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Abstract

Background: An untreated root canal in an endodontically treated tooth can lead to periapical lesions which can
ultimately result in necrosis and inflammation of the pulp or destruction of periodontal tissues. This study was
conducted to determine the prevalence of periapical radiolucency in endodontically treated teeth with
untreated canals identified by CBCT.

Materials and Methods: In this analytical cross-sectional observational study, a total of 326 maxillary and
mandibular premolars and molars with 775 root canals with previous root canal treatment obtained from
CBCT images from the archives of the Radiology Center of the Faculty of Dentistry of Azad University of
Isfahan (Khorasgan) were examined. The study recorded the number of teeth and roots, presence/absence
of periapical lesions, and untreated canals. Data were analyzed using chi-square and Fisher's exact tests
(a=0.05).

Results: A total of 38 cases (4.9%) showed untreated canals, with the second mesiobuccal canal being the
most common type (57.9%) and the maxillary first molar having the highest number of untreated canals
(52.6%0). In 125 canals (16.1%0), apical periodontitis lesions were detected. There was a significant difference
between the frequency of untreated canals in the endodontically treated maxillary premolars and molars, man-
dibular premolars, and molars (p<0.05). Similarly, there was a significant difference in the frequency of
apical periodontitis between endodontically treated maxillary premolars and molars, and mandibular pre-
molars and molars (p<0.001).

Conclusion: Apical periodontitis is more common in the second mesiobuccal canal of maxillary first molars that
have not undergone successful root canal treatment.
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Introduction

Adequate disinfection of the root canal system is one
of the most crucial stages of root canal treatment (1).
Several factors including persistent bacterial infection
(2), inadequate root filling (3), untreated canals (4),
inadequate coronal seal or inadequate crown
reconstruction (5), and operative errors (6) are likely

Corresponding author: Azadeh Torkzadeh

Department of oral and maxillofacial radiology, Dental school, Isfahan
(khorasgan) Branch, Islamic Azad University, Isfahan, Iran

Email: azadehh.torkzadeh@gmail.com

1 School of dentistry, Isfahan (khorasgan) Branch, Islamic Azad University,
Isfahan, Iran.

2 Department of oral and maxillofacial radiology, Dental school, Isfahan
(khorasgan) Branch, Islamic Azad University, Isfahan, Iran.

3 Department of endodontics, Dental school, Isfahan (khorasgan) Branch, Islamic
Azad University, Isfahan, Iran.

“ Postgraduate student, Department of oral and maxillofacial radiology, school of
dentistry, Isfahan (khorasgan) Branch, Islamic Azad university, Isfahan, Iran.

to be associated with the persistence of apical
periodontitis (7). Untreated canals can provide a
favorable environment for the growth of
microorganisms, resulting in apical periodontitis (8),
which can affect the treatment outcome (9,10) Timely
identification and diagnosis of periapical lesions is
crucial for successful treatment and prognosis.
General dentists play a key role in identifying and
treating these lesions or referring patients to specialists
if necessary.

Radiology is an essential aspect in root canal
treatment, from diagnosis to treatment planning and
evaluation of treatment success. Periapical
radiography was commonly used in the past to observe
apical periodontitis after root canal treatment.
However, the limitations of this technique in searching
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for missed canals due to its 2D nature have been noted
(13, 14). Despite being the most widely used method
for evaluating root canal anatomy in clinical practice,
periapical images cannot accurately depict the
complex anatomy of the tooth (15).

Cone beam CT imaging provides an accurate 3D
representation of teeth, jaw, and facial skeletal area
and the relationship of anatomical structures (16). It
has made visualization of pulp anatomy easier and,
facilitated the accurate interpretation of root anatomy
(17), including the number of canals and their possible
curvatures, as well as the assessment of postoperative
prognosis, particularly important in endodontic
treatment (18-20) Advances in CBCT imaging have
made it possible to assess the prevalence of untreated
canals in endodontically treated teeth and their
association with  persistent periapical lesions
Therefore, CBCT can be a powerful tool in root canal
diagnosis as well as in treatment planning and follow-
up.

Studies have shown that non-endodontically treated
teeth have a 25.6 times higher possibility of periapical
lesions than other teeth. The mesiobuccal root of the
maxillary molar has the highest percentage (62.8)
among the untreated roots and the second mesiobuccal
canal of the maxillary molar has the highest
percentage of the untreated canal (93%) among the
dental canals, associated with periapical lesions in
75.2% of cases (21, 22).

In cross-sectional studies, improper treatments have been
identified as a significant risk factor for apical
periodontitis. Research has demonstrated that teeth with
properly filled canals have a lower incidence of periapical
lesions compared to those with improperly filled canals
(23) an untreated root canal in an endodontically treated
tooth can be due to the physician's limited knowledge of
dental anatomy, complications of the root canal system,
or operative errors like inadequate access cavity design).
This study aimed to evaluate the prevalence of untreated
root canals with periapical lesions in endodontically
treated teeth.

Materials and Methods

For this study, we conducted a retrospective cross-
sectional observational analysis of 326 premolars and
molars from the Faculty of Dentistry at Isfahan Azad
University (Khorasgan) in 2022. We examined 775
root canals that had undergone endodontic treatment
and were visible on CBCT images from the Archives
of the Radiology Center. The primary objective of this
study was to determine the prevalence of missed

canals and periapical radiolucency in these teeth.

To ensure accurate results, we only included teeth that
had undergone endodontic treatment and had at least
one visible root. We excluded images of third molars,
teeth with incurable roots, impacted teeth, milk teeth,
permanent teeth with immature apex, images with
artifacts, the presence of a broken perforation file, root
fracture and resorption, and teeth with improper
coronal restoration and coronal seal.

The images were prepared using Galileos device
(Sirona, Germany, Bensheim) under exposure
conditions of 85 kV, 21 to 35 mAs, and FOV of 15 x
15 cm, and then were checked and measured in Sidexis
3D software.

The presence of untreated canals in endodontically
treated teeth in all three dental axial, sagittal, and
coronal planes were evaluated by a radiologist.

The following data was recorded for each tooth/root:
1. The number of the tooth and the number of its roots
2. Presence/absence of periapical lesion

3. Presence/absence of untreated canals

The collected data were analyzed using chi-square and
Fisher's exact tests in SPSS ver. 26. A P-value=0.05 was
considered as the significance level in this study.

Results

The results revealed that most teeth examined (39.9%)
had three canals. It was observed that 172 teeth were
positioned on the left side and 154 teeth were
positioned on the right side. The study further found
that the maxillary first molar had the highest
prevalence (16.9%) on the left side, while the
mandibular first molar was the most commonly
observed tooth on the right side (18.2%).

Among the 775 canals, 4401 were on the left side and 374
on the right side. The first maxillary molars (23.9%) and
the first mandibular molars (24.3%) had the highest num-
ber of canals on the left and right sides, respectively. Un-
treated canals were observed in 38 canals (4.9%). The
most common type of untreated canal was the second
mesiobuccal canal (57.9%) and the maxillary first molars
had the most untreated canal (52.6%).

Apical periodontitis lesions were observed in 125
canals (16.1%). The most common type of canal
affected was the mesiobuccal canal (36.8%). Most of
the affected teeth were maxillary first molars, which
accounted for 35.2% of the total affected teeth.

The Chi-square test was used to compare the frequency
of untreated canals in the studied teeth. The results
showed a significant difference between maxillary
premolars, mandibular first premolars, and molars in
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terms of the number of untreated canals (p=0.005). This
means that the proportion of untreated canals in maxillary
first molars was significantly higher than in maxillary
premolars, mandibular first premolars, and molars.

Additionally, there was a significant difference
between second maxillary and mandibular premolars

and molars in terms of the number of untreated canals
(p=0.005). Specifically, the proportion of untreated
canals in maxillary second molars was significantly
higher than in maxillary premolars, mandibular
second premolars, and molars (Table 1).

Table 1. Comparison of untreated canal frequency in the maxillary premolar and molar teeth, root-treated mandibular premolar,

and molar teeth

maxillary premolar  maxillary molar ~ Mandibular premolar  Mandibular molar

Tooth  untreated canal No (%) No (%) No (%) No (%) P value
without 89(96.7) 164 (89.1) 28(100.0) 174(96.7)
First with 3(3.3) 20(10.9) 0(0.0) 6(3.3) 0.005
total 92(100.0) 184(100.0) 28(100.0) 180(100.0)
without 85(98.8) 70(90.9) 38(100.0) 89(98.9)
Second with 1(1.2) 7(9.1) 00.0 () 1(1.1) 0.005
Total 86(100.0) 77(100.0) 38(100.0) 90(100.0)

The study findings revealed a considerable difference
in the prevalence of apical periodontitis between max-
illary and mandibular first premolars and molars
(p=0.001). The prevalence of apical periodontitis in
the maxillary first molars and mandibular first molars
were significantly more than maxillary premolars,
mandibular first premolars (p<0.05). There was no

significant difference between maxillary first molars
and mandibular first molars in terms of the prevalence
of apical periodontitis (p<0.05). The mandibular first
premolar had the lowest periapical lesion, and the
maxillary first molar had the highest periapical lesion
among the studied teeth (Table 2).

Table 2. Comparison of the frequency of apical periodontitis in root-treated maxillary premolar and molar, mandibular premolar,

and molar teeth

maxillary premolar  maxillary molar ~ Mandibular premolar  Mandibular molar

Tooth  Apical periodontitis No (%) No (%) No (%) No (%) P value
No AP 86 (93.5) 140 (76.1) 27 (96.4) 143 (79.4)
First With AP 6 (6.5) 44(23.9) 1(3.6) 37(20.6) 0.001
Total 92 (100.0) 184(100.0) 28 (100.0) 180(100.0)
No AP 80 (93.0) 67(87.0) 34 (89.5) 73(81.1)
Second With AP 6(7.0) 10(13.0) 4(105) 17(18.9) 0121

Furthermore, the research indicates a significant rela-
tionship between missed canal and apical periodontitis
in the studied teeth The occurrence of apical periodon-
titis was found in 89.5% of the missed canals and
12.3% of the treated canals. It suggests a significant

difference between the presence of the missing canal
and the presence of apical periodontitis (p<0.001).
The prevalence of lesions was significantly higher in
the missed canals. However, mandibular premolars
did not exhibit any missed canals (Table 3).

Table 3. The relationship between lost canal and apical periodontitis in root-treated maxillary
premolars and molars, mandibular premolars, and molars

No missing canal ~ Missing canal

Apical periodontitis No (%) No (%) P value
No AP 166 (95.4) 0(0.0)
maxillary premolar With AP 8(4.6) 4(100.0) <0.001
total 174(100.0) 4(100.0)
No AP 203(86.8) 4(14.8)
maxillary molar With AP 31(13.2) 23(85.2) <0.001
total 233(100.0) 27(100.0)
No AP 61(92.4) 0(0.0)
Mandibular premolar With AP 5(7.6) 0(0.0) --
total 66(100.0) -(-)
No AP 216(82.1) 0(0.0)
Mandibular molar With AP 47(17.9) 7(100.0) <0.001
total 263(100.0) 7(100.0)
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Discussion

The present study found that most of the teeth that
received endodontic treatment were the first molars in
both the upper and lower jaws the frequency of
periapical lesions in these teeth was reported as 16.1%.
However, other studies conducted by Deyhimi et al.
(24), Jamshidi (25), and Al-Omari et al. (26) reported
varying rates of periapical lesions, specifically 5.44%,
18.3%, and 83.7%, respectively Notably, only the
study by Jamshidi et al. (25) demonstrated results that
were comparable to those of the present study This
disparity suggests that the frequency of periapical
lesions in endodontically treated teeth is subject to
variation within different populations, which may be
attributed to differences in the diagnostic capabilities
of CBCT imaging.

Based on the findings, the prevalence of apical
periodontitis was highest in maxillary molars,
mandibular molars, mandibular premolars, and
maxillary premolars in that order. The maxillary
molars showed the highest number of periapical
lesions, specifically in the second mesiobuccal canal.
Furthermore, it was observed that the most missed
canals were in maxillary molars affected by apical
periodontitis.

In other words, the failure to identify the mesiobuccal
canal in maxillary molar teeth, which is highly
prevalent (27), leads to insufficient root filling, and
thereby doubles the risk of apical periodontitis. It is
clear that with an increase in the number of canals, the
risk of missed root canals also increases (28) Based
on previous studies, the absence of or insufficient root
filling can contribute to apical periodontitis and it is
considered the main cause of the condition (11, 23,
29-31). The health of the peri-apical region is
impacted by a multitude of factors, such as its
condition prior to pulp treatment, the complexity of the
tooth's canal system, and the root treatment process.
This process encompasses shaping and cleaning
procedures, canal disinfection, washing protocols,
humidity control and the quality of the coronal
restoration (32,33).

According to a study by Sunay et al. (34), 91% of teeth
with low treatment quality had apical periodontitis. In
another study, Odesjo et al. (35) found that apical
periodontitis was more commonly associated with
teeth that had undergone endodontic treatment. A
study by Kirkevang et al. (36) revealed that teeth with
sufficient root filling length had a lower prevalence of
peri-apical lesions compared to those with inadequate
length. Therefore, it can be concluded that there is a

positive relationship between inappropriate filling
length and the presence of periapical lesions.

The results of the present study showed that the
maxilla was more affected than the mandible, which is
consistent with previous research (37, 38). However,
many studies considered mandibular molars as teeth
that are strongly associated with the presence of
periapical lesions (39, 40). Since the mandibular first
molars are one of the first teeth that grow in the
permanent tooth system, they are more exposed to
caries and pulp diseases (40).

According to a study conducted by Baruwa et al (22),
the highest occurrence of periapical lesions was found
in the mesiobuccal root of the first molar in the upper
jaw. In a study by Costa et al. (21), the risk of apical
periodontitis was revealed 25.6 times higher in
endodontically treated teeth. They also discovered that
the highest frequency of untreated canals was related
to the mesiobuccal roots of maxillary first molars,
whilst the highest missed canals occurred in the
second mesiobuccal canal. The study concluded that
endodontically treated teeth with at least one missed
canal had a high prevalence of apical periodontitis
after treatment. do Carmo et al. (28) also concluded
that when the number of root canals is greater, the risk
of missing canals is higher, and the most missed canals
are associated with the presence of periapical lesions
in endodontically treated maxillary  molars.
According to a study conducted by Karabucak et al.
(16), the prevalence of untreated canals was highest in
maxillary molars (40.1%) and lowest in maxillary
premolars (9.5%). Additionally, non-endodontically
treated teeth had a 4.8 times higher frequency of
periapical lesion. These findings are consistent with
the results of the present study, indicating that missed
canals significantly affect treatment prognosis by
contributing to the presence of periapical lesions.
Lack of root filling or insufficient root filling (less than
2 mm) is the most significant risk factor for apical
periodontitis. The risk of apical periodontitis increases
significantly in endodontically treated teeth, especially
in maxillary first molars, which have a second
mesiobuccal canal that can be missed for various
reasons, such as dentist's inaccuracy, image artifacts,
and errors in examined images. Therefore, further
studies of root canal images are required to identify the
anatomy and structure of the root canals of the teeth,
and to ensure the accuracy of root canal cleaning and
filling in endodontically treated teeth.
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Conclusion

Periapical radiolucency is more common in the second
mesiobuccal canal of maxillary first molars teeth that
have not had successful root canal treatment.
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