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Abstract: The aim of this study was to determine the influence of the design of the sagittal split ramus osteotomy
(SSRO) on the mechanical resistance to vertical forces. An in vitro study was designed for 30 test specimens. Two
osteotomy models were made on two polyurethane hemimandibles, where group | presented a SSRO with an angle
at vestibular level between both molars and group Il presented a linear SSRO towards the basilar border. In both
groups a standard osteosynthesis was performed with a 2.0 system plate and four monocortical screws, establish-
ing sub-groups according to the degree of mandibular advancement: group A without advancement, group B with an
advancement of 3 mm, and group C with advancement of 7 mm. Hemimandibles were subjected to a vertical load
in the Instron machine until reaching peak load with failure, recording the value of the load and displacement. The
data were analyzed with a t-test to establish statistical significance, considering p<0.05. The results showed that
group Il presented the best response to the compressive load, tolerating the highest load values. These results were
observed in almost all the groups with statistically significant differences (p<0.05). By contrast, group | presented
torsional forces prior to reaching system failure. It can be concluded that the osteotomy design influences mechani-
cal resistance and that the linear SSRO offers the best mechanical resistance.
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Introduction

The sagittal split ramus osteotomy (SSRO) is an
established technique in orthognatic surgery.
Since its beginnings, the SSRO has proven ver-
satile, efficient and has solved a variety of con-
ditions associated with skeletal anomalies and
functional alterations [1].

Additionally, osteosynthesis for the SSRO with
plates and screws was a substantial advance in
the stability of the technique [2], increasing the
procedure’s predictability. However, there are
still clinical situations that lead to recurrences
and complications, such as condylar resorption
and segment displacement in the osteotomy
[3-5], which still require attention.

Some modifications to the SSRO have been
made on the basis of anatomical needs or to
improve the results of the procedure [6-8].
However, no adequate mechanical analyses

have been conducted to examine differences
among them. It can be assumed that changes
in the angulation and design of the osteotomy
can lead to changes in the containment of forc-
es generated by chewing or muscle movement,
and thus influence the onset of complications
or post-operative recurrences. Most mechani-
cal analyses have assessed the different types
of osteosynthesis, but not the effect of the
SSRO design on the mechanical response [9,
10].

The aim of this study was to define the differ-
ences in the resistance of vertical loads from
two different types of SSRO on an in vitro model.

Material and methods
Groups

Were used internal rigid fixation with a 2.0
4-hole straight plates with titanium alloy screws


http://www.ijcem.com

SSRO design and mechanical behavior

Figure 1. Osteotomy from group | consisting of angulations in the vestibular area between the two molars.

Figure 2. Linear osteotomy from group Il, avoiding the formation of angles.

(Grade 2 titanium, ASTM F136 - Engimplan®,
Rio Claro SP, Brazil), spaced at 7 mm between
the meddle hole with a 1 mm profile; all the
screws were 5 mm long. For the groups, 30
polyurethane hemimandibles were used
(Nacional Ossos®, Jau- SP - Brazil) and 2 analy-
sis groups were established according to the
osteotomy:

Group 1: An osteotomy was performed from the
5 mm above the lingula, moving the saw down-
wards to 14 mm. Then, sagittal cut was doing it
through the lateral area of the second molar
and between the two molars, the osteotomy
descended perpendicularly to the basilar bor-
der, including the medial area of the mandible
(Figure 1).

Group 2: An osteotomy was performed from the
5 mm above the lingula, moving the saw down-
wards to 14 mm. The movement was then
made sagittally to the distal edge of the second
molar and then descended straight to the ante-
rior area, following the oblique line (lateral to
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the first molar), arriving at the basilar area of
the mandible, with no angles created between
the osteotomies (Figure 2).

For each were do it a master model with the
described osteotomy and from these 15 stan-
dardized models of each were replicated. Then,
each group was subdivided into three (5 sam-
ple units in each sub-group), being differentiat-
ed in the degree of advancement of the
osteotomy:

A: No mandibular advancement

B: Mandibular advancement of 3 mm
C: Mandibular advancement of 7 mm
Osteotomy fixation

The osteosynthesis of the SSRO was performed
with the routine technique and according to the
manufacturer’s instructions. For each of the
sub-groups, a master model was created,
where the osteosynthesis was performed tak-
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Figure 3. Acrylic model used for the standardized in-
stallation of osteosynthesis screws; in this case for
group IB.

Figure 4. Model of vertical force application on the
first mandibular molar.

ing care in the plate position. This was 5 mm
posterior to the mental foramen, coinciding at
one point located 10 mm below the cervical
limit of the lower second premolar and 10 mm
below the cervical limit of the lower first molar
so as to present a standardized location. Then,
an acrylic resin surgical guide was created for
each master model (Dental Vipi Ltda.,
Pirassununga, SP, Brazil), which contained the
points and guides for drilling holes. In this way,
the surgical guide was standardized for each
group and used for the osteosynthesis of the
remaining mandibles in each sub-group (Figure
3).

Application of the test

A metallic iron alloy support was constructed,
composed of a rectangular base and a vertical
horn, giving the mandible rigidity and stabiliza-
tion at three points of the posterior sector of
the condylar neck, mandibular ramus and man-
dibular angle, avoiding the clockwise rotation of
the system during the load.
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The mechanical test was performed in the
Dental Materials Laboratory of the State
University of Campinas using a pressure device
with a rounded working part, applying pressure
to the central fossa of the lower first molar. A
universal test machine was used for the testing
(Instron® CO, Canton, Massachusetts, USA
(mod. 4411)), programmed with a linear dis-
placement speed of 2 mm/min until reaching
peak load and system failure, at which point the
failure value was recorded. The test was
stopped with final loss of resistance (Figure 4).

The statistical analysis was conducted by
establishing the relation between the peak
load values (n) and the average maximum dis-
placement (mm). The values were analyzed
using GraphPad Prism (GraphPad Software,
Inc. 7825 Fay Avenue, Suite 230 La Jolla, CA
92037 USA) via a t-test considering a value of
p<0.05 to obtain statistically significant
relations.

Results

The analysis was conducted without complica-
tions, identifying some differences between
the two groups. The results for the peak load
obtained can be seen in Table 1, while in Table
2 the results of load-associated displacement
can be observed. Consistently, the groups with-
out mandibular advancement tolerated a great-
er peak load compared to the groups with man-
dibular advancement. By contrast, when the
system reached failure, rotation of the dentate
segment was observed in the samples of
groups IA and IB, reaching torsional vectors at
the end of the load stage.

For the statistical analyses, significant differ-
ences were observed between groups | and |l
(p<0.05), indicating group Il had a greater load
resistance. Likewise, the individual analysis of
each sub-group identified significant differenc-
es favorable to group ll, indicating its greater
capacity for tensile strength.

Discussion

The SSRO is an established and versatile tech-
nique in the handling of the facial deformities.
Modifications to the SSRO have been associat-
ed with the aim of decreasing damage to the
inferior alveolar nerve, reducing the risk of
incorrect fractures, decreasing recurrences,
decreasing condylar displacement, and improv-
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Table 1. The peak load (N) tolerated by each
system

Group | Group Il
Sub-group
SD X SD
A 149.30 20.21 188.45 26.90 0.034
B 76.95 21.32 4420 197 0.044
C 5429 5430 5710 575 0.183

Table 2. Displacement generated in the sys-
tems after application of peak load (displace-
ment measurement indicates system failure)

Group | Group Il
Sub-group
SD X SD
A 10.62 1.32 12.62 1.39 0.041
B 748 1.07 1424 164 0.038
C 814 176 14.82 1.75 0.048

ing the conditions of osteosynthesis, among
others [6-8].

Our analysis model studied the maximum force
applied to the model of mandibular advance-
ment with a single plate and four monocortical
screws because it was considered that less
osteosynthesis material can provide more
information about bone support, taking in the
findings from other clinical and mechanical
investigations [11, 12]. In addition, other
authors have indicated that the osteosynthesis
model used in our study is one of the weakest
among all the systems evaluated mechanically
[9, 13], ensuring that the value of the osteoto-
my can be better evaluated.

Given that Throckmorton et al [14] indicated
that in the dental occlusion the posterior forces
have a higher load than the anterior forces and
following the guidelines of Aprino et al [15] on
obtaining maximum loads, the choice was
made to analyze to the point of system failure
in order to identify the vectors associated with
the loss of osteosynthesis.

Osteosynthesis is an important element in the
SSRO; having been analyzed in various studies,
it has been determined that different types of
osteosynthesis (bicortical screws, plates with
monocortical screws or hybrid techniques) are
efficient in the stabilization of the SSRO [10]
and also that metallic and absorbable osteo-
synthesis can be just as efficient in the stability
of the surgery [16]. However, little has been dis-
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cussed regarding the impact of the osteotomy
design on its stability.

In this research, group Il, the linear osteotomy,
presented a better mechanical behavior in
practically all the analyses, probably because
the angles produce greater stress points. This
has been verified in other mechanical studies
associated with dental implants, where the
angles of the implant threads showing the
greatest stress in vertical or oblique loads [17].
The angles present in the proximal segment of
the SSRO may come into contact with the bone
of the distal segment so that stress can pro-
duce less resistance to the system and stimu-
late the torsional forces. The torsional force
observed in group |, greater than in group I,
may be associated with this hypothesis of con-
tact with SSRO angles.

SSRO recurrence has been associated with dif-
ferent factors, such as incorrect condylar posi-
tion during surgery [4], mandibular condylar
resorption [5] and movement in the area of the
osteotomy [3], where the role of osteosynthesis
is an important factor. Nevertheless, with
respect to the last concept, there are no accu-
rate analyses on the role of the osteotomy
design, since the variations have not been ade-
quately analyzed from a mechanical point of
view.

Recently Enami et al [18] indicated adaptive
condylar morphological changes to the SSRO in
subjects undergoing orthognatic surgery due to
dental occlusion and morphology; however,
according to our results, the osteotomy design
and torsional forces may again be a variable
among these alterations in condylar position,
particularly in the initial assessment periods.

Most studies into mechanical stability have
been conducted on angular osteotomies simi-
lar to those in group I, both in finite analysis and
in mechanical models [13], such that it is diffi-
cult to find literature to compare our results;
this is a challenge to be overcome in future
research. The study by Sato et al. [10] has
aspects similar to the osteotomy in group Il of
our study; although limited forces are exerted
on the osteotomy, it is observed that the great-
est concentration of stress is on the screws
and not on the osteotomy, which could favor
the stability of the osteotomy in terms of avoid-
ing torsions and better load bearing.
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Based on this study, we can conclude that the
SSRO design show variations in the force vec-
tor distribution when vertical forces are applied
at the level of the first molar in the same osteo-
synthesis system.
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