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Abstract. A stable occlusion at the time of surgery is considered important for post-
surgical stability after orthognathic surgery. The aim of this study was to determine
whether skeletal stability after bimaxillary surgery using a surgery-first approach
for skeletal class III deformity is related to the surgical occlusal contact or surgical
change. Forty-two adult patients with a skeletal class III deformity corrected by Le
Fort I osteotomy and bilateral sagittal split osteotomy with a surgery-first approach
were studied. Dental models were set and used to measure the surgical occlusal
contact, including contact distribution, contact number, and contact area. Cone
beam computed tomography was used to measure the surgical change (amount and
rotation) and post-surgical skeletal stability. The relationship between skeletal
stability and surgical occlusal contact or surgical change was evaluated. No
relationship was found between maxillary or mandibular stability and surgical
occlusal contact. However, a significant relationship was found between maxillary
and mandibular stability and the amount and rotation of surgical change. The results
suggest that in the surgical-orthodontic correction of skeletal class III deformity
with a surgery-first approach, the post-surgical skeletal stability is not related to the
surgical occlusal contact but is related to the surgical change.
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In recent years, surgical-orthodontic treat-
ment with a surgery-first approach has
increased in popularity due to its various
advantages, such as a reduced treatment
time, efficient tooth decompensation, and
early improvement in facial aesthetics,
especially in those with a class III
malocclusion1–6. However, the setup of
surgical occlusion is challenging7. It
is also unclear whether a surgery-first
approach can ensure a similar degree of
post-surgical skeletal stability as a
conventional approach such as
orthodontics2,8–13. A number of studies
have been conducted to investigate factors
that influence skeletal stability with sur-
gery-first orthognathic surgery for the cor-
rection of class III malocclusion9,14–17,
ons. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Maxillary occlusogram of a patient showing surgical occlusal contact on three segments
and six teeth.
and some studies have reported that sur-
gical occlusal instability or interference is
a risk factor for mandibular relapse9,15,17.
However, the occlusal instability or inter-
ference has not been quantified objective-
ly. A large amount of mandibular setback
has also been cited as a potential risk
factor. Choi et al. reported that the amount
of mandibular relapse increased as the
amount of mandibular setback in-
creased16. Ko et al. reported that signifi-
cant horizontal relapse of the mandible
was often present when the mandibular
setback exceeded 15 mm14. Other risk
factors, such as the increase in post-surgi-
cal vertical dimension15–17 and a deep
bite14 have also been investigated.
Identifying factors related to skeletal sta-

bility after orthognathic surgery may be
useful for preventing or managing skeletal
instability or relapse. Therefore, the aim of
this study was to investigate whether skeletal
stabilityafterbimaxillarysurgeryforskeletal
class III deformity is related to the surgical
occlusal contact, surgical change (amount
and rotation of the facial skeleton), or initial
overjet and overbite, by performing a pro-
spective longitudinal analysis.

Materials and methods

Patients

The study protocol was approved by the
Ethics Committee for Human Research at
Chang Gung Memorial Hospital in Taoyuan,
Taiwan. Inclusion criteria were as follows:
adult patients (age �18 years) who were
diagnosed with a skeletal class III deformity
(A-point–nasion–B-point angle (ANB)
�0�) and no significant facial asymmetry
(menton deviation <4 mm), whose surgical
occlusion setup, computer-assisted surgical
design and post-surgical orthodontic treat-
mentwasperformedbyasingleorthodontist,
and who underwent Le Fort I one-piece
advancement and bilateral sagittal split set-
back with or without genioplasty using rigid
internal fixation (plate and screws) at Chang
Gung Craniofacial Centre, Taoyuan, Taiwan
during a 2-year period, and who had no
intermaxillaryfixationafter surgery.Patients
with one or more of the following criteria
were excluded: genetic syndromes or other
congenital deformities, history of facial bone
surgery, or intellectual disability. A total of
42 patients were eligible for the study and
invited to participate.

Surgical occlusal contact

One month before surgery, the patient’s
maxillary and mandibular dental casts
were scanned with a three-dimensional
(3D) laser surface scanner (3Shape,
Copenhagen, Denmark). Surgical occlu-
sion was then set by hand-articulating the
dental casts according to the guidelines
described by Liao and Lo18. These guide-
lines were developed to achieve facial and
dental aesthetics and simplify the ortho-
dontic treatment after surgery by deter-
mining (1) where to place the teeth
anteroposteriorly, vertically, and trans-
versely, and (2) how to position these teeth
or tooth segments either surgically or or-
thodontically. After setup, surgical occlu-
sion images were obtained by the same 3D
laser surface scanner and measured using
Avizo version 7.0 software (FEI, Mér-
ignac, France) by a single investigator.
In the setup, occlusal contact was de-

fined as an inter-occlusal distance of
�0.2 mm. The distances were calculated
and projected onto the dental surfaces of
the maxillary dentition. In order to identify
the contact distribution and contact
amount, an occlusogram of the maxillary
dentition was generated. The occlusogram
is a colour map of the distances between
the maxillary and mandibular dentition,
and a specific colour is assigned to all
regions where occlusal contact is pre-
sented (Fig. 1).

Contact distribution

The occlusogram of the maxillary denti-
tion was divided into three segments: an-
terior segment (from right canine to left
canine), right buccal segment (right pre-
molars and molars), and left buccal seg-
ment (left premolars and molars). Contact
distribution was categorized into contact
on three segments (anterior, right buccal,
and left buccal segments), contact on two
segments (anterior and right buccal, ante-
rior and left buccal, or right and left buccal
segments), or contact on one segment
(anterior, right buccal, or left buccal seg-
ment). The location and number of contact
segments were recorded.

Contact amount

The location and number of contact teeth
and the contact area in each occlusogram
were recorded and calculated.

Cone beam computed tomography

Cone beam computed tomography
(CBCT) of the head and neck was per-
formed for each patient before treatment
(T0), 1 week after surgery (T1), and after
treatment (i.e. at orthodontic debonding)
(T2) using an i-CAT 3D Dental Imaging
System (Imaging Sciences International,
Hatfield, PA, USA) with the following
parameters: 120 kVp, 0.4 � 0.4 � 0.4-mm
voxel size, 40-s scan time, and 16 � 16-cm
field of view. The patient’s head was
positioned in natural head position. The
patients were requested not to swallow for
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Fig. 2. Skeletal landmarks on a midsagittal cone beam computed tomography scan: anterior
nasal spine (ANS), posterior nasal spine (PNS), point A, point B, and pogonion (Pog).

Table 1. Baseline demographic and clinical characteristics of the study participants (N = 42).

Characteristic Number (%), or mean � SD

Female 22 (52%)
Age at surgery (years) 24 � 5
With genioplasty 30 (71%)
SNA (�) 82.0 � 3.5
SNB (�) 85.8 � 4.5
ANB (�) �3.7 � 3.0
Overjet (mm) �2.7 � 3.3
Overbite (mm) 0.8 � 3.0
Duration of postoperative follow-up (months) 24 � 8

SD, standard deviation; SNA, sella–nasion–A-point angle; SNB, sella–nasion–B-point angle;
ANB, A-point–nasion–B-point angle.
the duration of the scan. They were also
instructed to keep their mouth closed and
to maintain a centric occlusion bite.
Images were stored in Digital Imaging

and Communications in Medicine
(DICOM) format and rendered into volu-
metric images using Avizo version 7.0
software (FEI). Sagittal, axial, and coronal
slices and 3D reconstructions of images
were used for analysis. All images were
analyzed by a single investigator. Before
analysis, 3D images were reoriented as
follows: (1) the midsagittal plane was
constructed from nasion, basion, and the
anterior nasal spine (ANS); (2) the axial
plane was perpendicular to the midsagittal
plane, passing through the right or left
(clear side) porion and orbitale (Frankfort
horizontal plane); (3) the coronal plane
was perpendicular to the midsagittal plane
and Frankfort horizontal plane, passing
through nasion. Cranial structures not af-
fected by surgery were used to superim-
pose the CBCT images at T0, T1, and
T2 to position the images in the same
3D coordinates with nasion as the origin
(0, 0, 0).

Surgical and post-surgical changes of

the facial skeleton

Surgical and post-surgical changes of the
facial skeleton (maxilla and mandible)
were assessed by analysis of the changes
from T0 to T1 and from T1 to T2, respec-
tively, in five midsagittal slice skeletal
landmarks: anterior nasal spine (ANS),
posterior nasal spine (PNS), point A, point
B, and pogonion (Pog) (Fig. 2). The sur-
gical change in the distal mandibular seg-
ment (angle formed by the sella–nasion
line and distal mandibular segment) from
T0 to T1, including the direction (i.e.,
clockwise or counterclockwise) and
amount, was also recorded.

Reliability

To assess intra-examiner error, all of the
CBCT measurements were repeated by the
same investigator (SHL) for 10 randomly
chosen patients, at an interval of 2 weeks.
Intra-examiner reliability, evaluated by
intra-class correlation coefficient, was
excellent (mean intra-class correlation
coefficient = 0.988, 95% confidence inter-
val 0.984–0.991).

Statistical analysis

Data were analyzed using IBM SPSS Sta-
tistics version 23.0 software (IBM Corp.,
Armonk, NY, USA). Descriptive statistics
were expressed as the mean � standard
deviation (SD) for metric variables and
as the frequency and percentage for nomi-
nal variables. The paired t-test or Mann–
Whitney U-test was used to compare the
difference from T0 to T1 (surgical change)
and from T1 to T2 (post-surgical change)
when indicated. Pearson’s or Spearman’s
correlation analysis was used to evaluate
the relationship between possible factors
(surgical occlusal contact, surgical
change, initial overjet and overbite) and
post-surgical skeletal change (skeletal sta-
bility) when indicated. To take account of
multiple comparisons, probabilities of
0.01 or less were accepted as significant.

Results

Patient characteristics

Baseline demographic and clinical data
for the 42 patients enrolled in the study
are shown in Table 1. The mean age of the
patients was 24 � 5 years; 20 patients were
male and 22 were female. A genioplasty
was performed on 30 patients.

Surgical occlusal contact

Twenty-nine patients (69%) had occlusal
contact on three segments. The average
number of tooth contacts was 5.1 � 2.2.
The mean occlusal contact area was
15.2 � 8.9 mm2 (Table 2).

Surgical change of the facial skeleton

With regard to the maxillary position,
ANS and point A moved forward signifi-
cantly (P < 0.001) and PNS moved
forward and upward significantly (P <
0.001) from T0 to T1. With regard to
the mandibular position, point B and
Pog showed significant backward move-
ment (P < 0.001) (Table 3). The angle
formed by the sella–nasion line and the
distal mandibular segment showed a mean
decrease of 1.1 � 6.4� (P > 0.05). Twenty
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Table 3. Surgical and post-surgical changes of the facial skeleton; mean � SD values (milli-
metres).

Position
Surgical change
(T1 � T0)

Post-surgical change
(T2 � T1)

Horizontal (�anterior, + posterior)
ANS �2.1 � 1.6** 1.5 � 1.2**

PNS �3.4 � 1.6** 0.2 � 0.8
Point A �2.1 � 1.4** 1.0 � 0.9**

Point B 8.3 � 4.0** �0.9 � 1.7*

Pog 7.0 � 5.8** �1.0. � 2.1*

Vertical (�inferior, + superior)
ANS �0.5 � 1.8 0.0 � 1.6
PNS 3.8 � 2.2** �0.3 � 1.2
Point A �0.3 � 2.2 0.1 � 1.6
Point B 0.1 � 3.7 1.9 � 1.7**

Pog 0.4 � 3.9 1.0 � 1.8*

ANS, anterior nasal spine; PNS, posterior nasal spine; Pog, pogonion.
*P < 0.01.
**P < 0.001.

Table 2. Surgical occlusal contact for the study participants (N = 42).

Surgical occlusion Number (%), or mean � SD

Contact distribution
Three segments 29 (69%)
Two segments 8a (19%)
One segment 5b (12%)
Number of contacts
Anterior teeth 1.6 � 1.2
Premolars 1.8 � 1.4
Molars 1.7 � 1.2
Total 5.1 � 2.2
Contact area, mm2 15.2 � 8.9

SD, standard deviation.
a Six right and left buccal segments, two anterior and right buccal segments.
b Four anterior segments, one left buccal segment.
patients (48%) had clockwise rotation
of the distal mandibular segment from
T0 to T1.

Post-surgical change of the facial

skeleton

With regard to maxillary position, only
ANS and point A moved backward signif-
icantly (P < 0.001) from T1 to T2. With
Table 4. Correlation coefficients for the associa

Stability
Surgical o

Contact d

r 

Horizontal stability (mm)
ANS �0.12 

PNS 0.20 

Point A 0.11 

Point B �0.04 

Pog �0.07 

Vertical stability (mm)
ANS 0.12 

PNS �0.15 

Point A 0.20 

Point B �0.05 

Pog 0.02 

ANS, anterior nasal spine; PNS, posterior nasal
regard to mandibular position, point B and
Pog showed significant upward and for-
ward movements (P < 0.01) (Table 3).

Relationships with post-surgical skeletal

stability

Post-surgical maxillary and mandibular sta-
bility were not related to the surgicalocclusal
contact (Table 4), but were related to their
tion between post-surgical skeletal stability and 

cclusal contact

istribution (%) Contact number (n)

P-value r P

0.45 �0.05 0
0.21 0.07 0
0.48 0.09 0
0.79 �0.11 0
0.66 �0.11 0

0.43 0.11 0
0.34 �0.16 0
0.20 �0.06 0
0.76 �0.07 0
0.92 �0.17 0

 spine; Pog, pogonion.
surgical changes, horizontally and vertically
(Table 5). Furthermore, the vertical stability
of the posterior maxilla was related to the
amount of rotation of the distal mandibular
segment (Table 6). Post-surgical maxillary
and mandibular stability were not related to
the initial overjet or overbite (Table 7).

Discussion

Despite the evident advantages of surgery-
first orthognathic surgery, it lacks world-
wide popularity. One of the challenges for
the surgery-first approach is the surgical
occlusion setup. For example, in the con-
ventional approach, pre-surgical ortho-
dontic treatment brings the maxillary
and mandibular teeth into ideal relation-
ships with their individual underlying
skeletal base19,20, such that the surgical
occlusion is very close to the final, ideal
occlusion after complete pre-surgical or-
thodontic treatment. Thus, in an orthodon-
tics-first approach, surgical occlusion is
ideally set as normal overjet and over-
bite19,21,22, class I canine and molar
relationship18–23, bilateral tooth-to-tooth
contacts20,24,25, and no occlusal interfer-
ence20,22,25. In contrast, in the surgery-first
approach, dental alignment, levelling, de-
compensation, and coordination are de-
ferred until after surgery; therefore, the
surgical occlusion is different from the
final occlusion. Thus, the occlusion is
set as a treatable malocclusion5,26. How-
ever, the relatively unstable malocclusion
might lead to post-surgical skeletal insta-
bility and the potential for immediate
skeletal relapse9,15–17. The present study
is novel in quantifying surgical occlusal
contact and demonstrating that surgical
occlusal contact has no impact on maxil-
lary or mandibular stability. The results of
this study indicate that a stable occlusion
can also be achieved by occlusal contact
surgical occlusal contact.

 Contact area (mm2)

-value r P-value

.76 0.00 1.00

.65 0.12 0.46

.57 0.12 0.44

.48 �0.09 0.59

.48 �0.03 0.84

.49 0.16 0.32

.31 �0.16 0.31

.72 0.01 0.95

.65 �0.09 0.57

.29 �0.05 0.75
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Table 5. Correlation coefficients for the association between post-surgical skeletal stability and surgical change.

Stability
Surgical change (T1 � T0)

Horizontal (mm) Vertical (mm)

r P-value r P-value

Horizontal stability (mm)
ANS 0.55a <0.001 0.15b 0.33
PNS 0.40a <0.01 0.36b 0.02
Point A 0.28a 0.07 0.14b 0.39
Point B 0.47a <0.01 0.13b 0.40
Pog 0.52a <0.001 0.06b 0.71
Vertical stability (mm)
ANS 0.01 0.95 0.60c <0.001
PNS 0.18 0.25 0.54c <0.001
Point A 0.26 0.09 0.60c <0.001
Point B 0.23 0.15 0.38c 0.01
Pog 0.23 0.14 0.10c 0.51

ANS, anterior nasal spine; PNS, posterior nasal spine; Pog, pogonion.
a A positive value indicates that anterior/posterior movement of the facial skeleton after surgery was correlated with posterior/anterior

movement of the facial skeleton.
bA positive value indicates that anterior/posterior movement of the facial skeleton after surgery was correlated with inferior/superior movement

of the facial skeleton.
c A positive value indicates that superior/inferior movement of the facial skeleton after surgery was correlated with inferior/superior movement

of the facial skeleton.

Table 6. Correlation coefficients for the association between post-surgical skeletal stability and surgical change of the distal mandibular segment.

Stability
Surgical change (T1 � T0)

Clockwise rotation (%) Amount of rotation (�)

r P-value r P-value

Horizontal stability (mm)
ANS 0.05 0.77 0.20 0.21
PNS �0.20 0.20 �0.16 0.31
Point A �0.35 0.03 �0.09 0.59
Point B 0.14 0.37 0.11 0.50
Pog 0.21 0.18 0.13 0.41
Vertical stability (mm)
ANS �0.10 0.52 �0.15 0.35
PNS 0.31 0.05 0.38a 0.01
Point A �0.17 0.30 �0.05 0.74
Point B 0.17 0.28 0.19a 0.22
Pog 0.03 0.86 �0.09 0.55

ANS, anterior nasal spine; PNS, posterior nasal spine; Pog, pogonion.
a A positive value indicates that superior movement of the facial skeleton after surgery was correlated with clockwise rotation of the distal

mandibular segment.

Table 7. Correlation coefficients for the association between post-surgical skeletal stability and initial overjet and overbite.

Stability
Initial overjet (mm) Initial overbite (mm)

r P-value r P-value

Horizontal stability (mm)
ANS 0.02 0.90 �0.01 0.95
PNS 0.16 0.32 �0.30 0.05
Point A 0.31 0.05 �0.24 0.12
Point B �0.21 0.18 0.25 0.11
Pog �0.21 0.19 0.10 0.53
Vertical stability (mm)
ANS 0.13 0.42 0.08 0.62
PNS �0.19 0.23 0.09 0.56
Point A 0.11 0.48 0.06 0.72
Point B 0.34 0.03 0.23 0.14
Pog 0.30 0.06 �0.03 0.88

ANS, anterior nasal spine; PNS, posterior nasal spine; Pog, pogonion.
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Fig. 3. Horizontal and vertical changes in maxillary position (ANS, PNS, point A) from T0
(before treatment), to T1 (1 week after surgery), to T2 (after treatment). Points were normalized
to zero at T0. Values are the means in both horizontal and vertical directions. In the horizontal
direction, negative values indicate anterior movement and positive values indicate posterior
movement. In the vertical direction, negative values indicate inferior movement and positive
values indicate superior movement.

Fig. 4. Horizontal and vertical changes in mandibular position (point B, Pog) from T0 (before
treatment), to T1 (1 week after surgery), to T2 (after treatment). Points were normalized to zero
at T0. Values are means in both the horizontal and vertical directions. In the horizontal direction,
positive values indicate posterior movement. In the vertical direction, positive values indicate
superior movement.
on five to six teeth, or by occlusal contact
on not only three segments but also on two
segments or one (anterior) segment.
This study showed that maxillary sta-

bility was good in the vertical direction. In
the horizontal direction, significant re-
lapse was found in the anterior maxilla
but not in the posterior maxilla (Fig. 3,
Table 3). An explanation for this phenom-
enon is the bony remodelling of the ante-
rior maxilla secondary to the advancement
of the maxilla. In the horizontal direction,
a mild but significant (P < 0.001) rate of
mandibular relapse was found for both
point B (11%) and Pog (14%). The vertical
mandibular stability was relatively worse
(Fig. 4, Table 3). This demonstrates that
the mandible continued to move upward
approximately 1 mm to 1.9 mm after sur-
gery, thus increasing the overbite. An
explanation for this phenomenon is the
closing rotation of the mandible secondary
to the removal of occlusal interference by
the post-surgical orthodontics2,16, or reha-
bilitation of the pterygomasseteric sling
after surgery16. Although levelling of the
lower occlusal plane from the post-surgi-
cal orthodontics is also possible14, this was
not considered a factor because of the
insignificant correlation between the ver-
tical mandibular stability and the initial
overbite (P > 0.05).
The relationship between the amount of

mandibular setback and surgical relapse
remains controversial. de Villa et al. found
no correlation between the horizontal
mandibular relapse and the amount of
mandibular setback27. Choi et al. reported
that the greater the setback and vertical
movement of the mandible, the higher the
horizontal and vertical mandibular re-
lapse16, and the present study showed
similar findings. Ko et al. studied the
causes of mandibular instability in a sur-
gery-first approach and found a relation-
ship with the amount of setback;
mandibular instability was more likely
to be found in patients when the mandib-
ular setback exceeded 15 mm14. Based on
the line of best fit in the scatter plots,
clinically significant relapse (>2 mm)
can be expected when mandibular setback
exceeds 12 mm to 14 mm (Figs 5 and 6),
suggesting the need for the design of an
overcorrection.
Various mandibular rotations are indi-

cated according to the different vertical
skeletal patterns, which may influence
post-surgical stability of the mandi-
ble2,15,28. Although mandibular rotation
might affect the post-surgical position of
the mandible, this has not been consid-
ered fully. Of note, the present study
successfully demonstrated that mandibu-
lar rotation, as defined by the angle be-
tween the sella–nasion line and distal
mandibular segment, was not related to
the horizontal or vertical mandibular sta-
bility, but was related to the vertical
stability of the posterior maxilla. That
is, the greater the clockwise rotation of
the mandible, the greater the upward
movement of the posterior maxilla after
surgery.
In this study, the setup of the surgical

occlusion (i.e., virtual surgical occlusion)
was used to define the surgical occlusion,
because intermaxillary fixation was used
during surgery. However, surgical occlu-
sion is not always the real surgical occlu-
sion since some relapse occurs quite early
after intermaxillary fixation is removed. A
further study is needed to investigate
whether skeletal stability is related to
the real surgical occlusion.
In conclusion, in the surgical-orthodon-

tic correction of skeletal class III deformi-
ty with a surgery-first approach, the post-
surgical skeletal stability is not related to
the surgical occlusal contact or the initial
overjet or overbite, but is related to the
surgical change.
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Fig. 5. Scattergram showing the post-surgical change (T2 – T1) of point B plotted against the
surgical change (T1 – T0) of point B in the horizontal direction. A significant correlation was
found between horizontal mandibular relapse and mandibular setback (P < 0.01). T0, before
treatment; T1, 1 week after surgery; T2, after treatment.

Fig. 6. Scattergram showing the post-surgical change (T2 – T1) of Pog plotted against the
surgical change (T1 – T0) of Pog in the horizontal direction. A significant correlation was found
between horizontal mandibular relapse and mandibular setback (P < 0.001). T0, before treat-
ment; T1, 1 week after surgery; T2, after treatment.
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