Original
R http://dx.doi.org/10.1590/1981-86372025001820230111
DESDE 1953

Revista Gaucha de

Odontologia

User influence on fully automated cephalometric
tracing using an artificial intelligence-driven
online platform: pilot study

Influéncia do usuadrio no tragado cefalométrico totalmente
automatizado utilizando uma plataforma online com
inteligéncia artificial: estudo piloto

Edna Alejandra Gallardo Lopez! 0000-0002-3312-1939

Daniela Miranda Richarte de Andrade Salgado? 0000-0003-4646-7389
Lucila Massu Yoshizaki Akinaga Moreira® 0000-0002-7462-3900
Oswaldo Mejias Rotundo? 0000-0002-6109-3912

Claudio Costa’ 0000-0003-2831-8670

ABSTRACT

Objective: The aim of this study was to evaluate the diagnostic reliability of
automated tracings compared with the modifications made by the user. Methods:
This observational analytical cross-sectional study used 44 lateral cephalograms,
analyzed in the WebCeph™ software by a trained observer. The angles evaluated
were those specified by the Brazilian Board of Orthodontics. The first evaluation was
performed by the software’s artificial intelligence, and the results were recorded. In
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the second evaluation, the user checked the position of the landmarks and modified them if necessary.
The results were subjected to statistical analysis. Results: There was a statistically significant correlation
between the user and Al (p<0.05). The user modified 88.63% of the sample. The most modified landmarks
were the nasion, B, Ul border, and L1 border. Conclusion: There was technical agreement between Al and
user, with the values obtained being equivalent. The Al diagnosis is reliable, but user experience remains
fundamental for the final diagnosis.

Indexing terms: Artificial intelligence. Cephalometry. Orthodontics. Radiography. Supervised machine learning.

RESUMO

Objetivo: O objetivo deste estudo foi avaliar a confiabilidade diagndstica dos tracados automatizados em
comparacdo com as modificacdes realizadas pelo usudrio. Métodos: Este estudo analitico observacional
transversal utilizou 44 telerradiografias em norma lateral, analisadas no software WebCeph™ por um
observador treinado. Os angulos avaliados foram aqueles especificados pelo Board Brasileiro de Ortodontia
e Ortopedia Facial. A primeira avaliacdo foi realizada pela inteligéncia artificial do software, e os resultados
foram registrados. Na segunda avaliacdo, o usuario verificou a localizacdo dos pontos e os modificou,
se necessario. Os resultados foram submetidos a andlise estatistica. Resultados: Houve uma correlacdo
estatisticamente significativa entre o usudrio e a IA (p<0,05). O usuario modificou 88,63% da amostra. Os
pontos mais modificados foram o Nasio, B, borda do incisivo superior e borda do incisivo inferior. Conclusao:
Houve concordancia técnica entre a IA e o usuario, com os valores obtidos sendo equivalentes. O diagndstico
da IA é confidvel, mas a experiéncia do usuario continua sendo fundamental para o diagndstico final.
Termos de indexacao: Inteligéncia Artificial. Cefalometria. Ortodontia. Radiografia. Aprendizado de maquina
supervisionado.

INTRODUCTION

Cephalometric analysis, a tool for studying craniofacial growth and the changes produced by
treatment, has evolved from manual tracing to fully automated analysis. In this process, the operator is only
required to prepare and import the radiograph into the program, and the Artificial Intelligence (Al) performs
the rest of the procedure [1-3]. Al used in dentistry is based on a subfield known as Machine Learning
(ML), utilizing Convolutional Neural Networks and Artificial Neural Networks. These algorithms can function
similarly to the human brain and can be also trained to identify patterns [4,5].

This digitization and automation brings advantages in terms of precision, archiving, transmission,
layout simultaneity, and optimized work time [1,6,7]. However, there are associated errors, such as the
quality of the radiograph, the definition of the cephalometric landmark, the tracing modality, and
the user. The user’s experience is essential in determining whether the landmark location and values
proposed by the program align with their clinical interpretation, and, if modifications are made, they
remain reliable [7,8].

The first step in demonstrating the reliability of any cephalometric technique is the precision in the
location of the landmarks, where Al has achieved differences of less than 1.46 mm compared to the human
tracings and remains within the clinical tolerance range of 2 mm [9-12]. The second step is to assess the
agreement between the Al tracing and the user, which occurs when the user modifies any of the landmarks
originally proposed by the Al.
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If a high level of agreement is found, it could be evaluated whether they are equivalent, meaning
there are no differences within predetermined limits between the automated analysis and that modified by
the user. If these three steps are approved, it could be affirmed that the automated tracing produces results
equivalent to those made by the human user [13]. For this purpose, the WebCeph™ platform will be used; it
is a website that functions as cloud storage and allows for cephalometric analysis using Al-based algorithms
to automatically trace in seconds, as well as enabling the user to modify the cephalometric landmarks [14].

It has been reported that there are differences between fully automated and semi-automated
cephalometric analyses, which can affect the final diagnosis. These differences may be influenced by the
experience of the observer [15].

The aim of this study was to determine the diagnostic reliability of automated cephalometric tracings
compared to those modified by the user. The following question was posed: “Are there differences in the
cephalometric value results according to the manual modification made by the user?”,

METHODS

Study design

This was an observational analytical cross-sectional study. The aim was to investigate the differences
between the fully automated and semi-automated (user- influenced) cephalometric analyses. The study
adhered to the guidelines of the STROBE initiative (Strengthening the Reporting of Observational Studies in
Epidemiology).

Setting

The images were acquired from the medical records file of José Antonio Pdez University [16] after
the informed consent form was signed by the guardians. These images were selected from February 2022
to May 2022.

Participants

The radiographs belonged to Venezuelan patients aged between 7 and 12 years (average age of 8.79
years). The inclusion criteria comprised all patients with mixed dentition, regardless of gender, and without
a history of orthodontic treatment. Patients with craniofacial growth deformities, poor image quality, or
images with motion artifacts were excluded from the study.

Sample size

The required sample size was determined using G*Power 3.1 software, with a target ICC of 0.075
and a 0.25 error margin. The significance level (a) was set at 0.05, with a desired power of 80% to detect
meaningful differences. Initially, it was estimated that a sample of 34 lateral cephalometric radiographs
would be necessary to detect variations; however, 48 images were selected for analysis. Due to recognition
issues by the platform, 4 images were not included, resulting in a final working sample of 44.
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Variables

The variables encompassed a comprehensive set of angles and distances essential for documenting
orthodontic cases according to the Brazilian Board of Orthodontics (https://bbo.org.br/index). Specifically,
these included SNA, SNB, ANB, FMA, U1-SN, SN-GoGn, Y-axis, U1-NA, U1.NA, L1-NB, L1.NB (figure 1). Each
of these measures provides information about craniofacial morphology and dental relationships.

Figure 1. Cephalometric traces.
Source: Brazilian Board of Orthodontics [17].

Data sou rces/measu rements

The previously calibrated lateral cephalometric radiographs were uploaded to the WebCeph™ Al-
driven online orthodontic and orthognathic platform (free version). An Excel data sheet was provided for
the evaluator to record the values generated for the angles and linear measurements by the Al through
the platform. Subsequently, the examiner modified the location of those pertinent landmarks based on
their judgment and recorded these adjustments in the spreadsheet, along with the generated angles. The
entire procedure was conducted on the same laptop, during daily one-hour sessions until all tracings were
completed. The observer (EG) is a student in the Oral Radiology master’s degree program at the School of
Dentistry of the University of Sdo Paulo, with one year of experience in computer-assisted cephalometric
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analysis. In this context, the examiner was considered the gold standard, as the reliability of the Al depends
on its training and the quality of the data on which it was trained.

Bias

A potential bias of this study could be the lack of comparisons among different users, as this is a
pilot study that will include such comparisons in future research. The presence of a single observer may also
be considered a bias; however, since the objective is to compare the analyses between the user and Al to
determine whether there are differences in the results, there was no need to involve additional observers
at this stage.

Quantitative variables

Diagnostic reliability: Existence of agreement and equivalence between the values generated by the
automated trace and those modified by the user.

Diagnostic agreement: Degree of agreement between two or more evaluations of the variable
studied, resulting in a ratio or an average of the differences, along with the construction of limits of
agreement. To achieve clinical agreement, a minimum ratio of 0.75 is proposed, indicating that most values
fall within the established limits.

Diagnostic equivalence: Verification that the differences between the values are close to zero and,
furthermore, that they fall within the predetermined equivalence limits, making them interchangeable. For
this investigation, the limits of 2 mm/2 2 was predetermined [18].

Statistical methods

Initially, the total number of radiographs that had modifications made by the user to the landmarks
identified by Al were recorded. These radiographs were then statistically described, including their normal
distribution. Subsequently, the Intraclass Correlation Coefficient (ICC) and equivalence via a two-tailed test
were computed to compare the values of the angles and measurements obtained. The R programming
language was used under the RStudio 1.1.463 application.

RESULTS

The sample consisted of 48 radiographs, but 4 files were not recognized by the platform, resulting
in a total of 44 usable radiographs. The study participants were Venezuelan patients aged between 7 and
12 years, with an average age of 8.79 years. The images were selected based on specific inclusion and
exclusion criteria.

Of the 44 radiographs traced, the user modified 39 of them, representing 88.63% of the sample,
which were traced at an average speed of 8 traces per hour. The frequency of the modified landmarks is
presented in table 1. Consequently, the rest of the analysis will be based on this subgroup, with the averages
and normality of the produced values shown in table 2.
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Table 1. Distribution of landmarks modified by the user.

Landmark Frequency
Sella 3
Nasion 12
A 2
B 13
Gonion 7
Gnation 1
Porion 4
Orbitale 3
U1 Border 21
U1l Apex 2
L1 Border 21
L1 Apex 4
Total 93

Table 2. Descriptive characteristics of user-modified radiographs (n=39).

) WEBCEPH User
Angle-Distance : - - -
Mean SD Shapiro-wilk P Mean SD Shapiro-wilk P
SNA 83.59 3.41 0.4307 82.87 3.83 0.5681
SNB 78.23 3.93 0.9174 77.69 414 0.1982
ANB 5.36 2.28 0.8296 5.19 2.17 0.4515
FMA 24.92 4.71 0.5754 25.24 5.09 0.6302
U1-SN 106.17 6.09 0.8527 104.45 8.00 0.6107
IMPA 97.22 6.22 0.3552 96.11 6.78 0.2714
SN-GoGn 31.84 5.26 0.5315 32.45 5.34 0.671
Y-Axis 59.23 2.98 0.04393" 58.29 4.89 3.885e706"
U1-NA(mm) 411 1.87 0.4042 3.54 2.00 0.7329
U1-NA(Angle) 22.58 4.86 0.2237 21.57 5.94 0.5355
L1-NB(mm) 7.08 2.03 0.4664 6.46 2.31 0.3157
L-NB(Angle) 28.60 4.41 0.8751 27.32 6.00 0.2851

Note: "p<0.05.

Of all the angles and distances evaluated, only the Y-axis showed an abnormal distribution of values
for both the automated analysis and the user-modified analysis. Consequently, it was excluded for the
evaluation of both agreement and equivalence.

The ICC indicates agreement for all the evaluated values, except for the U1-NA dental aspects, both
in distance and angle, as well as the L1-NB angle. However, verification using the 95% confidence interval
would only accept SNB, ANB, and SN-GoGn (table 3).

Finally, the equivalence test (figure 2) reported average differences of less than +2 mm/2 for all
values. Nevertheless, like the ICC, a second verification using a 90% confidence interval would only accept
the ANB, and the distances of the incisors to the NA and NB planes, respectively.
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Table 3. Intraclass Correlation Coefficient and Two-Tailed Equivalence Test.

Angle-Distance ICC IC95% Diff mean 90% Cl P

SNA 0.761 0.587; 0.867 0.72 -0.647;2.087 0.000
SNB 0.898 0.811;0.946 0.54 -0.98;2.06 0.000
ANB 0.892 0.805;0.942 0.17 -0.66;1.00 0.000
FMA 0.923 0.858;0.958 -0.32 -2.16;1.52 0.000
U1-SN 0.867 0.711;0.935 1.72 -0.96;4.40 0.000
IMPA 0.851 0.729;0.92 1.11 -1.34;3.56 0.000
SN-GoGn 0.927 0.863;0.962 -0.61 -2.60;1.38 0.000
U1-NA(mm) 0.683 0.471;0.821 0.57 -0.16;1.3 0.000
U1-NA(Angle) 0.741 0.559;0.855 1.01 -1.03;3.05 0.000
L1-NB(mm) 0.821 0.624;0.911 0.62 -0.2;1.44 0.000
L1-NB(Angle) 0.749 0.56;0.862 1.28 -0.70;3.26 0.000

B oan difforance = 077 B o difforance 2054 Moan difference = 017 o Maan difforonce s 0.7

TOST: 90% CI [-0.647;2.087] significant TOST: 90% C1[-0.982;2.062] signific  TOST: 90% CI [-0.669;1.009] signific  TOST: 90% CI [-2.169;1.529] signific
NHST: 95% C1 [-0.915:2.355] non-significan  YHST: 95% C| [-1.281;2.367] nan-sign WHST: 95% CI [-0.834;1.174] non-sign  YHST: 95% CI [-2.532;1.892] non-sign

- =
T T
-5 4] 5 -0 -5 D 5 10 4 -2 D 2 4 =10 o 5 10
Mean Difference Mean Difference Mean Difference Mean Difference
Eguivalence bolnds -14.219 and 14. Eguivalence bounds -13.012 and 13, Eguivalence bounds -10.6 and 10.
Mean difference = 1,72 Mean difference = 1.11 Mean difference = -0.61
TOST: 90% Cl [-0.961;4.401] signific TOST: 90% Cl [-1.343;3.563] signific  TOST: 90% CI [-2.609;1.389] signific

NHST: 85% Cl [1.467:4.927] non-sign NHST: 85% Cl [-1.824,4.044] non-sign  JHST: 85% C| [-3.001;1.781] non-sign

-1 5 5 15

5 5 5 15 -10 D 5 10
Mean Difference WMean Difference Mean Difference
Equivalence bounds -3.872 and 3.8 Equivalence bounds -10.854 and 10, Equivalence bounds -4.349 and 4.3  Equivalence bounds -10.531 and 10.
Mean difference = 0.57 Mean difference = 1.01 Mean difference = 0.62 _ Mean difference =1.28
TOST: 80% CI [-0.16:1.3] significal TOST: 90% CI [-1.036;3.058] signific TOST: 90% CI [-0.2:1.44] significal 1|Iso1?-Ts'sag gf'}g—;ﬁg-:fﬁﬂ S'ﬂﬂlm
NHST: 85% Gll [-0.303;1.443] non-gign YHST: 85% Cll [-1.438,3.458] non-sign NHST: 95% Cl [-0.361;1.601] nlcm-slgn . [1.095;3.653] non-sign
- - - -
! : | ! s : L S
| ; Lt H L S s
=10 o 5 10
4 2 0 2 4 0 0 5 10 42024
y Mean Difference
Mean Difference Mean Difference Mean Difference

U1.NA Ul-NA L1.NB L1-NB

Figure 2. Equivalence of the angles and measures obtained.
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DISCUSSION

Based on the findings of this study, only the Y-axis showed an abnormal distribution of values, so it
was excluded from the evaluation. The frequency of modified landmarks was 93.

The most frequently modified landmarks in this tracing modality were Na, B, U1l border, and L1
border. These findings may be related to the ICC results, which were lower than 0.75 for the U1-NA dental
aspects, both in distance and angle, as well as for the L1-NB angle. Mahto et al. [19] studied the differences
between manual and WebCeph™ analyses, reporting all ICC values above this number. Although they did
not focus on landmark identification, they emphasize that errors in landmark identification could affect the
results of cephalometric measurements.

Based on the averages, all the evaluated values are reliable; however, the confidence intervals
substantially reduce the replaceable values. The ICC values for the SNA angle reported by Kunz et al.
[20], Algahtani et al. [21] and Prince et al. [22] showed almost perfect agreement (0.915, 0.992, and
0.97, respectively), while Mahto et al. [19] also reported good agreement (0.87). In contrast, this study
found substantial agreement for the SNA angle (0.76), like Duran et al. [23] when comparing Dolphin® and
WebCeph™. Itis important to consider the influence of operator manipulation, as landmark N was modified
repeatedly, which could generate variability in the obtained results.

The equivalence in linear dental measurements compared to angular values confirms the classical
findings that angles are more susceptible to error. Regarding the working time using WebCeph™, the average
duration was 7.5 minutes per trace, including manual correction by the evaluator when it was necessary to
modify the landmark location. Meric et al. [24] report in their research that CephX analysis is 13 times faster
than manual tracing and 3 times faster than Dolphin® and CephNinja tracing. Nevertheless, Kunz et al. [25]
concluded that it should be used only under supervision.

The results of this study determined that there is diagnostic reliability of the Al tracings compared
to those modified by the user, consistent with other studies [12,19,26] that evaluated orthodontists versus
a trained Al and showed considerably similar accuracies for landmark location. This suggests that, in the
future, this method could potentially be more reliable. However, Rodrigues et al. [5] suggest that users
should understand how Al works and question its validity to avoid unfavorable outcomes.

Meanwhile, Al-based tracing is still considered as a complementary tool for clinicians due to its
limited accuracy [23,27,28]. Nevertheless, the reliability findings of this study suggest that future research
should expand the sample size and involve additional observers, such as orthodontists and oral radiologists,
to determine the validity of the instrument, promoting its use within academic training programs. This
approach aims to simplify the diagnostic process, encourage comprehensive training, adapt to changes, and
facilitate the creation of related population databases. The free version of WebCeph™ offers basic tools for
cephalometric analyses, while its paid version includes additional features and is free of ads. The decision
to pay for a membership depends on each user, which can be seen as an advantage of this platform. Future
research could include a module to detect spatial location using coordinates, facilitating the identification
of dispersion patterns in the precision of cephalometric landmarks.

A potential limitation of the study arises from the inability to complete all tracings due to certain
radiographs not being recognized by the platform. This underscores the significant impact of image quality
on the ability of artificial intelligence capability to accurately identify anatomical structures. Consequently,
the reliability and effectiveness of the automated cephalometric analysis could be compromised when
dealing with radiographs of inadequate quality. This limitation highlights the importance of ensuring
high-quality images to optimize the performance of Al-based diagnostic tools in orthodontics.
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CONCLUSION

This study revealed strong technical agreement across most variables, except for U1-NA (distance
and angle) and L1-NB (angle). All values were found to be equivalent. It can be concluded that there is
diagnostic reliability of the automated cephalometric tracings when compared to those modified by the
user in this study.
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