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One of the most serious complications of impacted
mandibular third molar (IMTM) extraction is injury

to the inferior alveolar nerve. The overall risk of the in-

ferior alveolar nerve injury ranges from 0.4% to 9.8%1-10.
The anatomical feature of this complication is the intimate
contact between the IMTM and the inferior alveolar canal
(IAC). Much valuable information about the peculiarities
between these two structures can be obtained with the use
of radiographs in dental practice. These help clinicians
avoid the complication as much as possible before the
extraction operation is begun. Several authors have iden-
tified some high-risk radiological signs associated with an
intimate anatomical relationship between the IMTM and
the IAC on periapical and panoramic radiographs. The
question remains, which high-risk radiological signs are
more effective and easier to use in dental practice? 

With the development of computer technology, three-
dimensional imaging diagnosis has been practiced for

1 Department of Oral and Maxillofacial Radiology and Outpatient Dental
Center, Peking University School and Hospital of Stomatology, Beijing,
P.R. China.

2 Department of Oral and Maxillofacial Radiology, Peking University
School and Hospital of Stomatology, Beijing, P.R. China.

Corresponding author: Dr Xu Chen MA, Department of Oral and Maxil-
lofacial Radiology, Peking University School and Hospital of Stomatology,
#22 Zhongguancun Nandajie, Haidian District, Beijing 100081, P.R.
China. Tel: 86-10-62179977 ext 2345; Fax: 86-10-62136628; Email:
kqxcma@bjmu.edu.cn

Evaluation of the Relationship between the Impacted Mandibular
Third Molar and the Inferior Alveolar Canal on Panoramic
Radiograph

Quan CHEN1, Deng Gao LIU2, Gang ZHANG2, Xu Chen MA2

Objective: To evaluate the diagnostic accuracy of the panoramic radiograph in judging the
relationship between the impacted mandibular third molar (IMTM) and the inferior alveolar
canal (IAC) by cone-beam computed tomography (CBCT) and give guidelines for using
radiological examinations before IMTM extraction.
Methods: A total of 1735 IMTMs on panoramic radiographs were analysed and classified into
three classes according to the relationship between the IMTMs and the IAC. A total of 126
IMTMs superimposing on the canal partially or touching the canal in line on panoramic radi-
ographs were examined by CBCT. Nine radiographic signs were observed by two radiologists
respectively and multivariate logistic regression analysis was performed.
Results: 8.7% of IMTMs have superimposition or a linear touching relationship with the IAC
on panoramic radiographs. Of these IMTMs, 52.4% impinged and broke the IAC in CBCT
images. Two radiologic signs on panoramic radiographs, including interruption of the
radiopaque border of the canal (P = 0.009), and interruption of the alveolar lamina dura and
periodontal space (P = 0.007), were statistically significant in predicting the impingement of
the IAC.
Conclusion: Panoramic radiography can be used to screen out high-risk cases of inferior alve-
olar nerve injury before the IMTM extraction. Those IMTMs superimposing the canal partially
or touching the canal in line on panoramic radiographs should be examined by CBCT further.
Two features on panoramic radiographs, including interruption of the alveolar lamina dura
and periodontal space, and interruption of the radiopaque border of the canal, were more
valuable than other signs to predict impingement and interruption of the IAC wall. 
Key words: cone-beam computed tomography, impacted mandibular third molar, inferior
alveolar canal, panoramic radiography
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more than 10 years in dentistry. A series of cone-beam
computed tomography (CBCT) instruments have been
developed for dental use11-13. The relationship between
the IMTM and IAC can be diagnosed accurately by
CBCT14-18. However, the cost and complexity of these
machines, along with the problems associated with the
relatively high dose of x-rays absorbed by the patient,
limits the wide application of this technique13,19-21. 

The aim of this study was to evaluate the diagnostic
accuracy of panoramic radiographs in judging the relation-
ship between the IMTM and IAC and develop protocols for
using CBCT. A cross-sectional study design and a diag-
nostic test were performed. The CBCT findings were
regarded as the gold standard. Panoramic radiographs were
used as an initial evaluation of the potential for any high-
risk IAC injury related to the IMTM. CBCT findings were
compared with panoramic radiographic signs to evaluate
their diagnostic value. In this way, surgeons can screen out
cases at high-risk for inferior alveolar nerve injury or de-
cide whether a CBCT scan is needed in clinical situations.

The ethics committee of the Peking University Health
Science Center approved the project. Informed consent
forms were obtained from all the patients undergoing
CBCT examination.

Materials and Methods

Patients and methods

The image information was collected from all of the
people who accepted the panoramic radiography exami-
nation at the Department of Oral and Maxillofacial

Radiology, Peking University School and Hospital of Sto-
matology in June and July 2007. Patients with benign or
malignant lesions around the IMTM were excluded from
the present study. Patients without IMTM were also
excluded. A total of 1073 patients (1735 IMTMs) were
selected in the study. The IMTM was classified into three
classes according to the relationship between the IMTM
and the IAC on panoramic radiographs: class A, the
IMTM did not touch the canal (Fig 1A); class B, the apex
of the IMTM touched the canal (Fig 1B); class C, the
IMTM superimposed the canal partly, or touched the
canal in line (Fig 1C, D and E). In total, 84 patients (126
IMTMs) of class C were recalled and agreed to undergo
the CBCT examination. 

The panoramic radiograph was made with use of the
Orthopantograph OP100 (Instrumentarium, Helsinki,
Finland). The CBCT was taken by using a 3DX multi-
image micro CT (J. Morita, Kyoto, Japan.). Exposure
factors were set at 80 kV, 5 mA, and 17.5 seconds. The
three-dimensional views were reconstructed from the
raw data and optimised after selecting the region of inter-
est and adjusting the angle and grey level. The slice
interval and slice thickness were set at 1 mm. The voxel
dimension was 125 μm × 125 μm × 125 μm.

Evaluation of the images

According to the analysis of CBCT three-dimensional
images, the relationship between the IMTM and IAC was
classified into two types: type 1, the IAC wall was
complete whether the IMTM touched the canal or not
(Figs 2 and 3); type 2, the IAC wall was impinged and
broken by the IMTM at least on one image (Fig 4).
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Fig 1 All of the IMTMs were classified into three classes
according to the relationship between the IMTM and the IAC
detected on panoramic radiographs: class A: the IMTMs did
not touch the canal (Fig 1A); class B: the apex of the IMTM
touched the canal (Fig 1B); class C: the IMTM superimposed
the canal partly, or touched the canal in line (Fig 1C, D and E).

Fig 2 Type 1: the mandibular canal wall was intact and
complete.
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Nine radiological signs, in terms of the IMTM and the
IAC, were detected and evaluated for each of the pano-
ramic radiographs1-3,6,9,10,22-32. 
1) Interruption of the radiopaque border of the canal: the

radiopaque lines that constitute the IAC were
discontinuous because the IMTM root was located
within the canal (Fig 5).

2) Narrowing of diameter of the canal: the canal nar-
rowed due to a disturbance by the root or the crown of
the IMTM (Fig 6). 

3) Diversion of the canal: a diversion of the canal was
recognisable on the radiograph where the canal bent in
proximity to the root or the crown of the IMTM (Fig 10). 

4) Interruption of the alveolar lamina dura and periodontal
space: the image of the alveolar lamina dura and
periodontal space was discontinuous and blurry where
the IMTM superimposed on the canal, while the image
of the two structures was continuous and clear else-
where (Fig 7). 

5) Increased radiolucency: an increased radiolucency
was detected where the mandibular canal crossed the
IMTM (Fig 8). 

6) Deflection of the roots by the canal: the root appeared
to be deflected by or hooked around the canal (Fig 9). 

7) Narrowing of the root: there was a narrowing of the
root like a waist where the canal crossed it.

8) The bifid apex: the apex of the tooth appeared bifid
where the canal crossed it.

9) Developing roots: the root of the IMTM was still
developing (Fig 11).

Two oral radiologists observed the CBCT images inde-
pendently and reached a consensus. Three radiologists
assessed the panoramic radiographs blindly and inde-
pendently for the presence of the 9 radiological signs.
When disagreement existed among the assessments of the
three observers, consensus was reached by discussion.

Statistical analysis

The component ratio of the three kinds of relationships
between the IMTM and the canal on all panoramic
radiographs was calculated.

The diagnostic results of all of the cases examined by
CBCT were regarded as the gold standard. The SPSS
package (v13.0, SPSS, Chicago, IL) was used to perform
the statistical analysis. A multivariate logistic regression
analysis was performed to identify statistically signifi-
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Fig 3 Type 1: the mandibular canal wall was complete in spite
of the fact that the IMTM touched the canal wall.

Fig 4 Type 2: the mandibular canal wall was impinged and
broken by the IMTM.

Fig 5 Interruption of the radiopaque border of the canal. Fig 6 Narrowing of the diameter of the canal resulting from
close proximity to the third molar. 
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Fig 10 Diversion of the canal. 

Figs 7A and B Interruption of the alveolar lamina dura and periodontal space.

Figs 8A and B Increased radiolucency. 

Fig 11 Developing roots: the root of the IMTM appeared to be
still developing.

Figs 9A and B Deflection of the roots by the canal. The root appeared deflected by the canal (Fig 9A). The root appeared to be
hooked round the canal (Fig 9B).

A B

B

B

A

A
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cant panoramic radiological signs associated with
whether the IMTM impinged and broke the IAC wall or
not. The radiological signs were entered using backward
stepwise regression. The signs were kept based on
P ≤ 0.05 and removed when P ≥ 0.1. Sensitivity, specif-
icity, accuracy, and positive and negative predictive
values of panoramic radiological signs were calculated. 

Results

The component ratio of the relationship between the
1735 IMTMs and the canal on panoramic radiographs
were as follows: class A 65.8%, 95% confidence interval
(CI): 63.6%–68.0% (1141 IMTMs); class B 25.5%, 95%
CI: 23.4%–27.6% (443 IMTMs); and class C, 8.7%,
95% CI: 7.4%–10.0% (151 IMTMs).

The 84 patients (126 IMTMs) undergoing the CBCT
examination included 26 males and 58 females. Their
ages ranged from 18 to 40 years with a mean of 25 years.
Among them, 66 (52.4%) IMTMs impinged and broke
the canal wall and the other 60 IMTMs did not break the
canal wall on the images of CBCT. The image findings
of all the cases by CBCT and panoramic radiography are
shown in Table 1.

Of the nine signs used in the study, only two cases
showed the ‘deflection of root’ feature, one case showed
the ‘diversion of canal’ feature and no case showed the
signs of ‘narrowing of root’ or ‘the bifid apex’ on pano-
ramic radiographs. Hence, these four signs were ex-
cluded from the present study. The analysed result by
multivariate logistic regression showed that only two
panoramic radiological signs, namely interruption of the
radiopaque border of the canal (P = 0.009) and interrup-
tion of the alveolar lamina dura and periodontal space
(P = 0.007), were statistically significant in their associ-
ation with the impingement of the IAC. Sensitivity, spec-
ificity, accuracy, and positive and negative predictive
values of these two signs are presented in Table 2.

Discussion

Conventional assessment through the use of x-rays is
essential to evaluating the topographic relationship
between the IAC and the IMTM, and the panoramic radi-
ograph is one of the most commonly used radiographic
examinations for this purpose. In the present study, it was
found that about 8.7% of the IMTMs did have super-
imposition or a linear touching relationship with the IAC

CHEN et al

41The Chinese Journal of Dental Research

CBCT IMTM Radiological sign on panoramic radiograph
Sign 1 Sign 2 Sign 3 Sign 4 Sign 5 Sign 6 Sign 7 Sign 8 Sign 9

Type 1 060 044 3 0 04 12 2 0 0 11

Type 2 066 060 4 1 16 19 0 0 0 14

Total 126 104 7 1 20 31 2 0 0 25

Table 1 The image findings of 126 IMTMs analyzed by CBCT and panoramic radiograph 

Type 1: mandibular canal wall was intact; Type 2: mandibular canal wall was broken 

Sign 1: interruption of the radiopaque border of the canal; Sign 2: narrowing of the canal; Sign 3: diversion of the canal; 
Sign 4: interruption of the alveolar lamina dura and periodontal space; Sign 5: increased radiolucency; Sign 6: defection of the roots 
by the canal; Sign 7: narrowing of the root; Sign 8: the bifid apex; Sign 9: developing roots

Radiological sign on panoramic radiograph Sensitivity Specificity Accuracy PPV NPV

Sign 1 90.9% 26.7% 60.3% 57.7% 72.7%
Sign 4 24.2% 93.3% 57.1% 80.0% 52.8%
Sign 1 + 4 21.2% 98.3% 57.9% 93.3% 53.2%

Table 2 Sensitivity, specificity, accuracy, and positive and negative predictive values of two high-risk signs 

Sign 1: interruption of the radiopaque border of the canal; Sign 4: interruption of the alveolar lamina dura and periodontal space; 
PPV: positive predictive value; NPV: negative predictive value
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on panoramic radiographs. This was significantly lower
than the result (61.7%) reported by Howe et al1. This
corresponds well to the nerve injury rate of 0.4% to 9.8%
reported by some researchers. In this way, clinicians can
identify the relatively high-risk patients before the
IMTM extraction surgery. 

When the panoramic image suggests a close relation-
ship between the IMTM and the IAC, CBCT is recom-
mended for further investigation to demonstrate the three-
dimensional relationship between the two structures14-18.
However, the evident drawbacks of CBCT are higher
radiation dose and financial costs compared with pano-
ramic radiography. If some credible information from
panoramic radiographs could be obtained for the diag-
nosis of the real relationship between IMTM and IAC, it
would be more helpful and convenient for the clinicians
to make preparations for the extraction surgery. 

Numerous clinical studies have been performed to
determine what signs from panoramic radiographs sug-
gest an intra-operative neurovascular bundle exposure or
post-operative dysaesthesia. Blaeser reported that three
features, including narrowing canal, increased radio-
lucency and interruption of the radiopaque border of the
canal, were significantly correlated with the occurrence
of post-operative dysaesthesia. The sensitivity and spec-
ificity were 100% and 33%, respectively22. In a report of
73 IMTMs, Monaco analysed five features of panoramic
radiographs and compared them with an axial CT. He
found that the predictive values of superimposition with
the canal, increased radiolucency, interruption of the
radiopaque border of the canal, narrowing of the canal
and diversion of the canal were 38.5%, 73%, 71.4%,
78.6% and 100%, respectively. 

If more than two features were found in one image, the
predictive value was 100%23. Tammisalo found neuro-
vascular bundle exposure in 23 of 80 IMTMs during the
extraction surgery, and 13 of 23 cases exhibited at least
one of the following five radiological signs, namely,
increased radiolucency, narrowing of the root, deflection
of the roots by the canal, diversion of the canal,
narrowing of the canal and interruption of the radiopaque
border of the canal on the panoramic radiograph2.
Sedaghatfar reported that four features, including
increased radiolucency, interruption of the radiopaque
border of the canal, deflection of the roots by the canal
and narrowing of the root had a significant statistical
relationship with neurovascular exposure during IMTM
extraction surgery. 

The sensitivity, specificity and predictive value were
42% to 75%, 66% to 91% and 12% to 24%, respec-
tively27. Tantanapornkul suggested that the interruption
of the radiopaque border of the canal feature could be

used to predict neurovascular bundle exposure in the
IMTM extraction surgery17.

In the present study, 126 IMTMs were collected and
examined by CBCT. All the cases showed superimpo-
sition or linear touching between the IMTM and IAC on
the panoramic radiograph. In CBCT images, 66 IMTMs
(52.4%) had impinged and broken the IAC. Hence, more
attention should be paid to the patients whose IMTM had
an intimate relationship with the IAC on a panoramic
radiograph. The relationship between these two struc-
tures should be evaluated more accurately before the
extraction surgery. CBCT examination should be per-
formed for exact diagnosis if it is available14-18. Nine
possible radiological signs of IMTM were evaluated that
had been reported to correlate well with intra-operative
neurovascular bundle exposure or post-operative dys-
aesthesia. In this study, it was found that only two signs,
namely, interruption of the alveolar lamina dura and peri-
odontal space, and interruption of the radiopaque border
of the canal, were statistically significant to serve as pre-
dictive factors.

The panoramic radiological sign, interruption of the
alveolar lamina dura and periodontal space, had not been
reported to serve as a high-risk predictive factor for the
IMTM. Normally, the alveolar lamina dura and the
periodontal space were clear and continuous surrounding
the root of a tooth on a radiograph. The sign of inter-
ruption of the alveolar lamina dura and periodontal space
may be explained by the theory of silhouette sign33.
When the IMTM impinged and broke the mandibular
canal wall, this sign was on the radiograph. In Maegawa’s
study of 47 IMTMs, six of the seven patients in whom an
inferior alveolar nerve was visible after removal of the
IMTM, exhibited interruption of the periodontal mem-
brane space on the panoramic radiographs26.

In conclusion, in the present study, it was found that
approximately 8.5% of the IMTMs had a relatively
intimate relationship with the IAC, as detected on pano-
ramic radiographs. It corresponded well with the rate of
inferior alveolar nerve injury during the IMTM extrac-
tion operation reported by many authors. 

The fact that IMTMs partially superimposed on the
canal or touching the canal asymptotically on panoramic
radiographs could be used as a sign to identify the high-
risk nerve injury cases. More than half of the IMTMs
impinged and broke the IAC in CBCT images. More-
over, two features on panoramic radiographs, including
interruption of the alveolar lamina dura and periodontal
space, and interruption of the radiopaque border of the
canal, were more accurate and valuable than other signs
in predicting the actual impingement and interruption of
the IAC wall. 
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