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ABSTRACT

Objective: The aim of this study was to determine the
concordance of the vestibular bone thickness measured
at the level of point A between Teleradiography and
Cone Beam Computed Tomography (CBCT).

Materials and Methods: This study consisted of
a cross-sectional analytical design of concordance
that evaluated the teleradiographies and CBCTs of
32 patients. The measurements were performed by
three evaluators, specialists in orthodontics. Two
of them measured the CBCTs and one evaluated
the teleradiographs. The concordance of both tests
was determined using the Concordance Correlation
Coefficient.

Results: When evaluating the value of the vestibular
bone thickness at the level of point A between the
CBCT and the teleradiography, it was observed that the
mean value of the absolute difference between the two
was 0.9540.74, 95%Cl [0.68-1.22], being statistically
significant (p=0.0027). When the
between both tests was analyzed, it was observed
that it was poor (CCC=0.204 95%CI [0.014-0.394]),
although statistically significant (p<0.00001).

Conclusions: It was possible to conclude that there

concordance

is no concordance in the measurement of the vestibular
bone thickness at the level of Point A between the
Teleradiography and the CBCT.
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RESUMEN

Objetivo: El objetivo de este estudio fue determinar
la concordancia del espesor dseo vestibular medido a
nivel del punto A entre la Telerradiografia y la Tomografia
computarizada de haz cénico (CBCT).

Materiales y Métodos: Esta investigacion presenté un
disefio analitico transversal de concordancia en el que se
evaluaron las telerradiografias y CBCT de 32 pacientes.
Las mediciones fueron realizadas por tres evaluadores
especialistas en ortodoncia, dos de ellos midieron los
CBCT y uno las telerradiografias. La concordancia de
ambos examenes fue medida mediante Coeficiente de
Correlacion de Concordancia.

Resultados: Al evaluar el valor del grosor dseo vestibular
a nivel del punto A entre el CBCT v la telerradiografia, se
observé que el valor promedio de diferencia absoluta
entre ambos fue de 0,9540,74 1C95% [0,68-1,22], siendo
estadisticamente significativas (p=0,0027). Cuando se
analizé la concordancia entre ambos exdmenes se observo
que esta fue pobre (CCC=0,204 1C95 %[0,014-0,394D),
aungue estadisticamente significativa (p<0,00001).

Conclusién: Se pudo concluir gue no existe concordancia
en la medicién del espesor éseo vestibular medido a nivel
del Punto A entre la Telerradiografiay el CBCT.

Palabras Clave: Tomografia computarizada de haz
cénico; Ortodoncia; Cefalometria; Incisivo; Pacientes; Es-
tudios transversales.
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INTRODUCTION

The diagnosis of craniofacial alterations
is essential for planning and developing
that the

detection, or correction of dento-maxillary

treatments allow prevention,

anomalies. One of the tools used for
this purpose is lateral cephalometry by
teleradiography. It is useful for treatment
planning, comparison of results, assessment
of patient growth, as well as confirmation of
compliance with the proposed objectives.!

Within the cephalometric references, Po-
int A is a widely used skeletal reference
point to establish the sagittal and vertical
cephalometric position of the upper jaw,
in addition to establishing the diagnosis
of the skeletal class. This corresponds to
the deepest midpoint of the premaxilla,
between the Anterior Nasal Spine (ANS)
and prostion? generally related to the apex

of the maxillary central incisor (MCI).

The evaluation of the position of the central

incisors using a lateral cephalogram is
done routinely for orthodontic diagnosis.
Their

the surrounding alveolar bone

inclination and relationship with
is used
for making treatment decisions involving
anteroposterior movements of the incisors

within the maxillae.®

The

establishes

the alveolar bone

limits

thickness  of
the
movement. Challenging these limits can
the

periodontal tissues* and in the dental root,

of orthodontic

cause undesirable side effects in
and root resorption can occur when its

apical region touches the bone cortex during

the movement.>
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As teleradiography is a two-dimensional
method, it
limitations such as image superimposition,
of the
identifying

radiographic shows some
magnification typical
and difficulty

individual teeth, which makes it impossible

distortion,
technique, in
to carry out an objective measurement of
the area.®” Most orthodontists rely only
on cephalograms to assess the alveolar
thickness of the maxillary incisors,® which
can result in diagnostic errors. There are
structures such as ANS that, being in the
midline, could mask the real amount of bone
on the apical portion of the incisor root.
Another problem that arises is the actual
identification of the root of the incisor to be
measured, since adjacent structures, such
as the roots of the other incisors, canines,
and canine eminence, can mask the contour

of this root.®

In the field of orthodontics, CBCT is con-
sidered an effective diagnostic method
to measure initial bone levels and analyze
changes that may occur during orthodontic
treatment.® It provides accurate images of
the vestibular and palatal/lingual tables,
which are not clearly visible on conventional
2D images.’® Despite its higher cost and
higher level of radiation, CBCT provides
comprehensive data and has proven to
be suitable for measuring the amount of
alveolar bone with a precision of 0.6 mm,
as well as detecting the presence of bone
dehiscence and fenestrations with excellent
accuracy, high sensitivity, and specificity."
In this context, it is important to consider
that the bone thickness observed by
teleradiography, represented by the hori-
zontal distance between the root of the
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central incisor and the maxillary cortex, may
not be representative of the actual amount of
bone existing in this area; however, even so,
it is still a routine examination performed by
the clinician. The aim of this study was to
determine the concordance of the vestibular
bone thickness measured at the level of
point A between Teleradiography and Cone
Beam Computed Tomography (CBCT).

MATERIALS AND METHODS

This study

cross-sectional

is based on an analytical,
It
was approved by the Research and Ethics

concordance design.
Committee of the School of Dentistry of
Universidad Andrés Bello (Approval Code
No. 4420). It complies with the Declaration
of Helsinki and the data protection of the
patients who participated in it.

The studied sample was obtained from an
anonymous database of 565 patients from
a private orthodontic clinic in Santiago,
Chile. Of this, 72 patients who had a lateral
teleradiography of the skull and the co-
rresponding CBCT images were selected.
Only 32 patients (5.7%) met the inclusion
criteria. Sampling was non-probabilistic.

The exams were taken with the same
imaging equipment, under a standardized
protocol in which all the images obtained
showed the patient in maximum inter-
cuspation, with lips at rest and in a natural
position of the head.

Imaging exams of lateral teleradiography
and CBCT of the upper jaw, taken with a

maximum of 2 months apart, without or-

thodontic appliances, were included. Those
radiographs that presented upper central
incisors with open apex or those where the
dental apex was observed under Point A in a
sagittal view were excluded. Imaging exams
were kept listed anonymously in individual
folders.

The Nemoceph™ program (11.3.1) was
used to perform the measurements in the
lateral teleradiography. The vestibular bone
in the
was obtained by parallelizing the ANS and

thickness lateral teleradiography
Posterior Nasal Spine (PNS) points on the
same horizontal axis and measuring at point
A the distance between the root of the most
protruded upper central incisor and the

maxillary vestibular cortex (Figure 1).

The PlanMeca Romexis Viewer (4.4.1.R)
program was used to measure vestibular
bone thickness on the CBCT images. When
opening the files, in each one of them the
view of the CBCT was restored, and then in
the sagittal section, ANS was positioned in
the center of the cross of the vertical and
horizontal axis. Subsequently, in this same
section, the image was rotated so that ANS
and PNS were on the same horizontal axis
(Figure 2).

Then, in the axial section, ANS was also
positioned in the center of the cross of the
vertical and horizontal axis, making sure that
ANS coincided with PNS now on the vertical
axis. Returning to the sagittal section, the
center of the cross was located at point A,
defined in the study as the deepest point
of the maxillary cortex between ANS and

Prostion (Figure 3).
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In the axial section, the center of the cross
was positioned in the center of tooth 1.1
(Figure 4) and then in the sagittal section,
the bone thickness was measured between
the vestibular face of the incisor root and
the vestibular cortex on the horizontal axis.
(Figure 5).

Subsequently, the measurements were taken
in tooth 2.1, positioning the center of the
cross in the center of tooth 2.1 in the axial
section, to then measure the bone thickness
between the vestibular face of the root of
the incisor and the vestibular cortex in the
sagittal section on the horizontal axis.

Measurements were performed by three
evaluators specialized in orthodontics. Two
of them performed the CBCT measurements,
each one independently. The measurement
of the teleradiography was carried out by
a specialist in orthodontics with proven
experience in the field. The two evaluators
responsible for measuring the CBCTs were
previously calibrated by performing the

evaluation of 15 CBCT images.

Statistic analysis

In the analysis of the results, descriptive
measures  of central tendency and
dispersion were used for the quantitative
variables, while proportions were calculated
for the qualitative ones. For all cases, 95%
confidence intervals were obtained using
normal approximation. The difference bet-
ween the mean vestibular bone thickness
obtained by CBCT for tooth 1.1 and tooth
2.1, and the difference between the mean
vestibular bone thickness for teeth 1.1 and
2.1, measured by teleradiography and CBCT,

was evaluated using the Wilcoxon rank test.

66

The Proportions Test was used to measure
the difference between the distribution
of representative teeth on the CBCT. To
analyze the concordance between the
imaging tests, the concordance cor-relation
coefficient was calculated, the product
of the Pearson correlation and the bias

correction factor.

All results with p-values lower than 0.05
were considered significant and were cal-
culated using the STATA 16.1 software.

RESULTS

The results obtained in the calibration were
evaluated and compared statistically, finding
a CCC=0.87 (p-value<0.0001, 95%Cl
[0.79-0.96]). Table 1 describes the results
obtained by measuring the vestibular bone
thickness at the level of point A in lateral
teleradiography and CBCT.

The mean vestibular bone thickness ob-
tained by CBCT for the upper right central
incisor, tooth 1.1, was 118 4 0.49, 95%Cl
[T - 1.36], while for the upper left central
incisor, tooth 2.1, was 1.22 4 0.49, 95%Cl
[1.03 - 1.4], without presenting statistically
significant differences between the groups
(p-value=0.97) (Table 2).

On the other hand, the mean obtained
when analyzing the teleradiography was
21340.99, 95%CI [1.77 - 2.5]. Now, when
the comparison is made between the
representative value of CBCT (the highest
value of the patient) with that obtained in

the teleradiography, it is observed that the
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Figure 1: Measurement of vestibular bone thickness  Figure 2: Bispinal plane (from ANS to PNS)
in lateral teleradiography parallel to the axis formed  parallelized in sagittal section on CBCT.
between points ANS and PNS at the level of Point A.

Figure 3: Location of Point A in the sagittal plane  Figure 4: Axial section showing the center of the
on CBCT. central incisor 1.1 on CBCT.

Figure 5: Measurement of vestibular bone thickness
at the level of Point A, measured in a sagittal section
on CBCT.
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Table 1: Measurement in millimeters of the vestibular bone thickness established
by cone-beam computed tomography (CBCT) image in teeth 1.1 and 2.1 and by lateral
teleradiography in the most protruded incisor.

Patient Teleradiography Most CBCT CBCT
protruding central incisor Tooth 1.1 Tooth 2.1

1 4.82 1.00 0.80
2 2.18 1.00 1.60
3 1.89 0.80 1.40
4 1.53 1.20 1.20
5 2.91 1.00 2.20
6 1.94 1.00 1.20
7 2.25 2.80 2.40
8 3.18 1.40 0.80
9 3.83 1.80 0.80
10 3.71 2.00 2.00
11 2.10 <0.80 1.00
12 0.86 <0.80 0.80
13 1.36 <0.80 <0.80
14 2.28 1.40 0.80
15 2.93 1.02 1.40
16 1.10 <0.80 <0.80
17 2.53 2.00 2.40
18 1.48 <0.80 1.20
19 1.60 <0.80 <0.80
20 1.83 1.00 0.80
21 1.84 1.20 0.80
22 2.40 1.00 1.00
23 1.08 1.60 1.40
24 1.87 1.20 0.80
25 0.51 0.80 1.60
26 1.47 <0.80 <0.80
27 2.26 <0.80 <0.80
28 3.22 1.40 1.20
29 0.28 0.80 0.80
30 2.00 <0.80 1.40
31 3.41 1.60 1.20
32 2.71 1.80 1.60
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Table 2: Detail of the statistical analyses carried out on the sample.

Comparison of vestibular bone thickness measured on CBCT

Mean SD Median 95%ClI p-value
CBCT 1.1 1.18 0.48 100 1.01 0.36 0.97
CBCT 2.1 1.20 0.49 1.10 1.02 1.38
Comparison and absolute difference between CBCT and teleradiography

Mean SD Median 95%ClI p-value
CBCT 1.35 0.51 1.20 1.35 1.54 <0.00001
Teleradiography 213 0.99 200 1.77 2.49
Diff (ABS) 0.95 0.74 0.71 0.68 1.23 <0.00001
Comparison between teeth 1.1 and 2.1 on CBCT

fr % Diff 95%CI p-value

Tooth 1.1 11.00 35.48 -0.29 0.07 0.63 0.0602
Tooth 2.1 20.00 64.52 0.43 0.85

Concordance Correlation Coefficient (CCC)* measurement

cccC EE 95%ClI R Pearson bias-correction p-value
factor
0.204 0.097 0.014 0.394 0.378 0.539 0.036

*CCC: is the product between the Pearson correlation (precision of the data) and the bias correction factor (accuracy)

mean value of the absolute difference bet-
ween the two is 09540.74, 95%CI [0.68
- 1.22], these differences are statistically
significant (p-value=0.0027) (Table 2).

However, to know the distribution of repre-

DISCUSSION

One of the factors that affect the longevity
of a tooth is its periodontal health. Evidence
shows that orthodontic treatment can result

sentative teeth on the CBCT, in most samples in loss of periodontal support in the presence

it was obtained in 2.1 with 64.52% (n=20),
while in 11 this percentage was 35.48%

of plague and inflammation.™
Strong tilting movements in the vestibule-
direction are

palatal or vestibule-lingual

(n=11). There were no statistically significant
differences (p-value=0.0602) (Table 2).

Finally, when the concordance, resulting
the
the bias correction factor, is analyzed,

considered a risk factor for dehiscence and

fenestrations,” which can be explained

by the thin thickness of the alveolar bone

between Pearson correlation and

surrounding the roots.™

it is observed that it is poor between the

techniques (CCC=0.204, 95%Cl [0.014 In this context, it is essential to carry out a

- 0.394]), with a statistically significant
difference (p-value<0.00001) (Table 2).

thorough diagnosis of each patient, before
starting orthodontic treatment and planning
always considering

dental movements,
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the preservation of periodontal health. For
orthodontists to accurately plan treatments
and ensure positive results, a complete and
accurate assessment of the alveolar bone
thickness of the maxillary incisor is very

important.®

Lateral teleradiography is a common me-thod
for the evaluation and planning of orthodontic
treatments. It used to estimate the amount
of vestibular alveolar bone in the incisor area.
Some authors suggest that this test does not
have adequate scientific support, reporting a

lack of evidence on its validity and reliability.!>1®

In orthodontics, CBCT images have overco-
me the limitations of 2D imaging by allo-

wing accurate description of the craniofacial

anatomy and providing comprehensive
data on anatomical relationships and indi-
vidual patient findings, without overlap

or distortion.” Regarding its accuracy in
measuring alveolar bone thickness or height,
current evidence suggests that there are
no significant differences between CBCT
and direct measurement of human skulls or
living patients, which correspond to the Gold
Standard.”®

In the present study, the concordance of
the measurement of vestibular bone thi-
ckness at the level of Point A between lateral
teleradiography and CBCT was evaluated.
When studying the selected sample, it
was found that there were no statistically
significant differences in the mean vestibular
bone thickness, measured by CBCT, between
teeth 11 and 21. On the contrary, when
evaluating the concordance of these values

with the teleradiography sample, a statistically
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significant difference was found between both
tests. This is how the concordance correlation
coefficient (CCC=0.204) gave a statistically
significant difference, when comparing both

exams.

Similar results were found by Kula et al,®
who reported that when 2D cephalograms
extracted from CBCT images are compared
with 3D images, the thickness of the alveolar
bone that covers the roots of the maxillary
in the

cephalograms, compared to CBCT images,

central incisors is overestimated
which could be due to the presence of ANS,
which could mask the vestibular bone and
dental apices. On the other hand, Wei et al.
determined that the alveolar bone thickness of
the maxillary incisor is always overestimated
in cephalograms compared to CBCT-based

measurements.

This overestimation ranges from 0.3 to
1.3 mm. Cephalometric measurement bias
increases when measurement lines move
apically, therefore CBCT should be recom-
mended when accurate assessment of

alveolar bone thickness is required.®

The literature describes that, in general,
the anterior bone thickness of the makxilla,
measured by CBCT, is less than or equal to
1T mm,"41°9-21 which is consistent with the
results found in this study. However, Fuentes
et al. evaluated the vestibular alveolar bone
of the maxillary incisors, finding that <10% of
the sites showed that the vestibular bone wall

was more than 2 mm thick.?2

A systematic review and a meta-analysis
carried out in 2020 suggests that few maxi-
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llary teeth have a vestibular bone thickness
greater than 2 mm, and this measurement
can be found in maxillary incisors at the apical
level. Most of the studies that reported a
thickness of more than 2 mm were conducted
in the Asian population.®

Point A corresponds to a cephalometric
reference point located in an area of maxillary
bone subjected to fewer dimensional changes
caused by bone remodeling processes
compared to those observed in other areas
of alveolar bone such as the bone crest /424
Despite this, it corresponds to a point that is
difficult to identify in 2 dimensions due to the
overlapping of images and the positioning of
the head.?

Deguchi et al,? measured the bone
thickness at the level of Point A by CBCT,
finding a value of 1.4 4 0.5 mm, a value
that is similar to those found in this study.
However, no evidence was found that they
measured the vestibular bone thickness
lateral

of maxillary central incisors by

teleradiography at the level of point A, nor
was there scientific evidence to directly
compare the concordance between both
tests when analyzing these variables at
this point, even though numerous studies
suggest that images obtained with CBCT
are more accurate than those obtained with

lateral teleradiography.26:2?

Even though the sample of this study was
small, it presented great homogeneity, so
the results are significant. It is suggested
to carry out the same study following this
standardized methodology with a larger

multicenter sample.

CONCLUSION

Inthis study, no concordance was found when
evaluating the vestibular bone thickness
measured at the level of point A between
Teleradiography and Cone Beam Computed
Tomography (CBCT).
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