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localization of the alveolar canal using linear tomography. Material and Meth- Carolina Riera Laifio ?
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analyzed with ROCKIT 1.1B software. The intra- and inter-observer Kappa in-
dices were 0.79 and 0.71, respectively. Results. Higher Az values (0.912) were
achieved using low kV (60 kV). When mA was varied, the highest Az value (0.911)
was observed at 2 mA. Conclusion. The use of low x-ray tube current and volt-
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Resumen

Objetivo. Evaluar la influencia de la corriente y el voltaje
del tubo de rayos x en la localizacion del conducto alveo-
lar; por medio de la tomografia lineal. Material y Métodos.
La muestra estuvo constituida por 24 hemimandibulas
que fueron escaneadas por un equipo de tomografia

lineal utilizando diferentes combinaciones de Kv y mA.
Las imagenes obtenidas fueron procesadas mediante
el software Imag], obteniéndo cortes coronales de las

mismas, para luego ser observadas por cinco observa-
dores. La precision diagnostica fue comparada mediante
el area bajo la curva (Az) a través las curvas ROC (recei-
ver operating characteristic curve), usando el software
ROCKIT 1.1B. El indice Kappa intra e inter observador
fue de 0.79 y 0.71 respectivamente. Resultados. Utilizan-
do valores bajos de Kv (60 Kv) se lograron mayores Az
(0.912). Cuando se vari6 el mA, el Az de mayor valor fue
para 2 mA (0.911). Conclusién. Se recomienda utilizar
valores bajos de corriente y voltaje del tubo de RX.

Palabras clave: Tomografia lineal. Calidad de ima-
gen. Conducto alveolar inferior

Introduction

Among the most frequent surgical procedures perfor-
med in the posterior region of the mandibular body are
implant placement and third molar extraction. Both sur-
geries carry the risk of damaging the vasculonervous
bundle, potentially leading to intraoperative and post-
operative complications, such as hemorrhages and tem-
porary or even permanent paresthesia . For this reason,
itis essential to determine the exact location of the infe-
rior alveolar canal (IAC) prior to surgery to prevent such
injuries. Consequently, preoperative imaging studies
play a critical role in assessing the location and course
of the IAC to ensure the safety of both the patient and
the professional during surgical procedures @,

The IAC begins behind and slightly below the lingula
of the mandible, running obliquely downward and for-
ward, usually reaching the second premolar: At this point,
it divides into two branches: an external branch that
emerges through the mental foramen, and an internal
branch—the incisive canal—which ends below the an-
teroinferior incisors ©.

Panoramic radiography, Computed Tomography, and

Resumo

Objetivo. Avaliar a influéncia da corrente e da voltagem
do tubo de raios X na localizacdo do ducto alveolar por
meio da tomografia linear. Material e Métodos. A amos-
tra foi composta por 24 hemi-mandibulas que foram
escaneadas em equipamento de tomografia linear utili-
zando diferentes combinac¢des de Kv e mA. As imagens
obtidas foram processadas pelo software Imag], obten-
do-se cortes coronais das imagens, que foram entdo ob-
servadas por cinco observadores. A acuracia diagnos-
tica foi comparada pela area sob a curva (Az) através
da curva carateristica de operagao do recetor (ROC) utili-
zando o software ROCKIT 1.1B. O indice Kappa intra e
inter-observador foi de 0,79 e 0,71, respectivamente.
Resultados. Utilizando valores mais baixos de Kv (60
Kv), obteve-se um Az mais elevado (0,912). Quando o
mA foi variado, o valor mais elevado de Az foi para 2 mA
(0,911). Conclusao. Recomenda-se a utilizagao de valores
baixos de corrente e tensdo do tubo de RX.

Palavras-chave: Tomografia linear. Qualidade de ima-
gem. Ducto alveolar inferior

Linear Tomography are the main techniques used in
preoperative imaging studies of the IAC ©®,

Panoramic radiography is the most widely used tech-
nique before mandibular bone surgery. However, be-
cause it provides a two-dimensional image, determining
the exact location of the IAC can be challenging .

Tomographies are the ideal method to determine the
exact location of the IAC, as they provide its three-di-
mensional information. In the sagittal section, the IAC
appears as a hypodense image bordered or surrounded
by two hyperdense lines, while in the coronal section,
itis enclosed in a circle by a hyperdense line ®. Cone
beam computed tomography (CBCT), in particular, is
the first-choice method for studying the location of the
inferior alveolar canal . However, due to the high cost
of CBCT equipment and the availability of panoramic
devices that incorporate the linear tomography tecnique,
the utility of linear tomography for locating the IAC is
evaluated. This technique, originally called pantomog-
raphy, was developed by Yrjo Paatero in 1949. It pro-
duces clear images of a curved layer of the subject on a
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receptor by rotating the receptor and the x-ray tube in
opposite directions. It was initially marketed under the
name Panorex (.

Linear tomography (LT) provides information on the
three spatial planes of the region of interest. It is more
accessible and uses lower radiation doses compared to
CBCT ®, Additionally, LT is performed using panoramic
x-ray equipment with an added LT function, making it a
low-cost imaging study. LT is recommended for preop-
erative evaluations of single implants or segments with
fewer than four implants, providing relevant informa-
tion for assessing the bone structure of the jaws in three
spatial planes. Thus, LT delivers an acceptable diagnostic
image of the alveolar bone while maintaining low radia-
tion doses ©, in accordance with ALADA principles (“as
low as diagnostically acceptable”) (011,

Furthermore, it is not only important to understand
the different imaging methods for locating the inferior
alveolar canal, but also to recognize how various expo-
sure factors, such as the voltage (kV) and current (mA)
of the x-ray tube, affect the quality of the obtained image.
Additionally, and especially relevant today, these expo-
sure factors (mA and kV) have a significant impact on
the radiation doses used.

Studies have confirmed the influence of radiation dose
on diagnostic accuracy, showing that increasing the x-ray
tube current improves the visibility of the inferior alveolar
canal (219, Image quality has also been found to improve
with higher x-ray tube voltage. However; increasing the
x-ray tube current and voltage leads to higher x-ray doses
used. Therefore, it is important to study how the com-
bination of these exposure factors affects the visibility of
the inferior alveolar canal in linear tomography to best
comply with the ALADA principle %,

Materials and Methods
SAMPLE

The sample used in this study consisted of 24 dry hemi-
mandibles with edentulous ridges distal to the mental
foramen, sourced from the Department of Radiology,
Faculty of Dentistry, University of the Republic, Uruguay.
The use of these mandibles and the research project
were approved by the Ethics Committee of the Faculty of
Dentistry (file number 091900-000018-23).

The entire length of the IAC was divided into three
sections of equal length for each hemimandible (Figure 1).
These sections were marked with gutta-percha, from the
posterior margin of the mental foramen to the anterior
margin of the mandibular foramen (spaces 1-4). For this
study, mark 2 (the region of the first molar) was used
for observation, as it is the most common site for im-
plant placement.

Figure 1. Hemimandible with gutta-percha marker in
the study interval.

IMAGE ACQUISITION

Before scanning the tomographies, each hemimandible
was secured inside a container (18 cm in diameter and
7 cm in height) with the basal edge parallel to the floor.
The container was filled with water to simulate soft tis-
sue radiation absorption ®%. The width and height of
the container exceeded the field of view (Figure 2).

Figure 2.
Hemimandible positioned for scanning.

Vol XXVII - N245 / Enero - Junio 2025



FO Odontoestomatologia

INVESTIGATION

Images of each hemiarch were acquired using linear to-
mography with panoramic equipment (Planmeca Pro
max SD S3, Helsinki, Finland) (Figure 3). Prior to the
first image acquisition, an orthodontic wire was placed
inside the inferior alveolar canal of each hemimandible
to mark the course of the IAC and obtain the gold stan-
dard. The exposure parameters for this first image were
66 kV, 2.5 mA, and an exposure time of 11.5 seconds
(Table 1).

TABLE 1. Parameters used to obtain the Gold Standard.

GOLD STANDARD PARAMETERS

Exposure Parameters Value
Tube Voltage (kV) 66
Tube Current (mA) 2.5
Scanning Time 11.5s

Once the first tomography was performed, the wire was
carefully removed from the mandibular bone, ensuring
the sample remained stationary. Subsequent tomogra-
phies were performed using different combinations of
kV and mA, as follows:

Stage 1: Using nearly identical radiation doses (DAP
230) to assess the effect of x-ray tube voltage (kV) on
the location of the IAC: 60 kV/14 mA, 70 kV/10 mA, and
78 kV/8 mA (Table 2).

TABLE 2. kV and mA variations in Stage 1

STAGE 1: RADIATION DOSE 230

KV Variation mA Variation
60 14
70 10
78 8

Stage 2: Using the same x-ray tube voltage (70 kV) and
varying the mA, the following mA combinations (2 mA,
5mA, 10 mA, 14 mA) were tested to evaluate the effects
of the x-ray tube current on the localization of the IAC.
Therefore, each hemimandible was scanned 8 times,
resulting in a total of 192 images (Table 3).

TABLE 3. Variations of the x-ray tube mA in stage 2

STAGE 2: SAME TUBE VOLTAGE

Tube voltage kV mA variation
70 2
70 5
70 10

Figure 3. Scanning of the hemimandibles

PREPARATION OF THE IMAGES FOR OB-
SERVATION

The images obtained were imported in JPEG format for
processing using Image] software (National Institutes of
Health, Bethesda, MD) for observation.

In the coronal sections, the region of interest for ob-
servation was obtained by cropping two 1x1 cm squares,
one showing the IAC and the other without it. (Figura 4).
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Coronal section of the hemimandible

Sections With and Without
the Inferior Alveolar Canal

Without IAC

With IAC

Figure 4. Cropped section of the region of interest. IAC (Inferior Alveolar Canal).

Then, the cropped images with and without the IAC were
randomly stored on a computer to be viewed by 5 expert
observers in a dimly lit room. A total of 384 images were
analyzed by each observer. Each image was assigned a
value from 1 to 5, based on the presence or absence of
the IAC, as follows: 1. “Definitely present” 2. “Suspect-
ed to be present” 3. “Don’t know” 4. “Suspected to be
absent” 5. “Definitely not present” This methodology
has already been applied in previous studies (*!”) and
is based on the work of Hanley JA *®, The observations
were conducted twice by each observer, with a 15-day
interval between the first and second observation.

STATISTICAL STUDY

Intra-observer and inter-observer agreement was as-
sessed using the kappa index, considering three cate-
gories: 1/2, 3, and 4/5. The agreement was classified as
follows: values < 0.20 indicated poor agreement; 0.21 to
0.40, fair agreement; 0.41 to 0.60, moderate agreement;
0.61 to 0.80, good agreement; and 0.81 to 1.0, excellent
agreement.

Diagnostic accuracy was evaluated using the area

under the curve (Az) through receiver operating charac-
teristic (ROC) analysis, using the ROCKIT 1.1B software
(Charles E. Metz, University of Chicago, Chicago, IL, USA).
The significance of differences between Az values was
determined by the same software, based on confidence
intervals.

Results

First, intra-observer and inter-observer agreement was
calculated. Using the same data sets from Stages 1 and
2, the kappa indices were determined for this analysis.
The intra-observer and inter-observer kappa indices
were 0.79 and 0.71, respectively, demonstrating good
agreement in both cases.

Figure 5 presents the kV values used in Stage 1: 60 /
70 / 78 kV. The corresponding Az values were 0.91, 0.85,
and 0.86, respectively. Higher tube voltages resulted in
lower Az values. A statistically significant difference was
found between 60 kV and 78 kV (p = 0.0176); however,
no significant differences were observed between 60 kV
and 70 kV nor between 70 kV and 78 kV.
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Receiver Operating Characteristic (ROC) Curves for
Different Tube Volgages (60, 70, 78 kV)
1
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Area under the curve 0,9192 0,885 0,8644
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78 Receiver operating characteristic (ROC) curve for
o1} different tube voltages (60, 70, 78 kV); with the table
o of values provided by the software.
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Fraction of False Positives
Receiver Operating Characteristic (ROC) Curves for
Different Tube Currents (2, 5,10, 14 mA)
1
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0s | Area under the curve 0,911 0,8555 0,8892 0,9056
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10 different tube currents (2, 5, 10, 14 mA) at a tube
o1+ 1 voltage of 70 kV; with the table of values provided
o by the software.
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In Figure 6, the mA values used in Stage 2 (2, 5, 10, 14

mA) are compared. The Az values were 0.91, 0.85, 0.88,
and 0.90, respectively. A significant difference was found
between 2 mA and 5 mA (p = 0.0172), and between 14
mA and 5 mA (p = 0.0106). However, no significant diffe-
rence was observed between 2 mA and 10 mA, nor be-
tween 2 mA and 14 mA, nor between 14 mA and 10 mA.

Discussion

This study aims to evaluate the influence of the x-ray
tube current (mA) and voltage (kV) on the localization
of the inferior alveolar canal using linear tomography.
Identifying the IAC is crucial, as it contains a neurovas-

cular bundle that can be lacerated during surgical pro-
cedures, potentially causing damage that may even be

permanent. One major advantage of linear tomography
over CBCT is the reduction in patient radiation dose,
and even with lower radiation doses, it still provides
high diagnostic value ©.

The results in Figure 1 show that the highest Az val-
ue corresponds to 60 kV, while the lowest corresponds
to 78 kV. Therefore, better-quality images are obtained
with lower kV values.

Regarding the mA values used, Figure 2 shows that
the 2 mA parameter has the highest Az value, followed
by 14 mA, with no significant difference between them.
However, a significant difference is observed when com-
paring 2 mA and 5 mA, as well as between 14 mA and
5 mA. Thus, using low mA values produces images with
very good diagnostic quality while minimizing radiation
doses.

These findings support the benefits of linear tomog-
raphy (LT) as a viable alternative for preoperative stud-
ies, as it reduces radiation exposure while maintaining
acceptable diagnostic quality. Unlike CBCT, LT allows
precise control over exposure parameters, optimizing
image quality while complying with the ALADA (“as low
as diagnostically acceptable”) principle. In addition, LT
is more accessible and cost-effective, making it ideal
for procedures in specific areas, such as the localization
of the inferior alveolar canal in preoperative studies for
single implant placement, without the need for the high
radiation doses typical of CBCT @9,

Lindh et al. ®® studied the most suitable radiographic
method for visualizing the inferior alveolar canal. The
radiographic techniques analyzed included periapical
radiography, panoramic radiography, hypocycloidal to-
mography, spiral tomography, and computed tomogra-
phy. Their research concluded that computed tomog
raphy is the best method for locating the inferior alve-
olar canal, as it not only provides a three-dimensional
reconstruction of the mandible and the canal but also

offers better visualization. However, this comes at the
cost of higher exposure parameters for the patient. Our
study demonstrated that linear tomography not only
produces high-value diagnostic images with good visu-
alization of the inferior alveolar canal but also operates
with lower exposure parameters and reduced costs for
the patient. These advantages make linear tomography a
preferable alternative to computed tomography:.

Pauwels et al. *? used a combination of tube currents
(1-8 mA) and voltages (60 kV, 70 kV, 80 kV, and 90 kV)
and found an increase in the contrast-to-noise ratio at
the highest tube voltage (90 kV) when the radiation dose
was kept constant. Another study by Pauwels et al. @Y,
which analyzed bone structure using the same radiation
dose, showed that the contrast-to-noise ratio with the
highest tube voltage protocol (90 kV) was significantly
different from that obtained at lower tube voltage set-
tings. Our study found that using lower kV values (60 kV)
resulted in higher Az values (0.912), with a significant
difference (p = 0.0176) between 60 kV and 78 kV, consi-
dering the confidence interval. When varying the mA, the
highest Az value was obtained at 2 mA (0.911). However,
there was a significant difference between 2 mA and
5mA (p =0.0172) and between 14 mA and 5 mA (p =
0.0106), but no significant difference between 2 mA and
10 mA, 2 mA and 14 mA, nor 14 mA and 10 mA.

Panmekiate et al. ?? acquired 160 CBCT datasets us-
ing eight different combinations of four tube voltage lev-
els (60 kV, 80 kV, 100 kV, and 120 kV), two tube current
levels (10 mA and 15 mA), and a scan time of 14 s. They
concluded that low x-ray tube current values increased
image noise, leading to the non-visualization of the IAC.
Our study showed that although both 2 mA and 14 mA
values produce images of high diagnostic value, there is
no significant difference between them. This allows for
areduction in tube current during linear tomography,
thereby lowering radiation doses.

A study by Svenson et al. ®® concluded that variations
in diagnostic accuracy depend on radiation dose, while
the effect of x-ray tube voltage is practically negligible.
In contrast, our study found that voltage variation sig-
nificantly affects both image quality and radiation dose.
Therefore, this work demonstrates that linear tomog-
raphy enables the acquisition of high-value diagnostic
images at tube voltages below 60 kV while achieving
low radiation doses.

According to Neves et al. ¥, who acquired images
with a sweep time of 10.8 s at 60 kV using seven differ-
ent tube current combinations (2 mA, 4 mA, 6.3 mA, 8
mA, 10 mA, 12 mA, and 15 mA), and Jasa et al. @9, who
acquired images using different tube currents (2 mA,
5mA, 10 mA, and 15 mA), image quality increased pro-
portionally with higher mA values. However, our study
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found that x-ray tube current variation did not result comparing 2 mA and 5 mA, as well as 5 mA and 14 mA.
in a significant difference in IAC localization between 2 Lower tube current values are always beneficial for the
mA and 14 mA, as both had nearly identical Az values. patient, as they reduce radiation dose.

A significant difference was observed, however, when

Conclusions

Linear tomography should be considered as a preoperative study option for locating the
inferior alveolar canal, offering advantages over CBCT in terms of accessibility, lower radi-
ation dose, and reduced cost. For inferior alveolar canal localization using linear tomog-
raphy, low x-ray tube voltage values are recommended, as they yield better results than

higher values, with significant differences observed between 60 kV and 78 kV. Regarding
tube current, low values are advisable, as no significant difference was found between the
lowest and highest values (2 mA and 14 mA), resulting in a lower radiation dose for the

patient.
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