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Abstract:

Background:

The relationship between impacted mandibular third molar and mandibular canal is important for removal of this tooth. Panoramic
radiography is one of the commonly used diagnostic tools for evaluating the relationship of these two structures.

Objectives:

To evaluate the accuracy of panoramic radiographic findings in predicting direct contact between mandibular canal and impacted
third molars on 3D digital images, and to define panoramic criterion in predicting direct contact between the two structures.

Methods:

Two observers examined panoramic radiographs of 178 patients (256 impacted mandibular third molars). Panoramic findings of
interruption of mandibular canal wall, isolated or with darkening of third molar root, diversion of mandibular canal and narrowing of
third molar root were evaluated for 3D digital radiography. Direct contact between mandibular canal and impacted third molars on
3D digital images was then correlated with panoramic findings. Panoramic criterion was also defined in predicting direct contact
between the two structures.

Results:

Panoramic  findings  of  interruption  of  mandibular  canal  wall,  isolated  or  with  darkening  of  third  molar  root  were  statistically
significantly correlated with direct contact between mandibular canal and impacted third molars on 3D digital images (p < 0.005),
and were defined as panoramic criteria in predicting direct contact between the two structures.

Conclusion:

Interruption  of  mandibular  canal  wall,  isolated  or  with  darkening  of  third  molar  root  observed  on  panoramic  radiographs  were
effective  in  predicting  direct  contact  between  mandibular  canal  and  impacted  third  molars  on  3D  digital  images.  Panoramic
radiography is one of the efficient diagnostic tools for pre-operative assessment of impacted mandibular third molars.
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INTRODUCTION

Removal of impacted mandibular third molar is one of the routine operations in oral and maxillofacial surgery [1]. 
Most of the common  postoperative complications are  mild and reversible, although  inferior alveolar  nerve damage is
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one of the most serious consequences. Postoperative complications such as swelling, trismus and pain are not difficult
to manage, but the functional loss of sensory innervations of the lower lip may cause traumatic injuries and fibromas,
scar tissue, and mucocele formation on the mucosa [2].

The frequency of inferior alveolar nerve paraesthesia ranges between 0.4% and 8.4% [3], whereas permanent risk is
usually  less  than  1% [4].  Although  the  incidences  of  these  complications  are  low,  they  can  be  serious.  Panoramic
radiographs  are  imaging modality  most  commonly used by oral  and maxillofacial  surgeons  to  view impacted third
molars and to estimate the risk of inferior alveolar nerve injuries [5 - 9]. It is known that the risk of inferior alveolar
nerve paraesthesia dramatically increases when there is direct contact between the nerve and third molar root [10, 11].
Thus, it is important to evaluate the topographic relationship between the mandibular canal and impacted third molar
preoperatively.  There  were  reports  [6,  7,  9,  11]  that  showed the  following 4  panoramic  features  were  significantly
associated with inferior alveolar nerve exposure following third molar extraction: interruption of mandibular canal,
darkening of  third  molar  root,  diversion of  mandibular  canal  and narrowing of  third  molar  root.  In  addition,  many
studies reported that the interruption of mandibular canal was the most found panoramic feature that associated with
direct contact between the two structures, which could be the risk of nerve injury and paraesthesia [2, 6, 8, 12].

When  the  panoramic  radiograph  is  suggestive  of  an  intimate  relationship  between  the  impacted  tooth  and  the
mandibular canal, medical CT or cone-beam CT is recommended for further investigation to demonstrate the three-
dimensional relationship between the two structures [12, 13]. However, one obvious drawback of medical CT is the
much higher radiation dose that the patient receives compared with panoramic radiography [13]. Although cone-beam
CT provides adequate image quality associated with a lower exposure dose, the high cost of examination in view of the
socioeconomic conditions of some developing countries makes the use of panoramic radiography clearly justified in the
preoperative evaluation in third molar surgery.

Several studies have demonstrated that the presence of two or more signs on a panoramic radiograph indicates an
increased risk of inferior alveolar nerve exposure or injury [2, 4,  14, 15].  However,  there are few studies reporting
panoramic radiographic findings, separately or association, in predicting direct contact between mandibular canal and
impacted third molars. To the best of our knowledge, there was only a study by Neves et al. [6] which was performed to
assess  the  reliability  of  four  panoramic  findings,  both  individually  and  in  association,  in  predicting  the  absence  of
corticalization  between  the  mandibular  canal  and  the  third  molar  on  cone-beam  CT  images.  They  concluded  that
darkening of roots and interruption of white line observed on panoramic radiographs, both as isolated findings and in
association,  were  effective  in  determining  the  risk  relationship  between  the  tooth  roots  and  the  mandibular  canal,
requiring three-dimensional evaluation of the case.

It is still uncertain whether panoramic findings suggesting the interruption of the mandibular canal in association
with the other 2 panoramic findings; diversion of mandibular canal and narrowing of third molar root are effective in
predicting direct contact between mandibular canal and impacted third molar. To clarify this clinical question, this study
was  performed  to  evaluate  the  accuracy  of  panoramic  radiographic  findings  of  interruption  of  mandibular  canal,
separately or in association with darkening of third molar root, diversion of mandibular canal and narrowing of third
molar root, in predicting direct contact between mandibular canal and impacted third molars on 3D digital images, and
to define panoramic criterion in predicting direct contact between the two structures.

METHODS

The present study was performed following approval of the institutional ethical committee, and informed consent
was obtained from all the volunteers.

Patients and Data Collection

All patients who were examined in Oral Diagnosis and Oral Medicine clinic, Dental Hospital, Naresuan University,
for extraction of impacted mandibular third molar between March 2014 and February 2015 underwent preoperative
panoramic radiography. Among them, 178 patients (256 impacted teeth), of which 60 were males and 118 were females
(mean  age  21.03  years;  range,  16-54  years),  who  underwent  additional  examination  by  three-dimensional  digital
radiograph  because  of  4  panoramic  findings;  interruption  of  mandibular  canal  wall,  darkening  of  third  molar  root,
diversion of mandibular canal and narrowing of third molar root were included in this study (Fig. 1).
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Imaging

Digital  panoramic  radiograph  were  taken  using  Kodak  9000C  3D  (Carestream  Health,  Inc.,  Rochester,  NY)
operated at 60-70 kVp and 8-10 mA, with CCD (charge-coupled device) optical fiber sensor. The panoramic images
were evaluated on LCD monitor (Dell Optiplex 990, Dell Inc., Penang, Malaysia).

For the 3-dimensional digital radiograph, the same x-ray machine was used. The impacted mandibular third molars
were  imaged  at  70  kVp,  tube  current  of  8  mA  with  the  exposure  time  of  10  seconds.  After  scanning,  contiguous
sectional  images  in  3  directions,  that  is,  parallel,  cross  and  horizontal  section  images  were  reconstructed  from the
projection  data  with  a  slice  width  of  1  mm.  Scrolling  the  contiguous  sectional  images  using  dedicated  software
(Carestream Health, Inc., Rochester, NY), the observers evaluated the images in each section on a LCD monitor by
scrolling the contiguous sectional images. A specific software was used.

Fig. (1). Schematic drawings of the 4 panoramic features evaluated in the present study. A, Interruption of mandibular canal wall. B,
Darkening of third molar root. C, Diversion of mandibular canal. D, Narrowing of third molar root.

Evaluation of Images

Two  observers  (one  oral  radiologist  and  one  general  dentist)  evaluated  the  panoramic  and  3D  digital  images
independently for the relationship between the impacted mandibular third molar and mandibular canal. Two hundred
and fifty-six third molars were divided into 2 groups. In each group, panoramic images were first evaluated, and after 2
weeks, 3D digital images were evaluated. 3D digital images were presented to the observers in randomised order so that
they could not refer to the panoramic features. When disagreement existed between the assessments of the 2 observers,
consensus was reached by discussion. Inter-observer agreement was evaluated using kappa statistics.

For the evaluation of 3D digital images, the presence or absence of direct contact between the third molar root and
mandibular canal was three-dimensionally evaluated. It was considered that direct contact was present when loss of
bone tissue between the 2 structures was observed on all 3 sections.

The optimal panoramic criterion in predicting direct contact between the two structures was also determined.

Statistical Analysis

Data  were  analysed  using  Statistical  Package  for  the  Social  Science  for  Windows  (SPSS  17.0  North  western
University  Information  Technology,  Evanston,  IL).  The  kappa  values  were  calculated  to  assess  inter-observer
agreement. A kappa value of less than 0.40 was considered to show poor agreement; that of 0.40-0.59, fair agreement;
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that of 0.60-0.74, good agreement; and that of 0.75-1.00, excellent agreement [16]. Comparison between panoramic and
3D digital image findings was performed using Fisher’s exact test, with a significant level of p < 0.05.

Fig. (2). A, Panoramic radiographic finding of interruption of mandibular canal wall by third molar root. B, C, and D, 3-dimensional
digital images (sagittal, coronal, and axial planes) of the same tooth indicated direct contact between the two structures (arrows).

Fig. (3). A, Panoramic radiographic finding of interruption of mandibular canal wall by third molar root association with darkening
of the root. B, C, and D, 3-dimensional digital images (sagittal, coronal, and axial planes) of the same tooth indicated direct contact
between the two structures (arrows).

RESULTS

Two representative cases  are  shown in  Fig.  (2)  and (3).  Fig.  (2)  showed the panoramic radiographic  finding of
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interruption of mandibular canal wall by third molar root, which indicated direct contact between the two structures on
3-dimensional  digital  images  (sagittal,  coronal,  and  axial  planes).  Fig.  (3),  panoramic  radiographic  finding  of
interruption of mandibular canal wall by third molar root association with darkening of the root was also indicated
direct  contact  between  the  two  structures  on  3-dimensional  digital  images.  Table  1  summarizes  the  frequencies  of
panoramic radiographic findings. Among 256 impacted teeth, the finding of interruption of mandibular canal wall was
the most frequent finding (177 teeth, 69.14%), the association between 3 findings (interruption of mandibular canal
wall, association with darkening of third molar root, and narrowing of third molar root) and 4 findings were least found
(1 tooth for each, 0.39%).

Table 1. The frequencies of panoramic radiographic findings.

Panoramic findings No. of teeth %
INT 177 69.14
INT + DAR 56 21.88
INT + DI 13 5.08
INT + NA 4 1.56
INT + DAR + DI 4 1.56
INT + DAR + NA 1 0.39
INT + DAR + DI + NA 1 0.39

Total 256 100

(INT, interruption of mandibular canal; DAR, darkening of third molar root; DI, diversion of mandibular canal; NA, narrowing of third molar root).

The  accuracy  of  panoramic  radiographic  findings  in  predicting  direct  contact  between  mandibular  canal  and
impacted third molars on 3D digital images was shown in Table 2. Only interruption of mandibular canal wall either
isolated or in association with darkening of third molar root, indicated a statistically significant association with the
direct contact between the two structures on 3D digital images (p < 0.005 for each) and were defined as panoramic
criteria. Inter-observer agreement was excellent for the assessment of panoramic and 3D digital images, with kappa
values of 0.76 and 0.78, respectively.

Table 2. Correlation between panoramic and 3D digital radiographic findings.

Panoramic findings No. of teeth Direct contact in 3D
images p value

INT 177 136 < 0.005
INT + DAR 56 55 < 0.005
INT + DI 13 13 0.091
INT + NA 4 4 0.486
INT + DAR + DI 4 4 0.486
INT + DAR + NA 1 1 0.836
INT + DAR + DI + NA 1 1 0.836

(INT, interruption of mandibular canal; DAR, darkening of third molar root; DI, diversion of mandibular canal; NA, narrowing of third molar root).

DISCUSSION

The accurate preoperative prediction of direct contact between inferior alveolar nerve and impacted third molar is
very  useful  for  warning  patients  of  the  potential  risk  of  postoperative  dysesthesia  and  obtaining  informed consent.
Radiological assessment is essential in evaluating the relationship between these 2 structures, and panoramic images are
most commonly used for this purpose.

Although  panoramic  images  cannot  provide  three-dimensional  information,  numerous  clinical  studies  [2,  5,  7,
11-13,  17] have been performed to determine panoramic findings suggestive of inferior alveolar nerve exposure or
postoperative  dysesthesia.  In  addition,  many  studies  reported  the  panoramic  findings  that  associated  direct  contact
between inferior alveolar nerve and impacted third molar on computed tomography or cone-beam CT images [8, 14,
18].  In  the  present  study,  the  most  frequent  panoramic  radiographic  finding  was  interruption  of  mandibular  canal
(69.14%), in conformity with previously published studies [2 - 4, 6, 12].

The anatomical proximity of the roots of third molar and the mandibular canal can result in nerve injuries during
extraction  of  third  molars  [6].  To  avoid  this  complication,  several  studies  have  proposed  risk  factors  based  on  the
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panoramic findings [2, 3, 13, 14]. However, as a two-dimensional examination, it does not provide specific diagnostic
information  about  the  relationship  between  third  molar  and  mandibular  canal.  Knowledge  of  this  relationship
information  allows  for  secure  management  in  cases  of  severe  impactions  [6].

Several studies have demonstrated that the presence of two or more signs on a panoramic radiograph indicates and
increased risk of inferior alveolar nerve exposure or injury [2, 4,  14, 15].  However,  there are few studies reporting
panoramic radiographic findings, separately or association, in predicting direct contact between mandibular canal and
impacted third molars. separately or association, in predicting direct contact between mandibular canal and impacted
third molars. To our knowledge, there was only a study by Neves et al. [6] which was performed to assess the reliability
of four panoramic findings, both individually and in association, in predicting the absence of corticalization between the
mandibular  canal  and  the  third  molar  on  cone-beam  CT  images.  They  concluded  that  darkening  of  roots  and
interruption  of  white  line  observed  on  panoramic  radiographs,  both  as  isolated  findings  and  in  association,  were
effective  in  determining  the  risk  relationship  between  the  tooth  roots  and  the  mandibular  canal,  requiring  three-
dimensional evaluation of the case. In the present study, isolated finding of interruption of mandibular canal wall, and in
association with darkening of third molar root, were accurate and effective in predicting direct contact between inferior
alveolar  nerve and impacted third molar on 3D digital  images.  These two features were then defined as panoramic
criteria.  Although  our  study  results  seem  different  from  Neves  et  al.  [6],  both  studies  had  the  same  effective  and
accurate panoramic findings in predicting direct contact between the two structures. Clinical studies have demonstrated
that  the  absence  of  corticalization  between the  tooth  roots  and the  mandibular  canal  on  spiral  CT images  [20]  and
inferior alveolar nerve exposure [20, 21] are significantly associated only with some panoramic radiographic signs, in
particular,  darkening  of  roots  and  interruption  of  mandibular  canal.  Szalma  et  al.  [21]  identified  three  signs  on
panoramic radiograph that were significantly associated with inferior alveolar nerve paraesthesia (interruption of white
line, diversion of the mandibular canal and darkening of roots). On the other hand, Hasegawa et al. [5] concluded that
panoramic radiography alone does not provide sufficiently reliable images required for predicting nerve lesions. As a
result,  when  the  panoramic  image  is  suggestive  of  an  intimate  relationship  between  the  impacted  tooth  and  the
mandibular canal, CT is recommended for further investigation.

It has been observed that only 3D examinations, i.e. CT, cone-beam CT, and MRI are effective in determining the
true relationship of the tooth roots and the mandibular canal [12, 14, 19, 20, 22, 23]. In the view of socioeconomic
conditions  of  some  developing  countries  including  Thailand,  the  high  cost  of  those  examinations  (also  3D  digital
radiograph used in the present study) and the radiation dose (for CT) makes the use of panoramic radiography clearly
justified in the preoperative evaluation of third molar removal.

In  the  present  study,  we  found  that  20  out  of  62  teeth  (32.26%)  with  darkening  of  third  molar  root  could  be
associated with thinning or perforation of the lingual cortex by the tooth roots observed on 3D images. This observation
was also found in previous studies [9, 22].

CONCLUSION

Panoramic radiographic findings of interruption of mandibular canal wall,  both isolated and in association with
darkening of third molar root, were accurate and effective in predicting direct contact between inferior alveolar nerve
and impacted third molar on 3D digital images. These two features were also defined as panoramic criteria. This study
confirmed that panoramic radiography is an effective method for preoperative assessment of impacted mandibular third
molars.
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