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Objective: To assess the influence of field of view (FOV) size, scanning position within the
FOV and scanning mode on the detection of root fracture and artifact perception.

Methods: Forty single-rooted premolars restored with NiCr and AgPd posts were divided
into two groups: fractured and sound. All teeth were scanned using four CBCT scanning
protocols varying FOV sizes (80 X 80 mm and 50 X 55 mm) and scanning modes (Standard
and High Definition). The sample was positioned within the FOV in two pre-set positions
(central and lateral) and in four positions established by the operator (quadrants). Detection
of root fracture and artifact perception were assessed by two observers using 5-point and
4-point scales. Sensitivity, specificity, accuracy, and AUC values were calculated and compared
by ANOVA two-way and Tukey’s test. Chi-square and Fisher’s exact test were used to assess
artifact perception. The level of significance was set at p < 0.05.

Results : The central position within the FOV presented higher sensitivity, specificity, accu-
racy, and AUC values and differed from the lateral position within the FOV for the studied
metal posts (p<0.05). Quadrant 2 presented the best sensitivity, accuracy, and AUC values
(p<0.05). The lateral position within the FOV, AgPd posts, quadrants 1 and 3 and protocols
1 (SM, 80 x 80) and 2 (HD, 80x 80) presented higher frequency of artifacts classified as
“severe”.

Conclusion: Positioning the object in the center or closer to the anterior periphery of the
FOV while using a small FOV improved the detection of root fracture and decreased artifact
perception.
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Introduction

Cone-beam computed tomography (CBCT) is the
imaging of choice for the detection of endodontic-
related pathoses.'> However, in the presence of mate-
rials with high atomic number, tomographic images
may present artifacts that substantially influence the
diagnosis of several of those conditions, especially root
fractures.* Most CBCT artifacts are due to differences
in attenuation and absorption of X-ray photons while
interacting with high-density materials.>® When these
interactions result in hardening of the beam, it gener-
ates “metal artifacts” characterized by hyperdense and
hypodense bands and lines oriented along the projection
lines.>*

Metal artifacts can hinder the visualization of the
region of interest when assessing root fractures, leading
to false-positive and false-negative results.>” To mini-
mize the effects of artifacts on diagnostic tasks, one can
vary the CBCT exposure parameters or apply artefact
reduction algorithms.!” However, the detection of root
fractures depends on other factors such as the direction
of the fracture, the CBCT scanner and protocols used
for image acquisition, and the use of different filters and
algorithms applied during image analysis.!!

The detection of root fracture demands an individu-
alized image exposure protocol, which includes limited
field of view (FOV) size encompassing only the assessed
tooth and its adjacent area.'? The number of CBCT
scanners in the market has increased over the years and
scanners with varying FOV sizes are widely available;
however, the operator must acknowledge the impor-
tance of selecting the correct parameters for each clin-
ical situation and attempting to centralize the object of
interest within the FOV to acquire the highest quality
image possible.'

The FOV size and targeted area are major determi-
nants of the effective dose, thus imaging parameters
should be chosen based on FOV selection.'* According
to de Oliveira Pinto et al. (2020), posterior horizontal
positions within the FOV lead to higher artefact inten-
sity possibly due to an increase of the exomass, especially
in limited-sized FOVs. Exomass seems to vary between
CBCT scanners and can be avoided or minimized by
choosing a larger FOV; however, avoiding exomass by
increasing the FOV size may increase radiation dose.

Some CBCT scanners allow the operator to choose
between two or more pre-set scanning modes — e.g.
Standard Mode (SM) and High definition (HD) — with
different FOV sizes, pre-set positions within the FOV
that can be varied according to the scanned area of
interest, and fixed or variable exposure parameters. The
possibility of choosing different exposure parameters
may reduce the exposure dose; the reduction of the dose
is usually achieved by a decrease in mAs, partial rota-
tion, reduced number of projections and/or larger voxel
sizes.'* Low-dose protocols for CBCT scans have shown
potential in various diagnostic tasks.!*
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Strategies to decrease artefact intensity are important
to increase image quality and to acquire images that
improve the diagnosis and treatment planning. There-
fore, this study aimed to assess the influence of FOV
size, scanning position within the FOV and scanning
mode on the detection of root fracture and observer’s
perception of artifacts.

Methods and material

This in vitro experimental study was approved by the
Ethics and Research Committee of the first author’s
institution (protocol number: 67156217.6.0000.5181)
and followed the Helsinki Declaration.

Sample preparation

Forty single-rooted premolars extracted for therapeutic
reasons were selected as the study sample. As inclusion
criteria, all teeth should have a maximum root curvature
of <5° and similar dimensions. The sample was assessed
by transillumination and digital radiography (Digora
Optime, Soredex, Tuusula, Finland) for the absence of
root fractures and to exclude those with pulp stones,
internal and/or external root resorption, previous
endodontic treatment, multiple root canals, root canal
obliteration or any other anomaly.

After cleaning and disinfection protocols, all crowns
were removed at the cementoenamel junction and
root canals were prepared to a standard size using the
Reciproc R50 system (VDW, Miinchen, Germany). A
thermo-mechanically compacted root filling was placed
using endodontic cement (Sealer 26, Dentsply, Rio de
Janeiro, Brazil) and a 21 mm, size 45, .04 taper gutta-
percha cone (PacMac, SybronEndo Dental Specialties,
Glendora, CA, USA). The gutta-percha of the roots’
coronal two-thirds was removed using size 1 Piezo drills
(Peeso Long Drill no 1, Dentsply Sirona Endodontics,
Ballaigues, Switzerland).

The sample was divided into two groups: nickel-
chrome metal post (NiCr) and silver-palladium metal
post (AgPd), each containing 20 teeth. Post-preparation
was performed using a direct technique (standard
dowel made of acrylic resin) and the coronal portion
of the metal post was standardized using a heavy-base
condensation silicone matrix (Zetaplus, Zhermack,
Italy). Cementation of the metal posts was done using
dual-cure resin (FGM Allcem, Joinville, SC, Brazil).
Periapical radiographs were taken to validate the metal
posts fitting and cementation.

Fracture induction: Half of the sample — ten NiCr
teeth and ten AgPd teeth — was submitted to artificial
fracture induction. Each tooth root was covered with
polyether printing material (Impregum F, 3M-Espe,
Seefeld, Germany) to reproduce the periodontal liga-
ment. The teeth were mounted, individually, in 35 X
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Figure 1 CBCT system pre-set position of teeth within the FOV:
central and peripheral.

22mm acrylic tubes filled with acrylic resin (Vipi flash,
VIPI, Sdo Paulo, Brazil). The sample remained fixed
until the acrylic resin was fully cured. The biological
space was simulated by leaving 3mm from the cervical
margin when mounting those teeth into the acrylic resin.
Fracture induction was achieved using an Instron
machine (INSTRON 3365, Instron Corporation,
Canton, MA, USA). The fracture was induced by a
spherical metal tip positioned on the coronal portion
of the tooth with a 22.5° angulation and 0.5 mm/min
speed. The machine was set to automatically stop when
a fracture occurred to avoid the displacement of the
fragments.

CBCT scans acquisition: CBCT scans of all teeth were
acquired using an ORTHOPHOS XG 3D unit (Sirona
Dental Systems, Bernsheim, Germany).

Prior to image acquisition, all teeth were coated with
a 0.2-mm-thick layer of wax and positioned in the left
central incisor alveolus of a partially dentate maxilla of
a dry human skull coated with a 5-mm-thick layer of
wax to simulate soft tissue. The phantom was emerged
into a Styrofoam box filled with water to reassure soft
tissue simulation.

Table 1 CBCT scan protocols
Fov Voxel Basis Effective
(mm x size  projections exposure
Protocol  Mode  mm) mA kV (mm) (number) time (s)
1 SM 8080 7 85 0.160 200 5
2 HD 8080 5 85 0.160 500 14.3
3 SM 50x55 7 85 0.160 200 5
4 HD 50x55 5 85 0.100 500 14.3
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Figure 2 Positioning of teeth within the FOV established by the
operator.

Four sets of CBCT scanning protocols varying FOV
sizes (80 X 80mm and 50 X 55mm) and scanning acqui-
sition modes (SM and HD) were used for image acquisi-
tions. The SM protocol (pulsed radiation) had the tube
current, basis projections and effective exposure time set
at 7 mA, 200 images and 55, respectively; and the HD
protocol (continuous radiation) had it set at SmA, 500
images and 14.3s. Voxel size varied according to scan-
ning protocol and FOV size (SM and HD 80 x 80 mm:
0.160mm and HD 50 x 55mm: 0.100 mm). Tube voltage
was set at 85kV (Table 1).

Object placement within the FOV: CBCT scans were
acquired using two different methods of positioning the
object within the FOV: (1) CBCT scanner pre-set posi-
tion within the FOV; and (2) CBCT scanner position
within the FOV established by the operator.

(1) CBCT scanner pre-set position within the FOV: After
positioning the skull, each tooth was positioned within
the FOV according to the scanning areas established by
the manufacturer. Two different positions were used for
image acquisition: central (anterior teeth); and lateral
(left side-premolars for the 50 X S5mm FOV size and
left side-molar for the 80 x 80 mm FOV size) (Figure 1).

(2) CBCT scanner position within the FOV established
by the operator: Four diagonal positions within the FOV
were established by dividing the FOV into four equal
size quadrants and the object was centered within each
quadrant: Q1 — upper left quadrant; Q2 — upper right
quadrant, Q3 — lower left quadrant, Q4 — lower right
quadrant (Figure 2).

A total of 960 CBCT scans [40 teeth (20 sound and
20 fractured) x four exposure protocols (2 FOV sizes
and two scanning modes) X six positions within the
FOV] were acquired and saved as Digital Imaging and
Communications in Medicine (DICOM) files. All scans
were coded according to the presence or absence of root
fracture, FOV size, position within the FOV, scanning
mode and metal post group.

Image assessment: Each DICOM file was read on the
scanner’s native software (Sidexis 4, v. 4.1.3, Sirona,
York, USA) by two observers, with at least five years
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Figure 3 Sensitivity (Sn), specificity (Sp), accuracy (Ac) and area
under the curve (AUC) values for the pre-set position within the FOV
in each studied protocol for NiCr metal posts.

of experience on CBCT interpretation. Prior to all
sessions, verbal and hands-on instructions and calibra-
tion tests were performed. The image assessment was
done twice, in two different moments with a two-week
interval. Adjustments for zoom, brightness and contrast
settings were left to the discretion of each observer. A
limit of 20 volumes were evaluated per session.

The assessment of root fracture was done using a 5-point
confidence scale for the detection of root fracture: (1)
fracture not present; (2) fracture probably not present;
(3) uncertain whether fracture was present or not; (4)
fracture probably present; and (5) fracture present. For
the presence of artefact, a 4-point score scale was used:
(0) absent; (1) mild — artefact was present but did not
interfere on the diagnosis; (2) moderate — artefact was
present and might interfere on the diagnosis; (3) severe
— artefact was present and interfered on the diagnosis.
When artefact was considered present, the observer
would categorize the artefact as: (1) hypodense halos;
(2) hypodense lines; and (3) hyperdense lines.

Data analysis: Data were tabulated and analyzed using
the Statistical Package for Social Sciences program
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Figure 4 Sensitivity (Sn), specificity (Sp), accuracy (Ac) and area
under the curve (AUC) values for the pre-set position within the FOV
in each studied protocol for AgPd metal posts.
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(IBM SPSS Statistics, v.21, IBM, Chicago, IL, USA).
All analyses were conducted considering a 95% confi-
dence level (p < 0.05).
K intra-observer coefficient reproducibility value for
root fracture detection varied from 0.65 to 0.73 and
inter observer coefficient from 0.51 to 0.70. x intra- and
inter-observer coefficient for artefact intensity varied
from 0.69 to 0.86 and from 0.54 to 0.85, respectively.
The sensitivity, specificity, accuracy, and area under
the ROC curve (AUC) values were calculated for the
assessment of root fracture and compared by two-way
analysis of variance (two-way ANOVA) and Tukey’s
test. The presence of artefact and its interference on
the detection of root fracture was assessed by descrip-
tive analysis and two-way ANOVA. Comparisons of
the artefact characterization among post groups were
performed by chi-square and Fisher’s exact tests.

Results

Detection of root fractures

CBCT scanner pre-set position within the FOV:  For the
NiCr group, the central position presented the highest
values of sensitivity, specificity, accuracy and AUC
values, and differed from the lateral position (p = 0.03, p
=0.012, p = 0.007and p = 0.013, respectively). Protocol
4 (HD, 50 x 55) presented higher sensitivity values that
differed statistically from protocols 1 (SM, 80 x 80) and
2 (HD, 80 x 80) in the central position within the FOV
(p = 0.004). Protocols 3 (SM, 50 X 55) and 4 (HD, 50 x
55) both presented higher sensitivity values that differed
statistically from protocols in the lateral position within
the FOV (p = 0.027) (Figure 3).

Protocol 4 (HD, 50 X 55) presented higher accuracy
values and differed from protocol 1 (SM, 80 x 80) for
NiCr post group in the lateral position within the FOV
(p = 0.033). Protocol 4 (HD, 50 x 55) also presented
the highest AUC values and differed from protocols 1
(SM, 80 x 80) and 2 (HD, 80 X 80) in the lateral position
within the FOV (p = 0.035) (Figure 3).

For the AgPd group, the central position presented
the highest values of sensitivity, specificity, accuracy and
AUC values, and differed from the lateral position (p =
0.020, p = 0.005, p = 0.010and p = 0.006, respectively).

Protocols 3 (SM, 50 x 55) and 4 (HD, 50 X 55) both
presented higher sensitivity values in the lateral position
within the FOV that differed statistically from proto-
cols 1 (SM, 80 x 80) and 2 (HD, 80 x 80) for AgPd (p
= 0.039). Protocols 3 (SM, 50 x 55) and 4 (HD, 50 X
55) also presented higher specificity values and differed
from protocol 1 (SM, 80 X 80) in the central position
within the FOV (p = 0.31) (Figure 4).

CBCT scanner position within the FOV established by the
operator:  Quadrant two presented the best sensitivity,
accuracy and AUC values, and differed statistically from
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Figure 5 Sensitivity (Sn), specificity (Sp), accuracy (Ac) and area
under the curve (AUC) values for the position within the FOV estab-
lished by the operator for NiCr metal posts.

the other studied positions within the FOV for NiCr
posts (p = 0.001, p = 0.001, p = 0.015).

When assessing NiCr posts, protocols 3 (SM, 50 X 55)
and 4 (HD, 50 x 55) presented higher sensitivity values
and differed statistically from protocols 1 (SM, 80 X
80) and 2 (HD, 80 x 80) for quadrants 1, 2 and 3 (p
= 0.034, p = 0.041, p = 0.023). Protocol 4 (HD, 50 x
55) presented higher sensitivity values and differed from
protocol 1 (SM, 80 X 80) and 2 (HD, 80 x 80) for quad-
rant 4 (p = 0.038). Protocol four also presented higher
AUC values and differed from protocol 1 (SM, 80 x 80)
for quadrant 3 (p = 0.043) (Figure 5).

Quadrant two presented the best sensitivity, spec-
ificity, accuracy and AUC values, and differed statisti-
cally from the other studied positions within the FOV
for AgPd posts (p = 0.002, p = 0.048 p = 0.014, p =
0.028).

Protocols 3 (SM, 50 X 55) and 4 (HD, 50 x 55)
presented higher sensitivity values and differed statisti-
cally from protocols 1 (SM, 80 x 80) and 2 (HD, 80 X
80) for quadrants 2 and 3, and from protocol 1 (SM, 80
x 80) for quadrant 4 (p = 0.024, p = 0.037, p = 0.026).
Protocol 4 (HD, 50 x 55) differed from protocol 1 (SM,
80 x 80) for quadrant 1 (0.033). Additionally, protocols
3 (SM, 50 x 55) and 4 (HD, 50 x 55) presented higher
accuracy values and differed from protocol 1 (SM, 80 %
80) for quadrant 3 (p = 0.037) (Figure 6).
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Figure 6 Sensitivity (Sn), specificity (Sp), accuracy (Ac) and area
under the curve (AUC) values for the position within the FOV estab-
lished by the operator for AgPd metal posts.
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Artefact assessment

CBCT scanner pre-set position within the FOV: AgPd
posts in the lateral position within the FOV and scanned
with protocols 1 (SM, 80 X 80) and 2 (HD, 80 X 80)
presented higher frequency of artifacts classified as
“severe” (65%). On the other hand, NiCr posts in the
central position within the FOV and scanned with
protocols 3 (SM, 50 x 55) and 4 (HD, 50 x 55) presented
higher frequency of artefacts classified as “mild” (20
and 30%).

The presence of severe hyperdense lines decreased in
images acquired with protocols 3 and 4 in the lateral
position within the FOV for NiCr metal posts (p =
0.023) and AgPd metal posts (p = 0.038) (Figure 7).

CBCT scanner position within the FOV established by
the operator:  When assessing the studied quadrants
within the FOV, AgPd posts, protocols 1 (SM, 80 X
80) and 2 (HD, 80 X 80), quadrants 1 and 3 presented
the higher frequencies of artifacts classified as “severe”
(80-90%and 90-95%). Quadrant 2, NiCr posts, proto-
cols 3 (SM, 50 x 55) and 4 (HD, 50 X 55) presented
higher frequency of artifacts classified as “moderate”
(65 and 75%).

For NiCr posts, protocols 3 (SM, 50 X 55) and 4 (HD, 50
x 55) presented reduced frequency of severe hypodense
halos, hypodense and hyperdense lines on quadrant 2 (p
=0.001, p = 0.040and p = 0.046). Protocols 3 (SM, 50 x
55) and 4 (HD, 50 x 55) also differed from protocols 1
(SM, 80 x 80) and 2 (HD, 80 x 80) for hyperdense lines
for quadrant 1 (p = 0.001). For AgPd posts, protocol
4 (HD, 50 X 55) presented a lower frequency of severe
artifacts compared to protocols 1 (SM, 80 x 80) and 2
(HD, 80 x 80) on quadrant 2 (p = 0.020). Overall, quad-
rant two presented lower frequency of severe artefacts
(Figure 8).

Discussion

CBCT scanners have been evolving in order to reduce
scanning time, improve image fidelity, minimize patient
dose,'>!5 and eliminate, or at least reduce, the large
number of imaging artifacts that may impair its diag-
nostic quality.'*'"® Metal artefact reduction (MAR)
algorithms are available as a post-processing artefact
reduction tools, and manufacturers have widely added
this feature to recent CBCT scanners available in the
market. However, the region of interest should be
placed in the center of the FOV for the MAR tool to be
effective.”’ Even though post-processing tools are useful,
technical improvements that allow a reduction in radia-
tion dose while optimizing image quality would provide
greater benefits for patients.

Previous studies have shown that variations in
exposure parameters may reduce radiation dose while
maintaining CBCT image accuracy.?* However, tube
current (mA) seems to interfere on image quality when
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Figure 7 Frequency of artifacts (hypodense halos, hypodense lines and hyperdense lines) for the pre-set position within the FOV in each studied

metal post and scanning protocol.

reduced to exceptionally low levels.'? In this study, tube
current varied from SmA to 7mA, which are not consid-
ered low enough to affect image quality.!? According to
Pauwels et al. (2014), by decreasing mA values one can
proportionally decrease radiation dose with a fixed tube
voltage (kV); however, CBCT scans acquired with low
mA and kV may present higher artefact intensity.’

The number of basis projections is another param-
eter that may influence the exposure dose and it can be
directly adjusted depending on the CBCT unit or, in
most cases, it is adjusted indirectly by selecting various
rotation protocols. It has been reported that the diag-
nosis of root fractures, root resorptions and periapical
bone loss may be kept at acceptable levels even when
protocols with a lower number of projections was
used.'* In the present study, the number of projections
increased from 200 to 500 between SM and HD proto-
cols, which was also followed by an increase in mAs.

Hypodense halos

Most CBCT units have scanning protocols that were
pre-set by the manufacturer in a way that the effec-
tive exposure time and/or number of basis projections
increase when the operator decreases the mA; there-
fore, the radiation dose also increases or is maintained
at the same level as the high mA protocol. Those pre-
set protocols are usually denominated high definition/
resolution and standard mode/resolution, varying from
manufacturers. Some scanners will indicate the ideal
combination of parameters based on patients’ charac-
teristics (age, sex, size), leaving the choice of using the
pre-set protocols to the operator. Choosing the expo-
sure, scanning, and imaging protocols is an important
step of the CBCT scan acquisition. When the scanner
has fixed protocols, it is important to choose the one
with the lowest radiation exposure without impairing
the diagnosis, following the ALADAIP principal (As
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Figure 8 Frequency of artifacts (hypodense halos, hypodense lines and hyperdense lines) for the position within the FOV established by the

operator in each studied metal post and scanning protocol.
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Low as Diagnostically Acceptable being Indication-
oriented and Patient-specific).?

Choosing the correct FOV according to the diag-
nostic task also depends on the CBCT scanner used for
image acquisition. The CBCT unit used in this study
only provided small and medium FOV size options (50
X 55mm, 80 X 55mm, and 80 X 80mm). If the param-
eters are kept the same, choosing a smaller FOV can
lower exposure doses and increase contrast resolution.'?
In this study, the smaller FOV size presented the highest
sensitivity, specificity, accuracy, and AUC values for the
detection of root fracture and the lowest artefact inten-
sity; therefore, one could assume that larger FOVs may
impair that diagnostic task.

Although small voxel sizes are indicated for root
fracture assessment, some other diagnostic tasks in
endodontics may not be jeopardized by scans acquired
with larger voxel size — with the benefit of dose reduc-
tion." The effect of the voxel size on the detection of
root fracture may vary depending on the CBCT unit
used.? Although the small voxel size protocol (100 um)
presented a higher accuracy values specially for the low
atomic number metal post group, it usually did not differ
from the other assessed scanning protocols (160um),
probably because the difference between the voxel sizes
was small. According to likubo et al. (2016), scanning
modes with small voxel sizes associated with the central-
ization of the target object within the FOV can reduce
fracture-like artifacts.'®

The position of the object within the FOV and FOV
size may present a higher influence on the detection of
root fracture and artefact perception than the studied
exposure parameters associated to the scanning modes.
According to Nikbin et al (2018), the position of the
object within the FOV has greater impact on artefact
intensity than the use of MAR tools.?® Based on that,
the region of interest should be centered and foremost
within the FOV, and a smaller FOV should be chosen
when assessing root fracture to increase resolution and
avoid exomass artefacts.

Tomographical images with great artefact inten-
sity can lead to low intra- and inter-observer agree-
ment values for fracture detection.’ The present study
reached a moderate-to-good intra- and inter observer
agreement values, in agreement with previous studies,*®
which indicates that great artefact intensity produced
by high density materials can impair image assessment.
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Moreover, when the tooth was not centered within the
FOV, the accuracy values varied between observers.

CBCT artefacts present different patterns according
to the restored tooth and its adjacent structures.'
According to likubo et al. (2016),'® the geometric
patterns of the CBCT artefact lines induced by
intracanal fillings always appear along the long axis of
the alveolar bone in an oblique direction (mesiobuccal,
mesiolingual, distolingual, or distobuccal) in maxil-
lary central incisors and in the mesiodistal direction in
mandibular second premolars, presumably due to beam-
hardening effects. Previous studies presented higher
sensitivity values for root fractures obliquely oriented
than mesiodistally oriented; however, this difference was
not significant.?”-?® The type of intracanal filling material
used to restore the root can also contribute to artefact
intensity®?? and, therefore, impairing the detection of
root fractures. The sample used in this study consisted
of teeth restored with metal posts and, when fractured,
there was no separation of the root fragments, what can
make fracture detection even harder and lead to low or
moderate sensitivity values.

Observers seem to prefer images acquired with high
exposure parameters; however, those images may not
improve the diagnosis of root fractures. In this study,
although the artefacts were less noticeable in images
acquired using the HD scanning mode, this protocol
did not increase root fracture detection. Smaller FOV
sizes and the position of the object of interest within
the FOV improved root fracture detection, indicating
that low-dose exposure parameters enable root fracture
detection, while decreasing patient’s radiation expo-
sure dose. Therefore, exposure parameters should be
carefully chosen by the operator based on the specific
diagnostic task and patient specificities, in other words,
indication-oriented and patient-specific.?

Conclusion

Positioning the object in the centre or closer to the ante-
rior periphery of the FOV and choosing small FOV sizes
improves the detection of root fracture and decreases
artefact interference. Increasing the number of basis
projections while reducing tube current and increasing
exposure time does not improve the detection of root
fracture, while high-density materials in the root canal
impair that diagnostic task.
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