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ed, although later other changes were made that emphasized 

the incorporation of an osteotomy attached in the inferior as-

pect of the mandible6.

Considering the variety of modifications, there have been 

relatively few researchers who have studied the effects of 

the different osteotomy models in relation to their mechani-

cal and functional stability. Indeed, a large proportion of the 

research has been aimed at studying aspects of the osteosyn-

thesis model used, such as type of plates or bicortical versus 

mixed screws7-9, rather than the type of osteotomy.

This lack of research can be explained by the fact that a 

significant portion of the modifications to the SSRO were in 

response to isolated cases with anatomical variations, thus 

making protocolized study difficult in some cases10.

The chances of achieving adequate osteosynthesis in SSRO 

has been studied elsewhere11 and the impact on surgical 

I. Introduction

The sagittal split ramus osteotomy (SSRO) has been used 

during the last 50 years in orthognathic surgery1. Since the 

initial proposal of the SSRO2, there have been modifications 

for improvement under various biological conditions3-5. The 

osteotomy technique suggested by Epker4 was widely accept-
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Objectives: To evaluate the influence of the type of osteotomy in the inferior aspect of the mandible on the mechanical performance. 
Materials and Methods: The study was performed on 20 polyurethane hemimandibles. A sagittal split ramus osteotomy (SSRO) was designed in 
10 hemimandibles (group 1) with a vertical osteotomy in the buccal side (second molar level) and final osteotomy was performed horizontally on the 
lingual aspect, while the mandible body osteotomy was finalized as a straight osteotomy in the basilar area, perpendicular to the body. For group 2, 
the same osteotomy technique was used, but an oblique osteotomy was done in the basilar aspect of the mandibular body, forming continuity with the 
sagittal cut in the basilar area. Using a surgical guide, osteosynthesis was performed with bicortical screws using an inverted L scheme. In both groups 
vertical compression tests were performed with a linear load of 1 mm/min on the central fossa of the first molar and tests were done with models made 
from photoelastic resin. Data were analyzed using Student’s t-test, establishing a statistical significance when P<0.05. 
Results: A statistical difference was not observed in the maximum displacements obtained in the two osteotomies (P<0.05). In the extensiometric 
analysis, statistically significant differences were identified only in the middle screw of the fixation. The photoelastic resin models showed force dis-
sipation towards the inferior aspect of the mandible in both SSRO models. 
Conclusion: We found that osteotomy of the inferior aspect did not influence the mechanical performance for osteosynthesis with an inverted L sys-
tem.
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was added using a saw specially designed for the purpose and 

is in an oblique direction on the basilar area.(Fig. 2)

The osteotomies were performed on a polyurethane hemi-

mandible, considered the master model, from which 10 repli-

cas were made for each group in order to make a protocol in 

all the samples.

Osteosynthesis for the osteotomy, in both groups, was done 

with three 14 mm bicortical grade V titanium screws of the 

2.0 system (Osteosin; Certivet, São Paulo, Brazil) available 

in inverted L format. Osteosynthesis was done according to 

a surgical guide constructed especially for this investigation 

so there would be no variation in the insertion or angulation 

of the screws. The surgical guide (acrylic device) showed the 

standardized position of the screws with the point to make the 

burr insertion and in all samples the same surgical guide was 

used.

2. Mechanical study design

A metallic iron alloy support was constructed, composed of 

a rectangular base and a vertical horn, giving the mandible ri-

movements has also been explored7-9. Therefore, the aim of 

this investigation was to study the effect of the basilar os-

teotomy on the mechanical performance of the SSRO with 

inverted L screw fixation.

II. Materials and Methods

1. SSRO design and osteosynthesis

Two groups were used in this research. (1) Osteotomy 

group 1: This group underwent osteotomy as proposed by 

Epker4, where a horizontal osteotomy was performed on the 

lingula and then an osteotomy of the anterior sector of the 

mandibular ramus was performed until reaching the lateral 

sector of the second molar, whereupon a vertical osteotomy 

was performed up to the medial sector of the inferior aspect 

of the mandible.(Fig. 1) (2) Osteotomy group 2: This group 

underwent the sagittal split osteotomy, which is different 

from that performed in group 1 in that the surgery incorpo-

rated a modification proposed by Wolford and Davis6. In this 

modification a new osteotomy in the mandibular basilar area 

Fig. 1. Osteotomy design for group 1, 
showing a strength basilar cut (double-
headed arrows).
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Fig. 2. Osteotomy design for group 
2, representing the oblique basilar cut 
(double-headed arrows).
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when P<0.05.

4. Photoelastic analysis

The replica was made in photoelastic resin from the mas-

ter hemimandible in each group. Each hemimandible was 

covered by transparent liquid enamel to eliminate surface 

irregularities. Silicon was installed in each plastic 12×10×5 

cm box (Clássicos Artigos Odontológicos Ltda., São Paulo, 

Brazil) to make the impression of the polyurethane piece. 

The filling was carried out slowly and kept inside the box 

for 24 hours. Araldite resin was used in a mixture of GY-279 

with catalyzed HY-2963 in the polyurethane hemimandible 

mold (Adaltec Produtos Químicos Ltda., Guarulhos, Brazil), 

and held in position for 72 hours as per the manufacturer’s 

instructions.

The screws were installed using the surgical guide, using 

the inverted L formation. At this stage the 2.0 system was 

used with 13 mm screws in the same way as was used in the 

polyurethane mandibles (Osteosin).

The hemimandible (photoelastic resin) was joined by its 

posterior and upper sector to the universal testing machine 

for applying compression force (model 4411; Instron, Can-

ton, MA, USA) along with a camera and a flat polariscope 

(Eikonal Instrumentos Ópticos Comércio e Serviço Ltda., 

São Paulo, Brazil). The force was applied in the central fossa 

of the first molar and used in the same way as the afore-

mentioned technique. After application of the compression 

force, the models that had already been manipulated were 

transferred to a furnace at 55oC where they remained for 5 

minutes to eliminate residual stresses. The photographic re-

cording was done with a Fuji camera model 9000 (Fuji Corp., 

Tokyo, Japan) and the test was recorded on a Sony Handy-

cam (DCR-SR300 6.1 MP; Sony Corp., Tokyo, Japan). The 

stresses caused by the insertion of screws were recorded with 

this methodology, making it possible to compare the results 

with the stresses present after the test. The data analysis was 

descriptive, comparing the location, distribution, and number 

of fringes observed in the different screws and osteotomy 

area.

III. Results

1. Extensiometry analyses

When the two techniques were compared, no statistically 

significant differences were observed (P=0.243) when the fi-

gidity and stabilization at three points in the posterior sector of 

the condylar neck, mandibular ramus, and mandibular angle, 

avoiding the hourly rotation of the system during the load.

For the load test, an EMIC servohydraulic universal test-

ing machine was used, model DL 500 MF (EMIC, Paraná, 

Brazil). The hemimandible was subjected to a constant linear 

force of 1 mm/min in the central fossa region of the first mo-

lar with the application of a progressive load until the final 

load (the load at which the system failed) was obtained and 

displacement of the mandibular system occurred.

3. Extensiometry

The stress measurement was taken through electrical strain 

gauges (PA-06-060BG-350L, Excel Engenharia de Sensores; 

Embu, São Paulo, Brazil) positioned directly on the replica 

of the fixations where each screw used in the osteosynthesis 

received a sensor to capture the stress and deformation of 

each screw. Stress was gauged from reading the elastic de-

formations suffered by the replicas using a computer-assisted 

machine (ASD0500; Lynx Tecnologia Eletrônica Ltda., São 

Paulo, Brazil). To capture the electrical signals, the variation 

caused by alterations in temperature and transduction were 

calculated and processed by the AqDados 7 software (Lynx 

Tecnologia Eletrônica Ltda.).(Fig. 3)

For all the samples, a vertical force of up to 3 mm of dis-

placement was applied, considering a force of 1 mm/min. 

Also studied were the effects on each of the screws, called 

T1, T2, and T3 from upper to lower.

The statistical analysis was developed with the SPSS ver-

sion 11.0 software (SPSS Inc., Chicago, IL, USA) using the 

Student’s t-test, assuming a level of statistical significance 

Fig. 3. Hemimandible from group 1 installed on the platform with 
the extensometers positioned in each one of the screws.
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ers variables14. Some investigations studying SSRO with me-

chanical analysis failed to determine the type of osteotomy, 

thereby limiting its description15. These studies, therefore, 

include a variable that is not controlled and thus, the results 

are not totally comparable.

The mechanical and photoelastic model has been utilized 

by other researchers9,16, who described and qualified photo-

elasticity as a means of analysis that enables the joint visu-

alization of stress in bodies being analyzed, which is very 

useful in the analysis of complex anatomical regions such as 

the mandibular bone. The selected point for applied force (the 

first molar) has been used in other research by Sato et al.8, 

and for improved comparison the first molar was the point 

selected in the current study. Vertical compression is a single 

force direction and is dramatically different from the forces 

in the masticatory function, which are multi directional. 

However, to perform an analysis of the mechanical behavior, 

a single force direction can be used to isolate the variables 

involved in this complex analysis.

An important complement to the results of the photoelas-

ticity test lies in the management of combined extensiometry. 

When forces are applied to stationary objects it is possible to 

observe stress (internal resistance of the object to the move-

ment) and later deformation (displacement generated by the 

stress)17. The extensometer converts the mechanical move-

ment into electrical signals, which are converted into units of 

force by certain software programs.

In this study, the decision to use bicortical screws in the 

osteosynthesis was due to their better mechanical perfor-

mance over miniplates or other systems, as reported in other 

nal compression loads were analyzed, and the displacements 

obtained did not present any significant differences between 

the techniques either (P=0.092). Analysis of the individual 

screws revealed that for T1 and T3 there were no significant 

differences in the resulting stresses (P=0.551 and P=0.245, 

respectively), whereas for T2 there were significant differ-

ences (P<0.05) where the T2 in group 1 endured less stress 

than did the T2 in group 2.

2. Photoelastic analysis

In the osteotomy samples in group 1, the screws that 

showed a higher concentration of isochromatic fringes were 

screws 1 and 3, whereas T2 presented a lower stress level.

(Fig. 4) Similarly, for the study of the samples in group 2, 

screws 1 and 3 presented a greater stress concentration.(Fig. 

5) In general terms, the samples in group 2 exhibited less 

stress than those in group 1 and this finding was confirmed 

when it was observed that the stress dissipation was lower in 

group 2.

IV. Discussion

The modification of any surgical technique must seek to 

optimize it through better clinical results, simplifying the pro-

cedure until the surgical risks are reduced11,12. Clinically, the 

incorporation of the basilar osteotomy into the SSRO may 

facilitate the intraoperative separation of segments, which 

would decrease the risk of incorrect fracture6.

The stability of the osteosynthesis in SSRO depends on 

several factors13; mechanical test have to be isolate of the oth-

Fig. 4. Photoelastic model from group 1 demonstrating homoge-
neity in the load distribution.
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Fig. 5. Photoelastic model from group 2 demonstrating a greater 
number of fringes in the T2 and dispersion of force towards the 
base of the mandible.
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inferior aspect of the mandible due to the decrease in bone 

width24, but this condition could be controlled by means of a 

basilar osteotomy of the mandible6.

In terms of clinical implications, the basilar osteotomy 

was proposed for use clinically because it could diminish 

the stress on the basilar area and avoid the bad split result-

ing from the sagittal osteotomy6, which requires the use of a 

modified saw. However, our results show that no differences 

were observed in the stress distributions in the basilar area 

between the two techniques. The basilar osteotomy, with or 

without degree, shows the same behavior. The screw position 

could be affected by the vertical load but without statistical 

significance; qualitatively, the load distribution was different, 

but showed no quantitative differences.

V. Conclusion

We can conclude that the SSRO does not provide signifi-

cant differences in its mechanical behavior whether the basi-

lar osteotomy is performed or not.
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