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Abstract
Background: Root fractures are a diagnostic challenge for dentists because their signs and symptoms are
not present in all cases, and they are di�cult to differentiate from endodontic treatment failures, the
purpose of the present study was to determine the relationship between the characteristics of tooth
fractures and the presence of root canal posts in endodontically treated teeth using high-resolution cone
beam computed tomography (CBCT). Methods: Fifty high-resolution CBCT scans of endodontically
treated teeth with a diagnosis of fracture were obtained, of which 30 were from women and 20 were from
men. These scans were acquired with three Veraviewepocs 3D units and one 3D Accuitomo 170 unit, with
a 40 × 40-mm �eld of view and 125 μm voxel size. The variables assessed included the type of fracture,
extent of fracture, type of retention, post length, cause of endodontic failure, location of the lesion, and
time required to detect the fracture (di�culty score). For data analysis, the chi-squared test, Student's t-
test, and multiple linear regression (α 0.05) were used. Results: No association was found between the
type of fracture and type of retention or between the type of fracture and its extent (P 0.05). On the other
hand, the type of fracture signi�cantly in�uenced the time required for its detection. Additionally, the most
di�cult plane for detecting the fracture and the di�culty score were associated, with statistically
signi�cant results. Conclusions: The type of fracture in endodontically treated teeth was not associated
with the type of post used for restoration. All of the CBCT systems used to detect tooth fracture showed
the same e�ciency. Keywords: Cone Beam Computed Tomography, Tooth Fracture, Root Canal Post, High
Resolution

Background
Root fractures are a diagnostic challenge for dentists because their signs and symptoms are not present
in all cases, and they are di�cult to differentiate from endodontic treatment failures. Additionally, they
cannot always be detected with conventional radiographs [1,2]. The etiology of fractures is multifactorial;
these factors can be divided into predisposing and iatrogenic factors [3].

Three factors are important to classify root fractures: origin, location, and pattern [4]. In their study with
cone beam computed tomography (CBCT), Doğan et al. [5] found that the additional presence of crown
fractures has a negative effect on the spontaneous healing of root fractures. Most teeth extracted due to
root fracture were teeth with prosthetic restorations after root canal treatment and dental �llings
[6].Additionally, for future implant placement, the early detection of the fractured root after tooth
extraction is important to ensure alveolar bone integrity[1].

CBCT images are more effective than periapical radiographs to detect vertical root fractures in teeth with
and without endodontic treatment. The maximum accuracy, sensitivity, and speci�city have been reported
as 96.6%, 93.3%, and 100%, respectively [7]. CBCT can be an ideal alternative in the diagnosis of root
fracture in endodontics [8-10].
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It has been reported that CBCT images have a higher reliability and validity than do intraoral radiographic
techniques in managing an endodontic diagnosis and its complications [11,12] . Karabucak et al. [13]
reported an overall incidence of missed canals of 23.04% and found a signi�cant difference in the
prevalence of apical periodontitis when one canal was left untreated (P <0.05).

It is thought that missing additional canals when using imaging techniques can lead to unsuccessful
treatments [14]. The prevalence of apical lesions is high and increases in the presence of defective
coronal restorations and procedural errors in endodontics, of which incomplete �lling was the most
common, followed by partial lateral condensation and canals without radiopaque �lling [15].Among the
main causes of root canal treatment failure are those that could be visualized radiographically, such as
open apices, root perforations, and root fractures [16],while 45.1% of endodontically treated teeth showed
a periapical lesion when assessed by CBCT [17].

Using high-resolution CBCT images is an alternative for a more reliable diagnosis of root fractures in
endodontically treated teeth due to its high accuracy by using the high-resolution/standard (HI-STD)
protocol, which reduces the radiation dose [18].To detect root perforations, the high-resolution mode
provides signi�cantly greater accuracy than the low-resolution mode [19]. In comparison with the results
of ex vivo cross-sections (gold standard), in the general range of correct diagnosis with CBCT, the
accuracy increased from 92% to 100% within each assessment parameter, and the diagnoses obtained
with 3D Accuitomo 170 were as accurate or more accurate than other systems [20].

Additionally, vertical root fractures were signi�cantly more common in teeth with a post (16.2%
prevalence) than without a post (1.2%) according to Maddalone et al [21]. The sensitivity and speci�city
of the area under the receiver operating characteristic (ROC) curve of the scan with posts and without
posts were signi�cantly higher than those of periapical radiography under the same conditions [22].

Considering the results described in the literature regarding the high diagnostic e�ciency of high-
resolution tomographic images to detect root fractures in teeth with posts, the purpose of the present
study was to determine the relationship between the characteristics of tooth fractures and the presence
of root canal posts in endodontically treated teeth using high-resolution cone beam computed
tomography scans acquired in four radiology centers.

Methods
The present retrospective study was approved by the Ethics and Research Committee of the Southern
Scienti�c University, Lima, Peru (Protocol number 268-2018-POS8). The minimum sample size was
determined using the online sample calculation software from www.�sterra.com with a 95% con�dence
level.

Fifty high-resolution CBCT scans with a diagnosis of root fracture in endodontically treated teeth were
obtained of which 30 (60%) were from women, with a mean age of 55.7 ± 12 years, and 20 (40%) were
from men, with a mean age of 47.5 ± 10 years. These scans were acquired in three Veraviewepocs 3D

http://www.fisterra.com/
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units (J Morita Corp., Kyoto, Japan) and one 3D Accuitomo 170 unit (J Morita Corp., Kyoto, Japan). The
size of the �eld of view (FOV) in all cases was 40 x 40 mm, with a 125 μm voxel size. The exposure
factors varied between 80-90 kVp and 6-7 mA, with an approximate dose of 20 μSv per case. All volumes
were assessed with i-Dixel 2.0 software (J Morita Corp.). For fracture localization, an iMac 4K iMac
display was used with a resolution of 4096 x 2160 pixels (Apple Inc., USA). The time it took the specialist
to detect each fracture in the three spatial planes (axial, coronal, and sagittal) in each CBCT was
recorded. This measurement was then applied to a categorical scale where different values were matched
to the di�culty score: low, up to 60 seconds; medium, from 61 to 180 seconds; and high, above 181
seconds. Subsequently, the radiographic �ndings were assessed and classi�ed according to the following
variables: 1. type of fracture: horizontal, oblique, or vertical [23]; 2. Type of retention: without a post, with
a non-metal post, with a metal post (Figure 1); 3. Extent of the fracture: crown, �rst third of the root canal,
middle third of the root canal, or apical third of the root canal (Figure 2); 4. Cause of endodontic failure:
without failure, un�lled root canal, partially �lled canal, or false canal (Figure 3); and 5. Location of the
lesions: no lesion, apical lesion, periradicular lesion, pararadicular lesion, or interradicular lesion. All data
were recorded in an Excel table (Microsoft Corp., USA).

In total, 50 CBCT scans were assessed by an oral and maxillofacial radiologist with over 10 years of
experience in the interpretation of 3D images acquired with cone beam computed tomography. An intra-
examiner assessment was performed for 30% of the samples, with a difference of one month between
the �rst and second assessments to evaluate reproducibility and measure the study error using the Kappa
index. This process yielded an agreement value greater than 0.7 for all the categorical variables (Table 1).
In the time required to detect the fracture variable, the intraclass correlation coe�cient (ICC) was 0.979,
with a 95% con�dence interval of 0.936 - 0.993.

Statistical Analyses
The data analysis was performed using IBM SPSS Statistics 25.0 (Armonk, NY. USA). The results are
presented in tables with descriptive summary measures.

The chi-squared test was used to evaluate the association between the two main categorical variables; a
multiple linear regression model was then applied to assess the in�uence of the variables affecting the
time required to detect the fracture. Finally, Student’s t-test was used to compare whether the time
required to detect the fracture was different for the two tomography units that were used. A signi�cance
level of P <0.05 was applied.

Results
Horizontal fracture was the least common, with 6 cases, followed by vertical fracture with 18 cases.
Oblique fracture was the most common, with 26 cases. According to the type of retention, 40% of the
sample had no post, 56% had a metal post, and 4% had a non-metal post. Regarding the extent of the
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fracture, 4% reached the crown, 24% reached the �rst third of the root canal, 54% reached the middle third,
and 18% reached the apical third. In relation to endodontic failures, different causes were found in 38% of
the cases, such as un�lled root canals (10), incompletely �lled canals (8), and a false canal (1).
Regarding the location of the lesion, apical fracture was the most common and was found in 40% of the
cases.

There were no signi�cant differences by age and sex; no statistically signi�cant association was found
between the type of fracture and type of retention (Table 2) or between the type of fracture and the extent
of the fracture (Table 3).

The endodontic failures that were found did not show a statistically signi�cant association (Table 4).
Pararadicular lesions had a statistically signi�cant association with the type of fracture (P <0.05) (Table
5).

The time required to detect the fractures had a statistically signi�cant in�uence on the detection of
oblique and vertical fractures; the time required was 34 seconds less for both types than for horizontal
fractures. For fractures in which an interradicular lesion was not present, the time required was 88
seconds longer than for those with this type of lesion (Table 6). There were no statistically signi�cant
differences between the times required to detect the fracture according to the CBCT system that was used
(Table 7). The most di�cult plane for detecting the fracture and the di�culty score were associated,
showing statistically signi�cant results (P <0.05) (Table 8).

Discussion
In the present study, 50 high-resolution CBCT scans were assessed in patients with a diagnosis of tooth
fracture. The results showed that the type of fracture is not related to the type of retention used, which
coincides with the results reported by Tsai et al. [24] where the presence of a post was not closely related
to the presence of horizontal or vertical root fractures in posterior teeth [25]. These results contrast with
those reported by Maddalone et al. [21] in a prevalence study showing an increased risk of vertical root
fracture (VRF) in teeth restored with a post; these authors found a statistically signi�cant difference in
relation to teeth without a post. In their study, the sample included 61 teeth with a post and VRF and 7
teeth without a post and VRF; more than half of the cases were diagnosed during apical surgery.
Additionally, no association was found between the type of fracture and the extent of the fracture, which
is in contrast to Huang et al. [26] who assessed vertical root fractures greater than 100 microns using
micro CT and found that they reached the apical third. The investigation by Huang et al. was an in vitro
study of 37 extracted molars and premolars, while in the present study we included teeth from the 4
quadrants of the oral cavity. This aspect could have had a positive in�uence on our results.

Regarding the association between the type of fracture and the different causes of endodontic failures,
some authors mention the great di�culty of differentiating the signs and symptoms between a lesion
caused by root fracture and chronic apical periodontitis caused by endodontic failure [27,28]. In our
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sample, there were many un�lled MB2 canals, incompletely �lled canals, and one false canal. However,
although we did not �nd a correlation between them, there were existing lesions that could have
originated before the root fracture occurred [29]. The present study explored the association between the
type of fracture and the location of the lesion, �nding that most cases had at least one type of lesion,
coinciding with the results of a similar report [30] in which the authors found that the radiolucent J-
shaped (halo) image was signi�cantly more common in those cases with vertical root fractures than in
controls with no fractures. Arx et al.[31]found that in teeth with vertical root fractures, the most common
radiographic �nding was a periapical lesion, while in the present study, pararadicular lesions were the
most common in this type of fracture and were not present in any horizontal fracture, possibly because
most vertical fractures extended to the middle third of the root and not to the apical third.

The time required to detect the fracture had a statistically signi�cant in�uence on detecting oblique and
vertical fractures, as this was 34 seconds less than for horizontal fractures. This �nding is in contrast to
the study by Kamburoglu et al. [32], who reported that the radiographic detection of HRF with CBCT is
easier than for vertical root fractures. They noted that artifacts caused by root canal �lling, pins and
posts can complicate the assessment of VRF in fractures in which there is no interradicular lesion, which
took 88 seconds longer than in those which did not have this lesion. This measurement was then applied
to the di�culty score, �nding that most fractures were detected with a medium di�culty score (between
61 and 180 seconds). Notably, all teeth were endodontically treated, and 56% of the sample was restored
with a metal post, which was a diagnostic challenge for the radiologist because the artifacts generated
by the metal and �lling material could affect the time required to detect the fracture. As mentioned by
other researchers, the presence of posts and gutta-percha reduces the sensitivity and accuracy in
detecting vertical root fractures [33-35]. Another study recommended removing root canal �lling material
before taking images to increase the potential of CBCT [36]. Using the metal artifact reduction (MAR)
algorithm improves the speci�city; its use is recommended when there are metal objects near teeth with
suspected VRF [37]. Other authors have reported protocols with smaller FOVs and voxels and achieved
better sensitivities and speci�cities when detecting horizontal root fracture [38,39].

A comparison between the two tomography systems used showed no signi�cant variation in the time
required to detect the fracture. This could be related to the use of equipment from the same manufacturer
and using the same voxel size and image analysis software. This coincides with other authors [32] that
have used CBCT systems with limited FOVs and high resolution, which behaved similarly in the detection
of ex vivo-simulated HRF. According to Metzca et al. [40], the highest diagnostic accuracy rate for
detecting vertical root fractures was achieved using CBCT with 80 μm voxels (3D Accuitomo 170; CA,
USA), as opposed to that reported by Ma et al. [41],who did not �nd signi�cant differences between 80
μm and 125 μm voxel subgroups (P=0.320). To improve the accuracy of root fracture detection, other
authors have suggested that more evidence is needed regarding the impact of voxel size variation on the
diagnostic result in dentistry [42].

The three-dimensional study included the coronal and sagittal planes, which caused the greatest
di�culties in detecting the tooth fracture. The plane was one of the elements that changed the di�culty
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score (P <0.05), as BL and MD fractures can more easily be detected in the axial plane because it is
perpendicular to the fracture [43]. In other studies, the axial plane was found to be the most effective for
con�rming speci�c diagnoses, such as root fractures, compared with the coronal and sagittal planes
[8,44]. Future studies can use the method proposed, using a di�culty score to measure the time required
to detect fractures, making comparisons with smaller voxels and using �lters. The method can also be
used for other topics of interest.

Conclusions
The type of fracture in endodontically treated teeth was not associated with the type of post used for
restoration. The time required to detect the fracture was less for detecting vertical and oblique fractures
than for horizontal ones. The detection time was also lower for fractures in which an interradicular lesion
was present. According to the di�culty score, the coronal and sagittal planes presented the most
di�culty when trying to detect a root fracture. The e�ciency of tooth fracture detection was similar with
the two CBCT systems that were used.

Abbreviations
CBCT: Cone beam computed tomography

Kvp: kilovoltage peak

mA: Milliamperage

CT: Computed tomography

FOV: Field of View

VRF: Vertical root fracture

HRF: Horizontal root fracture

MAR: Metal Artifact reduction

BL: Buccolingual

MD: Mesiodistal

FOVs: Fields of view

Declarations
Ethical approval and consent to participate: All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national research



Page 8/18

committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards, The present retrospective study was approved by the Ethics and Research Committee of the
Southern Scienti�c University, Lima, Peru (Protocol number 268-2018-POS8)

Consent for publication: Not Applicable

Availability of data and materials:
The datasets used and/or analyzed during the current study available from the corresponding author on
reasonable request.

Competing interest: David Aristizabal- Elejalde declares that he has no �nancial and non-�nancial
competing interests. Luis Ernesto Arriola-Guillén declares that he has no �nancial and non-�nancial
competing interests. Aron Aliaga-Del Castillo declares that he has no �nancial and non-�nancial
competing interests. Gustavo Armando Ruíz-Mora declares that he has no �nancial and non-�nancial
competing interests. Yalil Augusto Rodríguez-Cárdenas declares that he has no �nancial and non-
�nancial competing interests.

Funding: No funding was obtained for this study

Authors' contributions:

DAE- Conception of the work; drafting the work, acquisition, analysis an interpretation of data for the
work, agreement for all aspects of the work.

LEAG- Design of the work, �nal approval of the version to be published, and agreement for all aspects of
the work.

AAD- Design of the work, revising it critically for important intellectual content, agreement for all aspects
of the work.

GARM- Design of the work, revising it critically for important intellectual content, agreement for all
aspects of the work.

YARC - Design of the work, drafting the work, agreement for all aspects of the work

Acknowledgements: Not Applicable

References
1. Khasnis SA, Kidiyoor KH, Patil AB, Kenganal SB (2014) Vertical root fractures and their management. J
Conserv Dent 17 (2):103-110. doi:10.4103/0972-0707.128034



Page 9/18

2. Bernardes RA, de Moraes IG, Hungaro Duarte MA, Azevedo BC, de Azevedo JR, Bramante CM (2009)
Use of cone-beam volumetric tomography in the diagnosis of root fractures. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 108 (2):270-277. doi:10.1016/j.tripleo.2009.01.017

3. Dhawan A, Gupta S, Mittal R (2014) Vertical root fractures: An update review. Journal of Restorative
Dentistry 2 (3). doi:10.4103/2321-4619.143457

4. Bakland LK, A T (2015) Categorization of Dental Fractures. In: Tamse A, Tsesis I, E R (eds) Vertical Root
Fractures in Dentistry. Springer, Switzerland, pp 7-28. doi:https://doi.org/10.1007/978-3-319-16847-0

5. Dogan MS, Callea M, Kusdhany LS, Aras A, Maharani DA, Mandasari M, Adiatman M, Yavuz I (2018)
The Evaluation of Root Fracture with Cone Beam Computed Tomography (CBCT): An Epidemiological
Study. J Clin Exp Dent 10 (1):e41-e48. doi:10.4317/jced.54009

6. Popescu SM, Diaconu OA, Scrieciu M, Marinescu IR, Drăghici EC, Truşcă AG, Bănică AC, Vătu M MV
(2017) Root fractures: epidemiological, clinical and radiographic aspects. Rom J Morphol Embryol 58
(2):501–506

7. Johari M, Esmaeili F, Andalib A, Garjani S, Saberkari H (2017) Detection of vertical root fractures in
intact and endodontically treated premolar teeth by designing a probabilistic neural network: an ex vivo
study. Dentomaxillofac Radiol 46 (2):20160107. doi:10.1259/dmfr.20160107

8. Kajan ZD, Taromsari M (2012) Value of cone beam CT in detection of dental root fractures.
Dentomaxillofac Radiol 41 (1):3-10. doi:10.1259/dmfr/25194588

9. Salineiro FCS, Kobayashi-Velasco S, Braga MM, Cavalcanti MGP (2017) Radiographic diagnosis of
root fractures: a systematic review, meta-analyses and sources of heterogeneity. Dentomaxillofac Radiol
46 (8):20170400. doi:10.1259/dmfr.20170400

10. Ezzodini Ardakani F, Razavi SH, Tabrizizadeh M (2015) Diagnostic Value of Cone-Beam Computed
Tomography and Periapical Radiography In Detection of Vertical Root Fracture. Iran Endod J 10 (2):122-
126. PMCID: PMC4372787

11. Venskutonis T, Plotino G, Juodzbalys G, Mickeviciene L (2014) The importance of cone-beam
computed tomography in the management of endodontic problems: a review of the literature. J Endod 40
(12):1895-1901. doi:10.1016/j.joen.2014.05.009

12. Silva EJ, Nejaim Y, Silva AI, Haiter-Neto F, Zaia AA, Cohenca N (2014) Evaluation of root canal
con�guration of maxillary molars in a Brazilian population using cone-beam computed tomographic
imaging: an in vivo study. J Endod 40 (2):173-176. doi:10.1016/j.joen.2013.10.002

13. Karabucak B, Bunes A, Chehoud C, Kohli MR, Setzer F (2016) Prevalence of Apical Periodontitis in
Endodontically Treated Premolars and Molars with Untreated Canal: A Cone-beam Computed
Tomography Study. J Endod 42 (4):538-541. doi:10.1016/j.joen.2015.12.026

https://doi.org/10.1007/978-3-319-16847-0


Page 10/18

14. Falcão CA, Albuquerque VC, Amorim NL, Freitas SA, Santos TC, Matos FT, MA F (2016) Frequency of
the mesiopalatal canal in upper �rst permanent molars viewed through computed tomography. Acta
Odontol Latinoam 29 (1):54-59

15. Nascimento EHL, Gaeta-Araujo H, Andrade MFS, Freitas DQ (2018) Prevalence of technical errors and
periapical lesions in a sample of endodontically treated teeth: a CBCT analysis. Clin Oral Investig 22
(7):2495-2503. doi:10.1007/s00784-018-2344-y

16. Yamaguchi M, Noiri Y, Itoh Y, Komichi S, Yagi K, Uemura R, Naruse H, Matsui S, Kuriki N, Hayashi M,
Ebisu S (2018) Factors that cause endodontic failures in general practices in Japan. BMC Oral Health 18
(1):70. doi:10.1186/s12903-018-0530-6

17. Gambarini G, Piasecki L, Miccoli G, Gaimari G, Nardo DD, Testarelli L (2018) Cone-beam computed
tomography in the assessment of periapical lesions in endodontically treated teeth. Eur J Dent 12
(1):136-143. doi:10.4103/ejd.ejd_320_17

18. Wanderley VA, Neves FS, Nascimento MCC, Monteiro GQM, Lobo NS, Oliveira ML, Nascimento Neto
JBS, Araujo LF (2017) Detection of Incomplete Root Fractures in Endodontically Treated Teeth Using
Different High-resolution Cone-beam Computed Tomographic Imaging Protocols. J Endod 43 (10):1720-
1724. doi:10.1016/j.joen.2017.05.017

19. Shokri A, Eskandarloo A, Norouzi M, Poorolajal J, Majidi G, Aliyaly A (2018) Diagnostic accuracy of
cone-beam computed tomography scans with high- and low-resolution modes for the detection of root
perforations. Imaging Sci Dent 48 (1):11-19. doi:10.5624/isd.2018.48.1.11

20. Sabrina Strobel, Evelyn Lenhart, Johan P Woelber, Jonathan Fleiner, Christian Hannig, Wrbas. K-T
(2017) Comparison of two cone-beam computed tomography systems in the visualization of endodontic
structures. Swiss Dent J 127 (3):221-229

21. Maddalone M, Gagliani M, Citterio CL, Karanxha L, Pellegatta A, Del Fabbro M (2018) Prevalence of
vertical root fractures in teeth planned for apical surgery. A retrospective cohort study. Int Endod J 51
(9):969-974. doi:10.1111/iej.12910

22. Takeshita WM, Iwaki LC, da Silva MC, Sabio S, Albino PR (2014) Comparison of periapical
radiography with cone beam computed tomography in the diagnosis of vertical root fractures in teeth
with metallic post. J Conserv Dent 17 (3):225-229. doi:10.4103/0972-0707.131781

23. Tasneem abuwalla, Swati goyal, Choudhari S (2016) Review of Vertical Root Fractures in Dentistry.
Indian Journal of Basic and Applied Medical Research 5 (3):791-797

24. Tsai YL, Liao WC, Wang CY, Chang MC, Chang SH, Chang SF, Chang CW, Huang YD, Chan CP, Jeng JH
(2017) Horizontal root fractures in posterior teeth without dental trauma: tooth/root distribution and
clinical characteristics. Int Endod J 50 (9):830-835. doi:10.1111/iej.12704



Page 11/18

25. Garcia-Guerrero C, Parra-Junco C, Quijano-Guauque S, Molano N, Pineda GA, Marin-Zuluaga DJ
(2018) Vertical root fractures in endodontically-treated teeth: A retrospective analysis of possible risk
factors. J Investig Clin Dent 9 (1). doi:10.1111/jicd.12273

26. Huang CC, Chang YC, Chuang MC, Lin HJ, Tsai YL, Chang SH, Chen JC, Jeng JH (2014) Analysis of
the width of vertical root fracture in endodontically treated teeth by 2 micro-computed tomography
systems. J Endod 40 (5):698-702. doi:10.1016/j.joen.2013.12.015

27. Huang C-C, Lee B-S (2015) Diagnosis of vertical root fracture in endodontically treated teeth using
computed tomography. Journal of Dental Sciences 10 (3):227-232. doi:10.1016/j.jds.2015.01.002

28. Walton RE (2017) Vertical root fracture: Factors related to identi�cation. J Am Dent Assoc 148
(2):100-105. doi:10.1016/j.adaj.2016.11.014

29. Tabassum S, Khan FR (2016) Failure of endodontic treatment: The usual suspects. Eur J Dent 10
(1):144-147. doi:10.4103/1305-7456.175682

30. See WK, Ho JC, Huang CF, Hung WC, Chang CW (2019) The association between clinical diagnostic
factors and the prevalence of vertical root fracture in endodontic surgery. J Formos Med Assoc 118
(3):713-720. doi:10.1016/j.jfma.2018.08.022

31. von Arx T, D B (2017) Vertical root fractures of endodontically treated posterior teeth. Swiss Dent J
127 (1):14-23

32. Kamburoglu K, Onder B, Murat S, Avsever H, Yuksel S, Paksoy CS (2013) Radiographic detection of
arti�cially created horizontal root fracture using different cone beam CT units with small �elds of view.
Dentomaxillofac Radiol 42 (4):20120261. doi:10.1259/dmfr.20120261

33. Menezes RF, Araujo NC, Santa Rosa JM, Carneiro VS, Santos Neto AP, Costa V, Moreno LM, Miranda
JM, de Albuquerque DS, Albuquerque M, Dos Santos RA, Gerbi ME (2016) Detection of vertical root
fractures in endodontically treated teeth in the absence and in the presence of metal post by cone-beam
computed tomography. BMC Oral Health 16:48. doi:10.1186/s12903-016-0207-y

34. Talwar S, Utneja S, Nawal RR, Kaushik A, Srivastava D, Oberoy SS (2016) Role of Cone-beam
Computed Tomography in Diagnosis of Vertical Root Fractures: A Systematic Review and Meta-analysis.
J Endod 42 (1):12-24. doi:10.1016/j.joen.2015.09.012

35. Chang E, Lam E, Shah P, Azarpazhooh A (2016) Cone-beam Computed Tomography for Detecting
Vertical Root Fractures in Endodontically Treated Teeth: A Systematic Review. J Endod 42 (2):177-185.
doi:10.1016/j.joen.2015.10.005

36. Hekmatian E, Karbasi Kheir M, Fathollahzade H, Sheikhi M (2018) Detection of Vertical Root Fractures
Using Cone-Beam Computed Tomography in the Presence and Absence of Gutta-Percha.
Scienti�cWorldJournal 2018:1920946. doi:10.1155/2018/1920946



Page 12/18

37. Freitas DQ, Vasconcelos TV, Noujeim M (2019) Diagnosis of vertical root fracture in teeth close and
distant to implant: an in vitro study to assess the in�uence of artifacts produced in cone beam computed
tomography. Clin Oral Investig 23 (3):1263-1270. doi:10.1007/s00784-018-2558-z

38. Salineiro FC, Pinheiro LR, dos Santos Junior O, Cavalcanti MG (2015) Detection of horizontal root
fracture using four different protocols of cone-beam computed tomography. Braz Oral Res 29.
doi:10.1590/1807-3107BOR-2015.vol29.0067

39. Costa FF, Pinheiro LR, Umetsubo OS, dos Santos O, Jr., Gaia BF, Cavalcanti MG (2014) In�uence of
cone-beam computed tomographic scan mode for detection of horizontal root fracture. J Endod 40
(9):1472-1476. doi:10.1016/j.joen.2014.03.001

40. Metska ME, Aartman IH, Wesselink PR, Ozok AR (2012) Detection of vertical root fractures in vivo in
endodontically treated teeth by cone-beam computed tomography scans. J Endod 38 (10):1344-1347.
doi:10.1016/j.joen.2012.05.003

41. Ma RH, Ge ZP, Li G (2016) Detection accuracy of root fractures in cone-beam computed tomography
images: a systematic review and meta-analysis. Int Endod J 49 (7):646-654. doi:10.1111/iej.12490

42. Spin-Neto R, Gotfredsen E, Wenzel A (2013) Impact of voxel size variation on CBCT-based diagnostic
outcome in dentistry: a systematic review. J Digit Imaging 26 (4):813-820. doi:10.1007/s10278-012-9562-
7

43. Arya S, Gundappa M, Bansal R, Agarwal A, Gumber R (2014) Diagnostic accuracy of direct digital
radiography & cone beam computed tomography in detecting root fractures. TMU J. Dent 1 (1):1-5

44. Hassan B, Metska ME, Ozok AR, van der Stelt P, Wesselink PR (2010) Comparison of �ve cone beam
computed tomography systems for the detection of vertical root fractures. J Endod 36 (1):126-129.
doi:10.1016/j.joen.2009.09.013

Tables
 



Page 13/18

Table 1 Results of the intra-examiner test for all categorical variables
 

  Intra-examiner agreement
Variable n Kappa SEM

Type of retention 15 1.000 0.000
Post length 15 1.000 0.000
Type of fracture 15 0.872 0.121
Extent of the fracture 15 0.857 0.138
Cause of endodontic failure 15 0.874 0.122
Apical lesion 15 1.000 0.000
Periradicular lesion 15 1.000 0.000
Pararadicular lesion 15 0.842 0.151
Interradicular lesion 15 1.000 0.000
Difficulty score 15 0.762 0.157
Most difficult plane 15 0.795 0.135

Kappa: Kappa Cohen index, SEM: standard error of measurement

 

 

 
 
Table 2 Association between the type of fracture and type of retention

   

                     
    Type of Retention      
    Without

post
Metal post Non-metal

post
Total  

    n % N % n % n % P-
value

Type of
fracture

Horizontal 1 16.7 5 83.3 0 0.0 6 100.0 0.269

  Oblique 9 34.6 15 57.7 2 7.7 26 100.0
  Vertical 10 55.6 8 44.4 0 0.0 18 100.0
Total   20 40.0 28 56.0 2 4.0 50 100.0
Chi-squared test *
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Table 3 Association between the type of fracture and
extent of the fracture

         

                             
      Extent of the fracture        
    Crown Root

1/3
  Root 2/3 Root

3/3
Total  

    n % n %   n % n % n % P-
value

 

Type of
fracture

Horizontal 0 0.0 1 16.7   4 66.7 1 16.7 6 100.0 0.080  

  Oblique 0 0.0 6 23.1   18 69.2 2 7.7 26 100.0  
  Vertical 2 11.1 5 27.8   5 27.8 6 33.3 18 100.0  
Total   2 4.0 12 24.0   27 54.0 9 18.0 50 100.0  
Chi-squared test *                        

                                   

 

 

  

Table 4 Association between the type of fracture and the cause of endodontic
failure

 

                         
    Cause of endodontic failure      
    Without

failure
Unfilled
canal

Incompletely
filled canal

False
canal

Total  

    n % n % n % n % n % P-
value

Type of
fracture

Horizontal 4 66.7 1 16.7 1 16.7 0 0 6 100.0 0.489

  Oblique 18 69.2 3 11.5 5 19.2 0 0 26 100.0
  Vertical 9 50.0 6 33.3 2 11.1 1 5.6 18 100.0
Total   31 62.0 10 20 8 16.0 1 2.0 50 100.0
Chi-squared test *                      
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Table 5 Association between the type of fracture and pararadicular lesion
                 

    Pararadicular lesion      

    Without lesion With lesion Total  

    n % n % n % P-value
Type of fracture Horizontal 6 100.0 0 0.0 6 100.0 0.046*
  Oblique 17 65.4 9 34.6 26 100.0
  Vertical 8 44.4 10 55.6 18 100.0
Total   31 62.0 19 38.0 50 100.0
Chi-squared test *              
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Table 6 Multiple linear regression to estimate the time required to detect the fracture
Model Non-standardized

coefficients
  95.0% confidence interval

for B
    B Sig. Lower limit Upper limit
1 (Constant) 67.307 0.257 -51.092 185.707
  40×40 mm CBCT 1.957 0.925 -40.057 43.971
  Sex 35.938 0.057 -1.106 72.982
  Age 0.789 0.29 -0.699 2.277
  Type of retention -21.253 0.553 -93.257 50.75
  Post length 13.462 0.524 -28.975 55.9
  Type of fracture -34.426 0.031* -65.543 -3.308
  Extent of the fracture -5.335 0.733 -36.793 26.123
  Cause of endodontic

failure
3.411 0.761 -19.108 25.93

  Apical lesion -0.778 0.966 -37.051 35.495
  Periradicular lesion 40.195 0.094 -7.22 87.61
  Pararadicular lesion 50.257 0.055 -1.084 101.599
  Interradicular lesion 88.356 0.012* 20.828 155.884
a Dependent variable: Time required to detect the
fracture

     

 

  

Table 7 Comparison of the time required to detect the fracture between
the two CBCT systems

 

             
  40×40 mm CBCT n Mean DS P-value ICC (95% CI)
Time to detect the
fracture

Accuitomo 13 102.08 62.273 0.392    -54.696 -
21.822

  Veraviewepocs
3D

37 118.51 57.893   -57.601 -
24.727

Student’s t-test 
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Table 8  Association between the most difficult plane to detect a fracture and the
difficulty score
        Difficulty score        

    Low Medium High Total  
    n % n % n % n % P-value
Mdf plane None 10 58.8 7 41.2 0 0.0 17 10.0 <0.001*
  Axial 0 0.0 0 0.0 1 100.0 1 100.0
  Coronal 0 0.0 12 66.7 6 33.3 18 100.0
  Sagittal 0 0.0 9 64.3 5 35.7 14 100.0
Total   10 20.0 28 56.0 12 24 50 100.0
Mdf: Most difficult plane
Chi-squared test *

                 

 

 

 
 

Figures

Figure 1

Type of retention: Without post (a), Non-metal post (b), Metal post (c).
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Figure 2

Extent of the fracture: First third (a), middle third (b), apical third (c).

Figure 3

Cause of endodontic failure: Un�lled root canal (a), incompletely �lled canal (b), false canal (c).


