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ABSTRACT

Objective:  To determine the association between the position of 
impacted third molars and root resorption of adjacent second molars 
observed through cone-beam computed tomography in patients 
who attended a dental teaching center in Lima, Peru. Materials and 
methods:  A cross-sectional, retrospective, and observational study 
was conducted on 84 cone-beam computed tomography (CBCT) scans 
that met the selection criteria, evaluating 153 impacted third molars 
according to Winter’s classification and their respective adjacent second 
molars.  Results:  Impacted third molars were found predominantly 
among women (57.1%; n = 48) and in patients aged 16 to 25 (59.5%; 
n = 50), with a predominance of the mesioangular position (77.8%; 
n = 119) and mandibular location (81.0%; n = 124). External root resorp-
tion of the second molar was observed in 13.1% (n = 20) of the total cases, 
mostly in women (70.0%; n = 14) and in patients aged 16 to 25 (60.0%; 
n = 12). The most frequent location was the cervical third (60.0%; n = 12), 
and the degree of resorption was mostly mild (80.0%; n = 16). A statisti-
cally significant association was observed between impacted third molars 
and external root resorption of the adjacent second molar (p < 0.001), as 
well as between the latter and the position of the impacted third molar 
(p = 0.002). Conclusions: There is an association between the position 
of the impacted third molar and root resorption of adjacent second 
molars, with the mesioangular position presenting the highest risk.

Keywords: root resorption; impacted tooth; third molar; cone-beam 
computed tomography.
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INTRODUCTION 

Third molars are the most frequently impacted teeth 
and, due to their position and lack of space for eruption, 
they can cause various pathological complications, 
including root resorption of the second molar (1, 2). 
The prevalence of this pathology varies, with reports 
ranging from 8.5% to 15.8% (1, 3, 4).

External root resorption (ERR) is one of the patho-
logical processes that affects the second molar in the 
presence of an impacted third molar. It is characterized 
by the irreversible loss of dental hard tissue from the 
external root surface of a permanent tooth (5). This 
condition can occur in both mandibular and maxillary 
second molars and is influenced by the position and ori-
entation of the third molar. 

A study found that the frequency of ERR in second 
molars was 33.4% in the mandible and 14.0% in the 
maxilla, and concluded that this condition is more 
common in the mandible and that mesioangular and 
horizontally positioned molars present a higher risk 
(6-9). Using Winter’s classification, ERR occurred more 
frequently adjacent to horizontally impacted mandibular 
third molars (17.3%) (3). In addition, the prevalence of 
ERR was 18.4% in mandibular second molars, and this 
pathology should be suspected when there are horizon-
tal and mesioangular third molars (10). 

In Latin America, it has been reported that the preva-
lence of ERR in mandibular second molars was 47.7%, 
being significantly higher in male patients. Furthermore, 
it was indicated that the likelihood of the second molar 
being affected was 1.64 times greater when the third 
molar was impacted in a mesioangular position (11). 

For maxillary second molars, ERR occurred more fre-
quently when third molars were impacted in type D 
position (57%), according to Archer’s classification 
(12). Cone-beam computed tomography (CBCT)-based 
studies identified factors associated with higher ERR 
frequency, including maxillary location, mesioangular 
inclination, and contact between the second and third 
molars. It was concluded that the greatest risk of ERR 
was associated with maxillary second molars (13). When 
a maxillary third molar is impacted in a mesioangu-
lar position, clinicians should assess for ERR in the 
adjacent second molar, and consider CBCT imaging 
(14) to achieve better visualization and guide the clinical 
diagnosis. 

CBCT imaging can reveal both the presence and the 
extent of ERR in second molars (15). Several studies 
have assessed the extent of ERR in CBCT images using 
the criteria of Ericson et al. (19), classifying it as mild, 
moderate, or severe. These studies have also identi-
fied potential risk factors such as direct second–third 

molar contact, contact location, interdental angle, and 
third-molar inclination. Moreover, it is important to 
establish guidelines for the extraction of impacted third 
molars to prevent this pathology (8). In this regard, 
CBCT imaging may be recommended as a complement 
to conventional radiography when signs of contact with 
the mandibular canal are observed, or when overlap 
between the second and third molars appears in two-di-
mensional images. The decision to order CBCT should 
depend on whether the information obtained will alter 
the diagnosis and treatment plan (16). 

ERR of the second molar may be prevented through 
early extraction of mesioangular and horizontally 
impacted third molars. However, this decision should 
be based on a careful risk–benefit assessment (5, 9, 17), as 
the absence of clinical symptoms constitutes a significant 
limitation (5). Further CBCT-based research is needed 
for the diagnosis of this pathology to generate validated 
scientific evidence that supports clinical decision-mak-
ing and enables the establishment of appropriate and 
timely treatment plans. 

The objective of this study was to determine the associa-
tion between the positions of impacted third molars and 
the ERR of second molars observed on CBCT images of 
patients treated at a dental teaching center of a Peruvian 
university. 

MATERIALS AND METHODS

This study was a retrospective, cross-sectional obser-
vational study. All CBCT obtained from patients who 
attended the Dental Teaching Center of Universidad 
Peruana Cayetano Heredia (CDD-UPCH), San Martín 
de Porres campus, Lima, Peru were evaluated (from 
August 2023 to July 2024). Only images meeting the 
selection criteria were included. Inclusion criteria were 
the presence of at least one impacted third molar with 
an adjacent second molar, patients aged 16 to 55 years, 
and artifact-free scans allowing adequate visualization of 
second and third molars within the field of view. Exclusion 
criteria included: pathology associated with the impacted 
third molar, follicular space larger than 5 mm, second 
molars with prosthetic crowns or orthodontic appliances, 
extensive caries, cystic or tumoral processes, malforma-
tions of second or third molars, motion or beam-hard-
ening artifacts from metallic restorations, history surgery 
involving the second or third molar, and third molars 
with less than two-thirds root development.

Additionally, the principal investigator was trained in 
the use of the software by a specialist in Oral and Maxil-
lofacial Radiology (OMFR) from UPCH with more than 
10 years of experience. Subsequently, interobserver and 
intraobserver calibration were conducted for both the 
investigator and the specialist, using a random 10% of 
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eligible scans. In addition, a pilot study was performed 
using 10 CBCT images, in which 40 second molars 
were evaluated. All these procedures aimed to ensure 
the validity, reliability, and reproducibility of the results.

ERR of second molars and its relationship with impacted 
third molars were recorded and classified according to 
sex and age. ERR was defined as loss of dental hard 

tissue from the distal root surface of the second molar 
caused by contact with the adjacent third molar (18). 
Imaging criteria included a root surface hypodensity 
with contour discontinuity/irregularity and loss of 
dental structure, distinguishing ERR from distal caries 
(1, 11). Location (cervical, middle, or apical third) and 
the degree of involvement (mild, moderate, or severe) 
were recorded (19) (Figure 1).

Figure 1. Tomographic sections showing severe external root resorption in a maxillary second molar. Images obtained from the 
archives of the Oral and Maxillofacial Radiology Service of the Dental Teaching Center of UPCH.

Impacted third molars were observed in the CBCT 
scans, and their position was determined using 
Winter’s classification (20): mesioangular (the tooth’s 
longitudinal axis is inclined toward the second molar), 
distoangular (the third molar’s longitudinal axis is 
oriented distally or backward relative to the second 
molar’s longitudinal axis), horizontal (the third molar’s 
longitudinal axis is perpendicular to that of the second 
molar), and vertical (the third molar’s longitudinal axis 
is parallel to that of the second molar). In turn, their 
location was identified either in the maxilla or in the 
mandible. 

CBCT images were evaluated at the OMFR Service of 
the Dental Teaching Center of UPCH, beginning with 
multiplanar reconstruction (MPR) in axial, sagittal, 
and coronal sections, followed by 3D reconstruction, 
using Sidexis4 software on a Lenovo computer. Viewing 
conditions followed eye-strain reduction recommenda-
tions: 50-75 cm monitor distance and 30 s breaks every 
20 min focusing at ~10 m (21). 

Data were collected with a study-specific extraction 
form. Each CBCT volume was assigned a sequential 
code; no personally identifiable data were collected. The 
study was approved by the Institutional Research Ethics 
Committee (CIEI) of UPCH on March 4, 2025.

Finally, for variable analysis, absolute and relative fre-
quencies were calculated. Associations were assessed 
with Pearson’s chi-square test, considering a p-value 
<0.05 and a 95% confidence level.

RESULTS

Among patients with at least one impacted third molar, 
57.1% (n = 48) were female and 42.9% (n = 36) were 
male. By age group, the most frequent was 16 to 25 years, 
representing 59.5% (n = 50) of the total, followed by 
26-35 years with 27.4% (n = 23). The 36-45-year group 
accounted for 7.1% (n = 6), and the least frequent was 
the 46-55-year group with 6% (n = 5).

In total, 153 impacted third molars were identified. Of 
these, 77.8% (n = 119) had a mesioangular position, 15.7% 
(n = 24) a horizontal position, 5.2% (n = 8) a vertical 
position, and only 1.3% (n = 2) were in a distoangular 
position (Table 1). Most were mandibular with 81.0% 
(n = 124) and 19.0% (n = 29) were maxillary.

Table 1. Frequency of impacted third molars 
according to their position and location in the jaws. 

Impacted third molar n %

Position

Mesioangular 119 77.8

Distoangular 2 1.3

Horizontal 24 15.7

Vertical 8 5.2

Location

Maxilla 29 19.0

Mandible 124 81.0

Total 153 100.0
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ERR was present in 13.1% (n = 20) of second adjacent 
to impacted third molars (Table 2). Of these, 30.0% 
(n = 6) occurred in males and 70.0% (n = 14) in females. 
By age, the most affected group was 16–25 years (60.0%; 
n = 12), followed by 26–35 years (30.0%; n = 6), while 
the 36-45 and 46-55 age groups showed the lowest 
frequency (5.0% each; n = 1). ERR location was most 
frequently cervical (60.0%; n = 12), followed by middle 
(30.0%; n = 6) and apical thirds (10.0%; n = 2).

Regarding the severity of ERR in second molars as-
sociated with impacted third molars, mild resorption 
predominated among females (50.0%; n = 10), followed 
by moderate (10.0%; n = 2) and severe (10.0%; n = 2) 
degrees. In contrast, only mild ERR was found among 
males (30.0%; n = 6) (Table 3). In terms of age, the 16-
25-year group mainly presented mild (50.0%; n = 10) 
and moderate (10.0%; n = 2) ERR; the 26-35-year group 
showed mild (25.0%; n = 5) and severe (5.0%; n = 1) ERR; 
the 36-45-year group exhibited only severe ERR (5.0%; 
n = 1); and the 46-55-year group exclusively presented 
mild ERR (5.0%; n = 1). Regarding location, most ERRs 
in the cervical third were mild (55.0%; n = 11), followed by 
moderate (5.0%; n = 1). In the middle third, mild (20.0%; 
n = 4), moderate (5.0%; n = 1), and severe (5.0%; n = 1) 
ERR were observed. Finally, in the apical third, one mild 
(5.0%) and one severe (5.0%) ERR case were recorded.

Table 2. Frequency of external root 
resorption (ERR) in the second molars 

according to sex, age, and location. 

Second molar ERR n %

Absence 133 86.9

Presence 20 13.1

Sex

Male 6 30.0

Female 14 70.0

Age (years)

16-25 12 60.0

26-35 6 30.0

36-45 1 5.0

46-55 1 5.0

Location 

Cervical 12 60.0

Moderate 6 30.0

Apical 2 10.0

Total 20 100.0

Table 3. Degree of external root resorption (ERR) of second molars according to sex, age, and location.

Characteristic

Degree of ERR in the second molar
Total

Mild Moderate Severe

n % n % n % n %

Sex

Male 6 30.0 0 0.0 0 0.0 6 30.0

Female 10 50.0 2 10.0 2 10.0 14 70.0

Age (years)

16-25 10 50.0 2 10.0 0 0.0 12 60.0

26-35 5 25.0 0 0.0 1 5.0 6 30.0

36-45 0 0.0 0 0.0 1 5.0 1 5.0

46-55 1 5.0 0 0.0 0 0.0 1 5.0

ERR location

Cervical 11 55.0 1 5.0 0 0.0 12 60.0

Moderate 4 20.0 1 5.0 1 5.0 6 30.0

Apical 1 5.0 0 0.0 1 5.0 2 10.0

Total 16 80.0 2 10.0 2 10.0 20 100.0

A statistically significant association was found between 
impacted third molars and ERR in the associated second 
molars (p < 0.001) (Table 4). No significant differ-
ences were found by sex, age, or maxillary/mandibular 
location (p > 0.005). There was a significant association 

between ERR in the second molar and the position of 
the impacted third molar (p = 0.002), with the mesio-
angular position most associated, accounting for 85.0% 
(n = 17) of ERR cases.
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Table 4. Association between external root resorption (ERR) of the second molar 
and the impacted third molar according to sex, age, and location.

Characteristics

ERR of the second molar 

p-valueAbsence Presence

n % n % Total

Impacted third molars <0.001*

Absent 118 100.0 0 0.0 118

Present: 133 86.9 20 13.1 153

Sex 0.242

Male 109 43.4 6 30.0 115

Female 142 56.6 14 70.0 156

Age (years) 0.907

16-25 158 62.9 12 60.0 170

26-35 72 28.7 6 30.0 78

36-45 15 6 1 5.0 16

46-55 6 2.4 1 5.0 7

Location 0.744

Maxilla 116 46.2 10 50.0 126

Mandible 135 53.8 10 50.0 145

Position of impacted third molar 0.002*

Mesioangular 106 42.2 17 85.0 123

Distoangular 12 4.8 0 0.0 12

Horizontal 23 9.2 2 10.0 25

Vertical 110 43.8 1 5.0 111

* Statistically significant (p < 0.05). * Pearson’s chi-square test.

DISCUSSION

ERR can be identified as loss of hard dental tissue on the 
root surface, and CBCT is the most effective imagine 
modality for its detection (22). In fact, its use is recom-
mended in cases where third molars show superimpo-
sition with second molars on panoramic radiographs 
(2), as it significantly increases the detection rate of this 
condition (15). 

In this study, the frequency of third molar impaction was 
higher in females and in the 16-25-year-old age group. 
This finding is similar to that reported by Palomares et al. 
(23) and Gebeyehu et al. (24), who found a higher prev-
alence in females and in the 18-30-year-old age range. 
The higher proportion in females may reflect sex-re-
lated growth differences, as females complete growth 
earlier, around the time third molars begin to erupt (25). 
Furthermore, this condition is more common among 
young individuals, since in adulthood, there is usually 
more space available and molars tend to become upright 
(26). The mesioangular position was the most frequent, 

which is consistent with findings from other studies 
(25-28). This pattern could be attributed to delayed de-
velopment and maturation, the eruption pathway, and a 
lack of space. Additionally, impacted third molars were 
found predominantly in the mandible, which is con-
sistent with previous studies (29, 30) and is probably 
related to the limited space and skeletal growth con-
straints in the mandibular region.

With regard to ERR in second molars, this study found a 
frequency of 13.1%, a value that differs from other studies 
showing a prevalence ranging from 8.5% to 15.8% (1, 3, 
4). This variation may be due to methodological factors 
such as study design and sample selection. Regarding 
severity, mild ERR predominanted and was more 
frequent in females, which differs from the findings 
of Lacerda et al. (11) but is similar to those of Kou et 
al. (30). The latter observed a higher prevalence in the 
26-35-year-old age group, whereas in this study, it was 
in the 16-25-year-old group. These differences may be 
explained by hormonal changes and by the age range of 
the population analyzed. 
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Regarding location, ERR was mostly found in the 
cervical third, consistent with similar studies (5, 6, 11, 
17), possibly related to regional anatomical character-
istics. Finally, an association was observed between 
impacted third molars and the ERR of the adjacent 
second molar, with a higher frequency when the 
impacted third molar was mesioangular. This finding 
is consistent with previous studies (6, 11, 17) and may 
be due to the contact area between both teeth, which 
creates favorable conditions for greater resorption. 

The limited sample size is a study limitation; future 
research should expand the sample and include multiple 
academic centers. A strength of this study was the 
detailed classification of third-molar position and ERR 
severity. 

CONCLUSIONS

The highest frequency of impacted third molars was 
observed in females and in patients aged 16-25 years, 
predominantly mandibular and mesioangular. Although 
the overall prevalence of ERR in second molars associ-
ated with impacted third molars was low overall; it was 
more frequent in this subgroup with lesions mainly in 
the cervical third and predominantly mild. Finally, an as-
sociation was observed between impacted third molars 
and ERR in adjacent second molars, with mesioangular 
impaction showing the greatest impact. 

Conflicts of Interest:
The authors declare no conflict of interest. 
Funding:
Self-funded.
Ethics approval:
The study was approved by the Institutional Research Ethics Committee of the 
Universidad Peruana Cayetano Heredia, under Certificate CIEI-E-78-11-25.
Authorship contribution 
JTAS: conceptualization, methodology, writing. 
VERG: Methodology, writing, review.
Corresponding author:
Jenny Teresa Atuncar Salazar 
	jenny.atuncar@upch.pe

REFERENCES

1.	 Haddad Z, Khorasani M, Bakhshi M, Tofangchiha 
M, Shalli Z. Radiographic position of impacted 
mandibular third molars and their association 
with pathological conditions. Int J Dent [Internet]. 
2021; 2021: 8841297. Available from: https://doi.
org/10.1155/2021/8841297

2.	 Choi J. Risk factors for external root resorption 
of maxillary second molars associated with third 
molars. Imaging Sci Dent [Internet]. 2022; 52(3): 
289-294. Available from: https://doi.org/10.5624/
isd.20220401

3.	 Prasanna Kumar D, Sharma M, Vijaya Lakshmi G, 
Subedar RS, Nithin VM, Patil V. Pathologies asso-
ciated with second mandibular molar due to various 
types of impacted third molar: a comparative clinical 
study. J Maxillofac Oral Surg [Internet]. 2022; 21(4): 
1126-1139. Available from: https://doi.org/10.1007/
s12663-021-01517-0

4.	 Skitioui M, Jaoui D, Haj Khalaf L, Touré B. Mandib-
ular second molars and their pathologies related to 
the position of the mandibular third molar: a radio-
graphic study. Clin Cosmet Investig Dent [Internet]. 
2023; 15: 215-223. Available from:  https://doi.
org/10.2147/CCIDE.S420765

5.	 Velickovic S, Zivic M, Rajkovic Z, Stanisic D, Misic 
A, Vasovic M. Analysis of external root resorption 
of the second molar associated with an impaction 
of the third molar by the application of CBCT. Exp 
Appl Biomed Res [Internet]. 2021; 22(4): 343-349. 
Available from:  https://doi.org/10.2478/sjecr-
2019-0053

6.	 Sakhdari S, Farahani S, Asnaashari E, Marjani S. 
Frequency and severity of second molar external 
root resorption due to the adjacent third molar and 
related factors: a cone-beam computed tomography 
study. Front Dent [Internet]. 2021; 18: 36. Available 
from: https://doi.org/10.18502/fid.v18i36.7561

mailto:jenny.atuncar@upch.pe
https://doi.org/10.1155/2021/8841297
https://doi.org/10.1155/2021/8841297
https://doi.org/10.5624/isd.20220401
https://doi.org/10.5624/isd.20220401
https://doi.org/10.1007/s12663-021-01517-0
https://doi.org/10.1007/s12663-021-01517-0
https://doi.org/10.2147/CCIDE.S420765
https://doi.org/10.2147/CCIDE.S420765
https://doi.org/10.2478/sjecr-2019-0053
https://doi.org/10.2478/sjecr-2019-0053
https://doi.org/10.18502/fid.v18i36.7561


211 Rev Estomatol Herediana. 2025; 35(3): 205-212

Association between the position of impacted third molars and external root resorption

7.	 Smailienė D, Trakinienė G, Beinorienė A, Tutlienė 
U. Relationship between the position of impacted 
third molars and external root resorption of adjacent 
second molars: a retrospective CBCT study. Medicina 
[Internet]. 2019; 55(6): 305. Available from: https://
doi.org/10.3390/medicina55060305

8.	 Suter VG, Rivola M, Schriber M, Leung YY, 
Bornstein MM. Risk factors for root resorption of 
second molars associated with impacted mandibular 
third molars. Int J Oral Maxillofac Surg [Internet]. 
2019; 48(6): 801-809. Available from: https://doi.
org/10.1016/j.ijom.2018.11.005

9.	 Tassoker M. What are the risk factors for external 
root resorption of second molars associated with 
impacted third molars? A cone-beam computed to-
mography study. J Oral Maxillofac Surg [Internet]. 
2019; 77(1): 11-17. Available from:  https://doi.
org/10.1016/j.joms.2018.08.023

10.	 Elkassas R, Eiid S, El Beshlawy D. Frequency of 
external root resorption in mandibular second molars 
associated with mandibular impacted third molars 
in a sample of Egyptian population using CBCT: 
a cross-sectional study. Egypt Dent J [Internet]. 
2022; 68(1): 323-329. Available from: https://doi.
org/10.21608/edj.2021.89726.1740

11.	 Lacerda-Santos JT, Granja GL, Bento PM, Araú-
jo-Filho JCWP, Melo DP, Santos JA. Prevalence 
of second molar external root resorption caused 
by mandibular third molars: a CBCT study. Gen 
Dent [Internet]. 2023; 71(1): 58-63. Available 
from: https://pubmed.ncbi.nlm.nih.gov/36592361/

12.	 Yesiltepe S, Kılcı G. Evaluation the relation-
ship between the position and impaction level 
of the impacted maxillary third molar teeth and 
marginal bone loss, caries and resorption findings 
of the second molar teeth with CBCT scans. Oral 
Radiol [Internet]. 2022; 38(2): 269-277. Available 
from: https://doi.org/10.1007/s11282-021-00554-2

13.	 Keskin S, Koc A. Evaluation of risk factors for 
external root resorption and dental caries of second 
molars associated with impacted third molars. J 
Oral Maxillofac Surg [Internet]. 2020; 78(9): 1467-
1477. Available from:  https://doi.org/10.1016/j.
joms.2020.04.041

14.	 Li D, Tao Y, Cui M, Zhang W, Zhang X, Hu X. 
External root resorption in maxillary and mandib-
ular second molars associated with impacted third 
molars: a cone-beam computed tomographic study. 
Clin Oral Investig [Internet]. 2019; 23(12): 4195-
4203. Available from:  https://doi.org/10.1007/
s00784-019-02859-3

15.	 Moreira-Souza L, Oliveira LB, Gaêta-Araujo H, 
Almeida-Marques M, Asprino L, Oenning AC. 
Comparison of CBCT and panoramic radiography 
for the assessment of bone loss and root resorption 
on the second molar associated with third molar 
impaction: a systematic review. Dentomaxillofac 

Radiol [Internet]. 2022; 51(3): 20210217. Available 
from: https://doi.org/10.1259/dmfr.20210217

16.	 Naik V, Prakash S, Chuan NW, Nishanthisri, 
Ying OC. Frequency of recommending cone beam 
computed tomography in comparison to panoramic 
radiograph, while diagnosing a pathology/status of 
vital structures around mandibular impacted third 
molar. J Indian Acad Oral Med Radiol [Internet]. 
2022; 34(3): 314-319. Available from: https://doi.
org/10.4103/jiaomr.jiaomr_156_21

17.	 Gürses G, Akçakaya A, Aktı A, Aydin O. The effect of 
impacted third molars on second molar external root 
resorption, a cross-sectional cone beam computed 
tomography study. Med Oral Patol Oral Cir Bucal 
[Internet]. 2023; 28(6): e504-e511. Available 
from: https://doi.org/10.4317/medoral.25860

18.	 Al-Khateeb TH, Bataineh AB. Pathology associated 
with impacted mandibular third molars in a group 
of jordanians. J Oral Maxillofac Surg [Internet]. 
2006; 64(11): 1598-1602. Available from:  https://
doi.org/10.1016/j.joms.2005.11.102

19.	 Ericson S, Bjerklin K, Falahat B. Does the canine 
dental follicle cause resorption of permanent incisor 
roots? A computed tomographic study of erupting 
maxillary canines. Angle Orthod [Internet]. 2002; 
72(2): 95-104. Available from:  https://angle-or-
thodontist.kglmeridian.com/view/journals/
angl/72/2/article-p95.xml

20.	Winter GB. Impacted Mandibular Third Molar. St. 
Louis: American Medical Book; 1926.

21.	 García-Lallana A, Viteri-Ramírez G, Saiz-Men-
diguren R, Broncano J, Dámaso J. [Ergonomics of 
the workplace in radiology]. Radiología [Internet]. 
2011; 53(6): 507-515. Available from: https://doi.
org/10.1016/j.rx.2011.06.007 Spanish.

22.	Deliga ÂG, Westphalen FH, Schröder JC, Fernandes 
Â, Westphalen VP. Accuracy of digital periapical 
radiography and cone-beam computed tomography 
for diagnosis of natural and smulated external root 
resorption. J Endod [Internet]. 2018; 44(7): 1151-
1158. Available from:  https://doi.org/10.1016/j.
joen.2018.03.011

23.	 Palomares SL, Serna MK, Manrique K. [Third 
molar impaction position in Peruvian adults]. 
Kiru [Internet]. 2021; 18(3): 153-159. Available 
from: https://doi.org/10.24265/kiru.2021.v18n3.04 
Spanish.

24.	Gebeyehu T, Abaynew Y. Prevalence and patterns 
of third molar impaction among Ethiopians in 
Addis Ababa: a retrospective pilot study. Sci Rep 
[Internet]. 2024; 14: 8952. Available from: https://
doi.org/10.1038/s41598-024-59821-x

25.	Hashemipour MA, Tahmasbi-Arashlow M, Fa-
himi-Hanzaei F. Incidence of impacted mandibular 
and maxillary third molars: a radiographic study in a 
Southeast Iran population. Med Oral Patol Oral Cir 
Bucal [Internet]. 2013; 18(1): e140-e145. Available 
from: https://doi.org/10.4317/medoral.18028

https://doi.org/10.3390/medicina55060305
https://doi.org/10.3390/medicina55060305
https://doi.org/10.1016/j.ijom.2018.11.005
https://doi.org/10.1016/j.ijom.2018.11.005
https://doi.org/10.1016/j.joms.2018.08.023
https://doi.org/10.1016/j.joms.2018.08.023
https://doi.org/10.21608/edj.2021.89726.1740
https://doi.org/10.21608/edj.2021.89726.1740
https://pubmed.ncbi.nlm.nih.gov/36592361/
https://doi.org/10.1007/s11282-021-00554-2
https://doi.org/10.1016/j.joms.2020.04.041
https://doi.org/10.1016/j.joms.2020.04.041
https://doi.org/10.1007/s00784-019-02859-3
https://doi.org/10.1007/s00784-019-02859-3
https://doi.org/10.1259/dmfr.20210217
https://doi.org/10.4103/jiaomr.jiaomr_156_21
https://doi.org/10.4103/jiaomr.jiaomr_156_21
https://doi.org/10.4317/medoral.25860
https://doi.org/10.1016/j.joms.2005.11.102
https://doi.org/10.1016/j.joms.2005.11.102
https://angle-orthodontist.kglmeridian.com/view/journals/angl/72/2/article-p95.xml
https://angle-orthodontist.kglmeridian.com/view/journals/angl/72/2/article-p95.xml
https://angle-orthodontist.kglmeridian.com/view/journals/angl/72/2/article-p95.xml
https://doi.org/10.1016/j.rx.2011.06.007
https://doi.org/10.1016/j.rx.2011.06.007
https://doi.org/10.1016/j.joen.2018.03.011
https://doi.org/10.1016/j.joen.2018.03.011
https://doi.org/10.24265/kiru.2021.v18n3.04
https://doi.org/10.1038/s41598-024-59821-x
https://doi.org/10.1038/s41598-024-59821-x
https://doi.org/10.4317/medoral.18028


212 

Atuncar JT & Ruiz VE

Rev Estomatol Herediana. 2025; 35(3): 205-212

26.	González L. [Anatomo-radiographic charac-
teristics of third molars in senior high school 
students]. Rev Cubana Estomatol [Internet]. 
2019; 56(2): e1722. Available from:  http://
www.scielo.sld.cu/scielo.php?script=sci_arttex-
t&pid=S0034-75072019000200005 Spanish.

27.	Hesam A, Samimi SM, Ghorbani R. Molar impaction 
patterns and skeletal malocclusions. J Craniomax 
Res [Internet]. 2022; 8(4): 178-186. Available 
from: https://doi.org/10.18502/jcr.v8i4.11072

28.	Passi D, Singh G, Dutta S, Srivastava D, Chandra 
L, Mishra S, et al. Study of pattern and prevalence 
of mandibular impacted third molar among Del-
hi-National capital region population with newer 

proposed classification of mandibular impacted 
third molar: a retrospective study. Natl J Maxillo-
fac Surg [Internet]. 2019; 10(1): 59-67. Available 
from: https://doi.org/10.4103/njms.NJMS_70_17

29.	Alfadil L, Almajed E. Prevalence of impacted 
third molars and the reason for extraction in 
Saudi Arabia. Saudi Dent J [Internet]. 2020; 32(5): 
262-268. Available from: https://doi.org/10.1016/j.
sdentj.2020.01.002

30.	Kou Z, Zhang W, Li C, Zhang Y, Song Z, Zou Y, et 
al. A prediction model for external root resorption 
of the second molars associated with third molars. 
Int Dent J [Internet]. 2025; 75(1): 195-205. Available 
from: https://doi.org/10.1016/j.identj.2024.09.031

http://www.scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0034-75072019000200005
http://www.scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0034-75072019000200005
http://www.scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0034-75072019000200005
https://doi.org/10.18502/jcr.v8i4.11072
https://doi.org/10.4103/njms.NJMS_70_17
https://doi.org/10.1016/j.sdentj.2020.01.002
https://doi.org/10.1016/j.sdentj.2020.01.002
https://doi.org/10.1016/j.identj.2024.09.031

