Hernandez E, et al., J Transl Sci 2020, 3: 012
DOI: 10.24966/TSR-6899/100012

HSOA Journal of
Translational Science and Research
Review Article

Comparing Cone Beam
Tomography Images with
Periapical Radiographs to
Diagnose Vertical Root
Fractures
Hernandez E*, Méndez C and Jimenez PM
Department of Endodontic, Universidad Santo Tomas, Colombia

Abstract
The aim was to compare the diagnostic accuracy of periapical
radiographs (PR) with cone beam tomography (CBCT) in the identification of vertical root fractures (VRF) in root treated teeth. Method:
This review used the Cochrane Handbook along with the recommendations given by SIGN 50, both were taken as a guide. Meta DiSc
1.4 Software was used to calculate the operative characteristics of
sensitivity, specificity, positive and negative values. Results: Initially
651 articles were obtained; after the complete review 4 articles were
chosen: 2 studies had a sensitivity of 60-61% PR and 80% CBCT;
specificity 70-71% RP and 69% CBCT; there was no significant
differences between the two (p >0.05). Digital dental radiography
(DDR) had a specificity of 78% compared to 70% of the RP. Conclusions: Due to the limited number of studies and the high degree of
imprecision, it was difficult to determine more precise results. Both,
the DDR and CBCT are useful by selecting the case. To reduce unnecessary radiation, DDR could be useful due to its image tools before a CBCT is taken into consideration.
Keywords: Cracked tooth syndrome; Cone beam computed tomography; Diagnostic; Root canal therapy; Tooth fracture

Introduction
A vertical root fracture (VRF) is defined as a complete or incomplete fracture that begins at the root at any level, usually in the
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bucolingual direction [1]. A prevalence of 2% - 5% of VRF in endodontically treated teeth has been reported, compared with VRF in
endodontically treated teeth that were extracted and had a prevalence
of 11-20% [2]. Methods to diagnose VRF include trans illumination
and dye test, radiographic projection, bite test, periodontal probing,
presence of fistulous tracts and exploratory surgery if necessary [3,4].
Yoshino et al. found that 31.7% (233 teeth) were extracted because of
VRF and 93.6% had endodontics [5]. On the other hand, Fuss and Col
reported a 10.9% prevalence of extractions due to vertical fractures in
endodontically treated teeth [6]. In a systematic review, investigated
the diagnostic ability of CBCT to detect VRFs in endodontically treated teeth and found: a prevalence of 40-90%, a sensitivity of 84-100%
and a specificity of 64-100%. A diagnostic aid to identify VRF is to
perform a diagnosis with Periapical Radiographs (PR), which have
as limitation that they show a two-dimensional image that does not
allow visualizing all the surfaces of the dental structure. There are
other sensitive mechanisms such as the use of Cone beam computerized tomography (CBCT), which have better results compared to PR
to identify VRFs.
However, this image modality is usually not available in dental
private offices and is more expensive compared to conventional periodical radiography. The early stage of a VRF and the overlapping of
anatomical structures adjacent to the involved tooth may complicate
the detection for the diagnosis of fracture lines in PR, although they
can only be observed when the fracture line and cone of the X-ray
equipment they are in the same plane or almost 4° apart.
On the other hand, the verification of the diagnosis of a VRF can
be done by a direct visualization with an exploratory surgery. After
flipping off the flap, the fracture line is visualized with methylene
blue and the use of magnification [7]. They conducted a systematic
review where they found that there is a lack of evidence in databases
regarding the accuracy in the diagnostic evaluation and clinical and
radiographic effectiveness to identify VRFs in teeth treated endodontically [8] reported in their study a sensitivity of 74%, specificity of
62.2% and accuracy of 67.2% of CBCT for the detection of VRF [9].
Unfortunately, the most traditional methods have limited reliability
because many signs and symptoms are not specific to VRF. Therefore,
distinguishing a VRF from pulpal necrosis, failure of an endodontic
treatment or periodontal disease is a challenge [10]. As previously
mentioned, in order to visualize a VRF with a PR, a good angulation of the X-ray cone is required and consider the superposition of
surrounding anatomical structures that make it even more difficult to
visualize a VRF. It is for this reason that the plane of fracture is only
observed in a third of the cases in PRs [11]. Once the diagnosis is established, the prognosis of a VRF is poor; because there are currently
no reliable methods to treat VRF and usually the affected tooth is
removed. The presence of this pathology in an endodontically treated
tooth has a great impact on the prognosis of the treatment. Therefore,
an early diagnosis of VRF is of great importance to avoid overtreatment and extensive bone loss. In this stage of clinical assessment,
it must be taken into account that excessive and inadequate forces
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during endodontic treatment result in dentinal fatigue and cause VRFs
or Cracks that will induce inflammation of the adjacent periodontium.
Consequently, fractures can be found in the bucolingual direction,
which extend from cervical to apical [12]. They can also start in the
internal part of the root and extend towards the external surface or
they can be partial. The most important sign is the pain at chewing.
They can resemble abscesses of periodontal origin and present fistulas. However, many teeth with a root fracture show normal patterns
of periodontal probing.
It is worth mentioning that in a PR a root fracture may not be seen
because the intact segment can be superimposed over the fractured
segment. In these cases, the diagnosis could be difficult clinically
[13]. With the CBCT, the images are in three dimensions (3D) of high
resolution that allow improving the diagnosis; however, there are few
studies regarding the value of CBCT for diagnosing radicular fracture
[14-16]. Undoubtedly, being able to determine the position, direction,
and size of the fracture is of great value in choosing the treatment
plan.
The aim of this review was to determine if CBCT or PR can identify and diagnose an early stage of VRF. For this reason, the purpose
was to perform this search in four databases and to be able to make an
analysis of the findings found.

Methods
A systematic review of the literature was performed using the
PubMed, Scopus, Cochrane and Web of Science databases between
the years 2009-2018. The CONSORT statement guides were used
[17].

Formulation of the research question
This means reducing the question to clear and precise terms,
identifying its main components using the PICOS mnemonic. In the
present Systematic Literature Review (SLR) the PICOS mnemonic
applied to the clinical question is the following: P: Teeth with VRF,
I: Cone Beam Computerized Tomography, C: Periapical Radiograph,
OR: Early diagnosis of VRF, S: Experimental studies. Allowing determining the following research question: Which diagnostic tool allows the early identification of vertical root fractures between Cone
Beam Computerized Tomography and Periapical Radiograph in endodontic practice?
The inclusion and exclusion criteria were defined to perform the
article search (Table 1).
Inclusion Criteria

Exclusion Criteria

1. Experimental studies

1. Animal studies

2. Studypopulation: human teeth

2. Case series studies

3. Publications: 10 lastyears

3. Case reportstudies

4. Language: english and spanish

4. Dental alveolar trauma

5. Teethendodonticallytreated

5. Intraradicularretainers

6. VRFs caused by implants located on antagonists or proximal teeth

6. Insufficientinformation

Table 1: Inclusion and exclusion criteria.

Search strategy
Using the keywords, some formulas were established to perform
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the search in Pub Med, Cochrane, Scopus and Web of Science: Formula 1: 1 and 2 and 3 and 5. Formula 2: 1 and 2 and 4 and 5.Formula
3: 1 and 2 and 3.Formula 4: 1 and 2 and 4.Formula 5: 1 and 2 and 5.
(Table 2) specifies the formulas with their keywords. The following
filters were used: AND human, AND English, AND Spanish, AND
2009-2018.
Formula

Combinations

1

Diagnostic techniques AND procedures OR diagnosis, differential OR
diagnosis, oral OR early diagnosis

2

Tooth fracture OR Vertical root fracture OR Crack OR Root fracture
OR Cracked tooth syndrome

3

Cone-Beam Computerized Tomography OR CBCT OR Cone Beam
Computed Tomography

4

Dental Digital Radiography OR Dental Radiology OR Periapical Radiography

5

Endodontics*

Table 2: Formula combination to perform the search.

Information gathering and analysis
We searched through a list of results from the four electronic databases to identify relevant or potentially relevant studies. Two authors
of the review independently reviewed and selected the relevant studies, extracted the non-relevant ones and gathered the information of
the eligible final articles using a table (Table 3). The checklists for
the precision quality assessment of the articles were made according
to the recommendation of the Cochrane Handbook [18]; to analyze
the accuracy and diagnosis of each article. This was done by the reviewers to control the biases; any disagreement in these steps was
discussed and resolved by discussing and consulting with the authors
of the review. The analysis of methodological quality and level of evidence was made by the two observers, who independently assessed
the methodological quality and the level of evidence of the selected
articles; established in accordance with the recommendations given
by SIGN 50 (Scottish Intercollegiate Guidelines Network 2012) [19],
where A represents the highest level of evidence and C the lowest.
The Meta DiSc 1.4 Software was used to calculate the operational
characteristics of sensitivity, specificity, positive and negative values to plot the data in the “receiver operating characteristics” (ROC)
plane, which is a sensitivity graph as a function of 1- specificity; 95%
confidence intervals were used, which are influenced by the size of
the sample [20].

Results
Results of the search
A total of 651 articles were identified in the search made in the databases (Pub Med, Scopus, Cochrane and Web of Science), unrelated
and duplicate articles were eliminated (n=409); obtaining a total of
(n= 242) items in the electronic search. The review of abstracts was
made and those that did not meet the inclusion criteria were eliminated (n=212); there were 26 eligible articles; they were read in full text.
The remaining 4 articles were analyzed (Graph 1). A critical reading
was made of the validity and applicability of the results of the research published in the selected articles, according to the CONSORT
guidelines, leaving a total of 4 articles; which were analyzed in the
review [21-24].
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No
1
1.1
1.2

Study

QUEIROZ ET AL / 2016 (24)

TOFONGCHIHA ET
AL / 2011 (21)

METSKA ET AL/ 2012 (22)

HUANG ET AL, 2014 (23)

Teethcharacteristics
Teethendodonticallytreated
Prevalence of
VRF

37 endodontically treated teeth

20 uniradicularteeth

230 uniradicularteeth

39 endodonticallytreatedteeth

No investigated

No investigated

No investigated

Notespecified

with VRF

1.3

Especificity

(0.85-0.98)

70% (CR), 78% (DDR)

56% ( Newton 3G) , 80% (3D Accuitomo 170)

Notreported

1.4

Sensibility

(0.47-0.77)

60% (CR), 61% (DDR)

75% (Newton 3G),100% (3D Accuitmo170)

Notreported

Notreported

Notreported

75% (Newton3G), 90% (3D Accuitomo 170)

Notreported

Notreported

Notreported

55% (Newton3G),100% (3D Accuitomo170)

Notreported

* CR - 65%

68% Newton 3G), 93% (3D Accuitomo170)

Notreported

1.5
1.6
1.7

Positive predictivevalue
Negetivepredictivevalue
Test accuracy

Notreported

* DDR - 70%
1.8
2

Bias control

Notreported

Notreported

Three blinded endodontist assessed all the images independently twice.

Notreported

Studycharacteristics

2.1

Studydesign

Experimental in-vitro

Experimental in-vitro

Experimental in-vitro

2.2

Studysetting

Academicinstitution

Notespecified

Academicinstitution

Notespecified

Single rooted human

*Patients from 2009-2011 with clinical and radiographic signs

*Teeth extracted after clinical

suggesting the presence of VRF in endodontically treated teeth.

diagnosis of VRF.

2.3

Inclusioncriteria

Notespecified

teeth with closed apices.

Experimental in-vitro

*Pain on percussion and/or palpation, presence of deep isolated
periodontal pocket (bone loss), presence of multiple sinus

*Only extracted teeth without

tracts, and halo or J-type radiolucency around the correspond-

evident root surface damage.

ing tooth on the periapical radiograph (PR).
*All teeth must have had
at least 1VRF line on the
root surface confirmed by 2
endodontists.
Internal or external
2.4

Exclusioncriteria

Notespecified

fracture and roots with

Notespecified

Notespecified

severe curvatures
2.5
2.6

Level of evidence
Grade of
recomendation

2.7

Ranking

3

* Index test

3.1

CBCT model(voxelsize)

2-

2+

2+

2-

C

B

B

C

Q1

Q1

Q2

Q1

N/A

N/A

* Newtom 3G. 110 kv, 3.90 - 5.6 mA (QR SLR, Verona, Italy).

μ - CT (Trimph X-0 CtSystem;

(tamaño del

* 3D Accuitomo 170. 90 kv, 5 mA (J. Morita, Kyoto, Japan).

Voxel)
3.2

Periapical machine model

* GX-770 periapical machine (Gendex
Dental Systems, Lake Zurich, IL; 70

Plameca Dental
X-rayunit

Kvp, 7 mA, exposure time 0.08")
*DBSWIN software (DüRR Dental,
Bietigheim-Bissingen, Germany)

3.3

Gamma medical Ideas,
Northridge, California)

N/A

N/A

(Plameca, Finland)

Imagingparameters
CBCT

N/A

N/A

Voxel size for Newtom 3G - 2mm
Voxel size for 3D accuitomo - 0.08 mm

80 kv, 90 μA, field of view
29.59 mm
Acquisition time 5 minutes y
512 slices.

* Radiographs were taken in an orthoradial incidence (0° horizontal and vertical
PeriapicalRadiograph

angles indicated by a protractor) with
the aid of a custom holder designed to

* 63 kVp, 8 mA

N/A

N/A

maintain the specimen, the film holding
device, and the image receptor in a
reproducible relationship.
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type/parameters

*Exposure time:
Conventional Radiograph (CR) - 0.16"
Direct Digital Radiograph (DDR) - 0.1"
* Kodak E speed No
2 periapical film
(Eastman-Kodak Co,
Rochester, NY, USA)
Processed manually for
15" at 22°C with Teifsaz
chemicals
(Teifsaz, Tehran, Iran)

4

Interpreters

4.1

Interpreters

2 observers (who had
more than 10 years’

3 calibratedexaminers

experience in dental

2 endodontists confirmed the
3 observers assessed all images twice and independently.

presence of VRF on the root
surface.

radiography).
The observers were not
4.2

Blinding

Notespecified

aware of the fractured

The observers did not receive clinical information before

Notdefined

examination.

teeth distribution.

Fisher exact test was used to

Intra-observer and inter-observer
reproducibility was evaluated by using
4.3

Agreement

Kappa test. The scores were compared

* Coher's kappa

with the gold standard by use the

statistics.

operating characteristics curve (ROC).

evaluate fracture width >100

Intra-observer agreement (Cohen Kappa) was calculated for

μm y ≤100 μm, fracture line

each observer and for each scanner independently. Used the

extension within the apical

interclass correlation coefficients (ICCs).

3mm were associated with the
number of fracture lines.

Significance level of 5%
* X² test to compare two
observers ‘diagnosis.
5

Reference test

N/A

N/A

Orthograde retreatment endodontic surgery, or tooth extraction.

N/A

(eg. surgical
exploration,
extraction,
retreatment)
Application of 9-μm CT can
be accurately used for early

No significant difference
Digital subtraction radiography could
be considered as an alternative tool or
6

Conclusions

the investigation of VRFs because of
its comparable diagnostic accuracy to
existing methods.

detection of VRF. Fracture

was seen between the
two techniques. The

The results of our study support the use of 3D Accuitomo 170

characteristics (eg. number

specificity of DDR was

for the detection of VRFs in endodontically treated teeth. They

of fracture lines, extension of

slightly better than CR,

also suggest that the reproducibility and accuracy in VRF

fracture line) may affect the

and their accuracy and

detection depend on the CBCT system used.

fracture width. Appropriate

sensibility showed small

use of μ-CT technology can

differences.

be helpful for early diagnosis
of VRF.

Table 3: Summary of characteristics of the included studies.

Findings
The samples sizes of the 4 studies were from 20 to 230 teeth
treated endodontically. For the “index test” the models of the equipment that were reported in 4 studies [25,26] were taken into account,
where there was a variety of equipment and parameters; in addition,
the interpreters in the studies were experienced oral radiologists or
endodontists. In the agreement between observers; only one study
reported an “agreement score” of 25%.As for the “reference test”,
which consists of surgical exploration, extraction or retreatment, this
was only reported in 1 study. Sensitivity values reported in 2 studies
vary between 60-61% in PRs and 80% in CBCT, specificity values
vary between 70-71% in RP and 69% in CBCT, and better sensitivity
was observed in the Metska study (81%), there was no significant
difference between the two (p> 0.05), (Graph 2). In the specificity it
was observed that DDR is more specific for the diagnosis of VRFs
compared to conventional PR due to its variety of image tools that let
to observe the teeth with different color shades.
J Transl Sci Res ISSN: 2690-6899, Open Access Journal
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Values were plotted in a plane that showed the “ROC Curve”
where it was observed that the two studies are located above the diagonal, indicating an acceptable sensitivity and specificity (Graph 3).
One of the final articles found in the review, using PR / DAR (Digital
Abduction Radiography) reported a Specificity of 85-98% and Sensitivity of 47-77% another article found in this review, did not report
specificity or sensitivity in their study using CBCT.

Discussion
This systematic review sought to determine, according to the literature, which of the two diagnostic tools (CBCT and PR) has helped to
identify VRFs in early stages. According to the Cochrane handbook,
there are reviews that could end up with a small number of articles
that can be lead to make an analysis of it. Four studies were considered eligible for inclusion; although all showed a high risk of bias due
to the fact that imprecision in the reported ranges of diagnostic ability
was identified in three studies because they had a small sample size
Volume 3 • Issue 1 • 100012
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used in them, all used different models of radiographic equipment and
CBCT, and parameters of different images and different techniques
used in each diagnostic tool. The results of this review should be
analyzed with caution because the radiological interpretation is not
the same in each situation; which may affect the final sensitivity and
specificity values [27].

Graph 1: Study flow diagram showing the process of selection of studies
for the systematic review.

Graph 2: Regarding sensitivity, no statistically significant differences
were found between tests (p> 0.05). However, it can be observed descriptively that the test in all reports greater sensitivity. Regarding the specificity, no statistically significant differences were found between tests (p>
0.05), however it can be observed descriptively that the test in (RDD/DDR)
reports greater specificity.

For example, a more conservative observer might interpret root
fractures as such, only if a bony area that would produce a high specificity value and a low sensitivity value is clearly seen in the image;
compared to a less conservative observer, who can report the presence
of a fracture despite artifacts near the area [28]. The difference in
training and experience (eg. oral radiologists vs. endodontists) can be
J Transl Sci Res ISSN: 2690-6899, Open Access Journal
DOI: 10.24966/TSR-6899/100012

a significant variable of the diagnostic source. Therefore, these findings cannot reflect the interpretation capacity of the observers. Due to
the limited number of studies included in the current review, it is not
possible to make an objective analysis to determine more accurately
the impact of the use of diagnostic tools (CBCT and PR).

Graph 3: In the ROC plot of studies used, the 3 studies are above the main
diagonal, which indicates that the sensitivity and specificity as a whole are
appropriate.

However, the interpretations presented in the included studies
were based on interpretations of endodontists and oral radiologists
trained in these diagnostic tools. The reproducibility of the 4 studies is
limited because there was no information in two studies on the scores
of “agreement between observers” ; it was presented as a limitation. It
should also be mentioned that only 2 studies reported the positive and
negative predictive values; which was considered another limitation
to be able to make a descriptive statistical analysis of positive and
negative predictive values. However, there was information in two
articles (to be able to graph this information in a plane the values
of ROC, where the sensitivity is compared and specificity. After an
in-vivo diagnostic study of VRF, reported a sensitivity of conventional radiograph (CR) of 23%[29], found that although many fractures
are not accessible to the clinical examination, it is worth mentioning that the PRs and the dental digital radiographs (DDR) serve very
well as diagnostic tools. The intraoral film can provide a resolution
of more than (20 lp mm) 1. While current digital systems are capable
of providing a resolution of (7 lp mm) 1. Despite this fact, the level
of agreement in his study with digital system and with radiographic
film were the same in this study. These studies support the results of
who reported a specificity between 85-98% and a sensitivity between
47-77%, considering the use of the subtraction radiograph (SR) as
an alternative tool to diagnose VRF due to the diagnostic accuracy
comparable with existing methods.
The visualization is difficult due to the superposition of the fracture line by the sealing material. Even with methods such as CBCT,
the presence of guttapercha decreases the diagnostic accuracy [30].
The CBCT allows to acquire 3D (3-dimension) volumes of the dental
arches with high spatial resolution and low radiation compared with
the Computed Tomography (CT) [31]. Some studies support the use
Volume 3 • Issue 1 • 100012
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of CBCT to detect VRF in endodontically treated teeth [32,33]. However, in these studies fractures were created artificially, which may
differ from those that occur “naturally.” Also, when the identification of VRFs with CBCT was compared, there were always differences between the precision between ex vivo and in vivo [34,35]. It
has been studied that CBCT has a greater sensitivity and specificity
than periodical radiographs (PRs) to detect fracture lines in teeth. In
contrast to these studies,reported that, due to the imprecision of reported ranges and biases observed in their systematic review, they
determined that there is insufficient evidence to suggest that CBCT is
reliable for detecting VRF in teeth endodontically treated. The resolution of the CBCT depends on the size of the voxel, the focal point,
kV and different CBCT settings [36]. The smaller the voxel size, the
higher the CBCT resolution. Therefore, a higher resolution may be
required to detect a longitudinal fracture. According to the findings
of a recent systematic review, [37] evaluated the ability to diagnose
both teeth with and without endodontic treatment, separately analyzing in vivo and ex vivo studies; they concluded that there is a very
limited number of studies and that there is no evidence to suggest
that CBCT can provide an additional benefit in the diagnosis to detect
VRF in teeth with endodontic treatment. Also [38], examined the efficacy of CBCT in endodontics; they concluded that there is currently
insufficient evidence to support efficacy in the diagnosis using CBCT,
which means that its potential impact to improve patient outcomes
and reduce the cost-benefit ratio is questionable. There is a concern
about an increase in the indiscriminate and unjustified use of CBCT,
the principles of “ALARA” (as low as reasonable achievable) should
be taken into account when deciding to order CBCT images, because
it is now known that any exposure to ionizing radiation it can have
potentially harmful effects [39]. According to the American Academy
of Oral and Maxillofacial Radiology and the American Association of
Endodontists, the decision to order CBCT should only be considered
“if in the intraoral and radiographic 2D clinical examination they are
inconclusive to detect vertical root fracture” [40]. While in the European guidelines described in the SEDENTEXCT project, clinicians
should keep in mind that even if a CBCT image is taken, root fillings
limit diagnostic accuracy [41].As limitations we found that there were
only 4 studies with limited data availability could be included, despite
the fact that additional information was requested from the authors,
which could have helped to conduct a complete statistical analysis,
making it difficult to draw definitive conclusions.

Conclusion
It was observed in the studies analyzed that DDR and CBCT are
both useful to diagnose VRFs. However, using DDR with operator’s
knowledge and expertise by making good use of image tools could
lead to a more accurate interpretation and, reducing the unnecessary
radiation to the patient. The research question could not be answered
because more studies are required. To make an early diagnosis, current imaging tools, clinical methods and patient’s symptoms must be
considered.
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