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Objective: it is important to evaluate the position and 
establish the third molar relationship with the mandibu-
lar canal to minimize the risk of nerve injury and assist 
in planning the extraction of this tooth. The panoramic 
radiograph is the standard diagnostic tool for this pur-
pose. However, if it indicates a close relationship bet-
ween the third molar and the mandibular canal, further 
investigation using cone beam computed tomography 
(CBCT) may be recommended to check the three-di-
mensional relationship between the tooth and the man-
dibular canal. Thus, this study aimed to correlate the cli-
nical findings (observed in third molar surgeries) to ima-
ging findings (observed in panoramic radiographs and 
CBCT). Subjects and method: after the extraction of 20 
mandibular third molars, the panoramic radiograph and 
the cone beam computed tomography were analyzed. 
Then, the surgical findings were correlated to the image 
findings. Results: It was observed that the radiographic 
finding type 2 (darkening of roots) observed in the pa-
noramic radiograph presented a greater relation to the 
absence of cortical bone between the mandibular canal 
and the third molar (CBCT finding), with statistical sig-
nificance (p<0.05). Conclusions: Based on the findings 
obtained in this study, it may be concluded that CBCT 
would be best used in the surgical planning, when the 
panoramic radiograph clearly suggests a risk. Moreover, 
the panoramic radiograph may continue to be used for 
the planning of third molar extractions.

Keywords: Cone beam computed tomography. Panora-
mic radiograph. Third molar. Unerupted tooth.

Introduction
Third molar surgeries require training, becau-

se accidents and complications may occur. One of 
these complications is the damage to the inferior 
alveolar nerve (IAN). The risk of injury varies from 
0.4% to 6%1,2. It is important to evaluate and es-
tablish the relationship between mandibular third 
molar (MTM) and mandibular canal (MC) to mini-
mize the risk of injury to the nerve. The panoramic 
radiograph (PR) is the standard tool for this pur-
pose3-5. If the PR indicates a close relationship bet-
ween MTM and MC, a further investigation using 
computed tomography may be recommended to 
verify the three-dimensional relation between the 
tooth and the mandibular canal3-5.The disadvanta-
ges of computed tomography are the high radiation 
dose6 and the cost compared with the PR. However, 
the cone beam computed tomography (CBCT) redu-
ces the radiation dose, offers a high special resolu-
tion, and requires a smaller space in dental offices. 
The CBCT provides an improved quality image of 
teeth and adjacent structures when compared with 
computed tomography. The CBCT seems to be the 
imaging exam that is more indicated to identify the 
relationship between the roots of MTM and IAN7,8. 
Currently, there are studies comparing the ability 
of PR and CBCT in determining the relationship 
between the roots of MTN and the MC9-12. However, 
few studies have used the gold standard in this me-
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thod, meaning they evaluated the imaging findings 
without correlation to surgical outcomes.

Subjects and method
The present study was performed in the School 

of Dentistry of Bauru (University of São Paulo, SP, 
Brazil). The patients selected for this study had an 
indication for extraction of mandibular third mo-
lars (MTM) and the risk of inferior alveolar nerve 
(IAN) injury, as diagnosed on panoramic radiogra-
phs (PR). The PR images were obtained in the Ro-
tograph Plus St, (Villa sistemi medicali) with 60-
85 Kv range, 5 kV steps, and exposure time of 17 
seconds. Inclusion criteria consisted of (1) a close 
relationship between MTM and MC, (2) at least two 
thirds of root formation, (3) absence of pathology re-
lated to MTM, and (4) age between 18 and 45 years. 
The patients selected were waiting for third molar 
extractions in the Department of Oral Surgery of 
the School of Dentistry of Bauru. The patients who 
had been indicated for extraction of the third mo-
lars and needed cone beam computed tomography 
(CBCT) were included in the sample. The age range 
of these patients who met the inclusion criteria va-
ried from 18 to 45 years. Patients under 18 years 
old may not have two-thirds of root formation, whi-
ch would significantly reduce the risk of IAN injury. 
Hence, patients under 18 years old were excluded 
from the sample, but their treatment was perfor-
med later without CBCT images.

This study included 20 teeth from 16 patients 
with close contact between MTM and MC. The Re-
search Committee of the university approved the 
protocol in accordance with the Declaration of Hel-
sinki. After the signatures of written consent, the 
patients were invited to do a CBCT exam with the 
following protocol:

• Field of view: mandible;
• 0.3-mm voxel;
• Focal point: 0.5mm;
• 120V;
• 18.45 mAs;
• Scan time: 20 s.

The exams were performed in the i-CATTM 
(Classic Imaging Science International Hatfield, 
Pennsylvania, USA).

Surgical procedure
After the imaging exams, an oral and maxillofa-

cial surgeon performed the surgeries of the patients 
under local anesthesia with 2% articaine with 
1:200,000 epinephrine (DFLTM). For osteotomy and 
tooth sectioning, #6 and #8 carbide burs were used. 
During the procedure, the surgeon verified whether 
there was an exposure of IAN. After 15 days of pos-
toperative period, the surgeon verified whether the-
re was presence or absence of paresthesia by tou-
ching the lower lip.

Imaging analysis
All PRs were digitalized with a HP Scanjet 

G4050™ scanner. In a darkened room, the PRs of 
all patients were displayed randomly. A trained oral 
radiologist performed the evaluation on a 17” PC 
monitor. The PRs were assessed using a software 
(HP MediaSmart Photo Main Program). The posi-
tion of the inferior alveolar canal (IAC) in relation 
to the third molar was classified as type 1 - inter-
ruption of the white line of the mandibular canal 
wall, type 2 - darkening of roots, type 3 - diversion 
of the mandibular canal, type 4 - narrowing of roots. 
After 30 days, the same oral radiologist evaluated 
the CBCT exams. The CBCT image evaluations 
were conducted by the same trained oral radiologist 
in a darkened room on a 20” PC monitor (FlexScan 
S2000™, Eizo Nanao Corporation Hakusan, Japan) 
using a software (i-CAT VisionE™). The implant-
-planning screen and the multiplanar reconstruc-
tion screen were used to scroll through the axial, 
sagittal, and coronal planes. The slice thickness 
was 1 mm. The buccolingual relationships of the 
MC in relation to the roots of the third molar, as 
observed on CBCT images in sagittal, transversal, 
and coronal dimensions, were classified as lingual, 
buccal, interradicular, or inferior. Therefore, the 
CBCT images were classified as presence or absen-
ce of bone contact between MTM and MC. The oral 
radiologist was blinded for the clinical outcome.

Statistical analyses
Cramer’s V coefficient was calculated for intra-

-observer agreement. This method was interpreted 
as follows: less than or equal to 0.40 - poor agree-
ment, 0.40–0.59 - moderate agreement, 0.60–0.74 
- good agreement, and 0.75–1.00 - excellent agree-
ment. The data analysis considered the association 
between the PR findings (type 1, type 2, type 3, and 
type 4) and CBCT findings (presence/absence of 
bone contact between MTM and MC). Correlation 
between PR and CBCT images was evaluated using 
Fisher’s exact test, at significance level of p < 0.05.

Results
The study included 10 men (62.5%) and 6 wo-

men (37.5%), and 20 teeth (in 16 patients) were 
analyzed. The average age of the 16 patients par-
ticipating was 27.1 ± 6.6 years. Intra-observer 
agreement was excellent for both imaging methods, 
according to Cramer’s V coefficient (observer: 0.9 
for PR and 0.95 for CBCT). There was a significant 
association between the darkening of roots (type 2) 
and the absence of bone contact between mandibu-
lar third molar (MTM) and mandibular canal (MC) 
(p= 0.031992; Table 1). 



9RFO, Passo Fundo, v. 23, n. 1, p. 7-11, jan./abr. 2018

Discussion
It has been reported that the most important 

factor for inferior alveolar nerve (IAN) injury is the 
anatomical relationship between the impacted third 
molar and the inferior alveolar canal (IAC)13,14. Ho-
wever, other authors have emphasized that multi-
ple factors, including surgeon experience, surgical 
technique, institutional setting, and anatomical 
and radiographic factors are associated with an in-
creased risk of IAC damage15,16.

In our study, there was only one case with expo-
sure of IAN. The cone beam computed tomography 
(CBCT) image found in this case was inferior with 
absence of bone contact between mandibular third 
molar (MTM) and mandibular canal (MC) (Figure 
1). Although the absence of bone contact between 
MTM and MC may be highly suggestive of IAN ex-
posure during surgery (which has been associated 
with a high risk of IAN injury), reports indicate a 
chance of 20% of postoperative paresthesia with 
70% of chance of recovery one year after the sur-
gery17. Other authors15,16 emphasize that both ima-
ge findings and surgeon experience (and surgical 
technique) were related with an increasing risk of 
injury. Considering the proximity of MTM with MC, 
a technique with osteotomy and tooth sectioning 
was selected. This technique aimed to prevent the 
use of excessive force in order to preserve the inte-
grity of the IAN. There was no paresthesia in this 
case, which proved that choosing the most adequate 
surgical technique might prevent IAN injury even 
in the case of high risk15-17. The mandible shows a 
sexual growth dimorphism, growing larger and for 
a longer time in men than in women. In the pre-
sent study, the case of IAN exposure after surgery 
occurred in a female patient. However, the factor 
that could explain the close contact between MTM 
and MC is the degree of impaction of the MTM. The 
greater the depth of the MTM the greater is the 
chance of intimate contact between such tooth and 
MC. In this case, the third molar was deepest than 
all extracted teeth and the MC had a lower position 
in relation to the tooth (CBCT finding). Both factors 
led to IAN exposure after extraction.

In four other cases, there was absence of bone 
contact between MTM and MC, but none of them 
showed IAN exposure (Table 1). This could be ex-
plained by tooth angulation and the impossibility 
of seeing the tooth socket. In 60% of cases with ab-
sence of bone contact between MTM and MC, the 
corresponding PR image was type 2 (darkening of 
roots). This data was statistically significant (Table 
1) and it is in accordance with Peker12. In one case 
(20%), the corresponding PR image was type 1 (in-
terruption of the white line of the mandibular canal 
wall) (Figure 2). 

Table 1 – Association between panoramic radiograph images and 
cone beam computed tomography images

PR 
images

(PR)

Number 
of cases 

(PR)
n/%

Presence 
of bone 
contact 
(CBCT)

n/%

Absence 
of bone 
contact 
(CBCT)

n/%

IAN 
exposure

n/%
P

Type 1 9 (45.0) 8 (40.0) 1(5.0) 0 0.318885
Type 2 4 (20.0) 1 (5.0) 3(15.0) 1(5.0) 0.031992 *
Type 3 4 (20.0) 3 (15.0) 1 (5.0) 0 1

Type 4 3 (15.0) 3 (15.0) 0 0 0.539474
Notes:	PR: panoramic radiograph; CBCT: cone beam computed tomography; 

IAN: inferior alveolar nerve; *: Statistically significant difference, p < 
0.05; Type 1: interruption of the white line of the mandibular canal 
wall; Type 2: darkening of roots; Type 3: diversion of the mandibular 
canal; Type 4: narrowing of roots.

Source: authors.

No significant association was found between 
other panoramic radiograph (PR) images (type 1, 
type 3, and type 4) and the presence or absence of 
cortical bone between MTM and MC (Table 1). The-
re was one case with exposure of inferior alveolar 
nerve (IAN), but without injury. The PR image fou-
nd in this case was type 2 (darkening of roots). The 
cone beam computed tomography (CBCT) image 
found in this case was inferior with absence of bone 
contact (Figure 1). 

Figure 1 – Association between imaging and clinical findings

Notes:	a) Panoramic radiograph image - type 2 (darkening of roots); b) Cone 
beam computed tomography image - inferior type and the absence of 
bone contact between mandibular third molar and mandibular canal; 
c) Inferior alveolar nerve exposure.

Source: authors.

Table 2 shows the buccolingual relationship of 
the MC and the roots of the third molar, as observed 
on CBCT images and by the IAN exposure.

Table 2 – Cone beam computed tomography images and inferior al-
veolar nerve exposure

CBCT images
Number of cases

n/%

IAN exposure

n/%
Lingual 1 (5.0) 0
Buccal 0 0
Interradicular 0 0
Inferior 19 (95.0) 1(5%)

Notes: CBCT: cone beam computed tomography; IAN: inferior alveolar nerve.

Source: authors.
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Figure 2 –	Radiographic findings suggesting close contact between 
mandibular third molar and mandibular canal

Notes: a) Interruption of the white line of the mandibular canal wall, b) Diver-
sion of the mandibular canal.

Source: authors.

In the other case (20%), the corresponding PR 
image was type 3 (diversion of the mandibular ca-
nal) (Figure 2). When analyzing these data, some 
aspects should be considered. First, the sample 
included 20 teeth, which composed 20% of the PR 
sample of patients that were waiting for third molar 
surgery. Therefore, it could be observed that in most 
cases, there is no risk of IAN injury based on PRs. 
Others studies18-20 reported that in 56.4% of cases 
(most cases), there was no risk of IAN injury. Howe-
ver, the sample included 133 teeth and the rate of 
teeth without risk of IAN injury was slightly higher 
than teeth with such risk. According to Hasani20, 
CBCT may provide excellent diagnostic accuracy in 
detecting IAN exposure. The PR also showed a satis-
factory positive predictive value, meaning that the 
presence of at least one of the risk factors evaluated 
(particularly narrowing of inferior alveolar canal 
and darkening of roots) should be taken seriously. 
In the present study, the only case with IAN expo-
sure was type 2 (darkening of roots), which corrobo-
rates a previous study18. A meta-analysis aggrega-
ting the raw data from previous studies calculated 
a sensitivity of 53.5% for interruption of the cortical 
border, 51.2% for darkening of roots, and 29.4% for 
canal diversion19. In the present study, the three PR 
images associated with a higher risk of IAN exposu-
re (absence of bone contact between MTM and MC) 
were the same from a previous study20 (Table 1). Ac-
cording to Ghaeminia11, whose work didn’t involve 
surgical procedure, the evaluation IAN injury risk 
based on CBCT was lower than the same evalua-
tion based on PRs. The buccolingual relationship of 
the MC and the roots of the third molar would allow 
determining the direction of tooth luxation. For ins-
tance, if the MC was located in a lingual aspect in 
relation to the MTM, tooth luxation would occur in 
the direction of the buccal plate. If the MC was loca-
ted in a buccal aspect in relation to the MTM, tooth 
luxation would occur in the direction of the lingual 
plate. This buccolingual relationship of the mandi-
bular canal in relation to the roots of the third mo-
lar may not be seen in PRs. Hence, after analyzing 
this proper relation (CBCT) and after determining 

the correct surgical approach, the authors conclu-
ded that there would be a lower risk of IAN injury 
(CBCT) when compared to PRs.

In the present study, the CBCT image mostly 
found was the inferior type (Table 2). This data 
agrees with some authors4,19. The CBCT image 
less found was the interradicular type, as there 
were no cases with it, which agrees with some au-
thors3,4,5,9,19,20. This study showed a small variation 
of the buccolingual relationship of the MC and the 
roots of the third molar. Therefore, the most impor-
tant risk factor in the present study was the absen-
ce of bone contact between MTM and MC. However, 
this risk factor was present in only 5 (25%) cases. 
There was only one case of IAN exposure, which 
was identified by the oral radiologist as a risk fac-
tor, but without complication of paresthesia.

In the work of Ghaeminia et al.9, the IAN pares-
thesia index was 9% in a sample including 56 teeth. 
The significant high IAN paresthesia index found 
when compared to the present study could be ex-
plained by methodology used, anatomical variation, 
and sample size. In the study of Ghaeminia et al.9, 
two oral surgeons performed the surgical procedu-
res and in the present study, only one oral surgeon 
performed the surgical procedure, which provided 
an improved standardization to the results. In the 
study of Ghaeminia et al.9, all anatomical variations 
were found in the CBCT images (lingual, buccal, in-
terradicular, or inferior). This anatomical variation 
might be explained by the larger sample size. Al-
though CBCT images elucidate the buccolingual po-
sition of the MC in relation to the roots of the third 
molar, this relationship may not always be clearly 
identified. Therefore, the higher cost of the CBCT 
exam compared to PR should be considered before 
being requested to the surgical planning of third 
molar surgeries. The main limitation of this study 
is the sample size and its distribution between fe-
male and male patients. Further clinical studies in-
cluding a larger sample with equal distribution bet-
ween sex and age are required to establish a more 
accurate relationship between clinical and imaging 
findings regarding the risk of IAN injury.

Conclusions
Based on the findings obtained in this study, 

it may be concluded that cone beam computed to-
mography would be best used in surgical planning, 
when the panoramic radiograph clearly suggests a 
risk, such as the overlap of the mandibular canal 
in relation to the third molar roots (darkening of 
roots).



11RFO, Passo Fundo, v. 23, n. 1, p. 7-11, jan./abr. 2018

Resumo
Objetivo: são importantes avaliar a posição e estabele-
cer a relação do terceiro molar com o canal mandibu-
lar, para minimizar o risco de lesão do nervo e auxiliar 
no planejamento da extração desse dente. A radiografia 
panorâmica é a ferramenta de diagnóstico padrão para 
esse fim. No entanto, se a radiografia indicar que existe 
uma relação de contato íntimo entre o terceiro molar 
e o canal mandibular, pode ser recomendada uma in-
vestigação mais aprofundada utilizando a tomografia 
computadorizada de feixe cônico (TCFC), para verificar 
a relação tridimensional entre o canal do dente e o ca-
nal mandibular. Diante deste contexto, o objetivo deste 
estudo foi correlacionar os achados clínicos (observa-
dos na cirurgia dos terceiros molares inferiores) com 
os achados imaginológicos (observados na radiografia 
panorâmica e na tomografia computadorizada de feixe 
cônico). Sujeitos e método: após a extração de 20 ter-
ceiros molares mandibulares, realizou-se a análise da 
radiografia panorâmica e da tomografia computadoriza-
da de feixe cônico. Em seguida, os achados cirúrgicos 
foram correlacionados com os achados imaginológicos. 
Resultados: observou-se que o achado radiográfico do 
tipo 2 (escurecimento das raízes) observado na radiogra-
fia panorâmica foi mais relacionado com a ausência de 
osso cortical entre o canal mandibular e o terceiro molar 
(achado da TCFC) sendo estatisticamente significativo (p 
< 0,05). Conclusões: com base nos achados obtidos nes-
te estudo, pode-se concluir que o TCFC seria mais bem 
usado no planejamento cirúrgico, quando a radiografia 
panorâmica sugerir claramente um risco. Ademais, a 
radiografia panorâmica pode continuar sendo utilizada 
para planejamento de exodontias de terceiros molares.

Palavras-chave: Dente não irrompido. Radiografia pa-
norâmica. Terceiro molar. Tomografia computadoriza-
da de feixe cônico.
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