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Abstract

Objective: This study aimed to assess the correlation between mandibular anatomy and the occurrence of bad splits in Sagittal split
osteotomy (SSO).

Materials and Methods: Pre-surgical CBCT images of 10 patients with bad split (bad split group) and 40 patients without bad split (normal
group) were evaluated. Anatomical parameters of the mandible related to the osteotomy line were measured. Conditional logistic regression
and receiver operating characteristic (ROC) curve analyses were performed.

Results: Results showed that a shorter height from the lingula to the fusion of buccal and lingual cortices (HLBC; p=0.009) and thicker
distance between outer surfaces of buccal and lingual cortical plates of ramus at the level of the lingula (BTRL; p=0.028) were significantly
associated with the occurrence of a bad split. ROC analysis revealed an HLBC cut-off of 7.5 mm.

Conclusion: This study suggests that patients with a shorter height from the lingula to the fusion of buccal and lingual cortices less than 7.5 mm are

at higher risk of bad splits during SSO. Surgeons should exercise caution in such cases to minimize complications.
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Introduction

Sagittal split osteotomy (SSO) is one of the
most commonly performed procedures in orthognathic
surgery, used to correct dentofacial deformities, skeletal
Class Il and Il discrepancies, mandibular asymmetries,
and maxillofacial imbalances™. The technique has
undergone several modifications to enhance condylar
positioning and optimize bone segment contact in
order to minimize postoperative complications4'8.

Despite these advancements, complications following
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SSO continue to be reported”!, among the most
notable being unfavorable fractures, often referred
to as “bad splits”.

The term “bad split” refers to an unintended
or irregular fracture occurring in either the proximal
or distal segment of the mandible during SSO . The
reported prevalence ranges from 0.9% to 20%,
affecting the buccal or lingual cortical plates of the
mandible, or even the condylar neck . Arare variant

of this complication is an isolated coronoid process
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fracture while the ramus remains intact'®. This may
result in serious postoperative issues, such as
infection, sequestration of bone fragments, delayed
healing, malunion or fibrous union at the osteotomy
site, potentially leading to instability and mandibular
dysfunction'®".

Previous studies have identified several
potential contributors to bad splits during SSO,
including patient age, the presence of impacted third
molars, and surgeon experiencelz’lilé. Kriwalsky et al.
and Veras et al. reported that older patients are more
likely to experience bad splits, while Falter et al.
noted that no such fractures occurred in individuals

under 20 years old™?"?"

. The role of impacted third
molars remains debated. Posnick et al. found no
increased risk when these teeth were removed at the
time of surgery'®, whereas Reyneke et al. observed a
higher incidence of bad splits in younger patients
with impacted molars and recommended their
extraction at least 6-9 months prior to SSO". Surgeon
experience has also been implicated. While Friscia et
al. linked complications to surgeon expertise, Falter
et al. found no significant reduction in bad splits over
a 20-year period”’zo, suggesting that osteotomy
design and surgical technique may play a more
decisive role.

In addition to these factors, mandibular
anatomy also appears to influence the risk of bad
splits and should be considered in surgical planning,
particularly with respect to the thickness and
structural characteristics of the osteotomy site.
Aarabi et al. reported that patients with shorter rami
and a thinner buccolingual mandibular structure
were more susceptible to bad splits during SSO*.
Similarly, Wang et al. found that a short ramus and
limited buccolingual thickness in the alveolar region
distal to the second molar increased the risk of
unfavorable fractures™.

Previous studies have also indicated that
medial osteotomies performed predominantly within

cortical bone may contribute to bad splits”?.

Consequently, identifying the precise location of the
fusion between the buccal and lingual cortical plates
is essential for determining the safest osteotomy site
and selecting the most appropriate surgical technique.
However, few studies have systematically evaluated
the relationship between anatomical parameters and
the incidence of bad splits. Therefore, this study
aimed to investicate the association between

mandibular anatomical characteristics and the
occurrence of bad splits in SSO using cone-beam

computed tomography (CBCT) imaging.

Materials and Methods
Study Population

The authors designed a retrospective case-
control study. The study was approved by the Ethics
Committee of the Faculty of Dentistry and Faculty of
Pharmacy, Mahidol University (CoA No.MU-DT/PY-IRB
2021/074.2308). The study population comprised
Thai patients with skeletal deformities who underwent
the modified Hunsuck and Epker technique for either
SSO alone or in combination with maxillary osteotomy
at the Oral and Maxillofacial Surgery Clinic, Faculty of
Mahidol Bangkok, Thailand
between January 2017 and November 2020.

Dentistry, University,
Case selection
Inclusion criteria required patients to have

pre-surgical CBCT images. Exclusion criteria included

severe facial asymmetry, a history of trauma or
pathological conditions, and any previous treatments
that could affect the assessment of mandibular
anatomy. Patients with CBCT images of poor quality
were also excluded. Patients were categorized as

“cases” if operative records documented the

occurrence of a bad split during SSO, and as

“controls” if no such complication was noted. Each

case was individually matched to four control

patients based on age at the time of surgery, sex, and
surgeon experience. A total of 50 patients were
included in the analysis, consisting of 10 cases and

40 matched controls.
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Radiographic assessment

CBCT images were acquired using two
the KODAK 9500 3D CBCT system

(Carestream Health, Rochester, New York, USA) with

systems:

a field of view of 20.6 cm in diameter and 18 cm in
height, and a voxel size of 0.3 mm; and the Veraview
X800 (J. Morita Corp., Kyoto, Japan) with a field of
view of 15 cm in diameter and 14 cm in height, and
a voxel size of 0.32 mm. All CBCT images were
exported as Digital Imaging and Communications in
Medicine (DICOM) files for analysis using Dolphin
Imaging software (Dolphin Imaging, Canoga Park, CA).
CBCT images were evaluated by a single examiner
who was calibrated through training on a set of 10
CBCT datasets. Notably, excellent inter- and intra-
rater reliability was established for all parameter
measurements prior to the study, with intraclass
correlation coefficients (ICCs) exceeding 0.90. The
imported datasets were then oriented to align the
Frankfurt plane parallel to the horizontal plane.
Three anatomical landmarks were identified as
reference points for subsequent analysis: the most
posterosuperior point of the lingula (L point), the
most inferior point of the sigmoid notch (S point), and
the most posterior extent of the contour of the
mandibular second molar (M point) (Figure 1).

Assessment of anatomical parameters

To identify anatomical risk factors associated
with bad splits, mandibular parameters related to
the osteotomy line were systematically measured
using CBCT images (Figure 2). At the L point, five
parameters were assessed: in the coronal plane, the

height from the lingula to the fusion of the buccal

and lingual cortices (HLBC), the height from the
lingula to the sigmoid notch (HLS), the cancellous
bone thickness at the lingula level (CBTL), and the
buccolingual thickness of the ramus, defined as the
distance between the outer surfaces of the buccal
and lingual cortical plates (BTRL); and in the axial
plane, the anteroposterior width of the ramus
(APWR). The distance from the sigmoid notch to the
of the mandible (SIBM)

measured in the coronal plane at the S point. At the

inferior border was
M point, also in the coronal plane, the mandibular
height from the alveolar crest to the inferior border
(ACIB) and the buccolingual thickness of the
(BLR)

Throughout the analysis, observers were permitted

retromandibular  area were evaluated.
to adjust magnification, brightness, and contrast to
optimize image visualization.

Statistical Analysis

Descriptive statistics were used to summarize
demographic  characteristics and  anatomical
parameters for each group. Multivariable conditional
logistic regression analysis was performed to identify
significant predictors of bad split occurrence, using
a significance level of 5%. Receiver operating
characteristic (ROC) curve analysis was subsequently
conducted to determine optimal cut-off values for
anatomical parameters associated with bad splits.
Inter- and intra-rater reliability for each parameter
measurement was assessed using an ICC. All statistical
analyses were carried out using SPSS software (version

26.0; IBM Corp., Armonk, New York, USA).
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Figure 1 Anatomical reference points used for measurement: (A) The lingula (black arrow) is a small bony prominence on the medial
surface of the mandibular ramus, located anterosuperior to the mandibular foramen (white arrow). The intersection of the
reference lines marks the most posterosuperior point of the lingula (L point); (B) the sigmoid notch is a concavity on the superior
border of the mandibular ramus, situated between the coronoid process (black arrow) and the condylar process (white arrow).
The intersection of the lines identifies the most inferior point of the sigmoid notch (S point); (C) the intersection of the lines
indicates the most posterior height of contour of the mandibular second molar (M point).

Figure 2 Mandibular anatomical parameters related to the osteotomy line were assessed at three reference points (L, S, and M). At the
L point, four measurements were taken in the coronal plane: (A) the height from the lingula to the fusion of the buccal and
lingual cortices (HLBC) and the height from the lingula to the sigmoid notch (HLS); (B) the cancellous bone thickness at the level
of the lingula (CBTL); and (C) the buccolingual thickness at the same level (BTRL). One axial measurement was also recorded at
the L point: (D) the anteroposterior width of the ramus (APWR), assessed in an axial slice at the most posterosuperior point of
the lingula. At the S point, one parameter was measured in the coronal plane: (E) the distance from the sigmoid notch to the
inferior border of the mandible (SIBM). Finally, at the M point, two parameters were evaluated in the coronal plane: (F) the
vertical height of the mandible from the alveolar crest to the inferior border (ACIB) and the buccolingual thickness of the
retromandibular area (BLR), measured at the most posterior height of contour of the mandibular second molar.
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Results

A total of 50 patients (15 males and 35
females) who met the inclusion and exclusion criteria
were included in the study. The study population
comprised two groups: Group 1 (bad split group),
consisting of 10 patients who experienced a bad
split, and Group 2 (normal group), consisting of 40
bad The

and

matched patients without a split.

demosgraphic  characteristics anatomical
parameters of each group are summarized (Table 1).
Notably, the intraclass correlation coefficient for inter-
and intra-examiner reliability in the analyses of
anatomic parameters were 0.967-0.994 and 0.950-
0.996, respectively Table 2).

Multivariable conditional logistic regression
analysis identified HLBC and BTRL as the only
significant predictors of bad split occurrence during
SSO (Table 3). Each 1 mm increase in HLBC was
associated with a 64.1% reduction in the odds of a
bad split (odds ratio [OR] = 0.359;p = 0.009),
indicating that shorter HLBC values were significantly
associated with increased risk of bad split. In contrast,
greater BTRL thickness significantly increased the risk
of bad splits by a factor of 5.93 (p = 0.028).

Receiver operating characteristic (ROC) curve
analyses were subsequently performed for HLBC
and BTRL to evaluate their discriminatory capacity.
For HLBC, an optimal cut-off value of 7.5 mm
yielded a sensitivity of 70.0%, specificity of 72.5%, and
an area under the curve (AUC) of 0.77 (Figure 3). In
contrast, no optimal cut-off value could be
determined for BTRL, as its ROC curve closely
approximated the diagonal reference line, suggesting
poor discrimination between the bad split and normal

groups (Figure 4).

Table 1 Demographic data of the subjects in the bad split
group and normal group

Normal
group (n=40)

Bad split

P t
arameter group (n=10)

Age (years)

Mean + SD 325 +9.42 28.5 + 6.66
Range 21 - 47 19 - 46
Gender

Male 3 (30%) 12 (30%)
Female 7 (70%) 28 (70%)
Surgeon experience

0-5 years 4 16
More than 5 years 6 24
Pattern of bad split

Fracture of the buccal plate 6 -
Fracture of the lingual plate 1 (bilateral) -
Fracture of the condyle neck 3 -

SD, standard deviation

Table 2 Measurement of anatomic parameters of the mandible
in the bad split and normal groups (n=50 sides from
50 patients)

Anatomic Mean+SD (mm) in bad Mean+SD (mm) in
parameter split group (n=10) normal group (n=40)
HLBC 5.99 + 3.20 9.21 + 3.20

HLS 16.53 + 3.81 17.50 + 2.59
CBTL 193+ 1.22 237+ 1.10
BTRL 6.07 + 1.28 6.16 + 1.37
APWR 32.80 + 3.11 31.41 + 3.32
SIMB 50.37 + 4.31 49.45 + 6.55
ACIB 27.01 + 2.62 27.00 + 5.07
BLR 19.00 + 2.18 19.73 + 2.59

HLBC, height from lingula to fusion of buccal and lingual cortices;
HLS, height from lingula to sigmoid notch; CBTL, cancellous bone
thickness of ramus at the level of the lingula; BTRL, buccolingual
thickness of ramus at the level of the lingula; APWR, anteroposterior
width of ramus at the level of the lingula; SIMB, distance from
sigmoid notch to inferior border of mandible; ACIB, height of
mandible from alveolar crest to inferior border of mandible; BLR,
buccolingual thickness of retromandibular area

SD, standard deviation

Table 3 Significant predictors of bad split occurrence identified
by multivariable conditional logistic regression

Adjusted odds ratio for bad p
split occurrence (95% Cl)
HLBC 0.359 (0.167-0.774) 0.009*
BTRL 5.930 (1.209-29.097) 0.028*

HLBC, height from lingula to fusion of buccal and lingual cortices
BTRL, buccolingual thickness of ramus at the level of the lingula
“Significant difference at p<0.05
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Figure 3 ROC curve of HLBC (height from lingula to the fusion of
buccal and lingual cortices) for predicting bad split. The
optimal cut-off point was 7.5 mm, corresponding to a
sensitivity of 70.0% and a specificity of 72.5% and an area
under the curve (AUC) of 0.77
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Figure 4 The ROC curve of BTRL (the buccolingual thickness of the
ramus at the level of the lingula) for predicting bad split.
The curve was close to the diagonal line.

Discussion

While SSO remains a reliable and effective

surgical  technique for  correcting  dentofacial

deformities, it carries the risk of complications. Among
these, bad splits are a common intraoperative
challenge. Although often manageable, inadequate
handling of bad splits can lead to long-term
consequences, such as skeletal instability and relapse

14. Knowledge of anatomical risk factors allows

surgeons to better estimate the likelihood, facilitating
informed patient communication, preventive planning,
and appropriate intraoperative responses.

Our study found that a shorter HLBC was
associated with an increased likelihood of bad split
occurrence. Multivariable conditional logistic regression
indicated that each in HLBC
corresponded to a 64.1% decrease in the odds of a
bad split.

placing the horizontal osteotomy near the tip of the

1 mm increase

Previous studies have recommended
lingula, as this region provides adequate bone width
and a sufficient cancellous layer. Such positioning
reduces the likelihood of splits occurring solely within
the cortical bone, which is more difficult to separate
and more prone to bad splits 26. Therefore, a
decreased HLBC may increase the risk of placing the
osteotomy in an area lacking medullary bone, thereby
elevating the risk of a bad split.

Additionally, ROC curve analysis identified an
HLBC value below 7.5 mm as being associated with
an increased risk of bad splits. With an acceptable
discriminative performance (AUC=0.77), this threshold
may hold clinical relevance. Values below this cut-off
could signal a heightened risk and should be
considered during preoperative planning. In such
cases, surgeons may consider modifying the
osteotomy technique to mitigate this risk. For
example, a lingual short split, in which the medial
horizontal osteotomy is positioned inferior to the
lingula, may help prevent fractures occurring
exclusively within the cortical bone 27.

Regarding HLS and SIBM, which also represent
the vertical dimension of the mandible similar to
HLBC, our findings align with those of Telha et al,
indicating that neither parameter was a significant
predictor of bad split occurrence 28. While previous
studies have reported a higher incidence of bad splits
in populations with lower SIBM values 21, 22, those
investigations did not include measurements of HLS

or HLBC. It is hypothesized that HLBC correlates more
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directly with the horizontal osteotomy site and may
serve as a more reliable indicator of cancellous bone
presence in that region. Furthermore, given the
comparable mean values of HLS and SIBM across
both groups, their predictive value may be limited.
Previous studies have linked thinner BTRL to
a higher risk of bad splits due to reduced structural
integrity and increased susceptibility to fracture 21,
22. In contrast, our findings showed a significant
association between thicker BTRL and bad split
occurrence. This may be attributed to thicker cortical
bone 13, as suggested by the larger difference
between BTRL and CBTL values in the bad split group,
or to unmeasured factors such as the proximity of the
mandibular nerve 28, 29. However, its clinical
reliability appeared
discriminative capacity of BTRL (AUC=0.470), which

may have resulted from the small sample size and

limited due to the poor

variability in BTRL values.
Among the anatomical
parameters, BLR, ACIB, and APWR were not identified

as significant predictors of bad split occurrence in this

remaining

study. Although previous research has suggested a link
between reduced BLR values and increased risk of
bad this

vulnerability similar to that associated with decreased

splits, may reflect a biomechanical
BTRL 21, 22. However, the absence of data on key
variables, such as cancellous bone thickness and
mandibular nerve position, may have limited the
ability to fully assess the predictive value of BLR.
Further research that incorporates these factors is
recommended to better understand their potential
roles, especially for ACIB and APWR, which have been
relatively understudied.

Patient age, the presence of third molars, and
surgeon experience are commonly cited contributors
to bad split occurrence 17, 21, 22, 30. To specifically
identify anatomical risk factors, efforts were made to
minimize confounding variables. By conducting the
study within the Faculty of Dentistry, all treatments

adhered to a standardized protocol, thereby reducing

variability in surgical technique. Third molars were
removed at least six months prior to SSO, ensuring no
impacted mandibular third molars were present
during surgery. Additionally, comprehensive patient
records facilitated precise case selection. Each case
with a bad split was matched to controls based on
age at surgery, sex, and surgeon experience,
effectively minimizing most potential confounding
factors. However, the retrospective design limited
access to certain potentially influential variables, such
as mandibular morphology, bone density, and
skeletal classification 31, 32. Moreover, the relatively
low incidence of bad splits led to a small sample size
and a limited number of matched pairs. Future
research with larger cohorts is warranted to enhance
statistical power and further explore additional
predictors that remain inconclusive in the current

literature.

Conclusion

This study demonstrates that a shorter height
from the lingula to the fusion of the buccal and
(HLBC) of
significantly increases the risk of bad splits during SSO.

lingual cortices less than 7.5 mm
A comprehensive understanding of mandibular
anatomy is crucial for surgeons to optimize treatment
planning and execute the procedure with greater
precision, thereby reducing the occurrence of this

complication.
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