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Abstract
PA cephalogram has been used in orthodontic for the
treatment of asymmetry 1,2 . The PA cephalogram
provides information useful for facial asymmetric
evaluation and for evaluation of the craniofacial
skeleton and dentoalveolar structures in frontal plane3.
We know how PA cephalogram is a projection of a
three-dimensional skeletal structures, into a
two-dimensional surface of the film. Therefore, this
transposition of images can lead to enlargement,
distortion and projection error. Sometimes, PA doesn't
give accurate information, particularly regarding
deviation of the chin. Some studies have proposed the
combined use of more radiographic exams
Postero-Anterior (PA), Laterlo-lateral (LL), and
submento-vertex views for 3D evaluation of the
maxillofacial complex.4 However, 2D radiographs have
the limitations of enlarging and distorting the image,
and this can lead to misdiagnosis.5,6
Cephalometric measurements on PA are subject to
distortion, so it should be use just to compare right and
left sides in a qualitative way more than quantitatively
way.7
Because quantitative measurement is a key element in
the diagnosis of asymmetry, a 3D analysis with 2D
radiographs obviously cannot be always used.
Aim of this works is to evaluate the statement of art
about the use of CBCT, in orthodontics, and in the
diagnosis, treatment planning of the asymmetries.

Introduction
LIMITATIONS OF PA CEPHALOGRAM
The limitation that we considered is the error due to
identify the reference point. It is link to the
identification of the landmarks, there are many factors
that may affect the evaluation: the radiographic image
density and clarity, and the overlapping of the soft
tissues, individual variations in skeletal structures, and
the viewer's experience play an essential role.
Altoutght, this margin of error is due to a small area.8
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From these observations, the researchers assessed
how the inclusion of studies within a margin of error
calculated through repeated measurements becomes
superfluous especially if the observations are
performed by the same operator.9
A more important error it is when there is a rotation of
the head, an incorrectly projection that affects the
validity of PA. The rotation of the head causes an
artificial distortion for which the structures in vertical
and in the horizontal ones have an altered dimensions
and thus the position of reference points. Greater is
the distance, greater will be the influence that the
rotation of the head has on the radiographic distortion.
In particular, the points that are located forward
respect to the axis of rotation will be arranged in the
direction of rotation of the head, on the contrary, the
seats points located posteriorly to the axis displaced
itself in the opposite direction. The rotation through the
plan anteroposterior goes to influence more the
vertically points. The rotation on the vertical axis,
influences the horizontal measures. The variations in
the inclination of the head measurement around the
vertical axis, changes significantly affect points
nearest the midline as the mention and Nasion 10 .
Studies have viewed as 5° difference in orientation of
the head considering inclinations top to bottom or left
to right are not so influential goodness of radiography,
and as validated by studies Gaìhafari11 et al. these can
be acceptable since rejoined the range of +/- 5°.
Although we must considere how, the mandibular
height was influenced by well 3 mm with only 2° of
rotation. Finally, it is also considered how a higher
degree of asymmetry of the ears can significantly
influence, because there will be a change in the
positionin of the head in the cephalostat, and therefore
in this case, the ear plugs, should be removed and try
to position the patient with the median sagittal line
identified clinically perpendicular to the floor and to the
radiographic film. Moreover, the errors resulting from
magnification can confuse the analysis of PA; The
distortion level decreases for any facilities that are
closer to the film, but it is also variable in the different
considered plans. The landmarks are not placed at the
same distance from the focal range, each point will be
affected differently. For example, the mandibular width
will be subject to twice so increased by the distortion
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with respect to the jaw width, and this shows how the
width of the two jaws can have considerable
discrepancies.
Nowadays 3Dimensional images has been used for a
reliable diagnosis of asymmetries. If at first the use of
3D imgaes, was doing with a spiral CT, and the use of
this exam was limited for problems links to the
patient’s radiation dose, now with the use of CBCT
there significant reduction in radiation dose. Moreover,
CBCT has been shown to produce a 1-to1 image that
are very reliable for the detection of asymmetries,
because they can offer a precisely quantitative
dimension of the asymmetry’s degree12,13. A lot type of
studies in literature examined how CBCT imaging
could be very useful for the assessment of asymmetry.14

Materials and Methods
Nowadays, various studies have been published on
international literature about the use of CBCT image
and underlined how that could be more reliable and
more accurate to diagnose facial deformities. The
CBCT have represented a good alternative to
standards radiographic images. So a detached
research of international literature has been performed
using the principal medical databases: PubMed
(Medline), Lilacs and Scopus. The keywords used
were: CBCT; 3D IMAGES, ASYMMETRIES, to identify
all articles reporting on the topic till October 2016.

Review
3D IMAGES RELIABILITY IN ASYMMETRIES
DETECTION.
Many studies underlined how an asymmetrical face is
common, the first of all is the work of Proffit15, which
detected in a retrospective survey that the 34 per cent
of 1460 patients evaluated by the dentofacial clinic at
the university of North Carolina were found to have
clinically apparent facial asymmetry. These findings
are important for the clinician practice because
asymmetry must be identified and planned for print to
initiating treatment, thus them underlined the need to
have an accuracy detection of the maxillofacial
complex.
A study of Sanders 1 6 , occurred how minor
asymmetries exist and is a common finding in the
normal human craniofacial complex. This study takes
in exams the benefits that the use of 3d images could
carry on detection of facial asymmetries. It analyzed
thirty consecutive Class I patients by
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three-dimensional cone-beam computed tomography
(CBCT). The findings underlined how asymmetries are
present in all planes by CBCT analysis in a normal,
adolescent population. Moreover, their research
underlined how the craniofacial structures in order to
work in a correct and functional way, have a natural
compensatory mechanism, that control size and shape
of the muscle that modify the above soft tissue and
can lead to a misdiagnosis of a substructural skeletal
asymmetry. This is in agreement with what is stated in
the literature, as reported in the work of Rhodes17 and
Farkas 18 , which show that a level of mild skeletal
asymmetry is often masked by the soft tissues.
ACCURACY IN REPRODUCING ANATOMIC
STRUCTURE
CBCT modality has allowed better discernment
between overlapping structures and increasing to
recognize anatomical structures and landmarks. The
use of a 3D system identifying landmarks in a more
precisely, such as the ANS, PNS, basion, porion,
orbitale, condylion and L1 root tip, that were
traditionally more difficult to locate in 2D. In addition,
3D technology would be more useful for precise
measurements that are important in evaluating growth
change or treatment effects. Another study of the
precision of CBCT, is the one of Lagravere et al.19 that
compared the accuracy of measurement of metallic
landmarks placed in a synthetically mandible made
both on the CBCT and with CMM (coordinate
measuring machine), that is considered a gold
standard method, they concluded that 3D images on
CBCT have a 1-to-1 ratio with real coordinates and
with the linear and angular distances obtained by the
CMM.
CBCT images taken of orthodontic patients must be
thoroughly evaluated for diseases. Incidental findings
appear on approximately 25% of CBCT images. As
demonstrated, incidental findings of both skeletal and
soft-tissue diseases can be detected on CBCT scans.
Thus, it is imperative that the entire imaged volume is
examined for pathologies or anatomic variants in
patients. In an a blinded observational cross-sectional
in-vitro study conducted to compare the diagnostic
accuracy of observers viewing images made with
CBCT, panoramic radiography, and linear tomography
that detecting the cortical erosions affecting the
mandibular condylar head, concluded how a major
rreliability and greater accuracy is give with the use of
3dimensional imaging20. Moreover, some studies treat
about the possibility to use CBCT not only for skeletal
structures, but also of dental asymmetries21-22.
PROPOSAL OF CLASSIFICATION BY 3D CONE
BEAM
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Exist a study23 of Beak that had used 3D-CT imaging,
and through some variables built a classification
analysis considered standards elements representing
skeletal characteristics of patients with facial
asymmetry. The 8 parameters, including
measurements of the upper midline deviation,
maxillary canting in the canine and first molar regions,
width of the upper arch, width of the mandible at the
Go, vertical length of the ramus, inclination of the
ramus, and deviation of the Me. They showed
significant differences between the deviated side and
the opposite side of the face and it’s possible to
establish 4 groups of asymmetry. The group 1 with
mandibular body asymmetry, group 2 with unilateral
condylar hyperplasia asymmetry, group 3 with atypical
asymmetry, group 4 with C-shaped curve of the face in
the frontal view. These could be a useful way to
classify the asymmetries through analysis based on
3D-CT IMAGE.
DOSE RADIATION
An intresting study of Brown24 shown how it’s possible
to reduce patient dose, with selection of exposure
settings (eg, kVp, mAs) and adaptment of further
technical parameters. The sample compare the
reliability and accuracy of linear dimensions between
common cephalometric landmarks on a sample of
skulls to 3D measurements obtained from shaded
surface 3D renderings reconstructed from CBCT
datasets obtained from varying numbers of projection
images. Patients are expose to X-ray in based of
projection images aquired. This study explains how
there is not difference in the quality of image if we
based on the number of projection images use to
create the reconstruction in the measurement obtained
from 3D volumetric renderings.
In this study, 3D renderings, produced using 153 basis
projection images, provided similar accuracy
compared with those produced using 612. This
represents a potential patient dose reduction of up to
75% and rejected the concept that many projections
give a greater image. The patient receives an effective
dose of only 50 µSv, because it’s possible with a cone
beam technology to have a full scan of the head in a
few second, subjected the patient to a significative
reduction of X-ray dose. Indeed, this is the same of
total dose of conventional radiographs that its normal
to use in an orthodontic treatment plane. The
latero-lateral cephalograms and the panoramic
radiograph, as well as others that has been used for
others aim like the occlusal radiograph for locating
impacted canines.25,26
Although it is an important improvement in benefit for
patient, it should be uncorrected to interpret the
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findings of this study as adopted the use of CBCT in
general orthodontic practic. It’s important to realize
notwithstanding the radiation reduction of CBCT
compared to spiral CT, CBCT still exposes the patient
to more radiation compared to a PA cephalogram27.

Conclusion(s)
How have we previously investigated in our works, the
use of 3D images with CBCT tools, lead to a many
advantages, compared to 2D PA cephalograms. There
is an accuracy of image because there are no more
errors link to enlargement distortion and projection
proper of the PA cephalograms. Moreover, we have
the possibility to re built orthopanoramic and PA 2D
image start from the CBCT file with the use of
dedicated program. Nowadays moreover it’s possible
also to reduce the radiation dose. Althought, these
considerations the added benefits of the 3-D images in
evaluating mandibular asymmetry should be carefully
weighed against the higher radiation dose before
CBCT imaging can be justified and the use had to be
dedicated just to a necessary situation.

References
1) Bishara SE, Burkey PS, Kharouf JG. Dental and
facial asymmetries: a review. Angle Orthodontist
1994;64:89-98
2) Athanasiou AE, Van der Meij AJW. Posteroanterior
(frontal) cephalometry. In: Athanasiou AE , editor.
Orthodontic cephalometry. London: Mosby-Wolfe;
1995.
3) Ghafari GG. Posteroanterior cephalometry:
craniofacial frontal analysis. In: Jacobson A, Jacobson
RL , editors. Radiographic cephalometry, from basics
to 3-D imaging. Hanover Park: Quintessence
Publishing Co, Inc.; 2006. p. 267-292
4) Grayson B, Cutting C, Bookstein FL, Kim H,
McCarthy JG. The three-dimensional cephalogram:
theory, technique, and clinical application. Am J
Orthod Dentofacial Orthop 1988; 94:327-37.
5) Bergersen EO. Enlargement and distortion in
cephalometric radiography: compensation tables for
linear measurements. Angle Orthod 1980;50:230-44.
6) Ahlqvist J, Eliasson S, Welander U. The
cephalometric projection: part II. Principles of image
distortion in cephalography. Dentomaxillofac Radiol
1983;12:101-8.
7) Grummons DC, Kappeyne van de Coppello MA. A

Page 4 of 5

WMC005220

Downloaded from http://www.webmedcentral.com on 15-Nov-2016, 10:01:08 AM

frontal
asymmetry analysis. J Clin Orthod
1987;21:448-65.
8) Major PW, Johnson DE, Hesse KL, Glover KE.
Landmark identification error in posterior anterior
cephalometrics. An- gle Orthod. 1994;64:447–454.
9) Trpkova B, Prasad NG, Lam EW, Raboud D, Glover
KE, Major PW. Assessment of facial asymmetries from
postero- anterior cephalograms: validity of reference
lines. Am J Orthod Dentofacial Orthop.
2003;123:512–520.
10) Yoon Y J, Kim D H, Yu P S, Kim H J, Choi E H,
Kim K W 2002 Effect of head rotation on
posteroanterior cephalometric radiographs. Angle
Orthodontist 72: 36–42
11) Ghafari, J. , P. E. Cater , and F. Shofer . Effect of
film-object distance on posteroanterior cephalometric
measurements: suggestions for standardized
cephalometric methods. Am J Orthod Dentofacial
Orthop 1995. 108:30–37.
12) Hassan B, Van der Stelt P, Sanderink G. Accuracy
of three-dimensional measurements obtained from
cone beam computed tomography surface-rendered
images for cephalometric analysis: influence of patient
scanning position. European Journal of Orthodontics
2008;31:129-134
13) Brown AA, Scarfe WC, Scheetz JP, Silviera JP,
Farman AG. Linear accuracy of cone beat CT 3-D
images. Angle Orthodontist 2009;79:150-157
14) Hwang, Hyeon-Shik, et al. "Maxillofacial
3-dimensional image analysis for the diagnosis of
facial asymmetry." American journal of orthodontics
and dentofacial orthopedics 130.6 (2006): 779-785.
15) Severt TR, Proffit WR. The prevalence of facial
asymmetry in the dentofacial deformities population at
the University of North Carolina. Int J Adult Orthodon
Orthognath Surg. 1997;12:171– 176.

134.1 (2008): 112-116.
20) Oana Bida Honey, William Charles Scarfe,
Michael J. Hilgers, Kathleen Klueber, Anibal M.
Silveira, Bruce S. Haskell, and Allan G. Farman.
Accuracy of cone-beam computed tomography
imaging of the temporomandibular joint: Comparisons
with panoramic radiology and linear tomography . Am
J Orthod Dentofacial Orthop 2007;132:429-38)
21) Asquith J, Gillgrass T, Mossey P.
Three-dimensional imaging of orthodontic models: a
pilot study. Eur J Orthod. 2007;29(5):517–522.
22) Almeida MA, Phillips C, Kula K, Tulloch C. Stability
of the palatal rugae as landmarks for analysis of dental
casts. Angle Orthod. 1995;65(1):43–48
23) Baek, Chaehwan, et al. "Morphologic evaluation
and classification of facial asymmetry using
3-dimensional computed tomography." Journal of Oral
and Maxillofacial Surgery 70.5 (2012): 1161-1169.
24) Brown, April A., et al. "Linear accuracy of cone
beam CT derived 3D images." The Angle orthodontist
79.1 (2009): 150-157.
25) Halazonetis DJ . From 2-dimensional
cephalograms to 3-dimensional computed tomography
scans. Am J Orthod Dentofacial Orthop
2005;127:627–637.
26) Mah JK , Danforth RA , Bumann A , Hatcher D .
Radiation absorbed in maxillofacial imaging with a new
dental computed tomography device. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2003;96:508–513.
27) Park, Sun-Hyung, et al. "A proposal for a new
analysis of craniofacial morphology by 3-dimensional
computed tomography." American Journal of
Orthodontics and Dentofacial Orthopedics 129.5
(2006): 600-e23.

16) Sanders, Derek A., et al. "Quantification of skeletal
asymmetries in normal adolescents: cone-beam
computed tomography analysis." Progress in
orthodontics 15.1 (2014): 1.
17) Rhodes G, Proffitt F, Grady J, et al: Facial
symmetry and the perception of beauty. Psychon Bull
Review 5:659, 1998
18) Farkas LG, Cheung G. Facial asymmetry in
healthy North American Caucasians. Angle Orthod.
1981;51:70–77.
19) Lagravère, Manuel O., et al. "Three-dimensional
accuracy of measurements made with software on
cone-beam computed tomography images." American
Journal of Orthodontics and Dentofacial Orthopedics

WebmedCentral > Systematic Review

Page 5 of 5

