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Article 
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Abstract: Mandibular third molar is the most frequently impacted tooth. Mandibular third molar impaction 
bears consequences on the adjacent mandibular second molar (MSM) like bone loss. It can be identified initially 
using orthopantomography (OPG). The objective is to compare the changes in the bone level distal to MSM 

between patients with extracted and non-extracted impacted mandibular third molars (IMTM) using OPG. In 
this retrospective case-control study, 160 archived (OPGs) of 80 patients visiting the Dental Hospital of the 
University of Barcelona (HOUB) were randomly selected. The participants were stratified into two groups. The 
study group involved measuring the bone level distal to the mandibular second molar before and after the 
extraction of the IMTM. The control group, on the other hand, had bone levels measured twice within 3–6-
month period without the extraction of the IMTM. The mean ages of patients in study and control groups were 
35.5 ± 15.45 and 33 ± 16.49, respectively. Study group demonstrated significant (p < 0.05) bone gain after 
extraction, whereas control group demonstrated significant bone loss (p < 0.0001) after follow-up. Bone 
improvements were observed distal to the mandibular second molar after the extraction of the IMTM 
compared to those in control group. 

Keywords: impacted mandibular third molar; bone loss; mandibular second molar; panoramic radiography 
 

1. Introduction 

The term “erumpere,” which means “to erupt,” refers to the movement of a developing tooth 
from its non-functional position to its corresponding functional and anatomical position in the dental 
arch [1]. However, for several reasons, some teeth fail to undergo this physiological process, leading 
to partial or complete tooth impaction [1]. An unerupted tooth is defined as one that remains 
embedded within the jawbone, is covered by gingival tissue, and may be partially or entirely covered 
by bone. Nevertheless, the tooth is expected to erupt and come into occlusion based on the clinical 
and radiographic findings [2]. A partially erupted tooth is defined as one that does not fully erupt 
into its normal position but can still be seen in the oral cavity. The term tooth impaction signifies that 
the tooth is obstructed from fully erupting into the oral cavity due to the blockage of the eruption 
path or a lack of space [3]. Third molars, followed by maxillary canines, are the most frequently 
impacted teeth routinely encountered in dental practice [3]. The frequency of a mandibular third 
molar impaction is influenced by factors such as facial skeleton, gender, age, and ethnic group [4]. 
Breik and Grupor [4] reported a higher incidence of mandibular third molar impaction in individuals 
with a dolichofacial pattern (vertical growth; facial axis angle, <87) and in females (43%) compared 
to males (45%). On the contrary, Padhye et al. [5] observed a higher prevalence of third molar 
impaction in males (51.77%) than in females (48.33%). In the study KalaiSelvan et al. [6], they reported 
a prevalence of 45.8% in the Tamil population while Prajapati et al. [7] reported a higher prevalence 
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of impacted mandibular third molars (IMTM) among females aged 21–30. The worldwide prevalence 
of impacted third molars is 24% [11]. 

Several reasons, both systemic and local, contribute to tooth impaction. Systemic conditions, 
such as nutritional deficiencies, vitamin D insufficiency, anemia, rickets, Down’s syndrome, genetic 
factors, endocrine disturbances, various syndromes, and infectious diseases, play a significant role in 
tooth impaction [8]. Local factors that can hinder eruption and lead to impaction include premature 
loss of deciduous teeth, traumatic conditions, ankylosed teeth, inflammatory and pathological 
conditions, and insufficient space in the dental arch [1,8].  

Different imaging modalities, including conventional radiography and advanced three-
dimensional imaging, are used in dental practice. The initial screening of the oral cavity-related 
abnormalities is done using periapical and panoramic radiography. Intraoral periapical radiography 
is used whenever it is possible to position the radiographic sensor inside the oral cavity. This 
technique provides a sharp and detailed image of the impacted tooth and its relation to the inferior 
alveolar canal [9]. The tube shift technique can be used to determine the relationship of the tooth to 
the inferior mandibular nerve [9]. However, due to difficulties in positioning the device, panoramic 
radiography is more convenient to use [10]. The orthopantomogram (OPG) provides the advantage 
of viewing the structures of the mandible, maxilla, and facial bone in a single broad image. It is 
beneficial for identifying different pathological conditions, assessing carious and fractured teeth, 
detecting dental anomalies, and determining the presence of impacted teeth and pathologies [2]. 
However, there are several drawbacks linked to the panoramic radiography technique, including 
overlapping, magnification, blurred images, metal artifacts, and errors related to patient positioning 
and image acquisition [10]. Therefore, the need for more accurate three-dimensional diagnosis has 
led to the introduction of cone-beam computed tomography (CBCT). CBCT is considered superior to 
conventional panoramic radiography because it portrays structures in a three-dimensional view [11]. 

However, the routine use of CBCT in dental practice is controversial and limited to the patient’s needs 
due to the higher radiation doses than conventional dental radiography [11]. The radiation doses 
resulting from a full field-of-view dental CBCT scan are reported to be 4–42 times higher than the 
dose from an OPG [12]. Thus, it is necessary to implement the ALADA (as low as diagnostically 
acceptable) concept, which has replaced the previous ALARA (as low as reasonably acceptable) 
concept, to control the use of CBCT [13]. 

Hence, this study aims to compare the changes in bone level between patients who underwent 
extraction of the IMTM and those who did not. The findings were also analyzed in relation to the 
gender and age of the patients. Additionally, the pattern of impaction in the study sample has been 
described. 

2. Materials and Methods 

2.1. Study description 

This retrospective case-control study utilized archived panoramic radiography images of 
patients who visited the Dental Hospital of the University of Barcelona (HOUB) from June 2018 to 
December 2022. A total of 1000 OPGs were randomly selected. Among them, 400 are deemed error-
free and suitable for analysis. Based on the study characteristics, 160 OPGs were selected to perform 
the measurements, with 40 patients representing the study group and 40 patients representing the 
control group. Ethical approval for the study was obtained from the ethics committee of HOUB 
(protocol number: 2022-032-1). 

2.2. Study description 

The patients were selected using the simple random sampling technique, and the sample size 
was calculated using Cohen’s concept, as described in the study conducted by Faria et al. [14]. The 
minimum determined sample size for each group was 24; however, 80 patients (40 in each group) 
were included in the study for validity. The patients were divided into two groups based on whether 
they underwent extraction (study group) or non-extraction (control group) of the IMTM. The patients 
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in the study group involved individuals who came to extract their impacted lower third molar, with 
two X-rays taken. One before the extraction, and the other taken at least 3–6 months later for 
evaluation, considering the time necessary for bone healing and remodeling, is three months. It is 
considered the cut-off period for periodontal healing [15]. Measurement of bone loss is performed on 
both radiographs, and the mean difference is compared. 

The control group consists of patients who visit the dental clinic for various dental issues and 
undergo an OPG that shows the presence of either partial or complete impaction of the lower third 
molar. However, in this group, the impacted tooth is not extracted. A control panoramic image is 
performed to assess the oral condition and the evolution of this non-extracted third molar at least 3–
6 months later. Since our goal is to examine bone changes in patients with and without extractions, 
those who do not undergo extraction should have a follow-up panoramic radiograph 3–6 months 
after their visit. This will help evaluate their oral status, history, and the condition of the bone distal 
to the second molar. 

2.3. Inclusion and exclusion criteria 

The inclusion criteria for the study were as follows: patients older than 18 years; availability of 
images depicting the presence of an IMTM; availability of undistorted panoramic images without 
errors or overlapping; availability of radiographs taken before and after the extraction of the IMTM 
with a clearly documented history for the study group; the presence of a second molar adjacent to 
the impacted mandibular third molar. The exclusion criteria included images demonstrating an 
absent or extracted mandibular third molar, patients who had undergone chemotherapy, 
radiotherapy, or bisphosphonate treatment for head and neck tumors, individuals with incomplete 
records, and those with incomplete formation of the third molar roots. 

2.4. Inclusion and exclusion criteria 

The panoramic images were obtained using the Planmeca ProMax® X-ray unit (Planmeca Oy, 
00880 Helsinki, Finland), which was equipped with a digital sensor called Planmeca Dimax 3. The 
measurement was performed using the Planmeca Romexis® software. Images were taken based on 
the manufacturer’s recommendations at 64–70 kV and 7–14 mA, depending on the patient’s gender 
and age. The recommended settings varied for adult females, small males, adult males, and large 
adult males. Well-trained doctoral students from the Oral Radiology Department conducted the 
investigation twice, with a two-month interval between each session. The intra-examiner reliability 
was calculated using the Kappa test [16]. On OPGs, the level of the bone was measured from the 
cementoenamel junction of the second molar to the level of the alveolar crest for the study group 
before (Figure 1. A) and extraction and after extraction. (Figure 1. B). 

 (A) 
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 (B) 

Similarly, the bone changes in the control group were measured at baseline (Figure 2. A) and 
after a period of 3-6 months (Figure 2. B). 

 (A) 

 (B) 

2.5. Statistical analysis 

The data were imported into an Excel sheet (Microsoft® Excel® for Microsoft 365 MSO, Version 
2307) for the descriptive analysis. All statistical analysis was performed using IBM SPSS Statistics for 
Windows, version 26 (IBM Corp., Armonk, NY, USA). A chi-square test was performed to identify 
the differences between the variables. Quantitative variables are expressed as the mean and standard 
deviation. Since the sample with respect to age and gender is not normally distributed, a Wilcoxon 
test was performed to determine the statistical difference in the numerical value of bone level changes 
between the two groups. A one-way analysis of variance (ANOVA) was used to investigate 
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differences regarding gender and age in both groups. A p-value of <0.05 was considered statistically 
significant. 

3. Results 

The mean ages of the patients in the study and control groups were 35.5 ± 15.45 and 33 ± 16.49, 
respectively. Females and males accounted for 62% and 37.5%, respectively, of the patients in the 
study group and 55% and 45%, respectively, of those in the control group. Furthermore, the patients 
were divided into four subgroups based on age: 18–28, 29–39, 40–50, and ≥51. 

3.1. Comparison of bone levels among the groups 

The bone level measurements, regardless of the side, were calculated and reported as the mean 
and standard deviation in both the study and control groups. The values in the study group before 
and after extraction were 3.00 ± 1.68 and 2.63 ± 1.75, respectively, indicating a statistically significant 
difference in favor of bone gain in the study group (p < 0.0001). In the control group, the value at the 
baseline radiography was 2.73 ± 1.75, whereas that after the second radiography was 3.01 ± 1.98, 
revealing a statistically significant difference in favor of bone loss (p < 0.001) (Table 1). The Kappa 
values are interpreted as follows: low agreement (<0), very slight agreement (0–0.19), slight 
agreement (0.2–0.39), moderate agreement (04–0.59), substantial agreement (0.6–0.70), and almost 
perfect agreement (0.8–1) (27). (Table 1): 

Table 1. Comparison of bone changes between study group and control group. 

 

 

Group 

 

Baseline bone level 

Mean 

SD* 

 

Bone level after extraction/ follow-up 

Mean 

SD 

 

 

p-value 

Study group 3.00 ± 1.68 2.63 ± 1.75 0.0001 
Control group 2.73 ± 1.75 3.01 ± 1.98   0.001 

*SD, standard deviation. 

3.2. Comparison of bone levels among the groups 

Both males and females experienced bone gain in the study group and bone loss in the control 
group. However, the difference in bone level change was not statistically significant with respect 
gender in both groups (Table 2). 

Table 2. Bone level changes in the two groups based on gender. 

Groups Gender Baseline BL1 Follow up BL2 Bone change df (mm)3 p-value 

 

Study  

Male  3.51 ± 1.89 3.27 ± 2.17 0.24 ± 1.29  
0.190 Female  2.73 ± 1.35 2.29 ± 1.41 0.44 ± 1.13 

 

Control  

Male  3.64 ± 1.79 4.12 ± 2.11 -0.48 ± 0.66  
0.734 Female  1.97 ± 1.32 2.11 ± 1.3  -0.13 ± 0.31 

1= bone loss measured before extraction in study group and at baseline in control group (non-extraction group); 
2= bone loss measured after extraction in study group and after following up in the control group; 3= bone level 
difference between the two times measurements. 

3.3. Bone changes among the two groups based on the age groups 

In the study group, patients between the ages of 29 and 39 appeared to have witnessed the 
highest bone gain after extraction compared to those in the other age groups (Table 3). On the other 
hand, only those aged 40–50 experienced bone loss after extraction (-1.20 ± 0.14 mm). A significant 
difference in bone changes was observed among the age subgroups after extraction in the study 
group (p < 0.05; Table 3). 
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Table 3. Bone level changes in relation to the different age groups. 

Groups Age groups Baseline BL Follow up BL Bone change df (mm) p-value 

 

 

 Study  

18–28 2.48 ± 1.51  2.18 ± 1.57  0.29 ± 1.07   
  

0.05 
  

29–39 3.25 ± 1.69 2.29 ± 1.51  0.96 ± 1.05  
40–50 4.30 ± 3.53 5.50 ± 3.39 -1.20 ± 0.14  
≥51 3.51 ± 1.53 3.45 ± 1.44  0.05 ± 1.34  

 

 

Control  

18–28 2.93 ± 1.94 3.19 ± 2.13   -0.26 ± 0.53  
 
 

0.07 

29–39 2.28 ± 1.32  2.45 ± 1.50   -0.17 ± 0.25  
40–50 2.20 ± 0.71  2.38 ± 0.46  -0.17 ± 0.25 
≥51 2.58 ± 1.72  3.16 ± 2.35   -0.57 ± 0.69  

In the control group, all the age subgroups were presented with bone loss at the follow-up 
evaluation; however, the difference among the age subgroups was not statistically significant (p-
value 0.07) (Table 3). 

3.4. Pattern of impaction 

The number of IMTMs in this study, based on Winter’s classification, was 139 out of a total 
sample of 160. It accounts for 82.28%. Vertical impaction was the most prevalent (41.24%), followed 
by mesioangular impaction (28.75%) and horizontal impaction (16.62%). No statistically significant 
difference in the occurrence of the different types of impactions was observed in the current study 
(p-value 0.539) (Table 4). 

Table 4. Distribution of the impaction pattern according to Winter’s classification. 

Classification Inclination  
Study group 

(N)   (F) 

Control group 
(N)   (F) 

Total sample 
(N)   (F) 

P-value  

 

 

 

Winter’s 
classification  

Vertical 31 44.9% 35 50% 66 41.25% 
 
 
 

0.539 

Mesioangular 26 37.7% 20 28.6% 46 28.75% 
Distoangular 1 1.4% 0 0% 1 1.25% 
Horizontal 10 14.5% 15 21.4% 25 16.62% 

Buccally tilted 1 1.4% 0 0% 1 1.25% 
Total 69 86.25% 70 87.5% 139 82.28% 

3.5. Impaction side 

Most of the patients in both groups demonstrated bilateral impaction, which accounted for 
73.8% of the total sample. In the study group, the unilateral impaction on the right side was more 
prevalent than the unilateral impaction of the left side (15%) and (12.5%) respectively. On the 
contrary, the unilateral impaction of the left side preceded the unilateral right impaction in the control 
group (17.5%) and (7.5%) respectively. Statistically, no significant difference regarding the side of 
impaction was observed between the two groups (p-value 0.509). (Table 5). 

Table 5. the occurrence of the impact among the two groups in relation to the sides. 

 

 

Impaction side   

Occurrence  
Study group 

(N)   (F) 

Control group 

(N)   (F) 

Total sample 

(N)   (F) 
P-value  

Right  6 15% 3 7.5% 9 11.3% 
 

0.509 
Left  5 12.5% 7 17.5% 12 15% 

Bilateral  29 72.5% 30 75% 59 73.8% 
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4. Discussion 

In the present study, the bone level changes in the mandibular second molar (MSM) were 
compared between patients who underwent extraction of the IMTM and those who did not. The bone 
level was measured from the cementoenamel junction to the level of the bone crest, as described by 
Faria et al. [14].In dental practice, identifying bone loss in the presence of an IMTM is essential to 
assessing the overall prognosis and planning the appropriate treatment strategy. Despite the possible 
limitations of the OPG, clinicians continue to rely on it for interventional decisions [17]. In the current 
study, the second OPG was available for patients from both groups because they had revisited the 
hospital and taken the OPGs for other dental needs. No significant differences in bone loss were 
observed among patients in the different age groups, although it appeared to be more pronounced 
in those aged ≥51 years in the control group. This finding differs from those reported by Dias et al. 
[18]; wherein statistically significant differences in the severity of bone loss were seen among 
participants <50 years old. Interestingly, our findings demonstrated bone loss in the 40–50 age group 
among the patients in the study group. Furthermore, our results agreed with those in the study by 
Fernandes et al. [19]; which indicated an association between age and the change in the status of the 
alveolar crest. In the current study, a higher degree of bone loss was observed among males than 
females, but the difference was not statistically significant. Similar findings were reported by Dias et 
al. [18]; wherein no significant difference in the severity of bone loss distal to the MSM was noted 
between males and females using panoramic radiography. It should be emphasized that several 
factors, such as smoking habits, impacted positioning, and maintenance of proper oral hygiene, can 
potentially worsen periodontal conditions on the distal aspect of the MSM [20,21]. Therefore, if the 
impaction is not managed, bone changes in the form of bone loss may occur. Despite variations in the 
IMTM inclination type and other contributing risk factors among individuals, our findings revealed 
bone loss in patients who did not undergo extraction of the IMTM after evaluating their follow-up 
OPGs. Bone improvement and gain distal to the MSM were observed after the extraction of the IMTM 
in the study group. These findings agree with those reported by Passarelli et al. [22]; wherein an 
overall improvement in the periodontal status was observed following surgical extraction of the 
IMTM. The removal of such teeth provides better access for cleaning, leading to overall improvement. 
Similarly, Krausz et al. [17] reported significant improvements in the bone on the distal aspect of the 
MSM after the extraction of an IMTM. These improvements were evaluated clinically and 
radiographically using an OPG. Additionally, they noticed mild bone loss in the control group 
despite variations in contributing factors, such as the degree of oral hygiene maintenance, which 
aligns with our findings in the control group. Furthermore, Montero et al. [23] indicated an overall 
improvement in the periodontal health status adjacent to the MSM after the removal of the IMTM. 
On the contrary, Kan et al. (24) pointed out the formation of periodontal defects on the distal aspect 
of the MSM after removing the IMTM. Several studies have investigated the different patterns of 
IMTM in various demographic samples [25,26]. In the present study, the vertical type of impaction 
was found to be the most prevalent, followed by the mesioangular type. Alsaegh et al. [27] reported 
a higher prevalence of mesioangular impaction than other types in the Arab Emirati population. 
Similarly, Eshghpour et al. [28] claimed a higher predominance of mesioangular impaction in the 
Iranian population. Prajapati et al. [7] conducted investigations on the Indian population and 
reported that the mesioangular inclination dominated the other patterns, such as vertical, horizontal, 
and distoangular. Awareness of the different inclination patterns would indicate the need to remove 
the IMTM and aid in determining the necessary surgical method. The current study revealed a higher 
number of individuals with bilateral impaction, which is different from the study conducted by 
Alsaegh et al. [27]; wherein a comparable distribution of unilateral and bilateral impaction was 
reported. However, several studies have shown considerable variations in the occurrence of bilateral 
and unilateral events among different populations, including Saudi Arabian, Singaporean, Chinese, 
and Libyan populations [29,30]. Bilateral impaction was predominant in these studies. It should be 
highlighted that the intra-examiner agreement was used instead of the inter-examiner agreement 
when assessing the OPGs. This decision was made because the assessment was performed 
concurrently between the observers, resulting in only one single outcome. Thus, the intra-examiner 
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calculation was considered sufficient. To investigate the reproducibility of the OPG in estimating 
bone loss on the distal aspect of the MSM, a Kappa test was calculated. Based on the outcome mean, 
we assigned descriptive categories for the status of bone change, whether it is bone loss, bone gain, 
or no change of bone, to report the intra-examiner agreement. These descriptive categories were 
assigned to translate the quantitative measurements on panoramic radiography because of 
difficulties in reproducing the quantitative measures. Consequently, our Kappa results indicated a 
substantial agreement of 0.68. This study has some limitations. The reproducibility of a panoramic 
radiograph in terms of quantitative measures is questionable due to inherited limitations. However, 
we used this method to assess the bone loss distal to the MSM in cases of an IMTM owing to its 
routine use in clinical practice and the expected occurrence of such pathologic conditions. 
Furthermore, our study solely focused on the radiographic findings without considering the clinical 
parameters that may contribute to the periodontal status of the patients. Thus, further studies using 
alternative radiographic techniques and a larger sample size are required to validate the findings of 
the current study. 

5. Conclusions 

An increase and improvement in the bone distal to the mandibular second molar were observed 
after the extraction of the IMTM, as compared to the control group. Furthermore, the findings of this 
study suggest that considering the routine use, affordability, and convenience of the OPG, it may be 
beneficial for visualizing the bone status after extracting an impacted molar.  
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