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Abstract

Objectives The aim of the present study was to assess the
incidence and risk factors of ERR in second molars with me-
sially and horizontally impacted mandibular third molars
using cone beam computed tomography (CBCT) images from
patients in a Chinese tertiary referral hospital.

Materials and methods A total number of 216 patients with
362 mesially and horizontally impacted mandibular third mo-
lars who were treated at our institution from 2014 to 2015 was
retrospectively included. The ERR in second molars was iden-
tified on CBCT multiplanar images. The associations between
incidence of ERR and multiple clinical parameters were sta-
tistically analyzed by Chi-square test. Moreover, the risk fac-
tors for ERR in second molars were further assessed by mul-
tivariate regression analysis.

Results The overall incidence of ERR in second molars was
20.17 % (73/362) as detected on CBCT images. The presence
of ERR significantly associated with patients age and impac-
tion depth of mandibular third molars. However, no signifi-
cant relationship was found between ERR severity and impac-
tion depth or ERR location. Multivariate regression analyses
further revealed age over 35 years and impaction depth as
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important risk factors affecting the ERR incidence caused by
mesial and horizontal impaction of mandibular third molar.
Conclusions ERR in second molar resulted from mesially and
horizontally impacted mandibular third molar is not very rare
and can be reliably identified via CBCT scan.

Clinical relevance Given the possibility of ERR associated
with third molar impaction, the prophylactic removal of these
impacted teeth could be considered especially for those pa-
tients with over 35 years and mesially and horizontally im-
pacted teeth.

Keywords External root resorption - Mandibular impacted
third molar - Radiographic analysis - CBCT

Introduction

The mandibular third molars are the most frequently impacted
teeth largely due to lack of adequate space in the lower jaw or
barriers in its eruption trajectory. These impacted teeth usually
result in several types of pathological conditions including
pericoronitis, swelling, odontogenic cysts or tumors, bone loss
as well as root resorption of the adjacent teeth, thus leading to
impaired oral functions and discomfort [1-3]. Among them,
external root resorption (ERR) in the second molars resulted
from impacted third molars is an insidious clinical entity, and
not easily and timely diagnosed in the clinic until dental
pulpitis or periapical inflammation of the affected second mo-
lars occur [4, 5]. Moreover, the presence of ERR significantly
undermines normal functions and health of the adjacent sec-
ond molars, and might necessitate the effective treatments of
these affected teeth such as root canal therapy, root resection
or tooth extraction, if not properly managed [6, 7]. Therefore,
identifying the risk factor of ERR caused by impacted third
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molars and preventing its occurrence is beneficial to preserve
the second molars as well as keep health of local structures.
ERR is a pathological process that occurs on the outer
surface of the permanent tooth which is commonly believed
to be induced by local inflammation or mechanical stress [6,
8]. Accumulated evidence has indicated that several etiologic
factors are associated with ERR of permanent teeth including
periodontal infection, trauma, orthodontic tooth movement,
tooth auto-transplantation or replantation, and mechanical
pressure from the impacted tooth or tumor [9, 10]. Notably,
progressive pressure resorption on the distal of the adjacent
second molar is one of the most prevalent complications re-
sulted from impacted mandibular third molar with the preva-
lence ranging from 0.3 to 24.2 % [2, 4, 11, 12]. Considering
the vast amount of impacted third molars in the population, the
number of this pathological resorption cannot be rare.
However, ERR is difficult to be diagnosed because its prog-
ress remains asymptomatic unless the dental pulp or periodon-
tal is involved or clinical symptoms are present. Currently,
accurate and timely diagnosis of ERR largely depends on
various radiographic examinations, while direct visualization
and histological examinations are not commonly feasible [5,
6, 13]. Previously, the periapical and panoramic radiographs
were used to identify the presence of ERR on the distal of the
mandibular second molars adjacent to impacted third molars
and showed a relatively low prevalence [4, 11]. Due to their
two-dimensional nature and unequal magnification as well as
possible image distortions, these periapical or panoramic ra-
diographs cannot adequately meet the clinical demand to pre-
cisely detect ERR presumably due to relatively high false-
positive and false-negative ratios, thus having relatively low
diagnostic values [5, 14]. Recently, the advent of cone beam
computed tomography (CBCT) in dentistry enable clinicians
to visualize the dental and maxillofacial structures more pre-
cisely and clears from both multiple planes and three-
dimensional views [15]. It has various advantages such as
high spatial resolution, low radiation dosage as well as
multiplanar images free of overlapping as compared to other
dental radiography [16]. So, CBCT scan has been widely used
to detect different kinds of dental pathological conditions in-
cluding small and less accessible root resorption caused by
adjacent impacted maxillary canines or third molars [5, 14].
Oenning and his colleagues have reported that mesially in-
clined third molars have the greatest potential to stimulate
ERR in second molars as evaluated by CBCT [14].
Moreover, the incidence of ERR in second molars was
5.31 % detected by panoramic radiographs while 22.88 %
by CBCT in the same patient cohort, thus supporting the sen-
sitivity and superiority of CBCT in detecting ERR as com-
pared to panoramic radiography [5]. However, until now, the
data regarding the ERR of second molars associated with im-
pacted lower third molars have mainly been derived from case
reports or retrospective studies with a limited number of cases
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in which most ERR cases were diagnosed via panoramic or
periapical radiographs [4, 7, 11, 17]. The incidence and risk
factors of such ERR identified by CBCT scan in a large patient
cohort have not been well established yet.

The purpose of this retrospective study was to evaluate the
prevalence of ERR on the root distal aspect of the second
molars caused by mesially and horizontally impacted mandib-
ular third molars using CBCT scan and to identify the associ-
ated predisposing risk factors for ERR.

Patients and methods

This was a retrospective cohort study of patients who were
treated at the Department of Oral and Maxillofacial Surgery,
Affiliated Hospital of Stomatology, Nanjing Medical
University, for surgical removal of impacted mandibular third
molars between Jan. 2014 and December 2015. The research
protocol was reviewed and approved by the Ethics and
Research Committee of Nanjing Medical University. Written
informed consent was obtained from all enrolled patients.
Given the possibility of pressure resorption of second molars
occurred when they were in close contact with impacted teeth
and highest potential of mesial inclination to stimulate ERR
[14], only patients with mesioangular or horizontal impacted
mandibular third molars were included here. These enrolled
teeth with mesioangular and horizontal impaction were iden-
tified with panoramic radiography and/or CBCT scans and
diagnosed based on Winter’s classifications similarly as re-
ported before [5, 14, 18]. The exclusion criteria were as fol-
lows: the impacted molars associated with cystic or tumor
lesions, tumors or bone defects extending to the posterior
mandible, the impacted molars with less than two thirds of
root, the adjacent second molars showing extensive carious
lesions, crowns or distal fillings as well as root canal therapies,
the second molars extracted or simultaneously impacted, low
quality of CBCT image due to the presence of high-density
materials or other reasons which jeopardized unambiguous
view of local anatomy and structures. The detailed screen
and inclusion/exclusion of patients were described in Fig. 1.
The presurgical CBCT images were obtained with a CBCT
unit (New Tom, Verona, Italy) with medium volume and high
resolution. The operating parameters were 7.3 mA and 110 kV
with a 0.5-mm fixed focal spot and 18 x 16 cm field of view.
The CBCT images were analyzed with the NNT software
program (version 4.6, New Tom, Verona, Italy) from horizon-
tal, coronal and sagittal planes independently by two ob-
servers with high expertise (Dr. Dongmiao Wang and Dr.
Xiaotong He). Here, the presence of ERR was defined as clear
loss of substance on the distal surface of the adjacent second
molar root, which was similar as previous Al-Khateeb’s de-
scription [1]. The dental caries on second molars and ERR
was differentially diagnosed based on their radiographic
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Fig. 1 Patient screen and
inclusion protocol

544 cases for M3 extraction
were manually analyzed

328 cases excluded based on the clinical records

—No CBCT scan

— M3 with less than two thirds of root developed

— Surgery in the M3 region
—No M2

216 cases were identified
—200 M3 bilateral impaction
—7 right M3 impaction

—9 left M3 impaction

54 sides excluded
— M3 associated with cystic or tumor lesions 12

—M3 in vertical position 23
—M2 with extensive carious lesions

—M2 impacted

Included

—Right side 188
—Left side 174
Excluded

—Right side 19
—Left side 35

216 cases 362 sides were included

—M2 root canal therapies
—No M2
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216 cases 362 sides were included for analysis

appearance. When the radiolucency has irregular morphology
and there is a clear gap between second molars and dental
crown of third molar, this lesion was diagnosed as caries as
shown in Fig. 2. To verify our methods to identify ERR by
CBCT images analyses, the intra-observer agreement was sta-
tistically assessed by the consistency among the EER results
from randomly selected 10 patients whose images were re-
peatedly examined by the same observer (Dr. Dongmiao
Wang) in consecutive 3 weeks. In addition, the inter-
observer agreement was evaluated by the consistency between
two examiners (Dr. Dongmiao Wang and Xiaotong He) who
independently assessed the ERR presence. When different
ideas concerning the radiographic findings on CBCT images
occur, they should discuss with another independent observer
(Dr. Yanling Wang) and then obtain the final consensus. The
location of the ERR in relation to the long axis of the second
molar was categorized as three groups: cervical, middle and
apical third of the root as shown in Fig. 3. Moreover, the
severity of ERR was graded into the four categories as sug-
gested by Ericson and Kurol [19] as follows, no resorption:
intact root surface, the cementum layer may be lost; slight
resorption: resorption up to half of the dentine thickness; mod-
erate resorption: resorption of the dentine midway to the pulp
or more, the pulp lining being unbroken; severe resorption:
root resorption with the pulp exposed (Fig. 4). In addition, the
impaction depths of the mandibular third molars were evalu-
ated according to the Pell-Gregory classification [20]. The
impaction depths of the mandibular third molars were catego-
rized as indicated in Fig. 5. and classified as A, B, C. Class A
was defined when the highest portion of the third molar was

above or parallel with the occlusal plane of the second molar,
while class B was defined when the highest portion of the
third molar is between the occlusal plane and cervical line of
the second molar. Class C was classified when the highest

Fig. 2 Dental caries and ERR on second molar identified on CBCT
images. a, b: Distal caries is found in second molar as the radiolucency
has irregular morphology and margins. A clear gap exists between the
dental crown of the impacted third molar and the distal aspect of the
second molar. ¢, d: ERR on the second molar is detected in the cervical
region and this radiolucency is closely contacted with the dental crown of
the impacted third molar. Lesions in the figures were indicated by white
arrows
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Fig. 3 The locations of ERR on the second molar identified by CBCT
scan. ERR is found at the cervical region (a, b), middle part (¢, d), and
apical region (e, f) of the second molar root

portion of third molar was below the cervical line of the sec-
ond molar.

All relevant data including the demographic and clinical
data of patients included were collected. Associations between
two categorical covariates were assessed by Chi-square test.
The intra-observer and inter-observer agreement on CBCT
findings was estimated by Cohen & test. Multiple epidemio-
logical, clinical as well as radiographic parameters were ana-
lyzed using logistic regression model to evaluate their predic-
tive values for the prevalence of ERR in the second molars.
Statistical analyses were performed using Stata 9.2 software
program (Texas, USA) with indicated methods. P < 0.05 (two-
sides) was considered statistically significant.

Results

Through data screen and analyses in our clinical patients reg-
istry as described in Fig. 1, we identified 216 patients satisfy-
ing the inclusion criteria from a total number of 544 patients

Fig. 4 The severity of ERR on
the second molar identified by
CBCT scan. No resorption (a, b),
slight resorption (¢, d), moderate
resorption (e, f) as well as severe
resorption (g, h) on the distal
aspect of second molars are
detected
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who received impacted lower third molar extraction during
last two years (2014-2015). As described in Table 1, the mean
age was 30.45 years (range: 1671 years), with 111 (51.39 %)
males and 105 (48.61 %) females. In addition, these impacted
third molars were categorized into 47 as Class A, 217 as Class
B, and 98 as Class C, respectively. Furthermore, unilateral
impaction of the mandibular third molar was present in 16
patients (7 at the right, 9 at the left), and the other 200 patients
were presented with bilateral impactions. Among these, 54
sides (19 at the right, 35 at the left) were further excluded
according to the exclusion criteria. Finally, the original
CBCT data of these 216 patients involving 362 impacted
mandibular third molars (188 at the right, 174 at the left) were
retrieved and further assessed to identify the ERR in the sec-
ond molars.

The presence of ERR on the distal of the second molar was
identified in 50 patients with 73 teeth (23 at the right side, 24
at the left side, 13 at both sides) on CBCT images with overall
prevalence 20.17 % (73/362). The k test analyses revealed
good intra-observer (x = 0.8546, P = 0.002) and inter-
observer reliability (x = 0.8832, P = 0.009) regarding our
method to identify the ERR through CBCT images, thus val-
idating the reliably and reproducibility of our methods.
Notably, as shown in Table 2, significant associations were
found between ERR occurrence and age or impaction depth
of lower third molar (P = 0.049, 0.048, Chi-square test), re-
spectively. Particularly, class A and C impactions associated
with higher ERR incidence as compared to those with class B
impaction. In addition, no significant correlation was detected
between the occurrence of ERR and patient gender or impac-
tion sides (P > 0.05, Chi-square test). The detailed location
and severity of the ERR on the distal surface of the second
molars were list in the Table 3. Of all the 73 s molars with
ERR, 55 were identified with slight resorption, 9 with moder-
ate resorption and 9 with severe resorption, respectively.
Moreover, 32 ERR were observed in cervical, 30 in middle
and 11 in apical region of second molars. With regard to the




Clin Oral Invest (2017) 21:1335-1342

1339

Fig.5 The Pell-Gregory classification of impacted mandibular third mo-
lars. Three types of mandibular third molar impaction, class A (a), B (b),
and C (c), are detected based on the impaction depth similar to the Pell-

impaction depth of these mandibular third molars, 14 ERR
were found with class A-impacted third molars, 35 with class
B, and 24 with class C. However, there was no significant
correlation between the ERR location and ERR severity
(P =0.115) as well as the impaction depth and ERR severity
(P=0.638). To further strengthen clinical significance of these
radiographic ad clinical data concerning ERR associated with
mesially and horizontally impacted third molars, we per-
formed multivariate analyses via logic regression assay to
identify the risk factors for possible ERR using the gender,
age as well as impaction depth as parameters. As indicated in
Table 4, age over 35 was identified as an independent risk
factor for ERR occurrence with adjusted odds ratio 2.47
(P < 0.05). Moreover, as compared with class A impaction,
the patients with class B impaction tend to have less risk of
ERR on second molars with adjusted odds ratio 0.41
(P <0.05).

Discussion
ERR on the adjacent second molar associated with impacted

mandibular third molar is not rare and sometime neglected
until these resorption penetrates into the pulp and induces

Table 1  Descriptive clinical data of impacted mandibular third molars

Variable No. (%)

Age (years) Mean 30.45 (1671 years)

Gender Male 111 (51.39 %)
Female 105 (48.61 %)

Impaction depth Class A 47 (12.98 %)
Class B 217 (59.94 %)
Class C 98 (27.07 %)

Impaction type Right side 7 (3.24 %)
Left side 9 (4.17 %)

Bilateral side 200 (92.59 %)

Gregory classification [20]. The upper white dotted line indicates the
occlusal plane of the second molar. The lower white dotted line indicates
the cervical line of the second molar, which is parallel with the upper one

inflammation [2, 4]. Previous studies have revealed the inci-
dence of ERR on second molar adjacent to impacted lower
third molar ranging from 0.3 to 24.2 % by different radio-
graphic methods [4, 11]. Moreover, the incidence of ERR on
the second molars was even much higher (49.43 %) as detect-
ed by CBCT in 116 patients with mesially inclined impacted
maxillary and mandibular third molars [14]. Here, we selected
211 patients with 356 mesioangular and horizontal impacted
mandibular third molars from a total number of 544 patients
based on our preset inclusion criteria. Through our radio-
graphic analyses on CBCT multiplanar images, we found that
the overall incidence of ERR on second molars adjacent to
mesially and horizontally inclined impacted mandibular mo-
lars was 20.17 %, which was generally in line with previous
findings [5, 11]. The incidence reported here is much lower as

Table2  The prevalence of ERR on the distal surface of the mandibular
second molar and its associations with clinical parameters

ERR presence ERR absence P
(n=173) (n=289) value
Age (years) 0.049
16-24 19 111
25-35 27 108
>35 27 70
Gender 0.163
Male 33 157
Female 40 132
Impaction depth of 0.048
M3
Class A 14 33
Class B 35 182
Class C 24 74
Impaction side of 0.616
M3
Left 37 137
Right 36 152

The numbers in italics indicate statistically significant data
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Table 3  Relationships between ERR severity, location in the second
molar and the impaction depth of the mandibular third molar

Slight  Moderate  Severe  Total P value

Impaction depth 0.638

Class A 12 2 0 14

Class B 26 4 5 35

Class C 17 3 4 24
Location of ERR 0.115

Cervical 29 1 2 32

Middle 19 6 5 30

Apical 7 2 2 11

compared with Oenning et al.’s recent report which is the only
clinical and radiographic study with regard to ERR in second
molars associated with mesially inclined impacted third mo-
lars as detected via CBCT in the literature [14]. We reasoned
that this discrepancy might associate with different sample
size, patient selection bias, and varied inclusion criteria. A
large amount of patients with the same inclusion criteria from
multiple centers might be required to further establish the in-
cidence of ERR on second molars associated with mesially
impacted mandibular third molars.

The conditions of the second molar, for example the exis-
tence of ERR or not, largely influence the treat decision-
making about the adjacent impacted third molar [6, 21].
Precise information regarding the actual presence of ERR is
definitely required so that dentists may select the appropriate
treatment modality. Until now, the accurate identification of
ERR on permanent tooth primarily depends on radiographic
examinations. Dental and panoramic radiography was

commonly exploited to detect the ERR resulted from diverse
pathological factors in the clinic [11]. However, these two-
dimensional techniques have inherent weakness including
more artifacts, image distortion and overlapping, which im-
pede them to become routine approaches to identify ERR.
Three-dimensional imaging techniques such as CT and
CBCT have proved to be advantageous relative to the two-
dimensional radiography to detect ERR as evidenced that
much more ERR associated with unerupted maxillary canines
and impacted third molars was found via CT/CBCT as com-
pared with dental radiography [14, 22]. Furthermore, high
image quality, multiplanar or 3-D views, few artifacts and
relative low radiographic dosage make CBCT as a preferred
imaging technique to detect ERR [23]. Here we defined ERR
as substance loss in root surface and utilized the CBCT images
from three planes to identify ERR on second molar. Previous
reports have suggest that the presence of caries on distal root
surface might complicate the identifications of ERR on the
adjacent second molars especially when associate with those
partially erupted third molars [24, 25]. In the present study,
dental caries on second molars in proximity to impacted third
molars were identified when radiolucency has irregular mor-
phology, margins and communicates with oral environment,
and there is a gap between second molars and crown of third
molar as indicative of no direct contact (Fig. 2) [26]. Indeed,
the overwhelming majority of ERR was situated at the site of
contact between the root surface of second molar and the third
molar crown. Although we cannot absolutely rule out the pos-
sibility of dental caries which were mistakenly counted as
ERR, we believe that radiographic distinctions between
ERR and dental caries is generally reliable with relatively high
sensitivity and accuracy, especially when identified via CBCT
on multiplanar images. This notion is also supported by

Table 4 Regression analyses of multiple clinical/radiographic parameters as risk factors for ERR incidence

Variable ERR presence (%) ERR absence (%) P value Crude OR (95 % CI) P value Adjusted OR (95 % CI)
Gender
Male 33(17.4) 157 (82.6) 1 (Reference) 1 (Reference)
Female 40 (23.3) 132 (76.7) 0.1645 1.44 (0.86,2.41) 0.1143 1.53 (0.90,2.60)
Age
16-24 19 (14.6) 111 (85.4) 1 (Reference) 1 (Reference)
25-34 27 (20.0) 108 (80.0) 0.2489 1.46 (0.77,2.78) 0.1433 1.67 (0.84,3.31)
>35 27 (27.8) 70 (72.2) 0.0156 2.25(1.17,4.35) 0.0132 2.47 (1.21,5.04)
Impaction depth
Class A 14 (29.8) 33(70.2) 1 (Reference) 1 (Reference)
Class B 35 (16.1) 182 (83.9) 0.0318 0.45 (0.22,0.93) 0.0181 0.41 (0.19,0.86)
Class C 24 (24.5) 74 (75.4) 0.4978 0.76 (0.35,1.66) 0.1755 0.56 (0.24,1.30)

The numbers in italics indicate statistically significant data. The values in the second and third volumes indicate the proportions of patients who fall into
categories of each variable, while the numbers in the fifth and seventh volumes indicate the results of 95 % CI (confidence intervals) in multivariate

regression analyses

OR odds ratio, CI confidential intervals
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previous finding that ERR diagnosed using conventional den-
tal radiography was confirmed histologically [27].

Previous studies have revealed that incidence of ERR on the
second molar associated with impacted third molar is related to
patients gender, age, impaction type and depth, etal. [4, 11, 14].
Yamaoka M et al. reported a higher incidence of root resorption
of mandibular second molar in men than women as detected via
dental radiographs in 3174 individuals [4]. One explanation for
the male preponderance of ERR was the sex hormones which
were suggested as one of the predisposing factors for ERR [12].
However, our data and others do not support this as evidenced
by the fact that no significant associations were found between
ERR and gender [14]. Indeed, our data indicated that patients
with age over 24 years had a relatively higher incidence with
ERR, which was in agreement with previous findings [14].
Moreover, our data from multivariate regression analyses fur-
therrevealed that the age especially over 35 was an independent
risk factor for ERR. This is not unexpected because root resorp-
tion induced by mechanical pressure from impacted third molar
might be a progressive process over time [8, 10]. The eruptive
tooth movement does not stop after root formation was com-
pleted, and these impacted teeth continue to exert mechanical
pressure on the adjacent second molars, therefore stimulating
ERR formation and progression.

It is well established that the position, angulation and depth
of impacted third molars have a significant effect on the asso-
ciated pathological features and associated with clinical symp-
toms [11, 28]. Due to the presence of the mesially and hori-
zontally impacted third molars as the primary cause of ERR in
second molars [5, 14], the impacted mandibular third molars
with mesioangular and horizontal inclinations were included
here and the prevalence of ERR on second molar was ana-
lyzed. The overall incidence of ERR in our patient cohort is
20.17 %, relatively higher than that in some previous reports
but similar with the others [11, 14]. For example, Knutsson et
al. reported that ERR on second molar was identified in only
1 % cases by conventional radiography [28]. However, a
greater incidence of such ERR was observed by periapical
radiographs or CBCT images, respectively [4, 11, 14]. We
believe that mesial and horizontal inclinations of impacted
third molars have relatively large contact area between the
second and third molars, which tends to more pressure resorp-
tion. In support of this, our data indicate that the patients with
class A (29.8 %) impaction have the most high incidence of
ERR in second molars, followed by class C (24.5 %) and B
(16.1 %). Consistently, our data from multivariate regression
analyses further support this idea as evidenced that class B
impaction have less risk to result in ERR incidence as com-
pared with class A and C impactions. These findings suggest
that cervical area of the root surface and root apical region
might be susceptible regions for ERR. These findings are in
line with previous report that the apical region as the most
susceptible region for ERR in individuals with completely

unerupted third molars [11]. However, Oenning and his col-
leagues reported that teeth positioned in class A and B were
associated with more ERR in second molars compared with
class C[14]. We speculate that the difference of patient selection
andradiographic techniques might account for this discrepancy.
Further studies are needed to identify the vulnerable regions of
root surface in second molar which predisposes to ERR inci-
dence by impacted third molars in a large patient cohort.

Retaining or prophylactic extraction of the impacted third
molars has been a hot subject of intensive debate [29, 30]. The
complications associated with third molar removal have been
well documented [31]. If the pathological conditions occur as
aresult of impacted third molars, the teeth removal is strongly
indicated. However, for those asymptomatic third molars, no
consensus for management has been reached until now. No
sufficient evidence has been obtained to justify the prophylac-
tic extraction of asymptomatic third molars [29]. The decision
for impacted third molars may base on clinical assessment and
patient preference and should weight the benefits and risks
carefully. Our findings and others support that extraction of
these impacted third molars is indicated when the diagnosis of
ERR on second molars is confirmed by radiographic exami-
nations. Upon the removal of third molars, the affected second
molars may need restoration, endodontic or periodontal treat-
ment or even root resection if necessary. Therefore, radio-
graphic assessment like CBCT scan might be beneficial to
timely and accurately diagnosis of ERR on the second molars
caused by impacted mandibular third molars.

There are several advantages and limitations concerning
our findings. The patients included here were strictly filtered
and screened based on our inclusion and exclusion criteria to
reduce the sample heterogeneity as much as possible. To the
best of our knowledge, our sample size might be the largest
one to evaluate second molar ERR by CBCT image analyses.
However, data from a large amount of patients is still needed
to further validate our findings. Moreover, the present study is
a retrospective study with potential bias of sample selection.
ERR is identified by CBCT scan only which lacks of adequate
clinical or histological validations such as evidence from di-
rect visualization or histological examination. To address this
limitations, the longitudinal study of ERR by radiographic
surveillance is warranted to provide convincing scientific ev-
idence in support of our findings.

In conclusion, ERR in second molars resulted from mesi-
ally and horizontally impacted third molars is not a rare clin-
ical condition and can be accurately identified by CBCT scan.
The incidence of ERR significantly associates with patient age
and impaction depth. The age with over 35 years is identified
as an independent risk factor for ERR in the adjacent second
molars. When direct contact between the second and impacted
third lower molar is observed in the radiography, ERR on
second molar should not be neglected and active surveillance
or prophylactic extraction could be suggested in the clinic.
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