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Abstract

Purpose

In recent years, diagnosis and evaluation using three-dimensional computed tomography (3D-CT) images
provide highly detailed information in orthognathic surgery.

However, evaluations using plain cephalometric radiography also widely utilized. Evaluations would be
very simple and straightforward if the aforementioned information could be obtained from a single testing
approach. Therefore, we constructed two-dimensional (2-D) cephalometric images based on 3D-CT images,
and compared them with conventional cephalometric radiographs.

Subjects and Methods

Standard lateral cephalometric radiographs and 3D-CT images were obtained from a simplified
craniomaxillofacial model and a jaw deformity patient. LabView 7.1 (National Instruments, Austin, TX,
USA) was used for the construction of 2-D cephalometric images from 3D-CT images. Cephalometric
analyses were conducted using WinCeph 9.0 (Rise Corporation, Sendai, Japan), using 5 items for the angle
analysis of the model and 22 items for the angle analysis on the patient. The analyses were performed by 7
evaluators, and correlation coefficients involving all measured values were calculated on the basis of the 2-D
cephalometric images constructed from 3D-CT and conventional cephalometric radiography. Additionally,
Wilcoxon-signed rank test was used for the comparison between each corresponding measured value.
Conclusion

In the simplified craniomaxillofacial model, significant differences were found in all 5 tems. In our patient
with jaw deformity, significant differences were found in 4 items, including convexity, SNA, the mandibular
Plane (P1) to SN (Serra-Nasion) , and the gonial angle. This study revealed that the 2-D cephalometric
images constructed from 3D-CT images showed stronger correlations than those found in conventional
cephalometric radiography.
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Introduction

In 1931, Broadbent" and Hofrath? described
an analytical procedure [two-dimensional (2-D)
cephalometry analysis] using standard radiographs
of the head (cephalometric radiographs). This period
represented the dawn of an important method for use
during the growth and developmental stages of the
craniomaxillofacial region, in the orthodontic treatment
of jaw deformities, and in the evaluation of maxillofacial
surgery” . Subsequently, in the field of orthodontics, this
method was used as a standardized method for evaluations
conducted before and after orthodontic treatment. In
orthodontic treatments, 2-D cephalometry analysis is
an essential method for diagnosis, establishment of the
treatment plan, conducting treatment follow-ups, and
for evaluation of the prognosis. However, analyses using
traditional cephalometric radiography were limited by
the fact that three-dimensional (3-D) structures were
represented in 2-D images‘”. In recent years, diagnosis
and evaluation using 3D-computed tomography (CT)
images, which provide highly-detailed and accurate
information, have been utilized in orthognathic surgery
for cases in which the condition of the skeleton before and
after surgery is known. Analyses using 3D-CT images
have also been reported to have the same accuracy and
reliability as those of conventional cephalometry”™® .

Therefore, in this study, we constructed 2-D cephalometric
images from 3D-CT images, and designed a comparative
study between 3D-CT and conventional cephalometric
radiography. Our method makes it possible to create
various types of simple craniomaxillofacial radiographs
(such as cephalometric radiographs, frontal facial
images, zygomatic images, and images of the mandibular
axis) from 3D-CT images. This study focused on lateral
cephalometric radiographs; we validated our approach
for constructing 2-D cephalometric images based on
3D-CT images by using a simplified craniomaxillofacial
model and a patient.

Subjects and Methods

Simplified model and jaw deformity patient

The study was conducted on a simplified model
of the craniomaxillofacial bone and a patient with a
typical jaw deformity. Since the craniomaxillofacial
model (Fig. 1 and 2) was created with the processing

Fig. 1 Simplified craniomaxillofacial model

Fig. 2 Simplified craniomaxillofacial model

precision required for the verification of accuracy,
the configuration needed to be simplified; therefore,
it was constructed with a cylindrical and rectangular
morphology similar to a simplified version of the
shape of the craniomaxillofacial bone. The simplified
craniomaxillofacial model was composed of 4 blocks,
and was set to the assumed width, diameter, and major
axis of a human craniomaxillofacial bone. The inside of
the model was hollowed out in order to reproduce the
cortical bone. The material was comprised of polyvinyl
chloride with radiopaque properties. Cylinder A
corresponded to the maxillary and craniomaxillofacial
bones, cylinder B corresponded to the proximal
mandibular bone fragment, part C corresponded to the
moving portion of the bone, and part D corresponded to
the distal bone fragment. The movements of the model
made it possible to conduct translational and rotational
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movements, assuming vertical movements as well as
right-and-left movements of the bone fragment during
surgery. Cylinder A was fixed and immovable. Cylinder
B was set to be capable of rotational movements with
intervals of 15° relative to cylinder A. Part D was set to
be capable of translational movements by using part C
as the connecting site. In this study, images were taken
while cylinder B was in a 30° rotation and part D was
moved by 0 mm. An ear rod insertion unit was placed on
the model in order to take pictures during cephalometric
radiography. As a representative case of jaw deformity,
the patient who was chosen for this study had a typical
skeletal mandibular prognathism and skeletal maxillary
retrusion, and had been examined by cephalometric
radiography and 3D-CT scan before undergoing surgery
while being hospitalized at the Department of Oral and
Maxillofaciall Surgery at Fukuoka University Hospital.
The Ethics Committee at Fukuoka University Hospital
reviewed and approved the present study.

Radiography

X-ray apparatus (AZ3000CM; Asahi Roentgen, Co.,
Ltd., Kyoto, Japan) was used for taking pictures during
cephalometric radiography (conditions under which
radiography was conducted: tube voltage, 75 kV; tube
current, 10 mA). For the simplified craniomaxillofacial
model, ear rods were inserted, horizontality with
the ground was confirmed by using a horizontality
measurement device, and the pictures were taken. For
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the typical jaw deformity patient, radiographs were
taken while ensuing that the Frankfort horizontal (FH)
plane was horizontal to the ground as under normal
circumstances. Each radiograph was then converted
into film.

For the X-ray CT, an Aquillion 64 DAS (Toshiba
Medical Systems Inc., Tokyo, Japan) was used
(conditions under which radiography was conducted:
tube voltage, 120 kV; tube current, 130 mA; gantry
tilt angle, 0°; slice thickness, 0.5 mm). The simplified
craniomaxillofacial model was placed on a bed, and
pictures were taken after confirmation of its center by
using a guide light. In order to suppress any shaking
due to the movements of the bed, low repulsion sponges
were used. For the jaw deformity patient, the images
were taken in the centric occlusal position while the
patient was placed in the standard supine position (Fig.
3and4).

Imaging methods

The image data obtained from CT were saved as
Digital Imaging and Communications in Medicine
(DICOM) format files. LabView 7.1 (National
Instruments, Austin, TX, USA) was used for the
construction of 2-D cephalometric images from 3D-CT
images. Based on the 3D-CT images that were obtained,
3-D bone shapes composed of multiple gray-scale voxels
were constructed; the 3-D bone shapes were arranged

Fig. 3 Cephalometric radiograph of Smplified craniomaxillofacial model.

(A) Conventional cephalometric radiograph

(B) 2-D cephalometric image constructed from 3DCT
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Fig. 4 Cephalometric radiograph of jaw deformity patient.
(A) Conventional cephalometric radiograph
(B) 2-D cephalometric image constructed from 3DCT

Projection plane

Radiation source

Fig. 5 Cephalometric radiograph methods reproduced on PC (image).
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on the basis of posture and arbitrary position in space,
and the 2-D images were constructed by projecting
hypothetical X-rays” . Pixel values were calculated
by integrating the CT values of the voxels during the
passage of the virtual X-rays irradiating from the light
source inside the 3-D voxels. Next, after image matching
was performed manually, X-ray images under all
conditions were created by moving the images in the x, y,
and z directions at the range of + 2 mm every 0.25 mm,
and by rotating the images at a range of * 2° around
the x, y, and z axes every 0.25°. For image matching, the
absolute values of the differences between pixel values
in the hypothetical X-ray images and cephalometric
radiographic images were calculated. Images in which
the calculated values were the smallest were considered
to be the images with the greatest overlap, and were
subjected to analysis (Fig. 5). Cephalometric analysis
and image management were performed using WinCeph
9.0 (Rise Corporation, Sendai, Japan). Cephalometric
radiographic films were scanned with a precision of 300
dpi (scanner: Sierra Vidar Systems, Nevada City, CA,
USA). The landmarks were identified on a computer by
7 dentists with 3 or more years of clinical experience
after graduation from university.
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Methodology comparison using the simplified
craniomaxillofacial model

The rationale for using a simplified craniomaxillofacial
model was that a model with highly accurate dimensions
and angles was required for the comparison of images
obtained from plain radiographs and CT. Therefore, we
primarily used the right angle of models with a known
angle. The measurement items consisted of 5 items from
the angle analysis. The landmarks were identified to 8
points consisting of A, B, C, D, E, F, G, and H (Fig. 6).
The landmarks were identified by importing images
into WinCeph 9.0. First, the examiners identified
the landmarks on the basis of the cephalometric
radiographs; one week later, a similar identifying of
landmarks was performed by using 2-D cephalometric
images constructed from 3D-CT images.

Methodology comparison performed on the typical
jaw deformity patient

Twenty-two items commonly used in hard tissue
angle analyses were used as measurement items (Table
1) . Seventeen landmarks were identified, including
S, N, Po, Or, Point A, Point B, ANS, PNS, Ar, Pog, Mn,
Gn, Go, U1, L1, UMO, and LMO (Table 2). Since data
pertaining to hard tissue were used in this study, soft

Table 1 Landmarks in Jaw deformity patient

Landmarks identified

Most anterior limit of frontonasal suture on frontal bone
Upperonst, outermost point on the bony external auditory meatus
Most inferior anterior point on the margin of the orbit

Deepest bony point on contour of premaxilla below ANS

Deepest bony point of contour of mandible above pogonion

Most posterior point at sagittal plane on bony hard palate

Point of intersection of dorsal contours of processus articularis mandibulae and

Most anterior point of symphysis of mandible

Most inferior point of symphysis of mandible, as seen on lateral jaw projection

Most posterior inferior point of angle of mandible

Permanent maxillary first molar occlusal surface

] Sella turcica Center of sella turcica
N Nasion
Po Polion
Or Orbitale
A A-point
B B-point
ANS  Anterior nasal spine Tip of anterior nasal spine
PNS  Posterior nasal spine
Ar Articulare
pharyngeal part of clivus
Pog  Pogonion
Mn Menton
Gn Gnathion Most anterior inferior point of bony chin
Go Gonion
U1l Upperl Upper central incisor edge
L1 Lowerl Lower central incisor edge
UMO Upper Molar
LMO Lower Molar

Mandibular first first molar occlusal surface
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tissues were excluded. In the same manner as with the
simplified craniomaxillofacial model, the landmarks
were identified by importing images into WinCeph 9.0.

First, the identifying of landmarks on cephalometric

Fig. 6 A-H: Landmarks identified Angle a-e: Measurement
degree

radiographs was performed; 1 week later, the examiners
identified the landmarks by using 2-D cephalometric
images constructed from 3D-CT images.

Statistical analysis

Correlation analyses were performed by using the
2-D cephalometric images constructed from 3D-CT
images and cephalometric radiographs of the simplified
craniomaxillofacial model and the jaw deformity patient.
Correlation coefficients involving all numeric values in
the measurement results of to each item were calculated.
Standard deviations (SD) were determined in order to
examine the variability of the landmarks. The SD was
calculated as the square root of the variance. In addition,
the comparison of each corresponding analytical value
was performed by using the Wilcoxon signed-rank test.
The Statistical Package for the Social Sciences (SPSS;
SPSS Inc, Chicago, USA, Version 20) was used as the
analysis software.

Table 2 Cephalometric variables in this study

Cephalometric measurements

Facial angle
Convexity

A-B plane

Y-axis

FH to SN

SNA

SNB

ANB

N-Pog to SN

Nasal floor to SN
Nasal floor to FH
Mandibular pl. to SN
Mandibular pl. to FH
Ramus pl. to SN
Ramus pl. to FH
Gonial angle

Ulto SN

Ulto FH

L1 to Mandibular pl

Angle between line PoOr and line NPog
Angle between line AN and line APog
Angle between line AB and line NPog
Angle between line PoOr and line SGn
Angle between line PoOr and line SN
Angle between line SN and line AN
Angle between line SN and line BN
Angle between line AN and line BN
Angle between line SPog and line SN
Angle between line SN and line ANSPNS
Angle between line PoOr and line ANSPNS
Angle between line SN and line GoAr
Angle between line PoOr and line GoAr
Angle between line SN and line GoAr
Angle between line PoOr and line GoAr
Angle between line GoMe and line GoAr
Angle between line SN and line U11U1R
Angle between line Po and line U11U1R
Angle between line Po L1L1Rand line GoMe

Interincisal angle
Occlusal pl. to SN
Occlusal pl. to FH

Angle between lines through long axis of upper and lower incisors
Angle between line SN and line middle point of UMO and LMO to middle point of Ul and L1
Angle between line PoOr and line middle point of UMO and LMO to middle point of U1 and L1
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Results

Simplified craniomaxillofacial model

In the simplified craniomaxillofacial model, the
correlation coefficient was 0.99 (gradient, 0.99; y-intercept,
0.37) in all measurement results. The Angle a, the
cephalometric radiographic analysis item, showed a mean
value of 165.5°. In 2-D cephalometric images constructed
from 3D-CT images, the Angle a was 164.7°, which was
virtually distributed on a regression line. Likewise,
the Angle b was distributed on the regression line.
Regarding Angle c, Angle d, and Angle e, right angles
were measured; therefore, the angles were in the vicinity
of 90° of the 2-D cephalometric images constructed
from 3D-CT images and cephalometric radiographs,
respectively, on the regression line. As shown in Table
3, the mean values in the different images were found
to be close to each other, and the SD of each measured
value was low. The Wilcoxon signed-rank test showed
significant differences in all 5 analysis items (Fig. 7,
Table 3).
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Values measured in the conventional cephalometric radiographs (deg)

Fig. 7 Correlation diagram of Simplified craniomaxillofacial
model

Typical jaw deformity patient

In the jaw deformity patient, the correlation coefficient
was 0.99 (gradient, 0.99; y-intercept, -0.18) in all
measurement results, revealing a particularly strong
correlation. All points in the correlation diagram were
distributed around the regression line. The comparison
of each analytical value showed a significant difference
in the 4 following items: Convexity, SNA, Mandibular
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Table 3 Average and standard deviation and corresponding
p-value from conventional cephalometric radiograph
and 2-D cephalometric image from 3D-CT in
craniomaxillofacial simplification model.

Simplified eraniomaxillofacial model

Constructed from

Conventional aDCT

fﬁg SD. E}i‘gg) SD. P value
Anglea 1655 041 164.7 0.48 0.04*
Angleb 107.7 0.33 106.6 0.15 0.03*
Angle ¢ 90.2 0.28 89.7 0.19 0.03*
Angled  90.4 0.17 89.8 0.26 0.04%*
Angle e 90.0 0.15 90.6 0.05 0.03*

PI. to SN, and the Gonial angle. In these 4 items,
the differences in the mean values found in the 2-D
cephalometric images constructed from 3D-CT and
cephalometric radiography were + 1° or higher; hence,
the difference was larger than that found in the other
values. For Ul (Upper 1) to SN, Ul to FH (Frankfult-
Horizontal), and the Interincisal angle, the SD was
4° or higher, and the analytical values showed a large
variability. The variability of the Interincisal angle was
also evident in the correlation diagram. In addition, the
SD was 3° or higher in the 2-D cephalometric images
constructed from 3D-CT images in the case of the “L1
(Lower 1) to mandible plane,” and from cephalometric
radiographs in the case of the “Occlusal plane to SN”
and the “Occlusal plane to FH" (Fig. 8, Table 4).
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Fig. 8 Correlation diagram of Jaw deformity patient
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Table 4 Average and standard deviation and corresponding p-value from conventional cephalometric

radiograph and 2-D cephalometric image from radiograph constrcted 3D-CT in jaw deformity patient.

Jaw deformity patient

. Constructed from difference
Conventlonal 3DCT Convention
[‘?;g] S.D. ézg S.D. P value [‘i::'s ;‘Sé‘g
facial angle 98.4 0.67 98.2 0.83 0.51 0.2
Convexity -10.5 2.07 -13.6 1.0 0.02 * -3.1
A-Bplane 7.19 1.65 8.02 1.0 0.40 0.83
Y-axis 64.5 0.72 64.9 0.83 0.27 0.4
FH to SN 8.39 2.09 8.8 1.67 0.67 0.41
SNA 75.8 2.656 73.6 2.07 0.03 % 2.2
SNB 80.8 2.54 79.7 2.24 0.18 1.1
ANB -4.89 1.07 -6.07 0.48 0.06 -1.18
N-pog to SN 81.0 2.43 80.4 2.33 0.40 0.6
Nasal floor toSN 10.3 2.12 10.7 2.26 0.64 0.4
Nasal floor toFH 1.92 0.64 1.89 0.75 0.90 0.03
Mandibular Pl.to SN 38.6 2.55 39.9 2.94 0.01% 1.3
Mandibular Pl.to FH 30.2 1.33 31.1 1.52 0.13 0.9
Ramus Pl.to SN 92.3 2.77 92.5 2.35 0.85 0.2
Ramus PlL.to FH 83.9 1.05 83.5 0.17 0.46 0.4
Gonial angle 126.3 1.46 127.6 1.19 0.02 % 1.3
Ul to SN 104.6 4.67 102.5 6.2 0.21 2.1
U1l to FH 112.7 4.12 111.3 5.74 0.45 1.4
L1 to Mandible pl. 89.5 1.8 89.1 3.83 0.78 04
Interincisal Angle 127.5 5.15 128.4 7.52 0.67 0.9
Occlusal pl. to SN 21.5 3.32 22.0 1.18 0.68 0.5
Occlusal pl. to FH 13.1 3.31 13.1 1.42 0.96 0.0

Discussion

Comparative studies between conventional
cephalometric radiographs and 2-D cephalometric
images constructed from 3-D data have previously been
reported®? . While methods using CT scanograms
obtained from multi-slice CT'”, techniques consisting
of creating semi-transparent images constructed from
3D-CT data', and methods using software from cone-
beam CT'? have been described, there has been no
report of computer-based creation and construction
of 2-D cephalometric images from 3D-CT images
by reproducing the conditions of cephalometric
radiography. The present study compared conventional
cephalometric radiographs with 2-D cephalometric
images constructed from 3D-CT images by using an
original program; this is also an original study that
examined the availability of images constructed by
using the aforementioned method.

Three items, namely (a) the position of the head
during the imaging procedure, (b) tracing, and (c)
measurements and analysis, can be listed as the main
cause of errors occurring in conventional cephalometric
radiographic analysis. In this study, tracing (b) was not

performed; therefore, the position of the head during the
imaging procedure (a) and measurements and analysis
(c) were examined. The reproduction of the position of
the head through the use of ear rods is usually relatively
difficult and has great impact on preoperative and
postoperative evaluations. In this study, the conversion
of 3D-CT images into 2-D images consisted of pasting
a cephalometric radiograph onto a projection plane in a
computer, arranging the constructed 3D-CT images in
random positions and postures, and projecting virtual
(hypothetical) X-rays” . Pixel values were calculated
by integrating the CT values of the voxels during
the passage of the virtual X-rays irradiating from the
light source inside the 3-D voxels. Next, after image
matching was performed manually, X-ray images under
all conditions were created by moving the images in the
X, y, and z directions and by rotating them around the
X, y, and z axes. During image matching, the absolute
values of the differences between pixel values in the
cephalometric radiographs and 2-D cephalometric
images constructed from 3D-CT images were calculated.
Images in which the calculated values were the smallest
were subjected to analysis. By using this method, 2-D
images can be constructed, regardless of the position of
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the head. If the cephalometric radiographic images are
not pasted onto the surface of the projection plane, 2-D
images can be constructed by setting the center line of
the radiation to pass through the right and left external
auditory meatuses.

There has been a previous report of cephalometric
radiographs based on an originally created modell4;
the purpose of the study was to perform lateral
cephalometric radiography on the model and to elucidate
the geometric features of the images. Therefore, in
our study, there was a need to create a model that
would meet the requirements of our purposes. The
requirements pertaining to the model used in this
study were (a) that cephalometric radiography can
be performed under the same conditions as in clinical
settings, and (b) that the model thickness takes into
consideration a radiolucency which can be distinguished
from the site of penetration to the opposite side. In the
present study, a strong correlation was found between
the results of measurements using cephalometric
radiography on a simplified craniomaxillofacial model
and those conducted on 2-D cephalometric images
constructed from 3D-CT images (correlation coefficient,
0.99; gradient, 0.99; y-intercept, 0.37). Significant
differences (P < 0.05) were found in all 5 measurement
items, but the mean values were nearly the same, and
the SD was low, suggesting that the measurements
could be applicable in clinical settings as well.

The reliability and errors of the landmarks used in
conventional cephalometric radiographic analysis have
been reported in various experiments and statistical
datal5—26) .

Regarding the maxillary bone, the ANS (anterior
nasal spine) has a very thin bone tissue structure that
allows X-rays to be transmitted through it; thus, its
anteroposterior position is likely to be unclear and
indistinct. Furthermore, the ANS have various forms,
and ideal images are can be difficult to obtain®"*” . The
PNS ( posterior nasal spine) has a narrow tip, and in
the majority of cases, it has a sharp shape; thus, the
determination of the sagittal position can be difficult.
Regarding point A, the lipping of the actual image
may be shown in posterior position due to erroneous
setting on the line of the alveolar border of the labial
side of the anterior teeth, or due to the thin bones at the
intermaxillary suture®” ** " According to a previous

1 32)

report by Trokova et al.”, point A has a high degree of
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accuracy in the vertical direction. In this study, as a point
related to the maxillary bone, it showed statistically
significant differences in convexity and SNA. Since both
measurement items included point A, the identifying of
horizontal landmarks by the examiners was regarded as
difficult.

In this study, point A was used in the following
analysis items: Convexity, A — B plane, SNA, and ANB.
The 2-D cephalometric images constructed from 3D-
CT images of these 4 items showed lower SD values
than those found in cephalometric radiographs. This is
likely to be due to the fact that the information provided
by the 2-D cephalometric images constructed from 3D-
CT images involved exclusively hard tissues, and was
unlikely to be influenced by surrounding factors such as
soft tissues; as a result, point A was easy to determine.

Regarding the mandibular bone, when point B is
observed on a dry skull from above and from a frontal
view, and when there are prominences on both sides of
the point located in the center, the prominences could
be mistaken as landmarks, resulting in erroneous

0 With regard to Pog, there can be a mismatch

settings
between the landmarks if the anterior prominence of the
chin is flat, and if the midline is concave®” .

With regard to the landmarks composing the
reference planes, it is often difficult to set the Or
(composing the FH plane) for the measurement of the
middle point from the right and left infraorbital margins.
In addition, Po is likely to become indistinct since
the external auditory canal runs in a superoanterior
direction from the external auditory meatus, and its
direction is slightly different from that of the X-rays.

For N, which composes the SN-plane, estimations
are difficult, as it tends to be set slightly posterior to
the nasofrontal suture. In addition, the setting this
measurement can be challenging when the height of the
nasal bone on the left differs from that on the right **" .

The statistically significant differences found in the
mandibular Pl. to SN measurement was likely due to
the difficulty in performing the setting of N. Measured
values using N include SNA, SNB, and ANB. Significant
differences in SNA were actually found. Although the
measured values of ANB showed a difference o0f-1.18, no
significant difference was found. In addition, N was used
in the SN plane; measurement items that involved the
SN plane included “FH to SN,” “N-Pog to SN,” “nasal
floor to SN,” “ramus PI. to SN,” and “occlusal PI. to SN,
but no significant differences were found. McCure et
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al.®¥ and Liu et al.*¥ previously reported that N was a
relatively reliable point, both horizontally and vertically.
These facts suggest that the setting of the mandibular
plane had a greater influence than that of N. The issue
regarding SNA is also likely due to point A.

Similar to Mandibular PI. to SN, the Gonial angle
also uses the andibular plane. Since no significant
difference in Ramus Pl. to SN was found, it was also
likely influenced by the setting of the mandibular plane.
Regarding the mandibular plane, the bisector of the
tangent lines between the right side and the left side is
used when there is a mismatch between them; however,
our findings suggested that the setting of the bisector
might have been inaccurate. The items that involved the
teeth were the “Ul to SN,” “Ul to FH,” “Interincisal
angle,” “Occlusal plane to SN,” and the “Occlusal plane
to FH.” Regarding the “Ul to SN,” which is associated
with the tooth axis of the mandibular central incisor,
the SD was 4.67 in the cephalometric radiographs,
and 6.2 in the 2-D cephalometric images constructed
from 3D-CT images. As for the “Ul to FH,” the SD
was 4.12 in the cephalometric radiographs, and 5.74 in
the 2-D cephalometric images constructed from 3D-
CT images. Regarding the interincisal angle, the SD
was 5.15 in the cephalometric radiographs, and 7.52 in
the 2-D cephalometric images constructed from 3D-
CT images. These results showed that distinction of a
upper central incisor was difficult. A comparison of the
SD in the 2 images showed that the SD was higher in
the 2-D cephalometric images constructed from 3D-
CT images. The same was found in the “L1 to mandible
plane.” This was likely due to a partial volume effect *” ;
when multiple substances are included in 1 pixel, the CT
values are averaged, and sites that originally have high
CT values become unclear. In this study, the fact that the
teeth became unclear was due to the presence of various
substances of different CT values, such as teeth, bones,
and orthodontic appliances. Based on these results, it
can also be assumed that in the setting of the maxillary
and mandibular first molars, the positions were unclear
and the settings were difficult.

The present study was a comparative study of
measurement results from conventional lateral
cephalometric radiographs and 2-D cephalometric images
constructed from 3D-CT images, using a simplified
craniomaxillofacial model and a patient with typical jaw
deformity. In the simplified craniomaxillofacial model,
significant differences were found, and the mean values

found in the cephalometric radiographs and the 2-D
cephalometric images constructed from 3D-CT images
were very close to each other; these values posed no major
problem in terms of the practical use of cephalometric
analysis. For the typical jaw deformity patient, our
findings demonstrated that since the soft tissues had been
removed and the data pertained to exclusively hard tissues,
identifying the landmarks was relatively straightforward.

The findings of this study indicated that the 2-D
cephalometric images constructed from 3D-CT images
showed a much stronger correlation than that found
in conventional lateral cephalometric radiographic
images. These findings showed that in the future, 2-D
cephalometric images constructed from 3D-CT images
could be as useful of materials as lateral cephalometric
radiographs. The use of this method makes it possible to
create images in which the upper edges of the right and left
external acoustic meatus match each other; this method is
beneficial because there is no need to set the position of the
head. The disadvantage of this method is that the pixels are
rough, although this technique can be applied to any part
of the human skeleton, and the clinical usefulness of these
findings should prospectively increase.

Conclusion

We projected virtual (hypothetical) X-rays to 3-D
bone shapes constructed on the basis of 3D-CT images,
and constructed cephalometric images by using this
method designed for the construction of 2-D images.
The study was conducted on a simplified model of the
craniomaxillofacial bone and on a patient with jaw
deformity (skeletal maxillary retrusion and skeletal
mandibular prognathism). The availability of 2-D
cephalometric images constructed from 3D-CT images
was examined by conducting a comparative study of
2-D cephalometric images constructed from 3D-CT
images and conventional cephalometric radiographs,
by using cephalometric analysis. The results of the
present study suggested that 2-D cephalometric images
constructed from 3D-CT images showed a markedly
stronger correlation than conventional cephalometric
radiographs, indicating that this method was clinically
useful.
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