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Analysis of Radiographic Signs to Predict the
Risk of Damage to the Inferior Alveolar Nerve
following Impacted Mandibular Third Molar
Extraction among Sinhalese Population

ABSTRACT

Aims: This study aimed to define the panoramic criteria can be used in predicting the direct
contact between impacted mandibular third molar (MTM) and the inferior alveolar nerve
(IAN).

Study design: A prospective cross-sectional study.

Place and Duration of Study: This study carried out at Unit B in National Dental Teaching
Hospital, Ward Place, Colombo 07 from July 2019 to February 2020.

Methodology: Both orthopantomography (OPG) and cone beam computed tomography
(CBCT) images of 107 impacted MTMs were assessed to record the radiographic signs for
each impacted tooth. The angulation and the position of impaction, Rood & Shehab signs
including superimposition, mandibular canal (MC) position relative to the MTM roots,
proximity of MTM roots to MC, and the changes of cortical plates due to impacted MTM roots
were recorded with sex and age. The Chi-square and Fishers’ exact tests were used for
comparison.

Results: The most common position of impaction was position B, most common impaction
angulation was mesial angulation, most common OPG sign was interruption of white line,
and most common MC position was lingual position relative to the MTM roots. Position A,
and position B, A-vertical impaction type, B-horizontal impaction type, darkening of roots,
sign combinations of darkening and superimposition, and darkening and interruption, and
lingually located MC relative to the MTM roots were significantly correlated with direct
contact between impacted MTM and the MC (P<0.05). The signs of superimposition and
narrow root were significantly correlated with lingually positioned MCs (P<0.05). The sign of
darkening of roots was significantly correlated with lingual and buccal cortical plates thinning
(P<0.05).

Conclusion: With superimposition and darkening or darkening and interruption, or B-
horizontal type of impaction, there is a risk of IAN damage during the surgical removal of
impacted MTM. With A-vertical type of impaction, there was no risk of damage to IAN. The
sign combination of superimposition and darkening has a high positive predictive value for
predicting contact MTM roots to MC than buccal plate thinning.

Keywords: [radiographic signs, orthopantomography, cone beam computed tomography,
mandibular third molar, inferior alveolar nerve]




1. INTRODUCTION

Mandibular third molars (MTMs), which are located most posteriorly in the mandible, exist in
90% of the general population, with 33% having at least one impacted MTM [1]. According to
the Winter's classification there are seven main types of impactions can be found related to
the MTM such as mesioangular, distoangular, vertical, horizontal, buccoangular,
linguoangular and inverse [2]. According to Pell & Gregory classification, the impacted MTM
can be classified as two main ways such as Class and Position. Class I, Class Il and Class
Il are based on the relation of the impacted MTM to anterior ramus of the mandible and the
second molar. Position A, Position B and Position C are based on the relative depth of the
impacted tooth in the mandible [3].

Recent studies have reported that impacted third molars might cause a series of
complications such as caries, germination disorders, repeated episodes of pericoronitis,
periodontal lesions of the second molar, orthodontic problems, and even follicular cysts.
Considering the massive complications caused by impacted third molars, surgical removal of
them may be the best option. However, most patients complain about discomfort after
surgery such as swelling, pain, bleeding, trismus, dry socket, dehiscence during primary
wound healing, or even numbness of the lower lip (paresthesia) caused by inferior alveolar
nerve (IAN) injury [1].

Several studies have reported that the incidence of IAN injury is between 0.4% to 8.4%, with
no recovery from the injury reported in approximately 0.12% to 0.30% of cases. Some
research shows that there is a 15-25% increased risk of preoperative paresthesia following
IAN exposure, and this may be temporary or permanent in nature. Permanent paresthesia
may lead to functional compromise and a decreased quality of life. The spatial relationship
between the MTM root and the mandibular canal (MC) is the most predictable risk factor for
IAN injury [1]. Therefore, it is vital for surgeons to understand the relationship between the
MTM and the MC wall defect before surgery, which might help inform IAN damage risk
assessment and surgical operation planning, as well as risk communication with patients
before surgery.

The periapical radiography and orthopantomography (OPG) are the most used clinical X-ray
examinations to assess the risk factors for IAN injury in dentistry [1]. But OPG is the
standard imaging technique performed before MTM extraction to assess the risk factors [4].
Specific radiographic signs have been identified by Rood and Shehab on panoramic images
that may suggest a close relationship between MTM, and the MC. These radiographic signs
include interruption of the superior radiopaque white line of the MC, darkening of the tooth
roots, narrowing of the tooth root, deflection of the tooth roots, bifid root apexes, narrowing of
the canal, and deviation of the canal [5].

But OPG does not provide any information regarding the buccolingual dimension of MC with
respective to the impacted MTM roots. Assessment of buccolingual dimension of MC relative
to the impacted tooth roots is important in predicting risk of IAN damage during surgical
removal of impacted MTM since the nature of risk can be varied with buccolingual position of
MC, and the buccolingual position of the MC is associated with age and race [4]. In these
cases, cone beam computed tomography (CBCT) is recommended, and some research
shows that CBCT is highly accurate imaging modality than OPG in predicting risk of IAN
injury since it demonstrates the true contact of impacted MTM roots to MC (IAN exposure)
[6,7]. Moreover, some research reveals that relying on OPG signs is not acceptable since
darkening of roots can be seen not only due to the IAN exposure, but also due to the buccal
or lingual cortical plate thinning or perforation by tooth roots [6,8,9]. These changes occur in
the cortical plates can be seen only on CBCT images.



Although CBCT offers better image quality, it carries a higher exposure dose than OPG.
Furthermore, CBCT is less available in certain areas, and its higher cost considering the
socioeconomic situations of some developing countries justify the use of OPG alone in the
preoperative assessment of impacted MTM [1]. Therefore, it is important to have a
correlation between OPG sign and CBCT signs can be used to predict the risk of IAN
damage when only an OPG image is assessed. The researchers recently have found that
some correlations, but dental practitioners in Sri Lanka cannot use those relationships due to
the dependency of buccolingual course of MC on ethnicity. The present study was planned
based on this requirement and therefore, the results of this study will help Sri Lankan dental
surgeons to predict the IAN exposure before planning the surgical removal of impacted
MTM.

2. METHODOLOGY

The present study was carried out as a prospective study at Unit B in National Dental
Teaching Hospital, Ward Place, Colombo 07. All the patients, having one or both impacted
MTM who attended the Oral and Maxillofacial Surgery - Unit B in National Dental Teaching
Hospital during the period of data collection from July 2019 to February 2020 were selected
as the study population.

The convenient sampling method was used, and the population was assessed against the
inclusion and exclusion criteria of the study to select the study sample. The patients who had
one or both impacted MTM to be surgically removed, the patients who had a close proximity
between MC and roots of impacted MTM diagnosed from preoperative panoramic image and
followed by CBCT examination, the patients who had completely developed MTM roots, and
the patients who were in the age group of 17-35 years of age were included to the study
sample. Most of the patients who came to do the impacted third molar extraction surgery
were in this age group. The patients who were not Sinhalese, and the patients had
mandibular lesions such as cysts, osteomyelitis, tumors around the MC and MTM were
excluded from the study.

The total of 66 patients, including 28 males and 38 females were selected as the study
sample. CS (care stream) 9300 3D panoramic machine (USA) was operated at 70 kVp, 12
mA, and 15.3 s for OPG examinations, and operated at 90 kVp, 6.3 mA, and 11.3 s with the
slice thickness of 1mm for CBCT examinations. The digital versatile discs (DVDs) were used
to copy the OPG and CBCT images. CS imaging software was used to read the OPG and
CBCT images to collect the data. The data were entered in an Excel sheet and collected
data will be discarded after two years. IBM Statistical Package for the Social Sciences
(SPSS) 20 version for Windows. The probability values less than 0.05 were considered
statistically significant in all statistical testing.

The OPG and CBCT examinations were done by well experienced and qualified radiological
technologists and, OPG and CBCT images were copied into DVDs once a month. The total
number of 107 impacted MTMs (42 impacted teeth from males and 65 impacted teeth from
females) were examined by two experienced dental surgeons. The OPG images were read
first and relevant CBCT images were evaluated at two-week intervals. The side of the
impacted tooth, level of impaction according to the Pell & Gregory classification (position A,
B, and C), angulation of impaction according to the Winter's classification (mesially, distally,
vertically, horizontally, buccally, and lingually), and absence or presence of Rood &
Shehab's predictor signs including superimposition were recorded from each OPG image.
The position of the MC relative to the MTM roots (buccal/lingual/inferior/interradicular),
proximity of MTM roots to the MC (contact/separate), corticalization of lingual and buccal



plates (complete plate/thinned plate/perforated plate), age and, the gender were recorded
from each CBCT image.

All data were coded and analyzed using IBM statistical package for the social sciences
(SPSS) 20 version and the probability values less than 0.05 were considered statistically
significant in all statistical testing. The kappa coefficient (k) values were calculated for OPG
and CBCT findings to measure the inter-observer agreement. The k value of 0.01-0.20 was
considered as slight agreement, 0.21-0.40 was fair agreement, 0.41-0.60 was moderate
agreement, 0.61-0.80 was substantial agreement, and 0.81-1.00 was almost perfect
agreement (Viera & Garrett, 2005; Landis & Koch, 1977). Pearson's chi-square test and
Fisher's exact test were applied with post hoc analysis to assess the correlations.

3. RESULTS AND DISCUSSION

The present study incorporated 107 impacted MTMs including 54 right and 53 left impacted
teeth from 66 patients (28 males and 38 females, age range of 17-35 years) who attended
Unit B at National Dental Teaching Hospital, Colombo. The percentage of impacted MTMs in
position A, B, and C are illustrated in figure 1. The impaction angulations were considered as
mesially, distally, vertically, horizontally, buccally, and lingually. The distribution of angulation
of impacted MTM is given in figure 2.
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Fig. 1. Distribution of position of impacted MTMs among Sinhalese population
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Fig. 2. Distribution of angulation of impacted MTMs among Sinhalese population

Further, the position and the angulation of impacted MTM was considered as the type of
impaction. The distribution of type impaction among Sinhalese population is illustrated in
figure 3.
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Fig. 3. Distribution of type of impaction among Sinhalese population

Moreover, the OPG signs defined by Rood and Shehab including superimposition of roots
over MC were considered. The distribution of Rood and Shehab’s radiographic signs
including superimposition among Sinhalese population is given in figure 4. In the present
study, no cases were found with only a single OPG sign and all the cases were reported with
two or more signs.
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Fig. 4. Distribution of Rood and Shehab’s radiographic signs including
superimposition among Sinhalese population

When considering the assessment of OPG on combination of these radiographic signs, the
distribution of combination of OPG signs among Sinhalese population was resulted as
illustrated in figure 5.
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Fig. 5. Distribution of combination of OPG signs among Sinhalese population

The MC position relative to the MTM roots were taken as buccally, lingually, inferiorly, and
interradicularly. As determined on CBCT images, the distribution of position of MC relative to
the impacted MTM roots among Sinhalese population is resulted as given in figure 6.
Moreover, the distribution of proximity of the impacted MTM roots to the MC among
Sinhalese population is illustrated in figure 7. When all the changes occurred in lingual and
buccal cortical plates were made by the impacted MTM roots were considered, the



distribution of nature of lingual and buccal cortical plates among Sinhalese population was
resulted as given in figure 8.
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Fig. 6. Distribution of position of MC relative to the impacted MTM roots among
Sinhalese population
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Fig. 7. Distribution of proximity of the impacted MTM roots to the MC among
Sinhalese population
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Fig. 8. Distribution of nature of lingual and buccal cortical plates among Sinhalese
population

The kappa (k) values were calculated for interobserver agreement. Interobserver agreement
was high for the OPG signs, showing a k value of 0.921 for superimposition, 0.981 for
darkening, 0.943 for interruption, 0.828 for narrow root, 0.783 for root deflection, 1.000 for
bifid root, 0.921 for narrow canal, 1.000 for canal diversion, 1.000 for position of impacted
teeth, and 1.000 for angulation of impaction. Moreover, interobserver agreement was high
for CBCT findings too, showing a k value of 0.930 for MC position, 0.829 for proximity of
impacted tooth to MC, 0.836 for lingual cortical plate perforation, 1.000 for lingual cortical
plate thinning, 1.000 for buccal plate perforation, and 1.000 for buccal plate thinning.

When the relationship between position of the impacted teeth and the proximity of impacted
teeth roots to the MC is analyzed (Table 1), there was a strong positive statistical correlation
between the position B impacted MTMs and the direct contact of MTM roots to the MC
(P=0.035; Chi square test). Here, 90.7% (49) of position B impacted MTMs had direct
contact with MC, and with a strong negative statistical significance (P=0.014; Chi square
test), 40.4% (36) of cases having contacted MTM roots with MC showed position A impacted
MTMs.

Table 1. The relationship between the position of impacted MTM and the proximity of
tooth roots to MC

Contact Separate Total

N % N % (N)
Positon A 36 73.5 13 26.5 49
Positon B 49" 90.7 05 9.3 54

Positon C 04 100 00 - 04




Total 89 83.2 18 16.8 107

* ¥ value = 6.089, P=0.014, df =1
"% value = 4.457, P=0.035, df = 1

When all the possible types of impaction related to the position A and B are analyzed with
the proximity of tooth roots to the MC (Table 2), B-horizontal showed a positive statistically
significant correlation with the proximity of MTM roots to MC (P=0.043; Chi square test), and
A-vertical showed a strong negative statistically significant correlation with the proximity of
MTM roots to MC (P=0.009; Chi square test).

Table 2. The relationship between type of impaction and MTM roots’ proximity to MC

Contact Separate Total

N % N % (N)
A-mesial 25 78.1 7 21.8 32
A-distal 01 100 00 - 01
A-vertical 04’ 50 4 50 08
A-horizontal 05 71.4 02 28.5 07
A-buccal 01 100 00 - 01
B-mesial 21 95.4 03 125 24
B-distal 04 80 01 20 05
B-vertical 06 85.7 01 14.2 07
B-horizontal 17" 100 00 - 17
B-lingual 01 100 00 - 01
C-mesial 01 100 00 - 01
C-horizontal 03 100 00 - 03
Total 89 83.2 18 16.8 107

* ¥ value = 6.802, P=0.009, df = 1
" ¥ value = 4.088, P=0.043, df = 1

When all the OPG signs defined by Rood & Shehab including superimposition of MTM roots
with MC are analyzed with the proximity of impacted MTM roots to the MC (Table 3), with a
strong positive statistical significance (P=0.022; Chi square test), 91% (51) of impacted
MTMs showing darkening of roots had a direct contact with the MC.



Table 3. The relationship between OPG signs and MTM roots’ proximity to MC

Superimposition of roots on MC

(Sup.)

Darkening of roots (Dark.)

Interruption of white line (Inter.)

Deflection of roots (Deflec.)

Narrow roots (Na.roots)

Bifid roots (Bi.roots)

Narrow canal (Na.canal)

Canal diversion (Canal di.)

Total

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Contact
N
70
19
51
38
85
04
45
44
50
39
02
87
04
85
04
85

89

%

86.4

73.1

911

74.5

83.3

80

81.8

84.6

82

84.8

100

82.9

100

82.5

80

83.3

83.2

Separate
N

11

07

05

13

17
01
10
08
11
07
00
18
00
18
01
17

18

%

13.6

26.9

8.9

25.5

16.7

20

18.2

154

18

15.2

17.1

175

20

16.7

16.8

Total
(N)
81
26
56

51

102
05
55
52
61
46
02
105
04
103
05
102

107

¥ value = 5.232, P=0.022, df = 1

When all the possible combinations of OPG signs are analyzed to evaluate the relationship
with the proximity of tooth roots to the MC, superimposition and darkening sign combination
showed a positive statistically significant correlation with the proximity of MTM roots to MC.
Here, 90.6% (48) of impacted MTMs showing superimposition and darkening had contacted
roots with MC (P=0.043; Chi square test). Moreover, darkening of roots and interruption of
superior white line sign combination showed a positive statistically significant correlation with
the proximity of MTM roots to MC. Here also, 90.6% (48) of impacted MTMs having
darkened of roots and interruption of superior white line combination showed a direct contact
with MC. The predictive values, sensitivity, and specificity of the OPG findings which had a
positive correlation with contact tooth root to MC are given in table 4.



Table 4. Predictive values, sensitivity, and specificity of the OPG findings which had a
positive correlation with contact tooth root to MC

OPG finding Positive Negative Sensitivity ~ Specificity

predictive predictive

value (PPV) value

(NPV)

Darkening of roots 0.910 0.25 0.57 0.72
Sup. & Dark. 0.906 0.24 0.54 0.72
Dark. & Inter. 0.906 0.24 0.54 0.72
Position B impaction 0.907 0.24 0.55 0.72
B, Horizontal impaction  1.000 0.20 0.19 1.00

When the MC position related to the MTM roots is analyzed with the proximity of tooth roots
to the MC (Table 5), the lingually positioned MC showed a strong positive statistically
significant correlation with the proximity of MTM roots to MC (P=0.026; Chi square test), and
the bucally positioned MC showed a strong negative statistically significant correlation with
the proximity of MTM roots to MC (P=0.003; Chi square test).

Table 5. The relationship between MC position and MTM roots’ proximity to the MC

Contact Separate Total

N % N % (N)
Buccal 5° 5.6 5 27.7 10
Lingual 78 87.6 12 66.7 90
Inferior 04 4.5 01 5.6 05
Interradicular 02 2.2 00 - 02
Total 89 100 18 100 107

"¥* value = 8.678, P=0.003, df = 1
“¥? value = 4.928, P=0.026, df = 1

When the positions of MC which showed a statistically significant correlation with the
proximity of MTM roots to the MC were analyzed with the OPG signs defined by Rood &
Shehab including superimposition (Table 6), the lingually positioned MC showed a positive
statistically significant correlation with the impacted MTMs having narrow roots (P=0.049;
Chi square test), and the lingually positioned MC showed a strong negative statistically



significant correlation with the impacted MTMs having superimposition of MTM roots with the
MC (P=0.011;Chi square test).

Table 6. The relationship between OPG signs and the position of MC relative to the
MTM roots

Buccal Lingual Inferior Interradicular Total

N % N % N % N % (N)

Sup. Yes 10 123 64 79 05 6.2 02 25 81
No 00 - 26 100 00 - 00 - 26

Dark.  Yes 05 8.9 47 839 03 5.3 01 1.8 56
No 05 9.8 43 843 02 3.9 01 1.9 51

Inter. Yes 10 9.8 86 843 04 3.9 02 1.9 102
No 00 - 04 80 01 20 00 - 05

Deflec.  Yes 03 5.5 47 854 04 7.3 01 1.8 55
No o7 134 43 827 01 1.9 01 1.9 52

Na.roots Yes 03 4.9 55" 90.2 02 3.3 01 1.6 61
No o7 152 35 76.1 03 65 01 2.2 46

Biroots Yes 01 50 01 50 00 - 00 - 02
No 09 8.6 89 848 05 4.7 02 1.9 105

Na.canal Yes 00 - 04 100 00 - 00 - 04
No 10 9.7 86 835 05 4.8 02 1.9 103

Canaldi. Yes 00 - 05 100 00 - 00 - 05
No 10 9.8 85 833 05 49 02 1.9 102

Total 10 9.3 90 84.1 05 4.7 02 1.9 107

X value = 6.488, P=0.011, df = 1
" value = 3.889, P=0.049, df = 1
When the cases having buccally and lingually positioned MC were analyzed with all possible

combinations of OPG signs, the buccally positioned MC showed a strong positive statistically
significant correlation with the sign combination of superimposition and interruption



(P=0.038; Chi square test). Here, all the cases having buccally positioned MC showed the
sign combination of superimposition and interruption. Moreover, the lingually positioned MC
showed a strong negative statistically significant correlation with the sign combination of
superimposition and interruption (P=0.027; Chi square test). Here, 67.8% (61) of cases
having lingually positioned MC had this sign combination. Also, the lingually positioned MC
showed a strong positive statistically significant correlation with the sign combination of
interruption and narrow roots (P=0.007; Chi square test). Here, 93% (53) of cases showing
this sign combination had lingually positioned MC. Further, the buccally positioned MC
showed a strong negative statistically significant correlation with the sign combinations of
interruption and narrow root, and root deflection and narrow roots (P=0.027; Chi square test
and P=0.031; Chi square test). Here, only 3.5% (2) of cases showing sign combination of
interruption and narrow roots had buccally positioned MC while only 2.2% (1) of cases
showing sign combination of root deflection and narrow roots had buccally positioned MC.

When the relationship between OPG signs and the changes of lingual cortical plate made by
the impacted MTM roots was evaluated (Table 7), the impacted MTMs showing darkening of
roots showed a strong negative statistically significant correlation with thinned lingual cortical
plate by the MTM roots (P=0.029; Chi square test).

Table 7. The relationship between OPG signs and the nature of the lingual cortical
plate

Thinned lingual Perforated lingual Complete Total
plate plate lingual plate
N % N % N % (N)
Sup. Yes 21 25.9 10 12.3 50 61.7 81
No 16 61.5 04 154 06 231 26
Dark. Yes 14 25 09 16.1 33 58.9 56
No 23 451 05 9.8 23 451 51
Inter. Yes 37 36.3 13 12.7 52 51 102
No 00 - 01 20 04 80 05
Deflec. Yes 18 325 07 12.7 30 54.5 55
No 19 36.5 07 135 26 50 52
Na.roots Yes 22 36 09 14.8 30 49.2 61
No 15 32.6 05 10.8 26 56.5 46
Bi.roots Yes 00 - 00 - 02 100 02

No 37 35.2 14 13.3 54 51.4 105




Na.canal Yes 03 75 00 - 01 25 04

No 34 33 14 13.6 55 53.4 103
Canal di. Yes 01 20 01 20 03 60 05

No 36 35.3 13 12.7 53 51.9 102
Total 37 34.6 14 13.1 56 52.3 107

X value = 4.766, P=0.029, df = 1

When the changes made by MTM roots to the lingual cortical plate were analyzed with all
the possible combinations of OPG signs, the sign combination of superimposition and
darkening showed a strong negatively significant correlation with thinned lingual cortical
plate (P=0.01; Chi square test). Here, 22.6% (12) of cases showing the sign combination of
superimposition and darkening had a lingual cortical plate which was thinned by MTM roots.
When the changes of buccal cortical plate made by the impacted MTM roots were assessed
with the combinations OPG signs, the sign combinations of sup. & darkening, sup. & bifid
root apex, darkening and bifid root apex, and interruption and bifid root apex showed a
strong positively significant correlation with thinned buccal cortical plate (P=0.027; Fisher's
exact test). The predictive values, sensitivity, and specificity of the OPG findings which had a
positive correlation with thinned buccal cortical plate by impacted MTM roots are given in
table 8.

Table 8. Predictive values, sensitivity, and specificity of the OPG signs which had a
positive association with buccal cortical plate thinning

OPG sign Positive Negative Sensitivity  Specificity
predictive predictive
value (PPV) value (NPV)

Sup. & Dark. 0.25 0.94 0.72 0.55
Sup. & Bifid root 1.00 0.84 0.11 1.00
Dark. & Bifid root 1.00 0.84 0.11 1.00
Inter. & Bifid root 1.00 0.84 0.11 1.00

In concordance with a previous study [2], the present study found that a higher incidence of
impaction of MTM could be seen with females than males. This may be due to the present
study was conducted only at one unit in one hospital among three hospitals which have
CBCT facility in Sri Lanka. In concordance with the present study, many researchers
[10,11,12] have concluded that the position B was the most common level of eruption within
their study sample. In contrast, some researchers [1] have found that the impacted MTMs
positioned in high level (position A) in the mandible were more prevalent in their study
population. This may be due to large sample size and a wider age range from 18-78 with the
mean age of 40.26 years used in their study.



In concordance with the present study, some researchers [13] found IAN damages which led
to temporary numbness of the ipsilateral half of the lower lip were more likely found with the
MTMs impacted in position B. In contrast, some studies [1] have concluded that third molars
positioned in the low level in the mandible (position C) were more likely to have defective
MC. In concordance with the present study, most of the similar studies [4,11,12,14,15]
revealed that mesioangular impaction was the most common pattern of third molar impaction
in considering the impacted angulation. In contrast, some studies [10,16,17,18] revealed that
horizontal impaction was the prevalent pattern of MTM impaction. Further, some authors
[1,19,20] found that vertical impaction was the most common pattern of MTM impaction.
These disagreements may be due to the representation of less or no diverse range of ethnic
groups within the study population.

A similar study [21] replicates our results by saying that third molar angulation was not
associated with risk for IAN injury. In contrast, some of the studies [1,13,19,20,22] reported
that horizontal impaction had contacted roots with the IAN bundle due to the defects on MC
wall by teeth roots. The reasons for this difference of results might be due to the wide age
range used and the large number of study participants involved in the other studies when
compared with the present study.

In concordance with the present study, most of the researchers [1,4,16,18,19,21,22,23,24]
found that interruption of superior cortical margin of MC was seen in the majority of impacted
teeth. In contrast, some studies [5,6,7,8] revealed that darkening of the roots was the most
frequent OPG sign appeared in impacted teeth. This may be attributed to the wide age range
used and the difference in number of MTMs assessed in these studies rather than in the
present study.

In  concordance with the present study most of the previous studies
[4,5,16,19,20,21,22,24,25,26] reported that darkening of tooth root was positively
significantly associated with IAN exposure. In concordance with the present study, another
previous study done on correlation of panoramic radiographs and cone beam computed
tomography in the assessment of a superimposed relationship between the mandibular
canal and impacted third molars [6] revealed that there was a positive statistical correlation
between the sign combination of darkening and interruption and contact impacted MTM
roots with MC. Similar to the present study, most of the researchers [10,18,20,26] found that
the MC was most commonly located lingually. In contrast, some researchers [1,4,16,23]
reported that the MC was predominantly in the inferior position relative to the impacted MTM
roots.

Similar to the present study, most of the studies [1,6,10,13,18,23,24,26] found that there was
a statistically significant positive correlation between lingually positioned MC and cortical
perforation of MC wall. Even though some other studies [4,6] reported that the panoramic
radiographic signs were statistically correlated with the buccolingual position of MC relative
to the impacted MTM roots, there were disagreement among studies. According to one of
these studies [4], in cases of darkening of roots, and narrowing of the canal, the canal
position was inferior to the impacted tooth roots. According to the other study [6], the sign
combination of darkening and interruption was positively correlated with buccally positioned
MC. These disagreement of results among studies may be due to several reasons including
different age ranges used, diverse or less diverse ethnic groups used, difference in number
of impacted MTMs assessed, and changes in frequencies of impaction angulation observed
among studies.

A study done on correlation of the radiological predictive factors of IAN injury with CBCT
findings [8] replicates our results by concluding that darkening of roots evident on the plain



films indicates the reduction in the thickness or grooving of either the lingual or buccal cortex
by the tooth roots, nerve, or both. Deviation of some of results of the present study from the
previous studies may be due to the limitations of the present study. Comparatively small
number of impacted MTMs were assessed due to the limitation of data collection period, and
limitation of access to other units and the hospitals which have CBCT facility. Further, the
present study was not carried out on other ethnic groups available in Sri Lanka, and on
different age groups due to the limitation of time.



4. CONCLUSION

When one of OPG findings of darkening of roots, superimposition and darkening of roots,
darkening of roots and interruption of white line, position B impaction, and B-horizontal type
of impaction is seen on the OPG image, there is a risk of IAN damage during the surgical
removal of impacted MTM.

When the impacted MTM is in position A or A-vertical type on the OPG image, there is no
risk of IAN damage during the surgical removal of impacted MTM. There is a risk of damage
to IAN during the surgical removal of impacted MTMs which are positioned buccally to the
MC. There is no risk of damage to the IAN associated with the surgical removal of impacted
MTMs which are positioned lingually to the MC.

There is a possibility of having a risk of damage to IAN during the surgical removal of
impacted MTMs with the OPG signs of narrowing of roots, or interruption and narrowing of
roots combination, or deflection of roots and narrow roots combination. There is no
possibility of having a damage to IAN damage during the surgical removal of impacted
MTMs with the OPG signs of superimposition, or superimposition and interruption
combination.

The lingual cortical plate thinned by impacted MTM roots cannot be seen when darkening of
roots, or superimposition and darkening of roots appear on the OPG image. The buccal
cortical plate thinned by impacted MTM roots can be seen when the OPG image shows one
of the sign combinations of superimposition and darkening of roots, superimposition and bifid
roots, darkening of roots and bifid roots, and interruption and bifid roots.

B-horizontal had a higher PPV than other predictor signs in predicting IAN damage. The sign
combination of superimposition and darkening of roots reflects both contact impacted MTM
roots to the MC, and thinned buccal cortical plate. But this sign combination had a high PPV
for contact tooth roots to the MC.

It is highly recommended that the evaluation of OPG signs to predict the risk of damage to
IAN during impacted MTM removal should be extended on increased number of cases,
different ethnic groups, and different age groups to accurately generalize the results for the
Sri Lankan population since these were limitations of the present study.
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