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Objective: The aim of this study was to determine the prevalence of mandibular third molar malposition and its impact in relation to 
the lower second molar using panoramic radiography.
Methods and Materials: This was a cross-sectional descriptive study of 353 panoramic images of patients who visited the Dental 
Clinic of the International University of Rabat. Panoramic images were analyzed in order to determine the number of second molar 
pathologies associated with the positions of third molars. The following radiographic lesions on the second molar were recorded: 
caries, root resorption and distal alveolysis. The Chi-square test was used to assess the association between different variables.
Results: Of these 353 radiographies, 169 were males, ie, 48%, and 184 were females, ie, 52%. The age range was from 18 to 63 years. The 
prevalence of the impacted position of the lower third molar was noted in 60%. Distal caries on the second mandibular molar was present in 
47.5% of instances having an impacted third molar. Caries was present in 65.5% of wisdom teeth in a normal position and was also present in 
79.6% of the impacted teeth. This difference was statistically significant with p = 0.01. The angulation of the third molar is a factor of caries of 
the second molar: 58.56% of them were carious. Of all the teeth in association with an angulation, 72.03% showed distal alveolysis in the second 
molar. In addition, root resorption was found in 20.4% of second molars linked to a wisdom tooth in all angulation occurrences.
Conclusion: It has been noted that among the pathologies seen on the mandibular second molar, distal alveolysis accounts for the 
majority of cases (58%), followed by caries (47.5%) and root resorption (13.3%). This study illustrated the importance of performing 
Orthopantomogram X-rays at each new consultation in patients over the age of 18.
Keywords: impacted, partially-erupted, panoramic radiography, mandibular third molar, root resorption, caries, alveolysis, prevalence

Introduction
The mandibular third molar can undergo several accidents during its evolution, dominated by infectious accidents. Its pathological 
position creates both local and regional complications.1 By its pathological position and by the accidents of evolution, the third 
mandibular molar is the cause of the appearance of several pathologies at the level of the adjacent teeth. The second mandibular 
molar then experiences the onset of pathologies such as caries at the distal level, distal periodontal bone lysis as well as root 
resorption. The occurrence of these pathologies at the level of the lower second molar led us to want to carry out a study which 
would demonstrate their frequency by being associated with partially impacted or erupted wisdom teeth. To date, several studies 
have been conducted on the development of pathologies associated with mandibular third molars in different populations.2–4 One 
of the most common pathologies is the distal caries of the second molar, Chen et al conducted a study where they find an overall 
prevalence of 31.6% when it is related to the position of the mandibular third molar. In fact, distal caries was more severe when the 
mesial angulation of the third molar was between 16° and 75°.5 In Syed et al study, a total of 979 patients had impacted third 
molars. A prevalence of 39% of patients with impacted third molars had distal cervical caries in the second molar. Mesioangular 
impaction was the most important type.6 Another study was made by Dias et al to assess and compare second molar bone loss 
adjacent to impacted mandibular third molar and the outcomes showed that mesioangular and horizontal third molars had 
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a statistically significant association with bone loss of the adjacent second molars (p < 0.05).7 In the other hand, Smailienė et al 
study showed that mesioangular and horizontal positions of third molars had the strongest association with external root resorption 
(50% and 84.2%, respectively). Nonetheless, impacted third molars in vertical and distoangular positions also tended to cause 
external root resorption (23.6% and 6.9%, respectively).8 However, few investigations have been carried out on the Moroccan 
population. The objective of this radiographic study was to evaluate the prevalence of second molar pathologies and their 
association to the position of the mandibular third molar.

Materials and Methods
This descriptive study was conducted cross-sectionally on panoramic radiographs of Moroccan subjects. Patients signed consent 
forms stating that their radiographs could only be used for educational and research purposes and that their identities would be kept 
anonymous. The International Faculty of Dental Medicine of Rabat – International University of Rabat’s Research Ethics Board 
gave its approval to the study, which was carried out in accordance with the Declaration of Helsinki (CUMD/FIMD 003/20/22/ 
Approval/2019). The X-ray images were obtained at the dental clinic of the International University of Rabat. The image quality 
of the panoramic digital X-rays and traditional X-rays at the site supported the selection. The patients’ ages and sexes are listed in 
the radiographic record. The radiographs were carried out in accordance with radiography guidelines in accordance with the 
ICRP’s (the International Commission on Radiological Protection) recommendations, taking into account the safety of the 
subjects and the radiographic operators. An X-ray machine made by the company KAVO was used to take panoramic images. An 
experienced radiology technician followed the manufacturer’s instructions when taking the radiographs. Digital Imaging and 
Communications in Medicine, or DICOM format, was used to export the images. RADIANT®, a DICOM image reading 
software, was used to read the images and perform the morphometric analysis on a computer.

In this study, the inclusion criteria were as follows: Moroccan patients over the age of 18. The selected panoramic 
radiographies had to be of good quality and show mature lower third molars, ie, with complete root development. The 
patient’s date of birth and sex had to be recorded on the subject’s X-ray or on the patient’s chart. This information was noted 
and saved to an EXCEL file. Selected panoramic radiographies had to include both lower second and lower third molars. 
The left side was the preferred side, otherwise the right side. All images presenting artefacts of movements, anatomical and 
metallic superpositions incompatible with the reading of anatomical structures were not retained. Low-quality panoramic 
radiographies as well as those showing mandibular third molars with incomplete root formation were excluded from the 
study. The analysis of OPGs x-ray (Orthopantomograms x-ray) was to determinate prevalence of malpositions of the 3rd 
mandibular molar, the tilt angle of the 38 or 48 compared to 37 or 47, respectively, the pathologies associated with the 37 or 
47 (cavities, radicular resorption, alveolysis) and to identify the pathologies of the 38 or 48.

The third molar was defined as partially impacted or partially erupted when it has partially broken through the gum tissue but 
still partially underlying. When an impacted tooth is clinically visible, which means partially erupted, its long axis is almost always 
angulated when compared with that of the neighboring teeth.9 Primarily, impacted mandibular third molars were identified in the 
OPG. Subsequently, the following radiographic lesions were recorded on the OPGs: caries in the impacted and the adjacent tooth, 
periodontal bone loss on the distal side of the mandibular second molar, and resorption of the root of the adjacent tooth.

The diagnosis of pathologies linked to partially impacted third molars in the mandible was made as follows: dental 
caries manifests as radiolucency that causes the enamel to lose its normal homogeneity, and as the lesion moves closer to 
the dentino-enamel junction (DEJ), the DEJ line loses continuity in the area. On the OPG, root resorption of the tooth 
next to the impacted third molar was clearly seen as a loss of material in the second molar’s root as a result of direct 
contact between the teeth. From the enamel-cement junction to the marginal bone level, a distance of over 5mm was used 
to quantify the periodontal bone loss of the second molar’s distal portion.

Two examiners analyzed the radiographies. To avoid any intra-examiner variability, calibration was first performed on 30 
random x-rays. Reproducibility was calculated by reassessment of 15 selected panoramic radiographies out of 30 radiographies 
over a 10-day interval. Cohen’s kappa was calculated for the degree of inter-examiner and intra-examiner agreement. The 
computer tools of the RADIANT DICOM reader software Version 2021.1 evaluated the inclination angles of the third molar.

The factors looked at were the third molar’s computed angle of inclination with respect to the second molar, as well as 
its normal, impacted, or partially erupted anatomical position. Using the WINTER categorization,10 the angulation 

https://doi.org/10.2147/CCIDE.S420765                                                                                                                                                                                                                               

DovePress                                                                                                                          

Clinical, Cosmetic and Investigational Dentistry 2023:15 216

Skitioui et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


between the long axes of the neighboring second molar and the mandibular third molar was measured to determine the 
inclination angle as follows:

(I) Vertical position: 0° to 10°
(II) Mesioangular position: 11° to 79°

(III) Horizontal position: 80° to 100°
(IV) Distoangular position: −11° to −79°
(V) Other: 111° to −80°

(VI) Buccolingual position

The classification of unusual angulations such as “mesio-inverted”, “distortion-inverted” and “distortion-horizontal” were 
combined and designated as “other”.

OPG revealed cavities in either the third molar or the adjacent second. The distal alveolysis of the second molar was 
indicated by the presence of a radiolucent image replacing the lamina dura, initially radiopaque. Root resorption was 
objectified by the presence of a radiolucent image on the distal root of the second molar in relation to the crown of the 
embedded or impacted third molar.

Statistical Analysis
Software called JAMOVI was used to do the statistical analysis. Results for the quantitative variables were presented as 
means ± with standard deviation, while those for the qualitative variables were presented as counts and percentages. To 
evaluate the relationship between qualitative variables, the Chi-square test was applied. In order for the findings to be 
deemed statistically significant, the p-value had to be less than 5% (p < 0.05). Strong inter-examiner agreement was 
found, as evidenced by a 0.86 Cohen’s kappa coefficient. The reproducibility of examiner number 1 was almost perfect as 
well as that of the second examiner (pending thesis) with Kappa Cohen values of 0.9 and 0.85, respectively.

Results
A total of 353 panoramic radiographs of 184 (52%) women and 169 (48%) men were retained. The average age was 32.2 
± 9.87 years old. The minimum age was 18, and the maximum was 63. The most present age group was that of 26–35 
years (38.5%, n = 134), then 18–25 years (31.5%, n = 112), followed 36–45-year old (18.1%, n = 64), then 46–55-year 
old (8.5%, n = 30) and finally 56–65-year old (3.7%, n = 13). According to the status of the mandibular third molar, 40% 
(n = 142) showed a normal position and 60% (n = 211) an impacted position. The impacted position of the mandibular 
third molar was as equal in women (n = 110) as in men (n = 101). There is no significant difference p = 0.99.

The mesio-angulation position was the most present (38.5%, n = 71) in the female sex, followed by the vertical 
position (32%, n = 59) then the disto-angulation (18.5%, n = 34), finally the horizontal position (11%, n = 20). In the 
other hand, the mesio-angulated position prevailed (46%, n = 78), then the vertical position (29%, n = 49), after the 
horizontal and disto-angulated position presenting the same percentage (12.5%, n = 21) (Table 1). There was no 
statistically significant difference between the relationship between angulation and patient sex p = 0.33.

Caries on tooth 37 were more frequent if tooth 38 was in a partially impacted position compared to the normal 
position. Caries was present in 65.5% (n = 93) of all wisdom teeth in a normal position (n = 142) and was present in 
79.6% (n = 168) of the 211 impacted teeth. This difference was statistically significant with p = 0.01. The presence of 
bone loss was associated with the position of the mandibular third molar. Alveolysis was more noted when the third 
molar was impacted in 97% of cases (n = 205), than when it presented a normal position in 37% of cases (n = 53). The 
difference was statistically significant with p < 0.01. Distal root resorption in the second mandibular molar was more 
important at the level of the partially impacted teeth with 20.37% of cases (n = 43) unlike teeth associated with a wisdom 
tooth in normal position with 2.8% (n = 4). The statistical difference was significant with p < 0.01 (Table 2).

The presence of caries was detectable in all age groups: beyond 25 years, more than a third of the teeth were decayed. 
The highest caries percentage was in the age groups 26–35 years (62.5%) and 46–55 years (56.66%). Regarding bone 
lysis, a gradient according to age was observed. The older the patient, the higher the prevalence. It was 46.26% for 18– 
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25-year old and 76.69% for 56–65-year old. For root resorption, analysis with age did not reveal any particularities. 
However, it was more frequent in younger patients (Table 3).

Caries pathology was detected in 168 second molar: 90 in men (53.6%) and 78 in women (46.4%). Among the 168 
decayed teeth, 100 are related to an impacted wisdom tooth and 68 are not related to it. Cavities in the mandibular second 
molar were most prevalent when it comes to teeth associated with a mesio-angulated third molar position: 58.5% (n = 65) 
of (n = 111), followed by those associated with teeth in a vertical position with 44.45% (n = 8) of cases (n = 18), then 
those in a horizontal position with 39% (n = 16) and finally those in disto-angulation with 26.82% (n = 11) of cases n = 
41 (Table 4).

Concerning distal alveolysis of the second mandibular molar, it was found in 58% (n = 205) of the entire sample 
(353): 49.8% (n = 102) were men and 50.2% (n = 103) women. This is the most important pathology among all the three 
studied. Alveolar bone lysis distal to 37 was noted in 72% (n = 152) of cases associated with the impacted third molar 
with a significant association p = 0.01. Mesio-angulation was strongly associated with distal alveolysis of second molars, 
with a p = 0.001. Teeth associated with a horizontal mandibular third molar presented the highest rate of distal 
periodontal alveolysis (87.8%), followed by the mesio angulated (85.6%) of the cases (n = 111) then the position 
vertical (55.5%) and finally the disto-angulated (26.8%) (Table 5).

Table 1 Distribution of the Third Mandibular Molar 
Position According to Gender

Tooth 38 
Position

Gender Total

Male Female

Vertical n=49 n=59 108

29% 32% 31%

Mesio-angulation n=78 n=71 149

46% 38.5% 42%

Horizontal n=21 n=21 42

12.43% 11.41% 11.9%

Disto-angulation n=21 n=34 54

12.5% 18.5% 15%

Total n=169 n=184 353

47.8% 52.2% 100%

Table 2 Pathologies of the Mandibular Second Molar

Pathologies on 
Tooth 37

Tooth 38 Position

Normal  
(n=142)

Impacted  
(n=211)

Caries n 93 168
% 65.5 79.6

Periodontal bone loss n 53 152
% 37 97

Root resorption n 4 43

% 2.8 20.4
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Regarding root resorption of the second mandibular molar, it was found in 13% (n = 47 radiographs) of the entire 
sample (353), including 51% (n = 24) of men and 49% (n = 23) of women. This is the least common pathology in 
the second mandibular molars. Resorption was most observed in teeth with a horizontal position (36.5%), then teeth in 
the mesio angulation position (24.3%) and finally those in disto angulation (2.43%) (Table 6).

The most present pathological profile of the third mandibular molar was caries with 24% (n = 86) followed by cystic 
pathologies with 11% (n = 40 affected teeth) and finally tumor images in only 2 teeth or 0.5% (Table 7).

Table 5 Association Between the Angulation of 38 
and Distal Bone Alveolysis of 37/47

Wisdom Tooth  
Angulation (n=211)

Alveolysis

n %

Mesio-angulation (n=111) 95 85.6

Vertical (n=18) 10 55.5

Horizontal (n=41) 36 87.8

Disto-angulation (n=41) 11 26.8

Total 153 72.03

Table 4 Angulation of 38 and Presence of 
Caries on the Second Molar 37/47

Wisdom Tooth  
Angulation (n=211)

Cavities (n=100)

n %

Mesio-angulation (n=111) 65 58.5

Vertical (n=18) 8 44.45

Horizontal (n=41) 16 39

Disto-angulation (n=41) 11 26.82

Total 100 47.5

Table 3 The Distribution of Pathologies According to Age Groups

Age Range Second Molar Pathology

Caries Bone Lysis Root Resorption

n % n % n %

18–25 (n=134) 48 35.82 62 46.26 16 11.94

26–35 (n=112) 70 62.5 78 69.64 14 12.5

36–45 (n=64) 29 45.31 35 54.68 12 7.81

46–55 (n=30) 17 56.66 20 66.68 2 3.33

56–65 (n=13) 4 30.76 10 76.68 3 7.69

Total 168 79.6 205 97 47 27.98
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Discussion
This study demonstrated that the prevalence of partially impacted mandibular third molar was 60%. Impaction was as 
equal for both sexes. However, in Bjôrk et al study, they determined the prevalence of mandibular third molars in 
inclusion, enclavement (partially erupted) or non-evolution cases: The study was carried out on 237 Swedish male dental 
students with complete dental arches and ranging in age from 19 to 30 years old. The study showed that the frequency of 
impacted, retained or enclaved (partially erupted) mandibular third molars would be around 15 to 25% compared to all 
mandibular third molars as well as among all impacted, enclaved or retained teeth, the third mandibular molars 
represented between 55 and 60% of the cases.11

The study of the angulation of impacted or enclaved third molars according to the Winter scale showed that the 
mesio-angulated position was the most present with 46% of cases. According to Kaka et al,12 in mesio-angulation, the 
ectopic third molar is the most frequently encountered. This would be due to the eruption trajectory of the mandibular 
third molars. The wisdom tooth is slightly tilted mesially, due to the thickness of the bone distally and the straightening 
curve, this predominance of mesio-angulation can also be justified by a delay in development and maturation and the lack 
of space in old age.13 The results of this study were similar to data obtained from studies conducted in some countries as 
United States,14 China,15 Thailand and Spain,16 where the most common type was also mesio-angulation.

In this present study, 47.5% of radiographs showed caries in the distal of the mandibular second molar in cases 
associated with an impacted third molar. The angulation of the latter is also an aggravating factor of caries of the second 
molar: on 111 teeth in mesio-angulation, 65 were decayed. Moreover, in previous studies, the prevalence rate of distal 
caries on the second molar adjacent to an impacted mandibular third molar has been shown to range from 6% to 55%.2 In 
Chen et al study, the prevalence of distal caries in the adjacent second molar associated with the third molar was 31.6%,5 

which was higher than that in some previous studies.17–20 This variability can be linked to cultural and socio-economic 

Table 6 Association Between the Angulation of 38 
and the Presence of Root Resorption of 37/47

Wisdom Tooth  
Angulation (n=211)

Root Resorption

n %

Mesio-angulation (n=111) 27 24.3

Vertical (n=18) 0 0

Horizontal (n=41) 15 36.5

Disto-angulation (n=41) 1 2.43

Total 43 20.4

Table 7 Pathological Profile of the Mandibular 
Third Molar

Pathology Yes No Total

Cavity n 86 267 353

% 24 76 100

Dentigerous cyst n 40 313 353

% 11 89 100

Tumor pathology n 2 351 353

% 0.5 99.5 100
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factors, but also to the age of the patient. Tooth angulation can also play a role in ratio differences. According to Altan 
et al,2 it was shown that 31.7% of the second molars were carious in the presence of a third molar in mesio angulation 
contrary to the vertical position of the third molar which represented only 5% of the totality. Based on Pepper et al 
study,21 The distal surfaces of 59/1414 (4.2%) mandibular second molars were carious. This was 4% greater when they 
were connected to a mandibular third molar that was partially erupted as opposed to one that was fully erupted or missing 
(29/414 (7%) vs 30/1000 (3%); p = 0.001). 22/133 mandibular second molars (16.5%) that were close to 
a mesioangularly impacted third molar had carious lesions in the distal side. Additionally, the third molar can be 
extracted to lower the incidence of caries in second molars that are accompanied by a partially erupted mesioangular 
mandibular third molar.21

The presence of mandibular wisdom teeth is a risk factor of alveolysis in the distal side of the second molar, this risk 
is much higher when it is angulated in a mesio position. Thus, we found 72.03% (n = 152) of mandibular second molars 
had distal alveolysis when it comes to a partially erupted third adjacent molar. The study by Blakey et al22 revealed that 
25% of those with asymptomatic third molars have severe periodontal disease in the area of the third molars connected to 
the distal of second molars. According to Qu et al,23 whatever the conditions, the presence of the mandibular third molar 
is a risk factor for the appearance of periodontal pathologies in the second molar.

The recent studies revealed that in the case of third molar impaction, in more than 90% of cases, there was a contact 
between the crown of the impacted third molar and the adjacent second molar, and consequently, this may result in root 
resorption of the second molar.8 In this study, the impaction of the third molar caused root resorption in 13% of all cases. 
It was detected in 20.4% of mandibular second molars associated with a partially erupted wisdom tooth. This pathology 
was the most present in the second molars associated with the mandibular third molars in a mesio-angulated position. 
A study carried out at the Dental University of Kosovo showed that out of all the cases studied including maxillary and 
mandibular radiographic analysis, 23.7% of the cases, of which 18.4% at the mandibular level, presented a distal root 
resorption in the adjacent tooth. The results were much higher than the majority of other studies but are almost in line 
with the results we obtained.24 Besides, the study carried out by Chu et al in Hong Kong reported a percentage of 0.4% 
resorption present in all 3000 cases analyzed.25 Another study by van Der Linden et al reporting a prevalence of 0.9% of 
2872 impacted third molars.26 Furthermore, in another study by Ahlqwits et al, among the 121 impacted molars studied, 
only one case of root resorption was observed.27 The variability of the results concerning the pathology analyzed can be 
explained by the diversity of the denomination given to the term bone resorption. In some studies, this has been defined 
as discontinuity and irregularity of the root surface while in others it has been more defined as a clear loss of root 
substance from the root.

Study Limitations
Low sensitivity of panoramic images to detect caries pathologies, root resorption and bone lysis were a real limitation 
during the study. The selection of X-rays was based on the use of digital panoramic radiographs instead of analog ones. 
That choice was supported by an almost 60% shorter exposure time when taking photos X-rays, as well as the 
possibility for the computer to save images. The storage of analog panoramic radiographs and the image quality, which 
is dependent on the chemical treatment of the film, had a great impact on the analysis of the radiographs and could 
affect the reproducibility of the results. Moreover, the absence of clinical information such as visual clinical 
examination, periodontal probing as well as the absence of clinical symptomatology formed a bias on the reliability 
of the data.

Conclusion
Assessing the prevalence of pathologies linked to partially erupted or impacted wisdom tooth in a specified population 
makes it possible to establish a model to compare various regions and populations of the world, thus facilitating 
procedures for the prevention and anticipation of such cases as well as accomplishing effective treatment.

By this study, it was able to highlight the pathologies of the mandibular second molar caused by the pathological 
position of the third molar as well as the importance of the panoramic radiographs in the detection of these and in the 
study of the relationship between the two adjacent molars.
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