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Abstract. The aim of this study was to determine whether cone beam computed
tomography (CBCT) before mandibular third molar removal can improve the risk
assessment for neurosensory disturbances of the inferior alveolar nerve (IAN)
compared to panoramic radiography (PAN). One hundred and six mandibular third
molars examined by PAN and CBCT were removed. A temporary sensory
disturbance of the IAN was present in 20 cases; a permanent disturbance was found
in one case. Three blinded observers assessed radiographic risk factors in PAN and
CBCT images. Positive (PPV) and negative (NPV) predictive values and positive
(LR+) and negative (LR—) likelihood ratios were calculated for all parameters for
all observers. Inter-observer reproducibility was expressed as both the percentage
accordance and the kappa-statistic. Generally, the PPV and LR + were the same for
PAN and CBCT, and there was good inter-observer reproducibility. The highest
PPV and LR + for PAN were found when part of the roots were positioned inferior to
the lower white border line of the canal, and for CBCT when the canal was
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positioned between the roots of the tooth. In conclusion, parameters assessed in ging
PAN and CBCT are not reliable risk factors for neurosensory disturbances of the Accepted for publication 15 March 2019
IAN, and CBCT appears not to improve the risk assessment. Available online 8 April 2019
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A recent meta-analysis concluded that the
assessment of cone beam computed tomog-
raphy (CBCT) images prior to the removal of
a mandibular third molar neither reduces
morbidity, e.g. the number of postoperative
sensory disturbances of the inferior alveolar
nerve (IAN)', nor results in a shorter opera-
tion time”. In randomized controlled clinical
trials comparing panoramic imaging and
CBCT as the radiographic method used be-
fore surgery, sensory disturbances of the [AN
were observed in both groups, and there was
no significant difference between the
groups® . It could be speculated though, that
there are signs in both panoramic images and
CBCT that could serve as risk factors able to
predict which patients will experience a sen-
sory disturbance of the IAN after removal of
a mandibular third molar.

With regard to panoramic radiography,
seven signs indicating a close relationship
between the third molar and the IAN,
suggested by Rood and Shehab®, have
been discussed as risk factors for sensory
disturbance of the IAN. It has been con-
cluded in reviews that three of these
signs, i.e. interruption of the white border
line of the canal, darkening of the third
molar roots, and change in course of the
canal, are more valid predictors of a close
relationship between the roots of the
tooth and the IAN than the other four,
but that these signs are also associated
with false-positive findings”™'’. However,
the outcome variable was the patient’s
sensation of IAN impairment in only
three of these studies™ "'*. In a retro-
spective  case—control  study'', the
reported positive predictive values
(PPV) of these three risk factors seen in
panoramic images ranged from 0.25 to
0.34, with a prevalence of 16% of docu-
mented [AN injury manifested by com-
plaints of sensory disturbances after third
molar removal. In a prospective clinical
study®, PPVs ranged from 0.14 to 0.33,
with a prevalence of IAN injury of 3% at
7-10 days postoperative. The third study
found a PPV of 0.03 for any of the
radiographic risk factors suggested by
Rood and Shehab'?; the prevalence of
experienced postoperative sensory distur-
bance of the IAN at 7 days after removal
of the third molar was 3.5%"°.

Only one study assessing postoperative
sensory disturbance has obtained results
for risk factors seen in panoramic images
and CBCT of the same patient group, but
information on how the sensory distur-
bances were defined or measured is ab-
sent'®. The prevalence of a temporary
sensory disturbance at 1 week postopera-
tive was reported to be 5.4% among 280
patients, and it was found that if the
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mandibular canal was positioned between
the roots of the third molar, or there was
no bony separation between the third
molar and the mandibular canal seen in
CBCT, the PPVs were 0.47 for each
radiographic risk factor. Furthermore, if
a combination of darkening of the roots
and interruption of the white border line
of the canal was present in the panoramic
image, the PPV was 0.53"°.

No study has focused on the predictive
values of radiographic risk factors for sen-
sory disturbances in panoramic images and
CBCT of the same group of patients with a
well-defined method for measuring sensory
disturbances ofthe AN asthe outcome. The
aim of this study was to determine whether
the examination of CBCT images before
removal of the mandibular third molar can
improve the risk assessment for neurosen-
sory disturbances of the IAN compared to
panoramic radiography.

Materials and methods
Patients

One hundred and six mandibular third
molars (59 left side and 47 right side) in
34 male and 72 female patients (mean age
29 years, range 19-56 years) were includ-
ed in this study. The study was performed
as part of a recent randomized controlled
clinical trial with patients who had a pan-
oramic examination and a CBCT before
removal of a mandibular third molar®. The
patients were referred to the study clinic
from their general dentist to have a man-
dibular third molar removed.

Clinical and panoramic radiograph
examinations were performed in the study
clinic before the patient was included in
the study. Patients had to meet two inclu-
sion criteria: (1) superimposition of the
roots of the third molar on the mandibular
canal in the panoramic image; and (2) a
neurosensory test performed on the side to
be operated on, as well as on the contra-
lateral side, using a Semmes—Weinstein
monofilament set consisting of numbers
1.65, 2.36, 2.44, 2.81, and 3.61, with
application in four locations within the
area of innervation of the IAN®. The
patients marked their perception of the
filament pressure on a visual analogue
scale (VAS) ranging from 0 (normal sen-
sation) to 100mm (totally numb)°.
Patients were included if they scored zero
on the VAS for both sides, which was also
related to a positive sensation of the pres-
sure from the thinnest filament. One third
molar was included for each patient. After
inclusion, the patients underwent a CBCT
examination in the study clinic.
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Radiographic examinations

The panoramic radiography and CBCT
examinations were performed using a Sca-
nora 3D unit (Soredex, Helsinki, Finland).
Panoramic radiography was performed
using a full adult projection, and the
CBCT examination was performed with
a 6 x6cm field of view and 0.13-mm
voxel resolution. OnDemand software
(Cybermed Inc., Irvine, CA, USA) was
used for the evaluation of the CBCT
examinations and the full volumes were
assessed.

Radiographic assessment

Three observers with over 10 years of
experience with CBCT assessed the
images on high-quality monitors in a room
with dimmed light. First, the panoramic
images were examined for possible risk
factors for postoperative sensory distur-
bance, as follows (with the ‘increased risk’
category stated first in the brackets): the
cranio-caudal relationship between the
roots of the third molar and the mandibular
canal (roots inferior to the lower white
border line of the canal/roots between the
white border lines of the canal); interrup-
tion of the white border lines of the canal
(yes/no); position of the canal over the
roots (canal in the middle or the upper
third of the root complex/canal in the
apical third of the root complex); darken-
ing of the roots in the area of superimpo-
sition (yes/no); narrowing of the canal
lumen over the roots (yes/no); and change
in course of the canal over the roots (yes/
no). The same parameters (except for
darkening of the roots and interruption
of the white border lines of the canal)
were assessed in the CBCT volumes, in
addition to the buccolingual relationship
between the roots of the third molar and
the mandibular canal (canal between the
roots/roots buccal to the canal/roots lin-
gual to the canal/roots and canal at the
same level); canal positioned in a root flex
(yes/no); and bony separation between the
roots of the third molar and the mandibular
canal (no/yes).

Postoperative test of sensory
disturbance

The third molars were removed by one of
two dentomaxillofacial surgeons in anoth-
er clinic (the operating clinic) using a
standard surgical approach. One week
postoperatively, the patients had the
sutures removed in the study clinic and
the neurosensory test was repeated on both
sides. A sensory disturbance of the IAN
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was registered if there was a difference in
perception of the filament pressure be-
tween the operated and the control side.
All patients who were found to have a
sensory disturbance also subjectively per-
ceived a sensory deficit. The dentist per-
forming the tests was not aware of which
side was the operated side (although in
some cases it was obvious because of
swelling of the cheek).

Twenty-one patients (19.8%) experi-
enced a sensory disturbance of the IAN
the week after surgery. All patients were
seen on a monthly basis until the sensory
disturbance had recovered based on the
patient’s subjective perception. One of
the patients (0.9%) was found to have a
permanent sensory disturbance lasting
more than 6 months.

Data analysis

Data were registered in Excel (Microsoft
Office 2010, Microsoft Corp., Redmond,
WA, USA) and imported into SPSS ver-
sion 13.0 software (SPSS Inc., Chicago,
IL, USA). For each observer, the canal-
related registrations from the panoramic
and CBCT images were related to the
presence of a sensory disturbance of the
TAN using descriptive statistics. In addi-
tion, the PPVs for radiographic markers
assumed to be risk factors for a sensory
disturbance of the IAN were calculated, as
follows: the number of teeth that truly
experienced a sensory disturbance divided
by the number of teeth interpreted to have
a risk factor, i.e. true-positives/(true-posi-
tives + false-positives). The negative pre-
dictive values (NPVs) were also
calculated, as follows: the number of teeth
that truly did not experience a sensory
disturbance divided by the number of teeth
without an assumed risk factor, i.e. true-
negatives/(true-negatives + false-nega-

tives). Moreover, the positive likelihood
ratio (LR+=sensitivity/(1 — specificity))
for radiographic markers was calculated
to assess the odds that a sensory distur-
bance actually existed if a given radio-
graphic marker was observed.
Subsequently, the negative likelihood ra-
tio (LR—=(1 — sensitivity)/specificity)
was calculated. The predictive values
and likelihood ratios were calculated for
all canal-related parameters observed in
both image modalities by all observers (for
a few variables, it was not meaningful to
calculate the NPV and LR—). In addition,
PPV, NPV, LR+, and LR— values were
calculated in cases with more than one risk
factor. Finally, reproducibility among the
observers was calculated and expressed

pairwise as the percentage accordance
and the kappa-statistic.

Results

The relationships between image findings
and the presence and absence of a sensory
disturbance of the IAN are presented in
Tables 1 and 2. The PPVs and NPVs in
general were almost the same for the
findings in panoramic images and CBCT,
for each observer and among observers,
although ‘canal between roots’ observed
in CBCT images obtained the highest
PPVs for a sensory disturbance. Moreover,
the NPVs were in general much higher
than the PPVs for both modalities. The
LR— were in general lower than the LR+
for both modalities, and the LR+ were in
general higher for findings in CBCT
images than in panoramic images.

For panoramic images, the highest
PPVs were obtained for ‘roots of the third
molar positioned inferior to the lower
border of the mandibular canal’, with
PPVs ranging from 0.31 to 0.33 among
the observers. This means that around one
third of the patients who were assessed as
having a high risk of a sensory disturbance
of the IAN based on an inferior position of
the roots of the third molar, truly experi-
enced a sensory disturbance. The same
parameter also obtained the highest LR+
(range 1.8-2.1), meaning that the relative
risk of having a sensory disturbance of the
IAN is doubled if the roots of the third
molars are positioned inferior to the lower
white border line of the canal in a pan-
oramic image. Interruption of the white
border lines of the canal, darkening of the
roots, change in the course of the canal,
and narrowing of the lumen of the canal
obtained lower PPVs of around 0.2 and LR
+ of around 1. The NPVs for panoramic
images ranged from 0.79 to 0.87, meaning
that in the absence of a risk factor assessed
in panoramic images, four out of five did
not experience a sensory disturbance of
the IAN. As shown in Table 3, a combi-
nation of two risk factor signs seen in
panoramic images did not increase the
predictive values or the likelihood ratios.

For CBCT, the highest PPVs were
obtained for ‘canal positioned between
the roots of the third molar’, with PPVs
ranging from 0.44 to 0.50 among the
observers. This means that around half
of the patients who were assessed as hav-
ing a risk of a sensory disturbance of the
IAN based on the canal being positioned
between the roots of the third molar, truly
experienced a sensory disturbance. For all
observers, ‘canal between the roots’ ob-
served in CBCT also obtained the highest

LR+ (range 3-4.1), meaning that if the
CBCT examination revealed that the man-
dibular canal was positioned between the
roots, there was a 3—4.1 times higher risk
that the patient would actually experience
a sensory disturbance of the IAN after
removal of the third molar than for other
root—canal positions. However, this sign
was present in only 11-18% of the patients
depending on the observer. For the param-
eter ‘no bony separation between the roots
of the third molar and the mandibular
canal’, all three observers obtained a
PPV of 0.25, meaning that one quarter
of the cases with this radiographic sign
experienced a sensory disturbance of the
IAN; additionally the LR+ were all 1.3. A
superior position of the roots of the third
molar in relation to the upper border of the
mandibular canal obtained NPVs of 0.92—
0.96, meaning that almost all cases (but
not 100%) without a suspicion that a
sensory disturbance would occur, actually
did not perceive any disturbance. A com-
bination of signs observed in CBCT did
not increase the predictive values or the
likelihood ratios (Table 3).

In general, the reproducibility
expressed as the percentage accordance
or as the kappa value was similar for the
three observer pairs. Furthermore, the
reproducibility was in general higher
for the panoramic images than for CBCT,
except for the course of the canal. For
panoramic images, the reproducibility
was highest for the cranio-caudal rela-
tionship, with percentage accordance
ranging from 91.5% to 92.5% and kappa
values ranging from 0.76 to 0.77 among
the observer pairs. The lowest percentage
accordance among the observers was
found for assessing the ‘canal position
over the roots’, which ranged from
64.4% to 71.7%, and the lowest kappa
values were found for ‘canal lumen’,
which ranged from 0.08 to 0.16 among
observer pairs. For CBCT the general
reproducibility among observer pairs
was highest for ‘bony separation’, with
percentage accordance ranging from
88.7% t0 90.6% and kappa values ranging
from 0.74 to 0.79. The highest percentage
accordance was found for ‘canal course’
(92.5-98.0%), and the lowest percentage
accordance was found for ‘canal position’
(56.6-69.8%).

Discussion

In this study, some ‘classical signs’ of a
close relationship between the third mo-
lar and the mandibular canal seen in
panoramic radiographs were evaluated.
The PPVs were in general not high.
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Observer 2

Sensory disturbance
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21) and absence (‘No’, n

13 (0.16; 0.79)
11 (0.19; 1.0)

10
1 (0.10; 0.46)

11 (0.24; 1.3)
20

10
3 (0.30; 1.8)

4(0.24; 1.3)
18

8 (0.31; 1.8)
17

No (NPV; LR—)
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15
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Observer 1

Yes (PPV; LR+)
14 (0.17; 0.82)
13 (0.19; 1.0)

8
4(0.25; 1.4)

4(0.21; 1.1)
17

8 (0.35; 2.1)
17

7(0.32; 1.8)
13
0()

21

Between canal borders
Interruption of the canal borders

Middle/upper part

Inferior to canal
No
Apical part
Darkening of roots
Yes
No
Canal lumen
Narrowing
No narrowing
Canal course
Change
No change

Canal position

Yes

Table 1. Relationships between panoramic radiography image findings and the presence (‘Yes’, n

predictive values (PPV, NPV) and likelihood ratios (LR+, LR—) in parentheses.

Panoramic parameter
Cranio-caudal relationship
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Interruption of the white border lines of
the canal obtained PPVs of 0.19-0.21
and darkening of the roots obtained
PPVs 0f 0.10-0.21, values that are lower
than those reported in a recent study, in
which a PPV of 0.53 was found for both
signsl3. On the other hand, these values
are comparable to those found in older
studies, in which the PPVs were in the
range of 0.14-0.25 for ‘interruption of
the white border lines of the canal’ and
0.17-0.32 for ‘darkening of the
roots’®!'!". Combining the two signs did
not change the prediction efficacy in the
present study, nor in the previously pub-
lished one'®. The PPV for ‘roots of the
third molar positioned inferior to the
lower white border line of the canal’
was around 0.32 in the present study,
and the odds of having a sensory distur-
bance of the AN, if this sign was pres-
ent, were almost doubled. In general, the
predictive values of radiographic risk
factors seen in panoramic images were
interpreted as poor, which has also been
concluded in former reviews”'°, and one
could speculate that CBCT would
improve the prediction of a postopera-
tive sensory disturbance of the TAN.

In this study, the PPV for the sign ‘no
bony separation between the third molar
and the mandibular canal’ was 0.25, which
means that 75% of the patients in this
study did not perceive any sensory distur-
bance even though the sign was observed
in the CBCT. The odds of having a post-
operative sensory disturbance of the IAN
if there was no bony separation between
the third molar and the mandibular canal
seen in the CBCT were 1.3 times higher.
So the relative risk was 1.3 in this study of
106 patients with this sign, which seems
without clinical relevance. Furthermore, it
was observed that if the sign was not
present, there was still a risk of sensory
disturbance, since the NPVs were 0.89—
0.93, meaning that approximately 10% of
the patients with bony separation between
the tooth and mandibular canal seen in
CBCT would still experience a sensory
disturbance. Other studies have found
higher PPVs for the same risk factor
(0.47-1), but the conclusion may be that
the sign cannot be trusted, since the NPVs
were extremely low in these studies'>'.
One previous study demonstrated that the
sign ‘no bony separation between third
molar and canal’ was present in the CBCT
images of two out of four patients who
experienced a permanent IAN injury;
however bone was clearly present in the
remaining two'>. In summary, the sign ‘no
bony separation between the mandibular
third molar and the mandibular canal’ may
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not outperform the signs in panoramic
images ‘interruption of the white border
lines of the canal’, ‘darkening of the
roots’, and ‘change in course of the
canal’, and none of these signs can be
interpreted as a reliable risk factor to
predict a postoperative sensory distur-
bance of the IAN.

Other signs such as ‘narrowing of the
canal lumen’ and ‘the canal situated in a
root flex” seen in the CBCT image were
found not to be valid risk factors. On the
other hand, when the mandibular canal
was positioned between the roots of the
third molar in the CBCT image, the
observers obtained the highest PPVs
(0.44-0.50), and the odds of having a
sensory disturbance, if this sign was
present, were three to four times higher
than when the sign was not present. The
sign was, however, only present in 11—
18% of the cases depending on the ob-
server, and in six to nine cases, it was
related to a sensory disturbance. A simi-
lar result was found in a previous study,
since the PPV was 0.47 for the same
signu. It may therefore seem of little
value to perform a CBCT merely to seek
this specific radiographic sign. A combi-
nation of two radiographic signs seen in
the CBCT image changed neither the
predictive values nor the likelihood ra-
tios.

In this prospective study, the preva-
lence of a temporary disturbance of the
IAN was 19.8%, which is relatively
high. The method for measuring dis-
turbances was well-defined as the dif-
ference  between the  patient’s
perceptions of sensation on the oper-
ated side versus the non-operated side
when measured with the thinnest fibres
at 1 week after the operation. This is a
highly subtle method as opposed to
those used in previous studies, in
which the method for measuring a
sensory disturbance has been de-
scribed less thoroughly, or not at all.
Differences in measurement methods
may explain differences in the fre-
quency of disturbances to the IAN
between studies. It is moreover well
known that PPVs are highly dependent
on the prevalence of the disease, in this
case a sensory disturbance, and this
will also explain differences between
studies. To compare differences in pre-
dictive values between methods, it is
therefore of the utmost importance that
the two methods have been applied to
the same patient group. The present
study is novel in directly comparing
the presence of classical radiographic
‘risk signs’ in panoramic and CBCT

12 (0.92; 0.36)
36 (0.90; 0.45)
80 (0.81; 0.97)

CBCT, cone beam computed tomography; LR—, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value. (-): not meaningful for

calculating the number.
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12 (0.92; 1.1)
78 (0.79)

27 (0.93; 0.31)
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6

21
34
24
30
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11 (0.31; 1.8)
9 (0.16; 0.8)
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10 (0.19; 0.94)
19 (0.25; 1.3)
17 (0.30; 1.4)

19
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8 (0.28; 1.5)

4 (0.11; 0.48)

3 (0.11; 0.50)
0(-)

21

2 (0.40; 1.6)

No (NPV; LR—)
19 (0.95; 0.22)
11

21

4

11

21

45

19 (0.95; 1.1)
81 (0.81; 0.95)
52

33 (0.89; 0.49)
35

50 (0.88; 0.56)
84 (0.8)

85) of a sensory disturbance of the IAN for each observer, with the predictive values (PPV,
20
46

Sensory disturbance
Observer 2

Yes (PPV; LR+)
11 (0.35; 2.2)
9 (0.16; 0.8)

9 (0.45; 3.0)

8 (0.28; 1.5)

4 (0.09; 0.39)
10 (0.48; 1.9)
10 (0.18; 0.91)
2(0.5; 1.9)

19

17 (0.25; 1.3)
14 (0.29; 1.6)

21) and absence (‘No’, n
0()
21

21 (0.96; 0.20)
21 (0.96; 0.20)
82 (0.80; 0.99)
33 (0.89; 0.49)
51 (0.84; 0.49)
83 (0.81; 0.97)

No (NPV; LR—)

23
41
9

2
0
12
14
50
52
34

Observer 1

11 (0.24; 1.3)

17 (0.25; 1.3)
10

11 (0.21; 1.1)
1 (0.08; 0.36)
13 (0.21; 1.1)
4

1
1(0.25; 1.3)

20
1 (0.50; 2.5)

20

Yes (PPV; LR+)
9 (0.28; 1.6)

7 (0.44; 3)

9 (0.29; 1.7)

4 (0.09; 0.39)
7(0.33; 2.1)

Between canal borders
Superior

Buccolingual relationship
Canal between roots
Buccal to canal
Middle/upper part
Apical part

Superior
Canal in a root flex

Lingual to canal

Same level

No narrowing
Canal course

Inferior to canal
Canal position

No
Yes

Canal lumen
Narrowing
Change
No change

Yes
No

Table 2. Relationships between CBCT image findings and the presence (‘Yes’, n
NPV) and likelihood ratios (LR+, LR—) in parentheses.

Cranio-caudal relationship

CBCT parameter
Bony separation
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No (NPV; LR—)
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79 (0.79)
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35
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Sensory disturbance
Observer 2

Yes (PPV; LR+)

4 (0.15; 0.70)
1 (0.17; 0.83)
20

14 (0.29; 1.6)
7 (0.39; 2.5)

14

LR—, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value. (-): not meaningful for calculating the number.

0()
21

No (NPV; LR—)
73 (0.79; 1.1)
81 (0.80; 1.0)
74 (0.81; 0.93)
51 (0.84; 0.8)
76 (0.83; 0.85)

12
11

34

Observer 1

Yes (PPV; LR+)
11 (0.25; 1.3)

2 (0.14; 0.68)
10

19
5(0.36; 2.2)

4 (0.27; 1.5)
16

1 (0.20; 1.0)
17

20

No

Canal position + darkening
Yes
No

Darkening + interruption
Yes
No

CBCT
Yes
No

No bony separation +canal between roots
Yes
No

Yes

Table 3. Relationships between combinations of panoramic radiography image findings and combinations of CBCT image findings and the presence (‘Yes’, n

sensory disturbance of the IAN for each observer, with the predictive values (PPV, NPV) and likelihood ratios (LR+, LR—) in parentheses.

Canal position + interruption
No bony separation + narrowing

Parameters
Panoramic images
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images of the same patient group with a
well-defined method for testing sensory
disturbances to the IAN, and as such this
study adds new important information.

Three observers were included in the
present study to assess the inter-observer
reproducibility for both panoramic radio-
graphs and CBCT images. The reproduc-
ibility was in general high and comparable
to other studies. The kappa values among
observer pairs for ‘no bony separation
between the third molar and the mandibu-
lar canal’ seen in CBCT ranged from 0.74
to 0.79 in the present study, and these
numbers are similar to the results reported
in other studies including two trained
observers (0.75 and 0.78)'° 'S, For
‘interruption of the white border lines of
the canal’ and ‘darkening of the roots’
seen in panoramic images, the kappa
values in the present study were 0.54
and 0.57, and in the two previous studies
they were 0.35/0.69 and 0.52/0.87, respec-
tively'®!”. One study concluded that re-
producibility was higher for trained
observers than for untrained dental stu-
dents'®. Even though the general conclu-
sions from the present study were not
overall affected by the observer, it should
be borne in mind that observer variation
adds to how well predictive values may be
trusted in the clinical situation.

It has been speculated that signs in
CBCT images may be more predictable
than signs in panoramic images'’, and that
this should justify the use of CBCT for
establishing a treatment plan, e.g. per-
forming a coronectomy instead of full
removal of the third molar. Performing a
coronectomy has become a more frequent
treatment approach for impacted mandib-
ular third molars with a suspected intimate
relationship between the third molar and
the TAN in order to avoid postoperative
sensory disturbance®’. It appears that the
procedure is safe to perform, with little
postoperative morbidity’® >, However,
this treatment may be more resource-de-
manding because of the clinical and radio-
graphic follow-ups required to monitor the
root complex left in the mandible. More-
over, in a recent study following 200
coronectomy cases, it was found that
3.5% underwent a re-operation, 11.7%
had a postoperative infection treated with
antibiotics, and two patients suffered from
a sensory disturbance of the IAN?'. Sen-
sory disturbances can therefore not be
totally avoided when choosing this treat-
ment approach.

A previous study reported that treatment
was changed in 12% of the cases when
CBCT was available to the surgeon®,
and that no bony separation between the



1100

Matzen et al.

third molarand the mandibular canal seen in
the CBCT image was the main reason why
treatment was changed from full removal to
coronectomy (8% of the changed cases).
Moreover, it was found that if the canal
lumen was narrowed and/or the canal was
positioned in a root flex, there was an even
higher risk that treatment would be changed
to a coronectomy”>. Taking the results of
the present study and also previous studies
into account, one could speculate whether
the evidence for this decision-making is
actually poor. As such, it is believed that
the decision to perform a coronectomy may
just as well be taken based on a panoramic
image as on a CBCT examination. More-
over, the use of local anaesthesia includes
the risk of an injection-related nerve injury
causing sensory disturbance of the TAN.
This has to be kept in mind, no matter the
signs in the preoperative radiograph.

In conclusion, the predictive values
expressing the ability of radiographic
signs to predict a postoperative sensory
disturbance of the IAN are in general
relatively poor, both for panoramic radio-
graphs and CBCT images. Although
CBCT obtained higher values for some
parameters, it is the authors’ opinion that
these are not robust enough to more accu-
rately predict the risk of complications and
thereby to change the patient information
when CBCT is available as opposed to
merely a panoramic radiograph. It there-
fore appears that the use of CBCT before
removal of a mandibular third molar
should be an exception in rare complicated
cases.

Funding
No funding.

Competing interests

No conflicts of interest.

Ethical approval

Approval was given by the Committee on
Health Research Ethics of the Capital
Region in Denmark (Number H-4-2010-
052).

Patient consent

Not required.

Authors statement

The final manuscripts has been viewed and
agreed to submission by all authors

Acknowledgements. We thank the oral
surgeons Nino Fernandez and Lars Palle-
sen who performed the operations in this
study.

References

1. Clé-Ovejero A, Sanchez-Torres A, Camps-
Font O, Gay-Escoda C, Figueiredo R, Val-
maseda-Castellon E. Does 3-dimensional
imaging of the third molar reduce the risk
of experiencing inferior alveolar nerve injury
owing to extraction? A meta-analysis. J Am
Dent Assoc 2017;148:575-83.

2. Petersen LB, Olsen KR, Christensen J, Wen-
zel A. Image and surgery-related costs com-
paring cone beam CT and panoramic
imaging before removal of impacted man-
dibular third molars. Dentomaxillofac
Radiol 2014;43:20140001.

3. Guerrero ME, Nackaerts O, Beinsberger J,
Horner K, Schoenaers J, Jacobs R. SEDEN-
TEXCT Project Consortium. Inferior alveo-
lar nerve sensory disturbance after impacted
mandibular third molar evaluation using
cone beam computed tomography and pan-
oramic radiography: a pilot study. J Oral
Maxillofac Surg 2012;70:2264-70.

4. Guerrero ME, Botetano R, Beltran J, Horner
K, Jacobs R. Can preoperative imaging help
to predict postoperative outcome after wis-
doms tooth removal? A randomized con-
trolled trial using panoramic radiography
versus cone-beam CT. Clin Oral Investig
2014;18:335-42.

5. Ghaeminia H, Gerlach NL, Hoppenreijs TJ,
Kicken M, Dings JP, Borstlap WA, de Haan
T, Bergé SJ, Meijer GJ, Maal TJ. Clinical
relevance of cone beam computed tomogra-
phy in mandibular third molar removal: a
multicenter, randomized, controlled trial. J
Craniomaxillofac Surg 2015;43:2158-67.

6. Petersen LB, Vaeth M, Wenzel A. Neuro-
sensoric disturbances after surgical removal
of the mandibular third molar based on either
panoramic imaging or cone beam CT scan-
ning: a randomized controlled trial (RCT).
Dentomaxillofac Radiol 2016;45:20150224.

7. Korkmaz YT, Kayipmaz S, Senel FC, Atasoy
KT, Gumrukcu Z. Does additional cone
beam computed tomography decrease the
risk of inferior alveolar nerve injury in
high-risk cases undergoing third molar sur-
gery? Does CBCT decrease the risk of IAN
injury? Int J Oral Maxillofac Surg
2017;46:628-35.

8. Rood JP, Shehab BA. The radiological pre-
diction of inferior alveolar nerve injury dur-
ing third molar surgery. Br J Oral Maxillofac
Surg 1990;28:20-5.

9. Atieh M. Diagnostic accuracy of panoramic
radiography in determining relationship be-
tween inferior alveolar nerve and mandibular
third molar. J Oral Maxillofac Surg

2010;68:74-82.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Wenzel A. It is not clear whether commonly
used radiographic markers in panoramic
images possess predictive ability for deter-
mining the relationship between the inferior
alveolar nerve and the mandibular third mo-
lar. J Evid Based Dent Pract 2010;10:232—4.
Blaeser BF, August MA, Donoff RB, Kaban
LB, Dodson T. Panoramic radiographic risk
factors for inferior alveolar nerve injury after
third molar extraction. J Oral Maxillofac
Surg 2003;61:417-21.

Gomes ACA, Vasconcelos BCDE, Silva
EDDO, Caldas ADF, Neto IVCP. Sensitivity
and specificity of pantomography to predict
inferior alveolar nerve damage during ex-
traction of impacted lower third molars. J
Oral Maxillofac Surg 2008;66:256-9.
Harada N, Subash BV, Matsuda Y, Seki K,
Kapila R, Ishikawa N, Okano T, Sano T.
Characteristic findings on panoramic radiog-
raphy and cone-beam CT to predict pares-
thesia after extraction of impacted third
molar. Bull Tokyo Dent Coll 2015;56:1-8.
Selvi F, Dodson TB, Nattestad A, Robertson
K, Tolstunov L. Factors that are associated
with injury to the inferior alveolar nerve in
high-risk patients after removal of third
molars. Br J Oral Maxillofac Surg
2013;51:868-73.

Matzen LH, Schou S, Christensen J, Hintze
H, Wenzel A. Audit of a 5-year radiographic
protocol for assessment of mandibular third
molars before surgical intervention. Dento-
maxillofac Radiol 2014;43:2014172.
Tantanapornkul W, Okouchi K, Fukiwara Y,
Yamashiro M, Maruoka Y, Ohbayashi N,
Kurabayashi T. A comparative study of
cone-beam computed tomography and con-
ventional panoramic radiography in asses-
sing the tomographic relationship between
the mandibular canal and impacted third
molars. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2017;103:253-9.
Ghaeminia H, Meijer GJ, Soehardi A, Bors-
tlap WA, Mulder J, Bergé SJ. Position of the
impacted third molar in relation to the man-
dibular canal. Diagnostic accuracy of cone
beam computed tomography compared with
panoramic radiography. Int J Oral Maxillo-
fac Surg 2009;38:964-71.

Matzen LH, Hintze H, Spin-Neto R, Wenzel
A. Reproducibility of third molar assessment
comparing two CBCT units in a matched
pairs  design. Dentomaxillofac  Radiol
2013;42:20130228.

Matzen LH, Wenzel A. Efficacy of cone
beam computed tomography for assessment
of impacted mandibular third molars: a re-
view based on a hierarchical model of evi-
dence. Dentomaxillofac Radiol
2015;44:20140189.

Cervera-Espert J, Perez-Martinez S, Cer-
vera-Balester J, Penarrocha-Oltra D, Penar-
rocha-Diago M. Coronectomy of impacted
mandibular third molars: a meta-analysis and
systematic review of the literature. Med Oral
Patol Oral Cir Bucal 2016;21:e505-13.


http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0005
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0005
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0005
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0005
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0005
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0005
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0005
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0010
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0010
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0010
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0010
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0010
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0010
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0015
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0015
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0015
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0015
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0015
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0015
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0015
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0015
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0020
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0020
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0020
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0020
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0020
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0020
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0020
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0025
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0025
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0025
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0025
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0025
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0025
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0025
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0040
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0040
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0040
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0040
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0045
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0045
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0045
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0045
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0045
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0050
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0050
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0050
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0050
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0050
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0050
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0060
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0060
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0060
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0060
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0060
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0060
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0065
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0065
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0065
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0065
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0065
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0065
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0070
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0070
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0070
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0070
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0070
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0070
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0075
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0075
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0075
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0075
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0075
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0085
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0085
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0085
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0085
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0085
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0085
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0085
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0090
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0090
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0090
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0090
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0090
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0095
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0095
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0095
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0095
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0095
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0095
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0100
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0100
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0100
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0100
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0100
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0100

21.

22.

Pedersen MH, Bak J, Matzen LH, Hartlev J,
Bindslev J, Schou S, Ngrholt SE. Coronect-
omy of mandibular third molars: a clinical
and radiological study of 231 cases with a
mean follow-up period of 5.7 years. Int J
Oral Maxillofac Surg 2018;47:1596-603.
Leung YY, Cheung LK. Long-term morbid-
ities of coronectomy on lower third molar.
Oral Surg Oral Med Oral Pathol Oral
Radiol 2016;121:5-11.

Radiographic risk assessment for IAN injury

23. Matzen LH, Christensen J, Hintze H, Schou

S, Wenzel A. Influence of cone beam CT on
treatment plan before surgical intervention
of mandibular third molars and impact of
radiographic factors on deciding on coro-
nectomy versus surgical removal. Dento-
maxillofac Radiol 2013;42:98870341.

Address:
Louise Hauge Matzen

1101

Section of Oral Radiology

Department of Dentistry and Oral Health
Aarhus University

Vennelyst Boulevard 9

DK-8000 Aarhus C

Denmark

Tel.: +45 871 67 457

E-mail: louise.hauge.matzen@dent.au.dk


http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0105
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0105
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0105
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0105
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0105
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0105
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0110
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0110
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0110
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0110
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31020-3/sbref0115
mailto:louise.hauge.matzen@dent.au.dk

	Mandibular canal-related parameters interpreted in panoramic images and CBCT of mandibular third molars as risk factors to...
	Materials and methods
	Patients
	Radiographic examinations
	Radiographic assessment
	Postoperative test of sensory disturbance
	Data analysis

	Results
	Discussion
	Funding
	Competing interests
	Ethical approval
	Patient consent
	Authors statement
	Acknowledgements
	References


