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Abstract
Dose optimisation has been revisited in the literature due to the high frequency of cone-beam CT (CBCT)
scans and, the reduction of the �eld-of-view (FOV) size has shown to be an effective strategy. However,
small FOV scans have negative in�uences of the truncation effect from the exomass.

The aim of this study was to evaluate the diagnostic accuracy of an optimised CBCT protocol for the
detection of simulated vertical root fracture (VRF) in the presence of metallic artefacts from the exomass
and/or endomass.

Twenty teeth were endodontically instrumented and VRF was induced in half of them. All teeth were
individually placed in a human mandible, metallic materials were placed in the exomass and/or
endomass, and CBCT scans were obtained at two dose protocols: standard and optimised. Three
radiologists evaluated the images and indicated the presence of VRF using a 5-point scale. Sensitivity,
speci�city and area under the ROC curve (AUC) were obtained and compared using ANOVA (α=0.05).

Overall, sensitivity, speci�city and AUC did not differ signi�cantly (p>0.05) between the dose protocols.

In conclusion, optimised protocols should be considered in the detection of simulated VRF irrespective of
the occurrence of artefacts from metallic materials in the exomass and/or endomass.

Introduction
Optimisation is the process of making use of a resource as effectively as possible. When it comes to
Radiology, radiation dose optimisation is a protection principle which assures that the X-ray dose
delivered to the patient is as low as diagnostically acceptable being indication-oriented and patient
speci�c (ALADAIP).1–4 Recently, this concept has been revisited in the scienti�c community due to the
increased application of computed tomography, which presents relatively higher X-ray dose than
bidimensional techniques.5

Numerous factors affecting the radiation dose of a CBCT scan can also in�uence the �nal image quality
such as the �eld-of-view (FOV) size, C-arm rotation degree, number of collected basis images, exposure
time, tube current (milliamperage, mA) and tube voltage (kilovoltage, kV).6–8 Technically, the reduction of
these parameters decreases the X-radiation dose; however, the de�nition of an ideal optimised protocol is
challenging because it must also balance the diagnostic task, individual risks of the patient, and inherent
aspects of the CBCT unit.4,5

The reduction of the FOV size has shown to be an e�cient strategy for radiation dose optimisation due to
the reduction of the effective dose without compromising the image quality and diagnostic accuracy.9–11

However, when small FOVs are used, all the surrounding structures outside of the FOV but still between
the source of X-rays and the image receptor (so-called exomass) have shown to generate image
artefacts,12,13 which can be exacerbated in the presence of highly attenuating materials.13,14 This is a
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frequent clinical condition in dentistry because of the wide use of high-density materials in oral
rehabilitation, such as titanium implant, ceramic components, gutta-percha, and �berglass and metallic
posts. Interestingly, a recent previous study showed that the present of metallic materials in the exomass
and/or endomass do not affect the diagnostic accuracy of vertical root fracture.15

CBCT artefacts have shown to decrease the diagnostic accuracy of vertical root fracture (VRF), which is
an undesirable and frequent clinical situation de�ned as a longitudinally oriented interruption of the
dental root from the apex to the coronal portion.16 The recommended CBCT protocol when VRF is
suspected includes a small FOV and, given the microscopic characteristics of this diagnostic task, the
highest possible spatial resolution;17–19 however, the latter is often correlated with higher X-ray dose20

due to the need for higher energetic parameters, mainly to increase the contrast-to-noise ratio.

Positive and promising results of optimised CBCT protocols for endodontic purposes are being obtained
by using half-scan mode21–23 and relatively larger voxel sizes (0.30 mm) at decreased spatial
resolution.24 However, to the best of the authors’ knowledge, there is no information in literature focusing
on reducing energetic parameters (mA and kV) in the presence of metallic materials in the CBCT exomass
for the diagnosis of VRF. Therefore, the aim of this study was to evaluate the diagnostic accuracy of an
optimised CBCT protocol for the detection of simulated VRF in the presence of metallic artefacts from the
exomass and/or endomass.

Materials And Methods

Ethical Aspects
All the following methods were carried out in accordance with the Declaration of Helsinki and this study
was approved by the Research Ethics Committee of the Piracicaba Dental School of the University of
Campinas, Brazil (CAAE: 98690918.9.0000.5418).

Custom-made exomass phantom
A partially edentulous dry human mandible, obtained from the dentomaxillofacial radiology department
of Paris University, was covered with Mix-D, a validated soft tissue simulator of the absorption and
scattering of the X-rays.4 Twenty single-rooted human teeth were extracted for clinical reasons unrelated
to the present study and collected after obtaining a written informed consent from all patients, which is in
agreement with the Research Ethics Committee of the Piracicaba Dental School of the University of
Campinas, Brazil. All teeth had the crown sectioned at the cement-enamel junction by a metallographic
cutter (Isomet 1000; Buehler Ltd, Lake Bluff, IL) to avoid bias of memorization of the tooth during the
evaluation. The resulting roots were endodontically instrumented (Wave-One primary �le system, tip size
25, .07 taper, 25 mm, Dentsply Maillefer) using the reciprocating motion (X-Smart Plus, Dentsply
Maillefer). VRF was induced in ten teeth, half of the sample, using the international testing machine
Instron 4411 (Instron Corporation, Carton, MA) adjusted at 500 N and 1 mm per minute cross-speed.
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Additionally, to assure the presence of root fracture, all teeth were scanned with the micro-CT unit
Quantum FX (PerkinElmer, Waltham, US), adjusted to 160 mA, 90 kV, 2 minutes of scanning, a FOV size of
20 x 20 mm and a voxel size of 0.04 mm.

In order to simulate a frequent clinical condition without deterioration of the CBCT image arising from the
intracanal material of the tooth of interest,25 a �berglass post (diameter, 1 mm; height, 10 mm; WhitePost
DC, FGM, Joinville, Brazil) composed of �berglass, epoxy resin, radiopaque compound, inorganic load,
and polymerization promoters, was inserted into the root canals of all teeth, which were individually
placed in the empty socket of the left second premolar of the human mandible. Finally, to simulate a wide
range of dispositions of metallic materials in the oral cavity, titanium implants (diameter, 3.5 mm; height,
10 mm; KOPP, Curitiba, PR, Brazil) and cobalt-chromium intracanal posts (cobalt-chromium alloy, Talmax,
Curitiba, PR, Brazil) were alternatively placed at four different locations in the exomass and inside of the
FOV (endomass), as follows: I Exo – one metallic material in the exomass (in left third molar socket), II
Exo – two metallic materials in the exomass (in the right canine and left third molar sockets), ExoEndo –
one metallic material in the exomass (in the left third molar socket) and one metallic material in the
endomass (in the left �rst premolar socket), and Endo – one metallic material in the endomass (in the left
�rst premolar socket) (Fig. 1).

CBCT scans and X-ray dose protocols
For each of the twenty prepared teeth, the imaging phantom was scanned without any metallic material
in the exomass (control) and with metallic materials, of different compositions, alternatively placed at the
four dispositions previously described using the CBCT unit CS 9300 (Carestream, Rochester, NY, United
States) adjusted to a FOV of 5 x 5 cm, voxel size of 0.09 mm, and two dose protocols: standard (100
mAs, 90 kVp, and a dose-area-product of 7.13 mGycm2) and optimised (24 mAs, 70 kVp, and a dose-area-
product of 0.86 mGycm2) (Figs. 2 and 3). The standard protocol was based on the manufacturer’s
settings and the optimised protocol on the study of Oenning et al.26 that showed considerable decrease
of the effective dose with an acceptable image quality in the same CBCT unit used in this study. The
resulting volumetric data were exported in DICOM format.

VRF analysis
All the CBCT volumes were assessed by three oral and maxillofacial radiologists with over 10 year of
experience, blinded and previously calibrated, for the detection of VRF. The evaluators were calibrated and
trained before the beginning of the assessment. They classi�ed the presence of VRF using a scale of 5
points: 1, absolutely absent; 2, presumably absent; 3, uncertain; 4, presumably present; and 5, absolutely
present. The assessment was done in a quiet and darkened room and, to avoid visual fatigue, a limit of
25 volumes per day and an interval of 24 h between sessions were respected. The evaluators were
allowed to control brightness, contrast and zoom settings.

A revaluation of 25% of the CBCT volumes of each experimental group (with and without fracture,
standard and optimised dose protocols and, with and without metallic materials at different dispositions
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and compositions) were performed after 30 days to analyse intra-observer con�dence.

Statistical analysis
The SPSS software, version 25 (SPSS, Chicago, IL, USA) and GraphPad Prism 8.0 (GraphPad Software,
LA Jolla, CA, USA) were used to perform all the analyses with a signi�cance level of 5% (α = 0.05). The
area under the receiver operating characteristic curve (AUC), sensitivity, and speci�city were calculated.
ANOVA two-way with post-hoc Tukey test was used to compare the AUC, sensitivity, and speci�city values
between the dose protocols and the different dispositions and compositions of the metallic materials in
the exomass and/or endomass. Weighted Kappa test was used to measure the intra- and interobserver
agreements and the results were interpreted according to Landis & Koch27 (0.00–0.20, poor; 0.21–0.40,
reasonable; 0.41–0.60, moderate; 0.61–0.80, good; 0.81–1.00, excellent).

Results
In most of the dispositions of the metallic materials, the AUC (standard, 0.91–0.97; optimised, 0.81–
0.94), sensitivity (standard, 0.87–0.97 optimised, 0.63–0.93), and speci�city (standard, 0.77–0.97;
optimised, 0.60–0.91) values did not differ signi�cantly (p > 0.05) between the dose protocols, except
when a titanium implant was in the endomass, in which the sensitivity was signi�cantly higher (p < 0.05)
for the standard dose protocol. When comparing the composition of the metallic materials, no signi�cant
difference was found for AUC (p > 0.05), sensitivity (p > 0.05) and speci�city (p > 0.05) between titanium
and cobalt-chromium. (Table 1).
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Table 1
Mean values (standard deviation) of the area under the receiver operating characteristics curve (AUC),

sensitivity, and speci�city for different dose protocols, material dispositions and compositions. An
asterisk indicates signi�cantly lower sensitivity than the standard protocol for the same material and

disposition.
  Dose

protocol
Control Material Dispositions

  I Exo II Exo ExoEndo Endo

AUC Standard 0.94
(0.04)

Ti 0.95
(0.03)

0.94
(0.04)

0.89
(0.12)

0.92
(0.07)

CoCr 0.90
(0.08)

0.94
(0.01)

0.92
(0.07)

0.93
(0.04)

Optimised 0.94(0.01) Ti 0.94
(0.04)

0.93(0.03) 0.82(0.03) 0.83
(0.03)

CoCr 0.84
(0.03)

0.81(0.03) 0.85
(0.09)

0.82
(0.07)

Sensitivity Standard 0.88
(0.08)

Ti 0.91
(0.10)

0.88
(0.08)

0.91
(0.10)

0.95
(0.04)

CoCr 0.85
(0.13)

0.88
(0.08)

0.88
(0.08)

0.88
(0.08)

Optimised 0.87
(0.90)

Ti 0.93
(0.12)

0.83
(0.12)

0.77
(0.15)

0.63
(0.06)*

CoCr 0.87
(0.15)

0.77(0.15) 0.73
(0.15)

0.70
(0.10)

Speci�city Standard 0.89
(0.08)

Ti 0.95
(0.04)

0.91
(0.04)

0.75
(0.30)

0.78
(0.18)

CoCr 0.88
(0.08)

0.91
(0.04)

0.88
(0.08)

0.88
(0.08)

Optimised 0.90
(0.10)

Ti 0.80
(0.26)

0.83(0.15) 0.60(0.36) 0.90
(0.10)

CoCr 0.77
(0.15)

0.73
(0.21)

0.87(0.15) 0.83
(0.12)

 

Both the intraobserver (0.42–0.71) and interobserver (0.53–0.75) agreements ranged from moderate to
good.

Discussion
Radiation dose reduction in diagnostic imaging is an appropriate precaution as long as the resulting
image presents su�cient quality to be diagnostically acceptable; this is the concept from which the
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principle of optimisation in radiology is based upon.5,26 In this respect, the present study proposed as a
strategy for radiation optimisation for VRF evaluation, the reduction of mAs and kV. The results indicate
that a substantial decrease of the dose-area-product in CBCT (8 fold less) is possible while maintaining
the diagnostic accuracy in the presence of metal artefacts from the exomass and/or endomass.

The optimised scanning protocol used in this study was based on the study of Oenning et al. (2018)26

that evaluated 6 different scanning protocols at a �xed FOV (8 x 8 cm) but varying kVp, mAs, number of
basis images, and voxel size to the visualisation of anatomical features of peadiatric skulls. They
selected this protocol, as the optimal one, based in the observers scores and exposure factors. To
propose a higher reduction of radiation dose and increase the exomass, this study used a smaller FOV
size (5 x 5 cm). It is important to highlight that the present study was based on the suggested optimal
protocol only as we used the same CBCT unit. The use of literature-based optimised protocols should
consider that the effective dose and the image quality can change between CBCT units.6

Some exposure settings, such as the mAs and kV, are normally pre-adjusted by the manufacturer that is
supposed to have considered the diagnostic task, patient size and age when aiming for better image
quality.9 The mAs has a directly proportional linear relationship with the number of X-ray photons since it
affects the number of electrons available in the cathode of the tube when X-rays are produced.
Additionally, the kV is responsible for the voltage at which the electrons are subjected and, consequently,
for the energy of the resulting X-ray photons, which affects the balance between photoelectric and
Compton effects when interacting with the matter. Although higher mAs and kV values are positive for
increasing the signal-to-noise ratio, the radiation dose is inevitably increased as well.3,11,28 Pauwels et
al.28 studied the isolated and combined effect of mAs and kV on the radiation dose and contrast-to-noise
ratio, and suggested that optimisation in CBCT should be based only on mAs reduction because the
highest kV value used demonstrated less image degradation even at lower dose levels. Conversely, other
studies on dose optimisation showed that both the mAs (from 105 to 52.5 and 157.5 to 87.5) and kV
(from 90 to 80) can be reduced without signi�cant impact in the accuracy of diagnostic tasks such as
assessment of impacted maxillary canine and periodontal structures.2,29

In the present study, the radiation dose of the protocols was assessed by the dose-area-product, in
Gy.cm2, which is the absorbed dose multiplied by the irradiated area provided in the CBCT unit once the
exposure settings are selected. It stablishes achievable X-ray dose and relates reasonably well with
effective dose.30,31 Previous studies also reduced the dose-area-product without a negative in�uence on
the diagnostic accuracy of impacted maxillary canine (52%)2, periodontal structures (55%),29 and peri-
implant bone lesions (93%).32

Optimised CBCT protocols should consider several key-points such as patient age, size and gender, exam
indication and, mostly, the balance between risks and bene�ts of the exam.26 The European Society of
Endodontology19 and the American Association of Endodontists guidelines17,18 advise the use of limited
FOV CBCT for endodontic purposes; furthermore, the scienti�c literature has shown positive results of
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optimised CBCT protocols by using half-scan to detect root fracture22,23 and lower mAs and half-scan to
detect external root resorption.21,24 Importantly, unlike from the present study, none of these studies
considered the presence of metallic materials in the scanned area, which can cause artefacts on CBCT
images and negatively in�uence the diagnostic accuracy.33 Bechara et al.22 made use of endodontically
treated teeth with gutta-percha and showed a signi�cant increase of false-positive diagnosis of root
fracture when the number of basis images was halved, due to an increase of beam hardening artefact in
the image by gutta-percha. However, the accuracy and sensitivity did not vary signi�cantly.

Because high-density materials are frequently used in oral rehabilitation, the indication of small FOV
CBCT for endodontic purposes increases the possibility of having them in the exomass. It is therefore
important to consider this condition for the study of optimised protocols as high-density materials in the
exomass have shown to negatively impact the CBCT image quality,13,14 however, on the other hand, have
shown to not affect the diagnostic accuracy of vertical root fracture.15 In the present study, the presence
of titanium implants or cobalt-chromium intracanal posts in the exomass and/or endomass did not
in�uence the diagnosis of VRF at both standard and optimised protocols.

In order to only analyse the effect of artefacts arising from metallic materials around the tooth of interest,
in the exomass and/or endomass, the present methodological design made use of �berglass endodontic
posts in the teeth of interest; they are currently used to reduce the tension of the root in an aesthetic
restoration of endodontically treated teeth.34 Previous studies have shown higher diagnostic accuracy of
root fracture and less occurrence of CBCT artefacts in the presence of �berglass post, when compared
with gutta-percha and metallic alloys posts.25,35 This can be possibly attributed to the different
composition of these materials, considering that higher atomic number can produce more CBCT
artefacts. Thus, hypodense streaks of the artefacts can mimic fracture lines and increase false-positive
diagnosis.36,37

Overall, the reduction of mAs and kV on an optimised CBCT protocol was applicable without signi�cant
impact in the diagnosis of VRF. Despite the wide number of CBCT units available in the market presenting
different con�gurations for scanning,38 it is important to highlight that the outcomes of the present study
encourage the search for dose optimisation. Further assessment of other CBCT units is needed to
establish machine-speci�c dose-optimised protocols with solid indications and limitations in the
diagnosis of VRF.

Conclusion
Optimised CBCT protocols should be considered in the detection of VRF of dental roots �lled with
�berglass posts irrespective of the occurrence of artefacts from metallic materials in the exomass and/or
endomass.

Declarations



Page 9/14

ACKNOWLEDGMENTS

The authors gratefully acknowledge �nancial support from Coordenação de Aperfeiçoamento de Pessoal
de Nível Superior - Brasil (CAPES) – Finance code 001. The authors deny any con�icts of interest related
to this study.

AUTHORS’ CONTRIBUTIONS

A.P.C., B.S. and M.L.O. contributed to conception. A.P.C., F.M., R.J., D.Q.F., F.H-N., B.S. and M.L.O.
contributed to design. A.P.C., F.M., K.F.V, A.C.O, D.Q.F, B.S and M.L.O. contributed to analysis. A.P.C. and
M.L.O drafted the manuscript. All authors revised the manuscript, gave �nal approval and agreed to be
accountable for all aspects of the work.

COMPETING INTERESTS

The authors declare no competing interests.

DATA AVAILABILITY

All the data that support the �ndings of the current study are available from the corresponding author
upon reasonable request.

References
1. Brenner, D.J. & Hall, E.J. Computed tomography an increasing source of radiation exposure. N Engl J

Med. 22, 2277‐2284 (2007). 

2. Hidalgo Rivas, J.A. & Horner, K., Thiruvenkatachari, B., Davies, J., Theodorakou, C. Development of a
low-dose protocol for cone beam CT examinations of the anterior maxilla in children. Br J Radiol; 88,
20150559 (2015).

3. Seeram, E. Computed Tomography. Physical Principles, Clinical Applications, and Quality Control.
Edition 4. Elsevier; 10, 221-224 (2015).

4. Oenning, A.C. et al. Cone-beam CT in paediatric dentistry: DIMITRA project position statement.
Pediatr Radiol; 48, 308–316 (2018).

5. Yeung, A.W.K., Jacobs, R. & Bornstein, M.M. Novel low-dose protocols using cone beam computed
tomography in dental medicine: a review focusing on indications, limitations, and future possibilities.
Clin Oral Investig. 26, 2573‐2581 (2019).

�. Loubele M. et al. Comparison between effective radiation dose of CBCT and MSCT scanners for
dentomaxillofacial applications. Eur J Radiol. 71, 461–468 (2009).

7. Lofthag-Hansen, S., Thilander-Klang, A. & Grondahl, K. Evaluation of subjective image quality in
relation to diagnostic task for cone beam computed tomography with different �elds of view. Eur J
Radiol. 80, 483–488 (2011).



Page 10/14

�. Harris D. et al. E.A.O. guidelines for the use of diagnostic imaging in implant dentistry 2011. A
consensus workshop organized by the European Association for Osseointegration at the Medical
University of Warsaw. Clin Oral Implants. 23, 1243–1253 (2012).

9. Pauwels, R., et al. Optimization of dental CBCT exposures through mAs reduction. Dentomaxillofac
Radiol. 44, 20150108 (2015).

10. EzEldeen, M. et al. As low dose as su�cient quality: optimization of cone-beam computed
tomographic scanning protocol for tooth autotransplantation planning and follow-up in children. J
Endod. 43, 210–217 (2016).

11. McGuigan, M.B., Duncan, H.F. & Horner, K. An analysis of effective dose optimization and its impact
on image quality and diagnostic e�cacy relating to dental cone beam computed tomography
(CBCT). Swiss Dent J. 128, 297‐316 (2018).

12. Meilinger, M., Schmidgunst, C., Schutz, O. & Lang, E.W. Metal artefact reduction in cone beam
computed tomography using forward projected reconstruction information. Z Med Phys. 21, 174-182
(2011).

13. Candemil, A.P. et al. Metallic materials in the exomass impair cone beam CT voxel values.
Dentomaxillofac Radiol. 47, 20180011 (2018).

14. Candemil, A.P., Salmon, B., Freitas, D.Q., Haiter-Neto, F. & Oliveira, M,L. Distribution of metal artifacts
arising from the exomass in small �eld-of-view cone beam computed tomography scans. Oral Surg
Oral Med Oral Pathol Oral Radiol. 130, 116-125 (2020).

15. Candemil, A.P., Mangione, F., Vasconcelos, K.F., Oenning, A.C., Jacobs, R., Freitas, D.Q., Haiter-Neto, F.,
Salmon, B., Oliveira, M.L. In�uence of the exomass on the detection of simulated root fracture in
cone-beam CT - an ex-vivo study. Dentomaxillofac Radiol. 50, 20200450 (2021).

1�. American Association of Endodontists. Colleagues for excellence - Cracking the cracked tooth code.
Chicago, IL: American Association of Endodontists (2008).

17. Fayad, M.I., et al. AAE and AAOMR joint position statement: use of cone beam computed
tomography in endodontics 2015 update. Oral Surg Oral Med Oral Pathol Oral Radiol. 120, 508–512
(2015).

1�. Salineiro, F.C.S., Kobayashi-Velasco, S., Braga, M,M, & Cavalcanti, M,G,P. Radiographic Diagnosis of
root fractures: a Systematic review. Dentomaxillofac Radiol. 46, 20170400 (2017).

19. Patel, S., Brown, J., Semper, M., Abella, F. & Mannocci, F. European Society of Endodontology position
statement: Use of cone beam computed tomography in Endodontics: European Society of
Endodontology (ESE) developed by. Int Endod J. 52, 1675‐1678 (2019).

20. Bushberg, J.T. Eleventh annual Warren K. Sinclair keynote address-science, radiation protection and
NCRP: building on the past, looking to the future. Health Phys. 108, 115–123 (2015).

21. Durack, C., Patel, S., Davies, J., Wilson, R. & Mannocci, F. Diagnostic accuracy of small volume cone
beam computed tomography and intraoral periapical radiography for the detection of simulated
external in�ammatory root resorption. Int Endod J. 44, 136–147 (2011).



Page 11/14

22. Bechara., B. et al. Number of basis images effect on detection of root fractures in endodontically
treated teeth using a cone beam computed tomography machine: an in vitro study. Oral Surg Oral
Med Oral Pathol Oral Radiol. 115, 676–681 (2013).

23. Jones, D., Mannocci, F., Andiappan, M., Brown, J. & Patel, S. The effect of alteration of the exposure
parameters of a cone-beam computed tomographic scan on the diagnosis of simulated horizontal
root fractures. J Endod. 41, 520–525 (2015).

24. Neves, F., Vasconcelos, T., Vaz, S., Freitas, D. & Haiter-Neto, F. Evaluation of reconstructed images
with different voxel sizes of acquisition in the diagnosis of simulated external root resorption using
cone beam computed tomography. Int Endod J. 45, 234–239 (2012).

25. Neves, F.S., Freitas, D.Q., Campos, P.S., Ekestubbe, A. & Lofthag-Hansen, S. Evaluation of cone-beam
computed tomography in the diagnosis of vertical root fractures: the in�uence of imaging modes
and root canal materials. J Endod. 40, 1530-1536 (2014).

2�. Oenning, A.C. et al. Halve the dose while maintaining image quality in paediatric Cone Beam CT. Sci
Rep. 9, 5521 (2019).

27. Landis JR, Koch GG. An application of hierarchical kappa-type statistics in the assessment of
majority agreement among multiple observers. Biometrics 1977; 33: 363-374.

2�. Pauwels, R. et al. A pragmatic approach to determine the optimal kVp in cone beam CT: balancing
contrast-to-noise ratio and radiation dose. Dentomaxillofac Radiol. 43, 20140059 (2014).

29. Al-Okshi, A., Theodorakou, C. & Lindh, C. Dose optimization for assessment of periodontal structures
in cone beam CT examinations. Dentomaxillofac Radiol. 46, 20160311 (2017).

30. Pauwels, R. et al. Development and applicability of a quality control phantom for dental cone-beam
CT. J Appl Clin Med Phys. 12, 245–260 (2011).

31. European Commission. Radiation protection 172. Cone beam CT for dental and maxillofacial
radiology. Evidence-based guidelines. Luxembourg City, Luxembourg: European Commission,
Directorate for Energy (2012).

32. Schwindling, F.S. et al. In vitro diagnostic accuracy of low-dose CBCT for evaluation of peri-implant
bone lesions. Clin Oral Implants Res. 30, 1200‐1208 (2019).

33. Draenert, F.G., Coppenrath, E., Herzog, P., Müller, S. & Mueller-Lisse, U.G. Beam hardening artefacts
occur in dental implant scans with the NewTom cone beam CT but not with the dental 4-row
multidetector CT. Dentomaxillofac Radiol. 36, 198-203 (2007).

34. Pierrisnard, L., Bohin, F., Renault, P. & Barquins, M. Corono-radicular reconstruction of pulpless teeth:
a mechanical study using �nite element analysis. J Prosthet Dent. 88. 442-448 (2002).

35. Marinho, V.L.E. et al. Assessment of the In�uence of Different Intracanal Materials on the Detection
of Root Fracture in Birooted Teeth by Cone-beam Computed Tomography. J Endod. 46. 264‐270
(2020).

3�. Khedmat, S., Rouhi, N., Drage, N., Shokouhinejad, N. & Nekoofar, M.H.. Evaluation of three imaging
techniques for the detection of vertical root fractures in the absence and presence of gutta-percha
root �llings. Int Endod J. 45, 1004-1009 (2012).



Page 12/14

37. Brito-Júnior, M., Santos, L.A.N., Faria-e-Silva, A.L., Pereira, R.D. & Souza-Neto, M.D. Ex vivo evaluation
of artifacts mimicking fracture lines on cone-beam computed tomography produced by different root
canal sealers. Int Endod J. 47, 26-31 (2014).

3�. Gaêta-Araujo, H. et al. Cone-beam computed tomography in dentomaxillofacial radiology: a two-
decade overview. Dentomaxillofac Radiol. 49, 20200145 (2020).

Figures

Figure 1

Scheme illustrating the dispositions of the metallic materials in the imaging phantom. The grey circle
represents the region of interest (socket of the lower left second premolar), the black dotted circle
highlights the limit of the �eld-of-view and the black solid circle indicates the location of the metallic
materials. a) Control (absence of metallic material); b) I Exo - one metallic material in the exomass; c) II
Exo - two metallic materials in the exomass; d) ExoEndo - one metallic material in the exomass and one
metallic material in the endomass; e) Endo - one metallic material in the endomass.
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Figure 2

Representative CBCT axial reconstructions of the standard and optimised protocols in different
dispositions of titanium implants and cobalt-chromium intracanal posts in the mandible.
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Figure 3

Cropped axial reconstructions of the standard and optimised CBCT protocols in different dispositions of
titanium implant and cobalt-chromium intracanal posts in the mandible. The white arrows highlight the
vertical root fracture in the second pre-molar.


