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ABSTRACT

Purpose: The purpose of this study was to evaluate the accuracy of virtual 3-dimensional (3D) cephalograms
constructed using the principle of biplanar radiography by comparing them with cone-beam computed tomography
(CBCT) images.

Materials and Methods: Thirty orthodontic patients were enrolled in this study. Frontal and lateral cephalograms
were obtained with the use of a head posture aligner and reconstructed into 3D cephalograms using biplanar
radiography software. Thirty-four measurements representing the height, width, depth, and oblique distance were
computed in 3 dimensions, and compared with the measurements from the 3D images obtained by CBCT, using the
paired t-test and Bland-Altman analysis.

Results: Comparison of height, width, depth, and oblique measurements showed no statistically significant
differences between the measurements obtained from 3D cephalograms and those from CBCT images (P >0.05).
Bland-Altman plots also showed high agreement between the 3D cephalograms and CBCT images.

Conclusion: Accurate 3D cephalograms can be constructed using the principle of biplanar radiography if frontal and
lateral cephalograms can be obtained with a head posture aligner. Three-dimensional cephalograms generated using
biplanar radiography can replace CBCT images taken for diagnostic purposes. (Imaging Sci Dent 2021; 51: 407-12)
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Introduction

Cone-beam computed tomography (CBCT) has been used
in dentistry for orthodontic diagnosis and treatment plan-
ning; however, its relatively high costs have been a burden
to patients and clinicians for routine usage.'” In order
to obtain CBCT images for diagnostic purposes, includ-
ing 3-dimensional (3D) analysis for skull and dentition,
CBCT scanning with a large field of view (FOV) is neces-
sary. Nonetheless, there are limitations in taking CBCT
scans routinely with a large FOV for all patients because of
the radiation hazard and high costs. The growing usage of
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CBCT in clinical dentistry has provided more accurate and
higher-quality images, but both the benefits and hazards
of radiation exposure should be taken into consideration.
Many clinical attempts have been made to generate 3D
coordinates by reconstructing 2-dimensional (2D) radio-
graphs such as lateral and frontal cephalograms. The bipla-
nar radiography method*”’ generates a 3D cephalogram
using frontal and lateral cephalograms taken at a 90° angle.
This method has the advantage that clinicians can utilize
conventional cephalometric landmarks for 3D cephalo-
grams using geometric principles in a computer algorithm.
Grayson et al reported the accuracy of biplanar stereo-
metry using 2 cephalometric radiographs taken using 2 X-
ray tubes positioned at a 90° angle to each other. Kusnoto
et al.” demonstrated the clinical application of a 3D Ceph™
(Department of Orthodontics, University of Illinois, Chi-
cago, IL, USA) program that measured 3D distances by
reconstructing lateral, frontal, and submentovertex cepha-
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lometric radiographs.

Although 3D images can be generated from only lateral
and frontal cephalograms using the biplanar radiography
method instead of CBCT, this method has not been used
routinely in clinical practice. In order to generate an accu-
rate 3D cephalogram, the lateral and frontal cephalograms
are obtained at exactly a 90° angle, and the patient’s head
posture is maintained during X-ray taking. This method re-
quires 2 X-ray beams positioned at a 90° angle. In routine
practice, clinicians obtain lateral and frontal cephalograms
by using a single X-ray beam and a rotational radiographic
cassette. This practice necessarily changes the patient’s head
posture, thus producing images of 2 different head postures.
To avoid this disadvantage, a head posture aligner can be
used for taking lateral and frontal cephalograms using a
single X-ray beam and biplanar radiography.lo During
X-ray taking, horizontal rotation of the patient’s head is
prevented by the ear rod in the cephalostat, while the ver-
tical rotation of the patient’s head is prevented by using
the head posture aligner. With the use of a head posture
aligner, conventional lateral and frontal cephalograms can
be taken with the identical posture of the patient’s head,
which can contribute to the generation of accurate 3D
cephalograms.

Previous studies evaluated the clinical validity of the
3D images generated from lateral and frontal cephalo-
grams taken by biplanar radiography with a head posture
aligner by comparing these images with 3D images gen-
erated from the lateral and frontal cephalograms taken
with CBCT.""

The purpose of this study was to evaluate the accuracy
of virtual 3D cephalograms generated using conventional
lateral and frontal cephalograms taken using the principle of
biplanar radiography with the use of a head posture aligner
by comparing those cephalograms with CBCT images.

A

Materials and Methods

Thirty orthodontic patients who had frontal and lateral
cephalograms obtained with the use of a head posture alig-
ner and CBCT scans were enrolled in this study. The present
study was approved by Chonnam National University Den-
tal Hospital Institutional Review Board (CNUDH-2018-
001) in compliance with the Helsinki Declaration, and
written informed consent was obtained from all patients.

Frontal and lateral cephalograms were taken with a head
posture aligner and 2 kinds of fiducial markers. The head
posture aligner was used to obtain the lateral and frontal
cephalograms at the same head posture, so that the 2 cepha-
lograms were taken in accordance with the biplanar radio-
graphy principle. In order to distinguish the right and left
side gonion on the lateral cephalograms, an (0)-shaped
marker was attached to the right side of mandibular angle
area whereas a (+)-shaped marker was placed on the left
side. The markers were attached to the patient’s gonion area
prior to the acquisition of radiographs. The patients were ins-
tructed to look at the mirror with a natural head position, and
then the head posture aligner was attached to the left zygo-
matic area. An OrthoCeph® OC100 device (Imaging Instru-
mentarium, Tuusula, Finland) was used to obtain lateral
and frontal cephalograms. When taking frontal cephalo-
grams, the patient was repositioned at a 90° angle, and the
head posture was adjusted according to the head posture
aligner, ensuring that the head posture remained the same
for lateral and frontal cephalograms. The magnification of
the images was 110%.

Each CBCT scan was obtained using a head posture
aligner and reference ear plug (Fig. 1) with an Alphard Vega
scanner (Asahi Roentgen Co., Kyoto, Japan). The reference
ear plug was used in this study to construct a virtual refer-
ence axis for the orientation of the head images. The refer-

Fig. 1. A. A head posture aligner (left) is used to obtain an identical head posture. An (0)-shaped and a (+ )-shaped marker (right) are used
to distinguish the right and left side gonion on the lateral cephalograms. Before taking radiographs, the head posture aligner is attached to
the left zygomatic area, and the markers are attached to the patient’s gonion area prior to the acquisition of radiographs. B. The reference
ear plugs contain a titanium marker and are inserted into each ear hole of the patient so that the 2 markers can be used to construct the ref-
erence axis on the volume image.
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Table 1. Description of cephalometric landmarks used in this study
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Frontal

Landmarks (abbreviation) Lateral

Midsagittal

Nasion (N) V notch of frontal and nasal bone

Basion (Ba) The midpoint on the anterior margin of the

Anterior nasal spine (ANS)
Posterior nasal spine (PNS)

foramen magnum
The tip of the anterior nasal spine
The most posterior point of the hard palate

The most inferior point of the orbital contour
The most superior point of the condyle

A point (A) The deepest point between the ANS and incisal
alveolus

B point (B) The deepest point between the pogonion and
the lower incisal alveolus

Pogonion (Pog) The most anterior point on the symphysis

Menton (Me) The most inferior point on the symphyseal area

Bilateral

Orbitale (Or) The most inferior point of the orbital contour

Condylion (Cd) The most superior point of the condyle

Jugal process (J) -

M point (M) -

Gonion (Go) The most posterior and inferior point at the
mandibular angle

Upper first molar (U6) The most concave point on occlusal outline of

the maxillary first molar

Lower first molar (L6)
the mandibular first molar

Upper incisor (U1)

Lower incisor (L1)

The most concave point on occlusal outline of
Incisal tip of the upper central incisor

Incisal tip of the lower central incisor

Intersection of the jugal process with the
maxillary tuberosity

Intersection of the contour of buccal surface
of the maxillary first molar with the adjacent
alveolar bone

The most lateral and inferior point at the
mandibular angle

The most concave point on occlusal outline
of the maxillary first molar

The most concave point on occlusal outline
of the mandibular first molar

Midpoint of the incisal edge of the upper
central incisor
Midpoint of the incisal edge of the lower
central incisor

ence ear plugs contained a titanium marker and were ins-
erted into each ear hole of the patient, so that the 2 markers
could construct the reference axis on the volume image.

To generate accurate 3D cephalograms, the image level of
the lateral and frontal cephalograms was adjusted in Photo-
shop (Adobe Systems, San Jose, CA, USA). In order to
minimize errors in the landmark identification, the land-
marks were identified in Photoshop by using the zoom-in
function prior to incorporating them into the 3D CephTM
program. Then, the lateral and frontal cephalograms were
imported into the software used for 3D cephalograms (3D
Ceph™), and 26 landmarks were identified on each lateral
and frontal cephalogram. Definitions of the landmarks are
shown in Table 1. After importing the lateral and frontal
cephalograms into 3D AlignerTM (Department of Orthodon-
tics, University of Illinois, Chicago, IL, USA), the distance
between the subject and the film was programmed. Then,

3D cephalograms were created by connecting each land-
mark on the lateral frontal cephalograms using the Create
3D frame function of the program. If the projection line
passing through each landmark did not meet each other, the
location of the landmark was modified using vector inter-
cept with a manual algorithm (Fig. 2).M

To evaluate accuracies of 3D cephalograms obtained using
head posture aligner and compare with those obtained using
CBCT, 34 measurements for height (5), width (7), depth (7),
and oblique distance (15) were obtained using the 3D log
function in the 3D AlignerTM program.

After normality of the data distribution was assessed
using the Shapiro-Wilk test, the accuracy of the 3D cephalo-
grams obtained using the head posture aligner and those ob-
tained using CBCT images was compared using the paired
t-test, which was carried out at the 5% level of signifi-
cance with SPSS version 23 (IBM Corp., Armonk, NY, USA)
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. AlignModule —_— —

Clear Selection | Manual Align |

Close |

Comment To Be Added To The Log File

3D INFORMATION :

Line : ( Label . Length (mm) )

N-ANS No n Provided 50,243

N-Me No n Provided 123,48

ANS-Me No Description Provided 14,332

N-4 No De: rovided 61,255

N-B No De: rovided 103,63

Or t-Or It No De: on Provided 78,781

Cd t-Cd it No Description Provided 111,47
J rt=J It No Description Provided 67.103

M rt-M It No Description Provided . 57,794

Go rt-Go It ‘No Description Provided 103,87
U rt-Us It No Description Provided 43,406

L6 rt-L6 It No Description Provided 36,075
ANS-PNS o Description Provided 51,244
U1 rt-UB rt ‘No Description Provided 43,749
U1 It-UB It No Description Provided 43,500

Fig. 2. A 3-dimensional (3D) cephalometric image generated from lateral and frontal cephalograms using the 3D Ce h™ program.
P ge g phalog g ph prog

Table 2. Height measurements and comparison between virtual
3-dimensional (3D) cephalograms and cone-beam computed tomo-
graphic (CBCT) images (unit: mm)

Table 3. Width measurements and comparison between virtual
3-dimensional (3D) cephalograms and cone-beam computed tomo-
graphic (CBCT) images (unit: mm)

Virtual 3D cephalograms CBCT Difference Virtual 3D cephalograms CBCT Difference
N-ANS 570x3.7 569+3.7 0.1 Or-Orye 69.8+5.3 69.6+5.1 1.0
N-Me 128.5+9.1 128.3+9.1 0.1 Cd-Cdy 115179 114.9x+7.7 1.3
ANS-Me 729+7.3 728+7.3 0.1 Jie-Jie 69.6+3.7 69.2+33 1.0
N-A 643143 643143 0.1 Mi-Mic 53.8+32 53.7+£32 1.0
N-B 106.7+£7.6 106.7+7.7 0.1 Gor-Gor 105.6+£6.6 1054+6.7 12
- + +

N: nasion, ANS: anterior nasal spine, Me: menton, A: A point, B: B point U6:-Ubn 475£3.0 475£30 07

L6x-Lo6x 432+3.1 430x29 0.8

and Bland-Altman plotsls (MedCalc Software, Ostend, Bel-
gium).

Results

The mean values and standard deviations of each mea-
surement from the 3D cephalograms obtained using the
head posture aligner and CBCT images are shown in Tables
2-5. In the height measurements, the differences were within
0.1 mm, whereas the differences in the width measurements
ranged from 0.7 to 1.3 mm. The paired #-test showed that
the differences were not statistically significant (P >0.05)
(Tables 2-5).

Ory: right orbitale, Ory: left orbitale, Cdy: right condylion, Cdy: left
condylion, Ji: right jugal process, Ji: left jugal process, My: right M point,
M. left M point, Goy: right gonion, Gox: left gonion, U6x: right upper first
molar, U6y left upper first molar, L6y: right lower first molar, L6y: left
lower first molar

The results of Bland-Altman plotting showed no systema-
tic differences in 34 measurements between 3D cephalo-
grams obtained using the head posture aligner and CBCT
images. The differences were within the limits of agree-
ment. In particular, in the height measurements, the magni-
tude of the differences was small, and the agreement width,
which represents the distance between upper and lower
limits of agreement, was narrower than those of the depth,
width, and oblique measurements.
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Table 4. Depth measurements and comparison between virtual
3-dimensional (3D) cephalograms and cone-beam computed tomo-
graphic (CBCT) images (unit: mm)

Virtual 3D cephalograms CBCT Difference
ANS-PNS 51.7+4.6 519+45 0.9
Ul-Uby 39.7+£34 398+3.3 0.8
Ul-Uby 40437 40.6+3.7 04
L1w-L6 35.7+4.1 357+38 0.8
L1-L6y 35.7£4.0 357+4.1 0.8
Me-Gon 939+6.0 939+5.7 1.0
Me-Goy 93.1£5.7 93.2+£5.7 0.8

ANS: anterior nasal spine, PNS: posterior nasal spine, Ul: upper incisor,
U6: upper first molar, L1: lower first molar, L6: lower first molar, rt: right,
1t: left, Me: menton, Go: gonion

Table 5. Oblique measurements and comparison between virtual
3-dimensional (3D) cephalograms and cone-beam computed tomo-
graphic (CBCT) images (unit: mm)

Virtual 3D cephalogram CBCT Difference
N-Ba 1054£5.7 1058£5.5 1.2
N-Cdx 1024£6.6 102.7£6.6 1.2
N-Cdi 107.3£5.8 107.5+5.7 0.7
N-Ji 715148 71746 0.7
N-Ji 763+53 762+52 0.7
N-Gox 131.2+8.1 131.4%£8.0 1.0
N-Gox 1357£7.8 1358+7.7 0.9
Cdr-A 107.9+5.6 1082+54 1.1
Cdi-A 105.7£5.1 1058%£5.0 0.6
Cd«-B 128.1£7.5 128374 0.9
Cdi-B 1220+7.3 122174 0.6
Cdn-Gox 6891+7.0 689+7.0 0.5
Cdi-Gore 623%+6.2 622162 0.5
Cdn-Pog 138.4+8.7 138.6x£8.5 0.9
Cdi-Pog 131.4+£85 131.5£8.5 0.7

N: nasion, Ba: basion, Cdx: right condylion, Cdy: left condylion, Jx: right
jugal process, Ji: left jugal process, Goy: right gonion, Goy: left gonion, A:
A point, B: B point, Pog: pogonion

Discussion

There are 2 methods for fabricating 3D cephalograms:
a coplanar method based on convergent zc:,reometrym'19
a biplanar method based on biplanar geometry.”® Both
methods can generate 3D images using 2D lateral and fron-
tal cephalometric radiographs and allow the evaluation of
cephalometric changes after orthodontic treatment by qual-
itative and quantitative approaches. The coplanar method
requires the patient to remain at a certain point and the
radiation source to move; thus, a special radiographic

and
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apparatus is required to obtain lateral or frontal cephalomet-
ric radiographs. However, the biplanar method requires the
patient to move; therefore, a separate radiation apparatus is
not necessary for obtaining each of the 2 types of images.
However, in the biplanar method, the lateral and frontal
cephalograms are obtained at exactly a 90° angle with bi-
planar geometry. In fact, when Broadbent™ first developed
a cephalometric radiography system, it was possible to ob-
tain a complete biplanar radiograph by arranging the 2
X-ray beams at 90° to each other and simultaneously obtain-
ing both the lateral and frontal cephalometric radiographs.

Park et al." reported that a new biplanar imaging system,
which consisted of 2 arrays of the X-ray beam at a 90°
angle, could simultaneously take frontal and lateral cephalo-
grams. However, this biplanar imaging system requires a
large space because it uses 2 X-ray machines. Thus, in the
present study, a head posture aligner was used to take the
lateral and frontal cephalograms using a single X-ray beam
and biplanar radiography without changing the patient’s
head posture during the procedure.

In our study, comparisons of height, width, depth, and
oblique measurements showed no statistically significant
differences between the measurements obtained from 3D
cephalograms and those from CBCT images. This indicates
that accurate 3D cephalograms similar to those obtained
from CBCT images can be generated from 2 radiographs
by using a head posture aligner to ensure the same head
posture during radiography.

In order to produce accurate 3D cephalograms in the
biplanar radiography computer program, it is necessary to
set the landmarks in the same area in both the lateral and
frontal cephalograms. In the 3D cephalogram program used
in this study, it is difficult to identify landmarks accurately.
Thus, to minimize errors in landmark identification, the land-
marks were identified in Photoshop by using the zoom-in
function prior to incorporating them into the 3D Ceph™
program.

Although the paired #-test did not show any significant
difference among all the measurements, the difference in
the height measurements was smaller than that in other
measurements. The difference in width measurements was
in the range of 0.7-1.3 mm, whereas the difference in the
height measurements was approximately 0.1 mm. A poten-
tial explanation for the accuracy of landmark identification
and generation of 3D cephalograms might be that the land-
marks used for the height measurements existed on the mid-
sagittal structure, not on bilateral structures, and lateral and
frontal cephalograms were used to generate the 3D cephalo-
grams. In the 3D Aligner program, there is an adjustment
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process for landmark identification to make the projection
lines coincide with each other. This process allows the
vertical position of each landmark to be properly aligned.
If the 3D cephalograms were generated using lateral and
submentovertex radiographs, the difference between depth
measurements would have been smaller. If the 3D cephalo-
rams were generated using frontal and submentovertex
radiographs, the difference between width measurements
would have been smaller. It is possible to obtain 3D cephalo-
grams with the same accuracy as those obtained using the
CBCT images if any 2 radiographs can be taken using a head
posture aligner.

As described above, the 3D cephalograms generated using
the biplanar radiography principle are 3D images of a mesh
composed of landmarks. Although it is not an actual image, it
is possible to use the landmarks currently used in clinical set-
tings, and the distance between the landmarks could be cal-
culated accurately by using the actual distance through a
computer function. Another advantage of this technique is
that it enables previously recorded cephalometric radio-
graphs, if any, to be incorporated into a computer program at
any time for an accurate estimation of changes in the cranio-
facial morphology by calculating the distance between the
landmarks and comparing the present measurement values.
However, if the previous cephalograms were not taken in
the same head posture, the accuracy of the generated 3D
cephalograms and the corresponding comparative analysis
would be limited. Therefore, it is suggested that clinicians
who do not have a CBCT scanner, but want to perform a
3D evaluation, could use a head posture aligner in conjunc-
tion with cephalometric radiography.

Virtual 3D cephalograms using the biplanar radiography
principle might accurately measure height, width, depth,
and oblique distance and are comparable to CBCT images.
Furthermore, this method could enable 3D image informa-
tion to be obtained without using CBCT. Therefore, the use
of virtual 3D cephalograms can be recommended for clini-
cians who do not have a CBCT scanner, but would like to
perform 3D evaluations.
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