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Abstract

The purpose of this study was to verify the angular measurement
values of conventional Lateral Cephalometric Radiographs (LCRs) and
Cone-Beam Computed Tomography (CBCT) Mid- Sagittal Plane (MSP)
projections when using the same cephalometric analysis method.

Methods: CBCT images and LCRs of 43 patients were randomly se-
lected. Thirty-three landmarks were manually located on CBCT scans
three times by two experienced operators. The landmarks were project-
ed on to five Mid-Sagittal Planes (MSPs). Intraclass Correlation Coeffi-
cients (ICCs) were calculated to verify the reliability and reproducibility
of landmark identification in CBCT images and angular measurements
in LCRs. Paired t tests, correlation coefficients and Bland—Altman analy-
ses were performed to compare thirteen angular measurement values
between the LCR and CBCT MSP projections.

Results: Landmark identifications on CBCT images show excellent
reliability, with intra and inter observer ICCs mostly larger than 0.9. For
the comparison of angular measurements, there were no significant
differences among the five MSP groups. LCR and CBCT MSP projections
had a strong correlation, and although the mean of 11 measurements
showed significant differences, the differences in the mean were trivi-
al. The Bland-Altman analysis found a bias between the LCR and CBCT
MSP projections.

Conclusions: CBCT analysis using midsagittal plane projections is a
stable and useful method. This approach seems to allow the use of
2D LCR normative values in most angular measurements in CBCT MSP
projections. The measurements where one or more landmarks lay far
from the MSP showed distortions.
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Introduction

Since the invention of the cephalometer by B. Holly Broad-
bent in 1930 [1], conventional lateral cephalometry has been
the standard for the evaluation and orthodontic diagnosis of
maxillofacial deformity [2]. Lateral Cephalometric Radiographs
(LCR) depict a projection of the entire craniofacial structures
onto a sagittal Two-Dimensional (2D) plane and provide a mea-
surable assessment of themaxilla, mandible, and dentition and
their spatial relationships in the anteroposterior and vertical
dimensions [3]. The diagnostic information from these imag-
ing modalities is considered valuable for treatment planning,
prediction of growth and treatment results, and evaluation of
orthodontic and surgical outcomes [4].

However, cephalometric measurements have intrinsic limita-
tions. A Three-Dimensional (3D) anatomical structure flattened
on a sagittal plane presents distortions and superimpositions
of bony structures [5]. It is difficult to achieve accurate iden-
tification due to landmark overlap. Differential magnification
of bilateral structures as result of a projective imaging geom-
etry also leads to imperfect superimposition of landmarks [4].
Many studies have been published on errors associated with
landmark identification, errors arising from the registration of
landmarks, and errors due to measurement procedures [6-9].
Early cephalometers used separate X-ray heads to take the lat-
eral and frontal views. Since both radiographs were taken with-
out moving the subject’s head, mathematical methods could be
used to derive the 3D measurements. However, market forces
quickly eliminated the two X-ray head designs by using one
source and moving the patient’s head 90 degrees to obtain ei-
ther the posteroanterior or lateral view. Movement of the head
between views was unavoidable, and the ability to create the
third dimension mathematically was lost [10].

Cone-Beam Computed Tomography (CBCT) was introduced
to the dental profession at the beginning of the 21st century
[1]. The development of CBCT allowed precise 3D imaging to
be obtained with consistently less radiation than conventional
CT scans [5]. CBCT images can be assessed in all three planes of
space, on images with life-size magnification, and without dis-
tortion or overlapping structures [11]. Furthermore, head posi-
tion is not critical for 3D image capture and analysis; the spatial
relationship among the various points is not changed in any way
by variations in head orientation [12]. These features provide
ease of landmark identification and precise superimposition of
serial images [13]. Moreover, CBCT data sets can be imported
as digital imaging and communication in medicine (DICOM) files

into personal computer—based software to provide 3D recon-
struction of the craniofacial skeleton [14].

When a CBCT scan is indicated for mixed reasons, cephalo-
metric assessments can be performed directly on CBCT scans
with a distortion-free procedure. If one projection provides the
possibility of solving several diagnostic problems, it will replace
registration from several projections in favor of one CBCT image
[15]. However, CBCT-derived 3D cephalometry cannot yet re-
place the widely used LCR due to insufficient studies of norma-
tive value data [16]. It is highly unlikely that in the near future,
3D data from a large sample of untreated individuals with ideal
occlusions that can be used to establish normative values for
3D assessments will become available due to examination costs
and obvious ethical considerations [17]. Correspondence be-
tween CBCT and LCR needs to be determined during this transi-
tion period [4].

In some studies, LCR images extracted from 3D-CBCT data
were compared with those obtained using conventional LCR
[4,2,16]. A cephalometric similar to the traditional 2D cepha-
lometric could be constructed with commercial software, but
the problem of overlapping marker points remained. In other
studies, landmarks were chosen directly from a CBCT image,
without conversion to a 2Di mage, and these were then com-
pared with those of conventional LCR [17-19]. It is recommend-
ed to identify landmarks in the MPR images. Landmarks could
be identified without overlap. However, the landmarks on CBCT
and LCR may be in consisten [20].

The aims of this study were to [1] examine the reliability and
validity of landmark identification in CBCT; [2] validate the con-
cordance of angular measurement values when the same ceph-
alometric analysis method was used for conventional LCR and
CBCT Mid-Sagittal Plane (MSP) projections; and [3] investigate
the effect of different MSP projections on changes in angular
measurements.

Materials and methods
Radiological image acquisition and processing

This retrospective study was approved by the Ethics Com-
mittee of Guanghua School of Stomatology, Hospital of Stoma-
tology, Sun Yat-sen University (GHKQ-202205-L1). This study
included [43] patients (21 male, 22 female, aged14-32 years).
The CBCT scans and LCR swere retrospectively selected from
the Department of Orthodontics between 2019 and 2022. All
patients presented full permanent dentition apart from the
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third molar. Each patient had no dental treatment performed
during interval between the CBCT and LCR, which was no more
than a week.

The CBCT scan images were saved as DICOM files. Mimics
Research® software was used to reconstruct DICOM files into
3D images for landmark identification. The cephalometric land-
marks used in the study are given in Table 1 and Figure 1.
(Table 1: Definitions of cephalometric landmarks used used in \‘
\\two-dimensional (2D) and three-dimensional (3D) images. Y.

Landmark Anatomical definition

. Anterposterior midpoint of the pituitary
Sella turcica (S) .
fossa of the sphenoid bone

Most anterior point of the frontonasal

Nasion (Na)
suture
. Most anterior point of the foramen
Basion (Ba)
magum
X Uppermost and midpoint of the external
Porion (P)

right roof of the auditory meatus

. Most anterior point of the mandibular
Pogonion (Po) symphsis

i Most anteroinferior point of the mandibu-
Gnathion (Gn) lar symphysis

Me (Menton) Lowest point of the mandibular symphsis

. . Most anterior point of the maxillary pro-
Anterior nasal spine (ANS) . .
cess in the nasal floor region

i . Most posterior and midpoint of the pala-
Posterior nasal spine (PNS) | .
tine bone contour

Most poserior point of the posterior edge
of the right branch. Bisection of the tan-

Gonion (Go) .
gents of the poterior edge of the branch
and the lower body
. Most anterosuperior point of the infraor-
Orbital (O)

bital margin of the right orital

Incisal edge of central i o
o Lowest point of the incisal edge of the U1
incisor (U1)

Apical root of upper cen-

o Uppest point of the apical root of the U1
tral incisor (U1R)

Incisal edge of lower cen- . .
o Uppest point of the incisal edge of the L1
tral incisor (L1)

Apical root of lower right i
o Lowest point of the root of the L1
central incisor (L1R)

Most posterior point of the maxillar-

Point A (A) curvtature, between the anterior nasal
spine and the supradental point
. Most posterior point of the anterior sur-
Point B (B)

face of the mandibular symphysis

Crista galli (Cg)* Middle point of crista galli

Incisive (IF)* The anteroposterior and mediolateral cen-
ncisive foramen
ter of the incisive foramen

Condyle (Cd) The most superior point of the condyle

the axial center of the area of the foramen
Foramen spinosum (FS)* spinosum at its most superior point as it

joins the cranial fossa

Zygomaticofrontal suture
(2)*

medial point on the orbital rim of the

zygomaticofrontal suture

*These landmarks were used to reconstruct the MSP which were not
identified in LCRs.

\\Figure 1: Landmarks identified on CBCT. Y,

The patients’ identities were blinded during the export pro-
cedure. Two students (examiner a and examiner b) were trained
by one experienced orthodontist on landmarks identification
and marking. After that they performed landmark identifica-
tion on both CBCT and conventional cephalogram separately.
Each examiner went through these process three times, indi-
cating landmarks in the Multi-Planar Reconstruction (MPR)
views and then checking them on the 3D surface. The retest
was performed at approximately the same time of the day on
a subsequent day within a period of one week after the first
session. For each session and each CT scan, the results were
exported as an.xml file containing the x-, y-, z- coordinates of
each landmark.

Ebraceph software (version 2.0, Riton Biomaterial Company,
Guangzhou, China) was used for cephalometric tracings of the
2D images. LCR measurements were performed twice by the
two examiner one week apart. When bilateral structures were
not aligned or when the magnification difference between left
and right structures was obvious, the operator chose the mid-
point between the two structures.

On the CBCT, 32 3D cephalometric hard tissue landmarks
were identified: 12 landmarks located in the median plane
(unpaired landmarks) and 20 landmarks on either side of this
plane (paired landmarks). 23 of the 32 landmarks had corre-
sponding landmarks on conventional cephalograms. The other
9 landmarks (Z (left and right), IF, FS (left and right), Cg (left and
right)) were used to reconstruct the MSP. 18 landmarks were
identified on the conventional LCR and used to perform angular
measurements.

The mid-sagittal planes were set using the following 5 meth-
ods (Figure 2).

Method 1: The midsagittal plane, including Ba, N and ANS,
was set (Figure 2a).

Method 2: The midsagittal plane, including Ba, N and IF, was
set (Figure 2b).

Method 3: The horizontal plane included the midpoint of
each foramen spinosum (ELSA) and right/left bilateral porion,
and the midsagittal plane was defined perpendicularly to the
horizontal plane, passing through point Ba and ELSA (Figure 2c).

Method 4: The midsagittal plane crossed the N point (the
midpoint of the nasofrontal suture) perpendicular to the FZ su-
ture line. The FZ line was the line that connected the bilateral Z
points (Figure 2d).
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Method 5: The horizontal plane including right/left bilateral
O and right Po, the MSP was defined perpendicularly to the hor-
izontal plane, passing through Cg and Ba (Figure 2e).

The MSPs were set through the 5 methods described above.
The measuring point was projected onto the MSP, and a param-
eter identical to that in the LCR was measured (Table 2). The
bilateral measuring points were measured after designating
the left and right measuring points using the midpoint between
these 2 points. The coordinates of the projections and the an-
gular measurements were both calculated by Python software
(version 2.7.7; Python Software Foundation; Beaverton, Ore).

Statistical analysis

The Intra class Correlation Coefficient (ICC) obtained by com-
paring the values of x, y, and z, which indicate the exact location
of each point on the axial, coronal and sagittal axes of the skull,
was calculated to assess the reliability of the measurements.
The values from conventional LCR analysis were used to calcu-
late the intra examiner ICC, and the average value of two sets of
cephalometric analysis from each examiner was used to calcu-
late the inter examiner ICC. The values of intra- and inter exam-
iner ICCs were interpreted according to Cicchetti and Sparrow
[21] [0; 0.40] poor, [0.40; 0.60) fair, [0.60; 0.75) good, and [0.75;
1.0] excellent reliability.

The mean value and standard deviation of each measure-
ment were computed separately for 3D and 2D values. Standard
Errors Of Measurement (SEM) and 95% Confidence Intervals
(Cl) were calculated. The normality of the data was tested us-
ing the Shapiro—-Wilk test. The results of angular measurements
on 5 MSP projections were evaluated statistically by Analysis Of
Variance (ANOVA) and verified by post hoc analysis with Tukey’s
multiple comparisons procedure. The angle between every two
MSPs was calculated.

To compare the LCR and CBCT MSP projection measure-
ments, paired t tests, correlation coefficients and Bland—Altman
analysis were performed. All data were analyzed using the soft-
ware R Studio (v. 4.1.3, R Studio PBC, Boston, MA, USA).

Results

Table 3 shows the intra examiner and inter examiner reli-
ability test results for each CBCT landmark’s coordinate on the
X, y, and z axes. Both examiners’ Intra examiner ICC values in-
dicated excellent reliability for all landmarks of their marking
(ICC>0.75). The values of Inter examiner ICC shown fairly good
reliability in the x coordinates of points Co (L) and O (R) (0.60 >
ICC > 0.75) while other landmark coordinates had excellent reli-
ability (ICC = 0.75).

For all LCR measurements, intra examiner and inter examiner
reliability were excellent. Table 4 shows that the intra examiner
ICC ranged from 0.92 to 0.99 for all angular measurements, and
the inter examiner ICC ranged from 0.91 to 0.99 for all angular
measurements.

The Shapiro-Wilk test (p > 0.05) was used to confirm that
the angular measurement data had a normal distribution. For
each group, the means, standard deviations, standard errors,
and 95% confidence intervals were calculated (Table 5). The re-
sults of 5 CBCT MSP projections were statistically evaluated us-
ing Analysis Of Variance (ANOVA) and confirmed using post hoc
analysis with Tukey’s multiple comparisons procedure. There
were no statistically significant differences between the 5 MSP

groups.

The angles between every two MSPs ranged from 0.63+0.58
degrees to 4.15 + 2.67 degrees (Table 6).

There was a statistically significant difference between LCR
and CBCT MSP projections for most of the measurements (Table
7). Although the average difference for these measurements
between the 2 methods was statistically significant (P < 0.05),
for most of them (SNA, SNB, ANB, FH-NPo, SGn-FH, NA-APo, AB-
NPo, U1-SN, IMPA-L1, U1-NA), The actual mean average differ-
ence ranged from 0.24° to 1.56°, which is comparable to or less
than the measurement standard error. The disparity between

-

‘ Table 2: Description of angular measurements used in this \‘

\\study. /
Angular Definition
measurements
SNA Angle between point S, point Na, and point A
SNB Angle between point S, point Na, and point B
ANB Angle between point A, point Na, and point B
AB-NPo A-B plane to facial plane angle
FH-NPo Facial angle
SGn-FH Y-axis, FH plane-SGn angle
NA-APo Angle of convexity
Angle between mandibular plane to Frankfurt
FMA (MP-FH) horizontal line (Porion to Orbitale)
UL-SN Angle between most proclined upper central incisor
long axis to Sella-Nasion line
UL-NA Angle between most proclined upper central incisor
long axis to Nasion-A point line
L1-NB Angle between most proclined lower central incisor
long axis to Nasion-B point line
Ul-L1 Angle between U1-Ulr line and L1-L1rroot line
IMPA (L1-MP) Angle b.etween m95t proclined lower central incisor
long axis to Mandibular plane

~

Figure 2: The mid-sagittal planes (a) the midsagittal plane, includ-
ing Ba, N and ANS; (b) the midsagittal plane, including Ba, N and
IF; (c) the horizontal plane including the midpoint of each foramen
spinosum (ELSA), and right/left bilateral Porion, the midsagittal
plane was defined perpendicularly to the horizontal plane, passing
through point Ba and ELSA;(d) crossed the N point (the midpoint
of the nasofrontal suture) and perpendicular to the FZ suture line.
The FZ line was the line that connected the bilateral Z points; (e)
the horizontal plane including right/left bilateral O and right Po,
the MSP was defined perpendicularly to the horizontal plane, pass-
\\ing through Cg and Ba. /
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CBCT MSP projections and LCR for the angular measurements
(FMA, L1-NB, U1-L1) was greater than their standard error.

On analyzing the correlations of each of the variables for the
LCR and CBCT MSP projections, no angular measurement was
found to show a statistically difference, and the correlations
between the LCR and CBCT MSP projections are high range be-
tween 0.74 to 0.95 (Table 8).

Bland—Altman analysis evaluates the agreement between
two sets of measurements, and it is usually applied in a clini-
cal context to compare a new measurement method to a gold
standard.

The Shapiro Wilk test was used to analyse the normality of
differences, and the differences between LCR and CBCT MSP
projections were normally distributed in FH-Npo, SGn - FH,
FMA, AB - NPo, L1-MP, L1-NB and U1-L1. Figure 3 depicts exem-
plary Bland-Altman plots of FH-Npo, SGn-FH, FMA, AB - NPo, L1-
MP, L1-NB and U1-L1. Only the Bland-Altman mean difference
demonstrated a minimal and clinically acceptable bias for SGn-
FH. Even though the correlation between the angular measure-
ments of LCR and CBCT MSP projections was good, the Bland
Altman analysis revealed a bias between the two sets.

Discussion

Although 2D cephalometric analysis has been utilized in
orthodontics for over a century, its inaccuracies have never

ceased to be discussed. Conventional LCR analysis has prob-
lems with projective distortions and rotational errors, which
may compromise the accuracy and reusability of recorded
data [6,22]. Cephalometric measurements based on CBCT im-
ages have been developed and found to perform similarly to
2D cephalometric tracings. CBCT images reduce the problems
of distortion and rotation, and globally efforts have been made
to compare 2D and 3D cephalometric analysis [2,23,17]. There
are multiple methods to synthesize 2D views from a CBCT im-
age volume, and both orthogonal and perspective projections
can be used with similar precision and accuracy as conventional
cephalograms [4]. However, these methods did not consider
the reference used by the reconstruction algorithm to define
the mid sagittal plane. Due to the landmark overlap, accurate
identification may still be challenging. In some studies, the land-
marks were identified directly from a 3D-CBCT image without
conversion to a 2D image and afterwards compared to those of
conventional LCR. These methods still do not consider head ori-
entation-induced changes in CBCT-generated images [17-19]. In
this study, landmarks were identified in CBCT images and then
projected onto the mid sagittal plane. The bilateral measuring
points were measured after designating the left and right mea-
suring points, using the midpoint between these 2 points. An-
gular measurements were performed by the projected points
on the MSP. Therefore, landmark identification was performed
directly in CBCT images without conversion. Head orientation
was considered, and the head position was reproducible in fu-
ture comparisons if needed.

/Table 3: Reliability testing of CBCT landmarks marking on each coordinate axis through inter examiner and intra examiner ICC. )

Intra examiner reliability Intra examiner reliability Inter examiner reliability
landmark Examiner a Examiner b

X Y z X Y z X Y z
A >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.98 >0.99 >0.99
ANS >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.97 0.99 >0.99
B >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.99 >0.99 0.98
Ba >0.99 >0.99 >0.99 0.94 >0.99 >0.99 0.96 >0.99 >0.99
Co (L) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.75 0.96 >0.99
Co (R) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.77 0.95 >0.99
Gn >0.99 >0.99 >0.99 >0.99 >0.99 0.91 0.97 >0.99 0.98
Go (L) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.99 0.98 0.99
Go (R) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.99 0.98 0.99
IF >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.99 >0.99 >0.99
L1(L) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.99 >0.99 >0.99
L1 (R) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.99 >0.99 >0.99
L1IR (L) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.97 >0.99 >0.99
L1IR (R) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.97 >0.99 >0.99
Me >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.96 >0.99 >0.99
N >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.94 >0.99 0.99
O (L) >0.99 >0.99 >0.99 0.99 >0.99 >0.99 0.79 0.99 >0.99
O (R) >0.99 >0.99 >0.99 0.97 >0.99 >0.99 0.64 0.97 >0.99
P (L) >0.99 >0.99 >0.99 0.99 >0.99 >0.99 0.87 0.99 >0.99
P (R) >0.99 >0.99 >0.99 0.99 >0.99 >0.99 0.93 0.99 >0.99
PNS >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.99 0.99 >0.99
Po >0.99 >0.99 >0.99 0.99 >0.99 >0.99 0.97 >0.99 >0.99
S >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.94 >0.99 >0.99
U1 (L) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.96 >0.99 >0.99
U1 (R) >0.99 >0.99 >0.99 0.99 >0.99 >0.99 0.93 >0.99 >0.99
U1R (L) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.88 >0.99 >0.99
U1R (R) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 0.89 >0.99 >0.99
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Table 4: Reliability testing of tracing measurement on LCR
through inter examiner and intra examiner ICC.

Table 7: Paired t test (p value) and Pearson correlation coeffi-
cient (R) between measurements performed on LCR and CBCT MSP

projections.
Aneul Intra examiner Intra examiner | Inter examiner
ngular P T T _
measurements rellablllty I’ellablllty rellablllty Measre 2D vs MSP1 2D vs MSP2 2D vs MSP3 2D vs MSP4 2D vs MSP5
Examiner a Examiner b ments
SNA 0.99 0.99 0.91 pvalue a Rb pvalue R pvalue R p value R p value R
SNB >0.99 >0.99 0.99 ANB <0.01 0.74 <001 | 074 | <001 | 074 | <001 | 074 <001 | 0.74
ANB 0.99 0.92 0.89 SNA 0.01 091 001 | 091 | 001 | 091 | <001 | 091 001 | 091
AB-NPo 0.99 0.94 0.90 SNB 0.44a 0.88 0.44a 0.88 0.63a 0.88 0.42a 0.88 0.45a 0.88
FH-NPO 098 099 092 AB-NPo 0.01 0.93 0.01 0.93 0.01 0.93 0.01 0.94 0.01 0.93
SGn-FH 0.98 0.99 0.92 FH-Npo <0.01 0.93 <0.01 0.93 <0.01 0.93 <0.01 | 093 | <0.01 | 0.93
NA-APo 0.99 0.94 0.92
SGn-FH <0.01 0.91 <0.01 0.91 <0.01 0.90 <0.01 0.91 <0.01 0.90
FMA (MP-FH) 0.99 >0.99 0.96
NA-APo 0.02 0.95 0.02 0.95 0.02 0.95 0.02 0.95 0.03 0.95
U1-SN 0.98 >0.99 0.99
FMA <0.01 0.90 <0.01 0.90 <0.01 0.90 <0.01 0.90 <0.01 0.90
U1-NA 0.97 0.97 0.98
U1-SN 0.09 0.93 0.09 0.93 0.03 0.93 0.10 0.93 0.09 0.93
L1-NB 0.99 >0.99 0.99
U1-NA 0.01 0.86 0.01 0.86 0.01 0.86 0.01 0.86 0.01 0.86
ul-11 0.92 0.95 0.96
L1-MP 0.99 >0.99 0.99 L1-NB <0.01 0.92 <0.01 0.92 <0.01 0.92 <0.01 0.92 <0.01 0.92
Ul-L1 <0.01 0.81 <0.01 0.81 <0.01 0.80 <0.01 0.80 <0.01 0.80
L1-mMP 0.38a 0.92 0.38a 0.92 0.37a 0.92 0.37a 0.92 0.37a 0.92
Table 6: The angles between two MSP planes (°).
no statistical significance (P>0.05).
b . - ) . Cna
MSP mean D Strength of correlation coefficient (R) is estimated as follows: 0.8-1
(very strong), 0.6—0.79 (strong), 0.4—0.59 (moderate), 0.2-0.39 (weak),
MSP1 VS MSP2 0.63 0.58 and 0-0.19 (very weak
MSP1 VS MSP3 3.82 2.39
MSP1 VS MSP4 2.02 1.00
MSP1 VS MSP5 1.77 0.93 a AB-NPo b EMA
MSP2 VS MSP3 3.61 2.36 ) '
MSP2 VS MSP4 1.73 0.96 > g,
s . = 5
MSP2 VS MSP5 1.5 0.81 8o " 5.
MSP3 VS MSP4 4.15 2.67 ; L e
Means Means
MSP3 VS MSP5 3.35 2.19 c EHNPo d
= 5
MSP4 VS MSP5 2.07 1.22 : ;
MSP: Mid-Sagittal Plane; SD: Standard Deviation. %3 % s
To determine and compare the intra examiner and inter ex- . b
aminer reliabilities of commonly used cephalometric landmarks ” ® eans” - 2 e "
identified on CBCT images, this study performed landmark iden- € e :_f il
tification using MPR views and found that intra examiner and n -
inter examiner reliabilities for all coordinates for the most of Es £ .
landmarks on CBCT images were greater than 0.90 (ICC value). 5 e 5o -
Consistent with previous studies [24,25], The intra- and inter v - s :
examiner reliability were both excellent, even though the ICC Means Means
values of three x-coordinates (points O, Co, and P) were less 9 SGn-FH
than 0.90. Intraexaminer differences could be due to the na- 4
ture of the cephalometric landmark, image quality, and blur- £
ring of anatomic structures, whereas inter examiner differences £, "
might be caused by variations in the examiner’s training and .
experience [7,9]. In this study, the examiners were orthodontic  Means
students who were trained and calibrated before the research i 3 Bland-Alt ot ¢ AB-NPO. FH-NP
. . . . igure 5: ana- man Ot Tor measuremen - o, - o,
to ensure that they were proficient with the software and iden- v P )
tifying the landmarks. The landmarks O, Co, and P were not lo- FMA, IMPA, L1-NB, NA-Apo and SGn-FH (LCR versus MSP1 projec-
ying ’ . r . tions). The x-axis indicates the average (°) of LCR and MSP1, where-
f:ated on sharp edges, foramina, or suture.s in the 3D Images, as the y-axis indicates the difference (°) between LCR and MSP1.
instead, they were on surfaces and curves in the 3D depiction, Thickest line (grey) represents absolute measure for that differ-
making precise identification more difficult compared to other ence set at 0.The dashed line in the middle indicated the mean of
landmarks [26]. all differences (bias).The dashed lines (upper and lower) indicated
the 95% confident interval of the difference between the methods.

We evaluated the intra- and inter examiner reliabilities of an-
gular parameters for traditional 2D cephalograms, and the ICC
value suggested that the reliability was good, suggesting that
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LoA: Limits of Agreement.

two examiners are proficient in the procedure of LCR landmarks
identification.

In recent years, the Mid-Sagittal Plane (MSP) has mostly
been used in the diagnosis of facial asymmetry and computer-
based preoperative planning [27,28]. In the ideal condition of
2D cephalographic projection, the sagittal plane of the patient
should be perpendicular to the central ray of the beam and
parallel to the film plane [22]. In practice, however, the align-
ment of the cephalographic system may differ from the theo-
retical ideal. In the CBCT synthesized cephalogram, the angular
deviations foreshorten and skew the proportions of the result-
ing image [29,30]. Aside from being used for skull orientation,
the MSP serves as a reference plane for both 3D cephalometric
analysis and the superimposition of radiographs from different
time points [29]. Therefore, the definition of the MSP was very
important in the study of parametrics in both 2D and 3D. Some
studies in the past have not clearly articulated the mid sagittal
plane used in the measurement [2,26,19]. On the other hand,
there is no gold standard for the precise MSP because the ideal
MSP divides the skull into two mirror halves, while a real skull
is never symmetrical [31]. Several techniques have been pro-
posed to improve the accuracy and reliability of MSP localiza-
tion, moving away from the traditional cephalometric approach
and toward more complex methodologies such as morphomet-
ric methods and mirroring-and-registration methods [32]. Even
though it is referred to as time computing, traditional cepha-
lometry is the most common method used in practice.

We performed five MSPs, which were mentioned in a pre-
vious study [27-29,33,34] in this study. No clinically significant
difference in angular measurements was observed among CBCT
projections using these midsagittal planes. The results were
consistent with the study of Jung et al [16] in which three MSPs
were used to obtain the projections. In this study, the symmetry
of patients’ skulls was not considered because our pilot study
showed that different MSPs may lead to different diagnoses in
borderline cases but also that asymmetric patterns vary among
patients. Moreover, in the clinic, asymmetric patients are more
inclined to undergo CBCT. It is more favorable for patients if
cephalometric assessments can be performed directly on CBCT
scans. We calculated the angles between MSPs for the patients,
and the mean angles ranged from 0.63 + 0.58 degrees to 4.15 +
2.67 degrees. The difference between the mind sagittal planes
was too small to cause a significant difference in angle measure-
ments.

Previous studies compared the measurement values of the
3D cephalometric analysis of CBCT and 2D cephalometric analy-
sis. Kumar et al. [4], Nalgaci et al [19], Natalia et al. [35], and
Oliver et al [2] reported that there was no statistically significant
difference in most of the linear and angular measurements be-
tween 2D and 3D methods. Li et al [36]. Analyzed the differences
between CBCT and RLC cephalometric methods in 40 patients
by means of a paired t test. The results indicated that the two
methods showed significant differences in all measurements. In
the present study, although the correlations between the 2D
and MSPs are high, 11 of 13 angular measurements were signifi-
cantly different between 2D and 3D projections by paired t test.
In 8 of 11 angular measurements (SNA, ANB, FH- Npo, SGn-FH,
NA-Apo, AB- Npo, U1-SN, IMPA-L1, U1-NA), the actual mean av-
erage difference ranged from 0.24 degrees-1.56 degrees, simi-
lar to or smaller than the standard error for the measurements.
A paired t test detects systematic differences even if they are of
low or no clinical significance. The correlation coefficient does
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not indicate the actual agreement between 2 measurements
but only the strength of the relationship between 2 variables.
For example, 2 measurements can have perfect correlation but
never agree [37]. When we compared the methods of 2D and
3D, the most concern was whether the existing valves of two-
dimensional measurements could be applied in 3D. Assuming
2 degrees as a potential threshold for clinically meaningful dif-
ferences [26,16], the augmented measurements SNA,SNB, ANB,
FH-Npo, SGn-FH, NA-Apo, AB-Npo, U1-SN, IMPA, and U1-NA
were all within the clinically acceptable range of measurement
error. The Bland—Altman plot was intended to compare meth-
ods of clinical measurement. Baldiniet al. [5] demonstrated that
between 2 and 3D measurements, further information could be
obtained by Bland-Altman analysis, providing useful informa-
tion to assess the bias of the measurements to formulate edu-
cated guesses about their correction using specific algorithms
to be investigated in future studies. In the present study, we
performed Bland—Altman analysis for 2D and 3D projections.
To create what is thought of as a standard Bland—Altman plot,
the differences need to be normally distributed. Only the differ-
ences in FH-Npo, SGn-FH, AB-Npo, FMA, IMPA, L1-NB and U1-
L1 were normally distributed. Bland—Altman analysis evidenced
a bias between the two sets in these angular measurements
(FMA, L1-NB, U1-L1). The biases were narrow in FH-Npo, SGn-
FH, AB-Npo, and IMPA, but the Lo As were quite wide (-3.16°
to 2.30°,-1.6° to 3.81°, -3.59° to 5.39°, and -8.25° to 9.51°). Lo
Asseem un acceptable in AB-Npo and IMPA in the clinic.

The actual mean average difference or bias were smaller in
angular measurements made by single landmarks on or near
the MSPs than for those formed by paired landmarks. U1-L1
had the greatest bias, which may be because the landmark
overlap in the 2D tracings generates huge measurement errors.
The landmarks Go, Co, and P were located on flat or curved sur-
faces, making them difficult to precisely reference or define on
CBCT images. There could be inconsistencies with the identifi-
cation in 2D and 3D, which contributed to the bias of the mea-
surement.

Conclusions

The landmark identification in 3D technology is equally reli-
able of clinical reliability. The angular measurements taken on
CBCT projections using MSPs valid and reproducible. Utilizing
the mid sagittal plane for CBCT analysis is a reliable and efficient
method. It appears to permit the use of 2D LCR normative val-
ues for the most of angular measurements in CBCT projections.
However, the measurements in which one or more landmarks
lie far from the MSP bear distortions.
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