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Reproducibility of landmark identification in the jaw and teeth on 3dimensional cone-beam computed tomography images
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INTRODUCTION
Computed tomography (CT) and cone-beam computed tomography (CBCT) allow us to handle images
three-dimensionally, and are now widely used for
planning and evaluating various dental treatments,1–4
such as orthognathic surgery5–8 and orthodontic
treatment.9–12 Some procedures have been proposed
for three-dimensional (3D) measurements and are also
applied to cephalometric analysis, which has the
potential to replace traditional two-dimensional (2D)
cephalometric evaluation.11,12 Even in 3D cephalometrics, it would be reasonable to use traditional 2D
cephalometric landmarks because we are sufficiently
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ABSTRACT
Objective: To compare the reproducibility of landmark identification on three-dimensional (3D) conebeam computed tomography (CBCT) images between procedures based on traditional cephalometric
definitions (procedure 1) and those tentatively proposed for 3D images (procedure 2).
Materials and Methods: A phantom with embedded dried human skull was scanned using CBCT.
The acquired volume data were transferred to a personal computer, and 3D images were
reconstructed. Eighteen dentists plotted nine landmarks related to the jaws and teeth four times:
menton (Me), pogonion (Po), upper-1 (U1), lower-1 (L1), left upper-6 (U6), left lower-6 (L6), gonion
(Go), condyle (Cd), and coronoid process (Cp). The plotting reliabilities of the two procedures were
compared by calculating standard deviations (SDs) in three components (x, y, and z) of
coordinates and volumes of 95% confidence ellipsoid.
Results: All 27 SDs for procedure 2 were less than 1 mm, and only five of them exceeded 0.5 mm.
The variations were significantly different between the two procedures, and the SDs of procedure 2
were smaller than those of procedure 1 in 21 components of coordinates. The ellipsoid volumes were
also smaller for procedure 2 than procedure 1, although a significant difference was not found.
Conclusions: Definitions determined strictly on each three sectional images, such as for
procedure 2, were required for sufficient reliability in identifying the landmark related to the jaws
and teeth. (Angle Orthod. 2011;81:843–849.)
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familiar with them and can compare 3D analytic results
with large amounts of 2D data that have been
accumulated.
The images obtained by CT or CBCT are now
generally manipulated as volume data, and we can
simultaneously observe three sectional planes—sagittal, coronal, and axial—with the use of ordinarily
available 3D software. It is, however, problematic to
apply the 2D definitions themselves to 3D analysis
because we cannot clearly identify the landmarks on
each sectional plane with a 2D definition. Consequently, the reproducibility of landmark identification becomes poor. Although the definitions of landmarks
should be modified for 3D analysis, there have been no
generally accepted definitions. This is probably attributed to a lack of well-established methods to evaluate
the plotting reproducibility of landmarks. There are few
reports regarding the reliability of landmarks,13–16
whereas the reproducibility of length or angle measurements has been verified as sufficient for clinical
evaluation.10,17–20 In this regard, we modified and
Angle Orthodontist, Vol 81, No 5, 2011

proposed the 95% confidence ellipse method for 3D
images obtained by CT or CBCT.21,22
The purpose of the present study was to compare
the reproducibility of landmark identification on 3D
CBCT images between two procedures through the
use of the 95% confidence ellipse method. One
procedure was based on traditional 2D cephalometric
definitions, and the other was tentatively proposed for
the landmarks related to the jaws and teeth on 3D
images.
MATERIALS AND METHODS
Acquisition of CBCT Data and Image Manipulations
An acrylic phantom with embedded human dried
skull (Kyoto Kagaku, Kyoto, Japan) was scanned with
a flat panel-based CBCT device Alphard Vega (Asahi
Roentgen Ind, Kyoto, Japan) under exposure conditions of 80 kVp and 5 mA. The phantom was
positioned on a special plate with its occlusal plane
horizontally. The scanned area was shaped in a

Downloaded from http://meridian.allenpress.com/doi/pdf/10.2319/010711-5.1 by guest on 15 August 2020

Figure 1. With the software used, a suitable slice can be freely selected for landmark plotting on sectional images in each of three directions (Xi,
Yi, and Zi directions). When a landmark is identified on a slice image, it can be marked automatically on two other slice images.
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Table 1. Landmark Identification Method Based on Cephalometric Definition (Procedure 1)
Landmark

Definition

Menton (Me)
Pogonion (Po)
Upper-1 (U1)
Lower-1 (L1)
Left upper-6 (U6)
Left lower-6 (L6)
Gonion (Go)
Condyle (Cd)
Coronoid process (Cp)

The
The
The
The
The
The
The
The
The

most inferior point of the mid-mandibular suture
most anterior point of the bony chin in the midsagittal plane
mid-point between the mesial angles of maxillary central incisors
mid-point between the mesial angles of mandibular central incisors
most inferior point of the mesial buccal cusp of the maxillary first molar
most superior point of the mesial buccal cusp of the mandibular first molar
most inferior and posterior point of the mandibular angle
most superior point of the condyle
most superior point of the coronoid process

determined with the origin set at a corner of a cubic
matrix (3D volumetric dataset), and it was defined as
the initial coordinate (Xi, Yi, and Zi axes). The X axis
roughly corresponded to the left-right direction in the
phantom’s head. The Y and Z axes were set parallel to
the anterior-posterior and superior-inferior directions,
respectively. The positive directions were the left,
posterior, and superior directions for the Xi, Yi, and Zi
axes, respectively. The coordinates (x, y, and z) could
be determined for each voxel and converted to the

Table 2. Tentative Method for Landmark Identification (Procedure 2)
Definition
Landmark
Menton (Me)

Pogonion (Po)

Upper-1 (U1)

Lower-1 (L1)

Left upper-6 (U6)

Initially Determined
Plane Sagittal Plane
Plot the most inferior point of the
cortex of the mandible with moving
the sagittal plane in the left-right
direction
Plot the most anterior point of the
mandibular cortex with moving the
sagittal plane in the left-right direction
between the canines
Plot the most inferior point of the upper
left central incisor with moving the
sagittal plane in the left-right direction
Plot the most superior point of the lower
left central incisor with moving the
sagittal plane in the left-right direction
Plot the most posterior point of the
crown of the upper left first molar
(contact point)

Secondarily Determined Plane
Axial Plane
Move the axial plane downward and
verify the plotted mark located on
the superior axial slice where the
mandible disappears
Move the axial plane in the superiorinferior direction and verify the
plotted mark on the most anterior
portion of the mandibular cortex
Verify the plotted mark located at
the mid-point of the mandible
mediodistally and buccolingually
Verify the plotted mark located at
the mid-point of the mandible
mediodistally and buccolingually
Verify the plotted mark located at the
most posterior point of the crown
of the upper left first molar (contact
point)
Verify the plotted mark located at the
most posterior point of the crown
of the lower left first molar (contact
point)
Verify the plotted mark located on the
mandible

Finally Determined Plane
Coronal Plane
Verify the plotted mark roughly situated
at the mid-point

Move the coronal plane in the anteriorposterior direction and verify the
plotted point located on the posterior
slice where the mandible disappears
Verify the plotted mark located at the midpoint of the mandible mediodistally
Verify the plotted mark located at the midpoint of the mandible mediodistally

Left lower-6 (L6)

Plot the most posterior point of the
crown of the lower left first molar
(contact point)

Left gonion (Go)

Plot the center of the left mandibular
Verify the plotted mark located on the
angle at the first slice where the
mandible
mandibular ramus is observed with
moving the sagittal plane from outside
Plot the most superior point of the
Verify the plotted mark located at the Verify the plotted mark located at the
left condyle with moving the sagittal
most superior point of the condyle
most superior point of the condyle
plane in the left-right direction
Plot the most superior point of the
Move the axial plane upward and
Verify the plotted mark located at the
left coronoid process with moving
verify the plotted mark is located on
most superior point of the coronoid
the sagittal plane in the left-right
the inferior slice where the process
process
direction
disappears

Left condyle (Cd)

Left coronoid
process (Cp)
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column (20 cm in diameter and 18 cm in height), and
the voxel size was 0.39 3 0.39 3 0.39 mm. This study
was approved by the Aichi-Gakuin University Institutional Ethics Committee.
Acquired data were stored in DICOM format and
transferred to a personal computer to create 3D
images employing the volume rendering technique
using image analysis software (VG Studio MAX 1.1;
Nihon Visual Science, Tokyo, Japan). On the created
3D image, the coordinate system was automatically
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actual size in millimeters. On this software, we could
simultaneously observe three sectional images along
the initially determined coordinate axes and freely
chose the optimal slice for plotting certain landmarks
(Figure 1). The plotted landmarks could also be
marked in two other images, and were revised
adequately with reference to these marks.
Methods of Landmark Identification

Evaluation of Reproducibility
Eighteen dentists who had more than 3 years of
experience in cephalometric analysis identified nine
landmarks twice based on the above two procedures.
A dentist identified each landmark four times with more
than a week interval between identifications. To avoid
experience-based bias, the identifications were performed in random order. Nine dentists initially determined the landmarks’ coordinates based on procedure
1 twice, and thereafter they identified them based on
procedure 2. The remaining nine dentists determined
initially performed procedure 2 twice, and then
procedure 1. A total of 36 coordinates were determined
for a landmark based on each procedure.
Standard deviations (SDs) of coordinates were
calculated in x, y, and z components. Twenty-seven
components were evaluated for each procedure. The
difference in variation was examined between the two
procedures using the F-test with a significance of less
than .05. In addition, scatter plots and 95% confidence
ellipses were created three-dimensionally with statistical software (JMP; SAS Institute Japan, Tokyo,
Japan), and the volumes of ellipsoids were calculated.
RESULTS
The variability of landmark identification was expressed as the SD of coordinates for three components (x, y, and z) (Table 3). For procedure 1, SDs of
Angle Orthodontist, Vol 81, No 5, 2011

Procedure

x

y

z

Ellipsoid
Volume,
mm3

1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

1.49*
0.46
0.69*
0.35
0.87*
0.43
0.59*
0.38
0.88*
0.43
0.70*
0.43
1.07*
0.36
0.79
0.69
0.46*
0.34

0.98*
0.63
0.58*
0.41
0.76*
0.43
0.74*
0.43
2.39*
0.48
0.78*
0.43
2.19*
0.72
0.70*
0.44
0.55
0.47

0.29
0.24
0.76*
0.50
0.99*
0.28
1.04*
0.40
0.83*
0.49
0.54
0.56
1.86*
0.66
0.40
0.46
0.51
0.47

25.4
4.2
17.9
4.2
37.2
3.0
26.3
4.0
12.8
0.8
16.4
6.3
30.8
1.4
12.8
8.2
7.3
4.3

SD of Coordinate, mm
Landmark
Menton (Me)
Pogonion (Po)
Upper-1 (U1)
Lower-1 (L1)
Left upper-6 (U6)
Left lower-6 (L6)
Gonion (Go)
Condyle (Cd)
Coronoid
process (Cp)

* Difference is significant by F-test between procedures 1 and 2
with P , .05.

six components (Me’s x; L1’s z component; U6’s y
component; and Go’s x, y, and z components) were
more than 1 mm, while only three components were
less than 0.5 mm. All 27 SDs for procedure 2 were
less than 1 mm and only five of them exceeded
0.5 mm. The variations were significantly different in
21 components between the two procedures (F-test,
P , .05). In these 21 components, the SDs of
procedure 2 were smaller than those of procedure 1.
Regarding the difference between the observers who
initially used procedure 1 and those who first used
procedure 2, variations were different in seven
components among all 27 coordinate components in
nine landmarks (F-test, P , .05). Six of them were
observed in procedure 1.
The scatter plots and 95% confidence ellipses are
shown in three dimensions (Figure 2). The ellipses for
procedure 2 were smaller than those for procedure 1.
The volumes of ellipsoids were also smaller for
procedure 2 than for procedure 1 (Figure 3). However,
these could not be statistically verified because only a
phantom was used.
DISCUSSION
With the widespread use of CBCT in jaw and
maxillofacial regions, 3D measurements are frequently
applied to orthognathic surgery and orthodontic treatment. Not only the accuracy but also the reliability or
reproducibility of 3D measurements have been verified
to be sufficient for clinical use.10,13–21 In many stud-
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Two procedures were compared for identifying nine
landmarks related to the jaw and teeth: menton (Me),
pogonion (Po), upper-1 (U1), lower-1 (L1), left upper-6
(U6), left lower-6 (L6), gonion (Go), condyle (Cd), and
coronoid process (Cp). One procedure was based on
the traditional definitions used in cephalometric analysis (procedure 1, Table 1). Raters could freely
determine the landmarks through the use of PC
software. The other was an alternative procedure that
was tentatively determined by taking 3D volume data
into account, and it offered more precise definitions of
each sectional image (procedure 2). Based on
procedure 2, the landmarks were determined strictly
according to the definitions, including the identification
order (Table 2).

Table 3. Standard Deviations of Coordinates (x, y, and z
Components) and Ellipsoid Volumes in Nine Anatomical Landmarks
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Figure 2. The 95% confidence ellipses for procedures 1 (A) and 2 (B). The ellipses are smaller in procedure 2 than in procedure 1.

ies,10,17–20 however, the reliability has been tested for
measurements of the length or angle created by two or
three landmarks, and therefore we cannot exactly
identify which landmark is unstable when reliability of
the length or angular measurement is insufficient. To
solve this problem, the reliability should be evaluated
for identifying landmarks themselves.14–16,20
In this regard, a few studies have been reported.
With conventional CT data, Kragskov et al.14 reported

on the reproducibility of landmarks as the distance
between two plots which are made twice by one or two
examiners. Park et al.15 assessed intraexaminer
reproducibility in a subject. Nineteen landmarks were
identified five times in one session by an observer. The
observer identified the same landmarks five times in a
second session 2 weeks after the first session. The
mean and SD of coordinates was compared between
the two sessions for three components (x, y, and z
Angle Orthodontist, Vol 81, No 5, 2011
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components). The SD of procedure 2 in the present
study was similar to their results. As the reliability for
intraexaminer is generally higher than that for interexaminer, the results of the present study including the
interrater reliability would be sufficient. Recently, de
Oliveria et al.16 calculated interclass correlation coefficients to test intraobserver and interobserver reliability. They concluded that the reliability was sufficient
and emphasized that the differences in mean values
were less than 1 mm in the x, y, and z components of
coordinates for 80% of 30 landmarks. Taking their
results into account, the reliability of procedure 2 might
also be sufficient because 22 of 27 coordinate
components showed a SD of less than 0.5 mm.
In our previous study with helical CT, we also
proposed a method to evaluate the reproducibility of a
landmark itself, modifying the 95% confidence ellipse
method for 3D images.21 The landmarks related to the
jaw and teeth, which were plotted on the axial CT slice,
showed relatively wide variations, probably because of
the application of 2D cephalometric definitions to 3D
images. However, this method allows us to visually
interpret the variability of landmark identification. In the
present study, therefore, the methods for calculating
SDs and confidence ellipses were adopted.
The reliability in procedure 2 was apparently higher
than that in procedure 1. We therefore emphasize that
the landmarks should be plotted based on strict
definitions which are determined based on three
separate slice data. Although all landmarks were
initially determined on the sagittal plane in the present
study, it may be better to initially plot them on other
planes for higher reproducibility. The definitions
presented here are only an example, and they should
be revised continuously, especially the landmarks
showing insufficient reproducibility.
Angle Orthodontist, Vol 81, No 5, 2011

A major drawback of the present study was the use
of only a phantom. The results, therefore, may be
specific to this phantom. However, the methodology
which enables us to assess the reproducibility of
landmark identification is effective for future studies.
Moreover, interobserver and intraobserver reliability is
important for this kind of study. Taken together, we
shall conduct a study using CBCT data from multiple
actual patients.
Advances in computer techniques enable us to
handle 3D images and simultaneously visualize three
sectional images at right angles to each other using
volume data. There may be many ways to identify
anatomical landmarks, and a unique and effective
procedure to automatically determine the landmarks
shall be proposed. However, for the practical use of 2D
cephalometry results which have already been accumulated, the procedure presented here is significantly
effective because it uses the same landmarks (even
with different definitions) as traditional cephalography
and does not require special apparatus or particularly
expensive software.
CONCLUSION
N For sufficient reproducibility in identifying the landmarks related to the jaws and teeth on 3D CBCT
images, an alternative is to use the definitions
determined strictly on each three sectional image.
To establish more reproducible identification, the
definitions should be revised continuously through
the use of the method presented here.
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Figure 3. The volumes of ellipsoids.
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