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Abstract

Background: The relationship between the impacted mandibular third molar (IMTM) and the external root re-
sorption (ERR) of the mandibular second molar (MSM) was analysed with cone-beam computed tomography
(CBCT). The risk factors affecting the ERR of the MSM were examined to provide a reference.

Material and Methods: A total of 327 patients (total: 578 teeth) admitted to the Affiliated Hospital of Yanbian
University for IMTM extraction from January 2017 to December 2019 was chosen and divided according to
gender and age. The correlation between the IMTM and ERR of MSM was analysed, including inclination angle,
impaction direction and depth. The relationship of mandibular ascending ramus classification with ERR of MSM
was also analysed. In addition, the correlation between the MTM impaction type and the severity of ERR was
analysed.

Results: The incidence of ERR of MSM in male patients was higher than in females (27.9% vs.17.6%, p = 0.018).
The occurrence and the site of ERR showed statistical differences in the inclination angle [(<20°, 3.6%) vs. (21°-
40°, 27.1%) vs. (41°-60°, 27.6%) vs. (61°-80°, 25.6%) vs. (>80°, 31.7%), p <0.001], impaction direction [(Vertical,
1.1%) vs. (Mesial, 32.7%) vs. (Horizontal, 25.3%), p <0.001] and depth of MTM [(Low position, 38.6%) vs. (Medi-
an position, 32.0%) vs. (High position, 13.7%), p <0.001]. Also, there was a significant difference in the mandib-
ular ascending ramus type [(Class I, 17.4%) vs. (Class 11, 32.3%) vs. (Class 111, 44.9%), p <0.001]. In addition, the
severity of ERR showed statistical differences in the mesial (40.9%, p<0.05), lower impaction (54.5%, p<0.05)
depth of MTM and type III of mandibular ascending ramus (63.6%, p<0.05).

Conclusions: The inclination angle, impaction direction, and depth of MTM were the influencing factors for the
occurrence and site of ERR. Also, mandibular ascending ramus type was the impact fact. For MTM with mesio-
angular, lower impaction, and mandibular ascending ramus with type 111, the ERR of the MSM was severer.

Key words: Mandibular second molar’s external root resorption, impacted mandibular third molar, cone-bean com-
puted tomograph.
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Introduction

The third molars are the most impacted teeth, and they
usually erupt between the ages of 17 and 21 if they
are not under impaction (1). The impacted mandibular
third molar (IMTM) might cause pericoronitis, car-
ies, odontogenic cysts, tumours, damage to adjacent
teeth, anterior teeth crowding, periodontal problems
with adjacent second molars, or external root resorp-
tion (ERR) (2,3).

The occurrence of ERR goes through two stages: chem-
ical or mechanical injury and stimulation from infection
or pressure on protective tissues on the external root sur-
face (4). The ERR of the mandibular second premolar is
caused by the second molar’s contact with the mandibu-
lar third molar (MTM), indicating that pressure applied
by the MTM might cause the ERR of the mandibular
second molar (MSM). Such pressure can cause inflam-
mation and the resorption of the MSM through osteo-
clast action (5). Studies show that ERR is pathological
resorption, chiefly occurring on the surface of the root.
It causes irreversible damage: mild ERR can cause a
shortened or blunt root, and severe ERR can cause den-
tal pulp diseases and other lesions, affecting the stabil-
ity and chewing functions of the teeth and finally lead-
ing to lesioned teeth extraction. Even mild or moderate
ERR can cause a decrease in periodontal tissues of the
adjacent third molar. However, studies have shown no
symptoms when mild or moderate ERR lesions have not
reached the dental pulp, so it typically cannot be identi-
fied through clinical examination (6), and imaging tech-
niques are required for diagnosis. Therefore, the timely
diagnosis of ERR is very important and should be per-
formed as early as possible.

In this study, the relationship between the impacted
mandibular third molar (IMTM) and the external root
resorption (ERR) of the mandibular second molar
(MSM) was analysed with cone-beam computed to-
mography (CBCT). In addition, the risk factors causing
the ERR of the MSM were analysed . The risk factors
affecting the ERR of the MSM were examined to pro-
vide a reference.

Risk factors affecting the external root resorption

Material and Methods

- Clinical data

The clinical data were collected from a total of 327 pa-
tients (166 males and 161 females, with a total of 578
teeth) admitted to Affiliated Hospital of Yanbian Uni-
versity for the extraction of impacted third molars from
January 2017 to December 2019. The patients were aged
18-63 (average: 28.67 £ 9.23). A CBCT examination was
further performed on each patient.

The inclusion criteria were as follows: 1) those with com-
plete case data and 2) those with pre-operation CBCT
data, fully showing the location relationship between the
MTM at the study site and the second molar.

The exclusion criteria were as follows: i. those with MTM
or MSM-related cystic lesions, widely distributed caries
lesions or abnormalities of the MTM or MSM, third mo-
lar development of less than two-thirds, or where the lo-
cal anatomy and structure of the teeth were covered up
due to the existence of high-density materials or other
reasons (7); ii. those with diseases related to the MSM,
such as dental wounds, chronic periodontitis, or root ca-
nal therapy.

- Observation of the CBCT images

Digital images were taken with CBCT (KaVo 3D eXam,
Germany), and the images were measured and analyzed
with SIMPLANT Pro 17.01 software.

- Determination of the severity of the MSM ERR

The diagnostic criterion was a damaged and irregu-
lar root contour with an irregular worm-eaten-like hy-
podense shadow. The ERR was classified into four types
according to severity based on the Ericson classification:
non-resorptive, mild, moderate, and severe resorptive (8).
The detailed classification of each class is as follows: i.
non-resorptive ERR: a complete root surface that may be
accompanied by resorption of the cementum, ii. mild re-
sorptive ERR: root resorption that is not more than half
of the root canal wall thickness, iii. moderate resorptive
ERR: root resorption that is more than half of the root
canal wall thickness but that does not affect the root canal
system, and iv. severe resorptive ERR: resorption that af-
fects the root canal system (Fig. 1).

Fig. 1: Root Resorption of Mandibular Second Molar (white arrow).
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- MTM impaction direction

According to Winter’s classification, IMTM includes
the following types based on the angle formed between
the long axis of the MSM and the MTM: vertical im-
paction is -10° to 10°, mesial impaction is 11° to 79°,
horizontal impaction is 80° to 100°, distal impaction is
-11° to -79°, inverted impaction is 111° to -80°, and buc-
colingual impaction (9).

- MTM impaction depth

According to Pell and Gregory’s classification, the im-
paction depth is classified into the following groups
based on the depth of the MTM: i. high position: the
apex of the crown is flush with or above the occlusal
plane, ii. median position: the apex of the crown is be-
low the occlusal plane but above the cervical margin of
the second molar, and iii. low position: the apex of the
crown is below the cervical margin of the second molar.
- MTM tilt angle

The MTM tilt angle was measured on the sagittal plane
with the angle measuring function of the SIMPLANT
Pro 17.01 software. According to the methods of Shiller
(10), the tilt angle was obtained by measuring the im-
plant angle of the intersection between the MTM oc-
clusal plane and the second molar occlusal plane. The
mean value was obtained from the values of three mea-
surements to an accuracy of 1°. The tilt angle was clas-
sified into the following groups: <20°, 21°-40°, 41°-60°,
61°-80°, and >80°.

- Relationship between the MTM, mandibular ascend-
ing ramus, and second molar

The ascending ramus was classified into types I, II, and
III according to the relationship between the MSM and
MTM and based upon Pell and Gregory’s classification.
These classes are defined as follows: i. type I: there is
space between the front edge of the mandibular ascend-
ing ramus and the distal plane of the second molar,
which is sufficient to contain the mesio-distal dimen-
sion of the third molar crown; ii. type II: the distance
between the mandibular ascending ramus and the sec-
ond molar is less than the mesio-distal dimension of the
third molar crown; and iii. type III: the whole or major-
ity of the MTM is within the mandibular ramus.

- Division into thirds of the MSM root

The tooth was divided into three equal parts according
to the root resorption: one-third root cervical, one-third
root medial, and one-third root tip.

- Statistical analysis

Statistical analysis was conducted using SPSS 26.0
software. Enumeration data were checked using the
Chi-square test, and between-group comparisons were
performed using Bonferroni’s test. Factors with statisti-
cal significance in the univariate analysis of the MSM
ERR were included in a multi-factor bivariate logistic
regression analysis. A value of p < 0.05 was deemed
statistically significant.
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Results

- Existence of second molar ERR and its relationship
with clinical characteristics

Among 327 CBCT images, ERR was identified in the
distal plane of 138 second molars among 578 teeth, with
a 23.9% prevalence. The incidence of ERR showed sta-
tistical differences in respect of gender (p < 0.05): the
incidence in male patients was 27.9%, and in female pa-
tients, it was 19.6%. The incidence of ERR of the second
molar showed no statistical differences in respect of age
(p > 0.05) (Table 1).

The incidence of ERR showed statistical differences
in respect of different MTM impaction directions (p
< 0.05): for vertical, mesial, and horizontal impac-
tion, the incidence of second molar ERR was 1.1%,
32.7%, and 25.3%, respectively. The incidence of ERR
showed statistical differences in respect of MTM tilt
angles (p < 0.05): when the MTM tilt angle was <20°,
21°-40°, 41°-60°, 61°-80°, or >80°, the incidence of
second molar ERR was 3.6%, 27.1%, 27.6%, 25.6%,
or 31.7%, respectively. The incidence of ERR showed
statistical differences in respect of different MTM im-
paction depths (p < 0.05): when the MTM impaction
was low, medium, or high, the incidence of the second
molar ERR was 38.6%, 32.0%, or 13.7%, respectively.
The incidence of ERR showed statistical differences in
respect of the ascending ramus type (p < 0.05): when
the MTM was type I, 11, or 111, the incidence of second
molar ERR was 17.4%, 32.3%, or 44.9%, respectively
(Table 1).

- Multi-variable logistic regression analysis on the influ-
encing factors of the MSM ERR

Factors with statistical significance in the univariate
analysis were included in the bivariate logical regres-
sion model. Bivariate logical regression analysis was
conducted with gender, impaction direction, tilt angle,
impaction depth, and ascending ramus type as concom-
itant variables. As seen in the results, the incidence of
ERR in respect of gender showed no statistical signifi-
cance (p > 0.05). The incidence of horizontal and me-
sial impaction ERR was 41.951 (p < 0.05) and 76.212
(p < 0.05) times that of vertical impaction, respectively.
The incidence of mid and low-position impaction ERR
was 2.097 (p < 0.05) and 2.988 (p < 0.05) times that of
high-position impaction, respectively. The incidence of
types II and IIT ERR was 1.743 (p < 0.05) and 2.344 (p
< 0.05) times that of type I, respectively. The incidence
of ERR in respect of the tilt angle showed no statistical
differences (p > 0.05) (Table 2).

- Relationship between the severity of second molar
ERR and clinical characteristics

Further statistical analysis was performed on the fac-
tors affecting the severity of second molar ERR, and the
results showed no statistical differences in respect of
age, impaction direction, and resorption site (p > 0.05).



Med Oral Patol Oral Cir Bucal. 2024 Jan 1;29 (1):e27-35.

Table 1: Analysis on ERR of Second Molar [n(%)].

Risk factors affecting the external root resorption

Factor Without ERR With ERR X P
Male 214(72.1) 83(27.9)
Gender 5.570 0.018
Female 226(80.4) 55(19.6)
<20 years old 86(77.5) 25(22.5)
21-30 years old 234(77.7) 67(22.3)
Age 3.334 0.343
31-40 years old 89(74.8) 30(25.2)
>40 years old 31(66.0) 16(34.0)
. ) Vertical 93(98.9) 1(1.1)?
mpaction Mesial 134(67.3) 65(32.7)° 35.671 <0.001
direction
Horizontal 213(74.7) 72(25.3)°
<20° 80(96.4) 3(3.6)°
21°-40° 51(72.9) 19(27.1)°
Tilt angle 41°-60° 76(72.4) 29(27.6)° 23.138 <0.001
61°-80° 177(74.4) 61(25.6)°
>80° 56(68.3) 26(31.7)°
) Low position 35(61.4) 22(38.6)*
Imj’e?ttl‘lon Median position 166(68.0) 78(32.0)° 31310 <0.001
High position 239(86.3) 38(13.7)°
Ascendi Class T 304(82.6) 64(17.4)
scending Class 11 109(67.7) 52(32.3)° 26712 <0.001
ramus type
Class I11 27(55.1) 22(44.9)°
Note: Different letters a and b represents p<0.05, and between-group difference shows statistical significance.
Table 2: Multi-variable logistic regression analysis on influencing factors of ERR of mandibular second molar.
Standard | Wald chi-
Variable Group B value | error of B square p value OR value 95%CI
value value
Female*
Gender
Male 0.410 0.217 3.577 0.059 1.506 0.985-2.303
| ) Vertical*
é?f::&;or? Mesial 3.736 1.510 6.119 0.013 41951 2.173-809.985
Horizontal 4.334 1.478 8.597 0.003 76.212 4.207-1380.687
<20°%*
21°-40° -0.946 1.225 0.596 0.440 0.388 0.035-4.287
Tilt angle 41°-60° -0.976 1.224 0.635 0.425 0.377 0.034-4.152
61°-80° -0.878 1.233 0.507 0.476 0.416 0.037-4.662
>80° -0.581 1.260 0.213 0.645 0.559 0.047-6.609
) High* position
Im(f:;tt}’l"n Median position |  0.740 0.239 9.617 0.002 2.097 1.313-3.348
Low position 1.094 0.359 9.271 0.002 2.988 1.477-6.043
) Class I*
Ascending Class 11 0.556 0.236 5.558 0.018 1743 1.098-2.767
ramus type
Class I1T 0.852 0.338 6.369 0.012 2.344 1.210-4.541

Note: *Control Group.

However, the results showed statistical differences in
respect of different MTM impaction depths (p < 0.05)
as follows: i. a high incidence of second molar moderate
resorption upon low-position MTM impaction (40.9%),
ii. a high incidence of second molar mild resorption

upon median-position MTM impaction (78.2%), and iii.
a high incidence of second molar mild resorption upon
high-position MTM impaction (60.5%) (Table 3).Rela-
tionship between different ERR sites and MTM impac-
tion types.
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The MTM impaction depths showed statistical differ-
ences in respect of second molar ERR sites (p < 0.05),
and the most common resorption site was the root tip
third for low-position impaction (54.5%). The most
common resorption site was the root medial third for
median-position impaction (59.0%), and the most com-
mon resorption site was the root cervical third for high-
position impaction (89.5%). The MTM impaction direc-
tion showed statistical differences in respect of second
molar ERR sites (p < 0.05), and the most common re-
sorption site was the root cervical third for mesial im-
paction (73.8%). The most common resorption site was
the root medial third for horizontal impaction (52.8%).
The MTM tilt angle showed statistical differences in re-
spect of second molar resorption sites (p < 0.05). When
the tilt angle was <20°, the most common resorption site

Risk factors affecting the external root resorption

of the second molar was the root cervical third (66.7%).
When the tilt angle was 21°-40°, the most common re-
sorption site of the second molar was the root cervical
third (78.9%). When the tilt angle was 41°-60°, the most
common resorption site of the second molar was the
root cervical third (75.9%), and when the tilt angle was
61°-80°, the most common resorption angle of the sec-
ond molar was the root medial third (47.5%). Moreover,
when the tilt angle was >80, the most common resorp-
tion site of the second molar was the root medial third
(57.7%). The ascending ramus type showed statistical
differences in respect of second molar ERR sites (p <
0.05). The most common resorption site for type I was
the root cervical third (54.7%), and the most common
resorption site for type II and III was the root medial
third, covering 46.2% and 63.6%, respectively. (Table 4).

Table 3: Relationship between ERR Severity of Second Molar and Clinical Characteristics [n(%)].

Mild resorption | Moderate resorption | Severe resorption ¥ D
<20 17(68.0) 6(24.0) 2(8.0)
21-30 48(71.6) 13(19.4) 6(9.0)
Age 3.646 0.724
31-40 18(60.0) 8(26.7) 4(13.3)
>40 8(50.0) 5(31.2) 3(18.8)
] Vertical 1(100.0) 0(0.0) 0(0.0)
Impaction Mesial 43(66.2) 16(24.6) 6(9.2) 0.944 0.918
direction
Horizontal 47(65.3) 16(22.2) 9(12.5)
) Low position 7(31.8) 9(40.9) 6(27.3)
Imé’ef:ﬁon Median position 61(78.2) 15(19.2) 2(2.6) 21.803 <0.001
High position 23(60.5) 8(2L.1) 7(18.4)
1/3 Root cervical 46(69.7) 14(21.2) 6(9.1)
Resorption -
site 1/3 Root medial 36(65.5) 15(27.3) 4(7.3) 7.535 0.110
1/3 Root tip 9(52.9) 3(17.6) 5(29.4)
Table 4: Relationship between Different ERR Sites and MTM Impaction Types [n(%)].
Root cervical 1/3 Root medial 1/3 Root tip 1/3 ¥ P
) Low position 4(18.2) 6(27.3) 12(54.5)
Impaction ) -
depth Median position 28(35.9) 46(59.0) 4(5.1) 75.924 <0.001
High position 34(89.5) 3(7.9) 1(2.6)
) Vertical 1(100.0) 0(0.0) 0(0.0)
Impaction Mesial 48(73.8) 17(26.2) 0(0.0) 40.659 | <0.001
direction
Horizontal 17(23.6) 38(52.8) 17(23.6)
<20° 2(66.7) 1(33.3) 0(0.0)
21°-40° 15(78.9) 4(21.1) 0(0.0)
Tilt angle 41°-60° 22(75.9) 6(20.7) 1(3.4) 53.188 <0.001
61°-80° 27(44.3) 29(47.5) 5(8.2)
>80° 0(0.0) 15(57.7) 11(42.3)
) Class I 35(54.7) 17(26.6) 12(18.8)
Ascending
Class 11 23(44.2) 24(46.2) 5(9.6) 13.019 0.011
ramus type
Class III 8(36.4) 14(63.6) 0(0.0)
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Discussion

This study aims to investigate the MTM impaction
types and the risk factors of second molar ERR. Im-
pacted teeth might be associated with some pathological
conditions: pericoronitis, caries, bone defects, odonto-
genic cysts, tumors, and adjacent teeth ERR (11,12-14),
and ERRs are rarely seen. When resorption affects the
dental pulp, causing second molar inflammation, ex-
traction of the impacted third molar can eliminate me-
chanical stress of the distal plane of the second molar
to slow down the development of inflammation. When
bacteria invade the dental pulp, root canal therapy is re-
quired for the second molar. According to recent stud-
ies, upon the impaction of the third molar, the crown
of more than 90% of MTMs comes into contact with
the adjacent second molar, so this might be the cause of
second molar ERR (15).

Nemcovsky et al. (16) conducted clinical and histologi-
cal examinations for second molars with ERR. In their
study, ERR was found in all histological samples, but
not all second molars were detected with ERR in clini-
cal examinations (17). The clinical and histological ex-
aminations might not be available for all cases, but 3D
high-resolution images of CBCT can accurately identi-
fy such pathological conditions. In previous studies, the
prevalence of second molar ERR near-impacted MTM
was detected as 0.3-24.2% with different imaging tech-
niques (5,16). However, due to excessive projection of
the anatomic structure, it was difficult to evaluate the
existence of ERR on panoramic radiographs. In a ret-
rospective study with a panoramic radiograph, nearly
half of the cases were observed with an overlapping of
the second and third molars (5). Oenning et al. (18) de-
tected an even higher prevalence of second molar ERR
with CBCT (49.43%). In the present study, the incidence
of second molar ERR in all patients was 23.9% as ob-
served by CBCT imaging, which is consistent with the
results of previous research (16). However, compared
with the CBCT clinical imaging of Oenning et al. (18),
the prevalence of ERR in this study was lower. It is de-
duced that such differences may be associated with dif-
ferent sample sizes, patient selection bias, and different
inclusion criteria. Therefore, a larger number of patients
from different hospitals should be included according
to the same inclusion criteria to further determine the
prevalence of second molar ERR related to impacted
MTM. The results of this study are consistent with the
results of Wang et al. (7) using CBCT (20.17%). Some
studies that demonstrated the occurrence of ERR were
not associated with gender (19), but the incidence of sec-
ond molar ERR showed statistical differences in respect
of gender (P < 0.05) in the current study. The incidence
of ERR in male patients was higher than that of female
patients (27.9%), which is consistent with the study re-
sults of Yamaoka et al. (5). In other studies, it was found
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that the incidence of ERR in male patients as analyzed
with CBCT was two times that of female patients (20),
possibly due to the interference of hormones in the iden-
tification of a higher incidence of second molar ERR
in male patients. Estrogen in females can prevent bone
resorption, so the risk of ERR in females is lower (21).
Therefore, the incidence of ERR in male patients was
higher than that in female patients.

One of the risk factors of ERR analyzed in this study is
the age of the patients. After the formation of the den-
tal root, the eruption movement of the teeth continues,
and the teeth continually apply mechanical pressure to
adjacent second molars, providing conditions for ERR
progression (22). It was found in early studies with peri-
apical film and CBCT that ERR was positively related
to age (7,23). Previous study results suggest a higher in-
cidence of ERR in patients aged 24 or above (11), and
Wang et al. (7) found an age of 35> to be an independent
risk factor for ERR. The results of the current study
show that second molar ERR was not associated with
age, which is consistent with the study of Ericson ef al.
(24) The results of studies on ERR caused by pressure
also reveal no association between ERR and the age of
patients because severe resorption of pulp exposure was
observed at the early stage of canine teeth eruption.
The present study demonstrates a higher incidence of
ERR in teeth adjacent to third molars with a medial
(32.7%) and horizontal impaction (25.3%), which is
consistent with the study of Smailien et al. (15). Mat-
zen et al. (25) also found that ERRs were mostly associ-
ated with the third molar having a medial or horizontal
impaction, as there was a larger contact area between
horizontally impacted third and second molars, provid-
ing opportunities for higher resorptive pressure. Oen-
ning et al. (26) determined, by finite element analysis,
that stress centralized on the contact site was caused
by close contact between the MTM and adjacent teeth.
With horizontal impaction of the MTM, the main stress
and deformation site occurred between the second and
third molars. To support this opinion, it is worth not-
ing that the MTM tilt angle was quantified in the study
to reduce observation deviation, and it was found that
the risk of MTM ERR was higher when the tilt angle
was >80°. This is different from the results of previ-
ous studies. Some studies showed that the risk of ERR
was higher when the angle between the second and
third molar was 44.07°-68.01° (27). Li et al. (28) found
that when the MTM tilt angle was 46°-75°, the risk of
ERR was higher. This was possibly due to the larger
contact area between the third and second molars at this
angle. This also indicated that when MTM stress was
located at a certain area on the distal surface of the sec-
ond molar, there was a high probability of second molar
ERR. Therefore, patients with a >80° angle should be
informed of the risk of ERR by the dentist, even if no
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ERR resorption was identified in the examination. To
determine the angle range between the MTM and the
second molar and the risk of ERR in more detail, the
angle measurement should be performed with CBCT in
future studies. Therefore, for cases of mesial impaction
and a >80° tilt angle, the incidence of ERR was higher.
In the present study, it was found that vertically impact-
ed third molars also caused second molar ERR. The rea-
son might be the higher eruption force after the partial
eruption of the impacted teeth, which causes damage to
the root cementum and second molar dentin under os-
teoclastic action, leading to ERR. Wang et al. (7) dem-
onstrated that, compared with mid-position impaction,
the risk of high and low positions causing mandibular
second molar ERR was higher. This is consistent with
the results in this study that indicate that the high preva-
lence of second molar ERR is caused by low-position
impaction. Another factor that causes ERR might be
the available eruption space for the MTM, but some
studies have shown no significant correlation between
the occurrence of ERR and the eruption space of the
MTM (15). It was found in this study, however, that the
occurrence of ERR was associated with the eruption
space of the MTM, which is different from the results
of previous studies. Type III MTM was more prone
to causing second molar ERR, which occurred at the
root medial third. This indicates that the contact area
between the third molar crown and the second molar
root became larger, and a certain pressure was caused
when the majority or whole of the third molar was in
the mandibular ascending ramus, leading to ERR. Ac-
cording to the logistic multivariate regression analysis
in this study, the risk of mesial impaction causing ERR
was 76.212 times that of vertical impaction. The risk of
low-position impaction causing ERR was 2.988 times
that of high-position impaction, and the risk of type III
causing ERR was 2.344 times that of type I, indicating
that mesial impaction, low-position impaction, and type
III third molar were the risk factors for ERR.

Some studies demonstrate that the severity of ERR in-
creases with age (28). Such a relationship was not found
in this study, possibly due to the different inclusion and
exclusion criteria and the selection bias. However, it
was apparent that the incidence of mild resorption was
higher between the ages of 21-40, and the incidence of
severe resorption was lower at age >40. This was pos-
sibly due to patients making more hospital visits, lead-
ing to the MTM being extracted before the occurrence
of symptoms in the second molar. In this study, it was
found that the impaction direction was not associated
with the severity of ERR, which is consistent with the
study results of Smailien ef al. (15). Studies have shown
that mild and moderate resorption is more frequently
observed at the root cervical third and that ERR at the
root tip third is the most severe (19). This study revealed
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that the severity of ERR was not significantly correlated
with the resorption site of ERR, which is consistent with
the results of Wang et al. (7). However, it was found in
the current study that the impaction depth of the MTM
was associated with the severity of second molar ERR,
usually with a higher incidence of moderate resorption
for low-position impaction and a higher incidence of
mild resorption for high-position impaction. This was
consistent with the study results of Smailien et al. (15).
Studies have shown that the severity was associated
with the resorption site, with mild resorption occurring
at the root cervical and severe resorption at the root tip.
The cervical and tip areas might be susceptible to ERR
(15). However, the present study suggests that the sever-
ity of ERR was not associated with the resorption site,
which is different from the results of previous studies,
but it could be seen that most of the mild and severe
resorption of the second molar ERR occurred at the root
cervical third, indicating that the cervical areas were
susceptible to ERR.

In this study, the impaction depth was found to be as-
sociated with the resorption sites of ERR, which is con-
sistent with the results of Lacerda-Santos et al. (19). The
site of the second molar ERR caused by the third molar
with low-position impaction was mostly at the root tip
third, and the site was mostly at the root cervical third
for high-position impaction. This may be because the
pressure at the dental ligament and on the distal surface
of the dental root decreases upon the partial eruption
of the third molar, or it may be because the cementum
at the root apex is much softer than the cementum of
the dental root (29). Some studies have shown that the
impaction direction was not associated with the resorp-
tion sites of ERR (19), while it was found in the cur-
rent study that ERR occurred mostly at the root cervical
third for mesial impaction of the MTM. This indicates
that the root cervical area is susceptible to ERR and that
inflammation is more likely to occur in exposed areas,
such as the junction area of the enamel and cementum
(20). Therefore, the resorption site of ERR was subject
to the impaction depth of the MTM, low-position im-
paction of the MTM easily caused moderate resorption
at the root tip third, and mesial impaction easily caused
resorption at the root cervical third.

It should be noted that ERR might be caused by multiple
pathogenic factors, so the location characteristics of the
impacted third molar might not be the sole risk factor
for ERR. The hereditary inclination of ERR, physiolog-
ical features of reaction of hard tissues toward pressure,
and the inflammation process may also be associated
with ERR (30). Compared with previous similar stud-
ies, a larger sample size was chosen for this study, pro-
viding more adequate arguments for the conclusion. No
cases were included for second molar ERR caused by
buccolingual or inverted third molar because only the
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inclination of the third molar at the sagittal direction
can cause second molar ERR, but this may have caused
sample selection bias.

There are some limitations to this study. For example,
patients, after undergoing strict screening according
to the inclusion criteria, could not represent the aver-
age sample for the MTM, which caused sample selec-
tion bias. Furthermore, few cases of MTM with vertical
impaction and distal impaction were included in this
study, so the sample size should be expanded and more
research centers should be included for further studies
in the future.

Conclusions

The impaction direction, impaction depth, and ascend-
ing ramus type were the influencing factors for second
molar ERR. The impaction direction, tilt angle, impac-
tion depth, and ramus type affected the site of ERR. For
MTM with mesioangular impaction, lower impaction,
and type III, the incidence of second molar ERR was
higher.
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