








Statistical analysis: The performance of each FOV was evaluated by calculating the
sensitivity, specificity, positive predictive value and negative predictive value. We also
generated the receiver operating characteristic (ROC) curves for each using the Statistical
Package for the Social Sciences (SPSS version 17.0). The areas under the ROC curves
were also calculated and the statistical difference between areas under the ROC curves
was assessed using a nonparametric test at a confidence level of 95.00%. For the purpose
of getting more detailed statistical information about our study we also generated the
ROC curves for each reader separately on each FOV. Every ROC of a certain FOV from
one reader was also compared to the ROC curve of the same FOV for the other reader.
The interobsever agreement was assessed by the calculation of the Cohen kappa statistics
with SPSS. Interpretation of the kappa statistics was based on the guidelines of Landis
and Koch (34): less than 0 (poor), 0 - 0.20 (slight), 021 - 0.40 (fair), 0.41 - 0.60
(moderate), 0.61 - 0.80 (substantial), 0.81 — 1.00 (almost perfect). We also calculated the
number of agreements (similar readings) and disagreements (non similar readings)
between the two readers. The disagreement was classified into 1, 2, 3 and 4 points by
subtracting the lower value reading of the same canal for the same FOV from the higher
value reading. The number of each disagreement category was calculated and its
percentage to the total number of disagreements was also calculated. Finally, we
calculated the mean, median, standard deviation and the mode of the total number of

disagreements.
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Results

The 6-inch FOV showed sensitivity, specificity, positive predictive value and the
negative predictive value equal to 86.36 %, 60.00 %, 84.44 % and 56.25 % respectively.
For the 9-inch FOV these values were 80.00 %, 60.00 %, 80.00 % and 50.00 % while
values for the 12-inch FOV are 80.00 %, 66.67 %, 87.80 and 52.63 respectively (Table
II). The areas under the ROC curves of the 6-inch, 9-inch and the 12-inch FOVs
respectively were 0.753, 0.696 and 0.716 (Figure 8). There was no statistically significant
difference between the 3 FOVs at a confidence level of 95.00%. It can be seen that the
area under the 6-inch FOV, ROC curve had the highest value (Table III). The different
values of sensitivity and specificity that were used for plotting the ROC curves are shown
in Table 1V; the smallest cutoff value is the minimum reading on the test minus 1, and the

largest cutoff value is the maximum test reading plus 1. All the other cutoff values are

averages of 2 consecutive ordered observed test readings.

Field of View Sensitivity Specificity PPV

6-inch 86.36 % 60.00 % 84.44 % 56.25 %
9-inch 80.00 % 60.00 % 80.00 % 50.00 %
12-inch 80.00 % 66.67 % 87.80 % 52.63 %

Table II: Values of the Sensitivity, Specificity, Positive Predictive value (PPV) and Negative
Predictive value (NPV) for all fields of view.
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Figure 8: The Receiver Operating Characteristics (ROC) Curve for the 6, 9 and 12-inch fields of

view for detection of the mandibular canal.

Area Under the Curve

Asymptotic 95% Confidence Interval
Test Result Variable(s) Area Std. Error Asymptotic Sig. Lower Bound Upper Bound
6 Inch 753 .085 .004 .588 919
9 Inch .696 .083 .024 534 .859
12 Inch 716 .079 .013 .560 .871

Table III: Values of areas under the ROC curves for the 6,9, and 12-inch fields of view.
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Coordinates of the Curve

Positive if Greater Than
Test Result Variable(s) or Equal To Sensitivity 1 - Specificity

6 Inch .50 1.000 1.000
1.75 1.000 733
2.25 .956 .600
3.00 .956 467
4.25 .844 400
6.00 .000 .000

9 Inch .00 1.000 1.000
1.25 978 1.000
1.75 978 .933
2.25 .956 .800
2.75 .889 733
3.25 .867 .667
4.25 .800 400
6.00 .000 .000

12 Inch .50 1.000 1.000
1.75 978 .933
2.25 911 .933
2.75 .889 .867
3.25 .867 .600
4.25 .800 .333
6.00 .000 .000

Table I'V: Different values of sensitivity and specificity used by the SPSS to plot the ROC
curves. The smallest cutoff value is the minimum observed test value minus 1, and the largest
cutoff value is the maximum observed test value plus 1. All the other cutoff values are the

averages of two consecutive ordered observed test values.

The areas under the ROC curve of the 6-inch, 9-inch and 12-inch for first reader
respectively were 0.723, 0.613 and 0.508 (Figure 9). There was also no statistically

significant difference between the FOVs but the 6-inch performed better, especially when
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compared to the 12-inch FOV; the 12-inch FOV was similar to tossing a coin (Table V).
The values of the second reader’s areas under the ROC curve for the 6-inch, 9-inch and
12-inch FOVs respectively were 0.817, 0.772 and 0.705 (Figure 10) with no statistically
significant difference between the areas at a confidence level of 95.00 % (Table VI). It is
noted that the second reader shower higher values of the areas under the ROC curves.
The different values of sensitivity and specificity that were used for plotting the ROC
curves for both readers are shown in Tables VII and VIII. The smallest cutoff value is the
minimum test minus 1, and the largest cutoff value is the maximum reading of the test
plus 1 while all the other cutoff values are averages of 2 consecutive ordered observed

test readings.
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Figure 9: The Receiver Operating Characteristics (ROC) Curve for the 6, 9 and 12-inch fields of
view for detection of the mandibular canal from the first reader in our study.

Area Under the Curve

Test Result Asymptotic 95% Confidence Interval
Variable(s) Area Std. Error Asymptotic Sig. Lower Bound Upper Bound
R1-6 723 .086 .010 554 .892
R1-9 .613 .090 .194 436 789
RI1-12 .508 .087 925 338 .678

Table V: Values of areas under the ROC curves for the 6,9, and 12-inch fields of view from the

first reader in our study.
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Figure 10: The Receiver Operating Characteristics (ROC) Curve for the 6, 9 and 12-inch fields

of view for detection of the mandibular canal from the second reader in our study.

Area Under the Curve

Test Result Asymptotic 95% Confidence Interval

Variable(s) Area Std. Error Asymptotic Sig. Lower Bound Upper Bound
R2-6 817 .074 .000 .672 962
R2-9 705 .087 .018 535 .876
R2-12 172 .081 .002 .613 931

Table VI: Values of areas under the ROC curves for the 6,9, and 12-inch fields of view from the

second reader in our study.
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Coordinates of the Curve

Positive if Greater Than
Test Result Variable(s) or Equal To Sensitivity 1 - Specificity

R1-6 .00 1.000 1.000
1.50 978 .667
2.50 911 533
4.00 .889 467
6.00 .000 .000

R1-9 .00 1.000 1.000
1.50 .956 .800
2.50 .867 .667
4.00 .800 .600
6.00 .000 .000

R1-12 .00 1.000 1.000
1.50 911 .933
2.50 .867 .867
4.00 .822 .800
6.00 .000 .000

Table VII: Different values of sensitivity and specificity used by the SPSS to plot the ROC
curves from the reading of the first reader in the study. The smallest cutoff value is the minimum
observed test value minus 1, and the largest cutoff value is the maximum observed test value plus

1. All the other cutoff values are the averages of two consecutive ordered observed test values.
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Coordinates of the Curve

Positive if Greater Than
Test Result Variable(s) or Equal To Sensitivity 1 - Specificity

R2-6 1.00 1.000 1.000
2.50 978 .533
4.00 .844 267
6.00 .000 .000

R2-9 .00 1.000 1.000
1.50 978 1.000
2.50 978 .667
4.00 .844 467
6.00 .000 .000

R2-12 1.00 1.000 1.000
2.50 .956 467
4.00 .800 333
6.00 .000 .000

Table VIII: Different values of sensitivity and specificity used by the SPSS to plot the ROC
curves from the reading of the second reader in the study. The smallest cutoff value is the
minimum observed test value minus 1, and the largest cutoff value is the maximum observed test
value plus 1. All the other cutoff values are the averages of two consecutive ordered observed test

values.
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The interobsever agreement came out to be fair agreement (kappa score = 0.273) based
on the kappa interpretation scale (34). The number of disagreements between the readers
was 69 readings out of 180 readings, which represents 38.33 % of the total readings
(Figure 11). The number of disagreements in which the difference in the 2 readers’
variability is 1 point was 34 out of 69 total number of disagreements, while it was 21
disagreements of 2 point differences and 14 of 3 point differences. No 4 point differences
were found. The percentages of 1, 2, 3 and 4 point disagreements to the total number of
disagreements respectively are 49.27 %, 30.43 %, 20.28 % and 0.00 % percent (Figure
12). The median of the disagreements was 2 and the mean was 1.71 with standard

deviation of 0.787 while the mode was 1.

Agreements / Disagreements Chart
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Figure 11: The reader’s agreement / disagreement pie chart.
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Figure 12: The reader’s disagreement pie chart.
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Discussion

The imaging of the IANC with maximum visibility of its roof, floor and lateral walls is
essential in some dental procedures. These procedures include implant treatment
planning, endodontic treatment, open fracture reduction in the mandibular
premolar/molar area and mandibular molar extractions. The introduction of CBCT allows
us to look at the IANC in 3 dimensions. However, the results of our study suggest that the
CBCT is not always the perfect tool for localization and visualization of the IANC. The
ability to demonstrate the IANC depends on the degree of cortication of the roof, floor
and lateral walls of the canal. This wall cortication can be affected by gender, thyroid
disease (35) and age. The results of our study suggest that the 6-inch FOV is the best
imaging protocol in this unit for imaging of the IANC. The 6-inch FOV would be
followed by the 12-inch and the 9-inch respectively; this does not completely agree with

what we anticipated.

The CB MercuRay CBCT unit produces images that consist of 512 x 512 x 512 isotropic
voxels. Sizes of the FOV and voxels for each mode are, respectively, 192.5 mm and
0.376 mm in F (12-inch) mode, 150 mm and 0.293 mm in P (9-inch) mode, 102 mm and
0.200 mm in I (6-Inch) mode (33). So it is known that the 6-Inch FOV is the highest
resolution among the three FOV by its smallest voxel size. The resolution quality of the
6-inch FOV is followed by the 9-inch and the 12-inch respectively. Even though the 9-
inch FOV has better resolution when compared to the 12-inch FOV, our results suggested
that 12-inch might be better for detecting the IANC. The fact that the difference between

the two protocols was not statistically significant and the values of the areas under the
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ROC curves were very close might explain the results that showed that the 12-inch FOV
performed better than the 9-inch FOV. Although this might be a reasonable explanation,
we thought there might be other reasons for these results. We further investigated our
data to explore a possible reason for this paradoxical result; thus, we generated ROC

curves for each reader separately and compared them (Figures 13, 14 and 15).
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Figure 13: The Receiver Operating Characteristics (ROC) Curve for the 6-inch field of view for

detection of the mandibular canal for both readers in our study.
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Figure 14: The Receiver Operating Characteristics (ROC) Curve for the 9-inch field of view for

detection of the mandibular canal for both readers in our study.
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Figure 15: The Receiver Operating Characteristics (ROC) Curve for the 12-inch field of view for

detection of the mandibular canal for both readers in our study.
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This analysis showed that one of the two readers had ROC curves with higher values with
all FOVs (Tables IX, X and XI). The differences between higher and lower values of the
areas under the ROC curves of the two readers were similar differences for both the 6-
inch and the 9-inch fields of view. The 12-inch FOV showed greater difference between
the 2 values of the areas under the ROC curves when compared to other protocols. The
kappa value of the interobsever variability was 0.273; based on the kappa interpretation
scale, this is fair agreement. This kappa score, coupled with the high percentages of
disagreements between readers (Figures 11 & 12), may explain the finding that the 12-

inch FOV performed better than the 9-inch FOV (Table XII).

Area Under the Curve

Test Result Asymptotic 95% Confidence Interval
Variable(s) Area Std. Error Asymptotic Sig. Lower Bound Upper Bound
RI1-6 723 .086 .010 554 .892
R2-6 817 .074 .000 .672 962

Table IX: Comparison of the values of areas under 6-inch fields of view ROC curves from the 2

readers in our study.
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Area Under the Curve

Test Result Asymptotic 95% Confidence Interval

Variable(s) Area Std. Error Asymptotic Sig. Lower Bound Upper Bound
R1-9 .613 .090 .194 436 789
R2-9 705 .087 .018 535 .876

Table X: Comparison of the values of areas under 9-inch fields of view ROC curves from the 2

readers in our study.

Area Under the Curve

Test Result Asymptotic 95% Confidence Interval

Variable(s) Area Std. Error Asymptotic Sig. Lower Bound Upper Bound
RI1-12 .508 .087 925 338 .678
R2-12 772 .081 .002 .613 931

Table XI: Comparison of the values of areas under 12-inch fields of view ROC curves from the

2 readers in our study.

Value Asymp. Std. Error | Approx. T Approx. Sig.

Measure of Agreement Kappa 273 .042 6.636 .000

N of Valid Cases 180

Table XII: Measure of the kappa value for the inter-observer’s agreement.
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It is known that most radiographic exams are highly susceptible to subjectivity from the
individual interpreting them due to the fact that most radiographic exams don’t have
quantitative values as an integral component. Radiologic exams can be viewed, handled
and interpreted differently. Other factors include illumination of the image, room
lighting/darkening, eye fatigue and resolution of the interpreted image. An example of
radiographic subjectivity is bone density evaluation. An image that would be interpreted
as having normal bone density could be interpreted by another examiner as having low or
high bone density. As long as cutoff points do not exist in such subjective evaluation
methods, different opinions or estimations will persist. This fact can be clearly seen in the
results of our study, considering the fact that our readers are experienced OMF
radiologists, work at the same institution, and were calibrated prior to the start of the
image interpretations. The results of our study suggest that reducing the spatial resolution
of the image increases vulnerability to the radiographic evaluation subjectivity. This can
be seen by looking at the differences between the values of the areas under the ROC
curves of the two readers. The difference was highest in the 12-inch FOV when
compared to the 6 and 9-inch FOVs. This means that an examiner of radiographic images
can see margins of the IANC against the surrounding appearance of aligned parallel bony
trabeculae. These margins in reality might not exist and another examiner will not see
them. This could be due to the loss of image sharpness associated with lower resolution.
This, in fact, can affect the accuracy of detectability of structures such as the mandibular
canal on the image. In such cases when image resolution is reduced and subjectivity is
increased it might be recommended to have the image reviewed by more than one

clinician or OMF radiologist.
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Clinicians looking for imaging of the mandibular canal should also take into
consideration the radiation dose to the patient. A panoramic radiograph has a lower dose
than both CBCT and CT (22, 36, 37) (Table XIII). Panoramic imaging is limited to 2
dimensions and this would make the desire for 3 dimensional images increase. Panoramic
imaging is limited to the mesio-distal and supero-inferior dimensions. The bucco-lingual
dimension or depth is missing in these images. Structures overlap in the bucco-lingual
dimension and the exact position of the object might be difficult to localize. Both CBCT
and medical CT are 3 dimensional imaging modalities with no superimposition of
anatomic structures. Comparing CBCT with multislice CT as options for 3 dimensional
imaging, CBCT has a significant advantage due to its considerably lower radiation dose
(22). The CB MercuRay CBCT unit has different patient radiation doses depending on
the size of the FOV and the mA setting. The smaller the FOV the lower the patient’s dose
will be (38) (Table XIII). This important advantage, coupled with the results of our study
would suggest that the 6-inch FOV in the CB MercuRay CBCT unit is the best protocol

for imaging the mandibular canal.

The 9 and 12-inch FOV's might be considered in cases where the mandibular canals and
areas of the maxillary arch and sinuses are to be seen. An example is patients with
multiple keratocystic odontogenic tumors (KOT) in the case of basal cell nevus
syndrome. In these cases relation of the mandibular KOTs with the IANCs needs to be
evaluated. On the other hand the determination of the extent of KOTs in the maxillary

arch and sinuses might require wider scan area coverage. One larger FOV scan in this
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example is better than exposing the patient to multiple smaller FOV scans that would
expose the patient to more radiation. The larger FOVs also require carful interpretation of

the images and consultation with an OMF radiologist or experienced clinician as

suggested by the results of our study.

Imaging Modality Effective dose (uSv)
Panoramic (OrthoPhos Plus DS) 13.3
Maxillo-mandibular CT scan 2100
Mercuray — 12-inch FOV 15-120 avg 1025.4
Mercuray — 9-inch FOV 435.5
Mercuray — 6-inch FOV (maxillary) 283.3
i-CAT - 12-inch FOV 193.4
i-CAT - 9-inch FOV 104.5
NewTom 3G — 12-inch FOV 58.9
NewTom 9000 — 9-inch FOV 51.7
Galileos default exposure 70
Galileos maximum exposure 128
J. Jorita Accuitomo (4 x 5 cm FOV) 5.0-20

Table XIIT: Comparison of the effective doses of different imaging modalities used in the
maxillofacial area including Panoramic (OrthoPhos Plus DS), medical CT and samples of CBCT
units (CB Mercuray CBCT, i-CAT CBCT, NewTom 3G CBCT, NewTom 9000, Galileos and J.
Morita Accuitomo). Table adapted from (22, 36, 37, 38) and Morita technical specifications
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Conclusion

Important nerve innervation and blood supply to the mandibular teeth and surrounding
structures, including the gingiva and lower lip, runs inside the IANC. When dental
treatments, such as endodontic therapy, or surgical procedures, such as implant
placement, exodontia or reduction of fractures are to be performed in the vicinity of the
IANC, careful treatment planning is needed. This treatment planning should not be solely
to treat the patient’s signs and symptoms, but must be to avoid injury to the IANC.
Adequate imaging and detectability of the IANC can accomplish this. Our evaluation of
the CB MercuRay CBCT unit that has 6-inch, 9-inch and 12-inch FOV's showed that
CBCT is a good imaging modality for imaging of the IANC even though it is unable to
detect clearly the IANC in all cases. The 6-inch FOV is the best imaging protocol on the
CB MercuRay CBCT for imaging the IANC, with highest value of the area under the
ROC curve when compared to the 9-inch and 12-inch protocols. The results of our study
also suggest that the reduction in spatial resolution by increasing the size of the FOV
makes detection of the IANC more vulnerable to subjectivity of the reader. The reduction
of spatial resolution also leads to increased disagreements between readers during image
interpretation. Even though the 9-inch and 12-inch FOV have lower values under their
ROC curves, they can be used with caution; this means that careful examination of the
image is advised in addition to consultation with an OMF radiologist or experienced

clinician.
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