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Abstract

Aim: This study was conducted to evaluate the accuracy of linear measurements performed on mandibular
anaesthetic landmarks obtained by ultra-low-dose cone beam computed tomography and digital panoramic
radiography in comparison with real measurement on dry mandible.

Method: A total number of nine dry human mandibles were selected and mandibular anaesthetic landmarks
were marked using gutta-percha. The dry mandibles were submitted for digital panoramic radiography and
cone beam computed tomography with mini-dose parameters using the SOREDEX CRANEX™ 3Dx unit,
linear measurements were performed on SCANORA Lite image viewer and on Demand 3D viewer. The real
linear measurements were measured using digital caliper.

Results: There was a statistically significant difference in all measurements performed on digital panoramic
radiographs,reformatted panoramic images underestimate real linear vertical measurements without
significant difference, the absolute error for the cross-sectional views of CBCT ranged from 0.0001 to
1.44mm for mandibular foramen linear measurements, using mini-dose parameters did not affect image
quality nor measurements accuracy.

Conclusions: Linear measurements driven from CBCT cross-sectional images using On Demand software
are accurate and have the lowest error value; therefore it is considered one of the most important imaging
modality for preoperative surgical site assessment.

Keywords: Cone Beam Computed Tomography, Ultra-Low Dose, Reformatted Panoramic Images, Digital
Panoramic Radiography.
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Introduction

One of the most important mandibular anatomical
landmarks in the mandible is the inferior alveolar nerve
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and its” branches which can be damaged during surgical
procedures. Also, the success of any surgical procedures
depends on the proper localization of mandibular
foramen to achieve excellent anaesthesia with minimum
patient discomfort. Therefore the dentist must be able to
localize it prior to any dental procedure.!

Panoramic radiography is one of the most commonly
used extraoral techniques which provides a view of
the maxillo-mandibular area. It provides a view of the
surgical site and the adjacent anatomical structures such
as the mandibular canal and the mental foramen. Other
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advantages of this technique include a lower radiation
dose to the patient and a relatively shorter acquisition
time.?

However, panoramic radiography has its limitations
such as magnification, low image resolution when
compared to periapical radiography, it also gives two-
dimensional images without any sectional information.
Because of a relatively thin focal trough especially
in the anterior region, this technique is sensitive to
head positions. Mistakes due to the patient’s position
could increase errors in measurements questioning the
accuracy of this technique.>*

Several authors found that there was no significant
difference between real distance measurements and
panoramic measurements for different mandibular
posterior locations using dry human mandibles. Also,
the distances measured by panoramic radiography were
closely correlated with those measured by cone beam
computed tomography (CBCT). A strong correlations
between panoramic radiography and CBCT in
measurements of alveolar bone height in the regions of
the maxillary sinus, nasal fossa, mandibular canal, and
mental foramen was reported. >

Cone beam computed tomography is an imaging
modality that uses a cone-shaped X-ray beam and allows
the acquisition of volumetric data in a single rotation
around the object to produce a series of two and three-
dimensional images using the cone-beam algorithm. It
allows three-dimensional visualization, eliminates the
drawbacks of two-dimensional imaging, and produces
images of higher resolution.Ultra-low-dose cone beam
computed tomography is a recommended option for
clinicians due to the decrease in radiation exposure to
patients, imaging doses must be kept as low as reasonably
achievable.®"- 8

Despite the extended application of both digital
panoramic radiography and ultra-low-dose cone beam
computed tomography in the various dental fields, little
work has been done to assess and compare the role
of these imaging modalities in mandibular landmark
localization and also to evaluate their diagnostic
accuracy in relation to real measurement.

Materials and Method:

Inclusion and Exclusion Criteria: A total number
of'nine dry human mandibles obtained from the Anatomy
Department, Faculty of Medicine, Cairo University,

were included in the study. The Selection of the human
dry mandibles was independent of age, gender and
race. They were intact, free from any bony defects,
fractures, pathology. Either dentulous or edentulous
mandibles. Any fractured mandible or mandibles with
pathological lesions were excluded. All the selected
eligible mandibles will be included in the study forming
Consecutive series. This research was approved by the
Research Ethics Committee and Medical Biostatistics
Unit, Faculty of Dentistry, Cairo University.

Setting and Location: Procedures of the study
including mandibles preparations regarding the
anatomical landmarks and measurements of the gold
standard were done at Oral and Maxillofacial Radiology
department, Faculty of Dentistry, Cairo University.
Procedures of imaging process, data acquisition, and
software manipulation were performed at Ekram Radio-
Diagnostic Centre (El Sheikh Zayed, Giza, Egypt).

Technical Information:

A. The pre-analytical phase: Mandibular anaesthetic
landmarks were identified on each dry mandible and
were marked using gutta-percha.

B. The analytical phase: The nine human dry
mandibles were submitted for:

1. Digital Panoramic Radiography: Panoramic
radiographs were obtained using the SOREDEX
CRANEX™ 3Dx unit (Tuusula, Finland). The
exposure parameters were 8mA, 63kV, and 16.4 sec
exposure time. Panoramic images were imported
to SCANORA Lite, image viewer (SCANORA
software, Soredex Corp, Helsinki, Finland). (Figure
1,2).

2. Cone Beam Computed Tomography (CBCT):
SOREDEX CRANEX™ 3Dx unit was used in this
study. Images were acquired at a single rotation.
SOREDEX® MiniDose parameters were used. The
exposure parameters were 3.2mA, 90kV and 2.3
sec exposure time to take the advantage of 3D data
in dose sensitive cases like children, or reduce the
radiation dose for the patient. Cone beam computed
tomography images were imported to OnDemand
3D viewer (OnDemand 3D Software, Cyberimed,
Korea). (Figure 3, 4, 5).

C. The post analytical phase: The
measurements with digital caliper have been used
widely as a reference standard based on its frequent
usage in similar studies assessing the accuracy of

direct
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linear measurements obtained by different imaging
modalities”. The real linear measurements were
measured in millimeter on dry mandibles using
digital caliper (Mitutoyo Corp., Kawasaki, Japan)
and were compared with measurements obtained
from both techniques. All measurements were taken
twice with one week interval and the mean of each
measurement was calculated.

Sample Size Calculation: A paired T-test power
calculation was used to detect the proper sample size.
Mean differences and standard deviations were estimated
according to Patil et al. 2015' based on the difference in
distances measured on dry mandibles between different
radiographic techniques. The results showed that a total
sample size of 9 mandibles was adequate to detect a
mean difference (Effect size) between study groups
(radiographic techniques) of 1.66 mm (SD=1.56) with a
power of 80% and a two-sided significance level of 5%.

Descriptive Analysis: Linear measurements were
described in terms of mean, median, standard deviation
(SD), and range according to each group.

Comparative Analysis:

Absolute Error was calculated based on the
following equation:

Technique reading — Real reading

Relative  (Percentage) Error in linear

measurements was calculated based on:

Absolute Error
100

Real reading

Correlation Analysis: To assess the correlation
between real measurements with linear measurements
that are normally distributed, Pearson’s Correlation
Coeflicient was applied. To assess the correlation
between real measurements with linear measurements
that are not normally distributed, Spearman’s Correlation
Coeflicient was applied.

The significance level: It was verified at P < 0.05.
The results are considered to be statistically significant
if the p-value was less than 0.05.

The statistical package used for this study:
R statistical package'®, version 3.3.1 (20-12-2018).
Copyright (C) 2018. The R Foundation for Statistical
Computing (Statistical analysis was performed with R

statistical package, version 3.3.1 (20-12-2018) Vienna,
Austria).

Results and Discussion

Regarding mandibular foramen linear measurements
from the middle of superior border of mandibular
foramen till sigmoid notch (line ab):Digital panorama
mean measurement showed a statistically significant
difference compared to that of real measurement on
the left side, while on the right side both digital and
reformatted panorama mean measurement showed a
statistically significant difference compared to that of
real measurement. (Table 1).

Theresults ofthe present study showed no statistically
significant difference between real linear measurements
derived from the digital caliper and linear measurements
obtained from reformatted panoramic images except for
measurement from the middle of the superior border of
the mandibular foramen till sigmoid notch (line ab) on
the right side (p-value 0.0234). However, this difference
is minimal and generally the reformatted panoramic
images underestimate real linear measurements. This
comes in accordance with Lascala et al., 2004 ', who
performed linear measurements on dry human skulls,
they concluded that the real distances measured on dry
skulls were always larger. However, Beshtawi et al.,
20202, found statistically significant differences in all
measurements derived from reformatted panoramic
radiographs.

Regarding mandibular foramen linear measurements
from middle of anterior border of mandibular foramen
till middle of posterior border of mandibular foramen
(horizontal diameter): CBCT mean measurement
showed a statistically significant difference compared to
that of real measurement on the left side, while on the
right side, digital panorama mean measurement showed
a statistically significant difference compared to that of
real measurement.

Linear measurements performed on cross-sectional
views showed no statistically significant difference
when compared to real linear measurements except for
horizontal diameter measurement of the mandibular
foramen on the left side (p-value 0.0415). Cross-
sectional views showed sometimes overestimation and
sometimes underestimation when compared to real linear
measurements. Baumgaertel et al., 2009 '3, Alamri et
al., 2012,'* and Tarazona-Alvarez et al., 2014!° have
explained the reasons for over and underestimation in
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CBCT measurements which might be referred to the
software used or the partial volume effect which occurs
when a voxel is occupied by two structures with different
densities and the voxel reflects an average density.

Regarding linear measurements from middle of
midline till middle of anterior border of mental foramen:
Left side, digital panorama mean measurement showed a
statistically significant difference compared to that of real
measurement. Right side, Digital panorama and CBCT
mean measurements showed a statistically significant
difference compared to that of real measurement.
(Table 2).

Measurements that were taken from the midline
till mental foramen were severely underestimated on
digital panoramic images(with 1:1 magnification), these
differences may be attributed to positioning errors,
finding in agreement with Rondon et al 2014'°. On the
other hand Langlois et al., 2011'7, stated that digital
panoramic radiographs are reliable for performing linear
measurements, as there was no difference among the
measurements obtained with the dry specimens.

The current study showed that the absolute and
relative error for the cross-sectional views of CBCT

ranged from 0.0001 to 1.44mm (0.38% to 1.91%). This
comes in agreement with Lagravére et al., 2008'8 who
evaluated the accuracy of linear measurements in CBCT
images and found a mean measurement error less than 1
mm. Reformatted panoramic images showed an absolute
error ranging from 0.01 to 0.87 mm. Lupi et al., 2018,
stated that geometric distortion in reformatted panoramic
images can entail a relative error of up to 10%.In contrast,
the digital panoramic images showed the highest mean
measurement error ranging from 0.08 to 2.11 mm.

In the current study; using ultra-low-dose CBCT
(by reducing the milliamperage setting 3.2 mA) did
not lower the image quality nor the accuracy of linear
measurements. El Sahili et al., 2018, found high
degrees of concordance between low and high dose
images, and images taken at lower milliamperage
settings showed good diagnostic quality.

Assessment of intra and inter-observer reliability for
linear measurements of mandibular and mental foramina
(showed very strong agreement range from 0.91-0.100
by using Intra-class Correlation Coefficient, statistical
significance (p-value < 0.05).

Figure (1): Scanora lite viewer.
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Figure (2): Digital panoramic radiograph with 1:1 magnification showing linear measurements performed
on mandibular and mental foramina bilaterally, (1) line ab, (2) line ef, (3) mandibular foramen horizontal
diameter, (4) linear measurement from crest of ridge till superior border of mental foramen,

(5) measurement from midline till anterior border of mental foramen.
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Figure (3): OnDemand 3D viewer.



144 Indian Journal of Public Health Research & Development, April-June 2021, Vol. 12, No. 2

Figure (4): Cropped reformatted panoramic radiograph showing linear measurements performed on
mandibular and mental foramina.

Cross-Sectional

ID: 20190629135

Figure (5): ab linear measurement performed on cross sectional image of cone beam computed tomography.

Table (1): Descriptive analysis of ab linear measurements in mm regarding each group and between-group

comparisons
Mean | SD | Median | Min | Max Absolute Error (PercgliI:;L;eError mgzlﬁz:;;i: I‘J’V;::lefl{iatlest
Mean SD Mean SD p-value* Interpretation
Real | 15.02 | 1.61 15.17 12.2 | 18.01 - - - - - -
DP 14.13 | 1.24 14.02 | 12.65 | 16.55 | -0.88 0.84 -5.56 5.58 0.0132 Significant difference
et RP 14.74 | 1.41 14.7 12.65 | 17.55 | -0.27 0.70 -1.59 4.71 0.2759 Insignificant difference
CBCT | 1527 | 1.33 15.55 1295 | 174 | 0.26 0.69 1.98 4.69 0.296 Insignificant difference
W Real | 1598 | 1.54 15.85 | 13.75 | 18.83 - - - - - -
) DP 14.12 | 1.54 14.4 114 | 1645 -1.86 | 0.66 -11.66 4.14 <0.0001 Significant difference
Right RP 1542 | 1.62 1545 | 1295| 17.5 | -0.56 | 0.60 -3.55 3.90 0.0234 Significant difference
CBCT | 1592 | 1.34 16 1335 17.5 | -0.06 | 0.55 -0.23 3.15 0.7619 Insignificant difference

*Significance level at p-value <0.05. N.B.: DP-Digital Panorama, RP-Reformatted Panorama, CBCT-Cone Beam Computed
Tomography/Cross-sectional, MD-Mean Difference, SD-Standard Deviation.
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Table (2): Descriptive analysis of linear measurements from middle of midline till middle of anterior border
of mental foramen in mm regarding each group and between-group comparisons

Absolute Error (Percentage)

Relative Comparison with Real

measurements Paired t test

Mean SD Median | Min Max Error
Mean SD Mean SD p-value* Interpretation
Real | 25.26 2.83 26.17 20.28 | 28.23 - - - - - -
g Left DP 15 3.06 15.40 8.80 18.35 | -10.26 | 1.88 | -40.92 8.39 <0.0001 Significant difference
S RP 25.05 2.88 26 20.10 | 28.10 | -0.21 0.53 -0.85 2.25 0.2638 Insignificant difference
g CBCT | 25.49 2.97 26.75 20.55 | 28.70 0.23 0.63 0.86 2.55 0.3177 | Insignificant difference
i Real | 25.42 1.98 25.77 2245 | 27.64 - - - - - -
é ) DP 15.01 3.13 16.05 8.25 1835 | -10.41 | 1.81 -41.40 9.46 <0.0001 Significant difference
'E Rieht RP 25.12 2.27 25.25 21.25 | 27.80 | -03 0.48 -1.26 2.00 0.096 Insignificant difference
CBCT | 25.04 1.91 25.25 21.75 | 27.65 | -0.38 0.47 -1.48 1.88 0.0416 Significant difference

*Significance level at p-value <0.05. N.B.: DP-Digital Panorama, RP-Reformatted Panorama, CBCT-Cone Beam Computed
Tomography/Axial, MD-Mean Difference, SD-Standard Deviation

Conclusion

From the present work, the following conclusions
could be reached:

* Linear measurements obtained from CBCT
reformatted panoramic images are more reliable
than digital panoramic radiographic measurements.

e Linear measurements driven from CBCT cross-
sectional images using On Demand software are
accurate and have the lowest error value.
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