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Abstract
Background: Mandibular Sagittal Split Osteotomy (MSSO) is a popular technique in orthognathic surgery used 
both to advance and to retreat the mandible. However, MSSO may incur in important complications, such as bad 
splits and sensorineural injuries.  Knowing the location of the fusion between the buccal and lingual cortical 
(FBLC) in the mandibular ramus and the bone thickness in the region where osteotomies will be performed is de-
terminant in MSSO planning to avoid complications. The aim of this study was to document and evaluate possible 
differences between sexes regarding the location of the FBLC in relation to the superior cortical of mandibular 
foramen (MF) and bone thickness in the region of interest for MSSO in a Brazilian population.  
Material and Methods: Eighty five cone-beam Computed Tomography (CBCT) scans were used to perform linear 
measurements to determine the location of the FBLC. Bone thickness from the mandibular canal (MC) to the 
cortical external surfaces and the diameter of the MC were measured at three different points: mandibular ramus 
(A), mandibular angle (B) and mesial of the second molar (C). 
Results: The FBLC was located at a mean distance of 8.3 mm from the superior cortical of the MF in males and 8.1 
mm in females. There was no difference between males and females regarding the mean bone thickness from the 
MC to the buccal external surface at all the points investigated (p>0.05). Bone thickness from the lingual external 
surface to the MC was bigger among females than males in regions B and C (p < 0.05). The diameter of the MC 
was bigger among males in regions B and C. 
Conclusions: Sexual dimorphism regarding mandibular bone thickness but not regarding the location of FBLC 
was present. This fundamental knowledge may assist to the panning of MSSO.

Key words: Cone-Beam Computed Tomography, mandibular nerve, orthognathic surgery, sagittal split ramus 
osteotomy.
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Introduction
Mandibular sagittal split osteotomy (MSSO) is one of 
the most common surgical procedures used in orthog-
nathic surgery to correct dentofacial skeletal abnormali-
ties. MSSO main indications are related to mandibular 
retrognathism, prognathism and asymmetry (1). It was 
first described by Trauner and Obwegeser in 1957 and 
since then several modifications were purposed focused 
on decreasing relapse, improving healing and decreas-
ing complications (2). Patients treated with MSSO 
report a significant improvement in oral and general 
health related quality of life and psychological function 
(3). Nevertheless, MSSO can incur in important com-
plications, such as unfavorable fractures (bad splits), 
permanent sensorineural disturbances and postopera-
tive infections (4).   
Since the osteotomy is performed in the vicinity of the 
inferior alveolar nerve (IAN), the sensorineural inju-
ries are the most common complications (5). The main 
symptoms of these injures are neurosensory distur-
bances in the lower lip, gingiva, and chin region, which 
occur in 20–98% of cases immediately after surgery 
and in 0–82% of cases during a monitoring period of 6 
months to 1 year (6,7).
The occurrence of bad split also represents an impor-
tant complication and has a reported incidence between 
0.5 and 14.6% per MSSO (4). Eventually, bad splits may 
lead to infections; kidnappings of bone fragments; re-
tardation of bone healing; nonunion, postoperative in-
stability; and dysfunction in the temporomandibular 
joint. Such complications can also negatively affect the 
recovery and daily life of patients submitted to orthog-
nathic surgery (8-10). 
The presence and positioning of mandibular third mo-
lars, surgeon inexperience, osteotomy design and man-
dibular morphology have been pointed as risk factors 
related to bad splits (4). There is a great concern in the 
literature about the fusion of the buccal and lingual man-
dibular cortical above the mandibular foramen (MF), 
since bad splits supposedly occur when an osteotomy is 
performed above or just at this point, at which there is 
no medullary bone (11-13). Previous investigations have 
suggested that lesions on the IAN are also more likely 
to occur in patients who present a thin medullary bone 
between the mandibular canal (MC) and the external 
mandibular cortical (14,15). It seems to be clear that the 
positioning and depth of the sagittal and vertical cuts 
during the MSSO should be decided based on the bone 
thickness and mandibular morphology (16). 
Hence, the aim of this study is to verify the location 
of the FBLC regarding the MF, the bone thickness in 
the region of interest for MSSO and to evaluate possible 
differences between sexes with cone beam computed 
tomography (CBCT) in a Brazilian population.
 

Material and Methods
This research was approved by the Ethics Committee 
on Human Research. This study was carried in 2011 and 
2012. CBCT scans performed from 2009 to 2012 with 
voxel size of 0.3 mm and with acquisition protocol in-
volving the mandible were selected from the archives of 
the Radiology Department at the Bauru Dental School, 
Brazil. Men and women who presented facial symmetry 
were included. Edentulous patients, patients with sec-
ond molars absence and those with mandibular internal 
fixation accessories, impacted teeth, anomalies, or neo-
plasms that might influence the shape of the mandible 
were excluded from the sample. All images were ob-
tained with the i-CAT Classic (Imaging Science Inter-
national, Hatfield, Pennsylvania, USA).
Clinical data (age, sex and presence of facial symmetry) 
were obtained from the patients records.
- Image Analysis
Panoramic and parasagittal reconstructions of CBCT 
exams were analyzed using i-CAT Vision software to 
identify the FBLC in the mandibular ramus. Orienta-
tion in all three planes of space was carried out before 
the measurement. The linear measures of the distance 
of the FBLC from the superior cortical of the MF and of 
the bone thickness between the MC and the mandibular 
cortical were performed with the tool “distance”.
For the linear measurement of the distance between the 
MC and the mandibular cortical, 3 specific regions were 
predetermined based on the region of interest to MSSO: 
A)  the mandibular nerve entrance in the foramen (de-
termined by the first view in which the foramen is de-
tected in parasagittal reconstructions), B) the region of 
transition between the ramus and the mandibular body 
(obtained through a straight line that crosses the MC by 
tapping the most anterior mandibular ramus), and C) the 
mesial of the second molar (Figs. 1-3). The largest diam-
eter of the MC was also measured in these 3 regions.
The level of agreement was calculated by k-statistics. 
To obtain an adequate level of intra-observer agreement 
30 images were measured twice with an interval of 30 
days. 
Statistica for Windows® software (5.1, StatSoft, Tulsa, 
Oklahoma, USA) was used to analyze the collected data, 
and the accepted statistical significance was p < 0.05. 
First, Shapiro-Wilk test of normality was performed. 
Following this procedure, to compare the measurements 
obtained in the right and left hemi-mandibles and the 
measurements between sexes Student’s T-test was used 
for parametric data and Mann-Whitney U test was used 
for non-parametric data. Continuous data were presented 
as minimum, maximum and mean ± standard deviation.

Results
The kappa of intra-observer agreement was 0.87. Eighty 
five CBCT exams from patients ranging from 15 to 53 
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years old were evaluated (53 female/32 male), with a 
mean age of 24.98 years (± 7.95). Among the 170 he-
mi-mandibles, there were no diffe-rences between the 
measures in the right and left side (p>0.05); hence the 
data from both sides have been presented together. The  
FBLC was located at an average distance of 8.3 mm ± 
2.8 for males and 8.1 mm ± 3.0 for females above the su-
perior cortical of the MF, and no significant difference 
between sexes was observed (p = 0.885). 
The average bone thickness from the buccal cortical to 
the MC in males was 2.8 mm in Region A, 4.0 mm in 
Region B, and 4.9 mm in Region C. Among females, 
it was 2.9 mm in Region A, 3.8 mm in Region B, and 
4.6 mm in Region C, with no significant statistical dif-
ference between them. The bone thickness between the 
MC and lingual cortical was smaller in males than in fe-
males in the Regions B (p = 0.006) and C (p = 0.001). 
Regarding the diameter of the MC, no difference be-
tween males and females was observed in Region A (p 
= 0.123). However, males presented a bigger MC diam-
eter than females in Regions B (males 3.9 mm; females 
3.5 mm; p = 0.005) and C (males 3.0 mm; females 2.7 
mm; p = 0.043). The bone thickness between the supe-
rior cortical and the MC was higher in males than in 
females (17.2 mm and 16.2 mm, respectively; p = 0.019) 
in Region C, and there was no difference in Region B 
(p = 0.403).
The bone thickness from the mandibular inferior corti-
cal to the MC was significantly higher in males region 
C (males 7.4 mm; females 6.5 mm; p = 0.021). The ave-
rage minimum and maximum measurements and stan-
dard deviation among males and females are presented 
in Table 1. 

Discussion
Patients with dentofacial deformities have been bene-
fited from the technical improvements in MSSO with 
regard to addressing their aesthetic–functional, psycho-
logical, and social issues (17-19). Nevertheless, there 
are important complications that can compromise the 
success of this surgical procedure, such as injury to the 
IAN and the occurrence of bad splits (20-22). The posi-
tioning of the medial horizontal osteotomy at the point 
of the FBLC of the mandibular ramus or higher to this 
point has been pointed to contribute to the occurrence 
of unexpected fractures (11). Hence, the knowledge of 
the FBLC location is important during surgical plan-
ning to choose the safest surgical site for osteotomy and 
the best technique. 
In this study, the FBLC was located at a mean height 
of 8.3 mm in males and 8.1 mm in females to the MF, 
with no significant difference between sexes. Thus, it 
is interesting that surgeons avoid performing an inter-
nal horizontal mandibular ramus osteotomy at a point 
above 7 mm from the MF, avoiding a region that could 

Fig. 1. A- line delimiting the upper portion of the MC; B- distance of 
the fusion of the buccal and lingual cortical from MC; C- MC diam-
eter; D- distance from the cortical bone to the MC. 

Fig. 3. A- distance of the alveolar crest to the MC; B- distance from 
MC to the buccal bone cortical; C- distance from the base jaw to the 
MC; D- distance to the lingual cortical MC; E- MC diameter.

Fig. 2. A- distance of the alveolar crest to the MC in the transition 
region of the body and branch; B- distance from MC to the buccal 
bone cortical; C- distance from the base jaw to the MC; D- distance 
to the lingual cortical MC; E- MC diameter.
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considerably increase the incidence of unfavorable frac-
tures. An investigation of retrognathic and prognathic 
patients performed by Noleto et al. (13) reported that 
the point of the FBLC was located at 8.95 mm above 
the lingula for patients with prognathism and 9.41 mm 
for those with retrognathia. Nevertheless, the authors 
did not present any data regarding the comparison of 
the measurements in terms of sex (13). In our study the 
superior cortical of the MF and not the lingula was used 
as landmark for the measurements what can difficult the 
comparison between both studies. 
Previous investigations have proposed that the vertical 
anterior osteotomy is to be performed along the crest 
of the external oblique line, more precisely between 
the first and second molars, where presumably, there is 
a higher buccal bone thickness and a lower chance of 
IAN injury and badsplits (16,23,24). Our data support 
this statement, since the biggest distance between the 
MC and the buccal cortical was observed in this region. 
The mean bone thickness among the MC and the buc-
cal cortical in this region was 4.9 mm in males and 4.6 
mm in females, with no significant difference. Aarabi 
et al. (25) reported that patients with thinner bucco-
lingual distance in the ramus and shorter ramus were 
more likely to present bad splits in the lingual side of 
the distal segment during MSSO. A shorter ramus pro-
bably presents a smaller distance of the FBLC from the 
MF that should be considered during MSSO planning.  
Patients that presented a thinner buccolingual distance 
in the retromolar area also presented an increased risk 

for unfavorable fractures in the buccal or lingual side of 
the distal or proximal segments (25). The authors sug-
gest that the surgical access may be more difficult in 
smaller mandibles. Furthermore, the smaller amount of 
bone may contribute to mandible brittleness towards the 
forces applied during osteotomy (25).
Regarding the vertical dimension of the posterior region 
of the mandible, our data showed a significant difference 
in bone thickness between the mandibular inferior and 
superior cortical to the MC in males and females in Re-
gion C, showing that female mandibles have a small ver-
tical diameter than males in this region of interest for the 
MSSO. In Region C, the thickness between the mandibu-
lar inferior cortical and the MC mean was 7.4 mm among 
males and 6.5 mm among females, a lower measurement 
than that reported by Yu et al. (16), who observed a mean 
of 7.8 mm ± 1.59 among males and 7.3 mm ± 1.78 among 
females, with no significant difference between sexes. 
Witherow et al. (26), in a study with panoramic radio-
graphs, reported that patients who presented smaller 
height of the mandible (less than 2 cm) in the retromolar 
region and a smaller distance between de apex of the last 
molar tooth and the inferior cortical of the mandible (less 
than 0.6 mm) were more likely to present postoperative 
fractures of the lingual plate. This information should be 
considered wile planning the surgery (26). 
Regarding the bone thickness between the MC and the 
lingual cortical, the mean was about 2 mm for the re-
gions investigated. These results are close to the find-
ings of De Oliveira et al. (27) in a Brazilian popula-

            Males Females p

Region Mean Min Max SD Mean Min Max SD

MC- Buccal 
Cortical

A 2.8 0.8 5.7 1.1 2.9 0.8 5.4 1.0 0.3672

B 4.0 1.5 8.1 1.6 3.8 1.5 8.4 1.4 0.5762

C 4.9 1.5 9.0 1.6 4.6 2.0 8.4 1.3 0.1831

MC- Lingual 
Cortical

B 1.8 0.7 4.5 0.8 2.2 0.6 7.5 1.1 0.0062

C 1.7 0.6 4.8 0.8 2.2 0.6 6.3 1.3 0.0012

MC- Inferior 
Cortical

B 8.9 4.0 16.0 2.7 8.0 3.3 15.6 2.5 0.0532

C 7.4 3.9 15.6 2.4 6.5 3.2 11.3 1.5 0.0212

MC-superior 
Cortical

B 16.9 6.6 25 3.3 16.5 8.4 25.2 3.3 0.4031

C 17.2 4.1 26.8 3.6 16.2 8.4 23.2 2.6 0.0191

MC Diameter
A 2.8 1.6 4.5 0.6 2.6 1.2 4.8 0.6 0.1231

B 3.9 1.7 6.6 1.5 3.5 1.5 11.3 1.5 0.0052

C 3.0 1.6 5.4 0.8 2.7 1.2 5.5 0.8 0.0432

Table 1. Average measurements, minimum, maximum and standard deviation among males and females in millimeters. 1 Student’s t-test; 2 
Mann-Whitney U test; bold values: p<0.05).

Min: minimum; Max: maximum; SD: standard  deviation; 1-t-test; 2-Mann-Whitney test



Med Oral Patol Oral Cir Bucal. 2017 Jul 1;22 (4):e500-5.                                            Location of the fusion between the buccal and lingual cortical in the mandibular ramus

e504

tion using helical computed-tomography images. The 
authors reported that in the posterior region, the MC 
was located near the lingual cortical, with an average 
distance close to the distance observed our investiga-
tion (ranging from 3.80 mm ± 0.82 and 2.10 mm ± 0.62), 
with its position gradually approaching the buccal corti-
cal during its course to the anterior region (27). 
We observed a significantly smaller bone thickness 
between the MC and the lingual cortical in regions B 
and C in males when compared to females. These data 
corroborate the findings of Sekerci and Sahman (28) 
however; their measurements had been performed at 
different points in the region of interest for the MSSO. 
It is important to consider that in patients with thinner 
lingual plate the use of plates and monocortical screws 
should be preferred for fixation, since they avoid the 
transmission of forces to the lingual plate and may re-
duce de risk of postoperative fractures (26).  
In this study, the MC presented a variable diameter that 
increased in Region B and decreased again in Region C 
(close to diameter of Region A). In Region C, the mean 
diameter of the MC was 3.0 mm among males and 2.7 
mm among females, which is in agreement with the 
findings of De Oliveira-Santos et al. (29), since the re-
sults of the MC diameter ranged between 2.1 and 4 mm 
in 74% of their research sample. 
This research represents a sample of the Brazilian popu-
lation, which could be the reason for any discrepancies 
when compared to studies from other countries. In addi-
tion, our sample consists of normal patients, which lead 
us to question whether there would be considerable ana-
tomical differences between these patients and patients 
with maxillofacial discrepancies. Thus, future studies 
with other populations and patients with clear indications 
for MSSO should be encouraged to add evidence to con-
tribute to the prevention of complications of MSSO.
In conclusion, the distance of the FBLC from the MF 
in the ramus was not influenced by sex and presented 
a mean length of 8.3 mm for males and 8.1 mm for fe-
males. The mean bone thickness and diameter of the 
MC showed significant sexual dimorphism that should 
be considered during MSSO planning. Finally, CBCT is 
an important resource in the surgical planning of MSSO 
and should guide an individualized treatment plan for 
each patient. 

References
1. Patel PK, Novia MV. The surgical tools: the LeFort I, bilateral 
sagittal split osteotomy of the mandible, and the osseous genioplasty. 
Clin Plast Surg. 2007;34:447-75.
2. Monson LA. Bilateral sagittal split osteotomy. Semin Plast Surg. 
2013;27:145-8.
3. Motegi E, Hatch JP, Rugh JD, Yamaguchi H. Health-related qual-
ity of life and psychosocial function 5 years after orthognathic sur-
gery. Am J Orthod Dentofacial Orthop. 2003;124:138-43. 
4. Verweij JP, Houppermans PN, Gooris P, Mensink G, van 
Merkesteyn JP. Risk factors for common complications associated 

with bilateral sagittal split osteotomy: A literature review and meta-
analysis. J Craniomaxillofac Surg. 2016;44:1170-80.
5. Patel PK, Morris DE, Gassman A. Complications of orthognathic 
surgery. J Craniofac Surg. 2007;18:975-85;Quiz 986-8.
6. Poort LJ, van Neck JW, van der Wal KG. Sensory testing of infe-
rior alveolar nerve injuries: a review of methods used in prospective 
studies. J Oral Maxillofac Surg. 2009;67:292-300.
7. Agbaje JO, Salem AS, Lambrichts I, Jacobs R, Politis C. System-
atic review of the incidence of inferior alveolar nerve injury in bi-
lateral sagittal split osteotomy and the assessment of neurosensory 
disturbances. Int J Oral Maxillofac Surg. 2015;44:447-51.
8. Chrcanovic BR, Freire-Maia B. Risk factors and prevention of 
bad splits during sagittal split osteotomy. Oral Maxillofac Surg. 
2012;16:19-27.
9. Guernsey LH, DeChamplain RW. Sequelae and complications of 
the intraoral sagittal osteotomy in the mandibular rami. Oral Surg 
Oral Med Oral Pathol. 1971;32:176-92.
10. Panula K, Finne K, Oikarinen K. Incidence of complications and 
problems related to orthognathic surgery: a review of 655 patients. J 
Oral Maxillofac Surg. 2001;59:1128-36; discussion 1137.
11. Tom WK, Martone CH, Mintz SM. A study of mandibular ramus 
anatomy and its significance to sagittal split osteotomy. Int J Oral 
Maxillofac Surg. 1997;26:176-8.
12. Wolford LM, Bennett MA, Rafferty CG. Modification of the 
mandibular ramus sagittal split osteotomy. Oral Surg Oral Med Oral 
Pathol. 1987;64:146-55.
13. Noleto JW, Marchiori E, Da Silveira HM. Evaluation of mandibu-
lar ramus morphology using computed tomography in patients with 
mandibular prognathism and retrognathia: relevance to the sagittal 
split ramus osteotomy. J Oral Maxillofac Surg. 2010;68:1788-94.
14. Yamamoto R, Nakamura A, Ohno K, Michi KI. Relationship of 
the mandibular canal to the lateral cortex of the mandibular ramus as 
a factor in the development of neurosensory disturbance after bilat-
eral sagittal split osteotomy. J Oral Maxillofac Surg. 2002;60:490-5.
15. Tamas F. Position of the mandibular canal. Int J Oral Maxillofac 
Surg. 1987;16:65-9.
16. Yu IH, Wong YK. Evaluation of mandibular anatomy related to 
sagittal split ramus osteotomy using 3-dimensional computed to-
mography scan images. Int J Oral Maxillofac Surg. 2008;37:521-8.
17. de Miranda SL, Abrahao M. Intraoral vertical ramus osteotomy 
endoscopic surgery. J Oral Maxillofac Surg. 2007; 65: 805-8.
18. Rustemeyer J, Gregersen J. Quality of Life in orthognathic sur-
gery patients: post-surgical improvements in aesthetics and self-con-
fidence. J Craniomaxillofac Surg. 2012;40:400-4.
19. Corso PF, de Oliveira FA, da Costa DJ, Kluppel LE, Rebellato NL, 
Scariot R. Evaluation of the impact of orthognathic surgery on qual-
ity of life. Braz Oral Res. 2016;30. pii: S1806-83242016000100205.
20. Aizenbud D, Ciceu C, Hazan-Molina H, Abu-El-Naaj I. Relation-
ship between inferior alveolar nerve imaging and neurosensory im-
pairment following bilateral sagittal split osteotomy in skeletal Class 
III cases with mandibular prognathism. Int J Oral Maxillofac Surg. 
2012;41:461-8.
21. Mensink G, Verweij JP, Frank MD, Eelco Bergsma J, Richard van 
Merkesteyn JP. Bad split during bilateral sagittal split osteotomy of 
the mandible with separators: a retrospective study of 427 patients. 
Br J Oral Maxillofac Surg. 2013;51:525-9.
22. Fuhrer-Valdivia A, Noguera-Pantoja A, Ramirez-Lobos V, Sole-
Ventura P. Low-level laser effect in patients with neurosensory im-
pairment of mandibular nerve after sagittal split ramus osteotomy. 
Randomized clinical trial, controlled by placebo. Med Oral Patol 
Oral Cir Bucal. 2014;19:e327-34.
23. Tsuji Y, Muto T, Kawakami J, Takeda S. Computed tomographic 
analysis of the position and course of the mandibular canal: rel-
evance to the sagittal split ramus osteotomy. Int J Oral Maxillofac 
Surg. 2005;34:243-6.
24. Cillo JE, Stella JP. Selection of sagittal split ramus osteotomy 
technique based on skeletal anatomy and planned distal segment 
movement: current therapy. J Oral Maxillofac Surg. 2005;63:109-14.
25. Aarabi M, Tabrizi R, Hekmat M, Shahidi S, Puzesh A. Relation-



Med Oral Patol Oral Cir Bucal. 2017 Jul 1;22 (4):e500-5.                                            Location of the fusion between the buccal and lingual cortical in the mandibular ramus

e505

ship between mandibular anatomy and the occurrence of a bad split 
upon sagittal split osteotomy. J Oral Maxillofac Surg. 2014;72:2508-
13.
26. Witherow H, Offord D, Eliahoo J, Stewart A. Postoperative frac-
tures of the lingual plate after bilateral sagittal split osteotomies. Br 
J Oral Maxillofac Surg. 2006;44:296-300.
27. de Oliveira Junior MR, Saud AL, Fonseca DR, De-Ary-Pires 
B, Pires-Neto MA, de Ary-Pires R. Morphometrical analysis of the 
human mandibular canal: a CT investigation. Surg Radiol Anat. 
2011;33:345-52.
28. Sekerci AE, Sahman H. Cone beam computed tomographic anal-
yses of the position and course of the mandibular canal: relevance to 
the sagittal split ramus osteotomy. Biomed Res Int. 2014;2014:1-11.
29. de Oliveira-Santos C, Rubira-Bullen IR, Monteiro SA, Leon 
JE, Jacobs R. Neurovascular anatomical variations in the ante-
rior palate observed on CBCT images. Clin Oral Implants Res. 
2013;24:1044-8.

Conflict of interest
We declare no conflict of interest.


