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Abstract

Objective of the research was to determine mean cephalometric parameters among children
aged 7-12 years old with the use of originally developed three-dimensional analysis of medium field
of view CBCT images and verify sustainability of obtained indicators as references of normality
values.

Present research was conducted in the form of retrospective designed study, all CBCT data
used for the research was already presented within the database of Central Laboratory Diagnosis
of the Head (Kyiv, Ukraine). Final sample of 25 DICOM datasets was converted and analyzed using
the SIMPLANT O&O software. Algorithm of originally developed Dakhno-Vyshemyrska-Burlakov
(DVB) cephalometric analysis realized for the obtained 3D scans included marking of 33 skeletal
and dental landmark points (11 single and 11 paired/ bilateral). Out of 25 CBCT scans, included
into study group, 10 were obtained from male pediatric patients, and 15 from female. Mean age of
patients at the time of CBCT scan obtainment was 9.46+2.31 years. The differences between each
parameter registered among male and female persons were not statistically approved (p > 0.05),
except for the linear parameters of jaws and parameters of growth pattern prediction.

Adjusted intra-rater agreement for the set of calculated cephalometric parameters after triple
repeated assessment for the Investigator 1 was 0.95 and for the Investigator 2 — 0.97, while pooled
inter-rater agreement reached level of 0.92. Proposed 3D cephalometric analysis based on medium
FOV CBCT scans may be effectively used for the pediatric patients aged 7-12 years old, and such
diagnostic approach fully corresponds with the generally accepted recommendations for effective
doze minimization among orthodontic pediatric patients.

Skeletal and dental cephalometric parameters were established for children 7-12 years old
based on 25 CBCT data sets, which considering repeatability of obtained results registered by the
two independent investigators, may be categorized as a reference set of normality values.
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Introduction

2D cephalograms support diagnostics of
growth and developmental anomalies among
orthodontic patients, while also help to monitor
dynamics during the treatment by assessing the
mutual interrelations between skeletal structures
and the teeth." 2 * However, 2D cephalometric
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radiographs have significant limitations due to the
superimposition of anatomical structures, two-
dimensional flattening and various magnifications
of facial skull anatomical structures.* ° In most
cases, additional panoramic and frontal
radiographs are also necessary for precise
diagnostics, which in turn increases the radiation
dose received by the patient.° On the other hand
it is important to note that there is still deficiency
of reliable evidence-based data regarding
dominant diagnostic and therapeutic significance
of 2D cephalometry itself, except when it is
necessary to make a decision on the extraction
of individual tooth or refrain from such
manipulation.”®
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The advent of cone beam computed
tomography (CBCT) has made it possible to
visualize all of the anatomical structures of the
facial skull in detail, as CBCT scan creates a
series of cross-sectional images in three planes
and also allows to produce three-dimensional
reconstructions of 3D structures including teeth,
jaws, TMJ, airways, sinuses, nasal cavity and
soft tissue structures of the face.® '° However,
considering radiation load received by CBCT,
indications for prescribing a large field of view
(FOV) CBCT scans for children and adolescents
are limited to complex cases, such as congenital
malformations or skeletal asymmetries.'" 2

Basically such cases includes clinical
situations when the benefits of 3D imaging justify
the received radiation exposure according to the
principles of ALARA (As Low As Reasonably
Achievable), ALADA (As Low As Diagnostically
Acceptable) and the ALADAIP principle (As Low
As Diagnostically Acceptable being Indication-
oriented and Patient-specific), which were
adopted by the DIMITRA research group.5 '3 1415

Recent systematic review revealed that
diagnostic accuracy of CBCT-synthesized lateral
cephalograms are comparable to the
conventional ones, while usage of already
existed CBCT scans could help to reduce
radiation exposure level with saving time and
costs for the patients.'® Moreover, CBCT scans
theirselves provide opportunities not only for 2D-
based, but also for three-dimensional
cephalometric analysis.” " 1

Lowering field of view, voxel size and
dose in general while dealing with CBCT in the
orthodontic practice potentially may help to
reduce the effective dose on the patients, but it
also compromise diagnostic potential of obtained
3D scans, and limits possibilities to analyze small
anatomical structure.” There is a gap in
consensus to which dose radiation load should
be minimized, and especially by which approach
this reduction should be provided in the first
place, to follow specific diagnostic targets of the
orthodontic treatment planning.'” '8

Considering all above-mentioned facts it
seems reasonable to develop different scanning
protocols with specifically controlled sets of
scanning parameters adapted to the peculiarities
of particular orthodontic indications."”

Materials and methods

Present research was conducted in the
form of retrospective designed study, focused on
the provision of cephalometric analyses over
medium FOV CBCT-scans of children 7-12 years
old, who’s data were already presented within the
database of Central Laboratory Diagnosis of the
Head — CLDH (Kyiv, Ukraine). STROBE checklist
was taken into account during the organization of
present research, while also adherence to
STROBE guidelines was considered during
preparation of present manuscript. No additional
X-ray examinations were provided for the
patients, who’s CBCT scans were already
present in available database and further
included in present research.

Prior to CBCT examinations, which were
held due to the different indications and based on
targeted referral from different dental specialists,
all patients signed informed consent form
agreeing on the above-mentioned diagnostic
procedure and possibilty of wusing their
anonymized datasets for potential research
objective if such would be within scientific
interest.

All CBCT scans were performed with
Gendex CB-500 by iCat scanner (Imaging
Sciences International, Hatfield, PA, USA), which
operates in pulsed mode of radiation with
following parameters: voxel size — 300 pm, sitting
patient’s position, natural head position, usual
occlusion, no chin rest, fixed with a head band.

Primary CBCT database of CLDH
included 50069 data sets of dental patients. The
following inclusion criteria was used to form
primary cohort of CBCT scans, which could be
used for the formulated objective: 1) Ukrainian
origin of the patient; 2) age range within 7-12
years old; 3) mixed dentition; 4) skeletal
symmetry; 5) Angle's class | relationship of the
first permanent molars; 6) normal vertical and
horizontal incisal overlap (within 2.0 mm = 0.5
mm); 7) no clinically detectable orthodontic
problems; 8) no congenital developmental
pathologies. Specific age range of 7-12 years old
was utiized to measure cephalometric
parameters of pediatric patient particularly with
mixed dentition.

Next parameters were used as exclusion
criteria: 1) non-Ukrainian origin of the patient; 2)
age under 7 and over 12 years old; 3) absence of
one or more first permanent molars; 4) agenesis
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or loss of at least one permanent tooth; 5)

presence of skeletal asymmetries; 6) post-
traumatic malformations or deformities; 7)
presence of any form of malocclusion; 8)
presence of congenital growth and
developmental defects.

After formation of primary CBCT scans
cohort they were checked regarding applied
protocol of scanning, and only those
corresponding to the low-dose protocol of CBCT
scanning (120 kVp, 5 mAs, exposure time 3 s)
with medium field of view (FOV: 8 cm (H) x 14
cm (D) — EDS Mode) were included for further
analysis. Such requirements were considered to
ensure minimization of potential exposure dose
while not compromising diagnostic potential of
the scans.

Medium FOV scans were considered for
the study only if such were limited caudally by the
point Me (the most inferior midpoint of the chin
on of outline of the mandibular symphysis),
cranially — by the point Or (the most inferior
anterior point on the orbit's margin), ventrally —
by the point Pog (the most anterior midpoint of
the chin in the midsagittal plane), necessarily
including the incisors of the upper and lower jaws
and pogonion of soft tissue; laterally — the
volume should include the area of the
temporomandibular joint (TMJ) and the point Po
(the most superior point on the bony external
auditory meatus).

Application of inclusion and exclusion
parameters, while also considering obligatory
condition of realized low-dose CBCT scanning
mode, resulted into primary cohort of 72
anonymous sets of medium FOV CBCT scans
performed at Central Laboratory Diagnosis of the
Head (Kyiv, Ukraine) between April 2019 and
December 2021.

Out of these 72 patients, who'’s data sets
were collected, only 25 patients demonstrated
availability of portrait and intraoral photos within
dental records taken at the period of CBCT
examination, by which their harmonious facial
features were approved. These twenty-five
DICOM datasets formed study group, and were
converted and analyzed using the SIMPLANT
0&O software (Materialise NV, Ghent, Belgium).

Before the provision of cephalometric
analysis itself and marking of anatomical
landmark, all CBCT-scans from study group were
repositioned for the controlled the Natural Head
Position (NHP) obtainment in three mutually

perpendicular planes (axial, sagittal, transversal)
following next guidelines: 1) for the sagittal plane
— the reference was the horizontal line between
the ANS (anterior nasal spine) and PNS
(posterior nasal spine); 2) for the axial plane —
the reference was the vertical line that crossed
the midpoint of the Dens procesus C2, of the
middle of C1 and of the foramen magnum; 3) for
the transversal plane — the reference was the
horizontal line between the zygomaticomaxillary
sutures on the floor of the orbit on the right and
left.

Processing of converted CBCT datasets
was provided due to the originally developed 3D
cephalometric analysis algorithm designed by
Larysa A. Dakhno (D), Tamara Vyshemyrska (V)
and Pavlo Burlakov (B), and abbreviated as DVB
cephalometric analysis. Algorithm of DVB
analysis included marking of 33 skeletal and
dental landmark points (11 single and 11 paired/
bilateral).

Table 1 presents a list of anatomical
landmark points included in the 3D DVB
cephalometric analysis.

Manual placement of the 33 anatomical
landmarks were performed independently by two
researchers (V.T. and B.P.) on the SIMPLANT
0&O0 software (Materialise NV, Ghent, Belgium),
and was repeated twice after a 4-week interval.
Each landmark was identified on the 3D surface
and rectificated in the multi-planar reconstruction
(MPR) images (Fig. 1). The researchers had not
access neither to each other’s results, nor to their
first session’s results. In this study, the reliability
of the reference points was not investigated.

Used 33 points formed 5 planes, 19 lines
(3 of those are bilateral) and 14 angles (5 of
those are bilateral). Frankfurt Plane (FP) was
considered as the horizontal reference plane and
the perpendicular through Orbitale Left and Right
to FP established the True Vertical Plane (TVP).
The vertical and horizontal position of skeletal
landmarks were then measured relative to TVP
(Table 2, Fig. 2).

Based on the 33 provided landmarks
overall 13 skeletal (3 paired, 7 single), 10
maxillary and mandibular (4 paired, 2 single), and
6 dentoskeletal cephalometric measurements (1
paired, 4 single) could be measured (Table 3-4).
All parameters of 3D DVB cephalometric analysis
were programmed in a specialized SIMPLANT
0O&O cephalometric module.

The 3D cephalometric measurements of
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midface, makxilla, mandible and dentoskeletal

features were calculated.'® Data export of
measured parameters, obtained at each session
and on each CBCT scan, as well as their
statistical processing were performed using
Microsoft Excel 2016 software (Microsoft Office
2016, Microsoft Corporation India Pvt. Ltd., New
Delhi, India).
Statistical analysis

The electronic primary database was
created within Microsoft Excel 2016
(16.0.6769.2017) spreadsheet software Microsoft
Office 2016, Microsoft Corporation India Pvt. Ltd.,
New Delhi, India). In-depth statistical analysis
was performed using software STATISTICA 10
by StatSoft (Tulsa, OK, United States). The mean
normal value for each linear and angular
parameter obtained during 3D cephalometric
DVB analysis was calculated, while also its’
standard deviation (SD) was registered. During
the calculation of mean values and standard
deviations i-parameter was considered. The
confidence interval for the measurement average
value of the i -parameter was determined by
taking into account Student's coefficient and
mean square deviation of the measurement
results. Student's coefficient was 2.060 for the
total number of children (n = 25) and confidence
level (p = 0.95). Separately for boys with n = 10
and for girls with n = 15 at the same confidence
level, Student's coefficient was 2.228 and 2.133,
respectively. Intra- and inter-rater agreements
between cephalometric parameters registered by
two investigators independently were evaluated
by Cohen’s kappa criterion.

Ethical aspects

Protocol of present study and its alliance
with corresponding ethical norms was approved
by Commission on issues of bioethical expertise
and ethics of scientific research formed at the
National Medical University named after O. O.
Bogomolets (Kyiv, Ukraine) and granted with
expert confirmation Ne 113 dated 07/02/2018.

Results

Study group consisted of 25 medium FOV
CBCT scans, out of which 10 were obtained from
male pediatric patients, and 15 from female.
Mean age of patients at the time of CBCT scan
obtainment was 9.46+2.31 years.

On the basis of the cephalometric bone
landmarks pointed on the medium FOV CBCT

images, which were obtained from 25 children
without obvious orthodontic pathologies and
aged 7-12 years, dentoskeletal, maxilla,
mandible and skeletal mean values were
calculated, while also theirs SDs were
established (Table 5, Fig. 3, 4, 5).

The  dentoskeletal factors largely
determine esthetic facial profile at the level of the
lower third. Normal values of these factors
usually create a balanced and harmonious ratio
of the lips, nose base, jaws and chin (Fig. 3).

Maxilla and Mandible normal values are
important parameters for determining the
symmetry of the facial and for growth individual
patterns prediction (Fig. 4).

The skeletal factors determine the
proportions and harmony of the face and allow to
evaluate the relationship of the jaws with each
other and with other structures of the skull in 3D
planes (Fig. 5).

The 3D cephalometric measurements of
midface, maxilla, mandible and dentoskeletal
ratios (left and right sides separately), verified
among children of different gender, shown in
Table 6.

The differences between each parameter
registered among male and female persons were
not statistically approved (p > 0.05), except for
the linear parameters of jaws and parameters of
growth pattern prediction. Such outcome could
be argumented by the inclusion within the study
group children of specific age range 7 -12 years
old. Girls demonstrated larger mandibular body
length by 1.7 mm, nevertheless there was no

difference in the mandibular ramus length
between genders (p > 0.05). Differences
regarding growth pattern prediction were

presented by the girls having greater mandibular
angles by 3.1°and longer lower third of anterior
facial height by 2.2 mm, correspondingly.

Adjusted intra-rater agreement for the set
of calculated cephalometric parameters after
triple repeated assessment for the Investigator 1
was 0.95 and for the Investigator 2 — 0.97, while
pooled inter-rater agreement reached level of
0.92.

Discussion

General trend of dental treatment
optimization and individualization is also fair for
orthodontic practice by improving techniques of
primary diagnostics, treatment planning and
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forming conditions for personalized orthodontic
interventions considering individual dental and
skeletal maturity stages, while also taking into
account interrelations within dental and skeletal

cephalometric  parameters.”  Cephalometric
analysis remains one of the most objective
instruments for differentiation and objectification
of dental, skeletal and dentoskeletal form of
various malocclusions." 23

Due to the systematic review of 2013
methodologically standardized studies on 3D
cephalometric analysis is of high importance to
evidence efficiency of 3D cephalometry within
orthodontic practice,®> while nowadays such
method already characterized with high level of
credibility, but still should be improved to
overcome several associated disadvantages,
among which radiation load remains prominent
0ne.2°'21'22

Because the vast majority of orthodontic
patients are children and adolescents, it must be
taken into account that the received effective
dose of radiation in children is 36% higher than in
adults. It should also be taken into account that
there is a high risk of developing stochastic effect
due to the continued increase in life
expectancy.?® Thus, when orthodontists prescribe
CBCT examinations for children, radiation
protection becomes of great importance. Medical
physicists and engineers of both CBCT and 2D
dental X-ray machines are constantly focused on
the technical and algorithmic possibilities to
further reduce effective doses. Relevant study
concluded that using low-dose protocols CBCT
examination can be prescribed for the most
radiosensitive patients in pediatric dentistry and
orthodontics.?* Effective but the same time rapid
way to decrease the radiation dose during CBCT
examination of pediatric orthodontic patients is to
reduce the field of view (FOV).

FOV is a cylindrical volume presented
as H x D cm, where H is the height and D is the
diameter. Medium FOV CBCT scans are a
cylinder with a maximum height of 12.88 cm and
diameter of 16.48 cm for adults and 11.94 x
15.87 cm for adolescents, respectively.?>?® This
FOV size is enough to reliably detect all bony
landmarks between the Frankfurt horizontal
plane (FHP) and soft tissue chin of children,
which  meets the requirements of 3D
cephalometric analysis. Medium FOV size,
optimal positioning for each patient and individual
scanning settings in accordance with the

indications of CBCT examination, significantly
reduces the radiation dose and can be used for
comprehensive orthodontic diagnosis of children
and adolescents.?> %

Downsizing FOV reflects an aspect
included into the list of radioprotective
precautions for children undergoing CBCT
examination, which also contains collimation,
largest voxel size in relation to treatment need,
decrease of exposure time, reduction of
projections amounts and lowering of beam
intensity.?’

Kissel at el. proposed 3D cephalometry
approach, which in some manner is similar to the
originally developed DVB analysis described in
this study regarding downsizing FOV to reduce
the radiation load on the pediatric patients.?
Authors concluded that usage of alternative
variables related to Frankfurt horizontal plane
could help to further describe interrelations with
standard variables related to the reference plane
S-N with the levels of determination in the range
of 0.15-0.95® Present research also
demonstrated efficiency of medium field of view
(FOV: 8 cm (H) x 14 cm (D)) and low-dose
scanning mode which may be used for the
pediatric patients, while the main focus of our
study was to demonstrate that originally
developed DVB may be used to set a new values
of normality since it have given analogical results
among 25 different patients with no obvious sign
of orthodontic pathology. Also, in originally
developed methodology of DVB analysis the
reference system was adopted for
measurements of medium FOV CBCT images:
for the vertical measurements reference plane of
the anterior cranial base was replaced by the
Frankfurt horizontal plane, and for diagnostics in
the sagittal plane True Vertical Plane was used.

Previously approach of using
cephalograms reconstructed from ultra-low dose
CBCT scans was proposed, which helped to
minimize the difference in cephalometric
measurements to 2 mm or smaller while
comparing such with using standard lateral
cephalograms.® In present study it was
highlighted that 3D images provide greater
amount of features for cephalometric analysis
compare to the conventional 2D images, taking in
to account possibilities for spatial but not only for
planimetric processing of linear and angular
measurements.

Farronato M.

et al. approved that
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reduced FOV does not compromise possibility of
correct skeletal class determination even without
using cephalometric landmark of S and N.?° On
the other hand the same author has proposed 3D
cephalometric normality ranges, which clinician
may use as a reference set of normality for 3D

cephalometrics.18 In present study we also
presented set of cephalometric values which may
be interpreted as parameters of normality while
using proposed DVB protocol of 3D
cephalometric analysis provided over medium
FOV CBCT scans. Also mean values established
in our study may be interpreted as a set of
normality values just for patients of Ukrainian
origin aged 7-12 years old, which may be
categorized as one of the limitations of the
provided research.

Future perspective of present research is
based on the approbation of originally proposed
approach among greater set of orthodontically-
healthy children with mixed dentition to approve
sustainability = of  obtained  cephalometric
measurements as values of norm, which in future
may be used as references. Also, usage of
machine learning methods for the detection of
targeted 33 points and further automated or at
least semi-automated calculations of the angular
and linear parameters would be benéeficial for the
optimization of diagnostic process considering
growing interest to the implementation of Al-
based models into the clinical dental practice.?
Still it should be kept in mind that methods of Al-
based computer vision characterized by different
level of divergences during cephalometric
landmarks verification, and due to such issue
validated testing samples should be formed.
Moreover, Al-models developed for the
cephalometric analysis purpose must be
repeatedly corrected and confirmed before their
daily in-practice usage, since such previously
demonstrated significant discrepancies for
several important cephalometric measurements,
such as corpus length, mandibular arc, lower
face height and overjet compare to values
obtained by manually compare to orthodontist
specialists.®

Attention also should be paid to the
possibility for using medium FOV CBCT scans

for measuring cephalometric parameters different
from those originally proposed by DVB algorithm,
thus expanding diagnostic potential of obtained
3D data with no additional increase in radiation
load.

Limitations of present research
associated with relatively small study sample,
nevertheless, it should be kept in mind that
present study is a pilot one demonstrating
possibilities of 3D cephalometry based on
medium FOV scans with involvement of
randomly selected 25 children of 7-12 years old;
further greater amount of patients would be
involved to confirm significance of obtained
cephalometric measurements as values of
normality. Also, obtained results is reliable for
Ukrainian study sample of pediatric patients, and
such should be validated over samples of
different origin to argument universality of
proposed DVB approach, since previous
researches have demonstrated possibility of
normal cephalometric values variations among
persons of different ethic entity.*' 32

Conclusions

Proposed 3D cephalometric analysis
based on medium FOV CBCT scans may be
effectively used for the pediatric patients aged 7-
12 years old, and such diagnostic approach fully
corresponds with the generally accepted
recommendations for effective doze minimization
among orthodontic pediatric patients. Skeletal
and dental cephalometric parameters were
established for children 7-12 years old based on
25 CBCT data sets, which considering
repeatability of obtained results registered by the
two independent investigators may be
categorized as a reference set of normality.
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Landmark Name

Description

Cranium

Porion L/R (PoL/PoR)

the most superior point on the bony external auditory meatus

Orbitale L/R (OrL/OrR)

the most inferior anterior point on the orbit's margin

Midface & Maxilla

Anterior nasal spine

the most anterior midpoint of the anterior nasal spine of the maxilla

(ANS)
Posterior nasal spine | the most posterior midpoint of the posterior nasal spine of the palatine
(PNS) bone
Pterygomaxillary L/R | a bilateral, inverted teardrop shaped radiolucency, whose anterior border
(PtL/PtR) represents the posterior inferior surfaces of the greater palatine canals
Subspinale the point of maximum concavity on the midline on the anterior surface of
A-point (A) the maxilla
CpB L/R the point on the palatal cortical bone plate at the level of furcation of the
(CpBL/ CpBR) first upper molar and its projection of the resistance center
Incisal canal the most anterior midpoint of the incisal canal in the midsagittal plane
(Canl)

Mandible

Supramentale
B-Point (B)

the point of maximum concavity on the midline of the mandibular
symphysis

Pogonion (Pog)

the most anterior midpoint of the chin in the midsagittal plane

Menton (Me)

the most inferior midpoint of the chin on the outline of the mandibular
symphysis

Gonion L/R the most inferior point on angle of mandible

(GoL/GoR)
Condylion L/R the most posterior superior point of the mandibular condyle
(CondL/CondR)

Dentoalveolar

Incision inferior
IsL1 L/R
(IsL1L/ IsL1R)

the most occlusal point of the lower incisor

Incision superior IsU1

the most occlusal point of the upper incisor

L/R
(IsU1L/ 1sU1R)
IsL1 point as midpoint of IsL1L and point IsL1R
IsU1 point as midpoint of IsU1L and point IsU1R
ApL1 L/R the tip of the root of the lower incisor
(ApL1L/ApL1R)
ApU1 L/R the tip of the root of the upper incisor
(ApU1L/ ApU1R)
ApL1 point as midpoint of ApL1L and point ApL1R
ApU1 point as midpoint of ApU1L and point ApU1R
Molars L/R the overbiting point of the first molars (if preset) or the distal tip of the
(MoL/MoR) first molar in the jaw of interest

Table 1. Definition of landmarks used in 3D DVB cephalometric analysis (L/R: Left/Right).
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Figure 1. Cephalometric landmarks. A, B — front view — illustration of the set of 33 landmarks
identified by the researcher on the 3D virtual model. C - right view — in the case of bilateral landmarks,
only right landmarks is illustrated. D, E — all landmarks rectificated on the most appropriate CT slice in
the sagittal (D — control of Canl, ANS, A, B and Pog points), frontal and axial (E — control of PtL and
PtR points) views.

Plane Name

Description

Frankfurt Plane (FP)

plane defined by point PoL, point PoR and point OrR

Dental Occlusal Plane
(DOP)

plane defined by point MoL, point MoR and point IsL1

Mandibular Plane (MP)

plane defined by point GoL, point GoR and point Me

Palatal Plane

plane defined by point ANS, point PtL and point PtR

(PP)
True Vertical Plane plane defined by point OrR, point OrL and their perpendiculars to the
(TVP) Frankfurt plane

Table 2. Definition of planes formed by the anatomical landmarks included in the 3D DVB

cephalometric analysis.
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Figure 2. The reference planes. FP - horizontal Frankfurt Plane was passing through the Right and
Left Porion points and point Right Orbitale. TVP - True Vertical Plane was passing through the Right
and Left Orbitale points and perpendicular to the FP plane. PP - Palatal Plane was passing through
the Right and Left Pterygomaxillary points and point ANS. DOP - Dental Occlusal Plane was passing
through the Right and Left Molars points and point IsL1. MP - Mandibular Plane was passing through
the Right and Left Gonion points and point Me.

Line Name Description
AB line between point A and point B
ANS — PNS line between point ANS and point PNS
PNS — Me line between point PNS and point Me
Me — PtL/R line between point Me and point Pt (L/R)
Me — Go L/R line between point Me and point Go (L/R)
Go L/R-Cond L/R line between point Go (L/R) and point Cond (L/R)
AO perpendicular line from point B onto Dental Occlusal Plane
BO perpendicular line from point B onto Dental Occlusal Plane
A-TVP perpendicular line from point A onto True Vertical Plane
B-TVP perpendicular line from point B onto True Vertical Plane
CpBL - CpBR line between point CpBL and point CpBR
Line16-26
U1 line between point ApU1 and point IsU1
L1 line Angle point ApL1 and point IsL1
Overbite perpendicular line from point IsU1 onto Dental Occlusal Plane
Overjet horizontal line from point IsU1 and point IsL1
Canl — Line16-26 perpendicular line from point Canl to Line16-26

Table 3. Definition of lines formed by the anatomical landmarks included in the 3D DVB cephalometric

analysis (L/R: Left/Right).
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Angle Name Description
Gonial Angle L/R left and right angle between line Me-GoL/R and line GoL/R-CondL/R
Me — Go — Cond
Mandibular Angle L/R | angle between line PoL/R-OrL/R (FH) and line Me-GoL/R
AB line angle angle between line AB and True Vertical Plane
AB —TVP
AB — MeGo L/R angle between line AB and line MeGoL/R
IMPA L/R angle between line L1 and line MeGoL/R
L1 —MeGo L/R
U1-PP angle between line U1 and Palatal Plane (PP)
Interincisal angle Il angle between line U1 and line L1
Palatal Angle angle between Frankfurt Plane (FP) and Palatal Plane (PP)
FPPP

Occlusal Plane
inclination L/R

angle between line PoL/R-OrL/R (FH) and line IsL1-MoL/R

Table 4. Definition of angles included in the 3D DVB cephalometric analysis (L/R: Left/Right).

Dentoskeletal normal values

Parameter min value max value mean value SD
I, ° 124.68 135.52 130.58 +3.3
U1-PP, ° 63.88 73.78 65.94 +3.07
IMPA (L/R), ° 80.12 89.69 87.25 +2.45
Overjet, mm 1.93 3.36 2.64 10.81
Overbite, mm 1.21 3.26 2.76 +0.52
Maxilla and Mandible normal values
Gonial angle (L/R), ° 116.36 128.22 124.81 +3.91
Mandibular angle (L/R), ° 18.82 32.77 25.65 +5.45
Go-Me (L/R), mm 62.07 72.29 69.36 +2.87
Cond-Go (L/R), mm 44 .56 53.22 494 +3.19
Canl-Line16-26, mm 22.90 28.30 26.67 +1.48
16-26 bone distance, mm 26.53 35.87 31.29 +1.46
Skeletal normal values
AB-MeGo (L/R), ° 69.44 78.86 71.21 +2.55
AB-TVP angle, ° 5.56 12.84 9.04 +3.14
B-TVP, mm 4.37 6.29 5.49 +0.63
A-TVP, mm 10.38 13.25 11.71 +0.66
AOBO, mm 0.02 2.03 0.91 +0.61
Pt-Me (L/R), mm 62.70 73.75 67.33 +3.4
PNS-Me, mm 58.20 66.12 62.16 +2.21
ANS-Me, mm 50.11 59.82 55.9 +3.46
Palatal Angle, ° 0.48 9.41 3.69 +2.55
Occlusal Plan inclination 1.44 13.97 8.24 +3.56
(L/R), ©

Table 5. Mean values per each measured parameter and SDs obtained during 3D DVB cephalometric

analysis for Ukrainian children 7-12 years old (L/R: Left/Right).
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Figure 3. Dentoskeletal factors: upper incisors to palatal plane (U1-PP), lower incisors to mandibular
plane (IMPA L/R), interincisal angle (ll), overbite, and overjet are represented.

T Y e LA "ie

Figure 4. Maxilla and Mandible factors: A — mandibular ramus length (left and right sides separately),
mandibular body length (left and right sides separately), palatal width, palatal length, B — gonial angle,
mandibular angle.
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Figure 5. Certain skeletal vertical and anteroposterior measurements: Palatal Angle, Interjaw
relations (angles AB-MeGoR and linear parameters A-TVP, B-TVP, Wits, PtR-Me).

Parameter

Boys
(n=10)
Mean (SD)

Girls
(n=15)
Mean (SD)

Overall
(n = 25)
Mean (SD)

Interincisal angles

L, °

131.45 (+1.94)

129.80 (+1.82)

130.37 (£3.05)

IR, °

132.76 (¥2.78)

129.41 (£3.12)

130.79 (+3.54)

Upper incisors inclination

U1L-PP,°

65.19 (£2.83)

67.10 (£3.07)

66.04 (£3.17)

U1 R-PP,°

65.53 (£2.99)

66.36 (£3.87)

65.84 (+3.05)

Lower incisors inclination

IMPAL, ° 85.70 (£2.24) 87.99 (+3.06) 86.95 (+2.25)
IMPAR, ° 85.98 (£1.47) 88.10 (£2.31) 87.56 (£2.05)
Interincisal overlap

Overjet, mm 2.78 (£0.67) 2.66 (+0.30) 2.64 (+0.81)
Overbite, mm 2.48 (+0.83) 2.88 (£0.47) 2.76 (£+0.82)

Mandibular angles — growth pattern prediction

Gonial angle L, °

123.81 (£3.76)

124.86 (+3.65)

124.21 (+3.83)

Gonial angle R, °

12450 (+4.35)

126.84 (+2.81)

125.41 (+3.99)

Mandibular angle L, °

23.77(£5.36)

27.41(£5.55)

25.82 (+5.05)
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Mandibular angle 24.25 (16.02) 26.62(+5.81) 25.48 (£5.85)
R, °

Maxillary angle — growth pattern prediction

Palatal Angle, ° 3.71 (£2.51) 3.68 (£2.58) 3.69 (£2.55)

Mandibular body length — dimensions and symmetry

Go-Me L, mm

67.73 (+2.42)

69.68 (£3.13)

68.56 (£3.02)

Go-Me R, mm

69.87 (2.11)

71.29 (+2.86)

70.16 (£2.69)

Mandibular ramus length — dimensions and

symmetry

Cond-Go L, mm

49.05 (+2.62)

49.33 (£3.87)

49.16 (+3.02)

Cond-Go R, mm

4956 (+3.12)

49.71 (£3.92)

49.65 (£3.35)

Maxilla length at the palate level — sagittal maxillary dimension

Canl-Line16-26, mm

26.17 (+1.26)

26.91 (+1.83)

26.67 (+1.48)

Maxilla width at the p

alate level — transverse maxillary dimension

16-26 bone distance,
mm

30.80 (20.67)

32.51 (+1.58)

31.29 (+1.46)

Angles between maxilla and mandible — vertical ratio

AB-MeGo L, ° 71.95 (£3.19) 71.69 (£1.84) 71.86 (£2.43)
AB-MeGo R, ° 70.93 (£2.75) 70.41 (£3.22) 70.56 (£2.62)
Anteroposterior jaw relationship — sagittal ratio

AB-TVP angle, ° 10.62 (+2.26) 7.96 (£3.26) 9.04 (£3.14)
AOBO, mm 1.27 (x0.64) 0.8 (x0.35) 0.91 (x0.61)
Anteroposterior maxillary position

A-TVP, mm 11.66 (+£0.59) 11.9 (x0.95) 11.71 (x0.66)
Anteroposterior mandibular position

B-TVP, mm 5.05 (+0.62) 5.63 (+0.56) 5.49 (+0.63)
Facial proportions and symmetry — lower third of facial height

ANS-Me, mm 54.38 (£2.72) 56.61 (£3.37) 55.9 (£3.46)
PNS-Me, mm 61.84 (£3.09) 62.71 (£1.36) 62.16 (£2.21)
Pt-Me L, mm 67.96 (+4.07) 66.12 (£3.22) 67.16 (£3.49)
Pt-Me R, mm 68.13 (£3.31) 67.25 (£3.59) 67.49 (£3.34)
Occlusal plane angle

Occlusal Plan 7.59 (£3.89) 8.15 (£3.68) 8.10 (£3.79)
inclination L, °

Occlusal Plan 8.07 (£3.25) 8.63 (£3.53) 8.37 (£3.38)

inclination R, °
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Table 6. Descriptive statistics for measurements obtained during 3D DVB cephalometric analysis (left
and right sides separately) for Ukrainian children 7-12 years old (boys and girls separately).
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