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Three-dimensional evaluation of lingual split line after bilateral sagittal 
split osteotomy in asymmetric prognathism
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Abstract (J Korean Assoc Oral Maxillofac Surg 2014;40:11-16)

Objectives: The aim of this study was to evaluate the pattern of lingual split line when performing a bilateral sagittal split osteotomy (BSSO) for 
asymmetric prognathism. This was accomplished with the use of cone-beam computed tomography (CBCT) and three-dimensional (3D) software pro-
gram.
Materials and Methods: The study group was comprised of 40 patients (20 males and 20 females) with asymmetric prognathism, who underwent 
BSSO (80 splits; n=80) from January 2012 through June 2013. We observed the pattern of lingual split line using CBCT data and image analysis pro-
gram. The deviated side was compared to the contralateral side in each patient. To analyze the contributing factors to the split pattern, we observed the 
position of the lateral cortical bone cut end and measured the thickness of the ramus that surrounds the mandibular lingula. 
Results: The lingual split patterns were classified into five types. The true “Hunsuck” line was 60.00% (n=48), and the bad split was 7.50% (n=6). 
Ramal thickness surrounding the lingual was 5.55±1.07 mm (deviated) and 5.66±1.34 mm (contralateral) (P=0.409). The position of the lateral cortical 
bone cut end was classified into three types: A, lingual; B, inferior; C, buccal. Type A comprised 66.25% (n=53), Type B comprised 22.50% (n=18), 
and Type C comprised 11.25% (n=9). 
Conclusion: In asymmetric prognathism patients, there were no differences in the ramal thickness between the deviated side and the contralateral 
side. Furthermore, no differences were found in the lingual split pattern. The lingual split pattern correlated with the position of the lateral cortical bone 
cut end. In addition, the 3D-CT reformation was a useful tool for evaluating the surgical results of BSSO of the mandible.
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alveolar nerve (IAN) damage. 

Conventional radiographs, such as panoramic views and 

cephalograms, have limitations in regard to evaluation of the 

lingual split pattern. Using cone-beam computed tomography 

(CBCT) and three-dimensional (3D) reconstruction, we can 

obtain a view of the lingual aspect of the mandible. Plooij et 

al.4 and Muto et al.5 evaluated the mandibular ramus split pat-

tern in a symmetric mandible using 3D-CT. 

In an asymmetric mandible, the morphology and anatomy of 

each side differ. The length of the ramus and body, the inclina-

tion of the ramus, and the ramal volume are significantly dif-

ferent between the deviated side and the contralateral side6,7.

We hypothesized that a different split pattern would occur 

in asymmetric mandibular prognathism. Therefore, the aim of 

this study was to evaluate the lingual split line when perform-

ing BSSO in asymmetric mandibular prognathism; we used 

CBCT and a 3D software program. We also determined the 

contributing factors that affect the lingual split pattern.

I. Introduction

Bilateral sagittal split osteotomy (BSSO) is one of the most 

common orthognathic surgical procedures for the correction 

of mandibular deformities. The Obwegeser-Dal Pont oste-

otomy and Hunsuck modifications are widely used1-3. When 

performing BSSO, it is crucial to control the lingual split 

because it may result in an unfavorable fracture or inferior 
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using DCT pro (Vatech Co., Hwaseong, Korea). The images 

were post-processed to a Digital Imaging and Communications 

in Medicine (DICOM) 3.0 file (Simplant; Materialise Inc., 

Leuven, Belgium). A 3D image analysis program was used to 

reconstruct the 3D images. The mandible was digitally isolated 

from the maxilla and skull and split up the midline. The devi-

ated and contralateral sides of the mandible were rotated along 

the vertical axis to visualize the lingual surface of the ramus. 

2. Measurements of ramal thickness

Prior to taking measurements, reference planes were estab-

lished. The Frankfort horizontal plane was set as the horizon-

tal reference plane, and the mid-sagittal plane was set as the 

sagittal plane.(Fig. 1. A, 1. B) Measurements were performed 

at the level of the mandibular lingula which is the reference 

point for horizontal osteotomy.(Fig. 1. C) 

3. Identification of lateral cortical bone cut end

To evaluate contributing factors, we observed the position 

of the lateral cortical bone cut end using 3D reconstructed 

II. Materials and Methods

The study group comprised 40 patients with asymmetric 

mandibular prognathism (20 males and 20 females) who had 

undergone BSSO from January 2012 through June 2013 in 

Pusan National University Dental Hospital. Patients’ age 

ranged from 18 to 31 years (mean age: 23.2 years). The 

inclusion criterion comprised chin deviation >3 mm com-

pared to the facial midline (mean deviation: 5.7 mm; right/

left: 17/23). The exclusion criterion was a syndromic man-

dibular deformity. The surgical procedure employed was 

the Obwegeser-Dal Pont-Hunsuck method. Two junior oral-

maxillofacial surgeons performed horizontal, sagittal, and 

vertical osteotomies. One senior surgeon split the ramus. 

The presence of a third molar was also evaluated. This study 

protocol was approved by Institutional Review Board of 

Pusan National University Dental Hospital, Yangsan, Korea 

(PNUDH-2013-036).

1. Reconstruction of three-dimensional images 

Preoperative and postoperative CBCT images were acquired 

Fig. 1. Orientation of three-dimensional 
images and measurement point. A, B. 
Reference plane and orientation. C. 
Level of measurement at the mandibu-
lar lingual. D. Measurement of ramal 
thickness.
Jae Min Song et al: Three-dimensional evaluation of 
lingual split line after bilateral sagittal split osteotomy 
in asymmetric prognathism. J Korean Assoc Oral 
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groups according to the path of the fracture line on the lingual 

surface of the ramus.(Table 1, Fig. 2) The kappa-coefficient 

of the intraobserver reliability was 0.91 (P=0.000). Intended 

split pattern (Type I) comprised 60.00% (n=48). Type II, III, 

and IV accounted for 11.25% (n=9), 16.25% (n=13), and 

5.00% (n=4), respectively, and a bad split (Type V) occurred 

in 7.50% (n=6). There was no split pattern difference be-

tween the deviation and contralateral sides.(Table 2)

The ramal thickness at the level of the mandibular lingula 

images. We categorized the lateral cortical bone cut end into 

three types. Type A was positioned lingually, Type B was 

inferior, and Type C was located on the buccal side of the 

mandibular inferior border. 

4. Statistical analysis

All statistical analyses were conducted with PASW Statis-

tics 18.0 (IBM Co., Armonk, NY, USA). To evaluate intrao-

bserver reliability, the kappa-coefficient was used for the lin-

gual split pattern and the vertical osteotomy end. Following 

the measurement of the ramal thickness, a paired t-test was 

performed to identify any significant differences between the 

deviated side and the contralateral side. All parameters were 

measured twice by one examiner 48 hours apart using the 

paired t-test for intraobserver reliability. 

III. Results

The lingual split line pattern was categorized into five 

Fig. 2. The five types of lingual split pattern. A. Type I. B. Type II. C. Type III. D. Type IV. E. Type V.
Jae Min Song et al: Three-dimensional evaluation of lingual split line after bilateral sagittal split osteotomy in asymmetric prognathism. J Korean Assoc Oral Maxillofac Surg 2014

Table 1. Types of lingual split line pattern

Type I
Type II

Type III

Type IV

Type V

Vertical fracture line to the inferior border of the mandible
Fracture line through the mandibular canal to the inferior 

border of the mandible 
Oblique pattern of the fracture line to the posterior border 

of the ramus
Horizontal pattern of the fracture line to the posterior 

border of the ramus 
Buccal plate fracture

Jae Min Song et al: Three-dimensional evaluation of lingual split line after bilateral sagit-
tal split osteotomy in asymmetric prognathism. J Korean Assoc Oral Maxillofac Surg 
2014
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IV. Discussion

BSSO is a widely used orthognathic surgical procedure 

for the correction of mandibular deformities. Since its initial 

description by Obwegeser, modified procedures proposed by 

Dal Pont and Hunsuck are currently in common usage1-3. The 

Hunsuck’s modification advocates extending the horizontal 

osteotomy to just behind the lingula3. The important aspect of 

this technique is that it safely separates the proximal and dis-

tal segments in an intended direction; it is difficult to identify 

was measured. On the deviated side, the mean thickness was 

7.10±0.89 mm. On the opposite side, it was 7.00±1.03 mm. 

No significant difference was found between thicknesses on 

the deviated and the contralateral sides (P<0.864); however, 

males had a statistically significant difference in ramal thick-

ness.(Table 3) The position of the lateral bone cut end was 

related to the lingual split pattern. In Type A, Type I was 

predominant (41/48), and Type V was absent. However, in 

Type C, the buccal side end was observed in types III, IV, 

and V.(Table 4, Fig. 3)

Table 2. Lingual split line pattern of deviated and contralateral sides

Group Type I Type II Type III Type IV Type V Total

Deviated side
Contralateral side
Total

23 (57.50) 
25 (62.50) 
48 (60.00) 

4 (10.00) 
5 (12.50) 
9 (11.25) 

7 (17.50) 
6 (15.00) 

13 (16.25) 

2 (5.00) 
2 (5.00) 
4 (5.00) 

4 (10.0) 
2 (5.00) 
6 (7.50) 

40 (100) 
40 (100) 
80 (100) 

Values are presented as number (%).
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Table 4. Correlation between lingual split line pattern and the position of the lateral bone cut end 

Group Type I Type II Type III-A Type III-B Type IV Total

Type A
Type B
Type C

41 (51.25)
7 (8.75)

-

8 (10.00)
1 (1.25)

-

3 (3.75)
6 (7.50)
4 (5.00)

1 (1.25)
2 (2.50)
1 (1.25)

-
2 (2.50)
4 (5.00)

53 (66.25)
18 (22.50)
9 (11.25)

Values are presented as number (%).
Jae Min Song et al: Three-dimensional evaluation of lingual split line after bilateral sagittal split osteotomy in asymmetric prognathism. J Korean Assoc Oral Maxillofac Surg 2014

Table 3. Ramus thickness level of mandibular lingula (mm) 

Gender (n) Deviated side Contralateral side P-value

Male (20)
Female (20) 
Total (40)

7.49±0.83
6.71±0.79
7.10±0.89

7.42±0.81
6.57±1.06
7.00±1.03

0.995
0.961
0.864

Values are presented as number or mean±standard deviation.
Jae Min Song et al: Three-dimensional evaluation of lingual split line after bilateral sagittal split osteotomy in asymmetric prognathism. J Korean Assoc Oral Maxillofac Surg 2014

Fig. 3. Position of the lateral cortical 
bone end. A. Lingual. B. Inferior. C. 
Buccal. 
Jae Min Song et al: Three-dimensional evaluation of 
lingual split line after bilateral sagittal split osteotomy 
in asymmetric prognathism. J Korean Assoc Oral 
Maxillofac Surg 2014



3D evaluation of lingual split line after BSSO in asymmetric prognathism

15

prognathism is affected by anatomic differences. 

We observed that there was no differences in the split pat-

tern between the deviated and the contralateral sides; 60% 

of split lines were Type I, in agreement with Hunsuck’s de-

scription, and 7.5% had an unfavorable fracture. To verify 

contributing factors, ramal thickness and the location of the 

lateral bone cut end were investigated. Ramal thickness was 

not significantly different between the deviated side (mean: 

7.10 mm) and the contralateral side (mean: 7.00 mm). In 

addition, the split pattern and the ramal thickness were not 

correlated. Yamamoto et al.14 measured the distance from the 

mandibular canal to the buccal cortex and the distance from 

the mandibular lingula to the inferior border of the ramus. In 

cases where the distance was <0.8 mm, the incidence of neu-

rosensory disturbance increased significantly. For a medial 

osteotomy, we measured the ramal thickness only at the level 

of lingula; however, the need to evaluate the entire ramus 

following the split requires further investigation. The lateral 

cortical bone cut end had a correlation with the split pattern. 

In case of Type I, Type A was the most common (41/48). In 

addition, six cases of Type V (either Type B or Type C) were 

observed; these results concurred with those of Muto et al.’s 

study5.

Lee et al.15 studied mandibular body anatomy in patients 

with asymmetric prognathism. In that study, the distance 

from the mandibular canal to the buccal cortex was not sig-

nificantly different between deviated and contralateral sides. 

Wolford and Davis16 reported the use of a reciprocating saw 

to cut the inferior border of the mandible, without using a 

mallet, to achieve mandible splitting. With preoperative 

CBCT and a 3D program to locate the lateral bone cut end 

lingually, it is important to analyze the cross-sectional view 

of the mandible, the pathway of the IAN, and the distance be-

tween the mandibular canal and buccal cortex. 

Other studies17-19 have reported an incidence of bad splits 

during BSSO ranging from 0.9% to 20%; the incidence in 

this study was 7.5% (6 splits). The risk factors for bad splits 

were old age, the presence of a third molar, a thin mandibular 

ramus, a high mandibular lingula, and an incomplete split of 

the inferior border of mandible20-23. In this study, in six cases 

of unfavorable fracture, the factors were presence of a third 

molar (2 cases), a high mandibular lingula (2 cases), and a 

buccaly-positioned lateral bone cut end (2 cases). 

V. Conclusion

This study was conducted to evaluate whether there is any 

the separation pattern precisely using a conventional cephalo-

gram or a panoramic view.

CBCT and 3D reconstruction software provide effective 

means for evaluation of the facial skeleton and are currently 

used in large-scale studies of the maxillofacial region8,9. Due 

to its 3D mandibular bone reconstruction capability, CBCT 

enables accurate assessment of the lingual surface of the ra-

mus, which is hard to evaluate with traditional radiography. 

We were able to identify the lingual split line created during 

BSSO. 

The 3D evaluation of the lingual split line pattern in a 

BSSO procedure was first reported by Plooij et al.4 They 

categorized the lingual split line pattern of 40 consecutive pa-

tients with symmetric mandibular hypoplasia who underwent 

advanced BSSO into four groups. Only 51% of the splits 

coursed as described by Hunsuck3; 13% extended to the pos-

terior border, 33% coursed along the outer side of the man-

dibular canal, and 2.5% had an unfavorable split pattern. He 

noted the length and position of the medial bone cut during 

horizontal osteotomy and reported that the likelihood of split-

ting according to Hunsuck’s description increases when the 

bone cut end lies behind the mandibular foramen; however, it 

decreases if the bone cut end extends through the mandibular 

canal. 

A study of mandibular prognathism performed by Muto et 

al.5 reported a relatively high prevalence among Asian popula-

tions. Thirty patients were categorized into five types of lingual 

split patterns, and 33% were in the range of Hunsuck’s descrip-

tion; however, 15% suffered a buccal fracture. The most im-

portant factor influencing such a split tendency is the location 

of the lateral bone cut end during vertical osteotomy; the lateral 

bone cut was on the buccal side of all incidences of buccal frac-

ture.

In Korean orthodontic patients, class III malocclusion is 

predominant. In particular, the incidence of facial asym-

metry with skeletal class III is 42.3%10,11. Three dimensional 

analysis of patients with asymmetric prognathism has been 

reported by many studies. The deviated side appears to have 

a shorter ramal and body length than the contralateral side; 

in addition, it has a smaller degree of ramal inclination, mea-

sured in the sagittal plane, and a smaller ramal volume6,7,12,13. 

These measurements are based on orthodontic reference 

points or landmarks; however, information regarding the 

thickness of the ramus or its relationship with the IAN, which 

should be considered for BSSO, cannot be obtained. The aim 

of this study was to evaluate whether the lingual split line 

pattern during BSSO in patients with asymmetric mandibular 
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difference in the split pattern that occurs with BSSO in an 

asymmetric mandible. Pre- and post-operative CBCT data 

and a 3D reconstruction program were used to analyze the 

lingual split pattern, lateral bone cut end, and to measure the 

thickness of the ramus. 

1. We categorized the lingual split pattern of the asym-

metric prognathic mandible into five types, and there were no 

differences in split pattern. 

2. The ramal thickness, which was measured at the level of 

the lingula was not significantly different between the deviat-

ed and contralateral sides. In addition, no correlation between 

ramal thickness and split pattern was found.

3. The lateral bone cut end was categorized into three 

types; a correlation with ramal thickness and split pattern was 

found.
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