
ORIGINAL ARTICLE

Three-dimensional position of mandibular third molars
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a cone beam computed tomographic study

Yanan Chen1,2
& Jianmao Zheng1,2

& Danna Li1,2 & Zhuwei Huang1,2
& Zijing Huang1,2

& Xue Wang1,2
& Xiaolei Zhang1,2

&

Xiaoli Hu1,2

Received: 17 June 2019 /Accepted: 7 January 2020
# The Author(s) 2020

Abstract
Objective To analyze the prevalence of distal caries in mandibular second molars (M2Ms) and its correlation with the three-
dimensional position of mandibular third molars (M3Ms) by cone beam computed tomography (CBCT) images.
Materials and methods CBCT scans involving 421 M3Ms were assessed. The presence of distal caries of M2Ms, patient age and
gender, impaction depths and mesial angulation of M3Ms, the cementoenamel junction (CEJ) distances and contact point locali-
zation, and the horizontal positions ofM3Mswere assessed. Risk factors were identified bymultivariate logistic regression analysis.
Results The overall prevalence of distal caries in M2Ms was 31.6%. Mesial angulation (16°–75°) of M3Ms, contact point
localization at or below the CEJ of M2Ms, and a buccal or lingual position of M3Ms relative to the molar line were identified
as risk factors for the prevalence of distal caries in M2Ms (p < 0.05). Distal caries was more severe when the mesial angulation of
M3Ms was 16°–75° (p < 0.05).
Conclusions Buccal or lingual position ofM3Msmay represent a new risk factor for the distal caries inM2Ms. Mesial angulation
(16°–75°) of M3Ms is a predictive parameter for both the presence and severity of distal caries in M2Ms.
Clinical relevance As the presence of distal caries in M2Ms is significantly associated with the three-dimensional position of
M3Ms, watchful monitoring or prophylactic removal of M3Ms should be deliberated when M3Ms are mesially angulated
(16°–75°), buccally or lingually positioned, and with the contact point localization at or below the CEJ of M2Ms.
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Introduction

Third molars often fail to completely erupt into function due to
either lack of space, development in an abnormal position, or
aberrant eruption path and may bear pathological changes in-
cluding periodontitis, pericoronitis [1], cystic lesions [2], and
development of cysts or tumors [3]. They were also associated
with caries in the distal surfaces of adjacent mandibular second

molars (M2Ms) [4–7]. M2Ms with distal caries associated
mandibular third molars (M3Ms) may further develop pulpitis
or apical periodontitis [8] and need endodontic therapy or even
extraction. Early detection and evaluation of the caries risk of
M2Ms associated with an adjacent M3M might be useful for
the prevention of distal caries in M2Ms [2]. Although prophy-
lactic removal of impacted M3Ms remains controversial, when
the M2Ms are at a high risk of developing caries due to their
proximity to the M3Ms, preventive extraction of the M3Ms
may be recommended to reduce caries risk in M2Ms [8].

Many studies correlating the presence of distal caries in
M2Ms and the eruption status of M3Ms have been performed
using periapical or panoramic radiographs. The reported distal
caries prevalence ranges from 13.4 to 25.4% [2, 5, 6, 9]. Using
periapical or panoramic radiographs, the mesial angulation,
the vertical position of M3M, and the distance between
M2M and M3M have been found to be the risk factors for
distal caries in M2Ms [2, 4–6, 9–11].
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To date, very few studies have explored the effect of eruption
status ofM3Mon the presence of distal caries lesions ofM2Mby
using cone beam computed tomography (CBCT). Compared
with two-dimensional radiographs, CBCT images offers distinct
advantages of three-dimension visualization free from overlaps
and have been shown to improve the detection of proximal car-
ious lesions forM2Ms [12–14]. It has been found that the bucco-
lingual position of M3Ms cannot be visualized using panoramic
and periapical techniques [15]. CBCT can supply the detailed
information of the proximity relationship between M2M and
M3M in three dimensions, making analysis of risk factors of
distal caries of M2Mmore accurate. Considering that the unique
interproximal region between the M2M and M3M might facili-
tate food impaction and plaque retention and consequently caries,
the proximity relationship between M2M and M3M in three
dimensions, including the horizontal plane, should be studied
for its association with the presence of distal caries of M2Ms.
Currently, as a potential risk factor for distal caries of M2M, the
proximity relationship betweenM2MandM3M in the horizontal
plane has not yet been analyzed and evaluated.

The aim of this retrospective study, based on CBCT im-
ages, was to analyze the prevalence of distal caries in M2Ms
and correlate this with the eruption and position of M3Ms in
three dimensions, including its bucco-lingual position on the
horizontal plane. The severity of distal caries in M2Ms as it
relates to these variables was also analyzed.

Materials and methods

Sample selection

The present study was approved by the ethics committee of
the Affiliated Stomatological Hospital of Sun Yat-sen
University, Guangzhou, China (ERC-2017-09). Seven hun-
dred and ten CBCT images were randomly selected from
3500 images with a field of view (FOV) of 16 cm × 7 cm
and a voxel size of 0.20 mm, which were just enough to
display the complete upper and lower dentition and were of
adequately high resolution. These CBCTscans had been taken
for diagnostic purposes by several different departments, in-
cluding oral surgery, endodontics, prosthetics, and orthodon-
tics, in the Affiliated Stomatological Hospital of Sun Yat-sen
University from 2010 to 2018.

The included CBCT images must distinctly display images
of the M3Ms and the adjacent M2Ms. CBCT images were
excluded from this study if (1) M3Ms or M2Ms were associ-
ated with root resorption, extensive carious lesions (more than
one surface was affected), cysts, tumors, osteomyelitis, and
trauma; (2) images with artifacts owing to the presence of
high-density materials or other reasons that obscured the areas
of interest; and (3) M3Ms with less than two thirds of the root
developed [8]. Only oneM3M from each patient was included

in this study to avoid the potential for selection bias. Thus,
when both right and left M3Ms of the same patient met the
inclusion criteria, only one M3M was randomly included.

CBCT images of 421 patients (208 men and 213 women),
with a mean age of 34 years (range from 18 to 75 years),
involving 421 M2Ms adjacent to M3Ms (191 at the left and
230 at the right) were collected and assessed.

Radiographic assessment

The images were obtained using a CBCT scanner (DCTPRO;
VATECH, Yongin-Si, Republic of Korea). The operating pa-
rameters were set at 90.0 kVand 9 mAwith a scanning time of
24 s. The measurements were evaluated by Ez3D 2009 soft-
ware (Vatech Corporation, Hwaseong-si, Gyeonggi-do,
Republic of Korea).

The impaction depths of the M3Ms were categorized accord-
ing to the classification of Pell and Gregory [16] (Fig. 1a). The
mesial angulation of the M3M was calculated by measuring the
angle of the intersection made by the occlusal plane of the M2M
and the occlusal plane of the M3M [17] (Fig. 1b). The occlusal
plane was drawn along the tips of the cusps of the M2M or the
M3M [17]. In our study, when the angulations were respectively
<− 15°, − 15° to 15° (between − 15° and 15°, including − 15°
and 15°), 16°–75°, and > 75°, the M3M was defined as dis-
tally, vertically, mesially, and horizontally impacted
[18]. The distance between the mesial cementoenamel
junction (CEJ) of the M3M and the distal CEJ of the adjacent
M2M, abbreviated as “CEJ distance” (Fig. 1c) [19]. The con-
tact point between M3Ms and M2Ms was categorized accord-
ing to the distal CEJ of the M2M. The categories were on the
CEJ, above the CEJ, and below the CEJ (Fig. 1d) [5].

The horizontal position of the M3M was determined accord-
ing to the median of the crown contour of theM3M in relation to
the molar line, a line extending from themedian of the lower first
premolar (or canine in the case of an absent premolar) to the
median of the M2M on the horizontal plane, modified from the
method of Ishii et al. [20] (Fig. 2). The horizontal positions of
M3Ms were categorized as follows: median position, in which
the distance between the median of the crown of the M3M and
the molar line was less than 0.5 mm; buccal position, in which
themedian of the crown of theM3Mwas buccal to themolar line
and the distance to the molar line was more than 0.5 mm; and
lingual position, in which the median of the crown of the M3M
was lingual to the molar line and the distance to the molar line is
more than 0.5 mm (Fig. 2).

Impaction depths, mesial angulations ofM3Ms, CEJ distance,
and contact point localization were evaluated in the sagittal
planes of CBCT images. The horizontal position of M3Ms was
measured in horizontal planes. M3Mmesial angulation and CEJ
distances were measured in three different sagittal planes. Using
the Ez3D 2009 software, after a pulp chamber of the M2M
appeared in the horizontal window, we rotated the sagittal line
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until the width of the M3M crown reached the largest dimension
in the sagittal window, which was the first sagittal plane for us to
measure M3M mesial angulation and CEJ distances. Then, we
turned the sagittal line clockwise and counterclockwise by 2° to
get another 2 sagittal planes. And then, the average values were
obtained. A carious lesion was determined to be present when
radiolucency with irregular morphology and margins could be
observed in the enamel and/or dentine in any of the sagittal or
horizontal planes and a clear gap existed between the crown of
the M3M and the distal aspect of M2M [8, 21].

We have adapted and modified the radiographic classification
in the international caries detection and assessment system

(ICDAS) [22] and the International Caries Classification and
Management System (ICCMS™) [23] for use in this study.
According to the radiographic appearance, the severity of carious
lesions was classified as (1) slight caries, involving less than half
the dentin thickness; (2) moderate caries, involving at least half
the dentin thickness and with the pulp cavity remaining unbro-
ken; and (3) severe caries, involving the pulp cavity (Fig. 3).

The presence and severity of distal caries in the M2Ms, im-
paction depth, contact point localization, and horizontal position
of M3M were evaluated independently by two observers.
Disagreements were resolved by discussion to consensus. If a
consensus could not be reached, a third observer was consulted

Fig. 2 M3M horizontal position was determined according to the
relationship between the median of the crown of the MTM and the
molar line (from the median of the lower first premolar (or canine in the

case of an absent premolar) to the median of the lower second molar),
which is modified by the method of Ishii et al. [20]. The categories were a
buccal position, b median position, and c lingual position

Fig. 1 Impaction status of the
mandibular third molar (M3M).
a Impaction depth of the M3M
according to the classification of
Pell and Gregory [16]. b Mesial
angulation of M3M [17]. c
Distance between the mesial
cementoenamel junction (CEJ) of
theM3M and the distal CEJ of the
mandibular second molar (M2M)
[19]. d Localization of contact
point between the M3M and the
M2M [5]
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to come to agreement. To analyze the intra-observer agreement,
43 randomly selected cases (10% of the whole) were assessed
and repeated after a month.

Statistical analysis

Data were processed using SPSS 24.0 for Windows (SPSS Inc.,
Chicago, IL, USA). The inter-observer and intra-observer agree-
ment on the measurement of the radiographic characteristics was
analyzed using Cohen’s κ test (poor agreement, less than 0.40;
moderate agreement, 0.40 to 0.59; good agreement, 0.60 to 0.74;
excellent agreement, 0.75 to 1.00). The association between dis-
tal caries in the M2M and demographic/radiographic variables
was analyzed using Pearson’s chi-square independence tests.
Then, amultivariate logistic regressionmodel was built to further
evaluate predictive values of the factors for the prevalence of
distal caries in M2Ms. The severity of distal caries among differ-
ent groups classified according to the radiographic characteristics
was compared by the Kruskal-Wallis test or Mann-Whitney U
test. The level of significance was set at a p value < 0.05.

Results

The level of agreement between the two observers was excel-
lent (κ = 0.891–0.946; p < 0.001). The intra-observer

reliability of both observers was excellent (κ of observer
A = 0.873–0.962; κ of observer B = 0.907–0.936; p < 0.001).

The overall prevalence of distal caries inM2Ms adjacent to
the M3Ms was 31.6% (133/421). Most M3Ms were vertically
or mesially inclined (307/421) and class B impacted (278/421)
in the sagittal plane, and buccally positioned to the molar line
(244/421) in the horizontal plane. The presence of distal caries
in M2Ms and its association with various demographic and
radiographic characteristics are shown in Table 1. Pearson’s
chi-square independence tests indicated that mesial angulation
and the buccal or lingual position of M3M, CEJ distance, and
contact point localization were associated with the presence of
distal caries in M2Ms (p < 0.05; Table 1). The prevalence of
distal caries in M2Ms was not related to age, gender, and
depth of impaction (p > 0.05; Table 1).

Among the different groups of mesial angulation of M3Ms,
mesially inclinedM3Ms (mesial angulation 16°–75°) were relat-
ed to the highest prevalence of distal caries in M2Ms (57.5%),
followed by horizontally inclined M3Ms (mesial angulation >
75°). Distal caries inM2Mswasmore frequently foundwhen the
CEJ distance was of 6–9mm (55.7%), compared to other groups
with CEJ distance outside the range. Distal caries in M2Ms was
less observed in the cases in which the contact points were above
the distal CEJ of M2Ms (11.7%), compared to those cases in
which the contact point was at and below the distal CEJ of
M2Ms (77.5% and 52.5%, respectively). Buccally and lingually

Fig. 3 The severity of caries on distal surface of the M2M was categorized as a, b slight caries, involving less than half the dentin thickness; c, d
moderate caries, involving at least half the dentin thickness with the pulp lining being unbroken; and e, f severe caries, involving the pulp cavity [22, 23]
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positioned M3Mwas associated with higher prevalence of distal
caries in M2Ms (41.8% and 37.5%, respectively), while distal
caries in M2Ms was less observed when the adjacent M3M was
in the median position (15.5%).

Since CEJ distance was significantly associated with M3M
mesial angulation (R2 = 0.809, p < 0.001) (Fig. 4), CEJ dis-
tance was not included in the multivariate logistic re-
gression models.

Multivariate logistical regression analysis revealed that
M3M with the mesial angulation of 16°–75° significantly in-
creased the prevalence of distal caries in M2Ms (OR = 2.91;
p = 0.018). Contact point at or below the CEJ of M2M was
identified as a risk factor for distal caries in M2Ms (contact
point at the CEJ: OR = 15.61; contact point below the CEJ:
OR = 4.29; both p < 0.001). Both buccal and lingual positions
of M3Ms were (2.13 and 4.28 times, respectively) more likely
to cause distal caries in M2Ms when compared with M3M in
the median position (both p < 0.05) (Table 2).

The comparison of the severity of carious lesions among
groups classified according to patient age and the radiographic
characteristics is shown in Table 3. Carious lesion severity was
statistically different among groups with various mesial angula-
tions (p< 0.05). Distal caries in M2M was more severe in cases
where the mesial angulation ofM3Mwas 16°–75° than that with
the angulation outside this range. Patient age, contact point lo-
calization, and horizontal position of M3Ms were not associated
to the severity of the carious lesions of M2Ms.

Discussion

The prevalence of distal caries in M2Ms associated with M3Ms
was 31.6% in this study, which was higher than that in some
previous studies (13.4–25.4%) [2, 5, 6, 9]. In those previous
studies, panoramic radiographs were used to detect distal caries,
while CBCT was employed in this present study. This may

Table 1 The prevalence of distal
caries in mandibular second
molars and its associations with
the demographic/radiographic
characteristics

Variables Total Presence of distal caries of M2M p value

n = 421 Yes (%) No (%)

Age (years)

18–27 158 54 (34.2) 104 (65.8) 0.237
28–37 125 43 (34.4) 82 (65.6)

≥ 38 138 36 (31.6) 102 (68.4)

Gender

Male 208 64 (30.8) 144 (69.2) 0.400
Female 213 69 (32.4) 144 (67.6)

Impaction depth

A 97 22 (22.7) 75 (77.3) 0.090
B 278 94 (33.8) 184 (66.2)

C 46 17 (37.0) 29 (63.0)

M3M mesial angulation

<− 15° (distally angulated) 72 10 (13.9) 62 (86.1) < 0.001*
− 15° to 15° (vertically angulated) 161 24 (14.9) 137 (85.1)

16°–75° (mesially angulated) 146 84 (57.5) 62 (42.5)

> 75° (horizontally angulated) 42 15 (35.7) 27 (64.3)

CEJ distance (mm)

< 6 266 55 (20.7) 211 (79.3) < 0.001*
6–9 88 49 (55.7) 39 (44.3)

> 9 67 29 (43.3) 38 (56.7)

Contact point localization

Above 240 28 (11.7) 212 (88.3) < 0.001*
At 40 31 (77.5) 9 (22.5)

Below 141 74 (52.5) 67 (47.5)

Horizontal position of M3M

Buccal 244 102 (41.8) 142 (58.2) < 0.001*
Median 161 25 (15.5) 136 (84.5)

Lingual 16 6 (37.5) 10 (62.5)

CEJ distance is the distance between the mesial CEJ of the M3M and the distal CEJ of the M2M

M3M mandibular third molar, CEJ cementoenamel junction

*Statistically significant (p < 0.05 by Pearson’s chi-square independence test between categorical variables)
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explain the difference of the prevalence of distal caries in M2Ms
reported by these studies. By using CBCT images, Kang et al. [8]

reported a much higher prevalence of distal caries in M2Ms
(52%), probably because patients in their study were those who
underwent preoperative assessment for the removal of M3Ms,
while patients in our study were randomly selected from an ar-
chive of CBCT referred from all departments in our hospital.
Therefore, the prevalence of distal caries in M2Ms associated
with M3Ms in the present study may reflect the status of distal
caries in M2Ms in a Chinese population better. Besides, in our
study, we excluded M3Ms or M2Ms associated with extensive
carious lesions (whenmore than one surfacewas affected) during
sample selection because the mesial angulation or impaction
depth of the M3M cannot be measured if M2Ms lost the normal
occlusal plane, which may also explain the different prevalence.

In the present investigation, M3Ms with the mesioangular
inclinations (15°–75°) were found to increase the likelihood of
the presence of distal caries in the M2M, which was in line with
the other studies in which M3Ms with inclinations of 43°–73°
were observed to be 3.51 timesmore likely to lead to distal caries
in the M2M as those outside of the range [8]. Ozeç et al. [5]
reported that M3Ms with inclinations of 31°–90° were more
likely to cause distal caries in the M2M. CEJ distance is the
distance between the mesial CEJ of the M3M and the distal
CEJ of the M2M. The more the M3M tilted mesially, the more
the CEJ of the M3M moved distally; thus, the CEJ distance
became larger. Some previous studies revealed a linear correla-
tion between M3M mesial angulation and CEJ distance [8, 18].

Fig. 4 Correlation betweenM3Mmesial angulation and “CEJ distance” (r = 0.809, p < 0.001), the distance between the mesial cementoenamel junction
(CEJ) of the M3M and the distal CEJ of the M2M

Table 2 Multivariate logistic regression models for demographic/
radiographic parameters as risk factors for prevalence of distal caries in
mandibular second molars

Variables OR 95% CI of OR p value

Lower Upper

M3M mesial angulation

<− 15° (distally angulated) 1

− 15° to 15° (vertically angulated) 1.20 0.50 2.84 0.687

16°–75° (mesially angulated) 2.91 1.21 7.03 0.018*

> 75° (horizontally angulated) 1.23 0.42 3.60 0.700

Contact point localization

Above 1

At 15.61 6.26 38.95 < 0.001*

Below 4.29 2.16 8.54 < 0.001*

Horizontal position of M3M

Median 1

Buccal 2.13 1.13 4.05 0.020*

Lingual 4.28 1.13 16.18 0.032*

OR odds ratio, CI confidence interval

*Statistically significant (p < 0.05 by multivariate logistic regression
analysis)
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In the present study, we also found increased CEJ distance was
associated with greater M3M mesial angulation. Thus, CEJ dis-
tance was not included in the multivariate logistic regression
model. Some previous studies have reported that the M3M with
contact point at or below the M2M’s CEJ increased the preva-
lence of distal caries inM2Ms [5, 9]. In linewith their studies, the
present study found that the M3Ms which contacted M2Ms at
and below the CEJ were 15.61 and 4.29 times, respectively, as
likely to have distal caries in M2Ms as those that contact above
the CEJ. We speculate that the proximity relationships between
M2M and M3M as the abovementioned three conditions (M3M
mesial angulation of 15°–75°, a CEJ distance of 6 mm to 9 mm,
and contact point at or below the CEJ of M2M) facilitated more
food impaction and plaque retention, which caused the carious
lesions [8].

Notably, the horizontal position of the M3M is a new risk
factor evaluated in the present study. To the best of our knowl-
edge, this study was the first to evaluate whether the horizontal
position of theM3M can affect the presence of distal caries in the
M2M. The present study revealed that M3Ms located to the
buccal or lingual side of the molar line increased the likelihood
of distal caries in the M2M when compared with M3Ms located
in the median position. We speculated that food impaction

between M2M and M3M may happen more frequently and be
more difficult to clean when the M3M was either buccally or
lingually dispositioned. If the M3M is in the buccal position,
food dislodging from the buccal functional cusp of the M2M
lodges more easily into the impaction space between the two
teeth and allows more plaque accumulation. In the lingual posi-
tion, tooth brushing is altogether more difficult as the lingually
displaced M3M further reduces the space available for maneu-
vering a toothbrush or other methods for optimum hygiene.

Some previous studies have indicated that the prevalence of
distal caries in M2Ms increases with age [4–6, 8]. The present
study did not show any correlation between age and the preva-
lence of distal caries in M2Ms, which partially agreed with
Marques et al. [9], probably due to the low mean age of the
sample (34 years ± 12 years). The association between age and
carious lesion severity was also not statistically significant, which
may be attributed to the insufficient sample size and the method
of assessing severity of lesions (131 distributed in 3 age groups
and 3 caries severity levels). In addition, these previous studies
were performed in population that consulted the hospital for M3
removal, while our sample was randomly selected from an ar-
chive of CBCT referred from all departments in our hospital, so
the prevalence and the severity of M2M distal caries in previous
studies may be higher than that of our study. As caries progresses
over time, the association between age and the prevalence of
carious lesions could be expected in those studies. It has been
suggested that prevalence of distal caries in M2Ms of men was
higher than that of women [6]. However, similar with Kang et al.
[8], the present study showed that gender did not influence the
prevalence of distal caries in M2Ms. It must be pointed out that
the retrospective nature of this study meant that oral hygiene and
socioeconomic factors were not taken into account and these
factors are important in understanding caries prevalence.

Several indices have been used to describe the depth of cari-
ous lesions in clinical practice where both enamel and dentine
were involved. However, these involved mostly the crowns of
teeth whereas carious lesions that we were studying in the cir-
cumstances were entirely within dentine of the root. In this study,
we have modified the criteria used in the radiographic examina-
tion of ICDAS and ICCMS™ and then classified caries severity
into slight, moderate, and severe caries according to the radio-
graphic appearance. To the best of our knowledge, this studywas
the first study to evaluate the effect of the three-dimensional
position of M3Ms on the severity degree of distal caries in
M2Ms. The present study found that M3M mesial angulation
of 15°–75° increases the severity of distal caries in the M2M.
As the prognosis and the treatment of distal caries inM2Mswere
dependent on the severity of the lesion [24], the analysis of
factors associated with the severity of distal caries in the present
study could provide in-depth reference for the treatment planning
of involved M2Ms and M3Ms.

While it may be valid to believe that a radiolucent area on
the distal of M2M next to an impacted tooth is due to caries,

Table 3 Comparison of the severity of carious lesions on mandibular
second molars among groups classified according to the radiographic
characteristics

Variables n Mean rank p value

Age

18–27 54 66.31 0.055
28–37 43 59.62

≥ 38 36 76.86

M3M Mesial angulationa

≤ 15° 34 54.19 (I) 0.001*
16–75° 84 75.11 (II)

> 75° 15 50.63 (I)

Contact point localization

Above 28 60.63 0.483
At 31 67.89

Below 74 69.04

Horizontal position of M3Mb

Buccal/lingual 108 67.63 0.632
Median 25 64.26

Different letters (I, II) indicated statistically significant difference between
groups (p < 0.05 by post hoc comparisons after Bonferroni correction),
while the same letter indicates no statistically significant difference
between groups

*Statistically significant difference (p < 0.05 by the Kruskal-Wallis test or
Mann-Whitney U test)
a The primary groups <− 15° and − 15° to 15° were merged into a new
group ≤ 15°, due to insufficiency of sample size
b The primary groups (buccal and lingual) were merged into a new group
(buccal/lingual), due to insufficiency of sample size
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the present study did not include clinical verification of caries.
Further longitudinal multicenter studies should be designed to
also include collection of clinical data such as color, texture,
plaque index, probing depths, and extent of tooth impaction as
it presented clinically, so that radiographic data could be sub-
stantiated. Another limitation was that the horizontal position
of M3Ms was only qualitatively, but not quantitatively ana-
lyzed in this study. By the method of Ishii et al. [20], the
horizontal inclination angle of M3M was quantitatively ana-
lyzed according to the intersection between the molar line and
M3M axis line (from the median of the crown contour to the
M3M root apex). But, this angle could be detected only when
the M3M was mesially or horizontally inclined. A more pre-
cise quantitative method is needed in further studies.

In conclusion, distal caries in M2Ms adjacent to M3Ms is a
common clinical condition. When the M3Ms are mesially
angulated between 16° and 75° or at buccal or lingual position
in relation to the molar line, or presented with contact point at
or below the CEJ of M2M, clinicians should carefully diag-
nose whether there is distal caries in M2Ms, followed by
watchful monitoring and cautious consideration of extracting
the M3M. Clinicians should also keep their eyes on the pres-
ence of any clinical symptoms to make the final decision.

Funding information This work was supported by the National Natural
Science Foundation of China under Grant no. 11772361. There are no
other sponsors of this study.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of our institu-
tional research committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Elter JR, Cuomo CJ, Offenbacher S,White RP (2004) Third molars
associated with periodontal pathology in the Third National Health
and Nutrition Examination Survey. J Oral Maxillofac Surg 62(4):
440–445. https://doi.org/10.1016/i.ioms.2003.12.002

2. Chang SW, Shin SY, Kum KY, Hong J (2009) Correlation study
between distal caries in the mandibular second molar and the erup-
tion status of the mandibular third molar in the Korean population.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 108(6):838–
843. https://doi.org/10.1016/j.tripleo.2009.07.025

3. Ghaeminia H, Perry J, Nienhuijs ME, Toedtling V, Tummers M,
Hoppenreijs TJ, Van der Sanden WJ, Mettes TG (2016) Surgical
removal versus retention for the management of asymptomatic
disease-free impacted wisdom teeth. Cochrane Database Syst Rev
(8):CD003879. https://doi.org/10.1002/14651858.CD003879.pub4

4. McArdle LW, Renton TF (2006) Distal cervical caries in the man-
dibular second molar: an indication for the prophylactic removal of
the third molar? Br J Oral Maxillofac Surg 44(1):42. https://doi.org/
10.1016/j.bjoms.2005.07.025

5. Ozeç I, Hergüner Siso S, Taşdemir U, Ezirganli S, Göktolga
G (2009) Prevalence and factors affecting the formation of
second molar distal caries in a Turkish population. Int J Oral
Maxillofac Surg 38(12):1279–1282. https://doi.org/10.1016/j.
ijom.2009.07.007

6. Falci SG, de Castro CR, Santos RC, de Souza Lima LD, Ramos-
Jorge ML, Botelho AM, Dos Santos CR (2012) Association be-
tween the presence of a partially erupted mandibular third molar
and the existence of caries in the distal of the second molars. Int J
Oral Maxillofac Surg 41(10):1270–1274. https://doi.org/10.1016/j.
ijom.2012.03.003

7. Adeyemo WL (2005) Impacted lower third molars: another evi-
dence against prophylactic removal. Int J Oral Maxillofac Surg
34(7):816–817. https://doi.org/10.1016/j.ijom.2005.06.012

8. Kang F, Huang C, SahMK, Jiang B (2016) Effect of eruption status
of the mandibular third molar on distal caries in the adjacent second
molar. J Oral Maxillofac Surg 74(4):684–692. https://doi.org/10.
1016/j.joms.2015.11.024

9. Marques J, Montserrat-Bosch M, Figueiredo R, Vilchez-Pérez M,
Valmaseda-Castellón E, Gay-Escoda C (2017) Impacted lower third
molars and distal caries in the mandibular second molar. Is prophy-
lactic removal of lower third molars justified? J Clin Exp Dent 9(6):
e794–ee79. https://doi.org/10.4317/jced.53919

10. Polat HB, Ozan F, Kara I, Ozdemir H, Ay S (2008) Prevalence of
commonly found pathoses associated with mandibular impacted
thirdmolars based on panoramic radiographs in Turkish population.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 105(6):41–47.
https://doi.org/10.1016/j.tripleo.2008.02.013

11. Al-Khateeb TH, Bataineh AB (2006) Pathology associated with
impacted mandibular third molars in a group of Jordanians. J Oral
Maxillofac Surg 64(11):1598–1602. https://doi.org/10.1016/j.joms.
2005.11.102

12. Tyndall DA, Rathore S (2008) Cone-beam CT diagnostic applica-
tions: caries, periodontal bone assessment, and endodontic applica-
tions. Dent Clin N Am 52(4):825–41, vii. https://doi.org/10.1016/j.
cden.2008.05.002

13. van Daatselaar AN, Tyndall DA, van der Stelt PF (2003) Detection
of caries with local CT. Dentomaxillofac Radiol 32(4):235–241.
https://doi.org/10.1259/dmfr/86813332

14. Charuakkra A, Prapayasatok S, Janhom A, Pongsiriwet S,
Verochana K, Mahasantipiya P (2011) Diagnostic performance of
cone-beam computed tomography on detection of mechanically-
created artificial secondary caries. Imaging Sci Dent 41(4):143–
150. https://doi.org/10.5624/isd.2011.41.4.143

15. Jasa GR, Vizzotto MB, da Silveira PF, da Silveira HED, da Silveira
HLD, Correa LR, Raveca T (2014) Buccal-lingual localization of
the mandibular canal in relationship with the third molar using the
lateral oblique technique. J Oral Maxillofac Radiol 2(1):15–20.
https://doi.org/10.4103/2321-3841.133557

16. Pell GJ, Gregory BT (1933) Impacted mandibular third molars:
classification and modified techniques for removal. Dent Digest
39:330–338

3272 Clin Oral Invest (2020) 24:3265–3273

https://doi.org/10.1016/i.ioms.2003.12.002
https://doi.org/10.1016/j.tripleo.2009.07.025
https://doi.org/10.1002/14651858.CD003879.pub4
https://doi.org/10.1016/j.bjoms.2005.07.025
https://doi.org/10.1016/j.bjoms.2005.07.025
https://doi.org/10.1016/j.ijom.2009.07.007
https://doi.org/10.1016/j.ijom.2009.07.007
https://doi.org/10.1016/j.ijom.2012.03.003
https://doi.org/10.1016/j.ijom.2012.03.003
https://doi.org/10.1016/j.ijom.2005.06.012
https://doi.org/10.1016/j.joms.2015.11.024
https://doi.org/10.1016/j.joms.2015.11.024
https://doi.org/10.4317/jced.53919
https://doi.org/10.1016/j.tripleo.2008.02.013
https://doi.org/10.1016/j.joms.2005.11.102
https://doi.org/10.1016/j.joms.2005.11.102
https://doi.org/10.1016/j.cden.2008.05.002
https://doi.org/10.1016/j.cden.2008.05.002
https://doi.org/10.1259/dmfr/86813332
https://doi.org/10.5624/isd.2011.41.4.143
https://doi.org/10.4103/2321-3841.133557


17. Shiller WR (1979) Positional changes in mesioangular impacted
mandibular third molars during a year. J Am Dent Assoc 99(3):
460–464

18. Li D, Tao Y, Cui M, ZhangW, Zhang X, Hu X (2019) External root
resorption in maxillary and mandibular second molars associated
with impacted third molars: a cone-beam computed tomographic
study. Clin Oral Investig 23(12):4195–4203. https://doi.org/10.
1007/s00784-019-02859-3

19. Leone SA, Edenfield MJ, Cohen ME (1986) Correlation of acute
pericoronitis and the position of the mandibular third molar. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 62(3):245

20. Ishii S, Abe S, Moro A, Yokomizo N, Kobayashi Y (2017) The
horizontal inclination angle is associated with the risk of inferior
alveolar nerve injury during the extraction of mandibular third mo-
lars. Int J Oral Maxillofac Surg 46(12):1626–1634. https://doi.org/
10.1016/j.ijom.2017.07.010

21. WangD, He X,Wang Y, Li Z, Zhu Y, Sun C, Ye J, Jiang H, Cheng J
(2017) External root resorption of the second molar associated with
mesially and horizontally impacted mandibular third molar: evi-
dence from cone beam computed tomography. Clin Oral Investig
21(4):1335–1342. https://doi.org/10.1007/s00784-016-1888-y

22. Ismail AI, SohnW, TellezM, Amaya A, Sen A, Hasson H, Pitts NB
(2007) The international caries detection and assessment system
(ICDAS): an integrated system for measuring dental caries.
Community Dent Oral Epidemiol 35(3):170–178. https://doi.org/
10.1111/j.1600-0528.2007.00347x

23. Pitts NB, Ekstrand KR (2013) ICDAS Foundation: international
caries detection and assessment system (ICDAS) and its
International Caries Classification and Management System
(ICCMS)—methods for staging of the caries process and enabling
dentists to manage caries. Community Dent Oral Epidemiol 41(1):
41–52. https://doi.org/10.1111/cdoe.12025

24. Ekstrand KR, Ricketts DN, Kidd EA, Qvist V, Schou S (1998)
Detection, diagnosing, monitoring and logical treatment of occlusal
caries in relation to lesion activity and severity: an in vivo exami-
nation with histological validation. Caries Res 32(4):247–254.
https://doi.org/10.1159/000016460

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

3273Clin Oral Invest (2020) 24:3265–3273

https://doi.org/10.1007/s00784-019-02859-3
https://doi.org/10.1007/s00784-019-02859-3
https://doi.org/10.1016/j.ijom.2017.07.010
https://doi.org/10.1016/j.ijom.2017.07.010
https://doi.org/10.1007/s00784-016-1888-y
https://doi.org/10.1111/j.1600-0528.2007.00347x
https://doi.org/10.1111/j.1600-0528.2007.00347x
https://doi.org/10.1111/cdoe.12025
https://doi.org/10.1159/000016460

	Three-dimensional...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Sample selection
	Radiographic assessment
	Statistical analysis

	Results
	Discussion
	References


