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Introduction
Third molar impaction is a common problem associated 

with economic and personal costs.1,2 The patient’s quality of 
life is affected either by the impacted tooth itself or its assoc- 
iated effects on adjacent structures, such as periodontal in-
volvement, root resorption, and dental caries.3 Management  

protocols should be based on a proper understanding of sci-
entific evidence, guidelines, and proper overall case exam- 
ination.4 

Distal caries in the second molar adjacent to impaction 
may cause pain due to pulpitis or apical periodontitis, which  
should be considered during treatment planning for the im-
pacted tooth.5,6 Impacted third molars are also the leading 
cause of marginal bone loss, the presence of periodontal 
pocket, and root involvement on the distal aspect of the  
adjacent second molar, which can lead to pain, discomfort, 
or even tooth loss in some cases of impaction.7 

Cone-beam computed tomography (CBCT) is a useful 
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Purpose: This study aimed to evaluate the anatomic circle around the impacted lower third molar to show, document, 
and correlate essential findings that should be included in the routine radiographic assessment protocol as clinically 
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Results: Statistically significant correlations were found between impaction position, distal bone loss, and detected 
distal caries associated with the adjacent second molar. The greatest percentage of undetected findings was found in the 
evaluation of distal bone status, followed by missed detection of the retromolar canal. 
Conclusion: The radiographic assessment protocol for impacted third molars should consider a step-by-step evaluation 
for second molars, and clinicians should be aware of the high prevalence of second molar affection in horizontal and 
mesioangular impactions. They also should search for the retromolar canal due to its associated clinical considerations. 
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3-dimensional imaging modality that provides the clinician 
with detailed information about the impacted tooth and sur-
rounding tissues. These data should be carefully interpreted 
for proper case analysis and decision-making.8

CBCT imaging for an impacted third molar usually re-
veals information about the adjacent second molar anterior-
ly and the retromolar area posteriorly. The retromolar area 
should be included in the radiographic interpretation pro-
tocol for the clinical consideration of anatomical variations 
during the intended surgery or as a common proposed donor  
site for any future autogenous bone grafting.9,10 Radiogra- 
phic detection of the retromolar canal and its foramen is vital  
for the surgeon to administer local anesthesia and to avoid  
complications such as bleeding or postoperative altered local  
sensation.11,12

This retrospective CBCT-based study evaluated the ana- 
tomic circle around the impacted lower third molar. The 
aim was to show, document, and correlate significant radio- 
graphic findings, other than those related to the impacted 
tooth itself, that should be clinically considered in the overall 
case evaluation and treatment planning to provide a patient- 
relevant intervention. 

Materials and Methods
This study was approved by the institute’s ethical review 

board (code: SVUFODM-OMS-4-22-9-450). CBCT images  
acquired by the Planmeca Promax 3D Classic machine 

(Planmeca Oy, Helsinki, Finland) with operating parameters  
of 90 kVp, 6 mA, voxel size of 0.2 mm, and a field of view 

(FOV) including the impacted lower third molar were retro- 
spectively used in this study if fulfilling the following inclu- 
sion criteria: 1) displaying the second molar and the mesial  
part of the first molar area, 2) displaying the retromolar area,  

3) the upper and lower arches were separated by a cotton 
roll, 4) no artifacts obscured the region of interest (ROI), 
and 5) no lesions were present on the same side.

Initially, the protocol used by Li et al.13 was adopted for 
impaction angulation (distoangular, vertical, mesioangular,  
horizontal, and others); thus, impaction was classified ac-
cording to position for correlation with other findings. 

Three of the four findings that were included in this study 
were related to the adjacent second molar - namely, distal 
caries (DC), distal bone loss (BL), and root resorption (RR) -  
while the fourth studied finding was the presence of retro-
molar canal and foramen (RMC) distal to impaction. 

The first protocol was for caries detection. Caries in the 
proximal-distal surface in the adjacent second molar were 
detected by navigation through axial slices of 0.2-mm slice 
thickness (Fig. 1A). It was marked as “yes” for positive de-
tection (radiolucent spot or area) or “no” for negative find- 
ings after confirmation with the sliced reformatted panorama- 
like view of 1-mm slice thickness (Fig. 1B). 

Another protocol was used to detect second molar distal 
root resorption based on navigation in the sliced reformatted 
panorama-like view of 1-mm slice thickness. Navigation  
was done until the area of contact or maximum approxima-
tion between the third molar crown and the second molar 
distal root was found (Fig. 2A). Suspected affection was 
examined in the axial cuts (Fig. 2B) at the same level of 
contact or approximation as confirmed by the axial refer- 
ence lines before being classified as “yes” (deficient or con- 
cave outer surface) or “no” for negative findings. 

For distal periodontal bone loss in relation to the second 
molar (Fig. 3A), a ruler was used to measure the bone level 
from the cementoenamel junction or its level to the super- 
ior crestal bone level contacting the distal root; this was 
done in the sliced panorama-like view with 1-mm slice 

Fig. 1. A. Axial cut shows distal car-
ies in the adjacent second molar. B. A 
1-mm-sliced reformatted panorama-like 
view confirms the finding and shows 
the caries depth. The intact occlusal 
surface may hide caries clinically, as 
well as the depth of caries, which may 
be the cause of the pain. 
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thickness (Fig. 3B). 
To standardize the measurements, a red color-coded refer- 

ence line was drawn connecting the cementoenamel junc-
tions of the adjacent molars using the measurement tool 

(ruler). A second blue reference line was drawn at the same 
level as the first reference line and matched with it except 
for being more prominent in the mesiodistal dimension for 
ease of differentiation and then dragged in the apical direc-
tion to be tangent with the first point of contact between 
the bone and root at the distal side of the second molar (Fig. 
3C). 

A white measurement line was drawn connecting the red 
and blue lines and perpendicular to both. Two angular mea-
surements were done to ensure that the white line was per-
pendicular to the other reference lines. Angles of 90°±2° 
were accepted (Fig. 3C); otherwise, the line was adjusted 

or redrawn. A clear illustration of the lines is shown in Fig. 
4.

The results of measurements of the white line were clas-
sified as normal (less than 3 mm), mild (3-4 mm), moder-
ate (4.1-6 mm), and severe (more than 6 mm) bone loss, as 
quantified in the study of Dias et al.14 

The last finding in this study was the presence or absence 
of the retromolar canal (Figs. 5 and 6), which was detected 
by navigation through a 1-mm thickness sliced reformat-
ted panorama-like view and confirmed by cross-sectional 
and axial cuts. This protocol was proposed to show hidden  
canals (Fig. 5). 

Communication with doctors responsible for each case 
was done to determine whether they had detected those 
findings before communication. An enhanced 3-dimen-
sional (3D) model was sent to each doctor to increase their 

Fig. 2. A. Identification of the area of contact or pressure between the second and third molars in a 1-mm-sliced reformatted panorama-like 
view. B. Detection and confirmation of resorption on axial slices of the same level. The third molar root should be noted in relation to the 
inferior alveolar canal and the distal bone loss related to the second molar. 

BA

Fig. 3. A. Reformatted panorama-like view shows distal bone loss. B. A 1-mm-sliced reformatted panorama-like view on which the proto-
col is carried out. C. The standardization protocol for bone level measurements.

BA C



Cone-beam computed tomography based radiographic considerations in impacted lower third molars: Think outside the box 

- 140 -

compliance. The enhanced model can be used for effective 
patient communication and education (Fig. 6). 

Enhancement was done by using the cleaning tool found 
in the same system software (Planmeca Romexis 5.3 - 
Planmeca Oy, Helsinki, Finland). The outer surface noise 
and unneeded areas (as opposing teeth) found in the modi-
fied black-and-white volume rendering style were removed 
before going back to the default volume style (Fig. 6). The 
volume rendering parameters were modified by increasing 
the transparency to the maximum and decreasing the con-
trast to the minimum. 

Data were explored for the normality of their distribu-
tion using Shapiro-Wilk tests. For non-parametric data, the 
Spearman rank correlation coefficient was used to evaluate 
the correlations between variables. The significance level 
was set at P<0.05. According to Dancey and Reidy’s cate- 
gorization of correlations,15 the strength of the correlation 
and the value of the correlation coefficient were interpreted 
as follows: a) perfect: 1, b) strong: 0.70 to 0.90, c) moder-
ate: 0.40 to 0.60, d) weak: 0.10 to 0.30, and e) no correla-
tion: less than 0.10. Statistical analysis was performed with 
IBM SPSS Statistics version 22 for Windows (IBM Corp, 
Armonk, NY, USA).

Results
Eighty-four CBCT images were retrieved to be matched 

with the inclusion criteria. One case showed a lingually  
positioned crown of the third molar and was excluded from 
the study because it was the only case in that position. All 
other cases were distoangular, vertical, mesioangular, or 
horizontal. The Shapiro-Wilk test showed that data were 
non-parametric, so Spearman rank correlation coefficients 
were used to evaluate the correlations between variables.

The Spearman rank correlation coefficient test revealed 
a statistically significant correlation between the impaction 
position of the third molar and the bone level and distal 
caries of the second molar. This correlation was strong to 
medium between the impaction position and the bone level 
of the second molar. Horizontal impaction was associated 
with more bone loss, followed in order by mesioangular 
impaction and vertical impaction, while distoangular im-
paction was associated with a normal bone level. The cor-
relation between the impaction position and the presence 
of distal caries of the second molar was moderate to weak; 
specifically, horizontal impaction was associated with more 

Fig. 4. A clear illustration of the lines and angles used for peri-
odontal assessment.

A

A

Fig. 5. A. Full-thickness reformatted panorama-like view with a hid-
den retromolar canal. B. A 1-mm-sliced reformatted panorama-like 
view clearly shows the retromolar canal. C. A medium-thickness 
reformatted panorama-like clearly shows the retromolar canal and 
its approximation to the shadow of the distal root of impaction.

B
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caries in the adjacent second molar, followed in order by 
mesioangular impaction and vertical impaction, while dis-
toangular impaction showed no association with caries of 
the second molar (Table 1). A non-statistically significant 
correlation was found between the impaction position with 
the retromolar canal and root resorption. 

A descriptive analysis of data (Figs. 7 to 9) revealed that 
all distoangular impaction cases had normal bone levels, 
while 12% of vertical impaction cases had normal bone 
levels, 67% had mild bone loss, 15% had moderate bone 
loss, and only 6% had severe bone loss. Furthermore, 8% 
of the mesioangular impaction cases had normal bone 
levels, 40% had mild bone loss, 40% had moderate bone 

loss, and 12% had severe bone loss. Severe bone loss was 
significantly associated with horizontal impaction (54% of 
cases); furthermore, 42% of horizontal impaction cases had 
moderate bone loss, and only 4% had mild bone loss (Fig. 
7). 

Regarding the detection of caries in the second molar in 
each impaction category, horizontal impaction showed the 

Fig. 6. A. Three-dimensional volume before enhancement. B. Modified black-and-white rendering in which the noise is identified to be 
cleaned. C. Cleaning from different perspectives. D. Three-dimensional volume after enhancement shows the retromolar canal for effective 
patient communication. E. Reformatted panoramic image with axial and cross-sectional reference lines. F. Axial slice shows the distal car-
ies spot in the adjacent tooth (note the shape of the canals in the axial slice). G. Cross-sectional slice shows the retromolar canal. H. Sliced 
reformatted panorama shows the measurements of periodontal bone level.
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Table 1. Spearman correlation coefficients for the relationships 
between the position of impaction and bone level, distal caries of 
the second molar, retromolar canal, and root resorption

Bone 
level

Distal 
caries

Retromolar 
canal

Root 
resorption

Position of impaction  0.676* 0.301* 0.092 0.104

*: significant correlation (P<0.05)

Fig. 7. Status of distal bone in relation to each impaction position.
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highest percentage (71%), while distoangular impaction 
showed the lowest percentage, with no caries in the second 
molars (Fig. 8). 

The highest percentage of undetected findings was found 
in the evaluation of distal bone status regarding the adja-
cent second molar, followed by the missed finding of the 
retromolar canal (Fig. 9).

Discussion 

All of the anatomical structures found in a CBCT scan 
should be evaluated carefully for any radiographic findings 
with clinical implications to provide patient-tailored treat-
ment planning. Thus, the motivation for this study was to 
increase awareness of the importance of a systematic inter-
pretation. 

Choosing images showing the mesial side of the first mo-
lar helped to show the second molar distal side with high 
quality due to the absence of noise inside the field rather 
than in the periphery.16 This field of view was also helpful 
in standardizing the periodontal assessment protocol by 
guaranteeing the presence of a reference for the drawing 

cementoenamel junction level. If the distal cementoenamel 
junction of the second molar is undetected due to caries, 
a reference line can be drawn depending on the cemento- 
enamel junction of the first molar, and then extending the 
line to the area of interest passing through the mesial aspect 
of the second molar. 

Syed et al.17 stated that the presence of impaction and its 
angle increases the risk of distal caries in the adjacent tooth, 
and they detected caries in 39% of second molars adja- 
cent to impaction. In our study, the percentage was higher 

(47.6%), which may be because we used CBCT rather than 
the panoramic radiography used in their study. Although 
caries were not hard to detect on CBCT slices, clinicians 
did not detect 17.5% of cases with positive caries. This 
may have been because clinicians were not searching for 
caries, especially initial caries lesions. 

In the study of Raheem et al.,18 the highest prevalence of 
caries was found with horizontally impacted teeth, while 
Syed et al.17 showed that the highest prevalence was related 
to mesioangular impaction. In our study, the highest preva-
lence was found in cases of horizontal impaction, followed 
by mesioangular impaction, which guides the clinicians 
to the importance of a thorough examination for caries in 
these cases. 

Regarding periodontal involvement, Yesiltepe and Kılcı19 
reported that marginal bone loss was found in the distal side 
of the second molar teeth in the majority of cases, regard- 
less of the position of the adjacent impaction. Others repor- 
ted that the prevalence of distal marginal bone loss in sec-
ond molars increased in cases of mesioangular and horizon-
tally impacted third molars.20 In the present study, there was 
a significant correlation between impaction and distal bone 
loss, and this correlation was medium-to-strong regard- 
ing horizontal impaction, followed by mesioangular impac-
tion. 

The results of this study correlating the horizontal and 
mesioangular position of impaction with a high likelihood 
of damaging effects on adjacent second molars match the 
studies of Matzen et al.21 and Orhan et al.,22 who found that 
these positions were highly predictive for pathology. The 
present findings raise the question of whether prophylactic 
surgery for the impacted lower third molar in these cases 
may be recommended to save the second molar from irre-
versible damage. 

Another critical point is external root resorption. Com-
munication with the clinicians showed that 3 out of the 5 
cases (60%) were previously undetected. It is worth men-
tioning that the root resorption prevalence was as high as 
22.88% of cases in the study of Oenning et al.,23 and root 

Fig. 8. Radiographically detected dental caries in relation to each 
impaction position.

Fig. 9. The percentage of detected and undetected (missed) find-
ings of each factor by clinicians.
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resorption was more related to impaction with mesioan-
gular and horizontal contact. In the study of Orhan et al.,22 
detected root resorption of second molars was significantly 
correlated with horizontal impaction. 

In this study, the prevalence of the retromolar canal and 
related retromolar foramen was 16.6%, which is close to 
the findings of Alves and Deana,24 who detected a per-
centage of 18% using dry mandibles and periapical radio- 
graphy. Bilecenoglu and Tuncer11 detected a percentage 
of 25% and reported other studies with a range from as 
low as 1.7% to as high as 72%. These different results for 
prevalence may be due to studying different populations in 
different geographic areas, which shows the importance of 
this study in documenting prevalence in this population. 

A prevalence of 16.6% was found in this study; further-
more, 11 of the 14 cases (78.5%) were undetected by the 
clinicians, which showed how important it is to recommend  
a careful examination of the retromolar area during treat-
ment planning for impaction surgery regarding factors such 
as anesthesia, flap design and retraction, bleeding, and 
other complications.25 It is also recommended to inform 
patients of these findings through an enhanced 3D volume 
and document them in patients’ medical records for clinical 
consideration in any future surgery involving this site. 

In conclusion, the present study highlighted the impor-
tance of the step-by-step use of CBCT in cases of impacted 
third molars. Our findings showed a medium to strong cor-
relation between the position of the impacted mandibular 
third molar and bone loss in relation to the adjacent second 
molar. This bone loss was frequently undetected by clini-
cians during their routine CBCT inspections. Moreover, a 
weak to moderate correlation was found between the posi- 
tion of the impacted third molar and the distal caries of 
the adjacent second molar, which is important to consider  
during treatment planning. This study also highlighted one 
of the advantages of navigation through a 1-mm-sliced 
reformatted panoramic-like view in all cases of impaction.
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