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Introduction: Untreated canals represent the primary cause of treatment failure in molars and the second leading cause
in other dental groups. This study determined the prevalence of untreated canals and their relationship with periapical
periodontitis using cone-beam computed tomography (CBCT) images. Materials and Methods: 385 CBCT images
with at least one treated canal were selected from the oral and maxillofacial radiology center. The number of roots and
canals, presence, and size of periapical pathology, and presence of untreated canals were recorded. The study used
descriptive statistics and Chi-square, Fisher's exact, and odds ratio tests to analyze data. Results: Of the 2053 teeth
examined, 14.9% had at least one untreated canal. Untreated canals in teeth increase the chance of having a periapical
lesion, raising the prevalence by 11 times. Of these, 91.8% had both untreated canals and periapical lesions. This was
more than teeth without untreated canals (35.8%). Most untreated canals were in maxillary molars (65.3%), and
mandibular molars (12.54%). There was a statistically significant relationship (P<0.001) between the number of roots,
canals, expansion, destruction, and jaw type with the prevalence of untreated canals. The maxillary first molar (68.66%)
and second mesiobuccal (MB2) canal (63.27%) had the highest percentages of untreated canals. Conclusions: The MB2
had the highest prevalence of untreated canals. The presence of untreated canals significantly increased the risk of
expansion and/or destruction. Therefore, identifying these conditions can also be useful in diagnosing untreated canals .
Dentists should assess the anatomy of the tooth and the structure of the root canal to minimize the possibility of an
untreated canal. CBCT can assist in this process.
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Introduction

cause of treatment failure in molars and the second leading cause of
treatment failure in other dental groups. The signs and symptoms

A clear understanding of the root canal anatomy is an essential
prerequisite for achieving predictably successful endodontics
[1]. The root canal anatomy is the blueprint upon which every
clinician relies before initiating treatment [2]. Awareness of the
internal anatomy reduces the possibility of missing a canal during
treatment. Limited knowledge of root canal morphology and its
complexity may result in a clinician missing a canal during root
canal treatment [3]. An untreated canal is a major reason for the
failure of endodontic treatment [4]and the subsequent endodontic
retreatment can involve about 42% of untreated canals [5]. A
missed canal can become a reservoir for microorganisms or cause
persistent apical periodontitis [6]. Missed canals are the primary

associated with unsuccessful endodontic treatment can range from
none to acute apical abscess [7].

Diagnosing missed canals can be challenging because there
is no definitive indication that is specifically related to a missed
canal [3]. The presence of a missed canal in an endodontically
treated tooth can be considered a clinical condition associated
with the presence of apical periodontitis [5, 8].

Because periapical status is one indicator of success in
endodontic treatment, its evaluation is important when monitoring
the outcome of treatments [9]. Apical periodontitis is an
inflammatory disease which is caused primarily by bacterial
infection of the root canal system [4]. Persistence of apical

I ﬂ] Iranian Endodontic Journal 2024;19(3): 208-215

EOGG) This open-access article has been distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).


https://orcid.org/0000-0002-7092-4132
https://orcid.org/0000-0002-7138-7287
https://orcid.org/0000-0002-3120-2540
https://orcid.org/0000-0001-8270-3057
https://orcid.org/0000-0002-9023-1608

209

Ebrahimi et al.

Figure 1. CBCT image of Tooth #15 with four canals that have not been treated with distobuccal and second mesiobuccal (MB2) canals; A) Axial
view; B) Sagittal view; C) Coronal view (note the periapical lesion)

periodontitis can be induced by persistent bacterial infection,
inadequate root filling, untreated canals, improper coronal
restoration, and procedural errors [3].

The limitations of a two-dimensional radiographic image for
displaying a three-dimensional structure are well-documented
[10, 11]. Recently, cone-beam computed tomography (CBCT)
with a limited field of view (FOV) and microCT images have
been introduced to endodontics and their applications are
increasing rapidly [11-13]. Accurate and reliable images
obtained by CBCT provide higher sensitivity when detecting
missed canals and assessing the quality of root canal treatment
[14]. A tooth CBCT images always resulted in the identification
of a greater number of root canals than conventional digital
radiographic images [15]. The aim of the present study was to
evaluate the prevalence of missed canals in endodontically
treated teeth and their association with apical periodontitis in an
Iranian subpopulation utilizing CBCT.

Materials and Methods

Sample collection and image qualification

CBCT images from patients who visited an oral and
maxillofacial radiology service in Sanandaj, Iran, between
December 2020 and March 2023 were retrieved from the
database and analyzed. Patients were not exposed to radiation
for this study. A total of 466 CBCT images were obtained using
the Promax 3D system, specifically a Planmeca Finland 3D 8x8
cm CBCT unit (Helsinki, Finland), operating at 90 kVp, 8 mA,
with a voxel size of 0.16 mm.

The inclusion criteria required the presence of at least one
treated root canal in each CBCT image and patient age between
18 and 70 years. All tooth types were included. Exclusion criteria
comprised low-quality images or those with artifacts, as well as
previous endodontic surgery, root fracture, root perforation, or
external root resorption that significantly altered root anatomy.
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The sample size calculation formula confirmed that 385 CBCT
images met the study’s inclusion criteria.

All images were independently examined by an experienced
oral and macxillofacial radiologist and an endodontist to identify
untreated canals and periapical periodontitis. The images were
reviewed on the same monitor under consistent conditions, with
the examiners blinded to each other's assessments. Observers
could adjust image contrast and brightness, and there was no
time restriction for the evaluations.

For each endodontically treated tooth, the following data
were recorded: (1) tooth number (and the jaw in which it was
located), and the frequency/number of its roots and canals; (2)
presence or absence of periapical pathology; (3) dimensions of
any periapical lesion; and (4) presence or absence of missed
canals. All procedures adhered to international, national, and
institutional ethical guidelines. The study received approval
from the Ethics Committee at Kurdistan University of Medical
Sciences (IR.MUK.REC.1400.030).

Analysis of CBCT images

For interpretation, real-time reconstruction was performed using
Romexis software (Romexis version 4.6.1; Planmeca, Helsinki,
Finland), providing axial, coronal, and sagittal two-dimensional
(2D) multi-planar reformatted slices. A tooth was considered
endodontically treated if it contained at least one root canal filled
with hyperdense material. Untreated (missed) canals were
identified as those completely unfilled from the cementoenamel
junction to the apex or canals disrupted from the main canals at
any point [12]. Initially, the axial sections of each root were
evaluated for untreated canals and periapical lesions, with
findings confirmed through analysis of the coronal and sagittal
sections, as depicted in Figures 1 and 2.

A periapical lesion was recorded when, in addition to a
disrupted lamina dura, a low-density area at least twice the width
of the periodontal ligament was present [16]. The dimensions
were measured perpendicular to the root surface in both the
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Figure 3. CBCT image of the lower first molar tooth with periapical lesion at distal root; A) Sagittal view (The size of the lesion was measured to

be 3 mm); B) Coronal view (The size of the lesion was measured to be 1.22 mm)

coronal and sagittal sections to identify the largest periapical
lesion (Figure 3) [17]. The size classification of periapical
pathology followed the CBCT periapical index (CBCT-PAI) as
presented by Estrela et al., and detailed in Table 1 [18]. This
index utilizes a 6-point scoring system (0 to 5) with variables E
(expansion) and D (destruction), where the score is determined
by the largest lesion size. A score of zero indicates a healthy
periapical bone structure without lesions.

Additional evaluations were conducted using multiplanar
reconstructions in the axial, sagittal, and coronal sections. For
multi-rooted teeth, each root was analyzed independently, with

Table 1. Six point scoring system of CBCT-PAI index
Quantitative bone alterations in mineral structures  Score
Intact periapical bone structures 0
0.5 mm=>DPR* >1 mm 1
1Imm>DPR >2 mm 2
2mm=>DPR >4 mm 3

4
5

4mm=>DPR >8 mm

Diameter of periapical radiolucency >8 mm
Expansion of periapical cortical bone Score: n+E*
Destruction of periapical cortical bone Score: n+D*

DPR*: Diameter of periapical radiolucency; E*: Expansion; D*: Destruction

the root having the worst score considered. The software
allowed for image quality enhancement through filters and
adjustments to brightness and contrast, facilitating a detailed
and precise assessment.

Data analysis

Data analysis was performed using SPSS software (SPSS version
27; SPSS Inc., Chicago, IL, USA). Descriptive statistical methods
were employed for summarizing data, including mean and
standard deviation for quantitative variables and prevalence and
relative prevalence for qualitative variables. To assess significant
correlations within the data, Chi-square, Fisher’s exact, and odds
ratio tests were utilized. A P-value of less than 0.05 was
considered statistically significant.

Intra- and interrater reliability tests were conducted to
ensure the consistency and reliability of the observations. The
Cohen Kappa test was applied to determine intra-rater
reliability by analyzing the initial 10 CBCT scans (representing
300 teeth) twice (observations A and B) with a 1-month
interval between assessments, and comparing the results.
Additionally, interclass correlation coefficients were calculated
for these same 300 teeth to determine interrater reliability
across both observations A and B.
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Results

Most measures demonstrated a high degree of reliability between
the first and second replicates with the intraclass correlation
coefficient (ICC) values (0.85) and Cohen’s Kappa (0.83). Based
on the inclusion and exclusion criteria, 385 CBCT radiographs
with a total of 2053 teeth from all dental groups [anterior
(26.45%), premolar (38.15%), and molar (35.40%)] were
examined. Out of the population studied, 54.3% were women and
45.7% were men and the mean age of patients was 41.95+12.42
years. Of the teeth examined, 59.8% were in the maxilla and 40.2%
were in the mandibular.

The second maxillary premolar had the highest prevalence
(11.45%) in the studied samples and the lowest frequency was for
the third maxillary and mandibular molars. Six anterior teeth in
the maxilla, third maxillary, and third mandibular molars had no
untreated canals.

The first maxillary molar had the most untreated canals
(68.66%), followed by the second maxillary molar (61.94%)
(Table 2). The second mandibular premolar (0.51%) had the
fewest untreated canals, followed by the first maxillary premolar
(2.33%). Most of the untreated canals, based on the dental group,
were in the maxillary molars (65.3%). followed by the mandibular
molars (12.54%), mandibular anterior teeth (8.14%), maxillary
premolars (2.86%), and mandibular premolars (2.04%). Among
the 2053 examined teeth, 14.9% had untreated canals and 44.1%
had periapical lesions.

Of the teeth with untreated canals, 91.8% also had periapical
lesions, while only 35.8% of the teeth with no untreated canals had
periapical lesions. Therefore, the prevalence of periapical lesions in
teeth with untreated canals was 11 times higher than for the teeth with
no untreated canals. Among the untreated canals, second
mesiobuccal (MB2) canal with 63.27% and mesio-lingual mandibular
canals with 6.88% had the highest frequencies. MB2 of the first
maxillary molar (62.21%) and MB2 of the second maxillary molar
(43.28%) had the highest prevalence among the untreated canals.

The relationships between the number of roots, number of
canals, and expansion, destruction, or type of jaw (maxilla or
mandible) with the prevalence of untreated canals were
statistically significant (P<0.001). A total of 79.7% of untreated
canals occurred in the maxilla and only 20.3% occurred in the
mandible. It is noteworthy that, for an untreated canal, the rate of
expansion, destruction, or both increased significantly.

As shown in Table 3, as the number of roots and the number
of canals increased, the number of untreated canals increased as well,
such that the addition of a single unit to the number of roots led to a
2.03-fold increase in the number of untreated canals. Furthermore,
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the addition of a single unit to the number of canals led to a 6.61-fold
increase in the number of untreated canals. No statistically significant
relationships (P<0.001) were recorded between age, sex, and lesion
size with the prevalence of untreated canals.

Discussion

Untreated canals are the main cause of treatment failure in molars
and the second leading cause of treatment failure in other dental
groups [5]. Signs and symptoms associated with unsuccessful
endodontic treatment can range from no clinical signs to acute
apical abscesses [7]. Diagnosing untreated canals can be
challenging because there is no definitive indication that they may
be specifically related to the condition of the untreated canal. The
presence of an untreated canal in an endodontically treated tooth
can be considered a clinical condition associated with the presence
of apical periodontitis [5, 8]. Because the periapical status is an
indicator of success in endodontic treatment, its evaluation is
important to monitor the outcome of treatment.

The current study showed that the prevalence of untreated
canals was 14.9% in the study population. Baruwa et al. [3] and
Costa et al. [4] both reported that the prevalence of untreated
canals was 12%, which is comparable with our results. However,
Mashyakhy et al. [16] and Karabucak et al. [12] reported higher
prevalence values for untreated canals of 18% and 23.04%,
respectively. The study by Karabucak et al. only examined
molars and premolars, which may explain the higher prevalence.

In the current study, the highest prevalence of untreated
canals by the dental group was for maxillary molars (65.30%),
followed by mandibular molars (12.54%), mandibular anterior
teeth (8.14%), maxillary premolars (2.86%) and mandibular
premolars (2.04%). The maxillary first molar (68.66%) and
second mesiobuccal (MB2) canal (63.27%) had the highest
percentages of untreated canals. Consistent with these results,
Baruwa et al. [3] reported that the highest prevalence of
untreated canals, by dental group, in their study was for
maxillary molars (59.50% in the first maxillary molar and
40.00% in the second maxillary molar teeth). They also stated
that the lowest prevalence of untreated canals was in the
maxillary anterior teeth (0.5%) and premolars (2.4%).
Moreover, it has been reported that maxillary molars have the
highest percentage of root canal treatment failure with the
presence of periapical radiolucency due to missed canal [5, 19].
Karabucak et al. [20] also reported that maxillary molars
showed the highest prevalence of untreated canals (40.1%), of
which the first maxillary molar tooth (43.9%) and MB2 canal
(65%) had the highest prevalence of untreated canals.
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Table 2. Distribution of missed canals with or without lesions by location of tooth

Tooth number-the jaw Frequency of Frequency of the  Incidence of missed  Frequency of missed Frequency of missed
in which it is located the tooth tooth with lesion canal per tooth (%) canal with lesion canal without lesion
8 Max 2 2 0 0 0
7 Max 134 101 61.94 (83) 78 5
6 Max 217 170 68.66 (149) 134 15
5 Max 235 82 3.40 (8) 8 0
4 Max 214 62 2.33 (5) 5 0
3 Max 150 55 0 0 0
2 Max 139 42 0 0 0
1 Max 140 47 0 0 0
8 Man 8 4 0 0 0
7 Man 153 79 12.41 (19) 18 1
6 Man 213 122 12.67 (27) 23 4
5 Man 194 45 0.5 (1) 1 0
4 Man 140 38 3.57 (5) 5 0
3 Man 62 23 3.22(2) 2 0
2 Man 30 17 16.66 (5) 5 0
1 Man 22 10 4.54 (1) 1 0
Total 2053 906 14.9 (305) 280 25

Max: Maxilla; Man: Mandible

Table 3. Prevalence and distribution of untreated canals in maxilla [n (%)]

Tooth 2nd molar 1st molar  2nd premolar 1st premolar
MB2 58 (43.28) 135 (62.21) 0 0
MB1 6 (4.47) 0 2 (0.85) 0

DB 8 (5.97) 4(1.84) 0 0

P 0 0 4(1.70) 3 (1.40)

B 0 0 2 (0.85) 1 (0.47)
P2 0 1 (0.46) 0 0
MB2+MB1 3 (2.24) 3(1.38) 0 0
MB2+DB 8(5.97) 3(1.38) 0 0
MB2+MB1+DB 0 3(1.38) 0 0

DB+P 0 0 0 1(0.47)
Total 134 (100) 217 (100) 235 (100) 214 (100)

MB, Mesiobuccal; DB, Distobuccal; P, Palatal; B; Buccal

Table 4. Prevalence and distribution of untreated canals in mandible [n (%)]

Tooth 2nd molar 1st molar 2nd premolar 1st premolar Canine 2nd incisor 1st incisor
Canal
ML 14 (9.15) 7 (3.29) 0 0 0 0 0
MB 2(1.30) 6(2.81) 0 0 0 0 0
DB 0 2(0.94) 0 0 0 0 0
DL 0 10 (4.70) 0 0 0 0 0
D 1 (0.65) 0 0 0 0 0 0
B 0 0 0 0 0 1(3.33) 0
L 0 0 1(0.51) 3(2.14) 2(3.22) 4(13.33) 1 (4.54)
ML+D 1(0.65) 0 0 0 0 0 0
MB+ML 1 (0.65) 2 (0.94) 0 0 0 0 0
DB+L 0 0 0 2(1.43) 0 0 0
Total 153 (100) 213 (100) 194 (100) 140 (100) 62 (100) 30 (100) 22 (100)

ML: Mesiolingual; MB: Mesiobuccal; DB: Distobuccal; DL: Distolingual; D: Distal; B: Buccal; L: Lingual
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Many other studies have reported results that were relatively
similar to ours [4, 5, 7, 16]. Taken together, these studies confirm
that the prevalence of untreated canals and their positions were
similar in the studied population. These results and their
consistency with previous studies also highlight the importance of
the role of untreated canals in the development of periapical lesions.

Anatomical studies of the first maxillary molar have shown that
the prevalence of MB2 is 30.9% to 96.7% [21, 22]. Mesiobuccal root
anatomy can be variable and complex, which may make it difficult
for clinicians to identify and treat all canals during the treatment
[23, 24]. These findings emphasize that care should be taken when
determining the number of maxillary molar canals during
treatment/retreatment. Mesiobuccal roots typically have two canals
and clinicians must strive to locate the MB2 canal [16, 25].

The reason for missing MB2 canals is likely a lack of skill by
the clinicians, inadequate training of dentists, indirect access,
morphological complexity [10, 12] (type II (69.1%) and type IV
(48.7%) Vertucci’s configurations[26]), and uncertainty of the
orifices of the canal [11]. Accordingly, determining the most
appropriate solutions to addressing such insufficiencies should be
taken more seriously.

In the present study, the highest prevalence of untreated canals
in the mandible, by the dental group, was related to the
mandibular molars (12.54%) (12.67% in the first molar and
12.41% in the second molar). Baruwa et al. [3] reported that the
first mandibular molar (11.2%) and the second mandibular molar
(9.5%) had the highest frequencies of untreated canals in the
mandible. Mashyakhy et al. [16] reported that the total number of
untreated canals in the mandible was for the first molar (25% of
all untreated canals) and that the mesiobuccal and mesiolingual
(ML) canals were those most often left untreated.

The present study also showed that the mesial root of the
second mandibular molar had the highest rate of untreated canals
in the mandible at 5.24%. Baruwa et al. [3] also reported that the
mesial root of the second molar had the highest rate of untreated
canals (9.6%) in the mandible. Karabucak et al. [20] reported that
the mesial root of the second molar had the highest rate of
untreated mandibular canals.

In the present study, the ML canal of mandibular molars
(25.92% in the first molar and 73.68% in the second molar) had
the highest prevalence of the untreated canal (Table 4). This was
consistent with the study by Costa et al. (29% in the first molar
and 62% in the second molar) [4].

These missed canals could be due to reduced visibility and access
to the pulp chamber of the second molar, indirect visibility of the
orifice of the mesial canals, and anatomical complexities of this root
[3,4, 12]. Accordingly, treatment of these canals requires greater skill
and effort. In addition, in the mandibular second molars, the high
prevalence of Vertucci type I classifications and the fact that both
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mesial canals have a common orifice are other possible explanations
for the high rate of untreated canals in this tooth [3].

The current study showed that the overall prevalence of
periapical lesions was 44.1%. Importantly, 91.8% of the teeth with
untreated canals had periapical lesions, while the prevalence of
periapical lesions in teeth without untreated canals was 35.8%.
Therefore, the prevalence of periapical lesions in teeth with
untreated canals was 11 times higher than for the teeth with no
untreated canals. In Karabucak et al’s study, 82.8% of cases, in
Costa et al.’s study, 98% of cases, in Baruwa et al.’s study, 82.6% of
cases, and in Do Carmo et al.’s study, 45.2% of cases simultaneously
have Missing canal and peri-apical lesions, therefore, according to
these studies, teeth with untreated canals are 4.38, 6.25, 4.4 and 2.57
times more exposed to peri-apical lesions [3, 5, 12], respectively,
which was less than the present study.

Indeed, untreated canals can become a reservoir for
microorganisms, which is a main cause of stable periapical
periodontitis [27].

The results of the current study show that the number of roots
and the number of canals affected the prevalence of untreated
canals such that the addition of a single unit to the number of roots
led to a 2.03-fold increase in the number of untreated canals.
Furthermore, the addition of a single unit to the number of canals
led to a 6.61-fold increase in the number of untreated canals.
These results also indicate that the presence of untreated canals
significantly increased the risk of expansion and/or destruction.
identifying these
destruction) can also be useful in diagnosing untreated canals.
Comparative studies of CBCT
radiographs in the diagnosis of apical periodontitis showed that
CBCT could be much more accurate for diagnosing small lesions
with minimal destruction levels [18, 28, 29].

Periapical radiography has long been the most common
imaging technique for the evaluation of errors in endodontic
treatment and periapical lesion [30]. However, the increased
use of CBCT has led to comparisons of its performance with
conventional radiographs for the diagnosis of endodontic
disease [31-33]. CBCT has made it possible to detect periapical
radiolucencies before they can be detected on conventional
radiographs [28]. Lofthag-Hansen et al. [34] showed that the
diagnostic power of CBCT was 38% higher than conventional
radiographs for detecting the periapical lesions in the roots of
teeth suspected of having periapical lesions. Similar findings
have been reported in other studies [35].

In the present study, as in Torabinejad et al. [36], the modified
CBCT-PAI method was used to measure a lesion in the manner
recommended by Estrela et al. [18] These measurements have
been defined based on the largest extent of the lesion. However,
this method could not be accurately used with the linear

Therefore, conditions (expansion and

scans and conventional
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measurement by CBCT software, and different dimensions could
have been recorded each time as the measurements were not
performed from a fixed reference point.

Accordingly, a lack of clarity in the definition of Estrela et al.
[18] made it difficult to obtain reproducible and comparable
measurements for longitudinal or cross-sectional studies of
periapical radiolucency. Therefore, linear measurements were
performed perpendicular to the root surface such that the largest
size of the periapical lesion was obtained. In this way, the
measurements were reproducible and comparable. The 6-point
scoring index provided by Estrela et al. [18] continued to be used
to classify the lesion dimensions (Table 4). Because it was not clear
to what extent radiolucency in CBCT is indicative of disease,
clinical signs from patients with untreated canals and periapical
lesions should be considered before deciding on retreatment [37].
In the present study, no statistically significant relationship was
observed between the size of the lesion and the prevalence of
untreated canals. Nevertheless, it is important to know that the
size of the lesion can be affected by the time that has passed from
root canal treatment and detection of an untreated canal.

The main limitation of this study was its cross-sectional
nature. Cross-sectional studies are those in which information
is systematically collected from a specific population at a given
time to describe the prevalence of a condition and to link it to
etiological and pathogenic factors [20]. Because the CBCT
scans were evaluated at a specific time, no information was
available on the length of time from the initial root canal
treatment. It is important to acknowledge that some lesions
might have healed, become larger, or formed over time [3, 4].
The study also lacked histological and microbiological studies
to confirm the association between an untreated canal and a
periapical lesion. Despite these limitations, such studies are
easy and inexpensive, can have a large sample size, and are
generally less prone to bias than longitudinal studies [38].

Conclusion

The findings of the current study showed that the MB2 canal
had the highest prevalence of untreated canals. An untreated
root canal should be considered as an important factor in the
development and spread of periapical lesions. Therefore,
before starting endodontic treatment, the dentist should be
aware of the anatomy of the tooth, the structure of the root
canal, and its possible variations to minimize the possibility of
an untreated canal. The findings also indicate that CBCT offers
a high ability to detect and locate untreated canals. Thus, for
suspected cases of untreated canals, it is recommended that
CBCT be employed before retreatment.
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