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Evaluation of an automated superimposition method for computer-aided

cephalometrics

Jun-Ho Moon?; Hye-Won Hwang?®; Shin-Jae Lee®

ABSTRACT

Objectives: To evaluate a new superimposition method compatible with computer-aided
cephalometrics and to compare superimposition error to that of the conventional Sella-Nasion
(SN) superimposition method.

Materials and Methods: A total of 283 lateral cephalometric radiographs were collected and
cephalometric landmark identification was performed twice by the same examiner at a 3-month
interval. The second tracing was superimposed on the first tracing by both the SN superimposition
method and the new, proposed method. The proposed method not only relied on SN landmarks but
also minimized the differences between four additional landmarks: Porion, Orbitale, Basion, and
Pterygoid. The errors between the landmarks of the duplicate tracings oriented by the two
superimposition methods were calculated at Anterior Nasal Spine, Point A, Point B, Pogonion, and
Gonion. The paired t-test was used to find any statistical difference in the superimposition errors by
the two superimposition methods and to investigate whether there existed clinically significant
differences between the two methods.

Results: The proposed method demonstrated smaller superimposition errors than did the
conventional SN superimposition method. When comparisons between the two superimposition
methods were made with a 1-mm error range, there were clinically significant differences between
them.

Conclusions: The proposed method that was compatible with computer-aided cephalometrics
might be a reliable superimposition method for superimposing serial cephalometric images. (Angle
Orthod. 2020;90:390-396.)

KEY WORDS: Cephalometrics; Error study; Automated superimposition method; Duplicate

images; Sella-Nasion line

INTRODUCTION

Superimposition of serial cephalometric images has
commonly been used in clinical orthodontics to
evaluate the outcomes of orthodontic/orthopedic treat-
ment and to assess growth changes. Superimposition
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methods are dependent upon relatively stable cranial
base structures and regional anatomical contours.
Various superimposition methods have been devel-
oped using different reference planes.'® Despite
efforts to obtain stable and consistent superposition
results, some errors remain inevitable."®'®* Even
superimposing duplicate tracings by the same exam-
iner on the same cephalometric image resulted in
some differences.™

The clinical environment has rapidly been changing.
Computer-aided cephalometrics, automatic identifica-
tion of cephalometric landmarks via artificial intelli-
gence (Al), and cephalometric analysis using
smartphone apps all have gotten attention.'” Among
various superimposition methods, Bjérk’s structural
method has been considered as the gold standard.'®
However, this method was used to perform manual
superimposition. It demanded considerable time and
effort to identify stable cranial base structures on high
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quality radiographs accurately and choose a proper
superimposition orientation for shifting location and
transforming rotation. Consequently, as a more com-
puter-compatible superimposition method, the Sella-
Nasion (SN) superimposition method has widely been
used by the majority of researchers." In later studies
regarding differences between Bjérk’s structural and
the SN superimposition methods, little or no differenc-
es in accuracy and reproducibility were observed." "2

Although the SN superimposition method has
extensively been used by cephalometric software
developers as well as orthodontic clinicians,'*2* the
method heavily relies on only two landmarks: Sella and
Nasion. If these two structures remodel over time, the
probability of superimposition errors may increase
considerably. The SN superimposition method might
be too simple to evaluate treatment outcomes and/or
growth changes. Unlike the superimposition method
based on Sella and Nasion, however, the Bjork method
did not seem compatible with the computer-based
cephalometric environment. It was difficult to have
computer software implement superimposition of var-
ious anatomical contours rather than calculating
distance measures between/among specific landmark
points.

The purpose of this study was to propose a new
superimposition method that might be compatible with
computer-aided cephalometrics and to compare its
superimposition error to that of the conventional SN
superimposition method. The null hypothesis was that
there would be no difference in the superimposition
errors between the two superimposition methods.

MATERIALS AND METHODS

The institutional review board for the protection of
human subjects of the Seoul National University Dental
Hospital reviewed and approved the research protocol
(ERI 19007).

A total of 283 lateral cephalometric radiographs were
collected and cephalometric landmark identification
was performed twice by the same examiner at a 3-
month interval. The X, y coordinates of each landmark
were obtained. The mean intra-examiner differences in
the cephalometric landmarks between the first and
second tracings were 0.97 = 1.03 mm. To evaluate the
reproducibility of landmark identification between dif-
ferent examiners, all of these images were traced by a
second examiner and the mean inter-examiner differ-
ences were 1.50 £ 1.48 mm. Details on the subject
characteristics can be found elsewhere.'"”

Proposed Superimposition Method

In the current study, six cranial base landmarks were
included as reference points: Sella, Nasion, Porion,
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Orbitale, Basion, and Pterygoid, which can be thought
of as adding four supplementary landmarks to the
conventional SN superimposition method to reduce
over-reliance on Sella and Nasion. For each lateral
cephalometric radiograph and its associated cranial
base landmarks, the second tracing was location
shifted and rotation transformed until the sum of
squared Euclidean distance measures (y/x2 + y2) in
the cranial base landmarks between the first and
second images were minimized while Sella position
remained in an identical location (Figure 1). Mathe-
matically, if reference points were expressed in the
Cartesian coordinates as P;= (x;,y;), where i is defined
as the anatomical landmark in the cranial base (i=1 —
5, each representing Nasion, Porion, Orbitale, Basion,
and Pterygoid) and j indicates the number of serial
images of each subject, then for a given jfth image,
there is a rotation transformation T that minimizes 3°7
| T(Pji1) — P,-,-H2 where || || stands for the Euclidean
distance measure between T(P;,) and P;

Comparisons Between Two Superimposition
Methods

The first and second tracings by the first examiner
were used for superimposition. For each of the 283
images, the second tracing was superimposed on the
first tracing of the same radiograph by both the SN and
automated superimposition methods. For a given
cephalometric landmark P, the position of P in the first
tracing was denoted as P1, and the position of P in the
second tracing oriented by the SN superimposition
method and the automated superimposition method
were denoted as P24, and P2,¢y, respectively (Figure
2).

Since the superimpositions were made on the same
pair of X-ray images, the error of a given superimpo-
sition method was reported as Euclidean distance
values of landmarks between the first tracing and
second tracing. For each superimposition, the Euclid-
ean distances between P1 and P2g,, P1 and P2,g,,
P2<y and P2,¢, were calculated in millimeters for five
cephalometric landmarks: Anterior Nasal Spine (ANS),
Point A, Point B, Pogonion, and Gonion. Those were
chosen because they are known to be some of the
most characteristic and representative variables in the
maxilla and mandible.?® The superimposition error was
evaluated based on whether the superimposition
methods reduced or increased the resultant distance
between the cephalometric landmarks located in the
maxilla and mandible.

The distance between P1 and P2g,, the superimpo-
sition error by the SN method, was expressed as egy,
The distance between P1 and P2,q,, the superimpo-
sition error by the automated superimposition method,
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Mathematical Expression of Proposed Superimposition Method

P;; = (xij,y;;) are reference points
Il Euclidean distance

Best fit superimposition k orientation, kK = argming Y7, I T(Pij+1) — Pyj 12
which indicates a rotation transformation T that minimizes k

i=1,2,3,..,i anatomical landmark in the cranial base
j=1,2,3,...,j number of serial images of each subject

Figure 1. The proposed superimposition method included a total of 6 cephalometric landmarks: Sella, Nasion, Portion, Orbitale, Basion, and
Pterygoid. For each cephalometric radiograph (black line), the second tracing (red line) was superimposed until the sum of squared Euclidean
distances between the six cranial base landmarks were minimized while Sella position remained in an identical position. This method can be

expanded to superimpose j multiple images.

was expressed as e,gy. The distance between P2g,
and P2,sy, or the difference between the SN and
automated superimposition methods, was denoted as
Esnasm (Figure 2).

Statistical Analysis

The egy and epsy Were compared by paired tHtest
where the difference was considered statistically
significant at P < .05. Regarding the clinical difference
between the two superimposition methods, the ttest
was performed to test the null hypothesis if egy.asm Was
less than 1 mm, which was considered clinically
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insignificant. The choice of 1 mm as a criterion for
clinical significance was in accordance with previous
studies.®'® All statistical analyses were performed
using Language R (Vienna, Austria).?

RESULTS

The errors of each superimposition method were
assessed by comparing the superimposed second
tracing to the first tracing. The means and standard
deviations of the Euclidean distances between the
position of landmarks in the first tracing and superim-
posed second tracing are shown for each cephalomet-
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18t Tracing
2" Tracing, Sella-Nasion Superimposition Method

2" Tracing, Automated Superimposition Method

Figure 2. For each of the 283 images, the second tracing was superimposed on the first tracing of the same radiograph by both the Sella-Nasion
(SN) and automated superimposition methods. The figure illustrates focusing on the landmark Pogonion (Pog). For a given cephalometric
landmark P, P1 =the position of P in the first tracing, P2, = the position of P in the second tracing oriented by Sella Nasion method, P2,¢, = the
position of P in the second tracing oriented by the automated superimposition method. The Euclidean distance between P1 — P2, P1 — P2,qy,
and P2, — P2,sy Were expressed as €y, €asm, Csn.asmy Fe€Spectively.

Table 1. Comparison of Errors between the Two Superimposition
Methods. Values are the Euclidean Distances (mm) Between the
Position of a Landmark in the First Tracing and the Superimposed
(Second) Tracing for a Given Cephalometric Landmark

Sella-Nasion Automated
Method Method
(P1 - ’::'2SN)a (P1 - PzASM)a Mean

Mean  SD* Mean SD Difference P Value®

ANS 4.0 3.6 2.6 2.2 1.38 <.0001
Point A 4.2 4.3 22 22 1.97 <.0001
Point B 3.6 4.2 1.9 2.1 1.64 <.0001
Pogonion 3.9 3.5 2.7 2.1 1.18 <.0001
Gonion 3.7 3.6 24 2.2 1.27 <.0001

@ Distance indicates Euclidean distance. P1 stands for the position
of landmark P in the first tracing, P2, the position of landmark P in
the second tracing oriented by the Sella-Nasion superimposition
method, and P2,s, stands for the position of landmark P in the
second tracing oriented by the automated superimposition method,
where P = Anterior Nasal Spine (ANS), Point A, Point B, Pogonion,
and Gonion.

® SD indicates standard deviation.

° Results from the paired t-test.

ric landmark in Table 1. For all four cephalometric
landmarks, there was a significant difference in the
superimposition error between the SN and automated
superimposition methods.

In the comparison between the superimposition
methods (Table 2), the null hypothesis that the
distance between the landmarks located by the two
superimposition methods would be less than 1 mm
was rejected for all the cephalometric landmarks;
clinically significant differences between the SN and
new superimposition methods were found.

DISCUSSION

The purpose of this study was to evaluate a new
superimposition method compatible with computer-
aided cephalometrics. Additionally, superimposition
error with this method was compared to that of the
conventional SN superimposition method that has
widely been used. When comparing the superimposi-
tion errors, statistically and clinically significant differ-
ences were found between the two methods. The
proposed method demonstrated smaller superimposi-
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Table 2. Comparison of Two Superimposition Methods. Values are
the Euclidean Distance (mm) Between the Positions of a Landmark in
the Second Tracing, Which Is Oriented by Two Different
Superimposition Methods for a Given Cephalometric Landmark?®

Difference Between

Two Methods (esy—asm) Hy: €sn—asw < 1 mm

Mean SDe P Value®
ANS 3.3 3.8 <.0001
Point A 4.0 4.7 <.0001
Point B 3.6 4.2 <.0001
Pogonion 2.8 3.3 <.0001
Gonion 3.2 3.7 <.0001

* esv—asw Stands for the difference between the SN and automated
superimposition methods of landmark P, where P = Anterior Nasal
Spine (ANS), Point A, Point B, Pogonion, and Gonion.

® SD indicates standard deviation.

° Results from t-tests under the null hypothesis if the error was less
than 1 mm.

tion errors than did the conventional SN superimposi-
tion method.

Errors in superimposition could be caused by errors
in identification of landmarks and tracing, quality of
images, the skill of the clinician, reproducibility of
superimposition in the reference plane itself, and
changes in the reference planes by remodeling and
growth.” '@ It was illustrated by a number of investiga-
tors that the greatest source of error in cephalometrics
originated from the landmark identification proce-
dure.?*#” Although SN superimposition has been a
popular method, accurate identification of both Sella
and Nasion was important to the utmost for exact
superimposition. Incorrect identification of Nasion in
relation to Sella may lead to a false impression of facial
growth even after the completion of growth."

The results of this study demonstrated that the
proposed method showed smaller superimposition
errors than the SN superimposition method. Instead
of using only two cranial base landmarks as in the SN
superimposition method, the proposed superimposition
method used six cranial landmarks: Sella, Nasion,
Porion, Orbitale, Basion, and Pterygoid. In the SN
superimposition method, it was likely that Nasion
identification error led to the greatest superimposition
error. The proposed superposition method, however,
reduced over-reliance on Nasion by using additional
landmarks. An identification error would have been
inevitable for each of the cranial base landmarks even
by the same examiner. The proposed method oriented
the superimposed cephalometric image to a best fit
position, which minimized the squared sum of errors at
each point. Thus, landmark identification errors at each
point could be averaged, minimized, reduced, and thus
resulted in a more accurate superimposition.

The importance of accuracy in superimposition is
indisputable, but the choice of superimposition method

Angle Orthodontist, Vol 90, No 3, 2020
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could also be affected by cost, time, and expediency.'
The proposed method may take more time and be
laborious since more cranial base landmarks are
necessary to be identified correctly. Additionally,
mathematical computation is required, minimizing the
sum of squared Euclidean distances, which might look
more complex to perform than the conventional
method. However, such possible drawbacks would
hardly be a problem in computer-aided cephalometrics.
In a recent study regarding fully automatic landmark
identification by artificial intelligence (Al), it took only
0.05 seconds to identify 80 cephalometric landmarks
per image.'""” Likewise, the mathematical computation
required in the proposed method can be solved without
much difficulty.

When differences between/among various superim-
position methods were examined previously,"*'* most
studies used serial cephalometric radiographs of
growing or non-growing subjects, before and after
orthodontic or orthopedic treatment, to compare
superimposition methods. In only one study,” the
same cephalometric image was traced multiple times
to identify differences between superimposition meth-
ods. Similarly, in the present study, a single cephalo-
metric image was traced twice and superimposed. An
additional strength of the current study was that a large
number of images were used compared to the study by
Gliddon et al.,” which investigated eight images. The
present study greatly increased the number (n = 283)
of images that were taken from various malocclusion
patients."' This was somewhat different from the
methods used in most previous studies. Since the
tracings of the same image were superimposed, any
difference could indicate an error either because of
tracing error or superimposition error. On the other
hand, since the same radiographs were used, all the
structures including the cranial base would not have
changed, which made the circumstances similar to
serial radiographs of non-growing subjects without
undergoing any treatment. Tracing the same image
twice would have resulted in fewer differences between
the positions of identified cranial base landmarks than
using successive images of the same subject. There-
fore, if serial lateral cephalometric images were used,
the difference between the two superimposition meth-
ods would have been greater because the difference
between the cranial base landmarks would be greater
in the serial images than between the same images.

By growth and remodeling, changes in the Sella,
Nasion, and Basion landmarks were noted in previous
studies.'®®® For growing patients, Bjork’s structural
method using stable cranial base structures could be
considered a reliable superimposition method. Howev-
er, it has been reported that there was little difference
between Bjork’s structural method and the SN super-
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imposition method when treatment time was short but
the difference became clinically relevant as the
treatment time exceeded three years in growing
patients.'”? The proposed superimposition method
allows the second image to have some freedom in
rotation around Sella. To accurately superimpose the
second image to the first image, several cranial base
landmarks around Sella were selected to reduce over-
reliance on a particular landmark. Then, to minimize
Euclidean distance measures in the cranial base
landmarks between the first and second images,
performing location shift and rotation transformation
using computer technology was necessary.

Further study is needed to determine how the
proposed method would differ from the SN superim-
position method or Bjork’s structural method when
applied in growing patients. Since the present study
assumed no growth by superimposing two tracings on
the same image, the proposed method might be
suitable for comparing post-surgery change or treat-
ment outcomes for non-growing patients. The question
as to whether this proposed method might also be
suitable for observing long term growth changes
should be tested. Bjork’s structural method, which
was thought to be a reliable method in growing
patients, necessitated locating stable cranial base
structures and overlapping as many structures as
possible, which might negate the strong points of
computer-aided cephalometric workflow. The superim-
position method, which would be most highly compat-
ible with computer-aided cephalometrics in growing
patients, has yet to be determined.

CONCLUSIONS

« The proposed method was compatible with comput-
er-aided cephalometrics and demonstrated smaller
superimposition errors than the conventional SN
superimposition method. It might be a clinically more
reliable method for superimposing serial cephalo-
metric images.
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