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Abstract

Background: This study aimed to measure the prevalence of untreated root canals and periapical lesions in endo-
dontically treated teeth using cone-beam computed tomography (CBCT) and their association with the coronal seal.
Material and Methods: This cross-sectional study assessed CBCT images of studied patients alongside documented
information from their dental examinations. The assessment method for analyzing CBCT images after including
endodontically treated teeth was the presence of missed canals, and periapical lesions were analyzed in three di-
mensions.

Results: The evaluations from 772 teeth demonstrated that 89.4% of teeth had the proper coronal seal, 13.3% ow-
ned missed root canals, and 29.4% had periapical lesions. Most untreated canals belonged to maxillary first molars
(71.8%) and mandibular lateral incisors (33.3%). The prevalence of periapical lesions was highest in mandibular
lateral incisors (58.3%) and maxillary second molars (55.8%). In teeth with missed canals, the most periapical le-
sions were observed in the first premolars of both jaws. In teeth with the lack of proper coronal seal, the periapical
lesions were observed in 55.6% of teeth with untreated root canals.

Conclusions: The results revealed a high prevalence of missed canals and periapical lesions in endodontically trea-
ted teeth in our study population.
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€605



J Clin Exp Dent. 2023;15(8):e605-11.

Introduction

The ultimate ideal goal of successful root canal therapy
is complete disinfection, removal of the inflamed dental
pulp tissue, and prevention of re-entry of microorganis-
ms to dental root canals since teeth maintain functional
(1,2). The loss in reaching this goal equals the failure of
the whole treatment, which can be multi-factorial (3).
Some of these factors, which have close relations, can be
the complexity of pulp and root canal systems morpho-
logy, missed and untreated canals, root obturation poor
quality, non-standard coronal seal and restorations, and
varied human errors (2,4). These conditions may result
in remaining bacterial infections and periapical lesions
(5,6).

One pathway alongside clinical examinations for analy-
sis of the successfulness of root canal therapy is using
radiographs. However, 2-dimensional, conventional
radiographs could not provide the appropriate level of
posttreatment analysis. Therefore, cone-beam computed
tomography (CBCT) imaging, which is 3-dimensional
with high resolution, has been introduced to evaluate the
treatment quality of endodontically treated teeth more
accurately and their association with apical periodontitis
(4,7,8). Despite the low cost and lesser x-ray exposures
of periapical radiographs for patients, research has de-
monstrated that the acceptance of CBCT images among
endodontists has elevated since this method could assess
root canal shapes and locations, periapical pathologies,
and root resorption more accurately (2,9-12).

There has been considerable discussion about the sig-
nificance of finding all the canals present in the root
canal system for the best outcome. Additionally, the ris-
ks of missed canals have been discussed regarding the
prognosis of endodontic treatments. As a result, there is
much evidence that there were untreated canals in failed
cases that required endodontic retreatment (7,13-15).
Nevertheless, epidemiologic studies in this field have
problems controlling differences in clinical practice, and
numerous prognostic factors are not understood.

This study aimed to measure the prevalence of untreated
root canals and periapical lesions in all endodontically
treated teeth using CBCT and their association with the
coronal seal of teeth of referred patients to the Oral and
Maxillofacial Radiology Department, Mashhad Univer-
sity of Medical Sciences.

Material and Methods

In this cross-sectional study, all CBCT images of patients
referred to the Oral and Maxillofacial Radiology Depart-
ment, Dental School, Mashhad University of Medical
Sciences, alongside documented information from their
oral and dental examinations by a dentist, who evaluated
patients’ restorations, obtained between April and Oc-
tober 2019, were assessed under the local Ethical Com-
mittee Code IR.MUMS.DENTISTRY.REC.1399.096.
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Also, the studied patients signed an informed consent
agreement, and patients’ names were kept confidential
to the assessors.

In the clinical examination, the examiner evaluated and
noted the observations about the clinical coronal seal of
teeth. Fit marginal restoration and absence of any res-
toration or crown fracture with no finding of any decay
evidence were considered a proper coronal seal.

CBCT images of the teeth were collected using a Pro-
max 3D Classic CBCT system (Planmeca, Helsinki,
Finland) with an exposure setting of 70 kVp, 8 mA, 12
seconds, 160 um resolution, and a view field of 5 x 8 x
8 cm3. The exclusion criteria for this study were third
molars, remained root parts of the teeth, open apex tee-
th, hopeless teeth with severe root resorption, and deci-
duous teeth. Likewise, distorted endodontically treated
teeth images, which could not be evaluated because of
different kinds of artifacts, were excluded. Then, the re-
maining subjects were analyzed using Romexis Viewer
software (Version 4.4.3) by two endodontists, and in di-
sagreement situations, the opinion of an oral and maxi-
llofacial radiologist was considered.

The assessment method for analyzing CBCT images
initially included endodontically treated teeth, which
means a radiopaque material was seen in at least one
root canal beyond the cementoenamel junction (CEJ)
(7). Subsequently, the existence of potentially missed
canals, root canals without any radiopaque substance
from CEJ to the apex or split canals at the coronal, midd-
le, or apical part of the main canal (7), and periapical ra-
diolucencies, when the lamina dura is disrupted, and the
area of low density at the apex of the radiograph is more
than twice the width of the periodontal ligament space,
were analyzed in the axial sections. For the approval of
the observations, coronal and sagittal dimensions were
subsequently studied. In addition, other collected data
for analysis contained sex, age, and number of teeth exa-
mined.

Statistical data analysis was performed by IBM SPSS
Statistics 16.0 IF006 software. Moreover, the Chi-squa-
re and Fisher’s exact tests plus the measurements of the
Odds Ratio were run, and statistical significance was de-
termined by p-values less than 0.05.

Results

In this study, after excluding 4 images with artifacts from
302 CBCT, 298 patients comprised 162 females (54.4%)
and 136 males (45.6%) with an average age range of
45.46 £ 12.51 between 15 to 82 years were included, and
772 teeth were assessed (443 (57.4%) maxillary teeth and
329 (42.6%) mandibular teeth). The clinical evaluations
demonstrated that 690 (89.4%) teeth had proper coronal
seals. Also, observations on CBCT assessment showed
that 103 cases (13.3%) owned missed root canals, and in
227 teeth (29.4%)), periapical lesions were observed.
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The findings showed that in the maxilla, most of the
untreated canals belonged to the second mesiobuccal
(MB2) canal in the first molars (71.8%). Also, in the
mandible, most missed canals were related to lateral in-
cisors (33.3%). In both jaws, the frequency distribution
of untreated canals between different teeth was statisti-
cally significant (P < 0.001) (Table 1, Fig. 1).

In the CBCT images, periapical lesions were discove-
red in 63.5% of teeth with missed canals (66 cases), and
24.1% of completely treated teeth (161 cases), and the
difference was statistically significant (P < 0.001). Ad-
ditionally, the observations demonstrated that the pre-
valence of periapical lesions was highest in mandibular
lateral incisors at 58.3% (Table 2).

In assessing the relation between missed canals and
periapical pathologies, the findings revealed that in
the completely treated root canals of teeth, the highest
rate of lesions was found in mandibular lateral incisors
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(50%). Moreover, in teeth with missed canals, most pe-
riapical lesions were observed in the first premolars of
both jaws (maxilla: 100%, mandible: 83.3%) (Table 3).
The findings of the coronal seal exhibited that in tee-
th with the lack of proper coronal seal, the difference
between the presence or absence of missed canals and
the observation of periapical lesions was not statistically
significant (P = 0.730). On the other hand, in teeth with
the proper coronal seal, this difference was statistically
significant (P < 0.001) (Table 4).

In evaluating the simultaneous effect of variables on the
periapical lesion, analyses demonstrated that the chance
of remaining or developing these lesions in the teeth wi-
thout the proper coronal seal was 2.71 times significant-
ly higher than in teeth with the proper coronal seal (P =
0.001). Also, the significant chance of remaining or de-
veloping periapical pathologies in all root canal-treated
teeth was 24% rather than in teeth with untreated root

Table 1: Frequency of missed canals based on tooth type and the jaw.

Maxilla Mandible
Total Absence Presence Absence Presence
The type of tooth number of missed | of missed Total of missed | of missed | Total (%)
canal (%) | canal (%) (%) canal (%) | canal (%)
Central Incisor 60 55 (100) 0(0) 55 (100) 5(100) 0 (0) 5 (100)
Lateral Incisor 72 60 (100) 0 (0) 60 (100) 8 (66.7) 4(33.3) 12 (100)
Canin 97 72 (100) 0(0) 72 (100) 25 (100) 0 (0) 25 (100)
First Premolar 147 69 (94.5) 4 (5.5) 73 (100) 68 (91.9) 6 (8.1) 74 (100)
Second Premolar 165 68 (95.8) 34.2) 71 (100) 94 (100) 0(0) 94 (100)
First Molar 146 22 (28.2) 56 (71.8) 78 (100) 58 (85.3) 10 (14.7) 68 (100)
Second Molar 85 20 (58.8) 14 (41.2) 34 (100) | 45(88.2) 6 (11.8) 51 (100)
Total 772 366 (82.6) 77 (17.4) | 443 (100) | 303 (92.1) 26 (7.9) 329 (100)
Chi-square test x2=229.32  P<0.001 x2=26.68 P<0.001

Fig. 1: Samples of missed root canals: (A) Missed distobuccal root canals of the first and second molars of the
mandible, and (B) The missed second mesiobuccal root canal of the first molar of the maxilla.
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Table 2: Frequency of periapical lesions in every type of tooth of jaws.

tesons (%) | lesons (5 | 019
Central Incisor 16 (29) 39 (71) 55 (100)
Lateral Incisor 18 (30) 42 (70) 60 (100)
Canin 13 (18) 59 (82) 72 (100)
Maxilla First Premolar 26 (35.6) 47 (64.4) 73 (100)
Second Premolar 18 (25.3) 53 (74.7) 71 (100)
First Molar 37 (47.4) 41 (52.6) 78 (100)
Second Molar 19 (55.8) 15 (44.2) 34 (100)
Central Incisor 1(20) 4 (80) 5 (100)
Lateral Incisor 7 (58.3) 5 41.7) 12 (100)
Canin 4 (16) 21 (84) 25 (100)
Mandible First Premolar 17 (30) 57 (70) 74 (100)
Second Premolar 13 (13.8) 81 (86.2) 94 (100)
First Molar 30 (44.1) 34 (55.9) 68 (100)
Second Molar 8 (15.6) 43 (84.4) 51 (100)
Table 3: Frequency of periapical lesions based on the presence of missed canals.
Absence of missed canals Presence of missed canals
Jaw Th‘tfotg’tl;le of Total Abs.enc.e of Pres.enc‘e of Chi-square Abs.enc.e of Pres.enc.e of Exacf
periapical | periapical test periapical periapical fisher’s
lesion (%) lesion (%) lesion (%) lesion (%) test
Central Incisor 55 39 (70.9) 16 (29.1) - -
Lateral Incisor 60 42 (70) 18 (30) - -
Canin 72 59 (81.9) 13 (18.1) - -
Maxilla First Premolar 73 47 (68.1) 22 (31.9) ¥2=4.76 0(0) 4 (100) P0.006
Second P=0.575
Premolar 71 50 (73.5) 18 (26.5) 3 (100) 0 (0)
First Molar 78 16 (72.7) 6(27.3) 25 (44.6) 31 (554)
Second Molar 34 13 (65) 7 (35) 2 (14.3) 12 (85.7)
Total 443 266 (72.7) 100 (27.3) 30 (39) 47 (61)
Central Incisor 5 4 (80) 1(20) - -
Lateral Incisor 12 4 (50) 4 (50) 1(25) 3(75)
Canin 25 21 (84) 4 (16) - -
Mandible | First Premolar | 74 56 (82.4) 12 (17.6) 12=1975 1(16.7) 5(83.3) P24
Second o | siser | pazg | T ; ] '
Premolar
First Molar 68 36 (62.1) 22 (37.9) 2 (20) 8 (80)
Second Molar 51 39 (86.7) 6 (13.3) 4 (66.7) 2 (33.3)
Total 329 241 (79.5) 62 (20.5) 8(30.8) 18 (69.2)

canals (P = 0.001). Although this chance in the maxilla
was 1.37 times more than in the mandible, it was not

significant (P = 0.089).

Discussion

The signs and symptoms of an unsuccessful root canal
therapy treatment may vary from the lack of any specific

signs to severe apical periodontitis. Untreated root ca-
nals in endodontically treated teeth are one of the critical
factors of treatment failure. Identifying and finding ex-
tra and missed root canals can be challenging due to the
complexity of the dental pulp cavity and root canals and
the absence of apparent clinical evidence for diagnosing
untreated canals (16). Accordingly, this study’s objec-
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Table 4: Presence/absence of periapical lesions in the presence/absence of missed canals and coronal

seal.

i Periapical lesion
Coronal seal Missed P Total (%) | Statistical test
canal | Absent (%) | Present (%)
No 39 (53.4) 34 (46.6) 73 (100)
Absence Yes 4(44.4) 5(55.6) 9 (100) P=0.730%
Total 43 (52.4) 39 (47.6) 82 (100)
No 468 (78.7) 127 (21.3) 595 (100)
P Yo 34 (35.8) 61 (64.2) 95 (100) 12=75.94
resence es . . P<0.001%*
Total 502 (72.8) 188 (27.2) 690 (100)
No 507 (75.9) 161 (24.1) 668 (100)
¥2=67.16
Total Yes 38 (36.5) 66 (63.5) 104 (100) P<0.001%*
Total 545 (70.6) 227 (29.4) 772 (100)

*Exact Fisher’s test, **Chi-square test

tive was to determine the prevalence of untreated root
canals and periapical lesions in endodontically treated
teeth using CBCT and assess the association between
these lesions and the coronal seal.

The accuracy of CBCT imaging was reported at 98%,
which is highly appropriate for evaluating teeth root
canal anatomy (17). Also, according to various studies,
this method comparing other imaging techniques, was
more accurate in finding extra and accessory root canals,
periapical pathologies, and alterations in bone tissue (18,
19). However, CBCT images are not routinely recom-
mended owing to their higher X-ray dose, cost, unavai-
lability in many areas, and more complicated procedures
than conventional intraoral imaging techniques in dental
offices. In addition, the presence of some restoration ma-
terials and intracanal metal posts could affect the accura-
cy of CBCT images. As a result, clinicians should utilize
other methods and instruments for better observing and
finding root canal orifices using proper access cavities,
magnifier devices, good lighting, and ultrasonic instru-
ments (20,21).

In this study, the prevalence of missed canals was 13.3%,
approximately similar to Costa et al. (5) and Baruwa et
al. (4) studies, in which the prevalence of missed canals
was reported at 12.0% and 12.2%, respectively. Other
reports for the prevalence of untreated canals differed
from this study, such as the 18% prevalence by Mash-
yakhy et al. (22) and 23.04% by Karabucak et al. (7).
These differences could relate to the assessment of only
posterior teeth in their studies.

Moreover, similar to this study that exhibited the most
common missed canals in CBCT images found in the
MB32 canals of maxillary first molars, other authors like
Karabucak et al. (7), Costa et al. (5), Baruwa et al. (4),
Mashyakhy et al. (22), and do Carmo et al. (8) with di-
fferent prevalence indicated the same results. Conside-
ring this, it was recommended that using an endodontic
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microscope as a magnifier appliance assist the root canal
finding process (23,24). In the Buhrley et al. study, the
finding of the MB2 canal without endodontic microsco-
pes was 18%, whereas observing this canal in the maxi-
llary first molars using the microscope was 57% (25).
In addition, in the current study, the most common un-
treated canals in the mandible were observed in lateral
incisors with a 33.3% prevalence. This commonness
could associate with anatomical complexities and the
difficulty of preparing a proper access cavity in these
teeth (26).

Furthermore, this study presented that the total inciden-
ce of periapical lesions was 29.4%, and this incidence
for endodontically treated teeth with missed canals was
63.5%. In this regard, different authors’ findings of pe-
riapical lesions with CBCT images showed a wide va-
riety of outcomes. For instance, in the Nascimento et
al. study, the total incidence of periapical lesions was
59.3% (2). Costa et al. demonstrated a 98% incidence
of these lesions in teeth with untreated canals (5). For
the Karabucak et al. study, this incidence was 83%, and
they reported a 59.5% total incidence of periapical le-
sions (7). Also, the incidence of periapical pathologies
simultaneously with missed canals was 82.6% in the Ba-
ruwa et al. (4) and 90% in Mashyakhy et al. (22) studies.
Even though these various incidences could have varied
reasons, such as inclusion criteria and assessed teeth in
different studies, the significant issue is the high inciden-
ce of periapical lesions when a root canal remains un-
treated. In the Song et al. study, the second cause of the
observation of these lesions was the existence of missed
canals in teeth that had undergone root canal therapies.
Untreated canals can be the first location of infections or
a suitable site for secondary infections causing endodon-
tic treatment failure (27).

Besides, analyses of this study on evaluating the simul-
taneous effect of variables on the periapical lesions de-
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monstrated that the chance of remaining or developing
these lesions in the teeth without the proper coronal seal
and with untreated canals was significantly higher. Simi-
larly, several studies presented that one of the main rea-
sons for the failure of root canal therapies and changes
in periapical conditions was the lack of proper coronal
seals (2,28-30).

This study had some limitations, such as not evaluating
kappa analysis for calibrating CBCT examiners and not
discovering and evaluating other failure factors of endo-
dontic treatments like the quality of obturation and dental
treatments’ methods and procedures, whether endodon-
tic-related or post-endodontic in the restoration phase.
Also, because of the essence of cross-sectional studies,
the possibility for a more accurate assessment of peria-
pical lesions was not accessible since it could be possi-
ble that the lesions might be in the healing and size-de-
creasing phase. Likewise, despite the high accuracy of
CBCT imaging, there is a probability of overdiagnosing
some periapical lesions. Therefore, it is recommended
that future studies perform with more sample size, the
documentation of the cause of referring to taking CBCT
images, the evaluation of the quality of obturation, and
the assessment of treatment methods and materials in the
form of a prospective cohort study.

Conclusions

It can be concluded that the prevalence of missed canals
and periapical lesions in endodontically treated teeth
was high. Also, the most incidence of missed canals and
periapical radiolucencies occurred in the maxillary first
molars due to MB2 canals. Furthermore, there was a sig-
nificant relation between missed canals and coronal seals
with periapical lesions. Consequently, according to the
relatively high prevalence of untreated canals, especially
in the maxillary first molars, identifying failure factors
of endodontic treatments and using appropriate techni-
ques, devices, and instruments can decrease errors.
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