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Comparison of transverse analysis between posteroanterior cephalogram

and cone-beam computed tomography

Kyung-Min Leea; Hyeon-Shik Hwangb; Jin-Hyoung Choc

ABSTRACT
Objectives: To evaluate maxillary and mandibular alveolar and basal bone widths using cone-
beam computed tomography (CBCT) and to verify the correlation between CBCT images and
posteroanterior (PA) cephalograms.
Materials and Methods: The CBCT scans and PA cephalograms were obtained from 20 men (age
range 5 24.0–29.1 years; mean age 5 27.2 years; SD 5 2.8 years) and 20 women (age range 5

20.3–28.1 years; mean age 5 26.4 years; SD 5 3.2 years) with normal occlusion. On CBCT
images, maxillary and mandibular bone widths were measured at three posterior sites and five
bone levels. The differences between maxillary and mandibular bone widths were calculated and
compared with conventional transverse width of PA cephalograms.
Results: Statistically significant differences in maxillary and mandibular bone widths were detected
at different levels and sites. Bone widths were significantly increased from the alveolar crest toward
the basal bone in the maxillary molar and mandibular second premolar and molar areas. A
statistically significant correlation was only found between CBCT images and PA cephalograms for
maxillomandibular width at the first molar area.
Conclusion: The results of this study suggested that three-dimensional assessment of
maxillomandibular width is mandatory for the transverse analysis. (Angle Orthod. 2014;84:715–719.)
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INTRODUCTION

Transverse maxillary dimension is one of the critical
aspects of a functional and stable occlusion.1 Undiag-
nosed transverse discrepancy leads to adverse peri-
odontal response, unstable dental camouflage, and
less than optimal dentofacial esthetics.2 Betts et al.3

developed a cephalometric analysis for posteroanteri-
or (PA) cephalograms, which calculates the transverse

maxillomandibular width differential; transverse dis-
crepancies up to 5 mm might be treated with camou-
flage but beyond that a surgical approach to expansion
should be considered.

The most common assessment of skeletal transverse
discrepancy compares the widths between the right and
left jugale points and between the right and left
antegonial points.4 The jugale point to the antegonial
point ratio might not be as reliable an indicator of
transverse relationships as has been commonly be-
lieved.5 Superimposition of anatomic structures on the
view reduces the clarity of the landmarks and increases
identification errors.6,7 Head orientation, such as any
rotation or tipping of the head when taking the
cephalogram, affects the horizontal relationships of
the landmarks, making it difficult to evaluate symmetry
and measure horizontal distances.8 With these prob-
lems, the practitioner is often challenged to make a
proper diagnosis using PA cephalograms.

To overcome these limitations, computed tomogra-
phy (CT) for the assessment of the transverse
dimensions of the maxilla was introduced by Timms
et al.9 in the 1980s. However, the use of conventional
CT scans in orthodontics has been limited because of
cost and radiation concerns.10 Cone-beam CT (CBCT)
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was developed for imaging hard tissues of the
maxillofacial region; it results in minimum distortion,
costs less, and has lower radiation exposure than
conventional CT. The high resolution of CBCT images
is due to the isotropic voxel (equal in all three
dimensions), which produces submillimeter resolutions
ranging from 0.4 mm to as low as 0.125 mm.10 Several
investigations have shown the high accuracy of CBCT
images for quantitative and qualitative analysis.11–14

However, few studies have assessed maxillary and
mandibular skeletal and dental transverse relation-
ships based on CBCT.

The aim of this study was to evaluate maxillary and
mandibular alveolar and basal bone widths at the first
premolar (P1), second premolar (P2), and first molar
(M1) using CBCT images and to verify the correlation
with PA cephalograms.

MATERIALS AND METHODS

Twenty men (age range 5 24.0–29.1 years; mean
age 5 27.2 years; SD 5 2.8 years) and 20 women (age
range 5 20.3–28.1 years; mean age 5 26.4 years; SD
5 3.2 years) with normal occlusions (Angle’s Class I
canine and molar relation) were enrolled in this study.
Subjects with skeletal dysplasia, asymmetric dental
arch, moderate to severe crowding, missing tooth, and
history of prosthetic or orthodontic treatment were
excluded. All subjects provided informed consent to
participate in this study, and this study was approved by
the Institutional Review Board for Medical Science at
the Chonnam National University Hospital, Gwangju,
Korea (I-2008-12-156).

The CBCT scans were obtained by CB MercuRay
(Hitachi Medical Co, Tokyo, Japan) under the following
conditions: 120 kV, 15 mA, voxel size 0.3 mm (P mode),
and field of view 150 mm. The CBCT scan data were
processed and reformatted by the OnDemand3D Appli-
cation program version 1.0, (CyberMed Inc, Seoul, Korea).

Conventional PA cephalograms were obtained using
cephalometric x-ray equipment (OrthoCeph OC100,
Instrumentarium Imaging Co, Tuusula, Finland). A
photostimulable phosphor plate was used as the
detector and was positioned 150 mm from the
midsagittal plane. The source-midsagittal plane dis-
tance was 1500 mm. The plate was scanned at 650 dpi
(Kodak DirectView CR975 system, Carestream
Health, Rochester, NY).

Measurement of Maxillary and Mandibular Bone
Width on the CBCT Image

On CBCT images, maxillary and mandibular bone
widths were measured at three posterior sites (P1, P2,
and M1) and at five bone levels (alveolar crest,
furcation, root apex, and at 2 mm and 5 mm below

the root apex from M1); the differences between
maxillary and mandibular bone widths were also
calculated. To obtain standardized axial and coronal
slices, the following references were used. Reference
planes were used to ensure that the two-dimensional
coronal slices were consistently oriented: (1) the axial
plane was defined as the functional occlusal plane15;
(2) the coronal plane was perpendicular to the axial
plane, passing through the buccal groove of the
maxillary right first molar; and (3) the sagittal plane
was perpendicular to both the axial and coronal
planes, passing through the midpoint between the
medial rims of the orbits (Figure 1). The vertical levels
of the measurements were established at the alveolar
crest, furcation, root apex, and 2 mm and 5 mm below
the root apex from M1. This was accomplished by
moving the horizontal reference line based on the
millimeter ruler. By using the axial slice, the final
measurements were made through the buccal portion
of the cortical bone where the horizontal reference line
contacted the endosteal surface.

Measurement of Maxillary and Mandibular Width
on PA Cephalogram

The PA cephalograms were imported into V-ceph
software (version 6.0, CyberMed Inc, Seoul, Korea), and
two linear measurements commonly used in conven-
tional transverse analysis were chosen. The distances
between the right and left jugale points and antegonial
points that represent maxillary width and mandibular
width, respectively, were measured (Figure 2). The dif-
ferences between maxillary and mandibular bone widths
were calculated.

Statistical Analysis

To assess the reliability of measurements, all
measurements were repeated after 2 weeks by the
same investigator, and the mean of two measurements
was used in the statistical analysis. The systematic
intraexaminer error between two measurements was
determined using a paired t-test. Also, the magnitude
of the measurement error was assessed by calculating
the intraclass correlation coefficient (ICC). Repeated
measures analysis of variance with the general linear
model was used to identify differences at different
levels and sites, and multiple comparisons were
performed with the Bonferroni test. Mauchly’s spheric-
ity test was used to test the equality of the variances of
the differences between the levels of the repeated
measures factor. Pearson correlation analysis was
used to assess the relationship between measure-
ments from CBCT images and conventional transverse
widths of PA cephalograms. All analyses were
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performed with version 18.0 of the PASW software
package (SPSS Inc, Chicago, Ill).

RESULTS

The systematic intraexaminer error was evaluated at
P , .05 and was found to be statistically insignificant.
The ICC measurement indicated excellent reliability
with a mean ICC of 0.874 (ICC 5 0.79–0.94). Before
assessing maxillary and mandibular alveolar and basal
bone widths, sex difference in bone width was
assessed. There was no statistically significant differ-
ence between male and female subjects according to
the t-test (P . .05). Based on the results of those tests,
data were combined for men and women.

Means and standard deviations for maxillary and
mandibular alveolar and basal bone widths are shown

in Table 1. Statistically significant differences in
maxillary and mandibular bone widths were detected
at five different bone levels and at three sites.

In the maxilla, the mean alveolar and basal bone
widths at P1 and P2 were significantly increased until
the furcation level but then decreased toward 5 mm
below the root apex. At M1, the mean maxillary alveolar
and basal bone widths were significantly increased from
the alveolar crest level toward 5 mm below the root apex
level.

In the mandible, the alveolar and basal bone widths
at P2 and M1 were significantly increased from the
alveolar crest level toward 5 mm below the root apex
level. However, at P1 the alveolar and basal bone
widths were exhibited consistently according to the five
levels in contrast to those in the maxilla and mandible.

Associations of maxillomandibular width between
CBCT and PA cephalograms are shown in Table 2.
The value of maxillomandibular width on PA cephalo-
grams was 24.6 mm on average (SD 5 4.8 mm). There
was a statistically significant correlation between CBCT
images and PA cephalograms for the M1 area only.
Maxillomandibular width of M1 at three levels (root apex
and 2 mm and 5 mm below root apex) showed a
statistically significant correlation with those on PA
cephalograms. However, maxillomandibular widths of
P1 and P2 did not show any correlation with PA
cephalograms.

DISCUSSION

It is generally acknowledged that maxillofacial
deformities and malocclusions require diagnosis in all
three planes of space.16,17 Podesser et al.18 suggested
a method of quantification of factors in the transverse
dimension of the maxilla based on CT scanning.

Figure 1. Measurement of maxillary bone width on CBCT images using orientations of three orthogonal views.

Figure 2. Measurement of maxillary and mandibular width on PA

cephalogram. J indicates jugale; Ag, antegonion.
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Primozic et al.19 performed three-dimensional evalua-
tion of crossbite correction using laser-scanned study
casts. This study measured palatal surface area and
palatal volume.

Recently, with the introduction of CBCT imaging in
orthodontics, a diagnosis in three planes can be easily
obtained with minimal radiation. In addition, the spatial
limitations of two-dimensional imaging, especially in
PA cephalograms, can be overcome. In particular,
overlaps of molars on PA films that complicate ident-
ification can be overcome by the ability to use CBCT to
view coronal slices at different thicknesses; conse-
quently, determination of molar and posterior alveolar
inclination is facilitated.20

In this study, our objectives were to evaluate
maxillary and mandibular alveolar and basal bone

widths and to verify the correlation between CBCT
images and PA cephalograms. As the literature
contains few studies with a detailed examination of
maxillomandibular width using CBCT images, we had
to create our own evaluation protocol. Differences in
bone width were found according to the five levels of
each tooth (Figure 3). At the M1 area, the alveolar and
basal bone widths significantly increased from the
alveolar crest toward 5 mm below the root apex in both
the maxilla and mandible. At the P1 and P2 areas,
however, variations existed depending on the five
levels. These patterns might be explained by different
anatomic characteristics in the maxillary and mandib-
ular posterior areas. Such differences in bone width
between five levels and their neighboring sites should
be considered, especially when evaluating the effect of
expansion treatment.

We found no significant correlation of maxillomandi-
bular width between CBCT images and PA cephalograms

Table 1. Data of Maxillary and Mandibular Widths on CBCT Images and Comparison of the Five Areas (unit: mm)

Alveolar Crest Furcation Root Apex

2 mm Below

Root Apex

5 mm Below

Root Apex

SignificanceMean SD Mean SD Mean SD Mean SD Mean SD

Maxilla

First premolar 47.4a 1.8 49.3b 2.6 43.6c 3.8 41.5d 3.9 38.4e 4.4 *

Second premolar 53.5a 2.4 55.6b 2.5 52.3a 3.3 51.7c 4.4 51.5a 6.3 *

First molar 59.6a 2.8 62.8b 2.4 63.8c 2.7 65.1d 3.0 67.8e 3.5 *

Mandible

First premolar 41.4a 1.5 42.9b 1.9 40.2c 2.1 41.0a 2.5 41.8a 2.9 *

Second premolar 48.3a 1.5 50.5b 2.3 51.7c 1.8 52.4d 1.8 53.4e 2.7 *

First molar 56.6a 1.9 60.2b 2.7 67.3c 2.8 68.6d 3.1 69.8e 3.2 *

* P , .001. Different superscript characters indicate statistical differences between the five levels of each tooth.

Table 2. Maxillomandibular Widths on CBCT Images and

Correlation with PA Cephalograms (unit: mm)

Maxillomandibular

Width
Correlation

CoefficientsMean SD

First premolar

Alveolar crest 6.0 1.9 0.063

Furcation 6.4 2.4 0.338

Root apex 3.4 3.7 0.085

2 mm below root apex 0.5 3.7 0.088

5 mm below root apex 23.4 4.5 0.026

Second premolar

Alveolar crest 5.2 2.5 0.262

Furcation 5.2 2.7 0.296

Root apex 0.5 3.5 0.044

2 mm below root apex 20.7 4.2 0.156

5 mm below root apex 21.9 6.0 0.143

First molar

Alveolar crest 2.9 2.5 0.323

Furcation 2.7 2.7 0.328

Root apex 23.4 3.5 0.400*

2 mm below root apex 23.5 3.9 0.491*

5 mm below root apex 21.9 4.7 0.422*

* P , .05.

Figure 3. Diagrams of three-dimensional maxillary (A) and mandib-

ular (B) bone widths according to the 5 levels of each tooth on CBCT.

Data are presented as mean: AC indicates, alveolar crest; FU,

furcation; RA, root apex; RA 2, 2 mm below root apex; RA 5, 5 mm

below root apex.
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except at the M1 area. These findings revealed that
assessment of skeletal transverse discrepancy using PA
cephalograms with jugale and antegonial points might
have limitations or cause possible misunderstanding.

Miner et al.21 investigated transverse dimension
relationships using CBCT scans of patients with and
without crossbite. They analyzed the width of the jaws
and the inclination of the first molars. We did not perform
dental measurements, such as inclination of the molars.
We sought to verify a correlation of transverse discrep-
ancy between CBCT images and PA cephalograms. With
regard to dental compensation in patients with transverse
discrepancy, further studies involving such dental mea-
surements as inclination of molars are required.

CONCLUSIONS

N Statistically significant differences in maxillary and
mandibular bone widths were detected at different
levels and sites on CBCT images.

N There was a statistically significant correlation of the
maxillomandibular width at the first molar area
between CBCT images and PA cephalograms.
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