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Introduction
Teeth may become impacted when they fail to erupt or develop 

into the proper functional location. Impacted teeth may therefore be 
non-functional, abnormal or pathologic.1,2 Mandibular third molars 
(M3Ms) exhibit high impaction rates, ranging from 9.5 to 50%.3,4 
The etiology of M3M impaction depends on several factors, such as 
genetics, lack of space, retarded growth process, growth direction, 
eruption direction, and influence of external oblique line.5 Impacted 
M3Ms may cause pain, periodontal disease, pericoronitis, caries, 
tumor, angle fracture, dental crowding, and cyst formation.6–11 The 
complications related to M3Ms have been long studied and reported 
in literature. However, many of the researches conducted are on the 
pathoses related to the tooth itself, and not to its surrounding anatomic 
structures. More recently, distal caries in the mandibular second 
molars (M2Ms) have attracted researchers and clinicians attention, but 
there are still not many studies on this topic. Among all complications 
related to impact M3Ms, distal caries of the M2M is one of the most 
common (0.5-20%).12–15 A previous study reported that the prevalence 
of distal caries in M2Ms caused by third molars is up to 32%.16 The 
aim of this study was to evaluate the correlation between the age and 
gender of the patient, side, eruption angulation and level of impaction 
of mandibular third molars and the prevalence of distal caries lesions 
in mandibular second molars.

Method
In this retrospective, cross-sectional study; digital panoramic 

radiographs that were made between the years 2009 and 2012 were 
evaluated. The radiographs of the patients aged between 20 to 30 
years, who were admitted to Baskent University-Turkey were initially 
screened. The main inclusion criteria was the presence of an erupted 
mandibular second molar (M2M) and an impacted mandibular 
third molar (M3M) at the same quadrant. Patients which panoramic 
radiographs presenting distortion or low diagnostic quality (decided 
by subjective evaluation), and patients with restored M2Ms were 
excluded from the study in the initial evaluation. The radiographs 
were examined and evaluated by two trained oral and maxillofacial 
surgeons, separately. A 17-inch monitor (Dell, USA) was used for 
image evaluation, which was performed in a room with dimmed light. 
The angulation and impaction degree of the M3Ms, and the presence 
of distal caries lesions of M2Ms were assessed on the images. The 
observers were free to use the brightness, contrast, and magnification 
tools. The angulation of the M3M was assessed using the method 
previously described by Shiller WR,17 in which the angulation is 
determined by measuring the angle of the intersection made by the 
mandibular occlusal plane and the occlusal surface of the M3M. 
The angular measurements were made using the dedicated software 
(Mediadent, v.6.10.10.14F, Belgium). The method is illustrated in 
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Abstract

Introduction: Impacted teeth may be non-functional, abnormal or pathologic and the 
etiology of impaction depends on several factors. The aim of this study was to evaluate the 
correlation between the age and gender of the patient, side, eruption angulation and level of 
impaction of mandibular third molars (M3Ms) and the prevalence of distal caries lesions in 
mandibular second molars (M2Ms) at the same side eruption.

Methods: In this retrospective, panoramic radiographs acquired over three year’s period 
were screened. Inclusion criterion was the presence of an erupted M2M and an impacted 
M3M in the same quadrant. The radiographs were evaluated by two observers on the 
presence of M2M distal caries lesions. Shiller and Pell-Gregory classifications were used to 
assess the angulation and degree of impaction of the M3Ms, respectively. Chi-Square tests 
and a logistic regression model were used for data evaluation.

Results: 1104 M3M-M2M were evaluated. The prevalence of distal caries lesions on M2M 
was 38.7% (n=427). Gender, age, and side did not influence (p=0.120, 0.496, and 0.286, 
respectively) the prevalence of caries lesions. The level and the angle of impaction were 
significantly relevant (p<0.001). Using A as the reference for impaction level, M2Ms next 
to B - M3Ms presented less caries lesions (odds ratio of 0.574, p=0.001). Horizontal M3Ms 
seemed to present an increased risk of caries on the M2Ms (p<0.001).

Discussion: The caries prevalence seems to be significantly influenced by the positioning 
of the impaction. When deciding on the prophylactic removal of M3Ms, this issue should 
also be considered.
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Figure 1. The angular classification used in the present study is based 
on a modified Shiller scale, which divides the angulation of M3M 
into six categories. Third molars with a negative angle (less than 
0°) were considered as distoangular (0), between 0-20° as vertical 
(1), between 21-40° as mesioangular 1 (2), 41-60° as mesioangular 
2 (3), 61-80° as mesioangular 3 (4), and angles greater than 80° as 
horizontal (5). The level of impaction of the M3M was assessed using 
the method previously described by Pell-Gregory.18 According to 
this classification, tooth is defined as: A, when the highest portion of 
the impacted M3M is on level with or above the occlusal plane; B, 
when the highest portion of the impacted M3M is below the occlusal 
plane but above the cervical line of the M2M; or C, when the highest 
portion of the impacted M3M is below the cervical line of the M2M. 
These classifications are illustrated in Figure 2. In cases which the 
evaluations of the two investigators resulted in diverse classifications, 
were excluded from the study. When the investigators were not in 
agreement on the presence of M2M distal caries lesions, a second 
(consensus) evaluation was made, and if a consensus was not reached, 
the case was also excluded from the study. The final sample was 
composed of 1104 mandibular third molars, on 688 digital panoramic 
radiographs. The presence/absence of distal caries lesions on the M2M 
was selected as the dependent variable. Age (using 25 years as the cut 
point), gender, M3Ms angle, and M3Ms degree of impaction were 
defined as independent variables. Data was statistically evaluated 
using Chi-Square tests and a multinomial logistic regression model, 
by dedicated software (SPSS 12.0, SPSS Inc., Chicago–IL, USA). 
The study was approved by Baskent University Institutional Review 
Board Project No: D-KA14/03.

Figure 1 Shiller Classification, the angulation is determined by measuring 
the angle of the intersection made by the mandibular occlusal plane and the 
occlusal surface of the M3M. 

Figure 2 Pell-Gregory classification, tooth is defined as: A: when the highest 
portion of the impacted M3M is on level with or above the occlusal plane; B: 
when the highest portion of the impacted M3M is below the occlusal plane 
but above the cervical line of the M2M; C: when the highest portion of the 
impacted M3M is below the cervical line of the M2M. 

Results
Post-hoc power analysis showed that the included sample was 

able to provide statistical power close to 90%, with significance 
levels set to 5%. In the total sample (688 patients), 448 (65.1%) were 
female and 240 (34.9%) were male. The mean age of the patients 
was 25.6 years, ranging from 20 to 30 years, as previously defined in 
the inclusion criteria. Among the 1104 M3M - M2M evaluated, the 
prevalence of distal caries lesions on M2M was 38.7% (n=427). Both 
gender and age did not have a significant impact on that prevalence 
(p=0.120 and 0.496, respectively). These results are shown in Table 
1. The side of the M3M had no influence on our results (p=0.286), 
while the level and the angle of impaction played a significant role 
(in both cases, with a p<0.001), when the prevalence of caries in the 
M2M was considered isolated. These results are shown in Table 2. 
Similar results were found when the data was evaluated based on a 
multinomial logistic regression model, which the level and the angle 
of impaction of the M3M being found as the relevant parameter 
interfering with the logistic regression results, as shown in Table 3. 
Using A as the impaction level reference, those M2M next to B-M3M 
presented less caries lesions (with a 0.574 (0.409-0.807) odds ratio) 
compared to the reference, with a significance of 0.001 (p-value). 
Using the category 0 of impaction angle as a reference, categories 2, 
4, and 5 seemed to present an increased risk of caries lesions on the 
M2M, which the highest odds ratio (3.508; 1.877-6.555) being found 
for category 5 (p<0.001). These results are shown in Table 4.

Table 1 Distribution of caries lesions in M2M according to gender and age

Total 
(n=1104)

Non-Caries 
(n=677)

Caries 
(n=427) Chi-Square (p)

Gender

Female 717 452 (63.0%) 265 (37.0%) 0.12

Male 387 225 (58.1%) 162 (41.9%)

Age

20-25 530 331 (62.5%) 199 (37.5%) 0.496

26-30 574 346 (60.0%) 228 (40.0%)

Table 2 Distribution of caries lesions in the M2M according to impaction 
level, angle, and side

Total 
(n=1104)

Non-Caries 
(n=677)

Caries 
(n=427) Chi-Square (p)

Level

A 426 (38.6%) 293 (43.3%) 133 (31.1%)< 0.001

B 419 (37.9%) 224 (33.1%) 195 (45.7%)

C 259 (23.5%) 160 (23.6%) 99 (23.2%)

Angle

0 150 (13.6%) 109 (16.1%) 41 (9.6%) < 0.001

1 541 (49.0%) 366 (54.1%) 175 (41.0%)

2 130 (11.8%) 60 (8.8%) 70 (16.4%)

3 155 (14.1%) 90 (13.3%) 65 (15.2%)

4 45 (4.0%) 14 (2.1%) 31 (7.3%)

5 83 (7.5%) 38 (5.6%) 45 (10.5%)

Side

Left 562 (50.9%) 336 (49.6%) 226 (52.9%)0.286

Right 542 (49.1%) 341 (50.4%) 201 (47.1%)
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Table 3 Likelihood ratio test for a multinomial logistic regression model, 
seeking for relevant parameters for regression, regarding the presence of 
caries in the second molar

Parameter Chi-Square (p)

Gender 0.19

Age 0.161

Level 0.003

Angle < 0.001

Side 0.336

Table 4 Multinomial logistic regression model, presenting only the relevant 
parameters for regression, regarding the presence of caries lesions in the 
M2M. Odds ratio lower than 1 refer to a minor risk of caries lesions, while 
odds ratio larger than 1 refer to an augmented risk of caries lesions

Significance (p) Odds Ratio Lower IC95% Higher IC95%

Level

A Reference

B 0.001 0.574 0.409 0.807

C 0.288 0.809 0.547 1.196

Angle

0 Reference  

1 0.246 0.63 0.288 1.376

2 0.02 1.943 1.111 3.399

3 0.777 1.086 0.612 1.928

4 < 0.001 2.716 1.618 4.559

5 < 0.001 3.508 1.877 6.555

Discussion
Several studies have been made on impacted M3Ms in 

developed countries, where millions of dollars are spent annually 
on the management of impacted third molars. In fact, the removal 
of impacted M3M is regarded as the most common oral surgery 
performed.19–22 Preventive extraction has been recommended to 
eliminate unforeseen problems caused by third molars. Although 
there are several studies related to the indications for M3M extraction, 
there has been yet no consensus on guidelines for preventive removal 
of M3Ms. Two management options can be considered in the case 
of asymptomatic impacted third molars: prophylactic removal, with 
the aim of avoiding the morbidity associated with tooth extraction 
in elderly patients, and conservative management in which the teeth 
are not removed until they develop pathological manifestations.21 The 
probability of impacted M3M causing future pathologic changes may 
have been exaggerated. Many impacted or unerupted third molars may 
eventually erupt normally and many of them never cause clinically 
important problems. In addition, third molar removal is not a risk 
free surgery, and the complications following M3M removal surgery 
may be considerable.23–26 Therefore, prophylactic removal should 
only be carried out if there is good evidence of patient benefit. The 
proportion of prophylactic M3M removal surgery which is carried 
out in asymptomatic patients is difficult to estimate and depends 
on the definitions used.27 Many studies have been conducted on the 

complications that impacted M3M may cause, such as pericoronitis. 
However, few correlation studies were done between the distal caries 
on M2Ms and eruption status of M3Ms.13–15 Punwutikorn et al.28 
stated that pain and pericoronitis were the most common problems 
and caries of the M2M was the second pathologic entity related 
with partially erupted M3Ms. The findings of Knuttson et al.29 were 
similar to that research. They have reported that the most frequently 
encountered pathologic entity was pericoronitis and the second was 
caries. Previous studies have shown that the incidence of M2M caries 
lesions is between 0.5-20%.12-15, 34 Van der Linden et al.16 reported 
the highest incidence of M2M caries and they have found 32% distal 
caries lesions in their study. In the present study, the prevalence of 
distal caries lesions in M2Ms was 38.7%, which is higher when 
compared with other studies, and may be due to racial, regional and/or 
socio-cultural differences. Differences between the diagnostic criteria 
of caries lesions can be another reason for the high prevalence of caries 
found in the present study. In vitro studies enable the researchers to 
validate caries by using histopathologic detection of caries as the 
golden standard, in contrast to clinical and radiographic studies.30 
In order to overcome this drawback, two observers independently 
evaluated the radiographs, and in the case of disagreement, a second 
evaluation was made. If the two observers could not reach a consensus 
in this session, the case was discarded from the study. On the other 
hand, the preferred radiographic technique for caries diagnosis is bite-
wing radiography and incipient carious lesions may not be detected 
with panoramic radiographs. However, panoramic radiographs are 
usually the technique of choice for imaging the impacted M3M and 
the surrounding bone.31-33 Hence, this retrospective study was also 
conducted on panoramic radiographs. Eruption of the third molars 
normally occurs between the ages of 17 and 21 years.35 Normally the 
age of M3M removal is between 25-28 years. Almendros-Marques et 
al.36 stated that most of the complications related with M3M impaction 
were recorded at patients between 16-30 years and prophylactic 
removal is beneficial under 25 to 30 years old. Punwitikorn et al.28 
have reported that most of the patients in their study range from 16-
30 years, mostly between 21 to 25 years. Chang et al.15 stated that the 
delayed removal of the M3Ms increased the risk of caries lesions on 
the M2Ms. Our results show that, compared to other parameters, age 
is not a criteria that increases the prevalence of distal caries lesions in 
M2Ms, as the patients are between 20 to 30 years, with a mean age of 
25.6. In our study, the prevalence of M3Ms with an impaction level 
of A in the carious M2M group was significantly higher than the other 
level groups. Polat et al.37 reported that distal caries on M2Ms occur 
more frequently when the impaction level of the M3M is A rather 
than B or C. Chang et al.15 reported that the incidence of M3Ms with 
an impaction level A has more tendency to M2Ms caries lesion. The 
results of the present study are in agreement with the results of the 
mentioned ones. Chang et al.15 stated that the incidence of M3Ms with 
a mesial angulation between 40° and 80° in the carious M2Ms are 
relatively high when compared with noncarious group. Ozec et al.14 
concluded that partially erupted M3Ms with angles between 30°-90° 
should be removed to prevent the risk of M2Ms caries. Mc. Ardle 
et al.13 concluded that distal cervical caries of the M2Ms are in the 
presence of mesio-angular M3Ms. In this retrospective radiographic 
study, dietary and nutritional patterns of the patient, smoking, medical 
conditions (such as diabetes), were not recorded. Nevertheless, within 
the limitations of this study, it can be suggested that mesio-angular 
or horizontally impacted M3Ms represent a risk for the development 
of distal caries lesions in M2Ms. We hypothesize that horizontal and 
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impaction degree of A M3Ms can increase food packing and plaque 
retention on the distal surface of the M2Ms.

Conclusion
The prevalence of distal caries lesions in M2Ms was significantly 

higher when the highest portion of the impacted M3M is on level with 
or above the occlusal plane and M2M is next to horizontal-angulated 
M3M. The caries prevalence seems to be significantly influenced by 
the positioning of the impaction. When deciding on the prophylactic 
removal of M3Ms, this issue should also be considered.
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