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ABSTRACT

Introduction: The aim of this study was to assess the prevalence of external cervical
resorption (ECR) and characterize the cases of ECR using cone beam computed tomography
(CBCT). Methods: High-resolution CBCT scans of 6216 patients (2280 males and 3936
females), consecutively acquired during the period July 2021 to March 2022, were analyzed.
Identified cases of ECR were characterized by 3 evaluators regarding lesion height,
circumferential spread, portal of entry proximity to root canal, stage, location, and width.
Results: In a total of 38 patients and 40 teeth, ECR cases demonstrated an incidence of
0.61%. The median age of the patients was 39 years. Prevalence of ERC was 0.78% among
males and 0.50% among females. The most affected teeth were the maxillary incisors and
canines. Themost frequent characteristics of the lesion were: extension up to the cervical third
(47.5%), more than 270� circumferential spread (42.55%), probable pulpal involvement
(57.5%), progressive stage (65%), supracrestal (52.1%) and mesial (34.7%) localization of
.1 mm in size (52.1%) portals of entry. Cases with greater longitudinal involvement also
showed greater circumferential progression (P 5 .008). There was no association between
portal of entry location and bone crest or ECR reparative phase (P 5 .42). Inter-rater
agreement ranged from good to very good. No association between portal of entry and ECR
progression was observed. Conclusions: ECR showed low prevalence in the Brazilian
population, affecting mostly anterior maxillary teeth of patients within a wide age range. CBCT
allowed characterization of ECR lesions with good interobserver agreement. (J Endod
2023;-:1–9.)
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External cervical resorption (ECR) is a relatively uncommon, insidious condition that begins on the external
root surface, and gradually replaces the mineralized tooth structure with granulomatous fibrovascular or
fibro-osseous tissue1. These lesions are usually asymptomatic and eventually discovered through routine
evaluation as imaging findings2. Identification and evaluation of this condition strongly depends on
radiographic interpretation3.

It is well established in the literature that cone beam computed tomography (CBCT) has high
diagnostic value for diagnosis and management of potentially treatable ECR lesions when compared to
conventional radiographs4-6. The American Association of Endodontists/American Academy of Oral and
Maxillofacial Radiology (AAE/AAOMR) already issued a joint statement reiterating the use of CBCT to
evaluate and follow up cases of ECR. The European Society of Endodontology (ESE) also highlights the
relevance of CBCT for the management of these lesions7,8.

Appearance of ECR on CBCT can vary and it is influenced by its evolution, consisting of 3 stages:
initial, with local destruction/disruption of the normal periodontal ligament and cementum; progressive
(resorptive), when asymmetric hypodensity is observed, and reparative (remodeling), when calcified
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tissue is deposited, giving a mottled or cloudy
appearance with more hyperdense areas.
Resorption and repair can occur
simultaneously in different areas of the same
lesion9. Stage of evolution by CT scan should
be the first aspect to consider for treatment
planning. Lesions in reparative stage should be
monitored, and intervention is indicated in
progressive stages10.

Other tomographic aspects also guide
treatment planning. The portal of entry is the
place, single or multiple, where the whole
resorptive process started on the external root
surface9. Considering that treatment should
address the source to avoid recurrence, its
location determines an internal or external
approach, with or without endodontic
treatment11,12.

According to the three-dimensional (3D)
classification system introduced by Patel
et al13, ECR evaluation is performed based on
3 parameters: height, circumferential spread,
and proximity to root canal. Three-dimensional
(3D) ECR characterization is achieved through
the combination of the obtained values from
each parameter. This system favors evaluation
of the real extension of the resorptive process,
since expansion occurs not only in coronal-
apical direction, but also in lingual-buccal
direction. When there is minimal healthy
structure remaining, treatment success rates
are low10.

After establishing the ECR stage, if the
possibility of a watch-and-wait approach is
excluded, accessibility should be assessed
next. External approach should be considered
in cases of treatable ECR which present larger,
supracrestal portals of entry located on buccal
or proximal surfaces. Conversely, in cases with
smaller, subcrestal portals of entry located in
the proximal or lingual surfaces, internal
approach through endodontic access
becomes the best option2,11,14 (Supplemental
Figure S1).

Case reports comprise most of the
current literature on ECR12,15,16, and
information regarding its prevalence is
scarce17,18. Additionally, detailed CBCT image
analysis impacts appropriate treatment
planning, and is critical for treatment
success12. This implies that preoperative
CBCT diagnosis should be as accurate as
possible. However, it can be influenced by
factors such as exposure parameters, voxel
configurations, detector sensitivity,
reconstruction algorithms and, above all, the
examiners’ interpretation skills19,20.

Therefore, this research aimed to
evaluate the prevalence of ECR, explore the
characteristics to be observed in CBCT
images, and assess radiologists’ agreement
regarding these features’ analysis. A minor
2 Machado et al.
objective was to evaluate the relationship
between the location of the portal of entry and
the stage of ECR.
MATERIALS AND METHODS

Data Collection
This cross-sectional, observational,
retrospective study is reported following
STROBE guidelines21, after approval by the
Ethics Committee of S~ao Leopoldo Mandic
Institution (number 56291422.6.0000.5374),
S~ao Paulo, Brazil.

CBCT scans of 6216 patients,
consecutively obtained between July 2021
and March 2022 from a private dental
radiology center database, were analyzed.
Patients were referred to the dental radiology
service for various diagnostic purposes. All
included images were acquired using a
PreXion 3D Inc. CBCT scanner (San Mateo,
CA, USA) configured to high resolution with an
0.100 mm3 isotropic voxel, in a 50 mm height
and 50 mm diameter field of view (FOV), 90
kVp tube voltage and 4 mA current during an
exposure of 33.5 seconds (with 1024
exposures per acquisition).

Exclusion criteria were as follows: (1)
teeth with endodontic treatment, (2) teeth with
endodontic treatment and an intra-radicular
retainer, (3) teeth with associated pathologies
such as inflammatory periapical diseases, (4)
unerupted teeth, (5) teeth in the FOV periphery,
(6) CBCT images with a large number of
artifacts that would make diagnosis
impossible, (7) teeth with extensive
restorations, and (8) teeth with suspicion of
caries.

Image Analysis
Before the evaluation, training was
conducted by an experienced radiologist
who presented the classifications used in the
study to the evaluators. Examples of
tomographic images that were not part of
the main sample were shown, illustrating
each of the classifications.

All images were analyzed by a single
evaluator (specialist in dental radiology and
imaging) for initial identification. ECR diagnosis
was determined when, in the 3 orthogonal
planes, a hypodense, poor-delimited image or
a hyperdense, mottled, bone-like density
image (reparative mineralized tissue) was
observed starting from the cervical third of the
tooth root, possibly extending to middle and
apical thirds, with circumferential root spread,
bypassing the root canal13 (Figure 1). Portals of
entry were identified as a region of destruction
of tooth structure, located in the cervical third,
connecting the resorptive process and the
adjacent periodontal ligament (Figure 2). In
cases where the portal of entry was not
identified or 2 or more portals of entry were
visualized, additional evaluation was
conducted by a fourth evaluator, a radiologist
with 10 years of experience, to confirm the
diagnosis.

After identification, cases were
randomly and anonymously organized and
later evaluated by 3 radiologists with
experience of 51 years, one of them also an
endodontist. Images in DICOM format were
analyzed in an environment with adequate
lighting, using the same high-resolution
monitor and the same OnDemand3D
Technology software (Yuseong-gu, Daejeon,
Republic of Korea), allowing free adjustment of
brightness and contrast, and dynamic
navigation of the images.

The following information was recorded
and tabulated for each tooth with ECR
(Figures 1-4):

1. Crestal position of the portal of entry:
supracrestal or subcrestal;

2. Location of the portal of entry: mesial,
distal, vestibular or lingual/palatal;

3. Size of the portal of entry: � 1 mm, .
1 mm;

4. Number of portals of entry;
5. Longitudinal spread: 1, 2, 3 or 413;
6. Circumferential spread: A, B, C or D13;
7. Proximity to the root canal: d-confined

to dentin, p-in communication with the
pulp13;

8. Evolutionary stage of the lesion:
progressive or reparative;

9. Patient age;
10. Gender of patient;
11. Affected tooth.

According to the 3D classification
system introduced by Patel et al13, ECR
evaluation was based on 3 parameters:
height, circumferential spread, and proximity
of the lesion to the root canal. The height of
the lesion is scored as followed: (1) At
cemento-enamel junction level or above the
bone crest (supracrestal), (2) Below the bone
crest (subcrestal), extending to the cervical
third, (3) Extending to the middle third of the
root, or (4) Extending to the apical third of the
root. Circumference was classified according
to their maximum spread: A) Less than 90�, B)
Between 90� and 180�, C) Between 180� and
270�, and D) Greater than 270�. Proximity to
the root canal was graded as follows:
Confined to dentin (d), or with pulpal
involvement (p). The value of each parameter
was combined to describe ECR 3D
characterization.

To standardize root length definition and
determine longitudinal extent of ECR, we
established a measurement from the
JOE � Volume -, Number -, - 2023



FIGURE 1 – ECR stages: A, B, C- progressive stage on left mandibular second premolar; D, E, F: reparative stage on left maxillary lateral incisor.
cemento-enamel junction to the tooth apex; for
circumferential spread, we drew 2 lines on the
axial plane, dividing it into 4 quadrants. All
images were reevaluated by the 3 examiners
15 days after the first evaluation under the
same conditions.
Statistical Analysis
To characterize the assessed variables,
absolute (n) and relative (%) frequencies were
used. Association between genders and the
frequency of ECR and between the crestal
position of the portal of entry and the stage of
the lesion was evaluated using the Chi-square
test. The significance level was set at P � .05.
To verify the assessment error, Cohen’s
Kappa Coefficient for intraobserver agreement
and percentages of inter- and intra-observer
agreement were calculated. For inter-
observers’ concordance regarding assessed
measures, Altman’s proposed cut-off points
(1991) were considered: � 0.20 indicated
weak agreement, 0.21–0.40 indicated
reasonable or fair agreement, 0.41–0.60
indicated moderate agreement, 0.61–0.80
indicated good agreement, 0.81–1.00
indicated very good agreement22.
Concordance between the 3 raters’ ratings
was assessed using Krippendorff’s Alpha23.
JOE � Volume -, Number -, - 2023
Statistical analysis of the data was performed
using the Statistical Package for the Social
Sciences (SPSS)24 program, version 29 for
Windows (IBM Corp. Released, 2023).
RESULTS

Prevalence
This sample included a total of 6216 patients
(2280 males and 3936 females), 38 of which
exhibited ECR (40 teeth), resulting in a 0.61%
prevalence. The patient’s age ranged from 25
to 75 years, with a mean age of 42.3 (611.9);
median of 39 years: 28.9% were 25 to
34 years old, 34.2% were 35 to 44 years old,
23.7% were 45 to 54 years old, and 13.2%
were 55 or older. Of the 38 patients, 20
(52.6%) were female and 18 (47.4%) were
male. Prevalence of ECR was 0.78% among
males and 0.50% among females with no
significant difference between genders
according to the Chi-square test (P5 .08). The
most affected teeth were the maxillary central
incisors (20%), maxillary canines (20%), and
mandibular molars (7.5%) (Table 1).

Tomographic Aspects
As for circumferential spread, according to
Patel et al classification13, 40% of cases were
classified as B (.90 to &180�), 17.5% as C
Prevalence and Ch
(.180 to &270�) (Figure 3, and 42.5% as D
(.270�); no cases were recorded as A (&
90�). The longitudinal extension was above the
bone crest/cemento-enamel junction level
(type 1) in 2.5% of the cases, below the bone
crest/extending to the cervical third of the root
(type 2) in 47.5%, extending to the mid-third of
the root (type 3) in 30%, and extending to the
apical third of the root (type 4) in 20%.

Regarding proximity to the root canal,
dentin-confined lesions (d) were recorded in
42.5% of cases, and probable pulpal
involvement (p) in 57.5%. The lesions’ stage
was progressive in 65% of cases and
reparative in 30% (Table 2). In 2 cases (5%),
both stages applied.

The portal of entry was identified in
67.5% (27 cases), with 2 or more portals of
entry in 4 (10%) cases. No portal of entry was
identified in 13 (32.5%) cases. Additional
classification was performed only in cases
where one portal of entry was observed (23
lesions): 39.1% demonstrated mesial
localization, and 4.3% distal, 34.7% buccal,
and 21.7% palatal/lingual localization. One
(10%) of the 10 cases with subcrestal portal of
entry was in the reparative stage, and 9 (90%)
in the progressive stage.

The size of the portal of entry was less
than 1 mm in 11 (47.8%) of the 23 cases with
aracterization of External Cervical Resorption 3



FIGURE 2 – Portal of entry examples: A, E2subcrestal, distal,&1 mm (right maxillary central incisor); B, F- supracrestal, mesial,& 1 mm (left maxillary canine); C, G: supracrestal,
palatal,.1 mm (right maxillary central incisor); D, H- two portals of entry: one being supracrestal, buccal and& 1 mm, and the other being supracrestal, lingual and.1 mm (left
maxillary first premolar). Portal of entry unidentified: I, J-invasive cervical resorption in a progressive stage with; K, L-invasive cervical resorption in a reparative stage.
a portal of entry and greater than 1 mm in 12
(52.17%) cases. Supracrestal portal of entry
was the most frequent (60.8% - 14 cases),
and subcrestal was present in 9 (39.1%)
cases (Table 2).
Relationship Between
Circumferential and Longitudinal
Spread
The relationship between longitudinal and
circumferential destruction was investigated
using Fischer’s exact test and showed
statistically significant association (P , .05).
Cases with a greater degree of circumferential
destruction also showed greater longitudinal
extent (Tables 3 and 4).
Relationship Between the Crestal
Location of the Portal of Entry and
the Stage of Lesion Evolution
Among the cases in which a portal of entry
could be identified (n 5 23), 14 cases were
4 Machado et al.
supracrestal. Of these, 9 (64.28%) were in
the progressing stage, 3 (21.42%) in the
reparative stage, and 2 (14.28%) showed
identifiable signs of both stages
concomitantly. Of the 9 cases with
subcrestal portal of entry, 8 (88.9%) were in
the progressive stage and only one case
was in the reparative stage. No association
was observed between the crestal position
of the portal of entry and the stage of the
lesion (P 5 .42) (Tables 3 and 4). No portal
of entry was identified in 13 (32.5%) cases.
Of these, 53.8% and 46.15% were in
reparative and progressive stage,
respectively.

The results show concordance
percentages greater than 70% among the 3
observers. Krippendorff Alpha values for the
concordance agreement among the 3
observers indicated acceptable agreement
(between 0.663 and 0.879). As for the intra-
observer error analysis, agreement
percentages higher than 77% and Kappa
Coefficient values between 0.651 and 1.000
were recorded (Table 5).
DISCUSSION

The aim of this study was to document the
prevalence and characterization of ECR
lesions on high-resolution CBCT scans. To
date, this study represents the largest
population assessed on this topic, totaling
6216 CBCT scans with a 0.61% prevalence of
ECR cases. Previous prevalence data on the
current literature range from 0.02% to
2.3%17,25. A rate of 0.02% was found in a
study comparing 222 patients with ECR with
the total Australian population17, while the
highest prevalence rate ever reported was
2.3% (98 teeth with ECR) on a retrospective
case-control study based on a 10-year
observation of patients of a university clinic in
Vancouver, Canada25. In these previous
studies, cases of ECR were diagnosed based
on clinical and radiographic information in
JOE � Volume -, Number -, - 2023



FIGURE 3 – ECR examples (arrows ), according to Patel et al classification13: A, D- 2Bd (extending to the cervical third, 180� circumferential spread, confined to dentin (left maxillary
first molar); B, E2 3Cd (extending to the middle third, 270� of circumferential spread, confined to dentin) (left mandibular first molar); C, F- 4Dd (extending into the apical third, 360� of
circumferential progression, confined to dentin) (left maxillary lateral incisor).

FIGURE 4 – Unrepaired supracrestal port of entry examples (hypodense tissue, indicated by arrows ), reparative stage: A, D: Case 1; B, E: Case 2; C, F: Case 3.

JOE � Volume -, Number -, - 2023 Prevalence and Characterization of External Cervical Resorption 5



TABLE 1 - Distribution According to Assessed Teeth
(n 5 40)

Assessed teeth group n %

Maxillary central incisors 8 20%
Maxillary lateral incisors 4 10%
Maxillary canines 8 20%
Maxillary premolars 4 10%
Maxillary molars 4 10%
Mandibular central incisors 2 5%
Mandibular canines 1 2.5%
Mandibular premolars 2 5%
Mandibular molars 7 17.5%
patients who were referred to dental clinics.
The main purpose of these studies was to
evaluate disease-related risk factors, so total
sample size was not characterized. Diagnosis
based on radiographic findings is considered
limited because many lesions in early stages
can be confused with caries16. A recent
TABLE 2 - Characterization of the Assessed Variables - Circ
Root Canal, Lesion Stage, Port of Entry Characteristics (Num

Variables

Circumferential spread
& 90�

.90� - &180�

.180� - &270�

.270�

Longitudinal spread
Supracrestal/cemento-enamel junction
Subcrestal/Extension towards the cervical third
Extension towards the mid-third of the root
Extension towards the apical third of the root

Root canal proximity
Confined to dentin
Probable pulpar envolvement

Stage
Progressive
Reparative
Progressive and Reparative

Number of portal of entry (n 5 40)
0
1
2
3
4

Localization of portal of entry* (n 5 23 cases with
port)
Mesial
Distal
Buccal
Palatal/Lingual

Size of portal of entry (n5 23 cases with a single p
, 1 mm
.1 mm

Crestal position of portal of entry (n 5 23 cases w
portal of entry)
Supracrestal
Subcrestal

*Possibility of more than one location per case.
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retrospective Brazilian study of 1313 CBCT
scans found a prevalence of 1.35%26.

Our findings agree with a preceding
report, which concluded that ECR has a wide
age distribution (18–81 years), with a mean
age of 45.77 years27. However, the age range
reported in this study was recorded at the
moment of CBCT evaluation, and it’s
important to consider that it may not precisely
reflect the period of lesion onset and
development. In this study, prevalence of ECR
was 0.78% among males and 0.50% among
females with no significant difference between
genders. This result differs from a recent study
that showed higher prevalence in males26.

Unlike other resorption processes, the
higher degree of complexity of ECR and the
unusual imaging pattern of these lesions in
CBCT make the evaluation challenging.
Although agreement ranged from good to very
good, lower Kappa values were observed
when analyzing lesion stage, longitudinal
umferential Spread, Longitudinal Spread, Proximity to the
ber, Localization, Size and Position) (n 5 40)

N %

0 0.0%
16 40.0%
7 17.5%

17 42.5%

1 2.5%
of the root 19 47.5%

12 30.0%
8 20.0%

17 42.5%
23 57.5%

26 65.0%
12 30.0%
2 5.0%

13 32.5%
23 57.5%
2 5.0%
1 2.5%
1 2.5%

a single-entry

9 39.1%
1 4.3%
8 34.7%
5 21.7%

ortal of entry)
11 47.8%
12 52.2%

ith a single

14 60.8%
9 39.1%
spread and pulpal involvement. Since it is a
dynamic process, areas in both active
resorption and repair can be simultaneously
found9. As a result, there may be 2 imaging
patterns in different sites of the same
resorption, making it difficult to determine a
single stage. In a study comparing CBCT,
micro-CT, nano-CT, and histological sections,
the authors concluded that CBCT images fail
to identify reparative tissue formation28. This
may explain the difference in agreement
between examiners to determine lesion stage.

Concerning longitudinal spread
assessment, the irregular, ill-defined
propagation of the ECR in dental tissues3 may
have generated conflict about the end of the
lesion. Considering that the alveolar bone crest
is used as a reference to determine the
longitudinal extent of the lesion, the 3D
classification of Patel et al13 is not clear about
supracrestal ECR cases with some degree of
bone resorption and substantial root
involvement. Nevertheless, good agreement
rates were obtained for this variable29. Also,
understanding that the root is divided into
cervical, middle, and apical thirds, with the
cemento-enamel junction and the apex being
fixed reference points, we still considered that
we obtained good agreement rates for all
variables.

Evaluation of longitudinal spread
revealed that 19 cases (47.5%) were limited to
the cervical root third; among these, more than
half had already spread more than 90� and up
to 180� circumferentially; of the 20 cases that
extended to the middle or apical root third
(50%), more than half had already advanced to
more than 270� of root circumference. This
finding indicates that resorption progresses
proportionally in the coronal apical direction,
and lingual/palatal vestibule, reinforcing the
need for evaluation of the circumferential
spread proposed earlier13.

Description of the longitudinal and
circumferential extensions allows standardized
classification of the remaining healthy root
structure. Therefore, it can be useful to
treatment planning13. When the ECR extends
to the root’s apical third or affects large
circumferential dimensions (Patel’s 4D
classification13), it becomes difficult to remove
all the granulation tissue without losing a large
amount of healthy tooth tissue, compromising
the periodontal stability of the tooth and leaving
it susceptible to fracture. Hence, the best
solution is immediate extraction, or
observation until some symptom occurs29. A
clinical study of 101 teeth affected by various
degrees of ECR, with follow-up from 3 to
12 years, showed a 100% success rate of
treatment in class 1 and 2 resorptions, 77.8%
in class 3 lesions, and 12.5% in class 4 lesions.
JOE � Volume -, Number -, - 2023



TABLE 3 - Circumferential Spread According to Longitudinal Spread

Longitudinal spread

Circumferential

Total
P

Value&90� .90� - &180� .180� - &270� 270�

Supracrestal/cemento-
enamel junction

0 (0.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%)

Subcrestal/Extension
towards the cervical third
of the root

0 (0.0%) 11 (57.9%) 5 (26.3%) 3 (15.8%) 19 (100.0%) .008

Extension towards the mid-
third of the root

0 (0.0%) 3 (25.0%) 2 (16.7%) 7 (58.3%) 12 (100.0%)

Extension towards the
apical third of the root

0 (0.0%) 1 (12.5%) 0 (0.0%) 7 (87.5%) 8 (100.0%)
As expected, smaller lesions offer the most
favorable long-term outcome10.

The Pericanal Resorption Resistant
Sheet (PRRS) is a protective layer that
surrounds the pulp tissue and prevents the
resorption process from coming into contact
with the pulp. Its presence is pointed out as a
characteristic of ECR1. In this investigation,
probable pulpal involvement was observed in
57.5% of cases. This unexpected finding may
have happened because, even in presence of
the PRRS layer, some small points of
communication with the pulp were identified in
the CBCT. This fact has already been a finding
in 2 studies9,28, which detected occasional
histological ruptures of this protective layer,
especially towards coronal thirds, where it is
thinner. Thus, the visualization of PRRS does
not ensure absence of contact with pulp
tissues, making CBCT dynamic evaluation
essential to detect these small points of
communication. This reinforces the need to
use CBCT at high resolution parameters.

The 3 observers could not identify the
portal of entry in 32.5% of the cases. This
finding cannot be compared with other
studies, because to our knowledge, there are
no previous studies with this information. In
53.8 % of the cases without identified portal of
entry, ECR lesions were in the reparative stage.
In these cases, deposition of reparative bone
tissue through the portal of entry (which is the
starting point for the destructive process as
well as the area where the deposition of
mineralized tissue begins) leads alveolar bone
and dentin fusion, making identification of
those tissues difficult25. In the remaining cases
TABLE 4 - Lesion Stage According to the Portal of Entry

Portal of
entry Progressive

Supracrestal 9 (64.28%)
Subcrestal 8 (88.8%)

JOE � Volume -, Number -, - 2023
(46.15%), which were in a progressive stage,
we believe that the reduced dimensions of the
portal of entry may make obscure visualization,
even with high resolution images. Finally, cases
with advanced resorptive processes in direct
contact with the dentin margins at several
areas can also hinder portal of entry
identification.

During evaluation, the examiners
observed 3 reparative ECR cases where the
portal of entry was located in a supracrestal
position. However, despite the reparative
stage classification of those cases, images
showed that this defect was filled with
hypodense (inflammatory) tissue. It was
hypothesized that supracrestal portals of entry
have fewer chances of remineralization, since
local bacteria present in the crevicular sulcus
influence clastic cell activity.

The 3D classification by Patel et al
(2018b)13 has been shown to be efficiently
used in communication between dental
surgeons and radiologists, but we must
emphasize that it does not include data on
lesion stage, and location and size of the
portal of entry, which are fundamental
aspects to assess during treatment planning.
The limitations of this study should be
acknowledged. First, the absence of clinical
information that could aid in ECR diagnosis
should be noted. Second, a limited field of
view was evaluated for each patient. While
this was necessary to ensure the appropriate
image acquisition protocol with sufficient
resolution for ECR diagnosis30-33, this
methodological choice may affect the number
of teeth assessed and the prevalence data
Lesion stage

Reparative
Progressive and

reparative

3 (21.42%) 2 (14.28%)
1 (11.1%) 0 (0.0%)

Prevalence and Ch
observed in this investigation. Hence, it was
not possible to investigate the prevalence of
ERC among each teeth group. Finally, the
initial screening of images was performed by a
single examiner. Thus, future studies relating
clinical information to CBCT findings should
also be encouraged in order to guide the
treatment of ECR.
CONCLUSIONS

In conclusion, ECR showed low prevalence, no
significant gender predilection, and a wide age
range. The portal of entry should be
characterized in descriptive reports
highlighting size and location in relation to the
bone crest, as a way to assist the dentist’s
image interpretation, and consequent
therapeutic decisions about internal or external
approaches. Although no association was
observed between the portal of entry and the
lesion stage, our results suggest that
supracrestal portals of entry may manifest with
areas in the progressive stage, even if the
lesion is predominantly reparative.

Since ECR is a dynamic process, it is
possible to observe both progressive and
reparative processes in some ECR cases.
Priority should be given to determining the
predominant stage in order to establish the
appropriate therapeutic approach. Through
dynamic navigation, intercommunication of the
pulp and the resorptive process was
observed, even with the presence of Pericanal
Resorption Resistant Sheet. Difficulties in
identification of ECR using CBCT are to be
expected, especially in reparative stages.
Total
P

Value

14 (100%)
9 (100%) .42
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TABLE 5 - Inter-Examiner Agreement

Variables

Intra-observer
Principal observer vs. Observer 1 vs.

Observer 2

C.
Kappa

Concordance
percentage

(%)
Krippendorff

Alpha

Concordance
percentage

(%)

Circumferential spread 0.651 77.5% 0.746 75.0%
Root canal proximity 0.754 87.5% 0.698 77.5%
Stage 0.826 92.5% 0.694 70.0%
Longitudinal spread 0.693 80.0% 0.663 62.5%
Portal of entry number 0.873 92.5% 0.710 75.0%
Portal of entry size 1.000 100.0% 0.758 78.9%
Portal of entry crest position 0.870 94.4% 0.758 78.9%
Portal of entry localization

Mesial 0.667 83.3% 0.879 94.7%
Distal 1.000 100.0% 0.787 94.7%
Buccal 0.667 83.3% 0.767 89.5%
Palatal/Lingual 0.852 94.4% 0.808 89.5%
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SUPPLEMENTARY MATERIAL
SUPPLEMENTAL FIGURE S1 – Flowchart for endodontic treatment planning in external cervical resorption teeth, according to Patel et al classification2,13. 3D, 3-dimensional; 4D,
4-dimensional.
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