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Abstract

This study aimed to evaluate the comparability of three approaches to 3D cephalometric analysis: manual
tracing in Invivo (Human Invivo), automated tracing using Diagnocat Al, and Al-assisted cephalometry in
Invivo (Al Invivo). Materials and methods. A total of 30 CBCT scans were analyzed retrospectively, and
measurements included overjet, overbite, incisor inclination, and interincisal angles. Statistical analysis
comprised descriptive statistics, normality testing, ANOVA or Kruskal-Wallis tests with post-hoc comparisons,
andintraclass correlation coefficient (ICC) evaluation. Pairwise differences were interpreted relative to pooled
standard deviation (SD): <1 SD indicated comparability, 1-2 SD a moderate deviation, and >2 SD a large
deviation.Results demonstrated that for the majority of parameters, differences across all three methods
were below one SD, confirming high comparability and reproducibility. No parameters exceeded the 2 SD
threshold. Diagnocat Al provided clinically acceptable outcomes while offering practical advantages such as
reduced operator variability, faster processing time, and lower cost compared to manual tracing and Al Invivo.
Conclusion. These findings suggest that both Diagnocat Al and Al Invivo may serve as reliable alternatives or
adjuncts to manual cephalometry in orthodontic practice.

Keywords: 3D cephalometry, artificial intelligence, CBCT, Diagnocat, orthodontics, cephalometric analysis
Article info: received — 02.08.2025; revised — 03.09.2025; accepted — 15.09.2025

Conflict of interest: The authors report no conflict of interest.

Acknowledgements: There are no funding and individual acknowledgments to declare.

For citation: Khabadze Z.S., Wehbe A., Mordanov O.S. Comparative analysis of dental parameters within
3D cephalometric analysis using artificial intelligence. Endodontics Today. 2025;23(4):511-518. https://doi.
org/10.36377/ET-0125

CpaBHUTeNbHbIA AHA/IN3 AEHTa/IbHbIX NapaMeTpoB
B paMKax 3D-uedanoMeTpuuecKkoro aHanmsa
C MOMOLLbI0 UCKYCCTBEHHOI 0 UHTE/I/IeKTa

3.C. Xabapze (24, A. Bexoun(>, 0.C. MopaaHoB

Poccunnckuii yHreepcuteT Apyx6bl HapoaoB uM. MNatpuca Jlymymosl, . Mocksa, Poccnickaa denepauns
< khabadze zs@rudn.ru

Pe3iome

Llenblo naHHOro uccnepoBaHus OblIO0 CpaBHEHME Tpex noaxoaoB K 3D-uedanomeTpuyeckoMy aHanuay:
py4Has TpaccupoBka B nporpamMmme Invivo (Human Invivo), aBToMaTu3npOBaHHbIN aHanM3 C UCMOJIb30BAHUEM
Diagnocat Al n asTomatunyeckas uedanometpus B Invivo (Al Invivo). MaTtepuansl n metoabl. B petpocnek-
TUBHOE nccnenosaHune obinu BkatoyeHbl 30 KJTIKT-ckaHOB; OLLeHMBaNUCh Takue napamMmeTpbl, Kak OBEPAXET,
oBepbaiiT, HakJIOH Pe3L0B U MeXpe3LLoBbIe Yribl. s cTaTucTndeckon 06paboTku NCNoNb30BaINCh onuca-
TenbHasa ctatucTuka, Tect Lannpo-Yunka, ogHodaktopHbii ANOVA nnu tect Kpackena-Yonnmca ¢ noct-
hoc aHann3om, a Takxe koadbduuneHT BHyTpuknaccosom koppenaunm (ICC). Paznmnuma mexay metogamu
MHTEepNpeTUpoBanncb OTHOCUTENIbHO CPeaHEero cTaHaapTHOro OTkIoHeHus (SD): <1 SD — conocTaBUMOCTb,
1-2 SD — ymepeHHOoe pacxoxaeHue, 22 SD — 3HaunTenbHoe pacxoxaeHue. Pe3ynstatel noka3anu, 4To gns
O0/bLUMHCTBA NapaMeTPOB pPasnnyunsa Mexay MeTogamMu He npesblwany ogHoro SD, 4To nopTBepxpaeTt
BbICOKYIO COMOCTaBMMOCTb M BOCNPOU3BOAMMOCTb pe3dynbraTtoB. HM oanH napameTp He npeBbiCuU Nopor
B 2 SD. Diagnocat Al NpoaeMOHCTPMPOBAN KIMHUYECKN NMPUEMAEMbIE pPe3ynbTaThl U 06nagan AonosHu-
TeNbHbIMU NPEeUMYLLECTBAMU — CHUXEHMEM 3aBUCUMOCTM OT OnepaTopa, CokpalleHNeEM BpEMEHM aHanmaa
M MEHbLUEN CTOMMOCTbLIO MO CPABHEHUIO C PYYHOW TpaccupoBkor n Al Invivo. BeiBoa. Mony4yeHHble JaHHbIE
no3BonsAlT paccmaTpuBaTh Diagnocat Al n Al Invivo kak HagexXHble anbTepHaTUBbI MW OOMNOSIHEHUS K TPaAn-
LIMOHHOM py4YHOW LedanoMeTpum B OPTOOOHTUHECKOM NPaKTUKE.

KnioueBbie cnoBa: 3D-uedanomMmerpus, NCKycCTBEHHbIN nHTennekT, KJIKT, Diagnocat, opTtogoHTus, ueda-
JIOMETPUYECKNIA aHann3
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KoHAUKT uHTepecoB: ABTOPLI cO06LLA0T 06 OTCYTCTBUM KOHGMINKTA MHTEPECOB

bnarogapHocTum: CDVIHaHCI/IpOBaHVIe nmnHaonemnayalJibHble 6naro,£|,apH00T|/| ana neknapunpoBaHNda OTCYTCTBYIOT.

Ana uutupoBaHua: Xabanse 3.C., Bex6u A., MopaaHos O.C. CpaBHUTENbHbIA aHaNN3 AeHTaNbHbIX Napame-
TpoB B pamMkax 3D-uedanomeTpnyeckoro aHann3a ¢ NOMOLLbIO UICKYCCTBEHHOIO MHTENNekTa. SHA0A0HTUS
Today. 2025;23(4):511-518. https://doi.org/10.36377/ET-0125

INTRODUCTION

From its early development, artificial intelligence
(Al) has driven substantial progress, transforming many
aspects of daily life, including healthcare [1; 2]. More
recently, Al has enabled the rise of personalized medi-
cine, allowing for more accurate evaluation of disease
predisposition, precise diagnoses, and tailored treat-
ment planning for each individual [3]. In dentistry, Al is
applied to a wide range of tasks, such as tooth numbe-
ring, assessing the spatial relation between third molars
and the mandibular canal, implant planning, diagnosing
periapical pathologies, detecting caries, evaluating os-
teoporotic changes, and identifying jaw tumors [4].

Al has become particularly important in the pro-
cessing and interpretation of Cone Beam Computed
Tomography (CBCT) in dental practice [5]. Advanced
algorithms, such as Diagnocat, are designed to per-
form both coarse and detailed segmentation of teeth in
CBCT scans, making them highly effective for manag-
ing extensive datasets [6]. The Diagnocat system can
efficiently process CBCT images in DICOM format, en-
suring seamless data exchange [7]. Al-based dental
imaging software significantly accelerates data analysis
and enhances processing efficiency [8]. CBCT, as a 3D
imaging technique, is widely implemented in dentistry
for multiple purposes, including implant placement,
orthodontic treatment planning, and root canal the-
rapy [9]. Currently, much scientific attention is focused
on Al-driven approaches that aim to automate landmark
identification in CBCT scans [10].

Cephalometric analysis is a quantitative diagnostic
method widely employed by orthodontists, prosthodon-
tists, as well as maxillofacial and orthognathic surgeons
to evaluate skeletal and dentoalveolar relationships,
morphometric parameters, and growth patterns. Since
its introduction in 1931, this technique has undergone
major advancements, integrating the latest innovations
in orthodontic radiology and diagnostics [11]. The me-
thod is based on linear and angular measurements tak-
en from two-dimensional (2D) radiographs of the skull,
producing an individualized cephalogram for each pa-
tient [12]. Conventional cephalometric landmarks are
identified on skeletal structures (anterior and posterior
cranial base, maxilla, and mandible), on teeth (molars
and incisors), and on soft tissues (nose and chin). By
calculating distances and angles between these refe-
rence points and axes, clinicians can classify patients
according to their skeletal, dental, and profile characte-
ristics. Despite progress in technology, manual tracing
of cephalometric points on lateral, frontal, and axial 2D
radiographs continues to be considered the gold stan-
dard. The main challenges in this approach are the time
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required, the high level of expertise, and the intra- and
inter-operator variability in landmark identification [13].

Although specialized software is now commonly
used to perform cephalometric measurements, land-
mark tracing still needs to be carried out manually by
an orthodontic expert [14]. The reliability of the analysis
strongly depends on the clinician’s skilland even on situ-
ational factors, which can result in inconsistencies [15].
The lack of reproducibility in manual landmark identifi-
cation poses a serious issue, since inaccurate tracing
can lead to incorrect orthodontic treatment decisions.
Therefore, the development of fully automated, robust
methods for detecting cephalometric points remains
highly desirable. Al algorithms provide promising op-
portunities to support orthodontists in routine practice,
potentially improving both efficiency and accuracy [16].

To date, only a limited number of studies have ap-
plied convolutional neural networks (CNNs) for auto-
mated 3D cephalometric analysis. While initial results
have been encouraging, these studies have also dem-
onstrated notable methodological shortcomings [17].
Thus, firm conclusions about the practical application
of such algorithms remain premature.

The purpose of the present study is to compare den-
tal parameters as a part of 3D cephalometric analysis
conducted with the aid of Al to that performed manually
by a specialist orthodontist. The null hypothesis states
that there is no statistically significant difference be-
tween 3D cephalometric analysis performed by an Al-
powered virtual assistant and that conducted manually
by an orthodontic specialist.

MATERIALS AND METHODS

This investigation was approved by the Bioe-
thics Committee of RUDN University (protocol N212,
March 17, 2024). The study was carried out using ret-
rospective and registry data; thus, it did not involve any
direct human experimentation, the use of biological
samples, or the recruitment of patients specifically for
research purposes.

Study design and patient selection

CBCT scans were analyzed from 30 consecu-
tive patients, aged between 18 and 50 years (13 male
and 17 female), who were examined at a local diag-
nostic center. The dataset was annotated by two ex-
perts: a dental and maxillofacial radiologist with ex-
tensive clinical experience in surgical procedures and
full-mouth rehabilitation, and an orthodontist, both of
whom identified cephalometric landmarks. To ensure
calibration, each specialist performed the tracings
twice, with a 7-day interval between sessions. Cases
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were excluded if inter-observer differences exceeded
half of the standard deviation, or if intra-observer va-
riability for a single examiner was greater than half of
the standard deviation. After these checks, mean va-
lues were calculated for the final analysis.

The inclusion criteria specified patients with well-
controlled systemic conditions, those requiring both
cephalometric radiographs and CBCT, absence of
maxillofacial deformities, fully erupted incisors and
first molars, and no prior orthodontic treatment.

All CBCT scans were acquired using the GALILEOS
Comfort unit (Sirona Dental Systems GmbH, Ben-
sheim, Germany) under the following parameters:
98 kV tube voltage, 5 mAs tube current, 14-second
scanning time, a field of view (FOV) of 15x 15 cm, and
an isotropic voxel size of 0.25 mm. During acquisition,
patients were instructed to remain in habitual occlu-
sion with lips and tongue relaxed, while their heads
were stabilized using head and chin supports, avoiding
unnecessary pressure.

3D Cephalometric Analysis

The cephalometric evaluation was carried out using
two different approaches. The first consisted of manual
landmark tracing, performed in Invivo 6 software (Ana-
tomage Inc., Santa Clara, CA). To maintain consistency,
a predetermined number of landmarks was selected for
allmeasurements. Initial alignment of CBCT images was
based on the following anatomical reference points: Ba,
Or R, Or L, Po R, and Na. Once aligned, the complete
set of landmarks was traced according to established
definitions [18; 19].

The second approach utilized Al-based cepha-
lometric analysis, generated through the Diagnocat
system (Diagnocat Ltd., San Francisco, CA, USA). Di-
agnocat produces orthodontic reports using a pipe-
line composed of multiple pre-trained fully convolu-
tional neural networks, supplemented with algorithmic
slice extraction and Al-driven landmark identification
(Fig. 2). The software incorporates internally modified
3D U-Net-based semantic segmentation networks to
deliver voxel-accurate segmentation of teeth and sur-
rounding anatomical structures [20]. Cephalometric
measurements obtained are summarized in Table 1.
Each dataset was analyzed independently, with the cli-
nicians blinded to the Al results, to evaluate the diag-
nostic reliability of the Al-generated reports.

The third approach applied the Al module integrated
into Invivo 7 (Anatomage Inc., Santa Clara, CA), which
provides automated cephalometric landmark detec-
tion. The software combines machine learning algo-
rithms with built-in cephalometric templates to gener-
ate measurements directly from CBCT data. This meth-
od was tested under the same inclusion and exclusion
criteria as the other two, and results were compared
separately.

The cephalometric measurements are detailed in
Table 1. Each result was evaluated separately and inde-
pendently, without any prior knowledge of the Al results,
to determine the reliability of the Al-generated diagnos-
tic reports.
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Table 1. The measurements and norms of compared
parameters (values are taken from the current
Diagnocat orthoreport)

Ta6nuua 1. ViamepeHns u HOPMbl CPaBHNBAEMbIX
napameTpoB (3HA4YEeHUS B3ATbl U3 TEKYLLLETO
opToaoHTMyeckoro otyeta Diagnocat)

Variable Norm SD
Overjet 3mm 1
Overbite 3 mm 1
Upperincisor U1-SN R 105° 2
Upperincisor U1-SN L 105° 2
Lower incisor L1-MP R 90° 5
Lower incisor L1-MP L 90° 5
Interincisal angle U1-L1(R) 130° 6
Interincisal angle U1-L1(L) 130° 6

Statistical analysis

Statistical analysis was performed using the R lan-
guage for statistical computing. Descriptive statistics
included minimum, maximum, median, first (Q1) and
third (Q3) quartiles, mean, and standard deviation
(SD). Normality of distribution was assessed using the
Shapiro-Wilk test and Q-Q plots. For comparisons be-
tween the three methods (Human Invivo, Diagnocat Al,
and Al Invivo), one-way ANOVA was applied for normal-
ly distributed variables, followed by Tukey’s HSD post-
hoc test. For non-normally distributed variables, the
Kruskal-Wallis test was applied, followed by pairwise
comparisons with appropriate corrections. Agreement
among the three methods was assessed using the In-
traclass Correlation Coefficient (ICC, two-way random
effects model, absolute agreement).

Differences between methods were further evalu-
ated in relation to the pooled SD:

— differences within one SD were considered com-
parable;

— differences of one to two SD indicated moderate
deviation;

— differences exceeding two SD indicated large de-
viation.

To visualize these comparisons, difference plots were
generated for each parameter. The plots were color-
coded according to the deviation thresholds: green
zone (A< 1SD, comparable), yellow zone (A= 1-2 SD,
moderate deviation), and red zone (A > 2 SD, large de-
viation). A p-value < 0.05 was considered statistically
significant.

RESULTS

A total of 30 CBCT scans were analyzed using three
methods: Human Invivo (manual tracing), Diagnocat Al,
and Al Invivo.

Descriptive statistics (minimum, maximum, quar-
tiles, mean, and SD) were calculated for each para-
meter across the three methods.
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Comparative analysis

The mean differences (A) between each pair of meth-
ods were compared against the pooled standard devia-
tion (SD). The interpretation criteria were as follows:

— Comparable (<1 SD): differences within one stand-

ard deviation;

— Deviation (1-2 SD): moderate discrepancy;
— Large deviation (=2 SD): clinically significant dis-

crepancy.

The summary table with pairwise comparisons,

Graphical analysis

For each cephalometric parameter, difference plots

were constructed (Fig. 1-5).

The plots are color-coded according to the deviation
thresholds:
— Green zone - differences within one SD (methods
are comparable);
—Yellow zone - differences between one and two SD

(moderate discrepancy);

— Red zone - differences above two SD (large dis-

AMean, SD, and interpretation is presented in Table 2. crepancy).
Table 2. Comporation of methods
Ta6nuua 2. CpaBHeHME METO0B
Parameter Comparison AMean SD Interpretation
Overjet Human Invivo vs Diagnocat 0.08 1.65 Comparable (<1 SD)
Overijet Human Invivo vs Al Invivo -0.26 1.65 Comparable (<1 SD)
Overjet Diagnocatvs Al Invivo -0.28 1.75 Comparable (<1 SD)
Overbite Human Invivo vs Diagnocat -0.36 1.53 Comparable (<1 SD)
Overbite Human Invivo vs Al Invivo 0.23 1.49 Comparable (<1 SD)
Overbite Diagnocatvs Al Invivo 0.59 1.49 Comparable (<1 SD)
U1-SNR Human Invivo vs Diagnocat -1.16 9.97 Comparable (<1 SD)
U1-SNR Human Invivo vs Al Invivo -2.15 8.94 Comparable (<1 SD)
U1-SNR Diagnocat vs Al Invivo -1.09 9.06 Comparable (<1 SD)
U1-SN L Human Invivo vs Diagnocat -1.74 9.77 Comparable (<1 SD)
U1-SN L Human Invivo vs Al Invivo -1.49 12.87 Comparable (<1 SD)
U1-SN L Diagnocatvs Al Invivo 0.0 11.67 Comparable (<1 SD)
L1-MP R Human Invivo vs Diagnocat -1.32 10.44 Comparable (<1 SD)
L1-MP R Human Invivo vs Al Invivo 2.31 101 Comparable (<1 SD)
L1-MP R Diagnocatvs Al Invivo 3.56 9.85 Comparable (<1 SD)
L1-MP L Human Invivo vs Diagnocat -1.22 9.54 Comparable (<1 SD)
L1-MP L Human Invivo vs Al Invivo -0.29 12.5 Comparable (<1 SD)
L1-MP L Diagnocatvs Al Invivo 0.0 10.96 Comparable (<1 SD)
U1-L1(R) Human Invivo vs Diagnocat 1.12 15.32 Comparable (<1 SD)
U1-L1(R) Human Invivo vs Al Invivo 0.23 14.0 Comparable (<1 SD)
U1-L1(R) Diagnocatvs Al Invivo -0.72 14.16 Comparable (<1 SD)
U1-L1(L) Human Invivo vs Diagnocat 1.58 13.47 Comparable (<1 SD)
U1-L1(L) Human Invivo vs Al Invivo 1.84 5.22 Comparable (<1 SD)
U1-L1(L) Diagnocat vs Al Invivo 0.0 4.74 Comparable (<1 SD)
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Most parameters showed differences within one SD,
indicating a high level of agreement between the three
methods. Only a limited number of variables demon-
strated deviations exceeding one SD, and very few pa-
rameters exceeded the two-SD threshold.

Agreement between methods

The overall consistency across the three methods
was confirmed by Intraclass Correlation Coefficient
(ICC) analysis, with the majority of parameters showing
good to excellent agreement (ICC > 0.75).

DISCUSSION

Cone Beam Computed Tomography (CBCT) has be-
come increasingly important in orthodontics because
it can generate high-resolution three-dimensional (3D)
representations of dental and skeletal structures, soft
tissues, neural pathways, and bone morphology [20].
The present study compared automated 3D cephalo-
metric analysis using the Diagnocat Al system with ma-
nual tracings performed in Invivo 6, and, additionally,
with automated cephalometric landmark detection
available in Invivo 7. Recent investigations have repea-
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tedly demonstrated the superior precision of 3D cepha-
lometric analysis compared to traditional two-dimen-
sional (2D) approaches [21]. Furthermore, deep lear-
ning (DL) algorithms have shown improved performance
over conventional machine learning (ML) approaches
in bioimaging applications [22], which has encouraged
the development of DL-based algorithms for automated
landmark identification in 3D datasets.

Several systematic reviews and meta-analyses have
examined the use of Al for 3D cephalometric analysis
in orthodontics [17; 23]. Across these works, DL-based
algorithms consistently outperformed other ML tech-
niques in the accuracy of landmark detection. Despite
these promising advances, most of the reviewed stud-
ies did not include Diagnocat or Invivo’s newer Al-as-
sisted functionalities, and many focused only on land-
mark localization without assessing cephalometric pa-
rameter accuracy or providing rigorous statistical vali-
dation [24]. Cephalometric analysis inherently simplifies
a 3D craniofacial structure into a 2D representation,
which introduces potential projection and measure-
ment errors [25]. However, the null hypothesis - that no
difference exists between Al-based and manual analy-
sis — was accepted.

In terms of incisor inclination, the differences were
unilateral. Kunz et al. [26] compared Al-based cephalo-
metric analyses with manual expert tracings and found
that upper incisor angulation demonstrated larger devi-
ations in Al predictions (absolute mean difference 2.18°)
compared with inter-examiner variability (1.50°). This
highlights the clinical importance of precise landmark
placement for orthodontic and orthognathic treatment
planning. Chen et al. [27] also reported that clinical ex-
perience strongly influences the ability to consistently
identify cephalometric points, with more experienced
clinicians demonstrating greater accuracy [28]. Even
S0, errors remain possible, as demonstrated by Zam-
rik et al. [29], who noted inaccuracies in measuring the
U1-A point.
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