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Skeletal displacements following
mandibular advancement surgery:
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Abstract
Objective: To evaluate changes in the position and remodeling of the mandibular rami,
condyles and chin with mandibular advancement surgery through the superimposition of
3D Cone-Beam Computed Tomography (CBCT) models. Methods: This prospective observational study used pre-surgery and post-surgery CBCT scans of 27 subjects presenting
skeletal Class II with normal or horizontal growth pattern. An automatic technique of cranial base superimposition was used to assess positional and/or remodeling changes in anatomic regions of interest. Displacements were visually displayed and quantified by 3D color
maps. Descriptive statistics consisted of mean values, standard deviations and minimum/
maximum displacements. Changes greater than 2 mm were considered clinically relevant,
and a categorization was done. Positive and negative displacements showed each region directional tendency. To test if displacements in anatomic regions were associated with each
other, Pearson correlation coefficients were used under a 95% significance level. Results:
The chin moved anterior-inferiorly 6.81±3.2 mm on average and the inferior portion of the
rami moved laterally (left: 2.97±2.71 mm; right: 2.34±2.35 mm). Other anatomic regions
showed <2 mm mean displacements, but with evident individual variability. Significant statistical correlations were positive and moderate. The condyles, posterior border and superior
portion of the rami showed a bilateral correlation, and the superior and inferior portion of
the rami an ipsilateral correlation. Conclusion: This 3D method allowed clear visualization
and quantification of surgery outcomes, with an anterior-inferior chin displacement and a
lateral movement on the inferior portion of the rami, but with considerable individual variability in all the evaluated anatomic regions.
Keywords: Cone-Beam Computed Tomography. Image processing, Computer-assisted.
Surgery, computer-assisted. Computer simulation. Orthodontics. Surgery, oral.
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were recruited. All patients underwent orthodontic treatment and had mandibular advancement surgery by means of a bilateral sagittal split
osteotomy (BSSO). Nine of them also had genioplasty as an adjunctive procedure. CBCT scans
were taken before surgery and after surgery at
splint removal with the NewTom 3G (Aperio
Services LLC, Sarasota, FL, 34236). Two of those
patients had at least 1 scan done with the NewTom 9000 (Aperio Services LLC, Sarasota, FL)
which has a smaller field of view (FOV), therefore, the chin was not included.
All patients had skeletal discrepancies severe
enough to justify an orthognathic surgery. Patients
with anterior open bite were excluded, so that the
entire sample presented a skeletal Class II with
normal or horizontal growth pattern. Lip-palatal
fissures, problems resulting from trauma or degenerative conditions like rheumatoid arthritis were
also excluded. Informed consent was obtained
from all subjects. All patients agreed in having
CBCTs in different phases of treatment as it was
described in the experimental protocol approved
by UNC ethical committee.
The imaging protocol involved a 36-second
head CBCT scanning with a field of view of 230
x 230 mm. All CT scans were acquired with the
patient in centric occlusion. The 3D models were
constructed from CBCT images with a voxel dimension of 0.5x0.5x0.5 mm. Image segmentation
of the anatomic structures of interest and the 3D
graphic rendering were done by using the ITKSNAP15 open-source software (http://www.itksnap.org/). Virtual models corresponding to the
cranial bases (Fig 1); condyles (right and left); posterior rami (right and left); superior rami (right
and left); inferior rami (right and left) and chin
were built (Fig 2).
The pre-surgery and post-surgery models were
registered based on the cranial base, since this
structure is not altered by surgery. A fully automated voxel-wise rigid registration method was

INTRODuCTION
Bilateral sagittal split ramus osteotomy
(BSSO) is frequently performed in cases of mandibular advancement surgery. Despite its popularity, post-surgical instability due to displacement of
the condyle from its seated position in the glenoid
fossa in the three planes of space (ie, sagittal, vertical, and transverse) remains an area of concern.1
A post-surgical superior and posterior displacement of the condyle can happen with surgery, and it has been described to be correlated to
the amount of mandibular advancement.2-5 The
association of condylar displacement and treatment relapse has been described,5,6 and the control of the proximal segment was considered to
be the most important aspect in the stability of
this surgical modality.7
Assessment of surgical treatment outcomes using Cone-Beam Computed Tomography (CBCT)
has the potential to unravel the interactions between the dental, skeletal and soft tissue components that contribute to treatment response.8
The use of 3-dimensional (3D) superimposition
tools allows the identification and quantification
of bone displacement and remodeling.9,10
Previous studies9,11-14 have used the 3D virtual models superimposition technique to assess
post-surgical outcomes and stability in Class
III patients, but the post-surgical outcomes of
Class II correction have not been evaluated by
this method.
The purpose of the present study was to tridimensionally assess surgical displacements of the
condyles, rami (superior, inferior and posterior)
and chin after mandibular advancement, testing
directional correlation between them.
MeTHODS
For this prospective observational study,
twenty-seven patients (9 males and 18 females;
mean age 30.04±13.08 years) who were submitted to orthognathic surgery at the UNC Memorial Hospital, with an attending resident from the
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tor format (IV) by the free software VOL2SURF
(http://www.cc.nih.gov/cip/software.html), allowing the quantitative evaluation of greatest displacements using the CMF application software (Maurice Müller Institute, Bern, Switzerland).16
The previously proposed color maps method17
was used to generate the closest-point distances
between the surfaces. The CMF software calculates thousands of color-coded surface distances in
millimeters between before and after-treatment
3D models by using surface triangles at two different time points, so that the difference between
the two surfaces at any location can be quantified.
The isoline (contour line) tool was recently included in the method and considered a technique
improvement, since it is used to quantitatively
measure the greatest displacement (mm) for the
specific anatomic regions of interest (Fig 3).
The quantitative changes were visualized using
color maps, which can be used to indicate inward
(blue) or outward (red) displacement between
superimposed structures. An absence of change is
indicated by the green color code. For example,
in mandibular advancement surgery, the forward
chin displacement would be shown in a red color
code; in mandibular set-back surgery the chin surfaces would be shown in a blue color code.
Semi-transparency constitutes another method
used in this study for visualization of the location
and direction of skeletal displacements, with one of
the models in an opaque view superimposed to another in a partially transparent view. This method
for quantitative change exhibition at multiple locations has been validated and used since 2005.9
Positive values indicated an anterior-inferior
displacement of the chin while negative values indicated a posterior-superior displacement. For the
condyles, positive values represented a posteriorsuperior displacement and negative values indicated anterior-inferior movements. For the rami
posterior borders, positive values represented posterior displacements and negative values indicated
anterior displacements.

Lateral

Target

FIGURE 1 - Registration of CBCTs generated 3D virtual models using
the cranial base surface through a fully automated voxel-wise method.
Pre-surgery cranial base was used as a reference (source) for the postsurgery one (target) which were relocated along with the virtual maxillary
and mandibular models.

FIGURE 2 - Anatomic regions of interest: (1) Right condyle; (2) Left condyle;
(3) Right posterior ramus; (4) Left posterior ramus (5) Right superior ramus;
(6) Left superior ramus; (7) Right inferior ramus; (8) Left inferior ramus and
(9) Chin.

used through the IMAGINE free software (developed by NIH and modified at UNC, http://www.
ia.unc.edu/dev/download/imagine/index.htm). 9
The software compares both images using the intensity of gray scale for each voxel of the region,
so that the pre-surgical cranial base was used as
reference for the superimposition of post-surgery
models (Fig 1).
Following the registration step, all the re-oriented virtual models, originally saved in a .GIPL
format were converted to a SGL open inven-
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FIGURE 3 - The ISOLINE tool allowed the identification of the greatest displacement of a specific anatomic region. A) Example of a 7.71 mm chin
advancement between pre-surgery and after splint removal (surgical
outcomes). B) Right condyle displaced 2.45 mm posterior-superiorly after
surgery.

compared through intraclass correlation coefficient (P <0.001). The agreement between the
measurements was high for all anatomic regions:
chin (r=0.98); condyles (r=0.92); posterior borders (r=0.97); superior rami (r=0.97) and inferior rami (r=0.95).
Descriptive statistics consisting of mean values, standard deviations and minimum/maximum
displacements were done. Since changes greater
than 2 mm can be considered clinically relevant, a
categorization shows the number of patients that
had displacements greater than 2 mm, between
2 mm and -2 mm and smaller than -2 mm, along
with the mean values, standard deviations, and
minimum and maximum values for each group.
Descriptive statistics was divided in positive and
negative displacements according to each region
directional tendency.
To test if displacements in anatomic regions
were associated with each other, i.e., if changes at
the condyles and/or ramus were associated with
changes at the chin, the Pearson correlation coefficients were used under 95% significance level.

The lateral portions of the mandibular rami
were divided in two parts (superior and inferior)
aiming to identify the complex torque or medial/lateral movement of this region. This way,
positive values represented a lateral displacement of the rami, and negative values showed
a medial displacement. When both portions of
the ramus showed displacements in opposite directions, it indicated a torque movement of this
anatomic region.
To assess surgical outcomes, the largest displacements between pre-surgery/post-surgery
(splint-removal) were computed for all anatomic
regions of interest.
To check the reproducibility of greatest displacements’ measurements done by the isolines, 10 randomly selected superimpositions
were measured twice, at a 2-week interval and

ReSuLTS
Mean displacements of all the evaluated anatomic regions showed that the chin and the inferior portion of the rami presented changes greater
than 2 mm, which are considered clinically relevant. The chin moved anterior-inferiorly 6.81±3.2
mm on average and the inferior portion of the
rami moved laterally 2.97±2.71 mm on the left
side and 2.34±2.35 mm on the right side (Table
1 and Fig 4).
All the other anatomic regions showed mean
displacements smaller than 2 mm, but the individual variability was evident, with the maximum
displacements ranging outside the 2 mm limit
(Table 1 and Fig 5).
Condylar maximum displacements, for example, ranged between -3.7 mm and +3.2 mm. Figure 6 shows a patient who underwent a condyle
displacement of +3.2 mm.

7.71

A

2.45

B
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Considering changes greater than 2 mm as
being clinically relevant, it is possible to quantify the number of anatomic regions that displaced significantly. As one should expect, the
chin had a displacement greater than 2 mm
with surgery in all the patients (n=25). Looking at the posterior border of the rami (right
and left, n=54), 8 had displacements smaller
than -2 mm and 6 greater than 2 mm. For the
condyles (right and left, n=54) 2 showed displacements smaller than -2 mm and 11 greater
than 2 mm (Table 2).
The superior portion of the rami (right and
left, n=54) underwent displacements smaller
than -2 mm in 3 patients and greater than 2
mm in 15. After the chin, the inferior portion
of the rami was the region with the most relevant changes, showing displacements smaller
than -2 mm in 3 cases and greater than 2 mm
in 35 (right and left, n=54) (Table 2).
Correlations of displacements between the
evaluated anatomic regions by means of a Pearson correlation coefficient showed that all the
significant statistical correlations were positive and moderate (Table 3). The chin anterior
displacement was correlated with the lateral
movement of the superior portion of the right
ramus (r=0.46, p=0.02).

Left Inferior Ramus

Pre-surgery /Post-surgery

Right Inferior Ramus

3.7

Left Condyle

3.7
14.8
14.8

Chin

Min / Max
(mm)

Chin

25

6.81

3.20

2.5/15.8

Posterior
ramus (left)

27

0.08

2.32

-3.2/6.1

Posterior
ramus(right)

27

-0.09

1.84

-2.8/4.1

Condyle (left)

27

0.98

1.46

-3.7/3.2

Condyle (right)

27

0.81

1.40

-2.4/2.9

Superior
ramus (right)

27

0.62

1.94

-2.9/3.5

Inferior
ramus (right)

27

2.34

2.35

-3.0/5.8

Superior
ramus (left)

27

1.57

1.92

-1.9/5.7

Inferior
ramus (left)

27

2.97

2.71

-2.5/7.0

3.8

A

2.3

B

FIGURE 4 - A) Semi-transparent visualization showing a 6.8 mm mean
mandibular advancement measured at the chin. B) Proximal segment
lateral displacement after mandibular advancement surgery. The sagittal
osteotomy probably acted like a wedge and the condyles as a fulcrum,
causing the inferior rami to be the anatomic region with the greatest mean
displacement after the chin.

59.3
x < -2 mm

18.5

x > 2 mm

22.2
11.1
11.1
100.0

0.0
20

SD
(mm)

25.9

Right Condyle

Left Posterior Border

Mean
(mm)

29.6

7.4
11.1

Right Posterior Border

Number of
patients

70.4

0.0

Right Superior Ramus

Region

6.8

3.7

Left Superior Ramus

Anatomic Regions

TABLE 1 - Descriptive statistics of surgical displacements.
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FIGURE 5 - Clinically relevant displacements for each anatomic region. Percentage of patients with changes > 2 mm and < -2 mm.
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The posterior movement of the left and
right ramus posterior border showed correlation (r=0.69, p<0.0001). The posterior movement of the left ramus posterior border also
correlated to the superior portion of the ramus
on the same side (r=0.42, p<0.03).
Posterior-superior displacements of the condyles were correlated between left and right

TABLE 2 - Descriptive statistics of surgical displacements: number of
patients showing displacements greater than 2 mm, between 2 mm and
-2mm and smaller than -2 mm, along with the mean values, standard
deviations, and minimum/maximum values for each group.
PRE-SURGERY / SPLINT REMOVAL
Chin (n=25)
N

Mean

SD

Min

Max

x < -2

0

-

-

-

-

-2 ≤ x ≤ 2

0

-

-

-

-

x>2

25

6.81

3.20

2.50

15.80

Left Posterior Border (n=27)
N

Mean

SD

Min

Max

x < -2

4

-3.00

0.22

-3.20

-2.70

-2 ≤ x ≤ 2

20

-0.05

1.15

-2.00

1.60

x>2

3

5.03

1.29

3.60

6.10

Right Posterior Border (n=27)
N

Mean

SD

Min

Max

x < -2

4

-2.40

0.32

-2.80

-2.10

-2 ≤ x ≤ 2

20

-0.13

1.27

-2.00

1.40

x>2

3

3.23

1.03

2.10

4.10

Left Condyle (n=27)
N

Mean

SD

Min

Max

x < -2

1

-3.70

-

-3.70

-3.70

-2 ≤ x ≤ 2

20

0.78

1.00

-1.40

1.90

x>2

6

2.45

0.40

2.10

3.20

Right Condyle (n=27)
N

Mean

SD

Min

Max

x < -2

1

-2.40

-

-2.40

-2.40

-2 ≤ x ≤ 2

21

0.56

1.10

-1.80

1.80

x>2

5

2.50

0.26

2.20

2.90

A

3.2
mm

Right Superior Ramus (n=27)
N

Mean

SD

Min

Max

x < -2

3

-2.57

0.31

-2.90

-2.30

-2 ≤ x ≤ 2

17

0.26

1.35

-1.90

2.00

x>2

7

2.86

0.34

2.60

3.50

Right Inferior Ramus (n=27)
x < -2

N

Mean

SD

Min

Max

2

-2.65

0.49

-3.00

-2.30

-2 ≤ x ≤ 2

9

0.70

1.38

-1.80

2.00

x>2

16

3.89

1.01

2.60

5.80
Max

Left Superior Ramus (n=27)
N

Mean

SD

Min

x < -2

0

-

-

-

-

-2 ≤ x ≤ 2

19

0.65

1.40

-1.90

2.00

x>2

8

3.76

0.97

3.00

5.70

Left Inferior Ramus (n=27)
N

Mean

SD

Min

Max

x < -2

1

-2.50

-

-2.50

-2.50

-2 ≤ x ≤ 2

7

-0.30

1.44

-1.30

1.90

x>2

19

4.46

1.33

2.30

7.00
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FIGURE 6 - A) Mesh-transparencies visualization showing a condyle
displacement of 3.2 mm after surgery. B) Close-up view of the displaced
condyle.
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TABLE 3 - Pearson correlation coefficients for the surgical displacements between all anatomical regions. The upper right part of the table shows r values
and the lower part p values. Statistically significant values are in bold.
Chin

Chin

Left
Post.
Border

Right
Post.
Border

Left
Condyle

Right
Condyle

Right
Sup.
Ramus

Right
Inf.
Ramus

Left
Sup.
Ramus

Left
Inf.
Ramus

-0.26

-0.18

-0.34

-0.28

0.46

0.22

0.08

0.09

0.69

-0.06

-0.07

-0.05

0.12

0.42

0.22

-0.14

0.18

-0.12

0.06

0.12

0.24

0.66

-0.33

-0.14

-0.21

-0.31

-0.22

0.04

-0.30

-0.21

0.58

0.46

0.09

0.21

-0.18

Left Post. Border

0.21

Right Post. Border

0.40

<.0001

Left Condyle

0.10

0.75

0.49

Right Condyle

0.17

0.73

0.37

0.00

Right Sup. Ramus

0.02

0.79

0.56

0.10

0.28

Right Inf. Ramus

0.30

0.56

0.76

0.49

0.86

0.00

Left Sup. Ramus

0.71

0.03

0.56

0.30

0.14

0.01

0.30

Left Inf. Ramus

0.67

0.27

0.24

0.11

0.28

0.65

0.36

0.00

planes of space (coronal, sagittal, and axial). In
the context of facial changes, superimposition
should not rely on landmark identification nor
on best-fit techniques on structures that may
have changed between image acquisitions.18
The major strength of the superimposition
method used in this study is that registration
does not depend on the precision of the 3D surface models. The cranial base models are only
used to mask anatomic structures that do not
change with growth and treatment. The registration procedure actually compares voxel by
voxel of gray level CBCTs images, containing
only the cranial base, and calculates the rotation
and translation parameters between the two
time-point images.
Regional superimposition in the cranial base
does not completely define the movement of the
mandible relative to the maxilla9,10,20-23. Previous
studies20,22,24-26 revealed that relative displacement of mandibular and maxillary skeletal and

(r=0.66, p=0.0002). The superior portions of
the rami were also correlated between sides
(r=0.46, p=0.0148).
On both sides, the superior and inferior
portion of the ramus were correlated, showing
a lateral movement tendency (right: r=0.58,
p=0.0016; left: r=0.66, p=0.0002).
DISCuSSION
In conventional cephalometrics, the cranial
base often is used for superimpositions because
it shows minimal changes after neural growth
is completed. In 3D image analysis, registration can be based on choice of stable surfaces
or landmarks. While landmark location in 2D
is hampered by identification of hard and soft
tissues on x-rays due to the superimposition of
multiple structures, locating 3D landmarks on
complex curving structures is significantly more
difficult.19 There are no suitable operational definitions for craniofacial landmarks in the three
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The use of devices for preserving the preoperative position of the mandibular condyle during bilateral sagittal split osteotomy has been
proposed, but it was concluded that there is no
scientific evidence to support its routine use in
orthognathic surgery, which makes the condylar
positioning a critical procedure to be handled.28
With the increased use of rigid fixation,
there has been a decrease in the amount of relapse but an increase in the amount of force
transmitted to the condyles. Gradual advancement of the mandible by distraction osteogenesis slowly overcomes the soft-tissue envelope
and may decrease the amount of force exerted
on the condyles. Using an animal model to
measure the magnitude of pressure associated
with immediate versus gradual mandibular advancement, it was found that the superior joint
space fluid pressures increased and remained
elevated over a 5-week period after immediate
advancement, contrasting with the results of
gradually advancement of the mandible where
the pressures were elevated but returned to
near baseline prior to the activation the following day. Based on these findings, the authors
could conclude that it is likely that gradual
advancement of the mandible by distraction
osteogenesis produces less force and causes
less condylar resorption than large mandibular
advancement stabilized with rigid fixation, but
further studies are needed to compare methods for mandibular advancement.29
This study found that the inferior portion
of the rami was the region with the most relevant displacements after the chin, showing
displacements smaller than -2 mm in just 3
rami of a total of 54 and greater than 2 mm
in 35 (right and left). The average lateral displacement was 2.97±2.71 mm on the left side
and 2.34±2.35 mm on the right side. These results agree with another study1 that found an
increased transverse intergonion distance with
a mean of 5.0 mm in 44 of 45 patients after

dental components is critical because the resulting information may differ from conclusions formulated from the cranial base superimposition.
Although a 3D superimposition study presents additional information when compared to
traditional cephalometric methods, analysis of
the 3D morphology poses methodological challenges. Current methods, including methods used
in commercially available software (Geomagic
Studio, Geomagic U.S. Corp, Research Triangle
Park, NC, 27709 and Vultus, 3dMD, Atlanta, GA,
30339), calculate the closest point between two
surfaces. However, the closest point is not necessarily the corresponding point in both surfaces.
The quantification utilizing isolines in this
study determined the absolute maximum change
in the anatomic region, where positive or negative values based on operator observation aided
the assessment of the direction of displacement.
For example, positive values at the chin indicate
an anterior-inferior displacement, but it’s not possible to distinguish how anterior and how inferior
the displacement is. A method that quantifies vectorial displacements is being developed at UNC,
which will be able to analyze shape correspondence between two structures, and in the future
will improve directional evaluation. Another issue
is that differences between the surfaces are not
only a result of displacement as this method suggests, there may occur a remodeling process too.
It has being advocated in the literature27 that a
precise repositioning of the condyles during surgery would ensure stability of the surgical results
and reduce temporomandibular joint noxious
effects. It might improve postoperative masticatory function, but the extent of condylar change
that is compatible with normal function postsurgically is still unknown. In this study, mild
mean condylar displacements with surgery (left
0.98±1.46 mm and right 0.81±1.40 mm) were
observed, but some patients experienced an important condylar displacement up to 3.7 mm anterior-inferiorly and 3.2 mm posterior-superiorly.
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BSSO using miniplates for fixation. The sum of
mean displacements for right and left sides of
the inferior portion of the rami was 5.28 mm
in the present study, very close to the results of
the study cited above1 even with the different
measurement methods.
Besides the chin and the inferior portion of
the rami, all the other anatomic regions showed
mean displacements smaller than 2 mm, but
with the maximum displacements ranging beyond the clinical acceptable limit. Relevant displacements of distal and proximal mandibular
segments and surgically induced posterior condylar displacement seem to be important surgical risk factors for postoperative condylar resorption. Although these displacements are hard
to predict during surgery, it might be an area of
concern especially for those patients who are at
a high risk of condylar resorption.30

Dental Press J Orthod

CONCLuSIONS
Superimposition of 3-dimensional (3D) virtual surface models allowed clear visualization
and quantification of outcomes of mandibular
advancement surgery.
On average, mandibular advancement surgery resulted in clinically significant (greater
than 2 mm) anterior-inferior chin displacement
as well as lateral movement on the inferior portion of the rami. On the other hand, a considerable individual variability was observed for all
the evaluated anatomic regions, with changes
ranging beyond the clinically acceptable limit.
Bilateral changes were significantly correlated for condyles, posterior border and superior
portion of the rami, and ipsilateral displacements correlation occurred between superior
and inferior portion of the rami, showing a lateral movement tendency.
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