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Luminita-Maria Nica

Received: 9 July 2025

Revised: 4 August 2025

Accepted: 12 August 2025

Published: 15 August 2025

Citation: León-López, M.; Montero-

Miralles, P.; Cabanillas-Balsera, D.;

Saúco-Márquez, J.J.; Martín-González,

J.; Segura-Egea, J.J. Association

Between the Presence of Missed

Canals, Detected Using CBCT, and

Post-Treatment Apical Periodontitis in

Root-Filled Teeth: A Systematic

Review and Meta-Analysis. J. Clin.

Med. 2025, 14, 5781. https://doi.org/

10.3390/jcm14165781

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Systematic Review

Association Between the Presence of Missed Canals, Detected
Using CBCT, and Post-Treatment Apical Periodontitis in
Root-Filled Teeth: A Systematic Review and Meta-Analysis
María León-López , Paloma Montero-Miralles * , Daniel Cabanillas-Balsera , Juan J. Saúco-Márquez ,
Jenifer Martín-González and Juan J. Segura-Egea *

Endodontic Section, Department of Stomatology, School of Dentistry, University of Sevilla, C/Avicena s/n,
41009 Sevilla, Spain; maria.leon.lopez.98@gmail.com (M.L.-L.); dcabanillas@us.es (D.C.-B.);
jjsauco@us.es (J.J.S.-M.); jmartin30@us.es (J.M.-G.)
* Correspondence: montero_paloma@hotmail.com (P.M.-M.); segurajj@us.es (J.J.S.-E.);

Tel.: +34-954-481146 (J.J.S.-E.)

Abstract

Background. Post-treatment apical periodontitis (PAP) is a frequent consequence of root
canal treatment (RCT) failure, often caused by untreated missed canals in root-filled teeth
(RFT). While cone-beam computed tomography (CBCT) has been used to find these missed
canals, the results are controversial. This systematic review and meta-analysis investigates
the association between PAP in RFT and missed canals detected via CBCT. Methods. Two
independent reviewers searched PubMed, Scopus, Dialnet, and SciELO for relevant articles
published up until 17 February 2025. The main outcome was the prevalence of PAP in
RFT with and without missed canals detected via CBCT. The overall odds ratio (OR) was
calculated using a binary random effects model meta-analysis (OpenMeta Analyst). Risk of
bias was assessed using the Newcastle–Ottawa Scale, and certainty was evaluated using
GRADE. Results. Eight cross-sectional studies (9983 RFT) were included in the review. The
pooled prevalence of PAP was significantly higher in RFT with missed canals (85.1%) than
those without (56.3%). The meta-analysis showed a strong association between missed
canals and PAP (OR = 7.17, 95% CI = 4.55–11.29), indicating a sevenfold increased likelihood.
Maxillary molars, especially first molars, most commonly had missed canals. Heterogeneity
was high (I2 = 86%), and evidence certainty was low, due to methodological limitations.
Conclusions. Untreated missed canals significantly increase the likelihood of PAP in
RFT, highlighting the need for thorough canal detection and treatment. Clinicians should
prioritize anatomical knowledge and advanced imaging to minimize treatment failure.

Keywords: apical periodontitis; cone beam computed tomography; meta-analysis; missed
root canal; root canal treatment failure; root filled teeth; systematic review

1. Introduction
Apical periodontitis (AP) is an inflammatory condition of the periapical tissues, caused

by a bacterial infection within the root canal system. If left untreated, AP persists over time,
causing microorganisms to invade the periradicular tissues [1]. The endodontic therapy
indicated for managing AP is root canal treatment (RCT) [2]. In these cases, the objective of
RCT is to eliminate necrotic dental pulp, seeking to heal periapical tissues [3]. Considering
that AP is a very prevalent disease, 52% of people have at least one tooth with AP [4],
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RCT is a very common endodontic therapy, with the prevalence of RFT being very high
worldwide (8%), with 56% of people having at least one RFT [5].

RCT failure leads to post-treatment AP (PAP), which may be due to a persistent,
secondary, or extra-radicular infection [6,7]. PAP is radiologically characterized by a
periapical radiolucent image, associated with the root apex of an RFT [8].

Several studies have investigated the prevalence of RFT with periapical lesions, and a
systematic review with meta-analysis has determined that the prevalence of PAP is high,
with 41.3% of RFT showing radiolucent periapical lesions [9–11].

The factors causing PAP have been widely investigated [8,12]. One of the main risk
factors implicated in RCT failure is inadequate RCT [13–17], with missed canals being one
of the most common causes of failed RCT [8,18,19]. Missed untreated canals cause bacteria
to persist in the root canal system, leading to the appearance of PAP [20] and causing
treatment failure [6,21].

Most of the studies investigating the prevalence of PAP have used periapical radio-
graphs [9,11,22,23] or orthopantomography [24–26]. However, these radiograph techniques
have a main limitation: they are two-dimensional radiographs [24] and can only detect
PAP when there is perforation in the cortical bone [27]. Moreover, when using periapical
radiography and orthopantomography it is very difficult to identify untreated canals. With
the advent of cone-beam computed tomography (CBCT), three-dimensional radiological
information is available, especially when performed at a high resolution, which is very
useful for diagnosis, treatment planning, and outcome assessment [28]. Therefore, PAP can
be more easily detected using CBCT, with the added advantage that it can not only confirm
the presence of the pathology, but it can also identify the cause, such as the presence of
missed canals, showing their exact location [20,27]. Beyond its role in detecting untreated
canals and periapical pathology, CBCT has also been applied to evaluate the effectiveness
of endodontic disinfection protocols, including the identification of vapor lock phenomena
that can restrict irrigant penetration and contribute to persistent intraradicular infection,
despite the existence of technically adequate instrumentation. This phenomenon, recently
documented by Puleio et al. [28], reinforces the broader utility of CBCT in elucidating the
multifactorial causes of post-treatment disease.

Several studies have used CBCT to analyze the presence of untreated missed canals
in RFT with PAP, which have included controversial results [18,19,29–31]. Therefore, this
study aimed to perform a systematic review and meta-analysis to investigate the association
between the prevalence of PAP and the presence of missed canals, detected using CBCT.

2. Materials and Methods
This systematic review was carried out using the PRISMA guidelines and the PECO frame-

work [32,33]. This systematic review has been registered in PROSPERO (CRD420251034983).

2.1. Review Question

The research question was as follows: In human adults with RFT (P), the presence of
untreated missed canals, detected using CBCT (I), or their absence (C), affects the prevalence
of PAP (O)? The question was formulated according to the PECO strategy, as follows:

Population (P): human adults with RFT;
Exposure (E): presence of missed canals diagnosed using CBCT;
Comparison (C): absence of missed canals diagnosed using CBCT;
Outcome (O): prevalence of PAP.

2.2. Eligibility Criteria

According to the PECO question, the inclusion/exclusion criteria are outlined below.
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2.2.1. Inclusion Criteria

(1) Clinical studies assessing the prevalence of PAP in human RFT and (2) investigating
the presence or absence of untreated missed canals using CBCT.

2.2.2. Exclusion Criteria

(1) Clinical studies not reporting the prevalence of PAP in RFT, (2) clinical studies not
investigating the presence of untreated missed canals in RFT, (3) clinical studies that did
not use CBCT, (4) studies performed on animals, (5) experimental studies that included
artificial teeth, and (6) reviews, letters, opinion articles, or conference abstracts.

2.3. The Literature Search Strategy and Study Selection

The search process was carried out independently by two reviewers (M.L.-L. and P.M.-
M.). Searches were conducted using the electronic databases PubMed, Scopus, Dialnet, and
SciELO for articles published up until 17 February 2025, with no restrictions on language,
year, or other limits. The most frequently cited descriptors from previous publications on
this topic were used to develop the search strategy, combining Medical Subject Headings
(MeSH) terms with text words. For each database, the following combinations of terms
were used: (prevalence OR frequency) AND (periapical lesion OR apical periodontitis OR
radiolucent periapical lesion) AND (missed canals OR untreated canals) AND (root-filled
teeth OR endodontically treated teeth) AND (cone-beam computed tomography OR CBCT).
Additionally, a supplementary screening of the references from the selected studies was
performed to identify any additional studies not found in the primary database search.
A search was conducted of the gray literature, but it did not provide any useful data
(URL: https://opengrey.eu/; accessed on 10 January 2025; URL: https://scholar.google.
com/; accessed on 10 January 2025; and URL: https://www.greynet.org/, accessed on
10 January 2025).

Two independent authors (M.L.-L. and P.M.-M.) selected the retrieved studies by
examining the titles and abstracts. When the title and abstract did not allow them to judge
the relevance of the study, the full text was accessed. A second stage consisted of reading
the full text of the articles and assessing the potential studies to be included based on the
eligibility criteria set out as part of the PECO strategy. Disagreements on study inclusion
were resolved by consensus with a third author (J.J.S.-E.). Duplicated studies identified
during the database search were considered only once.

2.4. Data Collection and Extraction Process

Two authors (M.L.-L. and P.M.-M.) collected the data independently from the in-
cluded studies. A third author (J.J.S.-E.) resolved any disagreements. For each study, the
following data were extracted: authors and publication year, study design, sample size,
gender and age of the sample, type of teeth studied, distribution of teeth with missed
canals, characteristics of CBCT used, and the prevalence of PAP in teeth with and without
missed canals.

2.5. Data Synthesis and Statistical Analysis

The outcome variable analyzed was the prevalence of PAP in RFT, calculated as the
percentage of RFT with radiolucent periapical lesions. In each selected study, the OR was
calculated with its 95% confidence interval (CI), to measure the effect of the association
between the presence of missed canals and the prevalence of PAP in RFT.

Regarding the overall OR, and its 95% CI, for the prevalence of PAP lesions in RFT,
a binary random effects model meta-analysis was carried out, using RevMan software
(Review Manager Web. The Cochrane Collaboration, 2019) version 5.4. To estimate the

https://opengrey.eu/
https://scholar.google.com/
https://scholar.google.com/
https://www.greynet.org/
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variance and heterogeneity of the studies, the Tau2 and Higgins I2 tests were used, with
slight heterogeneity identified if it ranged from 25% to 50%, moderate heterogeneity if it
ranged from 50% to 75%, and high heterogeneity if it was greater than 75% [34]. The level
of significance was set to p = 0.05.

2.6. Quality Assessment and Risk of Bias of Individual Studies

Each selected study was evaluated for its inner methodological risk of bias indepen-
dently by three authors (J.J.S.-E., M.L.-L., and P.M.-M.). In the case of disagreements over
the risk of bias, the article was discussed until a consensus was achieved. The risk of bias
in the included studies was evaluated using the Newcastle–Ottawa Scale, adapted for
cross-sectional studies [5,35]. This scale was adapted to the outcome of interest, classifying
the item into three domains: sample selection, comparability, and outcome. They were
given a point (*) depending on whether the aspect required was present or missing. The
following criteria were used to evaluate each section:

• Domain “Sample selection” (maximum = 3 points).

# Representativeness of the sample: random sampling → two points; non-
random sampling or selected group of patients → one point; no explanation of
the sampling selection → no points.

# Sample size: the methods for sample size calculation are provided, or the entire
population was enlisted (with a loss rate ≤ 20%) → one point; sample size
calculation not provided → no points.

• Domain “Comparability” (maximum = 3 points).

# Control for quality of root canal treatment: Studies that assessed the quality of
root canal fillings or coronal restorations and adjusted for it → one point; not
controlling for RCT quality → no points.

# Control for other confounding factors (tooth type, age/sex): If the study con-
trolled for a second confounding factor → one point; not controlling for other
confounding factors: no points.

# Voxel size of the CBCT: If the analyzed CBCT had a voxel size equal to or
smaller than 150 µm → one point; if the analyzed CBCT had a voxel size
greater than 150 µm → no points.

• Domain “Outcome” (maximum = 4 points).

# Evaluation of the outcome: If diagnosis criteria for PAP was specified → one
point; PAP was diagnosed without specifying criteria → no points.

# Number of observers: two or more → one point; only one → no points.
# CBCT observer experience: If the observer was calibrated and experienced

in endodontics → two points; if the observer was not calibrated/or was not
experienced in the field of endodontics → one point; if the article did not
explain the observer’s calibration or experience → no points.

The lowest possible risk of bias was given a score of 10 points. Studies with
scores from 0 to 3 points were considered to be at a high risk of bias, those with scores
between 4 and 7 points were considered to be at moderate risk of bias, and, finally, studies
with scores between 8 and 10 points were considered to be at low risk of bias.

2.7. Grading Recommendations Assessment, Development, and Evaluation

The Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) tool was used to assess the overall quality and certainty of the evidence [36].
Four investigators (M.L.-L., P.M.-M., J.J.S.-E., and D.C.-B.) independently carried out the
assessment. An initial level of certainty was defined according to the design of the included
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studies. Then, different domains were analyzed, such as the risk of bias, inconsistency,
indirectness, imprecision, publication bias, dose–response gradient, confounding factors,
or the magnitude of the effect, finishing with the assignment of a final level of certainty.
A high or moderate level of certainty indicates that the true effect probably is close to the
estimated conclusion. On the contrary, a low or extremely low level of certainty indicates
that confidence in the result is limited or extremely weak, respectively [37].

3. Results
3.1. Study Selection

Figure 1 shows the flowchart of the search strategy performed. An initial search of the
different databases yielded a total of 62 published studies.

 

Figure 1. Flowchart of the search strategy, following the PRISMA 2020 guidelines.

After the removal of duplicates, 53 articles remained, of which 41 were excluded after
the evaluation of their titles and abstracts for being unrelated to the topic. Twelve articles
were assessed for eligibility. After a comprehensive reading of the twelve full-text articles,
four were excluded for the following reasons: three did not provide the necessary data on
the control group [31,38,39] and another one [40] was excluded because the sample only
focused on mesio-buccal canals in maxillary molars.

Then, eight articles [18,19,41–46] were selected for the systematic review and meta-analysis.
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3.2. Characteristics of the Included Studies

The main characteristics of the studies included in the systematic review are shown in
Table 1. All of them were cross-sectional studies, examining, using CBCT, the presence of
missed canals in RFT, with or without the concurrent presence of PAP.

Table 1. Characteristics of the included studies.

Authors and
Year Country Study Type Sample (%)

Types of
Included

RFT

Prevalence
of PAP in
RFT (%)

Presence of Missed
Canals (%)

CBCT
Voxel Size

Karabucak
et al., 2016

[18]
USA Cross-

sectional
655 patients

1137 RFT
Molar and
premolar 59.5 *

Maxillary molars (40.1)
Maxillary premolars

(9.5)
76 µm

Costa et al.,
2019 [19] Brazil Cross-

sectional

764 patients
2294 RFT
Men (37)

Women (63)

All 87.6 *

Maxillary molars (57)
Mandibular molars (26)
Maxillary premolars (10)
Mandibular premolars

(6)

200 µm

Baruwa et al.,
2020 [42] Portugal Cross-

sectional

1160 patients
2305 RFT
Men (43)

Women (57)

All 55.5 *

Maxillary 1st molars
(59.5)

Maxillary 2nd molars
(40)

Mandibular 1st molars
(11.2)

Mandibular 2nd molars
(9.5)

≤200 µm

Alnowailaty
& Alghamdi
et al., 2022

[41]

Saudi
Arabia

Cross-
sectional

300 patients
385 RFT
Men (50)

Women (50)

Molar and
premolar 15.8 *

Maxillary teeth (26)
Mandibular teeth (22)
Maxillary 2nd molars

(38.1)

125 µm

Aysal et al.,
2022 [43] Turkey Cross-

sectional

1069 patients
1604 RFT
Men (51)

Women (49)

All 56.8 *

Teeth without apical
lesions (3)

Teeth with apical lesions
(15.5)

≤200 µm

Hao et al.,
2023 [45] China Cross-

sectional

561 patients
1024 RFT
Men (35)

Women (65)

Molar and
premolar 56.1 *

Maxillary 1st molars
(65.7)

Mandibular 1st molars
(16.4)

Mandibular 2nd molars
(11.7)

Maxillary 2nd molars
(10.3)

200 µm

Rouhani
et al., 2023

[44]
Iran Cross-

sectional

298 patients
772 RFT
Men (46)

Women (54)

Molar 29.4 *

Maxillary 1st molars (56)
Maxillary 2nd molars

(14)
Mandibular 1st molars

(10)

160 µm

Blanco
Fuentes et al.,

2024 [46]
Colombia Cross-

sectional

318 patients
462 RFT
Men (40)

Women (60)

All 62.3 **

Maxillary 1st molars
(61.9)

Maxillary 2nd molars
(41.1)

Mandibular 1st molars
(18.8)

125 or
200 µm

PAP: post-treatment apical periodontitis; RFT: root-filled teeth; * PAP diagnosed as disruption of the hard lamina
and a radiolucency > 2 times the width of the periodontal ligament; ** PAP diagnosed using CBCT PAI index.

Regarding the sample size, the study with the smallest sample size was that of Rouhani
et al. [44], with 298 patients and 772 RFT, while the one with the largest sample was that of
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Baruwa et al. [42], with 1160 patients and 2305 RFT. Seven studies provided the patients’
gender distribution [19,41–46].

The included studies analyzed different types of RFT: four studies examined all dental
groups [19,42,43,46], three studies focused solely on premolars and molars [18,41,45], and
one study exclusively analyzed molars [44].

Most studies diagnosed PAP when disruption of the hard lamina and a radiolucency >
2 times the width of the periodontal ligament were present [18,19,41–45]. Only one study
used the CBCT PAI index [27] to diagnose PAP [46].

The prevalence of PAP in RFT ranged from 15.8% [41] to 87.6% [19], with most studies
found to cite values between 55 and 60% [18,29,43,45].

Concerning the distribution of RFT with missed canals, maxillary first and second
molars were the teeth in which the greatest number of missed canals were found, exceeding
50% in most studies [19,42,44–46].

Cone-beam computed tomography (CBCT) was used in all the studies, as the radio-
graphic method used to assess the presence of missed canals. The resolution and voxel
size varied among the studies: one study used a voxel size of 76 µm [18], two studies used
a voxel size of 125 µm [41,46], one study employed a voxel size of 160 µm [44], and four
studies utilized a voxel size of 200 µm [19,42,43,45].

3.3. Data Extracted from the Included Studies

An evidence table was created to display the data from the included studies related to
the prevalence of PAP in RFT both in the presence and absence of untreated missed canals
(Table 2).

Table 2. Prevalence of PAP in RFT in relation to the presence or absence of missed canals.

Authors and
Year

RFT
(No.)

Presence of Missed Canals Absence of Missed
Canals Odds Ratio

(95% CI)
p

RFT Prevalence of PAP (%) RFT Prevalence of PAP (%)

Karabucak
et al., 2016 [18] 1137 262 217 (82.8) 875 459 (52.5) 4.37

(3.1–6.2) <0.01

Costa et al.,
2019 [19] 2294 281 274 (97.5) 2013 1736 (86.2) 6.25

(2.9–13.4) <0.01

Baruwa et al.,
2020 [42] 2305 276 228 (82.6) 2029 1052 (51.8) 4.41

(3.2–6.1) <0.01

Alnowailaty &
Alghamdi et al.,

2022 [41]
385 48 41 (85.4) 337 20 (5.9) 92.84

(37.0–233.0) <0.01

Aysal et al.,
2022 [43] 1604 162 141 (87.0) 1442 770 (53.4) 5.86

(3.7–9.4) <0.01

Hao et al.,
2023 [45] 1024 195 154 (79.0) 829 420 (50.7) 3.66

(2.5–5.3) <0.01

Rouhani et al.,
2023 [44] 772 103 65 (63.1) 669 162 (24.2) 5.35

(3.5–8.3) <0.01

Blanco Fuentes
et al., 2024 [46] 462 86 82 (95.3) 376 206 (54.8) 16.92

(6.1–47.1) <0.01

Overall 9983 1413 1202 (85.1) 8570 4825 (56.3)
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The prevalence of PAP in RFT with missed canals and in RFT without missed canals
was calculated, as well as the corresponding OR for each study and the overall sample.
All the studies provided significant OR values, in all cases greater than 3.5, indicating
a strong association between the presence of missed canals and the prevalence of PAP.
The eight studies included a total of 9983 RFT, presenting 1413 (14.2%) missed canals and
8570 (85.8%) without missed canals. RFT with missed canals showed a PAP prevalence of
85.1%, much higher than that found in RFT without missed canals (56.3%).

3.4. Meta-Analysis of the Prevalence of Post-Treatment Apical Periodontitis

All the studies included in the systematic review provided the necessary data to carry
out the meta-analysis. Thus, eight studies were included in the meta-analysis [18,19,41–46],
comprising 9983 RFT, to assess whether the presence of a missed canal influenced the
prevalence of PAP. The forest plot is shown in Figure 2.

 

Figure 2. Forest plot of the OR and its 95% confidence interval comparing the prevalence of post-
treatment apical periodontitis (PAP) in RFT with and without missed canals. The estimate was based
on data from the eight selected studies [18,19,41–46].

The variance across all of the outcomes was examined using the Tau2 test, which
revealed significant results (Tau2 = 0.34; Chi2 = 48.70; df = 7; p < 0.00001). The heterogeneity
test (I2 = 86%) indicated a high level of variability. The overall odds ratio (OR) was 7.17
(95% CI = 4.55–11.29; p < 0.00001), indicating a significantly higher prevalence of PAP in
teeth with untreated canals, which were seven times more likely to have PAP.

3.5. Risk of Bias Assessment

According to the Newcastle–Ottawa Scale, the risk of bias was evaluated for each
study (Table 3). One of the included studies was classified as a low risk of bias [46], and the
other seven studies were classified as having moderate risk of bias [18,19,41–45].

Publication bias could not be assessed quantitatively as there were fewer than the
required minimum of 10 studies [34]. However, a funnel plot was plotted to illustrate the
possible existence of publication bias (Figure 3).
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Table 3. Assessment of risk of bias according to Newcastle–Ottawa Scale, adapted for cross-sectional studies.

Author and Year
Sample Selection Comparability Outcome

Risk of BiasSample Repre-
sentativeness

Sample
Size

Control for RCT
Quality

Control for Other
Confounding Factors Voxel Size Criteria for PAP

Diagnosis
No.

Observers
CBCT Observer

Experience

Karabucak et al.,
2016 [18] * - - - * * * * 5

Moderate

Costa et al.,
2019 [19] * - - - - * * ** 5 Moderate

Baruwa et al.,
2020 [42] * - * * - * * ** 7 Moderate

Alnowailaty &
Alghamdi et al.,

2022 [41]
* - - - * * * ** 6

Moderate

Aysal et al.,
2022 [43] * - - - - * * * 4

Moderate

Hao et al., 2023 [45] * - - - - * * * 4
Moderate

Rouhani et al.,
2023 [44] * - - - - * * * 4

Moderate

Blanco Fuentes
et al., 2024 [46] * - * * * * * ** 8

Low

OVERALL 8 0 2 2 3 8 8 12 43/80
Moderate

Each * represent one point, depending on whether the aspect required was present or missing, according to Mat & Met.
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Figure 3. Funnel plot for estimates in the meta-analysis of the prevalence of post-treatment apical
periodontitis (PAP) in RFT with and without missed canals. Studies with higher power levels and
lower standard errors are placed toward the top. Studies with lower power levels are placed toward
the bottom. This blue dotted line indicate the overall effect.

3.6. GRADE Evaluation of Certainty

The certainty of evidence was assessed using the GRADE tool (Figure 4).

 

Figure 4. Grade assessment of certainty level (GRADE Working Group).

All of the articles included were observational studies; therefore, the initial level of
certainty was low. The risk of bias domain, according to the overall result (moderate),
was classified as “not serious”. The inconsistency domain was considered “serious” as
the heterogeneity was high (I2 = 86%). All of the studies correctly assessed, reliably the
presence of PAP and used CBCT to detect missed canals; without performing indirect
comparisons, the indirectness domain was scored as “not serious”. However, the domain of
imprecision was rated “serious”, since the 95% CI of the estimated effect (OR) was outside
of the 0.75–1.25 range, and the number of included studies was moderate (eight studies).
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Publication bias could not be assessed quantitatively due to the low number of studies
included, and the funnel plot did not indicate that it was appropriate to downgrade the
quality of the evidence. In fact, studies with variable sample sizes that were not funded by
the private sector were included in this systematic review.

Finally, it is important to take into account the magnitude of the effect (OR = 7.17;
p < 0.00001), and that some studies controlled for RCT quality and tooth type. These
considerations can raise the degree of certainty by one level. Consequently, the certainty
of the evidence was considered low, indicating that the overall OR obtained could differ
widely from the real one. The evidence suggests a significant association (OR: 7.17), but the
certainty is low due to methodological limitations.

4. Discussion
The aim of this systematic review and meta-analysis was to analyze the available

evidence about the association between the prevalence of PAP in RFT and the presence
of missed canals, detected using CBCT. The findings reveal a strong and statistically
significant correlation between the presence of untreated canals and the occurrence of PAP,
underscoring the clinical and epidemiological importance of missed canals in regard to
endodontic treatment outcomes.

The analysis, based on 9983 RFT across eight cross-sectional studies, found an overall
OR of 7.17 (p < 0.00001), indicating that teeth with missed canals are over seven times more
likely to develop PAP than those in which all the canals have been adequately treated. This
OR value implies a high strength of association between both variables and suggests that
root canal omission is one of the main factors involved in the development of PAP and in
RCT failure. However, the grade of certainty is low due to methodological limitations.

4.1. Interpretation of the Main Findings

The central finding of this review confirms what many clinicians have long suspected:
missed canals significantly compromise the outcome of endodontic treatment. The high
OR, suggesting a strong association [47], and the consistency of this finding across all of
the included studies, reinforce the notion that the failure to detect and treat root canals
during RCT contributes markedly to the development of PAP. Even though the absolute
prevalence of missed canals in RFT was relatively low (14.2%), their presence dramatically
increased the risk of pathology.

The prevalence of PAP in teeth with missed canals reached an alarming 85.1%, com-
pared to 56.3% in teeth without untreated canals. While the prevalence of PAP in the
latter group is also concerning, suggesting other contributing factors, such as poor obtura-
tion, reinfection, or defective coronal restoration, missed canals emerge as a leading and
preventable cause of post-treatment failure.

These results are in line with earlier studies [6,8] that highlighted the impact of residual
intracanal infection on periapical health.

4.2. Diagnostic Superiority of CBCT

One of the strengths of the studies included in this review is the use of CBCT as the
diagnostic tool for identifying both PAP and missed canals. Traditional two-dimensional
imaging modalities, such as periapical radiographs and orthopantomography, have signifi-
cant limitations in terms of detecting both periapical pathology and complex root canal
anatomies, especially when cortical bone is intact [27,28]. CBCT, by contrast, provides
volumetric data, enabling clinicians to visualize the tooth and its surrounding structures in
three dimensions and from multiple angles.
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The studies analyzed in this meta-analysis employed CBCT units with voxel sizes
ranging from 76 µm to 200 µm. Smaller voxel sizes, such as 76 µm [18], offer superior
resolution and likely improve the detection of small or complex canal structures. This
underscores the role of high-resolution CBCT in both clinical and research settings. Notably,
the inclusion of high-quality CBCT imaging in all of the studies strengthens the internal
validity of the findings and helps mitigate the risk of diagnostic misclassification.

4.3. Anatomical Considerations and Canal Omission

The distribution of missed canals was not random; rather, it followed predictable
anatomical patterns. The maxillary first and second molars were the most affected teeth,
as reported consistently across the included studies [19,44,46]. This aligns with previous
findings in the literature [30,48–50], which documents the high frequency of second mesio-
buccal canals (MB2) in maxillary molars, canals that are often overlooked due to their
narrow diameter, complex morphology, and challenging location.

This pattern emphasizes the importance of thorough knowledge of root canal anatomy
and the use of adjunctive technologies, such as CBCT, magnification (e.g., dental loupes
or operating microscopes), ultrasonic tips, and dyes to locate hidden or additional canals.
As many missed canals occur in anatomically complex teeth, the clinician’s expertise and
familiarity with anatomical variations are critical to improving treatment outcomes.

4.4. Quality of Endodontic Treatment

While the primary focus of this study was the presence or absence of untreated canals,
it is important to acknowledge that other aspects of RCT quality, such as the length and
density of obturation, the presence of voids, the coronal seal, and the restoration type, also
affect treatment success and the prevalence of PAP.

Although some studies in the review controlled for these variables [42,46], the majority
did not. This lack of control for confounding factors limits the ability to isolate missed
canals as the sole cause of PAP.

The Newcastle–Ottawa Scale (NOS), adapted for cross-sectional studies [5,35], was
used to assess the risk of bias in the included studies. The NOS was adjusted for the
purposes of this review by incorporating specific criteria relevant to CBCT-based studies,
including the voxel size (≤150 µm vs. >150 µm), calibration and expertise of the CBCT
observers, and the specification of PAP diagnostic criteria. These adjustments were intended
to reflect methodological aspects that could influence the detection of missed canals and
the diagnosis of PAP in CBCT imaging.

The NOS revealed that only one study had a low risk of bias, while the remaining
seven were classified as moderate risk. This suggests that while the overall evidence
supports a strong association between missed canals and PAP, methodological limitations
may influence the strength of that conclusion. Future studies should aim to control known
confounding variables and include more rigorous criteria for assessing root filling and
coronal restoration quality.

4.5. Methodological Strengths and Limitations

One of the notable strengths of this meta-analysis lies in its strict inclusion criteria
and comprehensive search strategy, which included multiple databases and supplementary
manual searches. All of the included studies met predefined eligibility criteria, used CBCT
as the imaging modality, and provided sufficient data to calculate ORs for PAP in the
presence and absence of missed canals.

Nonetheless, some limitations must be acknowledged. First, all of the included studies
were cross-sectional, meaning that temporal causality cannot be definitively established.
While the strong association between missed canals and PAP suggests a causal relationship,
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longitudinal cohort studies are needed to confirm that missed canals precede and lead to
PAP rather than being incidental findings.

Second, heterogeneity among the studies was substantial (I2 = 86%). This was likely
due to differences in the sample size, voxel size of CBCT, definitions of PAP, geographic
populations, and the inclusion of different types of teeth. Although a random effects model
was used to accommodate variability, the wide confidence intervals in some studies [41]
indicate uncertainty that may impact the pooled estimate.

Third, the overall level of certainty, as assessed using the GRADE tool, was considered
low. This was primarily due to imprecision and inconsistency, rather than serious risk of
bias or indirectness. The magnitude of the effect, however (OR > 7), is substantial enough
to suggest that the association is unlikely to be due to chance alone [47].

Finally, the presence of potential publication bias could not be excluded. With fewer
than 10 studies, formal tests for funnel plot asymmetry lack power and were not applicable.
However, diverse study inclusion from various regions and sample sizes likely reduces the
selective reporting risks.

Another methodological consideration is the variability in the CBCT voxel size among
the included studies, ranging from 76 µm to 200 µm. Smaller voxel sizes may enhance
the detection of narrow or complex canal systems, as well as subtle periapical changes,
whereas larger voxel sizes might underestimate their presence. Moreover, the diagnostic
criteria for PAP were not standardized across the studies; most relied on radiolucency
size thresholds or hard lamina disruption, while only one employed the CBCT PAI index.
This variability may have influenced the prevalence estimates and contributed to the high
heterogeneity observed.

Beyond anatomical detection, it is important to acknowledge that root canal treatment
outcomes are also shaped by intracanal disinfection efficacy. Incomplete irrigant penetra-
tion, often due to vapor lock phenomena, can enable microbial persistence, despite the use
of technically adequate instrumentation. CBCT-based imaging has recently been applied to
visualize these vapor lock effects [28], providing valuable insight into how such irrigation
limitations can contribute to post-treatment apical periodontitis. These findings reinforce
the multifactorial nature of endodontic treatment failure and the broader utility of CBCT in
regard to its assessment.

4.6. Comparison with Previous Literature

RCT failure and the development of PAP is a widely studied topic in the endodontic
literature [51–53]. The relationship between PAP and the presence of omitted canals has not
only been analyzed in the studies included in this systematic review, but also in many other
studies [31,38,39]. The findings of this meta-analysis are congruent with prior studies that
identified missed canals as a common cause of endodontic failure [8,54]. Siqueira et al. [55].
reported that missed canal systems are among the most frequent causes of retreatment.
Chugal et al. [56] emphasized the role of an untreated intracanal infection in the persistence
of periapical pathology.

A systematic review [57] found that approximately 41.3% of RFT had periapical lesions,
regardless of whether canals were missed or not, which is consistent with the baseline PAP
prevalence found in teeth without missed canals in the current study. Thus, while missed
canals are a significant contributor, other factors clearly play a role in the etiology of PAP.

Moreover, it has been recently demonstrated that untreated canals are a significant
predictor of endodontic failure over a 5-year period, further supporting the findings of this
meta-analysis [58]. These studies collectively reinforce the clinical importance of complete
debridement and obturation of all of the canals present to ensure long-term success.
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4.7. Clinical Implications

The clinical implications of this review are substantial. Endodontic success depends
heavily on the ability to thoroughly clean, shape, and obturate the entire root canal system.
Missing a canal not only allows microbial biofilms to persist, but also creates an inaccessible
reservoir for reinfection, potentially leading to chronic inflammation, symptom recurrence,
and treatment failure.

For general dentists and endodontists alike, this review emphasizes the need for
meticulous diagnostic evaluation prior to and during RCT. When anatomical complexities
are suspected, especially in maxillary molars, CBCT should be considered a valuable
adjunct. Moreover, the routine use of magnification and illumination, as well as updated
instrumentation protocols, should be encouraged to minimize the risk of missed canals.

The findings also underscore the value of post-treatment assessment. CBCT imaging
can be useful not only for diagnosis, but also for evaluating the success of the treatment,
particularly when symptoms persist or when planning retreatment. Given the high risk of
PAP associated with untreated canals, clinicians must maintain a high index of suspicion
and consider early radiographic re-evaluation when outcomes are uncertain.

4.8. Public Health and Educational Impact

From a public health perspective, the high prevalence of PAP in RFT, whether due
to missed canals or other factors, represents a burden both for healthcare systems and for
patients. PAP often progresses silently and may go unnoticed until the onset of acute symp-
toms, at which point treatment becomes more complex and costly. The need for retreatment,
periapical surgery, or extraction can be avoided through higher initial treatment quality.

These findings also have implications for dental education. Curricula should empha-
size the anatomical variations and techniques for locating hidden canals, as well as the
integration of advanced diagnostic tools. Dental schools must equip students with both the
theoretical knowledge and clinical skills necessary to prevent canal omission.

In addition, continuing education programs for practicing clinicians should reinforce
the importance of recognizing high-risk cases and utilizing CBCT judiciously to improve
diagnostic accuracy.

4.9. Recommendations for Future Research

Future research should aim to address some of the limitations of the present evi-
dence. Longitudinal cohort studies that follow patients over time after RCT and assess
the incidence of PAP in relation to missed canals would offer stronger causal inferences.
Additionally, randomized controlled trials (where ethically feasible) could explore the
benefits of adjunctive CBCT use during diagnosis or retreatment planning.

Further studies should also aim to standardize the criteria for diagnosing PAP using
CBCT, perhaps by universally adopting validated indices, such as the CBCT PAI index [27].
Additionally, investigators should control for confounding variables, such as obturation
quality, coronal seal, patient age, systemic conditions, and tooth type.

Finally, economic evaluations would be valuable to assess the cost effectiveness of
CBCT imaging in reducing long-term failure rates and avoiding costly retreatments. Such
evidence could guide health policy and reimbursement decisions for diagnostic imaging in
endodontics.

5. Conclusions
Post-treatment apical periodontitis is associated with the presence of a missed root

canals in RFT. The presence of untreated missed canals significantly increases the likelihood
of PAP in RFT, underscoring the importance of thorough canal detection and treatment.
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Clinicians should prioritize increasing their anatomical knowledge and the use of advanced
imaging to reduce treatment failure.
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