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The use of three-dimensional cephalometric references
in dentoskeletal symmetry diagnosis
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Objective: The aim of this study is to assess dentoskeletal symmetry in cone-beam computed tomography (CBCT)

scans of Brazilian individuals with Angle Class I malocclusion.

Material: A total of 47 patients (22 females and 25 males) aged between 11 and 16 years old (14 years) seen in a private
radiology service (CIRO, Goiania, GO, Brazil) were assessed. All CBCT scans were obtained from January, 2009 to
December, 2010. Cephalometric measurements were taken by multiplanar reconstruction (axial, coronal and sagittal) us-
ing Vista Dent3DPro 2.0 (Dentsply GAC, New York, USA). Minimum, maximum, mean and standard deviation values

were arranged in tables, and Student t-test was used to determine statistical significance (P < 0.05).

Results: Data were homogeneous, and differences between the right and left sides were not significant.

Conclusions: Cephalometric measurements of Brazilian individuals with Angle Class I malocclusion can be used to
establish facial symmetry and three-dimensional standard references which might be useful for orthodontic and surgical

planning.
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INTRODUCTION

Assessing skeletal asymmetry by means of cepha-
lometric and panoramic radiograph of individuals in
need of orthodontic treatment is an ongoing chal-
lenge that requires attention. Knowledge about cra-
niofacial growth and growth direction, skeletal anat-
omy, tooth position, tooth relationship with bone
structures, and facial profile is essential for accurate
treatment planning.’

Cephalometry focuses on linear and angular dimen-
sions established by bone, teeth and face measurements;
and cephalometric findings aid diagnosis and help to es-
tablish treatment strategies.

Dentists use lateral cephalogram to establish the
cephalometric references of normal individuals with
a balanced face.?® Despite potential limitations such
as image distortion and superposition, posteroante-
rior radiograph is useful for other types of assessment.
Nevertheless, it is considered reliable for surgical and
orthodontic planning.*

Inaccurate image reading may be associated with
superposition of anatomical structures and increased
radiographic image distortion. Furthermore, correct
management of patients during image acquisition is a
risk factor that may affect quality. Two-dimensional ra-
diographs are limited and might affect treatment plan-
ning and results negatively.*>¢

The use of cone-beam computed tomography
(CBCT) in Dentistry has raised several possibilities for
planning, treatment and follow-up in a number of spe-
cialties.”?" Farman and Scarfe'® reported that several
CBCT systems may be used to obtain reconstructions
similar to conventional cephalometric scans. According
to these authors,'® CBCT diagnostic precision and ef-
ficacy may be compared to conventional cephalometric
imaging. Additionally, they also state that evidence-
based selection criteria should be developed for CBCT
use in Orthodontics.

Cephalometric analysis has been used to assess lin-
ear and angular measurements of hard and soft tissues of
the craniofacial complex, while CBCT scans have been
helpful in assessing facial asymmetry.** New facial ex-
amination models may be developed by combining the
use of conventional cephalometric references and three-
dimensional CBCT scans.??* This study assessed den-
toskeletal symmetry of Angle Class I patients by means
of three-dimensional scans.
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MATERIAL AND METHODS
Sample selection

Facial symmetry of a group of patients was deter-
mined and resulted in a clinically symmetrical sample.
After that, three-dimensional scans of 47 patients (22
females and 25 males) aged between 11 and 16 years
old (14 years) were retrieved and further assessed. The
following inclusion criteria were applied: Angle Class
I malocclusion, crowding, absence of dental caries and
apical or marginal periodontitis. Exclusion criteria
were: Angle Class II or III malocclusion, absence of
teeth, traumatic bone and tooth injury, and previous
orthodontic treatment. This study was approved by the
local Institutional Review Board (Federal University of
Goiis, Brazil, # 296/2011).

Method used to determine facial symmetry

Patients’ digital frontal facial photographs were as-
sessed by three specialists in Orthodontics. Facial sym-
metry was determined according to visual inspection
and facial photographs. Clinically symmetrical patients
were selected for cephalometric measurements.

Image acquisition method

CBCT scans were acquired in a private radiology
clinic (CIRO, Goiania, GO, Brazil) using an i-CAT
scanner (Imaging Sciences International, Hatfield, PA,
USA). Volumes were reconstructed according to the
following exposure settings: 0.25-mm resolution, iso-
metric voxel, 120 kVp, tube voltage, 3.8 mA current,
exposure time of 40 seconds and field of view of 13 cm.
Images were acquired at 14-bit grey scale at a focal dis-
tance of 0.5 mm and 360° rotation.

Images were assessed by Xoran 3.1.62 software (Xo-
ran Technologies, Ann Arbor, USA) in a workstation
Intel Core® 2 Duo 1.86 Ghz-6300 processor (Intel Cor-
poration, Santa Clara, USA), NVIDIA GeForce 6200
turbo cache video card (NVIDIA Corporation, Santa
Clara, USA), EIZO - S2000 FlexScan monitor (1600 x
1200 pixels resolution) and Microsoft Windows XP pro-
fessional SP-2 operating system (Microsoft Corp, Red-
mond, USA). After reconstruction, data were stored in
individual DICOM files according to each patient.

Cephalometric measurements

After three-dimensional measurements were ob-
tained, the DICOM files were imported into VistaDent
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3D Pro 2.00 (Dentsply GAC, New York, USA). A total
of 17 cephalometric landmarks selected according to a
specific protocol for dentoskeletal symmetry assess-
ment were identified by a calibrated operator, who had
more than five years experience, and plotted by means
of axial, coronal and sagittal multiplanar reconstruction
(Table 1; Figs 1 and 2). Subsequently, reference planes

Table 1 - Cephalometric landmarks.

Cephalometric . o
Cephalometric landmark description
landmark

Porion R (Po R)
Porion L (Po L)
Orbitale R (Or R)
Orbitale L (Or L)

The most superior point of the right auditory meatus
The most superior point of the left auditory meatus
The lowest point on the right inferior orbital margin
The lowest point on the left inferior orbital margin

Anterior nasal . . )
The lowest point of the maxillary anterior nasal spine

spine (ANS)

Posterior nasal The most posterior point of the maxillary posterior nasal
spine (ENP) spine
Capitulare R Center of the head of right mandible

Capitulare L Center of the head of left mandible

Condylion R The most superior posterior point of the right mandibular
(CoR) condyle
Condylion L The most superior posterior point of the left mandibular
(Col) condyle
#16 The deepest point on the central fossa of right maxillary
first molar
#26 The deepest point on the central fossa of left maxillary first
molar
#36 Distobuccal cuspid tip of left mandibular first molar
#46 Distobuccal cuspid tip of right mandibular first molar

Gonion R (Go R)

Gonion L (Go L)

Gnathion (Gn)

The mid-point on the posterior outline of the angle of the
mandible on the right side
The mid-point on the posterior outline of the angle of the
mandible on the left side
The most anterior inferior point on the mandibular
symphysis.

Table 2 - Cephalometric measurements reference planes

Reference plane Plane description

Frankfort horizontal

Line connecting right and left porion to left orbitale
plane (FHP)

Line connecting right and left porion, perpendicular to the
Coronal plane (CP) )
Frankfort horizontal plane

Midsagittal plane
(MSP)

Line connecting anterior and posterior nasal spines,
perpendicular to the Frankfort horizontal plane

Maxillary horizontal Line connecting anterior and posterior nasal spines,

plane (MHP) perpendicular to the midsagittal plane
Mandibular plane . . ) . )
MP) Line connecting right and left gonion to gnathion

The use of three-dimensional cephalometric references in dentoskeletal symmetry diagnosis

were determined (Tables 2 and 3) and the linear mea-
surements were automatically calculated by the soft-
ware (Table 3; Figs 4 and 5). Values were recorded in
a Microsoft Office Excel® 2010 spreadsheet. Image up-
grading and maximal magnification tools were used to
ensure that all cephalometric landmarks were precisely
plotted on each multiplanar reconstruction.

Table 3 - Cephalometric measurements.

Maxilla Description

#16 - Coronal plane From #16 central fossa to coronal plane
#26 - Coronal plane From #26 central fossa to coronal plane
#16 - Sagittal plane From #16 central fossa to sagittal plane

#26 - Sagittal plane From #26 central fossa to sagittal plane

#16 - ANS From #16 central fossa to anterior nasal spine
#26 - ANS From #26 central fossa to anterior nasal spine
#16 - Maxillary . )
) From #16 central fossa to maxillary horizontal plane
Plane Height
#26 - Maxillary . .
_ From #26 central fossa to maxillary horizontal plane
Plane Height

#16 - FHP height

#26 - FHP height From #26 central fossa to Frankfort horizontal plane

Mandible Description

#36 - Coronal plane From #36 distobuccal cuspid to coronal plane

From #16 central fossa to Frankfort horizontal plane

#46 - Coronal plane From #46 distobuccal cuspid to coronal plane

#36-Gn From #36 distobuccal cuspid to gnation
#46-Gn From #46 distobuccal cuspid to gnation
#36 - Mandibular From #36 distobuccal cuspid to mandibular plane on
Plane Height the left side
#46 - Mandibular From #46 distobuccal cuspid to mandibular plane on
Plane Height the right side

Condylion R-Gn
Condylion L-Gn
Condylion R-GoR
Condylion L-GoL

From condylion to gnation
From condylion to gnation
From right condylion to right gonion

From left condylion to left gonion

Go R-Gn From right gonion to gnation
Go L-Gn From left gonion to gnation
FHP-Go R From Frankfort horizontal plane to right gonion
FHP-Go L From Frankfort horizontal plane to left gonion
TID Description
R Capitulare -

) From R Capitulare to midsagittal plane
sagittal plane

L Capitulare -

) From L Capitulare to midsagittal plane
sagittal plane

R Capitulare -

From R Capitulare to coronal plane
coronal plane

L Capitulare - .
From L Capitulare to coronal plane
coronal plane

R Capitulare - FHP From R Capitulare to Frankfort horizontal plane

L Capitulare - FHP From L Capitulare to Frankfort horizontal plane

© 2014 Dental Press Journal of Orthodontics
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Figure 1 - 3D cephalometric module of VistaDent
3D Pro 2.00 software (Dentsply GAC, New York,
USA). 3D reconstructions (A), Axial (B), coro-
nal (C) and sagittal slices (D).

oo |
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Figure 2 - Right porion cephalometric landmark (PoR) identified in the 3D Figure 3 - Three-dimensional reconstructions of the reference planes
(A), axial (B), coronal (C) and sagittal (D) multiplanar reconstructions. Frankfort Horizontal Plane (red), Coronal Plane (blue), Midsagittal Plane (yel-
low), Maxillary Plane (orange) and Mandibular (green).

Figure 4 - Three-dimensional image of cephalometric measurements be- Figure 5 - Three-dimensional image of cephalometric measurements from
tween #16, #26 and the midsagittal plane #16 landmark to the Frankfort Horizontal and Coronal Planes.
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Table 4 - Means and standard deviation of cephalometric measurements obtained from Angle Class | patients (n = 47).

Cephalometric

measurements Minimal Maximum

Maxilla #16

Minimal

Minimal and maximum values (mm)

Mean and standard deviation

Maximum
#26 #16 #26
70.35 61.56 + 447 6122 + 412 0.073
26.51 23.33 4145 2348 + 151 0453
51.37 44.75 + 2.85 4494 + 291 0.240
2744 20.56 + 2.85 20.54 + 279 0.348
47.82 40.36 + 348 40.27 + 345 0.610

Mandible #46 #36 #36 #46 P

#16/26 - Coronal Plane 51.30 7111 52.63
#16/26 - Sagittal Plane 19.96 2647 19.56
#16/26 - ANS 38.60 5174 38.36
#16/26 - MHP 15.10 25.69 14.61
#16/26 - FHP 3197 4921 31.32
#16/26 - Coronal Plane 50.72 71.27 52.21
#16/26 - Gn 4524 59.05 44.79
#16/26 - Height-GoGn 2212 30.77 21.84

69.05 6162 + 433 61.60 + 4.59 0.964
57.05 49.68 + 2.50 49.74 + 2.85 0.716
3140 2581+ 219 2592 +199 0.587

Mandible Right Left Left Right ]

Condylion-Gn 101.24 12748 100.27

Condylion-Go 42.18 59.12 43.58
Go-Gn 7645 92.85 7761
FHP-Go 4312 62.98 4194

126.6 11711 + 474 11742 + 4.71 0.230
60.20 4942 + 333 49.84 + 3.50 0.087
904 84.51 + 3.37 84.66 + 344 0.569
63.94 5142 + 4.23 51.88 + 4.28 0.100

™3 Right Left Left Right P

Capitulare - MSP 43.83 5143 4255
Capitulare - Coronal Plane 6.66 12.96 593
Capitulare - FHP 3.27 11.61 340

51.25 47.84 +1.90 4729 + 217 0.036
1318 10.18 + 1.37 945 +1.32 0.000
11.65 733 +199 731+ 179 0.894

Table 5 - Means and standard deviation (SD) of differences between right and
left sides in Angle Class | patients (n = 47).

Maxilla Minimal Maximum SD
#16/26 - Coronal
0.05 3.02 1.07+ 076
Plane
#16/26 - Sagittal
0.02 3.07 113+ 068
Plane
#6 - ANS 0.06 219 093 + 0.64
#6 - MHP 0.01 543 150 +1.38
#6 - FHP 0.05 2.52 0.87 + 068

Mandible

Coronal Plane 0.06 365 115+ 081
Condylion - Gn 0 433 137+ 111
Condylion - Go 0.01 4.01 1.38 + 0.95
Go-Gn 0.02 4.53 138 + 1.14
FHP - Go 0.01 5.35 155+ 1.14
#6-Gn 0.01 343 0.83 +0.77
Height - GoGn 0.05 533 0.98 + 0.90
Capitulare - MSP 0.10 4.31 143 +1.13
Capitulare - Coronal 004 245 090 + 054
Plane
Capitulare - Frankfort 0.15 2.12 0.99 + 0.56

© 2014 Dental Press Journal of Orthodontics

Statistical analysis

Mean and standard deviation of all cephalometric mea-
surements were obtained. Cephalometric measurements
from both left and right sides and the differences between
them were recorded in two subsequent tables. Those dif-
ferences were assessed by t-test for paired samples and Wil-
coxon test. Data normality was assessed by Kolmogorov-
Smirnov test. Values were significant at P < 0.05.

Differences between measurements obtained on
the left and right sides were recorded by descriptive
statistics in Table 5 which shows minimal, maximum,
mean and standard deviation values. All statistical anal-
yses were performed by means of SPSS (20.0, SPSS
Inc, Chicago, USA).

RESULTS

Results are summarized in Tables 4 and 5.
Table 4 shows minimal, maximum, mean and standard
deviation values of cephalometric measurements ob-
tained from the maxilla, mandible and temporoman-
dibular joint (TM]). Table 5 shows the differences be-

tween left and right measurements.
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DISCUSSION

Facial harmony, an ancient esthetic concern of hu-
man beings, was confirmed by facial photographs of
Angle Class I Brazilian patients, despite differences be-
tween right and left cephalometric measurements.

Orthodontic treatment is planned based on the linear
and angular measurements of the craniofacial complex.
For decades, measurements were taken on the basis of
two-dimensional images. Lateral and posteroanterior
cephalograms as well as panoramic radiographs were of-
ten used as complementary examination by specialized
dentists, mainly in Orthodontics.?*?'-** Measurements
are usually obtained on the basis of two-dimensional
scans of three-dimensional structures.

CBCT has redefined cephalometric analysis.?-3"%
Methods may have to be adapted to CBCT risks and
benefits, as well as to its three-dimensional scans so as to
increase the accuracy of cephalometric measurements.

This study used VistaDent 3D Pro 2.00 (Dentsply
GAC, Nova York, USA) which enables navigation in
the axial, sagittal and coronal planes so as to take cepha-
lometric measurements. Measurements taken on the
basis of CBCT scans are more accurate and reliable due
to better magnification and less distortion than two-
dimensional images.?*-240-+

Three-dimensional cephalometric analyses were car-
ried out to establish reference values. Sievers et al.** as-
sessed 70 patients and used the index by Katsumata et al**
to measure asymmetry in Class I and II patients. The in-
dex was calculated based on the distances from the cra-
niometric landmarks to the midsagittal, coronal and axial
planes. The midsagittal plane was established by sella,
nasio and dent landmarks; whereas the axial plane was
established by the sella and nasio landmarks and was per-
pendicular to the midsagittal plane. Dent landmark was
used to determine the coronal plane which was perpen-
dicular to the other two planes. Angle Class II patients
were not more asymmetrical than Class I patients.

In this study, landmarks and measurements were used
to assess symmetry according to five planes: midsagittal,
coronal, Frankfort horizontal, maxillary and mandibular.
These planes were used as reference for cephalometric
measurements. The midsagittal plane was established by
the anterior and posterior nasal spines and was perpen-
dicular to the Frankfort horizontal plane according to a
model, which differs Katsumata et al.** The coronal plane
connected the right and left porion and was perpendicular
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to the Frankfort horizontal plane. There were significant
differences in Capitulare-MSP and Capitulare Coronal-
Plane cephalometric measurements.

Using different methods to locate craniometric land-
marks and three-dimensional cephalometric measure-
ments affects the process of establishing reference values,
which hinders comparison with results yielded by pre-
vious studies.*?7*4 Some studies have used algorithms
to demonstrate the use of three-dimensional cepha-
lometry and to derive two-dimensional cephalomet-
ric references for three-dimensional evaluations.?6-#4
New cephalometric methods using three-dimensional
scans have been suggested.””*** Cheung et al* devel-
oped a model of cephalometric analysis of dentofacial
abnormalities and established new cephalometric refer-
ence values for Chinese adult patients. Cavalcanti et al*
assessed the accuracy of craniofacial bone and tissue
measurements obtained by means of 3D computed to-
mography (CT) and a volume technique using an inde-
pendent workstation with graphic tools. The 3D-CT
measurements proved accurate in assessing growth and
developmental changes. Takahashi et al® assessed facial
skeletal structures using the vertical view of cephalo-
metric lateral radiographs not only to establish the mean
normality values for young Brazilians whose ancestors
were white or Asian with normal occlusion, but also
to assess the differences between males and females and
ethnic groups under study. Their results suggested that
males and females from both ethnic groups presented
differences in some of the cephalometric measurements.
Additionally, differences between the two ethnic groups
under study were also observed.

The reference values obtained in this study are com-
plementary to other dentoskeletal symmetry findings,
such as those provided by clinical and model analyses.
Tooth size discrepancies may result in midline devia-
tion which also leads to asymmetry. The Bolton discrep-
ancy analysis of digital CBCT models has been used to
assess the effect of teeth on asymmetry. Tarazona et al”
assessed the reproducibility and reliability of the Bolton
index when using digital CBCT models and digitized
images of conventional models. Although both methods
proved clinically acceptable, CBCT results were accurate
and reproducible. Sanders et al*® compared the degree of
dentoskeletal asymmetry in Class II patients and subjects
with normal occlusion by means of CBCT. A total of 34
landmarks were used to assess dental, dentoalveolar, bone
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and condyle asymmetries. The distances from the con-
tact points of maxillary and mandibular central incisors to
the midsagittal plane were measured together with linear
and angular measurements so as to establish dentoskeletal
asymmetry. These measurements were essential for the
precise diagnosis of dentoskeletal symmetry.

Asymmetries may result in esthetic and functional
deviations of variable intensity. Thus, using cephalom-
etry to determine the severity of asymmetry is an essen-
tial tool in orthodontic planning. CBCT may be used
for cephalometric analysis, but this three-dimensional
tool exposes patients to radiation. Therefore, care
should be taken to ensure the best cost-benefit relation-
ship between information and radiation dose,”* and
decisions should respect the ALARA principle (as-low-
as-reasonably-achievable).
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