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RESUMO

Este estudo analisou, por meio de exames de tomografia computadorizada de
feixe conico (TCFC), se o tamanho do campo de visdo (FOV) e do voxel influenciam
na avaliacao de istmos em molares inferiores. Quarenta molares inferiores humanos
foram submetidos a micro tomografia computadorizada para obtencéo do padrao-
ouro. Em seguida, foram tomografados (ProMax® 3D Max) de acordo com sete
protocolos de aquisigéo, variando-se os tamanhos de FOV (10 x 5,5cm e 5 x 5,5 cm)
e voxel (0,400 mm, 0,200 mm, 0,100 mm, e 0,075 mm). Trés avaliadores classificaram
a presenca e o tipo de istmo, com base em uma escala de cinco pontos. Para
comparagao da frequéncia da detecg¢do de istmo em cada protocolo com o padréo-
ouro, foi realizado o teste qui-quadrado. Foram calculados os valores de sensibilidade,
especificidade e acuracia para cada protocolo de aquisi¢do. A concordancia intra e
interexaminador foi verificada através do teste Kappa e variou de substancial a quase
perfeita. Verificou-se que a presenca de istmos foi subestimada, principalmente
quando se utilizou voxel de 0,400 mm, independentemente do FOV utilizado. O
protocolo com FOV 10 x 5,5 cm e voxel 0,200 mm apresentou os maiores valores de
sensibilidade e acuracia e os menores valores de especificidade. Ao se compararem
todos os valores de acuracia, o protocolo 2 (maior FOV) foi superior aos protocolos 4,
5 e 7. Concluiu-se que, independentemente do FOV, o valor do voxel nao influenciou
na avaliagédo de istmos em molares inferiores. A escolha do protocolo mais adequado

dependera das particularidades de cada situagao clinica.

Palavras-chave: Anatomia radicular; Diagnéstico; Endodontia; Tomografia

computadorizada de feixe cénico; Voxel; FOV; Istmo.



ABSTRACT

Introduction: This study analyzed, through cone-beam computed tomography
(CBCT) scans, whether the size of the field of view (FOV) and voxel influence the
evaluation of isthmuses in mandibular molars. Methods: Forty human mandibular
molars were submitted to microcomputed tomography to obtain the gold standard.
Then, they were scanned (ProMax® 3D Max) using seven acquisition protocols,
varying in FOV size (10 x 5.5 cm and 5 x 5.5 cm) and voxel (0.400 mm, 0.200 mm,
0.100 mm and 0.075 mm). Two examiners classified the presence and type of isthmus
on a five-point scale. To compare the frequency of isthmus detection in each protocol
with the gold standard, the chi-square test was conducted. Sensitivity, specificity and
accuracy values were calculated for each protocol. Results: Intra- and inter-examiner
agreement was verified using the weighted Kappa test and ranged from substantial to
almost perfect. The presence of isthmuses was underestimated, especially with a
0.400-mm voxel, regardless of the FOV used. The protocol with 10 x 5.5-cm FOV and
0.200-mm voxel presented the greatest sensitivity and accuracy and the lowest
specificity values. Upon comparing all accuracy values, protocol 2 (larger FOV) was
better than protocols 4, 5 and 7. Conclusion: Regardless of FOV, the voxel size did
not influence the evaluation of isthmuses in mandibular molars. The choice of the most

appropriate protocol will depend on each clinical situation’ particularities.

Keywords: Root anatomy; Diagnosis; Endodontics; Cone-beam computed

tomography; Voxel; FOV; Isthmus.
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1 INTRODUGAO

O conhecimento da anatomia do sistema de canais radiculares e suas possiveis
variagdes contribui para o enfrentamento dos desafios associados ao tratamento
endoddntico (1). Diversos elementos podem integrar a complexidade anatémica desse
sistema, como canais secundarios, laterais e istmos (2). O istmo é definido como uma
comunicagao estreita, em forma de fita, entre dois canais radiculares, que contém
tecido pulpar, também conhecido como corredor ou anastomose transversa (3). E uma
estrutura particularmente desafiadora para os Endodontistas, uma vez que pode
constituir verdadeiros nichos para a proliferagdo de micro-organismos, contribuindo
para o insucesso do tratamento (3).

A incidéncia de istmo nos molares tem sido investigada na literatura (4, 5, 6, 7).
Quando avaliada por Estrela et al (4), em uma populagdo de 618 pacientes, pelo
exame de tomografia computadorizada de feixe conico (TCFC) sua frequéncia foi de
87.9% nos primeiros e de 66.3% nos segundos molares inferiores. Ja Tahmasbi et al
(5), encontraram uma frequéncia de 69.6% de istmos em raizes mesiais de primeiros
molares. Outros estudos encontraram prevaléncia variando de 55.5% a 97.2% (6, 7).

Como a estrutura do istmo se assemelha a uma rede fina, sua presenga pode
dificultar a realizagédo de um preparo quimico-mecanico eficaz (2,3), prejudicando a
redugéo da infecgdo microbiana no interior do sistema de canais radiculares (8). Os
instrumentos utilizados atuam majoritariamente no canal principal, enquanto nos
istmos a limpeza e desinfeccdo dependem principalmente dos efeitos quimicos dos
irrigantes e medicamentos (2).

Os exames por imagem sao essenciais em todas as etapas do tratamento
endodéntico, seja para avaliagdo inicial da anatomia radicular, ao final do tratamento
para verificar a qualidade da obturagdo, ou ainda no controle pds-operatério. A
radiografia periapical constitui a primeira escolha, por se tratar de um exame mais
barato, mais acessivel e com menor dose de radiagdo, quando comparada a TCFC
(9). Porém, diante de casos complexos, como os istmos, a TCFC se torna a melhor
alternativa (10), pois viabiliza um diagndstico mais preciso, ao eliminar as
sobreposi¢des e permitir a visualizagéo tridimensional das estruturas nos diferentes

planos de orientagado (11).



Durante a aquisicdo de imagens de TCFC, a utilizagdo de diferentes
parametros de aquisi¢gdo pode auxiliar no diagnéstico de condigdes endodédnticas
(12,13,14). Estudos prévios variaram o tamanho do voxel e do campo de visdo (FOV)
para a deteccdo de limas fraturadas (13,14), segundo canal mésio vestibular (15),
fraturas radiculares (16) e defeitos de furca (17). Eftekhar et al (17), ao compararem
dois tamanhos de voxel (0.150 mm e 0.300 mm) na deteccdo de defeitos de furca,
revelaram que o menor voxel foi mais sensivel para furcas grau | e Il. Para avaliagédo
de fraturas radiculares, valores menores de voxel também obtiveram maior
sensibilidade (16).

O tamanho de voxel, isoladamente, ndo implica em aumento da dose de
radiagdo (18). Entretanto, dependendo dos protocolos pré-estabelecidos pelos
fabricantes de cada tomégrafo, sua diminuigédo esta relacionada ao aumento do tempo
de exposicao, levando consequentemente ao aumento da dose de radiagao (18).
Considerando o principio ALADA (“as low as diagnostically acceptable”) em que a
dose deve ser a minima possivel para alcancar o resultado desejado (19), torna-se
importante a investigagédo de protocolos, para detecgao de istmos, que utilizem menor
dose de radiagcéo, mas que também sejam suficientes para um correto diagnoéstico.

Apesar de estudos prévios (20, 21, 22) terem investigado a presenga de istmo
em diferentes situagdes, por meio de exames de TCFC, a variagdo de parametros de
aquisicao para sua avaliacdo ainda permanece carente de exploragdo. Desta forma,
o objetivo no presente estudo foi analisar, em exames de TCFC, se o tamanho do FOV

e do voxel influenciam na avaliagdo do istmo de molares inferiores.
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ABSTRACT

Introduction: In this study, we analyzed, through cone-beam computed tomography
(CBCT) scans, whether the size of the field of view (FOV) and voxel influence the
evaluation of isthmuses in mandibular molars. Methods: Forty human mandibular
molars were submitted to microcomputed tomography to obtain the gold
standard. Then, they were scanned (ProMax® 3D Max) using seven acquisition
protocols, varying in FOV size (10 x 5.5 cm and 5 x 5.5 cm) and voxel (0.400 mm,
0.200 mm, 0.100 mm and 0.075 mm). Two examiners classified the presence and type
of isthmus on a five-point scale. To compare the frequency of isthmus detection in each
protocol with the gold standard, the chi-square test was conducted. Sensitivity,
specificity and accuracy values were calculated for each protocol. Results: Intra- and
inter-examiner agreement was verified using the weighted Kappa test and ranged from
substantial to almost perfect. The presence of isthmuses was underestimated,
especially with a 0.400-mm voxel, regardless of the FOV used. The protocol with 10 x
5.5-cm FOV and 0.200-mm voxel presented the greatest sensitivity and accuracy and
the lowest specificity values. Upon comparing all accuracy values, protocol 2 (larger

FOV) was better than protocols 4, 5 and 7. Conclusion: Regardless of FOV, the voxel
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size did not influence the evaluation of isthmuses in mandibular molars. The selection

of the most appropriate protocol will depend on each clinical situation’ particularities.

INTRODUCTION

Knowledge of the root canal system’s anatomy and its variations helps address
the challenges associated with endodontic treatment (1). Several features can
integrate this system’s anatomical complexity, such as secondary and lateral canals
and isthmuses (2). The isthmus is defined as a narrow, ribbon-shaped communication
between two root canals, which contains pulp tissue, also known a corridor or
transverse anastomosis (3). It is a particularly challenging structure for endodontists
because it can contain true niches for the proliferation of microorganisms, contributing
to treatment failure (3).

The incidence of isthmuses among molars has been investigated in the
literature (4, 5, 6, 7). Estrela et al (4) evaluated it in a population of 618 individuals by
CBCT. lts frequency was 87.9% in the first and 66.3% in the second mandibular
molars. Tahmasbi et al (5) found a frequency of 69.6% of isthmuses in mesial roots of
first molars. Other studies have shown prevalence ranging from 55.5% to 97.2% (6, 7).

Because the isthmus’s structure resembles a fine mesh, its presence can
hamper an effective chemical-mechanical preparation (2,3), hindering the reduction of
microbial infection in the root canal system (8). The instruments work in the main canal
whereas on isthmuses, cleaning and disinfection mainly depend on irrigators’ and
medications’ chemical effects (2).

Imaging exams are essential at all stages of endodontic treatment, either for
initial evaluation of root anatomy at the end of treatment to verify the filling quality or
in the postoperative control. Periapical radiography is the first choice because it is
cheaper and more accessible and requires a smaller radiation dose than CBCT
(9). However, in complex cases, such as isthmuses, CBCT becomes the best
alternative (10) because it enables a more accurate diagnosis by eliminating overlaps
and allowing for three-dimensional visualization of structures in the various orientation

planes (11).
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During the acquisition of CBCT images, the use of various parameters can
improve the diagnosis of endodontic conditions (12,13,14). Previous studies included
various voxel and FOV sizes for the detection of fractured files (13,14), second
mesiobuccal canal (15), root fractures (16) and furcation defects (17). Eftekhar et al
(17) compared two voxel sizes (0.150 mm and 0.300 mm) in the detection of furcation
defects and found that the smaller voxel was more sensitive. For the evaluation of root
fractures, the smaller voxel also produced higher sensitivity values (16).

The voxel size alone does not lead to an increase in the radiation dose
(18). However, depending on the protocols each CBCT scanner’'s manufacturers pre-
establish, its decrease is related to the increase in exposure time, leading to an
increase in the radiation dose (18). Considering the ALADA (as low as diagnostically
acceptable) principle in which the dose should be the smallest possible to achieve the
desired result (19), it is important to investigate protocols for isthmus detection that use
a lower dose of radiation but are also sufficient for a correct diagnosis.

Although in previous studies (20, 21, 22), researchers have investigated the
presence of isthmus in various situations, through CBCT exams, the variation of
acquisition parameters for its evaluation remains lacking in exploration. Therefore, the
aim of this study was to determine, in CBCT scans, whether the FOV and voxel

sizes influence the evaluation of isthmuses in mandibular molars.

MATERIAL AND METHODS

The present study was conducted after approval by the Ethics Committee on
Research with Human Beings of the Federal University of Juiz de Fora - UFJF
according to protocol n. 3.675.856/2019.

Sample selection and preparation

Forty-five freshly extracted mandibular first and second human molars were
selected from a biorepository and previously submitted to digital periapical radiography
for their choice. Only molars with sound root sections were included. Deciduous and
third molars were excluded in addition to those that presented fused roots, endodontic

treatment, intraradicular retainers, fractured file in the root canals, internal or external
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root resorption, obliterated canals, pulp calcifications and roots with incomplete
rhizogenesis. Teeth with cracks and root fractures were also excluded, diagnosed by
the transillumination technique with high-power LED 1200mW/cm? (Radii Cal, SDI,
Victoria, Australia). After the inclusion and exclusion criteria were applied, 40 teeth
were used for the study.

The sample was submitted to scraping and straightening of the root surface,
followed by bathing in an ultrasonic bowl for 30 minutes (Cristofoli, Londrina, Brazil) so
that any remaining cementum bone tissue was removed. All teeth’s crowns were
sectioned at the limit of the amelocementary junction using a metallographic cutter
(ISOMET 1000 Precision Saw; Buehler, Lake Bluff, IL, USA) to prevent the

identification of teeth by the examiners.

Acquisition of images

All teeth were submitted to a micro-computed tomography (micro-CT)
examination (Super-Argus PET/CT - Sedecal USA Inc., Madrid, Spain) to obtain the
reference gold standard (23). Images were acquired at 40 kVp, 140 mA and with a
voxel of 0.03 mm.

For CBCT images, each tooth was placed in the alveolar cavities properly
prepared from mandibular molars from a dry skull along with its jaw, which was covered
with 2 cm of red wax as a soft-tissue-equivalent material. The ProMax® 3D Max device
(Planmeca, Helsinki, Finland) was used, adopting the acquisition protocols described

in table 1.

Evaluation of images

Two specialists jointly evaluated the micro-CT scans (oral radiology and
endodontics), both with more than ten years of experience, to establish the gold
standard, verifying the presence or absence of isthmuses in the cervical, middle and
apical root thirds. When present, the isthmus was classified as complete (true
connection between the buccal and lingual canals) or incomplete (extension of the
buccal and/or lingual canal toward the center of the root) (22). The AMIDE software (a
medical imaging data examiner, available at amide.sf.net) was used.

Two radiologists and one endodontist individually evaluated the CBCT

examinations, all with at least five years of experience and instructed on the study
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methodology. They classified the presence or absence of isthmuses in the cervical,
middle and apical thirds of the mesial root of the mandibular molars on a 5-point scale:
1 - definitely absent, 2 - probably absent, 3 - uncertainty, 4 - probably present, 5 -
definitely present. The cases that were classified with a score of 4 or 5 were also
classified according to the type of isthmus. For the evaluation of CBCT images, the
Software Romexis Viewer (Planmeca, Helsinki, Finland) was used dynamically to
analyze all reconstruction plans.

To ensure the evaluations’ reliability, CBCT images of healthy mandibular
molars (n=8) were selected from a database (obtained with the same equipment used
in this study). They were evaluated and reevaluated in a 20-day interval for calculation
of intra- and inter-examiner agreement. The evaluations began only after at least
substantial agreement was obtained (24).

All evaluations were performed on a 24’ monitor (Full HD, LG 24MP400-B -
Seoul, South Korea) located in a room with ideal luminance and under the same
observation conditions. The examiner could use the zoom, brightness and contrast

tools as needed.

Statistical analysis

The weighted Kappa test was used to verify intra- and inter-examiner
agreement. The Chi-Square test was conducted to compare the acquisition protocols
in relation to the gold standard. Sensitivity, specificity and accuracy values (area under
the ROC curve) were calculated for each of the CBCT acquisition protocols. The values
of the area under the ROC curve (AUC) were compared using the method of Delong
et al (25). The program used for statistical analysis was MedCalc (version 11.2.1.0)
(p<0.05).

RESULTS

Intra- and inter-examiner agreement rangedfrom 0.675 (substantial
agreement) to 0.843 (almost perfect agreement) (26).
Table 2 provides the relative frequency of the presence or absence of

isthmuses. In general, the presence of isthmuses was underestimated, especially
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using a 0.400-mm voxel, regardless of the FOV size. Although protocol 7 presented
the frequencies closest to the gold standard, the chi-square test indicated a significant
difference in the detection of isthmuses in all protocols (P<0.001). Analysis of the
classification of isthmuses revealed that this protocol overestimated the presence of
incomplete isthmuses and underestimated the presence of complete isthmuses.

Table 3 shows the sensitivity, specificity and AUC. Table 4 shows the P values
obtained by comparing all accuracies. Protocol 2 had greater statistically values than
protocols 4, 5 and 7.

Considering the higher FOV (10 x 5.5 cm), the highest sensitivity (0.673) and
accuracy (0.723) values were obtained using the 0.200-mm voxel, which presented,
however, the lowest specificity (0.726). There was no difference between the accuracy
values (table 4). Considering the FOV of 5 x 5.5 cm, the greatest sensitivity (0.717)
and accuracy (0.698) values were obtained when the 0.150-mm voxel was used. The
lowest specificity (0.631) was obtained with the 0.075-mm voxel. The comparison of

accuracy revealed no difference between the protocols of smaller FOVs (table 4).

DISCUSSION

For an effective endodontic treatment, knowledge of root canals’ internal
anatomy is essential. Although several instrumentation and irrigation methods have
been studied to overcome the anatomical complexities (27, 28, 29, 30), none of them
ensures maximum effectiveness in cleaning and shaping an isthmus. The presence of
necrotic remains and remnants of pulp tissue can be a substrate for microorganisms
and enable their propagation, increasing the chances of maintaining the infection and
contributing to endodontic failure (31). This clinical concern makes studies like this
relevant because better conditions for assessing isthmuses may contribute to the
investigation of more effective strategies for its approach.

Various tools are used to evaluate dental anatomy, such as micro-CT, restricted
to laboratory research, and CBCT, increasingly used in endodontists’ clinical
routines. Although in some previous studies, researchers have analyzed the
prevalence of isthmuses in mandibular molars (4, 5, 6), the variation of CBCT image

acquisition parameters for its evaluation constitutes a gap in the literature. Considering
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that the FOV and voxel size can influence the analysis of endodontic conditions in
multiple ways (20, 21, 22), this study becomes relevant.

In the present work, we aimed to identify the best parameter according to the
possibilities the ProMax® 3D Max tomograph (Planmeca, Helsinki, Finland)
offered. Seven CBCT image acquisition protocols were evaluated, which were
compared with each other and with the images obtained by micro-CT, established as
the gold standard. In a descriptive analysis, protocol 7 was the closest to the gold
standard in the frequency of isthmus detection, possibly because a smaller
voxel brings a higher resolution to the image (32). Therefore, a sharper image would
make identifying the presence or absence of an isthmus easier. However, the
comparison of frequencies by the chi-square test revealed that none of them were
statistically similar to the gold standard (P<0.001).

Tolentino et al (20) used two CBCT scanners with different protocols (8 x 8 cm
and 0.125 mm /4 x 4 cm and 0.08 mm) and compared them with micro-CT. Unlike in
the present study, both protocols were similar to the gold standard in comparing the
frequencies of identified isthmuses. Rodrigues et al (21) also obtained different results
when comparing two voxel sizes with the gold standard because the frequency of
isthmus detection using the smaller voxel was statistically similar to the reference.

Considering the accuracy, protocols with larger FOV (10 x 5.5 cm) produced
higher values, diverging from Mouzinho-Machado et al (15), who used three voxel
sizes with a 5 x 5 cm FOV. Accuracy, sensitivity and specificity increased as the voxel
size decreased. Uysal et al (16), in a similar assay, also evaluated three voxels but
with an 8 x 8 cm FOV, obtaining the same results. The comparison of the accuracies
of all protocols revealed that the 10 x 5.5 cm FOV and 0.200-mm voxel protocol was
statistically superior to three of the four protocols with limited FOV. These findings
allow us to question the use of the smallest voxel available in any case in endodontics
because for the evaluation of isthmuses in mandibular molars, the results indicated
that the three voxels used with larger FOV and the four voxels used with limited FOV
obtained statistically similar accuracy. Therefore, the choice of the most indicated
protocol should consider the principle of ALADA, evaluating the exposure time and
radiation dose, according to each device. Because only one CBCT scanner was used
in this work, the need for further research comparing other devices for this purpose is

emphasized.
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In endodontic practice, smaller FOVs are normally used because they are a
smaller area to be visualized, following the recommendation of the American and
European Associations of Endodontics (33, 34). However, considering this study’s
results, one could ask which clinical situations would require the use of a larger
FOV. An example would be a patient who requires endodontic treatment on two teeth
on opposite sides of the arch. Considering the radiation dose (table 1), instead of two
CBCT scans with limited FOV, only one with a larger FOV could be performed,
exposing the patient less. According to Hung et al (35), the use of a larger FOV does
not always imply larger radiation doses for the patient. However, it may have a lower
DAP due to advanced techniques in which the device has a preprogrammed low-dose
mode. Therefore, the amount of radiation the patient receives would no longer be a
hindrance to the use of larger FOVs.

The American and European Associations of Endodontics (33, 34) do not
indicate CBCT in every case of non-surgical endodontic treatment and do not directly
mention isthmuses as an indication for this exam. However, in their statements, both
include cases of complex anatomy as indicative of a request for CBCT. If we consider
isthmuses an anatomical complexity, as previously described (2,3), CBCT will be
indicated for a more detailed evaluation of this morphology before endodontic
intervention. Because the prevalence of isthmuses in mandibular molars has been
reported as high (exceeding 85%) (4, 7), it may be suggested that CBCT be indicated
as the standard exam for the treatment of these teeth.

Considering this study’s limitations, regardless of the FOV, the voxel size did
not influence the evaluation of isthmuses in mandibular molars. Therefore, the
selection of the most appropriate protocol will depend on each clinical situation’s

particularities.
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Table 1. CBCT image acquisition protocols
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Protocol

kV

96

96

96

96

96

96
96

mA T(s)
4 6
5.6 12
7.1 15
4 6
5.6 12
7.1 15
7.1 15

DAP (mGy.cm?)

261

728

1153

149
415

657
657

Field of view
(FOV) (cm)

10 X 5.5
10 X 5.5
10 X 5.5
5X5.5
5 X585

5X5.5
5X5.5

Voxel
(mm)

0.400
0.200
0.150
0.400
0.200

0.150
0.075
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Table 2. Relative frequency of absence and presence (type) of isthmus, and
crosstab comparison between tested protocols and the gold standard

Isthmus

P value*

Absent Incomplete Complete (Ref. standard. x

protocol)
Gold Standard 23.3% 16.7% 60% -
FOV (cm) Voxel (mm)

0.400 56.7% 6.4% 36.9% < 0.0001

10 x 5.5 0.200 41.9% 10% 48.1% < 0.0001
0.150 37.5% 13.3% 49.2% < 0.0001

0.400 53.9% 8.6% 36.9% < 0.0001

5y 5.5 0.200 43.1% 11.9% 45% < 0.0001
0.150 38.6% 13.9% 47.5% < 0.0001

0.075 27.8% 21.9% 50.3% < 0.0001

*P value — Chi-squared Test
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Table 3. Sensitivity, specificity, and area under the ROC curve (AUC) for each of
the FOV and voxels tested

FOV (cm) Voxel (mm) Sensitivity Secificity AUC
0.400 0.572 0.821 0.707
10 x 5.5 0.200 0.673 0.726 0.723
0.150 0.521 0.821 0.706
0.400 0.529 0.761 0.673
0.200 0.641 0.666 0.672

5x5.5
0.150 0.717 0.642 0.698

0.075 0.677 0.631 0.671




Table 4. P values* obtained after AUC comparisons
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FOV
10 x

(cm)/ 55 10x55 10x55 5x5.5/

Voxel ' /0.200 /0.150  0.400

0.400
(mm)

5x5.5/
0.200

5x5.5/
0.150

5x55]/
0.075

10x5.5/
0.400
10x5.5/
0.200
10x 5.5/
0.150
5x5.5/
0.400
5x5.5/
0.200
5x5.5/
0.150
5x5.5/
0.075

0.527 0.968 0.138

- - 0.471 0.022

- - - 0.210

0.232

0.030

0.134

0.984

0.713

0.234

0.733

0.317

0.240

0.278

0.011

0.292

0.963

0.975

0.334

* Delong et al. (1988)
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Figure legend

FIGURE 1 — ProMax 3D axial slices of a mandibular molar with the tested

protocols
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3 CONCLUSAO

Considerando as limitacdes deste estudo, independentemente do FOV
utilizado, o tamanho do voxel nado influenciou na avaliagdo de istmos em molares
inferiores. Portanto, a escolha do protocolo mais adequado dependera das

particularidades de cada situagao clinica.
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