorbable
plates and screws for the present study was to deter-
mine whether they could tolerate these forces (be-
cause they are less rigid). A clinical study by Rasse et
al9 showed that at 12 months the resorbable fixations
degraded, with no foreign body reaction and no re-
sorption of underlying bone. Cilasun et al10 in 2006
reported no significant differences in stability be-
tween bones fixed with titanium and those fixed with
resorbable screws. Cox et al3 studied a computer
analysis on resorbable fixation and concluded that
resorbable polymer-based plates and screws are of
adequate strength and stiffness to fixate mandibular
angle fractures. However, they did not compare dif-

TABLE 1. STRESS VALUE ON RESORBABLE FIXATION
WITH VERTICAL LOADS OF 75, 135, AND 600 N

Model Stress on Screw (MPa)

1 screw 2.249 4.008 16.978
2 screws in vertical

pattern 0.386 0. 689 3.064
2 screws in horizontal

pattern 0.758 1.352 5.002
3 screws in L pattern 0.247 0.441 1.963
3 screws in backward-L

pattern 0. 330 0.589 2.620
1 plate with 2 screws 2. 235 3.983 17.699
1 plate with 4 screws 0.724 1.290 5.734
2 parallel miniplates with

4 screws each 0.156 0.279 1.241
Sarkarat et al. Stress Distribution by Finite Element Method.
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1438 STRESS DISTRIBUTION BY FINITE ELEMENT METHOD
ferent patterns of fixation. Ferretti and Reyneke11

showed that resorbable fixation of a BSSRO is a viable
alternative to titanium screws for the fixation of ad-
vancement BSSRO.

ELASTIC PROPERTIES AND YOUNG MODULUS
FOR TITANIUM

To describe the elastic properties of linear objects
such as wires, rods, or columns that are stretched or
compressed, a convenient parameter is the ratio of
stress to strain, a parameter known as the Young
modulus or modulus of elasticity of the material. The

oung modulus can be used to predict the elongation
r compression of an object as long as the stress is less
han the yield strength of the material.

Strain
Strain can be expressed as dL/L, where dL repre-

ents elongation or compression (offset) of the object
n meters or inches and L represents the length of the
bject in meters or inches.

Stress
Stress can be expressed as F/A, where F represents

orce in newtons or pounds and A represents the area
f the object in square meters or square inches.

Young Modulus (Tensile Modulus)
The Young modulus, or tensile modulus, can be

xpressed as E � stress/strain � (F/A)/(dL/L), where
represents the Young modulus (newtons per meter

quared or pounds per square inch).

Elasticity
Elasticity is the property of an object or material

hat will restore it to its original shape after distortion.
spring is an example of an elastic object—when

tretched, it exerts a restoring force that tends to
ring it back to its original length.
The typical mechanical properties for polylactide

nclude a modulus of elasticity of 3,250 MPa and a
tress at break of 57 MPa, whereas the modulus of
lasticity of titanium is 110,316 MPa (16 � 106 psi). In
ther words, polylactide is 34 times more deformable
han titanium. Use of bioresorbable plates has been
uggested to eliminate potential postoperative hard-
are complications. All combinations of titanium and

esorbable plates may be sufficient to overcome the
isplacing forces produced by the masseter and may
e used for internal fixation of some fractures in the

dult.12,13 Biological materials have dynamic behav-
ior; they may have isotropic properties in 1 direction
and heterogeneous properties in another direction.
These are the constitutional limitations of the FEM.12

This study showed the 2 miniplate/4-hole plate
pattern was the strongest and that the single screw
and 2-hole plate pattern constituted the weakest
methods of fixations in this BSSRO model. Polymer-
based resorbable screws and plates (polyglycolic acid
and D,L-polylactide acid) provided satisfactory primary
tability.
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