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Background 
The bacterial elimination of the root canal system holds 
the key to successful endodontic treatment (1) and 
implementing a thorough and meticulous technique 
is considered as the primary determinant to achieve 
this aim and thus to prevent the future encroachment 
of bacteria. Therefore, the success rate can be as high 
as 94% when these measures are taken into account 
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Abstract
Background: Endodontic procedures such as root canal treatment (RCT) would be at the risk of failure 
like other medical interventions due to any unsuitable conditions. In this regard, applying low-efficiency 
techniques can cause several negative consequences such as errors in length, cleaning, shaping, and 
the quality of obturation. The aim of this study was to determine the iatrogenic errors and the quality of 
RCTs on mandibular premolars in the Ardabil population by using cone beam computed tomography 
(CBCT) images in 2018.
Methods: This cross-sectional retrospective study was carried out using the archive of Dr. Basser 
Radiology Center  in 2018. The axial, coronal, and sagittal sections of CBCT images were observed 
for detecting missing canals, perforations, ledges, vertical root fractures (VRFs), and the quality of 
endodontic filling. The observation process was done by an endodontist, a radiologist, and a dentistry 
student. The collected data were analyzed using SPSS software, version 20 and the descriptive statistical 
method (frequency and percentage) was used for reporting the results.
Results: The results showed that underfilling was the most common error in the second and first 
mandibular premolar (9.5% compared with 9.2%), respectively. In addition, overfilling and missing 
canal were the second and third common errors in this study (6.3% and 3.9%). On the other hand, 
ledge, perforation, and VRF in the second premolar were the least common failures (0.26%). However, 
perforation and VRF were not found in the first mandibular premolars. It was observed that missing 
canals occur as lingual, mesial, and buccal types. All the missing canals of the first mandibular premolar 
were of lingual type. In comparison, in the second premolar, 71.4% of the missing canals were lingual 
and the remaining canals were mesial or buccal (each 14.3%).
Conclusions: Overall, the results of the present study revealed that the most common mistakes were 
errors in length and missing canals, therefore, more education is recommended toward employing 
working length determination techniques, using electric apex locator, obtaining more knowledge of 
anatomy variation, and using CBCT in doubtful cases.
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 ► The most common Iatrogenic Errors of RCT of Mandibular 
Premolars in Ardabil Population were errors in length 
and missing canals respectively.
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(2,3). In addition, the proper technique becomes more 
important in the presence of periapical infection (4). The 
thorough knowledge of the basic root canal anatomy and 
its possible variations is essential for achieving successful 
nonsurgical endodontic treatment (5). Previous research 
reported multiple foramina, fins, deltas, loops, furcations, 
and accessory canals in most teeth (5). The main reasons 
for endodontic failures are apical percolation and the 
presence of microorganisms caused by incomplete 
cleaning, insufficient canal obturation, and the presence 
of untreated canals (6). Anatomically lower second 
premolars are described as teeth with a single root and 
single root canal (7). However, they could be the most 
challenging teeth in terms of treatment due to the failure 
to identify the complex variations in their root canal 
morphology (8). This was well demonstrated by Chugal 
et al who showed that the failure rate increases by 14% 
for every 1 mm loss of working length in teeth with apical 
periodontitis (4). Certain errors represent a significant 
negative impact on the outcome. These procedural 
errors compromise canal cleaning and shaping, result in 
incomplete root filling, and jeopardize the outcome of 
the treatment (9) A poor technique can be manifested 
in numerous ways. These include errors in cleaning and 
shaping (i.e., ledge formation, apical transportation, 
perforations, and instrument separation) and obturation 
(i.e., voids, overfill, and underfill). The presence of such 
errors can lead to severe consequences (10). For instance, 
Sjögren et al reported that the length of the root filling, 
relative to the radiographic apex, significantly affected 
the outcome of root canal treatment (RCT) by 87%-94% 
healing rates associated with root fillings ending 0-2 mm 
from the radiographic apex (11-13). Underfill reduces 
the success rate to 68% (1,11-13,14). Similarly, overfill 
contributes to failure and reduces the success rate to as low 
as 76% (1,15). In addition, root fillings with a homogenous 
mass of filling material while with no voids are strongly 
correlated with a lower risk of disease (13,16). Instrument 
separation is also shown to reduce the success rate by up 
to 14% compared to those with no instrument separation 
(17,18). Further, preparation outcomes such as ledges and 
perforations are possible results of canal transportation, 
which is defined as any undesirable deviation from the 
natural canal path (15). Perforations are followed by the 
infection of the periodontal ligament and the alveolar 
bone, which thus impair the healing (19). A therapist 
would face a range of undesired and unexpected events 
and challenges, which could obviously affect disease 
prognosis. Accordingly, the knowledge and skill of doing 
the procedure are absolutely important for preventing 
or solving these kinds of problems (20). A study at the 
University of Washington assessed the failure rate of 
non-surgical root canal therapy in all teeth. Based on the 
results, the mandibular first premolar had the highest 
failure rate in the study at 11.45% (20). Considering the 
above-mentioned discussions, the present study aimed to 

determine the iatrogenic errors and the quality of RCTs 
of mandibular premolar teeth in Ardabil using the cone 
beam computed tomography (CBCT) images in 2018. 
The results of this work are expected to help practitioners 
to determine the steps of the endodontic procedure 
that require greater diligence. Most failures occur in 
mandibular premolars. In this way, it is possible for dental 
practitioners to substantially improve the quality of their 
work and ensure long-term viability of the treatment.

Materials and Methods 
This cross-sectional retrospective study was performed at 
Dr. Basser Radiology Center in 2018 and the archive of 
CBCT images of this center was evaluated for this study. 
To this end, a total of 327 images of patients with the age 
of above 15 years were selected for the study. The sample 
size was estimated to be 327 according to Morgan’s table 
as there were 2180 CBCTs available. On the other hand, 
there was no similar study using CBCT for evaluating 
iatrogenic errors when conducting the study. The CBCT 
images with at least one mandibular root canal treated 
premolar were selected from the archive and were then 
checked by an endodontist, a radiologist, and a dentistry 
student. The axial, coronal, and sagittal sections of CBCT 
images were observed for detecting the missing canals, 
perforations, ledges, vertical root fractures (VRFs), and 
the quality of endodontic filling (Figure 1).

Criteria for Radiographic Classification
Quality of root fillings: 
•	 A length of 2 mm from the apex (‘acceptable’ filling): 

Filling ending 0-2 mm short of the apex with uniform 
radiodensity and filling adaptation to the root canal 
walls;

•	 Overfilling: Filling extruding beyond the apex; 
•	 Underfilling (a length of >2 mm from the apex): 

Filling ending more than 2 mm from the radiographic 
apex; 

•	 Detection of iatrogenic errors: 
•	 Ledge formation was diagnosed when the root filling 

was at least 1 mm shorter than the initial working 
length and deviated from the original canal shape in 
the teeth where root canal curvature occurred. 

•	 VRF is defined as a complete or incomplete fracture 
initiated from the root at any level, usually directed 
buccolingually.

•	  Root resorption is a condition associated with either 
a physiologic or a pathologic process resulting in the 
loss of dentin or cementum.

•	 Missing of the canal was diagnosed when not 
preparing a canal.

•	 Root perforation was diagnosed when extrusion of 
filling material was detected in any other area of a 
root canal.

•	 Presence of a separation instrument was diagnosed 
when a fractured instrument was detected inside a 
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the least common failures (0.26%). However, perforation 
and VRF were not found in the first mandibular premolars.

Discussion
This study was designed to evaluate the iatrogenic errors 
and the quality of the RCT of mandibular premolars among 
the Ardabil population by using CBCT in 2018. CBCT 
was used to investigate iatrogenic errors in endodontic 
treatments since periapical radiographs have limitations. 
In other words, they provide two-dimensional images of 
three-dimensional objects. The result of this study showed 
that underfilling in the second and first premolar was the 
most frequency of errors, respectively, which is in line 
with the results Lynch and Burke (21). This is probably 
because of the tooth location and complexity of root 
canals in the second mandibular premolar. In our study, 
overfilling was less than underfilling, which corroborates 
the results of the study by Eleftheriadis and Lambrianidis 
(22), Khabbaz et al (23), Lynch and Burke (21), and Ilgüy 
et al (24). According to Eleftheriadis and Lambrianidis 
(22), Khabbaz et al (23), and Lynch and Burke (21), the 
radiographically working length of root canal filling in 
our study was defined when obturation was finished zero 
to two millimeters of the radiographic apex. However, in 
the study by Ilgüy et al (24), obturation position in more 
than 1 mm short or long of the radiographic apex was 
defined as under- or over-filling, respectively. It appears 
that working length determination requires further 
attention in the process of instruction. However, it must 
be noted that errors in obturation are mostly secondary to 
errors in canal preparation.

The missing canal was the third common error type in 
this study. More abundance of missing canals was expected 

root canal.

Inclusion Criteria
At least one premolar of the mandible is treated 
endodontically.

Exclusion Criteria
Teeth with inter canal post or deep filling that can cause 
artifact.

Statistical Analysis
The obtained data were analyzed using SPSS software, 
version 20 and the descriptive statistical method (i.e., 
frequency and percentage) was used for reporting the 
results.

Results
A total number of 337 CBCT images were assessed in 
the present study. The obtained results are summarized 
in Table 1 and Figure 2. As shown, the most common 
error was underfilling in the second and first mandibular 
premolar (9.5% and 9.2%), respectively. In addition, 
overfilling and missing canal were the second and 
third common errors in this study (6.3% and 3.9%) and 
overfilling in the second mandibular premolar was higher 
than the first mandibular premolar (6.3% and 5.5%). This 
issue is contrariwise about missing. It was observed that 
missing canals occur as lingual, mesial, and buccal types. 
All the missing canals of the first mandibular premolar 
were lingual. In comparison, 71.4% of missing canals were 
lingual in the second premolar and the remaining canals 
were of mesial or Buccal type (each of them was 14. 3%). 
Ledge, perforation and VRF in the second premolar were 

Figure 1. (A) Overfilling, (B) Underfilling, (C) Vertical Root Fracture, and (D) Missing Canal.
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in these teeth (3.9%) considering that the probability of 
the existence of the second canal in the first premolars 
was more than that of the second premolars (Table 1). The 
more complex topology of canals in mandibular second 
premolars compared to those in the first premolars is 
responsible for the diversity of missing canals. Therefore, 
the missing canals of the second premolars consist of 
three types (i.e., lingual, mesial, and buccal) unlike the 
first premolar (all missing canals were lingual due to the 
curve of lingual root canals and difficult accessing to these 
canals).

Of 327 evaluated images, ledge error in the first 
premolar (0.53%) and second premolar (0.26%) had a 
low percentage of errors that was close to the study of 
Vukadinov et al (25) 2.8% and less than 54.8% and 26% 
in the studies of Khabbaz et al (23) and Mozayeni et al 
(26). Our findings regarding the ledge had a significant 
difference with the findings of the other studies, which is 
because the present study only evaluated premolar teeth 
since the root curvature of these teeth is low. As regards 
the technique of preparation, however, four studies 
(21,25,27,28) presented some characteristics that possibly 
contributed to this fact, including the use of flexible 
instruments and the absence of significant curvatures. 
It can be further the result of different used radiography 
techniques and the small deviation from the original canal 
shape can be more obvious in Periapical (PA) images due 
to less artifact of the filling material in these images.

The less frequency was related to perforation and 
VRF. VRFs relate to different factors like the amount 
of remaining tooth structure, the amount of pressure 
in endodontic treatment, and the like, therefore, the 
more percentage of this error in the second premolar is 
iatrogenic and seem not to be related to the tooth type.
The root resorption of the first premolars was more 
than that of the second ones. The only explanation for 
this observation can be remained inflammation due to 
technical problems in the first premolars since the etiology 

of root resorption is not completely known.
Totally, the results of this study that focused on 

the iatrogenic errors of premolar teeth showed that 
underfilling, overfilling, and missing errors have a higher 
prevalence in the second mandibular premolars. Thus, 
more education is needed for correct obturation without 
under or overfilling in these teeth.

Conclusions
Considering the limitations of the present study, the most 
common error types were underfilling in the second 
mandibular premolars and then the first mandibular 
premolar. Furthermore, overfilling and missing canal 
were the second and third common error types in this 
study thus more education is recommended regarding 
applying working length determination techniques, 
using an electric apex locator, as well as obtaining more 
knowledge about anatomy variation and using CBCT in 
doubtful cases.

The ledge in the second premolar, perforation, and 
VRF in the first premolar were least common and no 
perforation and VRF were found in the first mandibular 
premolars. Generally, problems were more prevalent in 
the second premolar and more education is needed for 
root canal therapy of this tooth.

Conflict of Interest Disclosures
The authors declare no competing interests concerning the 

authorship and/or publication of this article.

Ethics Statement 
The ethics approval for this study was achieved from the Ethics 
Committee of Ardebil University of Medical Sciences with the 

online code of IR.ARUMS.REC.1397.265.

Figure 2. Percentage of Different Error Types in Endodontically 
Treated Mandibular Premolars.

Table 1. Percentage of Different Error Types in Endodontically Treated 
Mandibular Premolars

Error Type Tooth Number Abundance Percentage

Over Filling
4 21 5.5

5 24 6.3

Under Filling
4 35 9.2

5 36 9.5

Missing Canal
4 15 3.9

5 7 1.9

Ledge
4 2 0.53

5 1 0.26

Root Resorbtion
4 5 1.3

5 3 0.8

Perforation 
4 - -

5 1 0.26

Vertical Root Fracture
4 - -

5 1 0.26
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