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Abstract: Although some articles have already assessed the reliability of three dimensional
(3D) cephalometric landmarks, but the results were questionable because most of them anal-
ized the landmarks using linear or angular measurements instead of the coordinates. There-
fore, the aim of this study was to eliminate the mistakes of the 3D landmark selection by the
means of statistics based landmark selection model and a practically useable decision tree. In
our study three medical doctors – the ”examiners” – identified 55 particular landmarks on 30
non–orthodontic Cone Beam Computed Tomography (CBCT) scans using the Cranioviewer
software. The identification process has been done three times in order to increase the ac-
curacy. Intraclass correlation coefficient and analysis of variance were applied to decrease
the intra- and inter- examiner variability, while standard deviation (SD) and mean absolute
difference (MAD) were used for characterization of landmark locations. Inaccurate coordi-
nates were grouped according to both the intra- and the inter-examiner deviation of ≥ 1mm
and the difference between the two statistical methods (SD vs. MAD). The intra-examiner
identification errors were ≤ 1mm. The inter-examiner SD and MAD were ≥ 1mm except in
cases of four landmarks with MAD and in cases of two with SD. Inter-examiner deviations
were always higher than intra-examiner deviations. Standard deviation distorted more than
mean absolute difference. Based on these result we have created a decision tree for landmark
selection. Most of the coordinates belong to the landmarks can be reliably adapted to 3D
cephalometric, but the statistics based decision model could be useful to eliminate mistakes
in landmark selection as well. Since, the statistical rules are summarized like a decision tree
it can be easily used in practice.

Keywords: Cephalometry, Planning Techniques, Computer-Generated 3D Imaging, Cone-
Beam Computerized Tomography, Dimensional Measurement Accuracy
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1 Introduction

Cephalometric analysis is widely used for orthodontic diagnosis and presurgical
planning in orthognathic surgery. By applying CBCT three-dimensional volumes
of the particular target appear. In this way almost all errors coming from two-
dimensional (2D) radiography can be eliminated. These errors include the magnifi-
cation, distortion and superimposition of anatomical structures [1] as well. CBCT
allows more exact representation of craniofacial asymmetries. Although one disad-
vantage of CBCT is the relatively high radiation dose, however, thanks to low-dose
modules the effective doses of modern CBCT devices have been decreased. Fur-
thermore, for presurgical planning of orthognathic cases, many additional exposures
such as periapical, occlusal and posteroanterior radiographies are needed in addition
to panoramic and lateral cephalometric X-rays [2]. The sum of the effective doses
of these multiple exposures can be higher than with CBCT. Therefore, in more com-
plex cases the CBCT is a more recommended tool for the presurgical planning [3,4]
than other methods with similar purposes.
Many cephalometric analytical protocols and norms have been created for 2D imag-
ing. These norms are not proper for the three-dimensional cephalometric measure-
ment because of methodological differences between the common lateral cephalo-
gram and the CBCT. Thus, new cephalometric norms are required for the CBCT
based 3D cephalometry. The selection of acceptable landmarks for 3D craniometry
is the basis for cephalometric reliability and repeatability. While landmark identi-
fication errors have already been published in numerous articles [5] many of them
use angles or lines and not factual reference points [6, 7], which could be the base
for creating a three-dimensional cephalometric analysis. There are three important
considerations in landmark selection, which were not assessed in the previous arti-
cles [5–7]:

1. In three-dimensional measurements not all coordinates of a landmark are as
important as others from the analysis point of view. Hence, we should not
only analyze the accuracy of a landmark, but rather its reliable coordinates.

2. Other decisions can be made about the reliability considering different statis-
tical tests, such as the SD or MAD. Since, the previously published studies
in this regard [5–7] have applied only SD or MAD, they did not represent the
differences in the results of two calculations.

3. Many factors contribute to the reproducibility of reference points such as im-
age quality, anatomic complexity, experience of the examiners, correct defini-
tions and so on [8, 9]. As these effects – with the exception of the anatomical
structure – can be reduced by modern technology and precise measurement
methods. Namely, if we know the reasons of inaccurate landmark detection
then we will be able to eliminate the errors.

Due to the purpose of this study were fourfold:

1. To assess the intra- and inter-examiner reliability of the landmarks;
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2. To demonstrate the most and least determinable coordinates by the means of
two statistical markers (SD and MAD);

3. To analyze the identification problem of the unreliable coordinates;

4. To use these findings in order to develop a decision tree of landmark selection
for 3D cephalometric analysis.

The paper is structured as follows: first, we introduce the applied methodology
including the selection process, landmark detection and applied tool for statistical
analysis. After, the outcomes are presented. Then, the results are assessed in the
discussion section. Finally, the conclusions of the research are presented.

2 Applied Methodology

2.1 CBCT Scan Selection

This research (number: TUKEB 2/2008) was approved by the ethical committee of
Semmelweis University. Thirty (n=30) existing CBCT scans were finally selected,
19 females and 11 males (aged 18 to 30 years), who underwent CBCT scanning for
non orthodontic reasons.
During the selection of CBCT images we have taken into account the ethnicity and
the age of patients, the field of view, the quality of the images and the facial form.
Thus, the scans have been selected by using the following inclusion and exclusion
criteria:

Inclusion criteria

a) sufficient image quality

b) large field of view (FOV)

c) bilateral Class I molar relationship

d) European ethnicity

Exclusion criteria

a) filling on the contact points of molar teeth

b) diasthema or crowding

c) anatomic anomalies or skeletal asymmetries

d) evidence of previous or current orthodontic treatment

The CBCT scans were obtained by using an i-CAT Classic scanner (Xoran Tech-
nologies, Ann Arbour Michigan, USA) at 120KV and 36 mA. The FOV was 16cm
(H) x 22cm (D), and the isotropic voxel size was 0.4 x 0.4 x 0.4 mm. The 30 heads
were fixed with the standardized head-holder and scanned parallel to the Frankfurt
horizontal.
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2.2 Landmark detection

The data of CBCT were transferred as DICOM (Digital Imaging and Communica-
tions in Medicine) files into the Cranioviewer software (Cranioviewer, Budapest,
Hungary) in which the landmark locations have been calculated. In the multiplanar
view (MPR) three axes have been defined as follows: X moved from left to right, Y
moved from front to back and Z moved from top to bottom. After the detection of
the landmarks the Cranioviewer automatically determined the coordinates of each
point in millimeters and it shows the distance from the center of the coordinate sys-
tem. Four imaging procedures are available in the program: slice X-ray, CT, MIP
(Maximum Intensity Projection), AMIP (Advanced Maximum Intensity Projection).
We used the AMIP and MIP only for the rough approximation of landmarks but all
points were marked accurately on the CT projection. After detection, the program is
able to create a 3D frame view from the determined points. A total of 55 landmarks
(11 unpaired and 22 paired) on the hard tissue have been selected on CBCT images
based on the 3D definitions of each landmark – as it can be seen in Table 1. The
landmark locations are also shown on a typical 3D CBCT scan in Figure 1 - 2.

The landmark identifications have been repeated three times inside one week long
interval. The identification was done by three experienced medical doctors (two
dentists and one radiologist). Because of the experiences and training background
of the examiners were quite similar these had minimal effect on the identification
error.

Figure 1
Position of cephalometric landmarks on the frontal and midsagittal view, respectively.
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Table 1
Three-dimensional definitions of cephalometric landmarks.
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Figure 2
Position of cephalometric landmarks on the lateral and from the inferior view, respectively.

2.3 Statistical analysis

In order to establish intra- and inter-examiner reliability, values were assessed by
an intraclass correlation coefficient (ICC) using SPSS statistical package 20.0 (IBM
Corporation, Chicago, USA) [10]. The determination of the real position of the
landmarks is impossible in case of in vivo research; therefore in order to evaluate
the precision of landmark location we used descriptive statistics.

Similar to the previously published articles [2, 11, 12] in which SD or MAD have
been applied, in this study we compared these two statistical estimations. Intra-
examiner SD and MAD showed the repeatability of landmark identification and the
inter-examiner SD and MAD characterized the reproducibility. We selected the most
(SD or MAD was ≤ 0.2 mm) and less (SD or MAD was ≥ 1.0 mm) reliable coor-
dinates in case of intra- and inter-examiner analysis, respectively. The inaccurate
coordinates were divided into three groups based on the magnitude of SD of intra-
examiner, inter-examiner or both deviations. By observing the differences we could
determine the cause of difficulty regard to the unreliable landmark detection.The
results are summarized and a decision model – including the main guidelines of
landmark selection – is presented in the next section.

3 Results

In the followings we summarize the completed tests and provide a picture about the
performance of the suggested technique.
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Intra- and inter-examiner investigation: the reliability of the examiners was deter-
mined by calculating the ICC values for all landmarks of the X, Y and Z coordinates.
To get a more detailed picture about the reliability of landmark positions, separate
X, Y, Z coordinate values were used instead of three dimensional distances. The
intraclass correlation coefficient was greater than 0.9 for all axes and for each land-
mark in intra-examiner measurements and it was greater than 0.9 in inter-examiner
measurements.

Intra-examiner test for repeatability: in case of the intra-examiner test the standard
deviation and the mean absolute difference of each landmark were assessed for each
examiner trial. In most cases the values of SD were low (≤1 mm), only by the fol-
lowing cases were between 1.03 and 2.00 mm: Orbitale Inferior (ob3:X-axis), bilat-
eral Inferior Gonion (ob1,2,3:Y-axis), Orbitale Inferior (ob3:Y-axis), bilateral Pos-
terior Gonion (ob1,2,3:Z-axis), J-point (ob2,3:Z-axis), Apertura Piriformis (ob3:Z-
axis). The mean absolute differences were lower than 1 mm except the Orbitale
Inferior (ob3:X-axis), bilateral Inferior Gonion (ob2,3:Y-axis), Apertura Piriformis
(ob3:Z-axes) and bilateral Posterior Gonion (ob 1,2, 3:Z-axis).

Inter-examiner test for reproducibility: by using the inter-examiner test the SD and
MAD were determined from the averaged intra-examiner trials of the 3 medical staff
members (see Table 2.).

The inter-examiner standard deviation corresponded each landmark for X, Y and Z
coordinates were evaluated from the average coordinates of the three investigators.
For the most part the deviation was lower than 1mm. Only in case of the following
structures was higher than 1 mm:

• On the X axis: Orbitale inferior right (3.44 mm) and left (3.56 mm), J-point
right (1.55 mm) and left (1.77 mm).

• On the Y axis: Orbitale inferior right (2.44 mm) and left (2.23 mm), J-point
right (1.8 mm) and left (1.78 mm), Inferior Gonion right (2.9 mm) and left
(3.38 mm), Sutura Zygomaticofrontale right (1.32 mm) and left (1.28 mm).

• On the Z axis: Orbitale inferior right (2.27 mm) and left (2.25 mm), J-point
right (3.37 mm) and left (3.34 mm), Sutura Frontomaxillare right (1,07 mm)
bilateral Apertura Piriformis (2.59 mm; 2.56 mm) and Posterior Gonion (2.34
mm; 1.99 mm ).

The measurement errors were also determined as the average of mean absolute dif-
ferences for all coordinates for each landmark. The average mean differences on the
X, Y and Z axis were bigger than 1 mm in these cases:

• On the X axis: Orbitale inferior right and left (2.6 and 2.64 mm), J-point right
and left (1.15mm and 1.3mm)

• On the Y-axis: inferior Gonion right and left (1,68 and 2.8mm) and J-point
right and left (1.34mm and 1.32mm), Orbitale inferior right and left (1.88mm
and 1.8 mm)

• On the Z-axis: J-point right and left (2.14mm and 2.1mm), inferior Gonion
right and left (1.71mm and 1.91mm)
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Table 2
Standard deviation and mean absolute difference characteristics for each landmark (dark grey - the most

unreliable reference points, light grey - the most reliable reference points).

The most reliable points (SD < 0.2 mm) are quoted below:

• On the X axis: Dens (0.18 mm) and Point-A (0.19 mm), Arcus Zygomaticus
left and right (0.14 mm; 0.15 mm), Lateral Condyle left (0.15 mm) and right
(0.16 mm).

• On the Y axis: Point-A (0.15 mm), Pogonion (0.16 mm) and Point-B (0.18
mm)

• On the Z axis: Incision Superior right and left (0.16 mm; 0.17 mm)
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By the calculation of average MAD more reference points had lower dispersion
(< 0.2 mm) than in case of SD, such as Nasion, Sella, Basion, Posterior Nasal
Spine, Coronoid Process, Medial Condyle, Semicirculare, Incision Inferior, Incision
Inferior and Superior Apicale.

Unreliable landmark characterization: the MAD values were lower than the SD val-
ues in case of the same coordinates which proves the fact that the standard deviation
distorts more - because of the outliers - than the absolute difference. Therefore,
we divided the unreliable landmarks into different groups in accordance with the
high intra-or inter-examiner standard deviation (see Table 2.). The inter-examiner
differences dependent mainly on the training and experience of the examiners [13]
and definitions of landmarks contrary to the intra-examiner analysis, in which the
image quality and the position of the anatomical structures played important roles
(see Table 2.). The investigators were close or equally qualified. Those coordinates
- where only the intra-examiner deviation was high – are not usable in the future
for 3D cephalometry, because the anatomical structure was fixed and the image –
provided by the iCAT machine – had high quality. Those points which had problem
with the deviation only in the inter-examiner test can be improved by using better
definition or training courses. The most problematic coordinates were those which
had unreliable detection by both tests, these coordinates are not suggested for use in
3D measurement.

Decision tree: when starting to plan surgical treatment, it is important to know
which reference points can be used. Therefore in the evaluation of the two statistics
(SD and MAD) of the repeatability and reproducibility of landmark detection we
focused to the most unreliable coordinates. These conclusions are relevant for the
selection of the proper points for the 3D cephalometry:

1. The coordinates of the same landmarks may exhibit a high degree of variance.
Since not every landmark plays important role in presurgical planning we
should focus not on the landmarks themselves, but on their coordinates.

2. Standard deviation can be more distorted than mean absolute difference.

3. Inter-examiner SD or MAD is mainly higher than intra-examiner value.

Figure 3. shows the suggested method for landmark selection. By considering the
results and these conclusions, the following method is suggested when planning:

1. One must respect those coordinates, which are necessary for the planning of
the treatment.

2. Looking at the inter-examiner standard deviation of the questionable coordi-
nate:

a) If the inter-examiner SD is low in those coordinates which are necessary
then the landmark can be used safely.

b) If the inter-examiner SD is high (> 1mm), it is recommended to check
the MAD.

– 243 –



Adrienn Dobai et al.
Statistics based landmark selection model for cone-beam CT derived

three-dimensional cephalometry

Figure 3
Decision tree for landmark selection.

3. Looking at the inter- and intra-examiner mean absolute difference of the co-
ordinate:

a) When inter- and intra-examiner MAD are high (> 1mm), many factors,
such as image quality, facial anatomy, incorrect definition of the land-
mark, and the examiner could influence the identification error. Due to
the various sources of the problem the accuracy of the detection is not
improvable.

b) When inter-examiner MAD is high (> 1mm), but the intra-examiner
MAD is low (≤1 1mm) this can be useful but during the detection pay-
ing attention to the source of the problem is needed. The lack of precise
definition of landmarks and different training level of examiners can
cause the non unambiguous marking. In these cases the problem can
only be solved with a new, more accurate definition or with training of
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the examiners at a higher quality level.

c) If the inter-examiner MAD is low, the intra-examiner MAD will also be
low, so these coordinates are adaptable in 3D accurately.

4 Discussion

Three-dimensional cephalometry plays an important role in the planning of the clini-
cal treatment especially in the field of orthognathic surgery. Therefore in the present
study the repeatability and reproducibility of the cephalometric landmarks were ana-
lyzed for creating a selection method. Other studies used dry skulls, lateral cephalo-
grams or CBCTs to evaluate landmark identification, but most of them used only
lines and angles [14–18], and not the reference points. Previously published studies
concluded which reference points were not accurate. However, in 3D cephalometry
often happens that we need only one direction of the landmark during the analysis,
thus we need to focus the coordinates and not lines or angles.
30 patients with normal occlusion were included in this study and 55 landmarks
were located by three examiners three times using Cranioviewer cephalometric soft-
ware. The members of the examined group had normal occlusion, thus these data
can be useful for creating cephalometric analyses in the future, which characterize
the ideal state of the face in the presurgical planning.
Some studies have already contrasted the precision of landmark location based on
multiplanar reconstructed images and volume rendered 3D cephalometry with the
in vitro examination based on dried skulls. Fernandes et al. in 2014 and Neiva
et al. in 2015 have reported that measurements performed on multiplanar recon-
structed images were more accurate than measurements in volume rendering com-
pared by using digital calipers [19, 20]. Another study stated, that the inter-raters
ICCs were higher for multiplanar (ICC ≥ 0.90 in 82.16 %) than 3D reconstruction
(ICC > 0.90 in 67.76 %) [20]. Besides, Katkar et al. stated that the surface-rendered
method increased the evaluation time without improving the precision of identifica-
tion [21]. Therefore in this study the landmarks were investigated using surface-
rendered methods.
According to Bookstein the basic problem with the landmark detection is the lack
of suitable, practical definitions of 3D landmarks [22], therefore in this research a
reference guide was defined accurately allowed for each plane.
In this study the intra-and inter-examiner intraclass correlation coefficients of each
landmark were high (ICC ≥ 0.9) in every axis, similar results were reported by
Zamora et al. [2]. The results of Oliveria et al. showed less correlations than we
calculated. The ICC ≥ 0.9 was found for 85 % of the intra-examiner and for 65.5
% of the inter–examiner measurements [23] . To sum up we showed that the ICCs
in the 3D cephalometry are mainly high (≥ 0.9) and the inter-examiner reliability is
generally higher than intra–examiner [24].
The repeatability and reliability of reference points were characterized with SDs and
MADs because of two considerations: (i) with the help of the two statistics we could
compare the results also to those published articles in which only SD or only MAD
was applied and (ii) this calculation serves for providing the difference between the
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two statistical parameters.
If we compare the results from viewpoint of SD and MAD values, then we can see
that the standard deviation was always higher than mean absolute difference, which
can be, because the standard deviation is more sensitive to the outliers. Many arti-
cles report only the SD values [2]. Due to this fact we could not do exact comparison
with the existing literature. However, we compared the results of Zamora et al. with
the calculation of this study in the case of midplane landmarks including: Na, S, Ba,
Me, Gn, A and B-point, and we found lower MAD than SD in each case. In this
study the unreliable coordinates (SD ≥ 1 mm or MAD ≥ 1 mm) were the same by
the two statistics except for Apertura Piriformis and J-Point, whereby the SDs were
higher than 1mm, but the MAD was lower. So a landmark selection based on only
MAD or only SD can result maybe two different decisions. Therefore during the
selection of the landmarks for the presurgical planning we cannot ignore this fact.
If we look at the difference between the intra and inter-examiner results, then we
note the same situation as with the ICC, so the intra-rater SD or MAD was lower
than inter-rater values. Lagrave et al. analyzed the inter and intra reliability and
results showed that inter-examiner mean measurement differences were higher than
intra-examiner [11,12,25]. In this study the intra–examiner MADs (0.04 - 1.58 mm)
were less than inter-examiner errors, which have been between 0.09 - 2.64 mm.
However, many studies determined the imprecise landmarks, but this problem was
not explored, therefore we have created groups based on the type of deviation (Ta-
ble 3). With the help of Table 3. we can conclude that by some coordinates of
the following landmarks – J-point, Zygomaticofrontal suture, Frontomaxillary su-
ture and Infrerior orbitale – the landmark identification error can be reduced with
correct definition or more training. With the Y coordinate of the Zygomatic Arch
the anatomy and the image quality play important role in the identification. Re-
garding image quality, Katkar et al. reported a study, in which they compared the
landmark identification error with two difference CBCT machines. They stated, that
machine differences were significant for almost all landmarks, but some landmarks
were more accurate on Galileos and some of them were more accurate on i-CAT
machines [21]. Therefore, by those coordinates which had high intra- and low inter-
examiner SD, the identification error can be hardly reduced.

Table 3
Anatomical structures, which have had high standard deviation in the intra-examiner, in the

inter-examiner or by both test.
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Conclusions

In this study most coordinates of the landmarks were reliably adapted to the three-
dimensional measurement based CBCT scans. We suggest caution in selection of
the coordinates of the following landmarks: Zygomatic Arch, J-point, Zygomati-
cofrontal suture, Frontomaxillary suture, Inferior Orbitale, Inferior Gonion, Poste-
rior Gonion and the Piriform Aperture.
The characterization of coordinates by SD and MAD showed that the enrollment
decision of landmark for 3D cephalometry depends strongly on the statistics.
The analysis of the unreliable coordinates revealed the source of the identification
problem, we could improve the detection.
The decision tree can be useful to eliminate the mistakes for the presurgical planning
in the practice.
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