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Abstract
Background: Sagittal split ramus osteotomy (SSRO) sometimes induces an irregular split pattern referred
to as a bad split. We investigated the risk factors for bad splits in the buccal plate of the ramus during
SSRO.

Methods: Ramus morphology and bad splits in the buccal plate of the ramus were assessed using
preoperative and postoperative computed tomography images.

Results: Of the 53 rami analyzed, 45 had a successful split, and 8 had a bad split in the buccal plate.
Horizontal images at the height of the mandibular foramen showed that there were signi�cant
differences in the ratio of the forward thickness to the backward thickness of the ramus between patients
with a successful split and those with a bad split. In addition, the distal region of the cortical bone tended
to be thicker and the curve of the lateral region of the cortical bone tended to be smaller in the bad split
group than in the control group.

Conclusion: These results indicated that a ramus shape in which the width becomes thinner towards the
back frequently induces bad splits in the buccal plate of the ramus during SSRO, and more attention
should be paid to patients who have rami of these shapes in future surgeries.

Introduction
Sagittal split ramus osteotomy (SSRO) is a common surgical method for the correction of mandibular
prognathism. Compared with intraoral vertical ramus osteotomy, which is another common method for
orthognathic surgery, SSRO requires a shorter period of intermaxillary �xation because of the large area
of bony contact and the rigid �xation. However, SSRO sometimes induces an irregular split pattern
referred to as a bad split. Previous studies reported that 0.2% to 14.6% of split sites result in undesirable
fractures [1, 2]. Bad splits during SSRO have been reported to occur in the buccal plate of the proximal
segment, lingual plate of the distal segment, coronoid process, and condylar neck [3]. Among them, the
buccal plate of the proximal segment is the most frequent site of fracture. Buccal plate fractures in the
anterior site may heal just by removing the small segment. However, it is di�cult to treat a bad split in the
ramus. An undesirable buccal split in the ramus results in bony interference between the proximal and
distal segments during setback movement, or results in attachment of the condyle to the distal segment.
Salvage surgical approaches for buccal fractures in the ramus are sometimes challenging. Previous
studies have reported risk factors for bad splits during SSRO [4-7], but there is controversy regarding
some of the risk factors. It is still unclear whether older age of the patients, the presence of the third
molar, and mandibular anatomy increases the risk of bad splits during SSRO.

Little is known about whether the anatomical features of the ramus affect the risk of buccal fractures in
the proximal segment. Therefore, the aim of this study was to investigate the risk factors for bad splits in
the buccal plate of the ramus during SSRO by analyzing the anatomy of the ramus using computed
tomography (CT). 
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Materials And Methods
Patients and surgical treatments

A total of 27 Japanese patients (13 men and 14 women) who were treated by SSRO at Tokyo Medical
University Hospital between January and December 2020 were analyzed. Patients who underwent
extraction of the lower third molars or advanced movement of the proximal segment during SSRO were
excluded. Features of the jaw deformities were mandibular prognathism with/without maxillary retrusion
and/or facial asymmetry. The age of the patients at the time of orthognathic surgery ranged from 17 to
51 years (mean: 25.5 years; median: 24.0 years).

SSRO procedures were performed basically according to the Hunsuck-Epker modi�cation, which is known
as short lingual osteotomy (SLO) [8, 9]. A modi�ed version of the SLO was performed using an ultrasonic
bonecutting device to determine the posterior osteotomy boundary [10]. Brie�y, vertical osteotomy of
about 10 mm was performed from the posterior edge of the horizontal osteotomy, in close proximity to
the mandibular foramen, toward the inferior border, using an ultrasonic bone-cutting device to split the
sagittal surface of the ramus. Nine surgeons who were trained in oral surgery for 9 or more years
performed all operations.

CT analysis of rami anatomy and buccal fracture of the rami

CT analyses were performed about 1 month before the surgery, and 4 or 5 days after the surgery, using a
Revolution CT device (GE Healthcare) at Tokyo Medical University Hospital (tube voltage: 120 kV; tube
current: auto mA; rotation time: 0.5 s/rotation; slice width: 2.5 mm; slice interval: 0.625 mm; �eld of view:
23 cm; reconstruction kernel: bone; scan pitch: 0.561).

Horizontal images were obtained at the height of the lingula of the mandible (Image A, Fig. 1A) and the
mandibular foramen (Image B, Fig. 1B), and the landmarks for measurement were manually identi�ed
(Fig. 1C, D); in Image A, the forward point (A), the backward point (B), the intersection point of the
perpendicular bisector of line AB and the lateral surface of the buccal cortical bone (C), in Image B, the
medial point (D), the point on the medial surface 5 mm behind point D (E), the point of tangency of the
mandibular foramen and point D (F), the center of the mandibular foramen (G), the point of tangency of
the lateral surface of the lingual cortical bone and point F (H), the backward point (I), the point on the
medial surface 5 mm in front of point I (J), the point on the lateral surface 5 mm in front of point I (K), the
forward point (L), the point on the lateral surface 5 mm behind point L (M), and the intersection point of
the perpendicular bisector of line IL and the lateral surface of the buccal cortical bone (N). Angle ACB as
the curve of the medial region of the cortical bone and the thickness of the distal region of the cortical
bone were measured in Image A. Angle DFH as the curve of the medial region of the cortical bone, angle
LNI as the curve of the lateral region of the cortical bone, the distance of EM as the forward thickness of
the ramus, the distance of JK as the backward thickness of the ramus, the distance of GI, and the
thickness of the distal region of the cortical bone were measured in Image B. Whether or not the
mandibular foramen was in direct contact with the buccal cortical bone was also evaluated in Image B.
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Bad splits in the buccal plate of the ramus were evaluated in Image A or B after surgery, when a split line
appeared on the buccal cortical bone 3 mm or more lateral from point I (Fig. 1E). These measurements
were conducted 3 times by 2 experienced oral surgeons, and the mean values were analyzed.

Statistical analysis

Statistical analysis was performed by the Student t-test or the Fisher exact test using Prism 8 software
(GraphPad Software). A p-value of less than 0.05 was considered to indicate a statistically signi�cant
difference between 2 groups.

Results
Of the 53 rami analyzed, 45 had a successful split (control group: 84.9%), and 8 had a bad split in the
buccal plate of the ramus (bad split group: 15.1%, Fig. 2). There was no signi�cant difference in the age
of the patients between the control and the bad split groups. Bad splits occurred more frequently in
female patients (87.5%) than in male patients. In Image A, there were no signi�cant differences in angle
ACB and the thickness of the distal region of the cortical bone between the control group and the bad
split group (Fig. 3A, B). On the other hand, there was a statistically signi�cant difference in the ratio of EM
to JK between the two groups (Fig. 3C). In addition, the distal region of the cortical bone in the bad split
group tended to be thicker (p = 0.099) (Fig. 3D), and angle LNI in the bad split group tended to be smaller
than in the control group (p = 0.087) (Fig. 3E), although the difference was not statistically signi�cant.
There were also no signi�cant differences in angle DFH and the distance of GI between the two groups
(Fig. 3F, G). In four patients of the control group and one patient of the bad split group, the mandibular
foramen was in direct contact with the buccal cortical bone, although there was no signi�cant difference
in the frequency between the two groups (Table 1; p = 0.574).

Discussion
Bad split is a major complication in SSRO. The reported incidence of bad splits in SSRO ranges from
0.5% to 5.5% per site [11, 12]. Among the cases of bad splits, the most frequent site is the buccal plate of
the proximal segment [13]. In the present study, the rate of bad splits in the buccal plate was higher than
that of previous studies. This difference may be owing to the de�nition of a bad split. We de�ned a bad
split as a buccal split, which is the appearance of a split line on the buccal cortical bone 3 mm or more
lateral from point I. A split line near the posterior edge of the buccal cortical bone might not result in any
problems during surgery.

Risk factors of a bad split in SSRO, such as older age, a thick mandible, surgical technique, horizontal
osteotomy line, and presence of the lower third molars have previously been investigated [4-7, 14, 15].
However, the results remain controversial. For example, a previous study demonstrated that the presence
of mandibular third molars increased the risk of a bad split [16]. However, other studies reported that the
presence of mandibular third molars do not increase the risk of bad splits [5, 17].
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Mandibular anatomy also affects the risk of bad splits during SSRO. Previous studies suggested that
patients with a shorter ramus and thinner buccolingual alveolar region distal to the second molar have a
higher risk of bad splits than other patients [6, 18]. Moreover, in a study by Aarabi et al., patients with a
shorter ramus and buccolingually thin mandible were found to be more susceptible to fracture during
sagittal osteotomy than other patients [1]. In the present study, we analyzed mandibular anatomy using
preoperative CT to determine whether the shape of the ramus affects the risk of bad splits in the buccal
plate of the proximal segment. Compared with the control group, the ratio of EM to JK was larger in the
bad split group. This result indicates that a ramus shape in which the width becomes thinner from the
front to the back increases the risk of bad splits in the buccal plate. Angle LNI, which was regarded as the
curve of the lateral region of the cortical bone at the height of the mandibular foramen, in the bad split
group tended to be smaller than that in the control group, although the difference was not statistically
signi�cant. The split may be caused by pressure applied on the distal aspect of the posterior ramus
during SSRO in patients with such a mandibular shape. The distal region of the cortical bone also tended
to be thicker in the bad split group. This shape may result in force being applied to the medial or distal
aspect of the posterior ramus in the front of the distal region of the cortical bone, because it is di�cult to
split the thick cortical bone. However, there were no differences in ramus shape between the two groups
in the analysis of horizontal images at the height of the lingula of the mandible. It was di�cult to identify
the points of measurement, such as the medial point and the center of the mandibular foramen, because
the lingula of the mandible had various shapes. Anatomical analyses using axial images at other heights
of the ramus or using three-dimensional images may reveal more details regarding the association
between mandibular anatomy and the occurrence of bad splits in the buccal plate of the proximal
segment during SSRO.

Conclusions
Patients with a ramus shape in which the width becomes thinner from the front to the back, a cortical
bone that is thick in the distal region, or a lateral cortical bone that has a sharp curve at the height of the
mandibular foramen are more susceptible to bone fracture during SSRO than other patients.

List Of Abbreviations
SSRO: Sagittal split ramus osteotomy

CT: computed tomography

SLO: short lingual osteotomy
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Tables
Table 1. Comparison of the location of the mandibular foramen between the control group and bad split
group in Image B. 

Group Direct contact with buccal cortical
bone

No contact with buccal cortical
bone

Total

Control 4 (8.3) 44 (91.7) 48 (100)

Bad
split

1 (12.5) 7 (87.5) 8 (100)

Data are shown as number of patients (%).

Figures
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Figure 1

Measurement of mandibular morphology in the ramus and evaluation of bad splits during SSRO.
Horizontal images at the height of the lingula of the mandible (Image A, A) and the mandibular foramen
(Image B, B) were obtained on preoperative CT, and the landmarks for measurement were manually
identi�ed in Image A (C) and Image B (D); in Image A, the forward point (point A), the backward point
(point B), the intersection point of the perpendicular bisector of line AB and the lateral surface of the
buccal cortical bone (point C), in Image B, the medial point (point D), the point on the medial surface 5
mm behind point D (point E), the point of tangency of the mandibular foramen and point D (point F), the
center of the mandibular foramen (point G), the point of tangency of the lateral surface of the lingual
cortical bone and point F (point H), the backward point (point I), the point on the medial surface 5 mm in
front of point I (point J), the point on the lateral surface 5 mm in front of point I (point K), the forward
point (point L), the point on the lateral surface 5 mm behind point L (point M), and the intersection point
of the perpendicular bisector of line IL and the lateral surface of the buccal cortical bone (point N). The
thickness of the distal region of the cortical bone was measured in both Images A and B (blue lines in (C)
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and (D), respectively). Bad splits in the buccal plate of the ramus were evaluated in Image A or B after
surgery, when the split line appeared on the buccal cortical bone 3 mm or more lateral from point I (E).

Figure 2

Representative three-dimensional image of an undesirable buccal split during SSRO. The yellow arrows
indicate a bad split in the buccal plate of the ramus.
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Figure 3

Analysis of mandibular morphology in the ramus and evaluation of bad splits occurring during SSRO.
Comparisons between the control and the bad split group regarding angle ACB (A), thickness of the distal
region of the cortical bone in Image A (B), the ratio of EM to JK (C), thickness of the distal region of the
cortical bone in Image B (D), angle LNI (E), angle DFH (F), and distance of GI (G).


