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Crown or root perforation, ledge formation, fractured instruments and perforation of the roots are the most important accidents which ap-
pear during endodontic therapy.Our objective was to evaluate the value of digital intraoral periapical radiographs compared to cone beam 
computed tomography images (CBCT) used to diagnose some procedural accidents.Material and methods:Eleven extracted molars were 
used in this study. A total of 18 perforations and 13 ledges were created artifically and 10 instruments were fractured in the root canals. Digital 
intraoral periapical radiographs from two angles and CBCT scans were made with the teeth fixed in position. The images were evaluated 
and the number of detected accidents were stated in percentages. Statistical analysis was performed using the chi square-test. Results:On 
digital periapical radiographs the evaluators identified 12 (66.66%) perforations, 10 (100 %)  separated instruments and 10 (76.9%) created 
ledges. The CBCT scans made possible the recognition of 17 (94.66 %) perforations, 9 (90 %) separated instruments and 13 (100%) ledges. 
The totally recognized accidental procedures showed significant differences between the two groups. (p<0.05) Conclusion: Digital periapical 
radiographs are the most common imaging modalities used during endodontic treatments. Though, the CBCT allows a better identification 
of the procedural accidents.
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Introduction
During root canal treatment a practitioner confronts with 
unwanted and unforeseen challenges which can affect the 
prognosis of the tooth. There are many such procedural 
accidents, which can be classified depending on the stage 
of the root canal therapy when they are caused.  Swallowed 
instruments, crown or root perforation during access cav-
ity preparation, ledge formation, separated instruments, 
perforation of the root canals during preparation of the 
canals are the most important accidents a dentist should 
try to avoid, to recognize and treat.[1]

Various techniques and instruments such as electronic 
apex locators, operative microscopes or endoscopes have 
been suggested for detection of the mentioned accidents 
which appear during cleaning and shaping, but none of 
these turned out to be the best diagnostic method.

Radiographic examination (X-ray)- intraoral periapical 
radiographs- are the most accepted and widely used imag-
ing modalities in endodontics [1]. This diagnostic method 
has its inherent limitations as it reflects a two-dimensional 
(2D) projection of a three-dimensional structures (alveolar 
bone and teeth), which causes geometric distortion of the 
elements and restricts the information about the size, exten-
sion, and location of the root and periapical lesions [2,3].

The introduction of the computer tomography in den-
tistry was a big step forward in endodontics. The captured 
images are three dimensional (3D) and offer exact infor-
mation about the details of the hard and soft tissues [4-6].

Early and correct diagnosis of the procedural accidents 
is important to determine the best treatment plan as soon 
as possible.

The aim of this in vitro study was to evaluate the value 
of digital intraoral periapical radiographs (2D) compared 
to cone beam computed tomography images (CBCT, 3D) 
used to diagnose some procedural accidents- perforations, 
blocked instruments and ledges- which appear during root 
canal therapy.

Material and methods
Eleven extracted intact superior and inferior molars with 
different curvatures of the roots were used in this study. 
Teeth with evidence of previous endodontic treatment 
were excluded.After access cavity preparation with dia-
mond burs, the coronal pulp was removed using a globu-
lar bur. Patency of the root canals was established with a 
size 10 K- file ( DentsplyMaillefer) and 2,5% sodium hy-
pochlorite was used as irrigant.

Procedural accidents were induced on the curved roots.
Coronal and interradicular perforations were made us-

ing diamond globular burs. Root perforations in the coro- 
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nal third of the roots were made with Gates- Glidden burs, 
rotary root canal preparation instruments and hand files.

To perforate the middle and the apical third of the roots 
rotary instruments and hand files were forced into the root 
canals until the perforation was obtained.

In narrow root canals, after penetration with a size 10 
K-file, larger files- size 40 and 50- were forced in the canal 
to obtain artificial ledges.

Size 15 and 20 K-files were introduced into the root ca-
nals and forced to separate in order to simulate root canals 
containing fractured instruments.

A total of 18 perforations and 13 ledges were created 
artificially and 10 instruments were fracturedin the root 
canals.

Teeth were fixed in position using a putty impression 
material (Zetaplus, Zermack). Digital intraoral periapical 
radiographs were made using X-Mind AC (Satelec) from 
two angles: mesiodistal and buccopalatal/lingual. (Figure 1  
and Figure 2)

CBCT scans were made with Cranex 3Dx (Soredex). 
Eleven teeth were fixed in the impression material next to 
each other as a simulation of a human mandible. (Figure 3)

The radiographs and the CBCT scans were evaluated by 
2 endodontists. It was allowed to the evaluators to adjust 
brightness, contrast and magnification of the captured im-
ages for obtaining the best visual results. Only those pro-
cedural accidents were included which were recognized by 
both doctors doubtlessness. The induced accidents, which 
were recognized only by one evaluator or the doctors 
weren’t sure on their decision were excluded. 

The in vitro caused procedural accidents were identified 
and the two methods were compared. The number of the 
detected accidents was compared to the total number of 
the triggered accidents and was stated in percentages in 
order to establish the sensitivity of the two imaging tech-
niques that were used (X-ray and CBCT). 

 Statistical analysis was performed using the chi square-
test to compare the sensitivity of the digital radiography 

with the computer tomography images. The results were 
considered significant at a value of p<0.05.

Results
The careful examination of the teeth with the two imaging 
techniques- digital periapical radiographs and CBCT- re-
vealed the following results:

Perforations:
To identify the perforations the radiographs were evaluated 
from two incidences, mesiodistal and buccopalatal/lingual. 
Only 12 (66.66 %) of the total of 18 perforations were 
recognized by both evaluators (Figure 4).

Using the CBCT scans 17 (94.44 %) out of the 18 
artificially created perforations could easily be detected  
(Figure 4).

Statistical analysis showed significant differences 
(p<0.05) between the two imaging techniques (Table IA).

Fractured instruments:
On digital periapical radiographs all 10 (100 %) broken 
instruments in the root canals were identified (Figure 4). 

The CBCT scans made possible the recognition of 9  
(90 %) fractured instruments (Figure 4).

These results showed no statistically significant differ-
ences between the two techniques while evaluating the 
fractured instruments in the root’s canals (Table IB).

Ledges:
Using the digital radiographs from two different incidences,  
10 of 13created ledges (76.9 %) were recognized (Figure 4).

CBCT scans made possible the identification of the 
ledges in 100 % of the cases (Figure 4).

Statistical analysis showed no significant differences be-
tween the two techniques when evaluating the triggered 
ledges (Table IC).

The totally recognized accidental procedures by using 
the digital periapical radiography and the CBCT scans 

Fig. 3. CBCT scan of the same tooth

Fig. 2. Digital radio-
graph of the same 
tooth in buccopala-
tal wiew.

Fig. 1. Digital radio-
graph in mesiodis-
tal wiew.
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showed significant differences between the two study 
groups (p<0.005) (Table ID).

Discussion
Procedural accidents during root canal preparations appear 
frequently. To increase the prognosis of the involved tooth, 

their identification and the establishment of the further 
treatment plan are the keys to success.

Digital periapical radiographs are the most common 
imaging modalities used during endodontic treatments 
to establish the progression, outcome and the quality of 
the treatment. Although this technique has its own limita-
tions- since it offers only a two-dimensional picture of the 
three-dimensional structures-, it is widely used because of 
its lower costs and easier evaluation possibilities. 

The introduction of the CBCT changed the perspec-
tives in some fields of dentistry, such as implantology 
and endodontics. The scanned images are capable to offer 
three-dimensional views of the explored structures [7,8]. 
This ability of the CBCT allows a better identification of 
the procedural accidents which occur during root canal 
treatments [9,10]. Perforations, broken instruments and 
ledge formations were easily detected on the scanned im-
ages by the evaluators. Higher cost and higher radiation are 
the only limitations of the CBCT [11,12].

Some procedural accidents as coronal and external root 
perforations or the fractured instruments in the root canals 
can be easily detected on the digital periapical radiographs. 
For a better detection of the ledges or the interradicular 
perforations on digital radiographs it is recommended to 
insert radiopaque materials (gutta-percha cones or endo-
dontic files) into the root canals before capturing the im-
ages [13]. Thesis and his colleagues in their paper also rec-
ommend this method for an easier identification of some 
procedural accidents [14] (Figure 2). 

 CBCT enhances the number of detection of inter-
radicular perforations and ledge formations compared to 
the digital radiograph images. According to the interna-
tional literature, Shokri et al obtained the same results 
[15]. Their conclusion was that CBCT scans are the best 
imaging method for the identification of root perforations 
(Figure 3).

According to international literature several studies 
demonstrated that CBCT has the highest accuracy among 
the imaging modalities to detect perforations and other 
procedural accidents which occur during root canal treat-
ment [6,15,16] Nevertheless, the digital intraoral periapi-
cal radiographs-with their limitations- still remain the most 
frequently used investigations during endodontic therapy. 
The images captured with this technique are almost as use-
ful before, during and after the root canal treatment as the 
cone beam computer tomography scans [13,14,17]

A limitation of this study could be the fact that the ac-
cidents were artificially created and easily recognizable. 
In addition,the soft tissue simulation did not provide the 
same image quality as in clinical settings. These conditions 
and the lack of patient movement could lead to overestima-
tion during evaluation.In clinical setting additional factors 
such as performance of the evaluators, patient related fac-
tors and software specifications of the digital radiographs 
and the CBCT can affect the diagnosis of the procedural 
accidents.

Fig. 4. Comparison of the two imaging techniques- digital periapi-
cal radiographs and CBCT scans-the recognition of the different 
procedural accidents stated in percentages.

Tab. I. Statistical analysis of the recognized and unrecognized pro-
cedural accidents on radiographs and CBCT scan. A. perforations 
B. broken instruments C. ledges D. all accidents

A

Recognized 
perforations

Unrecognized  
perforations

Marginal row 
totals

Rx 12 (14.5) [0.43] 6 (3.5) [1.79] 18

CBCT 17 (14.5) [0.43] 1 (3.5) [1.79] 18

Marginal  
column totals

29 7 36 (Grand Total)

The Chi-square statistic is 4.4335. The p value is 0.03524. This result is significant at 
p<0.05. 

B

Recognized  
perforations

Unrecognized  
perforations

Marginal row 
totals

Rx 10 (9.5) [0.03] 0 (0.5) [0.5] 10

CBCT 9 (9.5) [0.03] 1 (0.5) [0.5] 10

Marginal  
column totals

19 1 20 (Grand total)

The Chi-square statistic is 1.0526. The p value is 0.304902. This result is not significant at 
p<0.05. 

C

Recognized  
ledges

Unrecognized 
ledges

Marginal row 
totals

Rx 10  (11.5)  [0.2] 3  (1.5)  [1.5] 13

CBCT 13  (11.5)  [0.2] 0  (1.5)  [1.5] 13

Marginal  
column totals

23 3 26 (Grand total)

The Chi-square statistic is 3.3913. The p value is 0.065541. This result is not significant at 
p<0.05. 

D

Recognized  
accidents

Unrecognized 
accidents

Marginal row 
totals

Rx 32  (35.5)  [0.35] 9  (5.5)  [2.23] 41

CBCT 39  (35.5)  [0.35] 2  (5.5)  [2.23] 41

Marginal  
column totals

71 11 82 (Grand total)

The Chi-square statistic is 5.1447. The p value is 0.023318. This result is significant at 
p<0.05. 
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