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Newly defined landmarks for a three-dimensionally based
cephalometric analysis:

A retrospective cone-beam computed tomography scan review

Moonyoung Lee?®; Georgios Kanavakis®; R. Matthew Miner®

ABSTRACT

Objectives: To identify two novel three-dimensional (3D) cephalometric landmarks and create a
novel three-dimensionally based anteroposterior skeletal measurement that can be compared with
traditional two-dimensional (2D) cephalometric measurements in patients with Class | and Class |l
skeletal patterns.

Materials and Methods: Full head cone-beam computed tomography (CBCT) scans of 100
patients with all first molars in occlusion were obtained from a private practice. InvivoDental 3D
(version 5.1.6, Anatomage, San Jose, Calif) was used to analyze the CBCT scans in the sagittal
and axial planes to create new landmarks and a linear 3D analysis (M measurement) based on
maxillary and mandibular centroids. Independent samples t-test was used to compare the mean M
measurement to traditional 2D cephalometric measurements, ANB and APDI. Interexaminer and
intraexaminer reliability were evaluated using 2D and 3D scatterplots.

Results: The M measurement, ANB, and APDI could statistically differentiate between patients
with Class | and Class |l skeletal patterns (P < .001). The M measurement exhibited a correlation
coefficient (r) of —0.79 and 0.88 with APDI and ANB, respectively.

Conclusions: The overall centroid landmarks and the M measurement combine 2D and 3D
methods of imaging; the measurement itself can distinguish between patients with Class | and
Class Il skeletal patterns and can serve as a potential substitute for ANB and APDI. The new three-
dimensionally based landmarks and measurements are reliable, and there is great potential for

future use of 3D analyses for diagnosis and research. (Angle Orthod. 2015;85:3—-10.)
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INTRODUCTION

The introduction of cephalometry by Broadbent' has
provided orthodontic researchers and practitioners
with a valuable tool for performing diagnostic analysis
and evaluating craniofacial growth. Unfortunately, the
lateral cephalometric radiograph is subject to projec-
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tion and identification errors, which can influence linear
and angular measurements.??

Technological advances in imaging have been able
to address the shortcomings of traditional two-dimen-
sional radiography (2D). Since its introduction in 1998,
the use of cone-beam computed tomography (CBCT)
scans in general dentistry and orthodontics and other
specialties has increased in popularity. Although three-
dimensional (3D) volumetric data have provided
practitioners and researchers with valuable new
information, there is no consensus regarding their
actual diagnostic value when it comes to making
treatment decisions.* Most clinicians support the use of
CBCT scans for specific cases, such as impactions,
skeletal asymmetries, root resorption, and airway
concerns where conventional radiography would not
provide adequate diagnostic information,® but they
discourage routine use because of increased radiation
dosages. Effective doses for CBCT scans can range
from 36.3 to 1073 uSv, depending on voxel size and
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Figure 1. (a) The Anatomage area measurement tool was used to outline the premaxillary bone anterior to the premaxillary suture to form a
closed polygon. The y and z coordinates of each vertex were recorded and used to calculate the maxillary sagittal centroid. (b) The axial slice
through the z coordinate of the maxillary centroid that was calculated in the sagittal plane was viewed, and the Anatomage area measurement
tool was used to outline a closed polygon. The x and y coordinates of each vertex were recorded and used to calculate the maxillary axial centroid.

field-of-view settings and are several times higher than
those for standard panoramic radiographs.®=®

Numerous studies have documented the superiority
of CBCT imaging compared with traditional lateral
cephalograms because of their in accuracy of land-
mark identification and linear measurements and
because they eliminate superimposed and bilateral
structures.’®® Landmark identification and angular
measurements between standard lateral cephalo-
grams and reconstructed/CBCT-generated cephalo-
grams, however, have been shown to be similar.'"®
Clinicians often convert 3D images to a standard
lateral cephalogram or use 2D landmarks on a 3D scan
for analyses, which is an inefficient use of CBCT
technology. To truly use the full potential of CBCT
scans, a three-dimensionally based analysis with new
landmarks and measurements should be developed.

The purposes of this study were to develop a novel
anteroposterior 3D skeletal analysis using two new 3D
landmarks and to determine whether this analysis can
distinguish between patients with Class | and Class Il
skeletal patterns.

MATERIALS AND METHODS

This retrospective record review was approved by
the Institutional Review Board at Tufts University. The
CBCT scans for each subject were provided by a

Angle Orthodontist, Vol 85, No 1, 2015

private orthodontic practice. Per office protocol, initial
scans are taken for every patient with an ILUMA Ultra
Cone Beam CT Scanner (Imtec 3M, Ardmore, Okla)
with a 40-second scan time at 120 kVp and 3.8 mA.
The images were reconstructed with a high-resolution
voxel size (0.3 mm?®). Each scan was taken with the
patient in maximum intercuspation.

Patient Selection

Approximately 600 CBCT scans and measurements
were reviewed. Patients in the mixed dentition with all
first permanent molars erupted and in occlusion were
included in the study. Patients with anterior and/or
posterior crossbites, craniofacial deformities, or subdivi-
sion malocclusions were excluded from the study. The
images and ANB measurements were screened, and the
subjects were divided into two groups: (1) Class | skeletal
group in which subjects had a Class | molar relationship
and an ANB angle between 0° and 3° and (2) Class I
skeletal group in which subjects had a half-cusp or full-
cusp Class Il molar relationship with an ANB angle >3°.""

Identification of New Landmarks (Maxillary and
Mandibular Centroids)

Definition of maxillary centroid. InvivoDental 3D
(version 5.1.6, Anatomage, San Jose, Calif) was used
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Figure 2. (a) The Anatomage area measurement tool was used to outline the visible mandibular symphysis to form a closed polygon. The y and z
coordinates of each vertex were recorded and used to calculate the mandibular sagittal centroid. (b) The axial slice through the z coordinate of
the mandibular centroid that was calculated in the sagittal plane was viewed, and the Anatomage area measurement tool was used to outline a
closed polygon. The x and y coordinates of each vertex were recorded and used to calculate the mandibular axial centroid.

for CBCT analysis. When viewing the CBCT image
from the coronal slice, the x-axis is directed from left to
right, the y-axis from back to front, and the z-axis from
up to down. The sagittal slice of the scan was adjusted
to natural head position,’®' followed by alignment of
the coronal slice so that a line drawn from both
zygomaticofrontal sutures was approximately parallel
to true horizontal. The axial slice was adjusted so that
the midpalatal suture was approximately perpendicular
to the true horizontal reference plane.

After proper orientation, the midsagittal view was
determined by sectioning the coronal slice between
the central incisors. The Anatomage area measure-
ment software tool was used to outline the premax-
illary bone anterior to the premaxillary suture in the
form of a closed polygon (Figure 1a). The y and z
coordinates of each vertex were recorded and used
to calculate the area of the polygon and the
maxillary sagittal centroid.>® The x coordinate of
the centroid was fixed according to the defined
midsagittal slice.

The axial slice through the z coordinate of the
maxillary centroid that was calculated in the sagittal

plane was viewed, and the maxillary bone in the axial
slice was used to define a second closed polygon. The
anterior and posterior boundaries were defined by the
alveolar bone, while lines tangent to the distal root
surface of each maxillary lateral incisor served as the
lateral borders. If the maxillary lateral root was not
visible on the specific axial slice, a tangent to the
mesial surface of each canine was used (Figure 1b).
The x and y coordinates of each vertex were recorded
as described previously to calculate the maxillary axial
centroid. The X, y, and z coordinates of sagittal and
axial centroids were averaged into one point and
projected onto the midsagittal plane. This point served
as the overall maxillary centroid.

Definition of mandibular centroid. The mandibular
centroids were determined in a similar fashion as
described previously. The midsagittal view was used
to outline the visible mandibular symphysis to form a
closed polygon (Figure 2a). The y and z coordinates
of each vertex were recorded, and the mandibular
sagittal centroid was calculated. The z coordinate of
the mandibular sagittal centroid was used to view the
axial slice, and the mandibular axial centroid was
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Figure 3. The overall maxillary and mandibular centroids were
projected onto the midsagittal plane. True vertical lines were drawn
from each centroid, and the linear distance between the two lines
was calculated along the true horizontal (M measurement).

calculated based on the mandibular bone in the axial
view. The anterior and posterior boundaries were
defined by the alveolar bone and lines tangent to the
distal surface of the lateral incisor root served as the
lateral boundaries (Figure 2b). A line tangent to the
mesial surface of the canine was used if the lateral
incisor was not visible on the given axial slice. The x,
y, and z coordinates of each centroid were averaged
into one point and projected onto the midsagittal
plane. This point served as the overall mandibular
centroid.

Development of a Novel anteroposterior Skeletal
Analysis (M Measurement)

The overall maxillary and mandibular centroids were
projected onto the midsagittal plane. True vertical lines
were drawn from each centroid, and the linear distance
between the two lines was measured along a true
horizontal (Figure 3). If the overall maxillary centroid
was anterior to the overall mandibular centroid, the
measurement was positive; if the overall maxillary
centroid was posterior to the overall mandibular
centroid, the measurement was negative.
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Table 1. Mean Linear and Angular Measurements for Patients with
Class | and Class Il Malocclusion

M
Measurement ANB APDI

n Mean SD Mean SD Mean SD

Class | 29 0.11 183 177 089 851 3.63
Class Il 71 4.57 220 6.14 194 774 4.24

Standard lateral Cephalometric Analysis

Digital tracing and cephalometric analysis of the initial
CBCT scans were performed. The ANB angle and
anteroposterior dysplasia indicator (APDI)*>' were measured.

The overall maxillary and mandibular centroid
calculations, M measurement, and digital tracings
were performed twice (T and T,) at least 2 weeks
apart. A second examiner was trained in the method-
ology and performed all measurements on 30 ran-
domly selected CBCT scans.

Statistical Analysis

A power analysis was performed using nQuery
Advisor (version 7.0, Statistical Solutions, Boston,
MA) with unequal sample groups; assuming an
average difference between groups of 2.7° and a
standard deviation of 2.1°,'® a sample size of at least
25 subjects with Class | skeletal pattern and 70
subjects with Class Il skeletal pattern would provide
more than 99% power for the study. The Kolmogorov-
Smirnov test for each group and each measurement
was >0.05, indicating normally distributed data. Mean
measurements between groups were statistically
analyzed with an independent samples f-test using
SPSS version 19 (IBM Corp, Armonk, NY). Interex-
aminer and intraexaminer reliability were demonstrat-
ed using Bland/Altman® and 3D scatterplots. The
interexaminer and intraexaminer reliability of the
average maxillary/mandibular centroid landmark was
determined by calculating the 3D distance between the
coordinates measured at T4 and T,, and T1 and Tgk.

RESULTS

Descriptive data for linear and angular measure-
ments are given in Table 1. Of the 100 subjects for
whom CBCT scans were analyzed, 29 subjects were
classified as having a Class | skeletal pattern and 71
subjects were classified as having a Class |l skeletal
pattern. In the Class | group, the average ANB was
1.77° (SD = 0.89°); the average APDI was 85.1° (SD
= 3.63°); the average M measurement was 0.11 mm
(SD = 1.83 mm). In the Class Il group, the average
ANB was 6.14° (SD = 1.94°); the average APDI was
77.4° (SD = 4.24°); the average M measurement was
4.57 mm (SD = 2.20 mm).
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Figure 4. The M measurement for each patient was plotted against (a) the corresponding ANB angle and (b) against the APDI angle. The
correlation coefficient (r) was calculated to be 0.88 and —0.79, respectively.

The independent samples t-test for ANB, APDI, and
the M measurement between the Class | and Class Il
groups were all significantly different (P < .001).
Scatterplots for simple linear regression were created
and are shown in Figures 4a and 4b. The correlation
coefficients (r) between the M measurement and ANB
and between the M measurement and APDI were 0.88
and —0.79, respectively (P < .001).

Bland and Altman scatterplots were used to visual-
ize interexaminer and intraexaminer reliability for the M
measurement by plotting the average value of the
measurements taken at the two separate time points
against the difference of values (Figure 5). 3D scatter-
plots for the maxillary and mandibular centroid
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Figure 5. The average M measurement (mm) was plotted against

the difference to demonstrate intraexaminer “0” (T4-Tp) and

Gy

interexaminer “x” (T4-Tgk) reliability.

landmarks were also created (Figure 6 and 7). The
average interexaminer and intraexaminer 3D distance
between the new landmark coordinates are given in
Table 2. The mean 3D intraexaminer distance (T4-Ty)
between the maxillary and mandibular centroids was
0.76 = 0.32 and 0.57 = 0.39 mm, respectively. The
mean 3D interexaminer distance (T1-Tgk) between the
maxillary and mandibular centroids was 0.89 = 0.49
and 0.82 £ 0.43 mm, respectively.

DISCUSSION

The present study identified two novel landmarks
and proposed an anteroposterior skeletal measurement
based in three dimensions. The landmarks are an
estimation of maxillary and mandibular basal bone® and
the anteroposterior measurement uses natural head
position as a reference line, which is less influenced by
external variables'®®* and provides a more stable
reference for calculating skeletal discrepancies.

Cephalometric analysis of CBCT images has previ-
ously been explored. The recent literature has focused
primarily on comparing measurements and landmark
identification between traditional lateral cephalograms
and lateral cephalograms generated from a CBCT
scan. Angular and linear measurements on a recon-
structed CBCT image were neither statistically nor
clinically different from those measurements on a
traditional lateral cephalogram.'®2® Interexaminer and
intraexaminer reliability for landmark identification was
high for both types of images.'*'¢2¢ Other studies have
gone beyond using two dimensionally based land-
marks for CBCT analysis to determine transverse
norms®” or outcomes of specific treatment.?® Both
studies relied on dentoalveolar width measurements in

Angle Orthodontist, Vol 85, No 1, 2015
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Figure 6. A three-dimensional scatterplot was used to visualize the intraexaminer reliability of (a) the average maxillary and (b) the average
mandibular centroid. The blue circle represents Ty; the red circle represents Ts.

the coronal plane at specific distances apical to the
cementoenamel junction. The measurements, howev-
er, are based on individually defined point landmarks,
which makes it difficult to compare data between the
two studies.

Both the APDI and M measurement for patients with
Class | skeletal pattern were statistically different from
those measurements for patients with Class Il skeletal
pattern (P < .001), and they showed a high negative
correlation coefficient (r = —0.79). Although the M
measurement can potentially be used as a substitute for
ANB and APDI when evaluating a patient’'s skeletal
pattern, the measurement itself has limitations. The
centroid locations are based on averages in the sagittal
and axial planes, which makes landmark identification
challenging. Furthermore, the tangent lines that serve
as the lateral boundaries for axial centroid calculations
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are somewhat subjective. Advances in software algo-
rithms and computer programming will inevitably
simplify the identification process and provide practi-
tioners with the ability to consistently and reliably
analyze skeletal relationships in three dimensions.
The next step in the evolution of CBCT analysis is
the creation of true three dimensionally based land-
marks, volumes, and measurements. This study is the
first to propose a systematic method for using 3D
landmarks as the basis for a novel skeletal analysis
that can be compared with the traditional 2D lateral
cephalometric measurements. The M measurement
itself has good interexaminer and intraexaminer
reliability, as most of the linear measurements are
within = 2 mm of each other (Figure 5). The
interexaminer reliability was less favorable and may
be due to the complexity of landmark identification.
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Figure 7. A three-dimensional scatterplot was used to visualize the interexaminer reliability of (a) the average maxillary and (b) the average
mandibular centroid. The blue circle represents T4; the green circle represents Tgk.

Angle Orthodontist, Vol 85, No 1, 2015



THREE DIMENSIONALLY BASED CEPHALOMETRIC ANALYSIS 9

Table 2. Average Interexaminer and Intraexaminer 3D Distance (mm) Between the Maxillary and Mandibular Centroid Landmark Coordinates
Measured at T4-T,, and T4-Tgk

Average Maxillary Centroid Average Mandibular Centroid
Interexaminer Intraexaminer Interexaminer Intraexaminer
Mean 0.89 0.76 0.82 0.57
SD 0.49 0.32 0.43 0.39
The reliability of the 3D landmarks can be visualized 4. Halazonetis DJ. Cone-beam computed tomography is not
in Figures 6 and 7. The 3D scatterplots reveal very the imaging technique of choice for comprehensive ortho-
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ment itself combine 2D and 3D methods of imaging and
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