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Objectives: This study aims to evaluate, through an imaging analysis, the correlation between 

the position of the impacted third molar and the incidence of associated pathologies. It also 

seeks to analyze the prevalence of these pathologies and their correlation with the sex and 

age of the patients.

Methods: A total of 585 imaging exams of patients seen at a Portuguese institution of higher 

education in dentistry were evaluated, from which 235 impacted third molars were selected. 

The position and associated pathologies were analyzed individually in cone-beam comput-

ed tomography scans based on Winter’s, Pell & Gregory’s and Ericson et al.’s classification 

using Planmeca Romexis software. The data were statistically analyzed in the Statistical 

Package for the Social Sciences program, using the chi-square and Fisher's exact tests.

Results: Statistically significant differences were found between the incidence of pathology 

and the position of the third molar. According to Winter's classification, external root re-

sorption was associated with the mesioangular position (p=0.001) and decreased bone den-

sity with the distoangular position (p=0.051). Based on Pell & Gregory's classification, exter-

nal root resorption is related to Position C (p<0.001), caries to Position B (p<0.001), and 

decreased bone density to Position B (p=0.013) and Class II (p=0.021). Age and sex influenced 

caries (p=0.006) and decreased bone density (p=0.065), respectively.

Conclusions: This study concluded that there is a correlation between the position of im-

pacted third molars and certain associated pathologies, which can be influenced by age and 

sex. (Rev Port Estomatol Med Dent Cir Maxilofac. 2025;66(x):xxx-xxx)
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Introduction

Third molars (M3) are the teeth with the highest impaction 
rate in the human dentition.1-3 A tooth is considered impact-
ed when, after at least 2/3 of the roots are formed, it cannot 
reach the occlusal plane within the expected time interval.4 
The causes of impaction include lack of space, malposition, or 
mechanical barriers along its path.2,5,6

Depending on their position, impacted M3 are often asso-
ciated with different pathologies, such as external root resorp-
tion (ERR), carious lesions, pericoronitis, and odontogenic tu-
mors/cysts.2,7 The detection and diagnosis of these lesions 
require a detailed anamnesis, a careful clinical assessment, 
and complementary diagnostic tests.8

ERR of second molars (M2) occurs due to osteoclastic ac-
tivity triggered by the increased pressure caused by the im-
pacted tooth.2,3,9 This pathology is difficult to diagnose and 
usually progresses silently, with symptoms appearing later 
when the root pulp is affected (poor prognosis).2,3,9

Dental caries is a multifactorial disease that depends on 
individual, temporal, and sociodemographic factors.10 When 
distal to the M2, dental caries develop gradually and result 
from bacterial biofilm accumulation. The M3 position may pro-
mote food impaction and create a favorable environment for 
caries evolution.9,11

Pericoronitis corresponds to inflammation of the soft 
tissues surrounding an impacted tooth caused by bacterial 
action.12 It is usually directly related to local conditions 
(periodontal pockets) that promote the proliferation of bac-
teria.12 This condition is often associated with pain, swell-
ing, increased probing depth, and, in more severe cases, 
decreased bone density distal to the impacted M3.12 Diag-
nosis is clinical and may be detected radiographically in 
advanced stages.12

As for odontogenic cysts/tumors associated with impact-
ed M3, their diagnosis requires clinical and radiographic 
evaluation with histological confirmation.13 This pathology 
might be asymptomatic, hindering early diagnosis and treat-
ment.1,2,14

The gold standard method to analyze and classify M3 is 
panoramic radiographs.2,14 Conversely, two-dimensional (2D) 
images are subject to distortion, artifacts, and overlaps that 
can lead to misinterpretations.14,15 Therefore, cone-beam com-
puted tomography (CBCT) has emerged as a solution that al-
lows analyzing structures in their three-dimensional volume, 
with greater detail and less distortion –—essential for detailed 
diagnoses.14,16 CBCT involves more exposure to radiation and 
a higher cost, so its prescription must be responsible.16,17 This 
exam should be requested when the dentist has a clinical 
question that cannot be answered using 2D images,14,17,18 
bringing a clear benefit to the surgery.6,19

This research aims to assess a possible correlation be-
tween the position of the impacted M3 and the prevalence 
of associated pathologies exclusively through an imaging 
analysis in a population of patients who attended an ap-
pointment at the Faculty of Dental Medicine of the Univer-
sity of Porto (FMDUP). We also aim to assess the prevalence 
of these pathologies and the corresponding influence of sex 
and age.

Material and methods

The CBCT scans of patients who attended an appointment at 
the FMDUP clinic between January 2023 and March 2024 were 
analyzed. Only cases with at least one impacted M3 were se-
lected. The FMDUP Ethics Committee for Health and the Re-
sponsible for Access to Information approved the project. The 
anonymity of all participants was maintained throughout the 
research.

The CBCT scans used the following parameters: 10 mA, 
90 kV, 150 μm voxel size, 10 s (localized) or 15 s of exposure 
time, and a field of view of 40x50 mm (localized), 100x60 mm 
(maxillary/mandibular), and 100x100 mm (bimaxillary).

The data collected included age, sex, the position of the 
impacted tooth, and the existence of a pathology. The inclu-
sion criteria were patients 18 years or older who had a CBCT 
with an impacted M3 without artifacts compromising the ac-
curacy of the analysis. The exclusion criteria were M3 with less 
than 2/3 of the roots formed, a supernumerary distal to M3, 
exodontia of M2, or simultaneous impaction of M2 and M3.

A single researcher collected and analyzed the data ob-
tained using the Planmeca Romexis® 4.6.0.R software. The 
analysis was conducted in three planes (sagittal, coronal, and 
axial) using images with a thickness of 0.1 mm.

The M3 position was classified according to Winter’s20 and 
Pell & Gregory’s21 classifications (Figures 1 and 2). The follow-
ing pathologies were assessed: ERR, based on irregularity/dis-
continuity with loss of structure on the root’s distal surface or 
in the cervical region of the adjacent M2 (Figure 3); carious 
lesion, based on radiolucency on the M2 distal coronal surface 
with a gap between these two teeth and communication be-
tween them and the oral environment (Figure 4); and patho-
logical lesions (Figure 5), such as decreased bone density distal 
to M3 based on radiolucency with more than 3 mm in diame-
ter or odontogenic tumors/cysts represented by uni or multi-
locular lesions with distinct borders.

Statistical analysis was carried out using the Statistical 
Package for the Social Sciences (SPSS) software, version 29 for 
Windows. The chi-squared test of independence was used to 
study the association between the prevalence of the different 
pathologies and sex, age, and M3 position. In cases where at 
least one of the conditions failed, Fisher’s exact test was used. 
A 5% significance level was considered (p<0.05).

An intra-evaluator error analysis was conducted on a ran-
dom sample of 30 teeth selected from the 235 evaluated. The 
same evaluator repeated these evaluations.

Results

Among a total of 585 CBCT scans evaluated, 382 were exclud-
ed due to not including an M3. Of the remaining 203 exams 
with one or more M3, only 114 had at least one impacted M3 
(56.2% impaction rate). Therefore, our sample consisted of 114 
patients with a mean age of 30.1 ± 12.3 years, corresponding 
to 235 impacted M3: 137 lower and 98 upper teeth.

Among the impacted M3, 57% had an associated pathology, 
of which ERR was the most prevalent, occurring in one of three 
impacted teeth. Due to the small number of patients with 
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Figure 1. Winter’s classification.

Figure 2. Pell & Gregory’s classification.
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odontogenic tumors/cysts (2 patients), this variable was not 
included in our analysis.

ERR prevalence did not show any association with sex or 
age. In turn, M2 distal caries showed a statistically significant 
relation with age (p=0.006), being more prevalent at ages over 
30. Decreased bone density distal to M3 was more prevalent in 
women, without statistical significance (p=0.065).

The overall pathology prevalence depended on the M3 po-
sition (p=0.023) according to Winter’s classification, being 
higher in mesioangular (MA) and linguoangular (LA) teeth. 
Although the prevalence of M2 distal caries showed no asso-
ciation with the impacted M3 position, the prevalence of ERR 
did (p=0.001), being higher in teeth in the MA position. On the 
other hand, decreased bone density association with position 

was at the limit of statistical significance (p=0.051). The anal-
ysis did not include the horizontal, Linguoangular (LA), and 
Inverted (I) positions of Winter’s classification due to the small 
number of cases.

Concerning Pell & Gregory’s classification, the prevalence 
of three pathologies analyzed was associated with the dis-
tance from the occlusal plane (ERR, p<0.001, distal caries of 
2nd M, p<0.001 and decrease in bone density, p=0.013). On the 
other hand, only decreased bone density showed a statistical-
ly significant relation (p=0.021) with the distance to the ante-
rior ramus of the mandible.

Regarding measurement error, the results indicate a low 
error, with high percentages of agreement and Cohen’s kappa 
values indicating excellent agreement.

Discussion

The literature reports variable M3 impaction rates.22,23 This 
study’s impaction rate was 56,2%, agreeing with Bjôrk et al.,24 
who estimated a population rate of 55 to 60% with at least one 
impacted M3.22,24

The most frequent positions of M3 were MA (Winter’s clas-
sification20), Position B, and Class II (Pell & Gregory’s classifi-
cation21).23,25 Alsaegh et al.23 suggest that rotation to the MA 
position may result from a less developed mesial root com-
pared to the distal one. Other authors refer to an erratic erup-
tion path resulting from a lack of space in the arch.3,22

The prevalence of pathology varies according to the M3 
position, with a higher incidence associated with the MA po-
sition (Winter’s classification20), as shown by Altan and Akbu-
lut.26 Regarding the Pell & Gregory classification21, although Ye 
et al.27 mentioned that teeth in a position closer to the occlu-
sal plane were more likely to cause pathology, our study found 
no statistically significant relationship between the M3 posi-
tion and the existence of pathology.

The ERR prevalence obtained (33.2%) aligns with the sys-
tematic review by Moreira-Souza et al.,(14) which reports val-
ues between 22.8 and 62%.25,28 Although we concluded that 
ERR prevalence was not related to sex or age,29,30 Wang et 
al.(31) identified the age of 35 or over as a risk factor probably 
because the eruption process of the M3 does not stop even 
after rhizogenesis ends, keeping the pressure over time.29,31 
As the average age of this sample was 30.1 years, a young 
sample, it is understandable that no statistical significance 
was found.

A statistically significant relationship was found be-
tween the MA position and ERR, estimating that a higher 
contact area between M2 and M3 leads to increased pressure 
and higher ERR.8,25 It was also found that ERR depends on 
the distance from the occlusal plane (more prevalent in Po-
sition C), which is in line with the literature, emphasizing 
that contact points below the cementoenamel junction (CEJ) 
have a higher risk of ERR. On the other hand, this pathology 
prevalence was not related to the distance from the anteri-
or ramus of the mandible. Although there is no statistically 
significant relation, our study’s results align with Haddad et 
al.,32 who found that Class I was the most frequent in cases 
of ERR.

Figure 3. External root resorption (axial section).

Figure 4. Carious lesion (axial section).

A B

Figure 5. Pathological lesions: A – Decreased bone 
density, B – Odontogenic tumor/cyst.
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Regarding M2 distal caries, this sample found a preva-
lence of 20.4%, consistent with other studies, which report 
figures between 7 and 32%.26,33 This value depends on oral 
hygiene literacy, cultural, and socio-economic factors.22,33,34 
M2 distal caries prevalence is not related to sex,25,34,35 but is 
related to age (over 30 years old). Since carious lesions de-
velop gradually, a higher incidence of this complication has 
been reported in older patients whose M3 are in an inappro-
priate position.33,35 Although without statistical significance, 
dental caries were more prevalent in the MA and LA posi-
tions.25,34,36,37 Syed et al.4 state that inappropriate contact 
points between M2 and M3 promote food impaction and the 
accumulation of bacterial plaque, especially when these are 
located below or at the level of the CEJ.27 According to Chen 
et al.,34 when the M3 is LA, the cusp position further pro-
motes this bacterial accumulation, leading to caries devel-
opment over time.4

M2 distal caries is more prevalent in Position B teeth, prob-
ably due to communication with the oral cavity environment, 
as deeper positions are surrounded by alveolar bone, prevent-
ing contact with the oral cavity microbiota.23,32 On the other 
hand, we found that dental caries prevalence was not related 
to the distance from the anterior ramus of the mandible. This 
finding contrasts with Alsaegh et al.,23 who reported that this 
lesion is more prevalent in Classes I and II.

According to the literature, pericoronitis is the main indi-
cation for extraction of M3.6,38 However, in our study, the prev-
alence of this pathology was 7.2%. This result may derive from 
our analysis being based exclusively on images, so only cases 
of severe pericoronitis with repercussions at bone level were 
considered.38-40 Pericoronitis prevalence has been reported as 
sex-dependent, being higher in women, probably due to the 
early cessation of jaw growth in women, which stops develop-
ing roughly when the M3 begins to erupt.41,42

We found a statistically significant correlation between 
pericoronitis and the DA position, which aligns with Altan and 
Akbulut.26 The M3 faces an additional obstacle in this position 
since the retromolar tissue is more compact than the gingival 
tissue found in the normal eruption path.41 In contrast, Shirza-
deh et al.42 reported that the MA position is also associated 
with pericoronitis because malposition promotes food impac-
tion, bacterial deposition, and consequently, soft tissue inflam-
mation. As no clinical assessment was carried out in this study, 
it is understandable that this relation was not detected.

The low prevalence of odontogenic tumors (0.9%) in our 
study aligns with the literature7,40 and limits meaningful 
correlations. The same applied to teeth in the horizontal, 
Linguoangular (LA), and Inverted (I) positions of Winter’s 
classification.

Among this study’s limitations is that it was a retrospective 
study carried out in a reduced sample and restricted to an 
FMDUP patient population, which may not represent the pop-
ulation in general. Moreover, the analysis was exclusively im-
aging-based and conducted by a single researcher without 
collecting clinical history or anamnesis, which can limit the 
accuracy of the results. It would be important to evaluate a 
larger and more heterogeneous sample in the future, comple-
menting the imaging analysis with clinical and histological 
evaluation.

Conclusions

The prevalence of pathology depends on the M3 position ac-
cording to Winter’s classification: the ERR correlates with the 
MA position and decreased bone density with the DA posi-
tion. There is a significant relationship between Position C 
and ERR and between the Position B and M2 distal caries, ac-
cording to Pell & Gregory’s classification. In turn, pericoronitis 
correlates with Position B and Class II. Age influences the 
prevalence of M2 distal caries (higher at ages over 30), and sex 
affects the prevalence of decreased bone density distal to the 
M3 (higher in females).
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Relação entre a posição do terceiro molar impactado 
e patologias associadas – Estudo retrospetivo em 
imagens CBCT

r e s u m o

Objetivos: Este estudo visa avaliar a correlação entre a posição do 

terceiro molar impactado e a incidência de patologias associadas 

através de uma análise imagiológica. Procura, igualmente, analisar 

a prevalência dessas patologias e a sua correlação com o sexo e a 

idade.

Métodos: Foram avaliados 585 exames imagiológicos de pacientes 

observados numa instituição portuguesa de ensino superior de 

medicina dentária, de onde se selecionaram 235 terceiros molares 

impactados. A análise e classificação da posição e das patologias 

associadas foi realizada através da observação de tomografias 

computorizadas de feixe cónico, recorrendo às classificações de 

Winter, Pell & Gregory e Ericson et al., utilizando o programa infor-

mático Planmeca Romexis. Os dados foram analisados no progra-

ma Statistical Package for the Social Sciences, recorrendo aos tes-

tes de qui-quadrado e exato de Fisher.

Resultados: Detetaram-se diferenças estatisticamente significati-

vas entre a incidência de patologia e a posição do terceiro molar. 

Segundo a classificação de Winter, a reabsorção radicular externa 

está associada à posição mesioangulada (p=0,001) e a diminuição 

de densidade óssea à distoangulada (p=0,051). De acordo com a 

classificação de Pell & Gregory, a reabsorção radicular externa está 

relacionada com a Posição C (p<0,001), a cárie com a Posição B 

(p<0,001) e a diminuição da densidade óssea com a Posição B 

(p=0,013) e a Classe II (p=0,021). A idade e o sexo influenciaram a 

cárie (p=0,006) e a diminuição da densidade óssea (p=0,065), res-

petivamente.

Conclusões: Este estudo permitiu concluir que há correlação 

entre a posição dos terceiros molares impactados e determina-

das patologias associadas, que podem ser influenciadas pela 

idade e pelo sexo. (Rev Port Estomatol Med Dent Cir Maxilofac. 

2025;66(x):xxx-xxx)
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