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Three-dimensional analysis of mandibular functional units in adult patients

with unilateral posterior crossbite:

A cone beam study with the use of mirroring and surface-to-surface

matching techniques

Rosalia Leonardia; Simone Muraglieb; Orazio Bennicic; Costanza Cavallinid; Concetto Spampinatoe

ABSTRACT
Objectives: To use three-dimensional (3D) mirroring and surface-to-surface techniques to
determine any differences in mandibular functional unit shape and morphology between the
crossbite side and non-crossbite side in adult patients with posterior unilateral crossbite who had
not received any corrective treatment for malocclusion.
Materials and Methods: Cone-beam computed tomography (CBCT) records from 24 consecutive
adult white patients (mean age, 27.5 years; range 22.6–39.7 years; 14 women and 10 men)
seeking treatment for maxillary transverse deficiency were assessed in this study. The control
group comprised CBCT scans from age- and sex-matched patients. Segmentation masks were
generated to obtain 3D surface mesh models of the mandibles and analyze the six skeletal
functional units, which were further analyzed with reverse engineering software.
Results: Statistically significant differences in the mean surface distance when comparing the
study sample and the control sample were found at the condylar process, mandibular ramus,
angular process (P � .0001), and alveolar process (P � .01); no statistically significant differences
were found for the coronoid process, the chin, and the mandibular body (P � .5).
Conclusions: The condylar, angular, and alveolar processes plus the mandibular ramus appear to
play a more dominant role than did the body, the coronoid, and the chin units in the asymmetry of
the mandible in patients with unilateral crossbite. (Angle Orthod. 2019;89:590–596.)
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INTRODUCTION

Unilateral posterior crossbite (PUXB) is one of the

most prevalent malocclusions and is reported to occur

in 8% to 22% of patients.1,2 The most common form, in

children and adolescents, is a unilateral presentation

with a functional shift of the mandible toward the

crossbite side.

Due to the mandibular functional lateral shift toward

the crossbite side, there is asymmetric activity of the

masticatory muscles and asymmetrically positioned
condyles.3,4 These effects are believed to influence
normal mandibular growth, leading gradually to per-
manent mandibular asymmetry.3,5,6 However, the ex-
tent to which untreated PUXB affects the craniofacial
structures has not been fully defined.7–10 In this respect,
the belief that untreated PUXB leads to skeletal
asymmetry of the mandible was not supported by
some studies7,8 but was sustained by another one.9

These conflicting results and opinions, however, were
from previous investigations that involved two-dimen-
sional (2D) image analysis with its inherent limitations.a Professor and Chair, Director of Master’s Degree in
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More recently, some investigations assessed mandib-
ular asymmetry in children and adolescents with
crossbite using cone-beam computed tomography
(CBCT)–derived three-dimensional (3D) images.11–13

Findings from those studies included 3D hemimandib-
ular and ramal body volumes, and point-to-point 2D
linear measurements.

Currently, 3D surface-to-surface matching allows
observation of even the smallest morphologic differ-
ences in bones obtained from CBCT scans. Thus, use
of this reverse engineering technology could help to
clarify if asymmetric growth of the mandible occurred in
patients with PUXB.

According to the functional matrix theory,14 mandib-
ular development and growth are the sum of indepen-
dent growth of each mandibular functional unit
(condylar process, coronoid process, angular process,
alveolar process, body, and chin). Therefore, the
purpose of this study was to evaluate any differences
in the shape and morphology of each mandibular
functional unit on CBCT scans from adult patients with
PUXB. The following null hypothesis was tested: there
are no significant differences in the shape and
morphology of the functional units of the mandible
between the crossbite and non-crossbite sides of the
same patient compared with a control sample.

MATERIALS AND METHODS

The study sample comprised CBCT records from 24
adult white patients (mean age, 27.5 years; range
22.6–39.7 years; 14 women and 10 men) seeking
treatment by surgically assisted rapid maxillary expan-
sion (SARME) who had been referred (between
November 2016 and January 2018) to a private X-ray
practice specializing in CBCT. The Institutional Review
Board of the School of Dentistry, Catania University,
approved the study.

The sample size was determined by a pilot study
using data obtained from the first patients analyzed in
both groups. The power analysis (DSS Research,
Washington, Arlington, VA 22201) indicated that data
from 24 participants would yield a confidence level of
95% and a beta error level of 25%, making it sufficient
to determine statistically significant differences.

The inclusion criteria for the study group were
maxillary transverse deficiency and PUXB involving
at least the molar and the premolars. The exclusion
criteria were (1) presence of dentofacial deformities
and/or severe facial asymmetry, (2) unerupted lower
third molars, (3) mandibular functional shift, (4)
congenital craniofacial syndrome, (5) signs or symp-
toms of temporomandibular joint disorder, and (6)
previous orthodontic, prosthodontic, and maxillofacial
surgery treatments.

The patients were age- and gender-matched with 24
subjects (10 men and 14 women, mean age 25.8, range
21.3–36.8 years) who served as the control group. The
inclusion and exclusion criteria were the same as for the
study group except for the absence of PUXB.

All CBCT images were taken with the NewTom 3G
device (QR SRL, Verona, Italy; 110 kV, 6.19 mAs, 0.25
mm voxel size, and 8-mm aluminum filtration). The
scans were deidentified to protect patient confidential-
ity. All the data sets were exported and converted
using Digital Imaging and Communications in Medicine
(DICOM), as previously validated and described.15–17

Briefly, to obtain 3D surface mesh models of the
mandibles and analyze the skeletal functional units, a
segmentation mask was generated (Figure 1). After
segmentation, a 3D graphical rendering of each
mandible was obtained (Mimics Research, version
19.0.0.347, Materialise NV, Liege, Belgium). Each
rendered mandible was then mirrored by arbitrarily
converting the image orientation from right–left, ante-
rior–posterior and inferior–superior to left–right, anteri-
or–posterior and inferior–superior.

The original and the mirrored mandibular images
were then registered, at first, on four points: the apical
tip of the mandibular lingula, and the geometric center of
mental foramina, both respectively, for the right and left
sides (Figure 2). Thereafter, landmarks (Table 1 and
Figure 2A) that enabled delimitation of each mandibular
functional unit were identified on the axial, coronal, and
sagittal views and then on the reconstructed 3D image

Table 1. Landmarks on the Three-Dimensional Rendered Mandible

From Cone-Beam Computed Tomography Scans.

Landmark Definition

Sg Deepest point on the sigmoid notch.

Li Most superior point of the mandibular lingual.

B point

(Supramentale)

Most concave point on mandibular

symphysis.

Me (Menton) Lowest point on the mandibular symphysis.

Me 1.5 A point on the mandibular plane located 1,5

cm posterior to the Menton point.

Go (Gonion) A point on the bony contour constructed by

bisecting the angle formed by the

intersection of the mandibular plane and

ramus of mandible.

Go 1.0 A point on the line that bisects the mandibular

angle into two angles of the same degree

and located 1 cm above the Go point.

Go-r 2.0 A point on the posterior bony contour of the

mandibular ramus drawn 2.0 cm from the

gonion point.

Go-b 2.0 A point on the inferior bony contour of the

mandibular body drawn 2 cm mesially to

the gonion point.

Rm A point located on the retromolar trigone

located where the line that bisects the

gonial angle meets the outer bony portion

of the trigone.
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(Figure 3). Subsequently, each functional unit under-
went deviation analysis18 (Geomagic Control X, version
2017.0.0, 3D Systems, Santa Clara, CA 95054, USA))
(Figure 4). This was complemented by visualization of
the 3D color-coded maps set with a range of tolerance
of 0.50 mm (Figure 5). After the deviation analysis,
percentages of all the distance values within the
tolerance range were calculated.

To minimize random error and systematic errors,
landmark detection was performed by a single exam-
iner with 15 years of research experience on CBCT
(R.L.) and who was calibrated previously.

To assess intrarater repeatability, digital casts from
the study group and models from the control group
were measured again, by the same operator after a
washout period of 4 weeks (T2).

Figure 1. The segmentation mask is manually selected in the axial view of the CBCT patient scans using the Threshold function of the Materialise

Mimics software.

Figure 2. First registration of mandibular images on the apical tip of the mandibular lingula and the geometric center of mental foramina/ LMF

indicates left mental foramina; LML, left mandibular lingula; RMF, right mental foramina; LML, left mandibular lingual.
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Statistical Analysis

All measurements were recorded in a Microsoft Excel
2016 spreadsheet (Microsoft, Redmond, Wash) and
analyzed using SPSS version 24 Statistics software
(IBM Corporation, Armonk, NY). Intraexaminer repeat-
ability of landmark locations was assessed using an
intraclass correlation coefficient (ICC). The Kolmogo-
rov–Smirnov test was used to test the normality of the
data. As all the data were normally distributed with
homogeneous variance, parametric tests were used.
Thus, mesh value percentages obtained by deviation
analysis from the study group and control group were
compared using an independent t-test. P values �.05
were considered statistically significant.

RESULTS

The ICC values the examiner obtained for land-
marking and matching showed that the sets of
recordings were highly correlated (ICC values ranged
from 93.4% to 97.2%). The variability in matching
percentages obtained for each functional unit ranged

Figure 3. To delineate the Co and the Cr, a perpendicular line to Sg-Li passing through Sg is drawn. This line represents the inferior border of the

Co and Cr functional units. The Ra is bounded by the perpendicular to Sg-Li at the top and by two lines at the bottom: the Go1.0-Gor2.0 and the

Go1.0-Gob2.0 lines, respectively. The Ap-Ga is delimited at the top by the Go1.0-Gor2.0 and the Go1.0-Gob2.0 lines. The Mb is bounded

posteriorly by Go1.0-Rm and Go1.0-Gob2, anteriorly Mb is delimited by a line drawn through point B and Me1.5. The Cp is delineated posteriorly

by the line drawn through point B and Me1.5. The Ap is delimitated posterior by a line Go1.0-Rm and inferiorly by the line Go1.0-B (A). The

functional mandibular units are then separated (B–D). AP, indicates alveolar process; Ap-Ga, angular process; Co, condylar process; Cp, chin

process; Cr, coronoid process; Ra, mandibular ramus; Mb, mandibular body.

Figure 4. The mandibular functional units from the crossbite side and

non-crossbite side of SS and from the right and left side of CS are

superimposed using the ‘‘best fit’’ algorithm (A–G).
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from 45.01% to 90.96% for the study group and from

59.89% to 91.05% for the control sample (Table 2).

The lowest percentage of matching recorded between

the crossbite side and non-crossbite side in the study
group and between the right and left sides in the

control group was at the alveolar process.

Of the 7 anatomic areas measured, the condylar
process, mandibular ramus, angular process at gonion

(P � .0001), and alveolar process (P � .01) showed

statistically significant differences in mean surface

distance when comparing the study sample and the

control sample. The greatest differences between the

two samples were obtained for the condylar process

with a mean difference of 14.09 percentage points.

There was no statistically significant difference in the

mean surface distance measurements between the

study group and control group for the coronoid
process, the chin, and the mandibular body (P � .05)

(Table 2).

DISCUSSION

In this study, a recently developed 3D technique was

used to evaluate mandibular functional unit shape and

morphology. The investigation was carried out in adults
with PUXB who had not received corrective treatment
for malocclusion in order to evaluate long-term effects
of this malocclusion on mandibular growth. The image-
analysis procedure used in this investigation included
the construction of 3D models from CBCT scans.
Then, the surface-to-surface matching method was
used to calculate the distances between the 3D
superimposed surfaces. This latter tool, calculated
thousands of color-coded point-to-point comparisons
(surface distances in millimeters) between 3D models.
This, in turn, allowed quantification of differences in
shape and morphology.15 No previous study has used
this new digital technology to compare and evaluate
each functional mandibular unit.

According to the functional matrix theory, each unit is
affected by the surrounding functional matrix,14 and the
overall mandibular growth is a sum of the independent
growth of each unit.19 Findings obtained from the
current study found statistically significant differences
between the two sides of the mandible of the same
patients with PUXB in comparison to the control group.
The highest differences were observed at the condylar
process, at the angular process, and at the alveolar

Figure 5. 3D deviation analysis is carried out using the surface-to-surface technique. A scale bar is shown on the right side. Green color shows

the range of tolerance (0.5 mm), red and blue show, respectively, the minimum and maximum deviation values (A–G).

Table 2. Surface-to-Surface Analysisa,b

Total % Co % Ra % Ap % Cr % Ap-Ga % Cp % Mb

Study group 40 65.86* 75.81* 45.01* 90.96 NS 75.91** 83.55 NS 82.96 NS

Control group 30 79.95 83.47 59.89 91.05 81.22 83.78 81.86

a Mean matching percentage obtained for each functional mandibular unit in the study and control groups. P values based on independent
Student t test obtained by comparing the mean matching percentage of each functional unit from control sample and study sample.

b Ap indicates alveolar process; Ap-Go, angular process at gonion ; Co, condylar process; Cp, chin process; Cr, coronoid process; Mb,
mandibular body; NS, not significant; Ra, mandibular ramus.

* P � .0001; ** P � .01.
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process units, with less at the coronoid process and
nearly none at the body of the mandible and chin.

These results may be explained by previous studies
that found asymmetric activity of masticatory muscles
and differences in condyle position within the fossa
between the crossbite side and non-crossbite side in
patients with PUXB.4,20–24 So far, it was claimed that
optimal masticatory muscle force during growth was
necessary for normal mandibular growth25 and that
masticatory muscle function was a determinant of bone
quality in the growing mandible.21 In this respect,
previous studies demonstrated that mandibular asym-
metry can result after experimental unilateral muscle
removal or after resection.23,24 Asymmetric postural and
functional activity of the masticatory muscles has been
recorded by surface electromyography measurements
in patients with PUXB.20 This asymmetric activity
causes a thinner masseter muscle on the crossbite
side.4,22 Additionally, bone formation and chondrogen-
esis in the condylar cartilage were observed after
unilateral masseter muscle resection26; this in turn
seemed to determine mandibular asymmetry.

Thus, it may be speculated that asymmetric muscle
activity is transferred to the mandibular bone, causing a
regional mandibular asymmetry located especially in
the area of muscle insertions. After the subsequent
adaptation of the neuromusculature to the acquired
new mandibular position, asymmetric mandibular
growth can occur.

Regarding the condylar process, previous studies
found that the mandible was rotated posteriorly on the
crossbite side when related to the cranial floor27 and
that the condyles on the crossbite side were positioned
relatively more superiorly and posteriorly in the glenoid
fossa than those on the non-crossbite side. Therefore,
displacement of the mandible seems to be compen-
sated through increased growth of the contralateral
condyle, reduced growth of the ipsilateral condyle,
corresponding surface remodeling in the articular
fossae, or a combination of these factors.27 After
temporomandibular joint bone remodeling, the con-
dyles become more symmetrically positioned in their
fossae, and mandibular midline deviation toward the
crossbite side might persist due to long-term adaptive
changes.7

The findings of the current study suggested that
positional asymmetry produced a mild mandibular
regional asymmetry especially affecting the condyle,
the mandibular angle, the alveolar processes. and the
mandibular ramus.3 The belief that an untreated
unilateral crossbite can lead to skeletal asymmetry of
the mandible was supported by this study. Interesting-
ly, not every mandibular functional unit was involved to
the same extent, with the condyle, angular, and

alveolar processes being the anatomic areas showing
the greatest variation in shape and morphology.

One drawback of this study was the small sample
size. However, calculation of the sample size was
obtained by a power analysis to ensure adequate
power to detect significant differences. Additionally,
despite the small sample size, the differences in shape
and morphology were so clear that they were
statistically significant. Nevertheless, studies with
larger samples of subjects are warranted to uncover
the full range of biological variability in PUXB.

CONCLUSIONS

� The null hypothesis that there are no differences in
the mandibular functional unit shape and morphology
between adult subjects with and without PUXB was
rejected.

� The condylar, angular, and alveolar processes, plus
the mandibular ramus, are the functional units
showing the lowest percentage of matching symme-
try. Therefore, they appear to play a more dominant
role in the asymmetry of the mandible in unilateral
posterior crossbite patients than did the body, the
coronoid, and chin units.
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