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Statement of problem: prophylactic removal of the impacted lower third 
molar (ILTM) is controversial and accompanying pathologic conditions play 
an important role.
Objectives: The aim of the present study is to evaluate the prevalence of 
commonly found pathoses associated with ILTM in relation to angulation and 
impaction depth in cone beam computed tomography (CBCT).
Materials and Methods:  We evaluated CBCT of 500 ILTMs from 235 females 
(57%) and 177 males (43%) for the presence of caries on the second and third 
molars, external root resorption (ERR) of the second molar, and follicular 
spaces (FS) >5 mm in diameter in relation to angulation and impaction depth 
according to Pell and Gregory and Winter’s classifications, respectively.
Results: We observed that 55.6% of ILTM had at least one detectible lesion. 
ERR was the most frequent pathologic condition (31.2%), followed by caries 
on the second (26%) and third (13.4%) molars, and FS >5 mm (2.4%). ERR 
was the only pathology influenced by angulation. There was significantly 
more ERR in mesioangular ILTMs (40.5%, P<0.001). Most ERR occurred 
in direct contact with the third molar. Class C showed a lower risk for second 
and third molar caries (P<0.001), but higher risk for ERR (P=0.008) and FS 
>5 mm (P=0.035). There were more caries on the second molar (P=0.013) and 
FS >5 mm (P<0.001) in class III.
Conclusions: Prophylactic removal of ILTMs (especially in mesioangular 
or horizontal impactions) could be suggested considering the potential for 
pathologic changes in ILTMs and the propensity for these teeth to cause ERR 
in second molars.
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Introduction

Tooth impaction is defined as the condition in 
which a tooth fails to erupt into its normal position 
after root completion due to pathological or 
developmental factors such as jaw size, eruption 
pattern, and any barrier to the eruption path [1]. 
In a survey, researchers have reported that 28.3% 
of the population had at least one impacted tooth, 
82.5% of which was the mandibular third molar 
[2].The decision regarding prophylactic removal 
or retention of the impacted third molar has been 
a challenging and controversial subject for dental 
professionals [3-6] and accompanying pathologic 
conditions play an important role in this decision. 
While some of these impacted lower third molars 
(ILTMs) may remain with no pathologic or clinical 
complications, others may develop pathologic 
conditions that include infection, external root 
resorption (ERR) or caries of the adjacent teeth, 
and cystic/tumoral transformation of the follicle 
[3,7,8]. Radiographs are necessary to evaluate 
impacted teeth. Compared to conventional 
techniques, three-dimensional imaging modalities 
such as computed tomography (CT) and cone 
beam CT (CBCT) provide more information 
to analyze impacted teeth, which would not be 
available otherwise. Additionally, because of less 
effective radiation dosage, the relatively lower 
cost, and fewer artifacts, CBCT has proven to be 
the technique of choice for evaluation of impacted 
teeth and related pathologic conditions [9-11]. 
Most data that pertain to the pathos of ILTM is 
available through panoramic studies [3,7,12-14]. 
This modality has a number of shortcomings that 
include lack of detail, distortion, superimposition, 
and projection errors, which in turn reduces its 
validity [12]. 
  The objective of this study is to assess the 
prevalence of the most common pathoses 
associated with ILTMs that include caries on the 
second and third molars, ERR of the second molar, 
and follicular spaces (FS) >5 mm in diameter in 
relation to their impaction depth and angulation 
by means of CBCT images. The results of this 
study may help dental professionals with the risk 
assessment of removal or retention of an ILTM.

Materials and Methods 

In this retrospective cross-sectional study, we 
analyzed 500 ILTMs from 412 patients. These 
patients had preoperative radiologic examinations 
of their third molars over a two-year time frame 
(February 2014 to February 2016) in a private 
oral and maxillofacial radiology clinic in Shiraz, 
Iran. The Ethics and Research Committee of 
Shiraz University of Medical Sciences approved 
the study protocol (# 03-9504). All CBCT images 
were obtained with a NewTom VGi (Quantitative 
Radiology, Verona, Italy) CBCT unit that operated 
at 90 kVp and 6 mA  with an exposure time of 
10 seconds, and voxel size set for 0.3 mm in a 
15×15 field of view. The images were evaluated 
with NNT viewer software (version 4.6, NewTom, 
Verona, Italy) in all three orthogonal planes (axial, 
coronal, and sagittal) by two oral and maxillofacial 
radiologists with consensus. In instances where it 
was difficult for the two radiologists to reach an 
agreement, a third expert reviewed the images.
The parameters evaluated in the present study 
were caries on the distal surface of the mandibular 
second molar, caries of the mandibular third molar, 
FS of more than 5 mm in diameter around the 
third molar, and ERR of the second molar (Figure 
1). Different degrees of resorption from a mild 
blunting of the root curvature to resorption that 
invaded the pulpal structure were considered as 
the stages of root resorption.The lower third molar 
impaction depths in relation to the ramus and 
occlusal plane have been determined according to 
the Pell and Gregory classification [15], as follows. 
Class I: the third molar is completely anterior to 
the anterior border of the ramus; class II: up to 
half of the third molar crown is covered by the 
ramus; class III: more than half of the third molar 
crown is covered by the ramus. Moreover, Class 
A: the third molar occlusal plane is at the same 
level or above the second molar occlusal plane; 
class B: the third molar occlusal plane is between 
the cervical line and occlusal plane of the second 
molar; and class C: the third molar is below the 
cervical line of the second molar.We used the 
Winter classification [16] to determine the ILTM 
inclination according to which the angle between 
the longitudinal axis of the ILTM to the occlusal 
plane defined the inclination, as follows: 0-30: 
horizontal; 31-60: mesioangular; 61-90: vertical; 
and >90: distoangular.This study excluded subjects 
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 Figure 1: (A, B) External root resorption (ERR) in the sagittal and axial planes. (C, D) Enlarged follicular space (FS) in the
sagittal and axial planes. (E) Caries on the second molar. (F) Caries on the third molar

with gross carious lesions, extensive restoration in 
the second molar, third molars simultaneously in 
classes I and A, or root development of less than 
two thirds.

Statistical analysis
We used the chi-square test to assess the relationship 
between variables. SPSS version 18.0 (SPSS Inc., 
Chicago, IL, USA) was applied for statistical 
analysis. P<0.05 was considered statistically 
significant.

Results

The sample for this study consisted of 500 ILTMs 
from 412 CBCT images of which there were 235 
(57%) females and 177 (43%) males. Most cases 
(51.4%, 257 teeth) were in a mesioangular position, 
followed by vertical (27.2%, 136 teeth), horizontal 
(18.4%, 92 teeth), and distoangular (3%, 15 teeth) 

positions. Class A comprised 6.4% of the ILTMs, 
followed by 56.0% for class B, and 37.6% for 
class C. The impaction depth in the images of the 
samples were 23.6% (class I), 54.4% (class II), and 
22% (class III). Among the evaluated pathologic 
conditions, ERR of the second molar was the most 
frequent with a prevalence of 31.2%, followed 
by caries on the second (26%) and third (13.4%) 
molars, and FS >5 mm in diameter (2.4%). By 
taking into consideration the results, we concluded 
that 222 (44.4%) cases did not have any of the 
evaluated pathologies and 278 (55.6%) had at least 
one detectible lesion. Table 1 shows the distribution 
of evaluated pathologies according to angulation. 
The only pathologic factor influenced by the 
angulation of the teeth was ERR (P<0.001), which 
was significantly more prevalent in mesioangular 
ILTMs (40.5%). The occurrence of caries and FS 
were not significantly related to ILTM angulation 
(Table 1). Only one out of 12 enlarged FS was 
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Table 1: Frequency of pathologic findings in terms of the angulation of the third molar

Type ILTM(n) Caries on second 
molar

Caries on third 
molar ERR FS >5 mm

Mesioangular 257 75(29.2%) 39(15.2%) 104(40.5%) 3(1.2%)

Vertical 136 31(22.8%) 17(12.5%) 17(12.5%) 4(3.0%)

Distoangular 15 3(20%) 1(6.7%) 1(6.7%) 0(0.0%)

Horizontal 92 21(22.8%) 10(10.9%) 34(37.0%) 5(5.4%)

P-value* 0.417 0.602 <0.001 0.115

*Chi-square test (base on Monte-Carlo method)
ILTM = Impacted mandibular third molar, ERR = external root resorption, FS= Follicular space

associated with a horizontally impacted third molar 
and caused ERR on the second molar. Analysis of 
the relationship between pathologic conditions and 
impaction status showed that class C had a lower 
risk for caries on the second and third molars (both 

Table 2: Frequencies of pathologic findings in terms of impaction status

Type ILTM(n) Caries on 
second molar

Caries on third 
molar ERR FS  >5 mm

Class A 32(6.4%) 11(34.4%) 7(21.9%) 3(9.3%) 0(0.0%)

Class B 280(56.0%) 105(37.5%) 55(19.6%) 84(30.0%) 2(0.7%)

Class C 188(37.6%) 14(7.4%) 3(1.6%) 68(36.2%) 8(4.2%)

P-value* <0.001 <0.001 0.008 0.035

Class I 118(23.6%) 38(32.2%) 18(15.2%) 32(27.1%) 1(0.8%)

Class II 272(54.4%) 74(27.2%) 41(15.1%) 86(31.6%) 1(0.3%)

Class III 110(22.0%) 17(15.4%) 7(6.3%) 38(34.5%) 8(7.2%)

P-value* 0.013 0.054 0.474 <0.001

*Chi-square test (base on Monte-Carlo method)
ILTM= Impacted mandibular third molar, ERR = external root resorption, FS=Follicular space

P<0.001). However, as Table 2 shows, we observed 
an increasing risk for ERR (P=0.008) and FS >5 
mm (P=0.035) gradually from class A to class C. 
Table 2 also shows that class III had significantly 
more caries on the second molar (P=0.013) and FS 
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>5 mm (P<0.001).

Discussion

The decision to prophylactically remove or 
retain an ILTM is a matter of great debate with 
divergent opinions among professionals [3-6]. 
The complications following extraction of the 
impacted third molar have tremendous influence 
on this debate [3]. Oral surgeons should weight 
the benefits of removing a third molar against the 
risks. While there is no documented evidence for 
prophylactic surgery of an asymptomatic third 
molar, some researches have rejected this idea. 
However, there is strong indication for removal 
of the third molar in cases with accompanied 
pathologic changes [12,17]. In support, the 
American Association of Oral and Maxillofacial 
Surgeons (AAOMS) have provided a guideline 
for the extraction of third molars according 
to associated lesions [18]. AAOMS has also 
advocated new studies that concern the evaluation 
of pathologic conditions accompanied with third 
molars [12]. Two-dimensional characteristics, as 
well as the lack of sufficient details, distortion, 
and potential errors make it difficult for panoramic 
radiography to detect lesions as precisely as CBCT 
[8,12,17,19,20]. CBCT allows for the examination 
of a subject free from overlapping structures in 
all three orthogonal planes with higher spatial 
resolution [21]. Studies that examined the ability 
of panoramic and CBCT radiography to diagnose 
ERR [22,23] and proximal and occlusal caries 
[24,25] have confirmed the favorable position 
of CBCT over panoramic radiography. Oenning 
et al. [8] reported an agreement of only 4.3% 
between CBCT and panoramic radiography in 
ERR detection. They recommended CBCT for its 
evaluation. Another study by Alqerban et al. [23] 
had similar results in the ERR of incisor teeth.
The higher prevalence of ERR in the present study 
(31.2%) compared to panoramic studies supported 
this fact. Similar studies reported incidents for ERR 
that ranged from 0.3% [7] to 1.4% [13]. Although 
the overall prevalence of ERR in this study was 
31.2%, there were significantly higher incidents 
of third molars that had mesioangular (40.5%) 
and horizontal (37%) inclinations. The results of 
the present study were closer a study by Oenning 

et al. that reported 49.43% ERR associated with 
mesioangular ILTM on CBCT [12]. Other studies 
supported the results of this study regarding the 
higher frequency of ERR in mesially inclined third 
molars [8,12]. These findings could be related to the 
eruptive forces of mesially inclined impacted third 
molars and probability of more contact area with 
second molars. However, the relationship between 
impaction depth and ERR has been inconsistently 
reported in the literature. Our findings revealed 
a significant tendency of class C (36.2%) and B 
(30%) impactions for ERR, while Wang et al. [17] 
reported more ERR in class A and C,  and Oenning 
et al. [12] showed a higher frequency of ERR in 
class A and B impactions. This discrepancy, as 
well as lower frequencies of ERR reported in other 
CBCT studies [8,17], could be due to differences 
in study inclusion criteria, sample size, definition 
of ERR and its complicating resemblances to 
proximal caries, particularly in partially erupted 
third molars. According to the current study data, 
26% of second molars and 13.4% of third molars 
showed carious lesions; distal caries of the second 
molars were the most common pathos evaluated in 
the present study after ERR. Al-Khateeb et al. [7] 
reported similar findings regarding the prevalence 
of caries on the third molar (13.6%). Our findings 
of distal caries on the second molar were higher 
than some studies that reported frequencies of 
7.9% [7], 12.6% [3], and 17.2% [26]. Our findings 
were similar to those reported by Ozec et al. 
(20%) [27]. However, several studies reported 
higher frequencies of 42% [28] and 52% [24]. The 
results of this study revealed higher frequencies 
of impaction depth in class A and B. This finding 
supported previous studies [3, 24,26], which found 
classes A and B more afflicted with distal caries 
on the second molar. This variation in findings 
must be due to a number of factors. First, the 
aforementioned studies, except for one [24], used 
less precise two-dimensional modalities compared 
to CBCT [19,20]. This frequency could be affected 
by oral hygiene as well as the eruption status of 
the third molar. We excluded cases with multiple 
restorations or carious lesions to minimize the 
effect of oral hygiene. Hence, the distal caries of 
the second molar could be related to the third molar 
position more so than the potentially higher risk 
for caries. However, it is not accurate to place the 
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blame completely on the status of the third molars.
In terms of the enlarged FS, the results of this 
study showed a relatively low frequency of 2.4%. 
Chu et al. [2] Guven et al. [29] and Patil et al. 
[30] reported the incidence of cystic/tumoral 
transformation of the FS to be as low as 1%, 3.1%, 
and 3.4%, respectively. These findings supported 
reports by other studies on cyst formation around 
an impacted third molar [29,31]. However, these 
studies were not exactly comparable to this study, 
due to the use of panoramic radiography and the 
different criteria used to define the enlargement. In 
the present study, we have defined the pathologic 
FS, according to White et al. [32] as an area 
radiographically larger than 5 mm in diameter. 
Others defined it as 2, 2.5, or 4 mm in diameter 
or utilized pathological evaluation as the criteria. 
Dentigerous or follicular cysts, compared to other 
cystic lesions, have more potential for ERR on 
adjacent teeth. Therefore, it is expected that FS 
size may be a defining factor and possibly have a 
direct effect on the extent of ERR of the adjacent 
teeth. However, the present study did not support 
this expectation. The results of the current study 
revealed that almost none of the enlarged FS, 
except for one, had an association with ERR on 
the adjacent second molar. This finding suggested 
that ERR mostly occurred by direct contact of 
the second and third molars rather than through 
the enlargement of dental follicle. This result 
reinforced the findings of Ericson et al. [33] which 
concluded that the ERR of maxillary incisors was 
most probably due to direct contact with canine in 
its eruption course rather than the dental follicle. To 
the extent of our knowledge, the present study used 
the largest sample size and variety of conditions 
evaluated among CBCT studies of the pathoses 
associated with the third molar. However, since the 
cases were selected from the CBCT images taken 
for pre-surgical evaluation, it might not be an ideal 
representation of the entire population. In addition, 
we did not assume the length of impaction period 
as a factor, which might cause some bias in the 
results of pathoses associated with impaction. We 
suggest that additional studies should be conducted 
to consider these factors. 

Conclusions 

Due to the prevalence of pathoses related to 
ILTMs and high potential for inducing ERR in the 
second molars; we encourage dental professionals 
to consider prophylactic removal of these teeth, 
especially those with mesioangular or horizontal 
impactions.
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