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Abstract

Background: Artificial intelligence (Al) has invaded radiographic analysis in a massive way. Besides saving time and effort during
decision-making and treatment planning, Al-assisted cephalometric analysis must be reliable, reproducible, accurate, and user-friendly.
Objective: To assess fully Al-driven cephalometric analysis. Methods: 47 lateral cephalometric radiographs were used for comparing
the accuracy of Al-operated and manually operated skeletal and dental cephalometric analysis. Both dental and skeletal analyses were
digitally performed using web-based platforms (WebCeph™, Cephio, and Ceppro DDH Inc., Korea). SPSS was used for statistical
analysis with paired t-test and intra-class correlation. Results: There were statistical differences between Al landmarking and manual
landmarking regarding SNA, ANB, FH to AB, Ul to FH, Ul to SN, Ul to UOP, interincisal angle, Ul to NA (mm), and Ul to NA
(deg). The intraclass correlation coefficient (ICC) data showed that the two sets of measurements were very consistent for most
readings. Conclusions: Even though Al provides strong reliability and agreement between methods, the significant difference indicates
that Al-operated and manually operated cephalometric analysis may not be interchangeable despite their consistency. Al-based analyses
primarily function as assistant tools, and orthodontists need to make judgments or adjustments before making decisions.
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INTRODUCTION the 2D lateral cephalometric radiography is crucial in

skeletal malocclusion cases [1]. Cephalometric analysis
To create a precise treatment plan, the orthodontist needs is a V_ital part o'f.orthodontic diagno’sis apd treatment
to thoroughly diagnose the orthodontic case. Typically, planning, requiring the exact identification of
by collecting a variety of data, such as study models, anatomical landmarks. Traditionally, these landmarks
radiographs, and pictures, which require further have b.een recognize(.i. manually, .Wh.i(.?h is  time-
examination and analysis. The cephalometric analysis of consuming and sensitive to variability between
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operators [2]. Recent breakthroughs in artificial
intelligence (AI) have introduced automated systems for
cephalometric landmark detection, with increased
efficiency and consistency [3]. A subfield of artificial
intelligence called machine learning is concerned with
developing models and algorithms that enable
computers to acquire information from data and
generate judgments or predictions without external
guidance [4]. A form of machine learning called deep
learning employs neural networks that are modeled as
the human brain to automatically identify patterns and
characteristics in data. This allows computers to
independently make deeper predictions or choices [5].
Despite these advances, research into the reliability of
Al-generated landmarks in clinical practice continues.
Studies have shown that Al systems can recognize
cephalometric landmarks with excellent accuracy.
However, the automated cephalometric measurements
were considered clinically accepted but with manual
adjustment of the landmark position when compared to
the conventional hand tracing [6]. This research aimed
to assess the performance of Al-driven web-based
cephalometric analysis by comparing the accuracy of
Al-predicted landmarks with those manually located by
qualified specialists by comparing some dental and
skeletal cephalometric analyses.

METHODS
Study design and setting

This retrospective study analyzed 47 lateral
cephalometric radiographs from patients aged 12—40
years. All the cephalometric radiographs were obtained
from one radiology center using one cephalometric
device (PaX-i3D Smart, D-052SB, Toshiba, Korea) with
the following specifications: magnification factor 1.14
constant, pixel size: 127 pm, kVp: 50-99 kV, mA: 4-16,
and exposure time: 12 s. 75 radiographs were reviewed,
of which 47 met the eligibility criteria.

Inclusion criteria

Clear radiograph with no artifact or distortion. Class I,
II, and III skeletal relations. Radiograph with
standardized head position.

Exclusion criteria

Cephalograms with blurred landmarks. Cephalograms
with significant double borders of the mandible.
Individuals with craniofacial anomalies, asymmetries,
or a history of craniofacial surgery. Cases with dental
crowns, bridges, implants, and edentulousness.
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Radiographic evaluation

Google Chrome was used as a typical web browser
(Google LLC, California, USA). Digital pictures of
cephalograms were uploaded to the appropriate patient
profiles, which were generated in the Webceph platform
using the newly formed account. The first step in the
landmark detection was radiographic image calibration
by fitting the calibration ruler on the digital image of the
cephalogram to the 30 mm ruler that was shown on the
platform screen.

Digital manual-operated analysis

At the beginning, the radiographs were calibrated. 15
hard tissue cephalometric landmarks were used in this
study (Sella (S), Nasion (N), A-point (A), B-point (B),
Porion (Po), Orbitale (Or), Pogonion (Pg), Gnathion
(Gn), Menton (Me), Anterior Nasal Spine (ANS),
Posterior Nasal Spine (PNS), Condylion (Co), Gonion
(Go), Articular (Ar), and Condylar (Co), and 10 soft-
tissue cephalometric landmarks (Glabella (G), Soft
Tissue Nasion (Ns), Pronasale (Pn), Subnasale (Sn),
Labrale Superius (Ls), Stomion (St), Labrale Inferius
(L1), Soft Tissue Pogonion (Pog’), Soft Tissue Gnathion
(Gn'), and Soft Tissue Menton (Me')) were visually
located and labelled using manual digital tracing
(WebCeph™,  Cephio, and Ceppro DDH Inc.).
Landmarks were located by the first orthodontist
manually, then the accuracy of the localization of the
landmarks was verified by a second orthodontist, and
then the analysis was automatically derived.

Digital Al-operated analysis

The second set of tracings was performed immediately
after the manually operated landmark analysis was
computed by using the WebCeph® Al Digitization
function to automatically identify and trace landmarks.
In the end, the cephalometric measurement values for all
parameters were downloaded in Excel format and then
transferred into a single Microsoft Office Excel
spreadsheet with data that was collected from the
manually operated analysis. The manually operated
cephalometric analysis was performed first, then the
same radiograph was reanalyzed using the Al-operated
analysis. Five patients’ radiographs were analyzed in
each section.

Statistical analysis

SPSS for Windows (version 23.0; SPSS Inc., Chicago,
IL, USA) was used for statistical analyses. The level of
significance was set atp < 0.5. Interclass correlation
coefficients (ICC) were calculated to determine the
reliability of the two approaches.
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RESULTS

Table 1 shows the comparison of descriptive data in both
the manual and Al approaches. The paired t-test was
utilized to discover the differences between the groups.
Starting with SNA, the mean difference was -0.770,
indicating a significant difference between the two
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techniques for this assessment (p-value = 0.018). The
ANB's mean difference was -0.964, with a p-value of <
0.001, showing a significant difference between the two
approaches. Moving on to the Bjork sum, the mean
difference was very small (0.508), and the p-value of
0.190 indicates no significant difference between the
techniques.

Table 1: Descriptive statics illustration for all readings of the groups with statistical evaluation (n=47 for all landmarks)

Landmark Manual Al Mean Difference p-value
SNA 81.701+4.524 82.471+4.022 -0.770 0.018
SNB 78.467+4.297 78.272+3.890 0.195 0.445
ANB 3.234+3.316 4.198+2.833 -0.964 0.000
Bjork sum 392.514+5.989 392.006+5.533 0.508 0.190
FMA 23.062+7.051 23.195+5.685 -0.133 0.808
Gonial angle 123.262+8.623 122.013+6.838 1.249 0.121
SKELETAL A to N-Perp (FH) 2.485+10.434 2.622+7.751 -0.137 0.890
B to N-Perp (FH) -6.704+14.729 -9.599+12.942 2.894 0.036
Pog to N-Perp (FH) -4.356+16.696 -6.993+14.41 2.637 0.074
FH to AB 82.258+7.644 80.956+6.468 1.302 0.018
A-B to mandibular plane 74.679+8.809 75.851+7.063 -1.171 0.031
Wits appraisal 4.264+9.296 5.200+8.005 -0.936 0.171
Overjet 8.174+4.983 7.443+4.059 0.731 0.024
Overbite 3.37745.19 3.651+4.531 -0.274 0.367
UltoFH 117.702+9.547 113.750+7.71 3.952 0.000
Ulto SN 108.249+9.197 104.938+7.969 3.311 0.000
U1 to UOP 56.499+6.843 59.207+5.767 -2.708 0.000
IMPA 96.210+9.486 95.782+8.561 0.429 0.419
DENTAL L1to LOP 62.587+8.742 63.686+8.015 -1.099 0.091
Interincisal angle 123.027+12.661 127.274+£12.173 -4.247 0.000
Canting of occlusal plane 4.076+6.121 5.083+4.849 -1.007 0.088
U1 to NA (mm) 10.245+5.635 6.840+3.722 3.405 0.000
U1 to NA (deg) 26.549+8.636 22.468+7.002 4.080 0.000
L1 to NB (mm) 10.237+ 6.023 10.596+5.924 -0.359 0.170
L1 to NB (deg) 27.19+8.625 25.725+7.925 0.627 0.581

Values were expressed as mean+SD. Data was analyzed using paired t-test; p-values <0.05 are significantly different.

Similarly, FMA yields a non-significant result (p-value
= (.808), showing no major difference between the
approaches. The analysis of the gonial angle revealed a
mean difference of 1.249, and while the p-value 0f 0.121
suggests some difference, it did not reach statistical
significance. The p-value for A to N-Perp (FH) was
0.890, indicating no significant difference. However,
there was a substantial difference between B and N-Perp
(FH), with a mean difference of 2.894 and a p-value of
0.036. Pog to N-Perp (FH) yielded a borderline result,
with a p-value of 0.074, indicating that the difference
was not statistically significant. In the instance of FH to
AB, the mean difference of 1.302 turned out to be
statistically significant (p-value = 0.018). A-B to
mandibular planes also showed a significant difference
(p-value = 0.031). The Wits appraisal had a mean
difference of -0.936; however, the p-value of 0.171
indicated that there was no significant difference.
However, Overjet demonstrated a substantial difference,
with a mean difference of 0.731 and a p-value of 0.024.
Overbite, on the other hand, did not reveal a significant
difference (p-value = 0.367). For Ul to FH, the mean
difference was quite large, with 3.952, and resulted in
the p-value of < 0.001 to be a highly significant
difference between the methods. Similarly, Ul to SN
and Ul to UOP both showed highly significant
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differences, with p-values of <0.001. Meanwhile, IMPA
did not show a significant difference (p-value = 0.419),
nor did L1 to LOP. The interincisal angle has a highly
significant difference, with a p-value of < 0.001 and a
mean difference of -4.247. Canting of the occlusal plane
also approaches significance with a p-value of 0.088,
though it does not quite reach the threshold.
Furthermore, substantial differences between Ul to NA
(mm) and Ul to NA (deg) occurred, with p-values <
0.001. However, there were no significant differences
from L1 to NB (mm) and L1 to NB (deg) (p-values of
0.170 and 0.581, respectively). In summary, the results
highlight  significant  differences  for  several
measurements, particularly SNA, ANB, ODI,
combination factor, B to N-Perp(FH), FH to AB, overjet,
Ul to FH, U1 to SN, Ul to UOP, interincisal angle, Ul
to NA (mm), Ul to NA (deg), and nasolabial angle,
while others like SNB, FMA, Bjork sum, and overbite
showed no significant differences. These findings
suggested that while the two methods may be
comparable in some cases, there were notable
discrepancies in specific measurements. The results of
the Intraclass Correlation Coefficient (ICC) test
provided important insights into the level of agreement
or reliability between the two measurement methods
(manual and Al), as presented in Table 2.
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Table 2: Intraclass correlation coefficient test results
95% Cl for ICC

Readlngs \}g:lﬁe p-Vaer Lower Upper

Bound  Bound

SNA 0.861 0.000 0.752 0.922
SNB 0.911 0.000 0.846 0.949
ANB 0.828  0.000 0.604  0.917
Bjork sum 0.895 0.000 0.820 0.940
FMA 0.833 0.000 0.718 0.903
Gonial angle 0.752 0.000 0595 0.854
APDI 0.864 0.000 0.767 0.922
A to N-Perp (FH) 0.733 0.000 0.566 0.842
B to N-Perp (FH) 0.766  0.000 0.610 0.864
Pog to N-Perp (FH) 0791 0000 0.653 0.879
FH to AB 0.857 0.000 0.745 0.920
A-B to mandibular plane  0.890 0.000 0.804  0.938
Wits appraisal 0.856 0.000 0.756  0.917
Overjet 0.879 0.000 0.785 0.933
Overbite 0.911  0.000 0.846  0.949
UltoFH 0.771  0.001 0.338  0.903
Ulto SN 0.803  0.000 0.474  0.912
U1 to UOP 0.650  0.000 0.366  0.808
IMPA 0.921  0.000 0.863  0.955
L1toLOP 0.859  0.000 0.760  0.919
Interincisal angle 0.865 0.000 0.521  0.947
Canting of occlusal plane  0.735  0.000 0569  0.843
U1 to NA (mm) 0.583  0.016 0.048 0.811
U1 to NA (deg) 0.709  0.002 0255 0.871
L1to NB (mm) 0.956  0.000 0922 0.975
L1 to NB (deg) 0.667  0.000 0.433  0.817

The ICC values represent the consistency of the

readings, with values closer to 1 indicating high
reliability and values near 0 indicating low reliability.
The intraclass correlation coefficient (ICC) data showed
that the two sets of measurements were very consistent
for most readings. Variables such as SNB (ICC =0.911),
SNA (ICC = 0.861), and overbite (ICC = 0.911)
demonstrated very high agreement, with ICC values
greater than 0.9, indicating strong dependability in both
techniques. Several others, including ANB (ICC =
0.828) and gonial angle (ICC = 0.752), had significant
agreement, with ICC values ranging from 0.75 to 0.89,
showing strong consistency. However, some readings,
like U1 to UOP (ICC = 0.650) and U1 to NA (mm) (ICC
= 0.583), illustrated moderate agreement, suggesting
more variation between methods. Overall, the ICC
results revealed that most variables were assessed
consistently by both methods, but a few individual
readings stated significant differences, particularly in
dental and face soft tissue measurements.

DISCUSSION

This study was primarily designed to evaluate the
accuracy and reliability of using the fully automated
WebCeph™ cephalometric analysis in comparison to
manually operated cephalometric analysis, as the latter
one had been proved in previous studies to have good
reliability and reproducibility [7]. AI models'
effectiveness is based on their ability to engage, help,
and please users in addition to their capacity to provide
correct or comprehensive information [8]. The Al
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performance in the identification system of the
landmarks within 2mm error variance is considered to
be clinically accepted in the literature [7,9]. While Al
may reach high accuracy in landmark identification
(within 2 mm), the consequences for angular measures
are considerable, emphasizing the need to consider both
detection accuracy and clinical effect [10]. In this study,
the fully automated landmark was compared to the
digital manual localization of the landmarks, as the
researchers had reported that the Al was capable of
identifying landmarks similar to moderate-level
experience in landmark detection [11,12]. To evaluate
the accuracy of WebCeph™, cephalometric measures
were utilized over landmark identification. These
measurements are the result of the cephalometric tracing
process providing information to assist with treatment
planning, and errors in landmark location during
measuring may cancel out or aggravate the discrepancy
[13,14]. The objective of this research was to give a
valid and useful comparison that is based on real-life
orthodontic needs by including many important
cephalometric analyses. The null hypothesis showed
that there was no significant difference between
manually  operated and  Al-operated  digital
measurements. The current findings included 22 of 25
parameters that had an ICC value above 0.70, which
means high reliability. Only U1l to NA, Ul to UOP, and
L1 to NB (deg) had moderate reliability. The reason for
the lower ICC value may be attributed to faulty
identification of landmarks by the software in a few
cases. These findings go with a recent study that
compared fully automated linear and angular
measurement using WebCeph™ and manual tracing
[15]. Other researchers who studied web-based
platforms or computer software had reported having
reproducibility like CephX, FACAD® computer
software [16]. On the other hand, a study compared 12
cephalometric measurements obtained by Dolphin
Imaging, CephNinja, CephX, and manual tracing and
reported that fully automatic analysis with CephX needs
to be more reliable, but with manual adjustment of the
landmark, the degree of reliability was increased [17].
This study reported that there was a significant
difference between the SNA, ANB, B to N perp (FH),
Ul to FH, U1 to SN, Ul to UOP, interincisal angle, Ul
to NB (mm), and U1 to NA (deg). But only B to N perp
(FH), U1 to FH, U1 to SN, U1 to UOP, interincisal angle,
Ul to NA (mm), and Ul to NA (deg) are considered
clinically significant. The errors in landmark positions
have a great impact on both linear and angular
measurements. This meant that the manual adjustment
of the landmark is a must when using the WebCeph™
Al-based cephalometric analysis. This finding goes with
a very recent study that found that the angular and linear
measurements based on Al vs. human landmark
localization were significantly different and the use of
automated methods should be done with care since any
mistake in landmark identification may lead to serious
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errors in cephalometric measurements, which can
impact orthodontic diagnosis and planning [18].

Study limitations

This study was performed using Webceph platform,
comparing these findings to other platforms and
software is recommended.

Conclusion

Most of the measurements were assessed consistently by
both methods, but a few individual readings stated
significant  differences, particularly in dental
measurements. For that reason, Al-assisted WebCeph
can be used as an assistive tool, but the landmarks
should be adjusted before any cephalometric analysis
starts.
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