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ABSTRACT

Aim To assess the accuracy of linear measurement obtained from CBCT images in 3D

volumetric rendering and multiplanar slices with different voxel sizes.

Methodology: 9 mandibles with twelve radioopaque markers fixed on each one were imaged
using CRANEX® 3D CBCT machine. Each mandible was imaged twice with voxel sizes 250
um and 350 pm. 2D and 3D linear measurements from CBCT images were compared to the real
physical measurements taken by a digital caliper. Software measurements were recorded twice
by the principal investigator and once by the supervising professor. Intra- and inter-observer
agreements were assessed using Intra-Class Correlation Coefficient (ICC). SPSS®IBM Version 24
and MedCalc® version 12.1 for Windows were used for statistical analysis.

Results: CBCT 2D measurements with voxel sizes of 250w and 350 showed a mean
difference= 0 mm both with 95% of difference being -0.6 mm above or 0.7mm below and-0.5 mm
above or 0.6 mm below the Gold Standard respectively. CBCT 3D measurements with voxel sizes
of 250 and 350p showed a mean difference= 0 mm both with 95% of difference being -0.5 mm
below or 0.5 mm above and -0.6 mm above or 0.7 mm below the Gold Standard. Intra-observer and

inter-observer reliability regarding all measurements showed excellent agreement.

Conclusions: 2D and 3D measurements driven from CBCT images with voxel size of 350 p are
accurate as measurements driven from CBCT images with voxel size of 250 u with less radiation
delivered to the patient. 2D and 3D CBCT measurements driven from CBCT are reliable.
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INTRODUCTION

Cone Beam Computed Tomography (CBCT)
is a technology that is needed to overcome the
limitations of the 2D imaging modalities as
periapical, panoramic and lateral cephalometric
radiography because of the three dimensional nature
of the scanned object™!?,

CBCT can perform imaging of maxillofacial
structures with different voxel sizes considering that
smaller voxel size provides better image resolution
but requires higher radiation dose®-2%,

CBCT is used in oral and maxillofacial surgery
for surgical evaluation and planning for orthogna-
thic, implant and maxillofacial surgeries and dem-
onstrating craniofacial fractures®!82), Moreover,
it is used in endodontics as in detection of missed
canals and root fractures"''?.CBCT was found bet-
ter than conventional radiography in the detection
of longitudinal fractures®. In periodontics it is used
in the detection of intra-bony and furcation defects,
dehiscence, fenestration and periodontal cysts (419,

The precision of the jaw measurements is
important for many of the aforementioned dental
procedures. It’s of vital importance to know the
measurement accuracy and reliability of CBCT!7.
There are two main types of linear measurements
that could be obtained from CBCT scans, the 2D
linear measurement using 2D ruler on multiplanar
slices and 3D linear measurement using 3D ruler on
3D reconstructed image™®®. That’s why this study
was undertaken to assess the accuracy of 2D and 3D
linear mandibular measurements in CBCT images
taken with 2 voxel sizes: 0.25 mm and 0.35 mm.

MATERIALS AND METHODS

Study Design

The study was performed on 9 human dry
mandibles acquired from the Anatomy Department,
Faculty of Medicine, Cairo University, Kasr El
Einy Hospital. The selected mandibles were intact,
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free from any bone defects, fractures, pathology.
Dentate state of the mandibles was not an element
in selection criteria; either dentulous or edentulous
mandibles were acceptable.

Mandibles Preparation and Real Measurements
(Gold Standard):

Twelve points were marked on the mandibles and
radio opaque markers (Uniform cylindrical shapes
with standardized size made of Barium Sulphate mixed
with clear resin) were glued to each mandible at these
points using wax and double face tape. The points
were assigned capital letters (A, B,C,D,E,F,G,H, I,
J,K & L) distributed as illustrated in Figure 1.Twelve
Connecting lines were decided to be measured as
follows: AB,AE,AJ,KI, FD, JL, EG,HC, JE,GL, BL
and BG First the real physical measures were taken by
a digital caliper between the points.

Soft Tissue Simulation:

The mandibles were placed in a plastic container
filled with water and totally immersed to simulate
the soft tissue attenuation

CBCT Imaging of the Mandibles:

CBCT imaging was performed in a private
radiology center [Orascan] using CRANEX ®
3D (SoredexOy, Tuusula, Finland) CBCT machine.
Each mandible was imaged twice with voxel sizes
250 pm and 350 pum using the following exposure
parameters: (250 um voxel size, 8 mA, 90 kVp, 8.5
s exposure time and 8 x 15 FOV) and (350 pm voxel
size, 10 mA, 90 kVp, 4.5 s exposure time and 8 x
15 FOV).

Image manipulation

For 2D measurements:

One of the axes of the orthogonal planes was used
as a reference. The axis level was adjusted to show
both markers of distance intended to be measured.
On the corresponding image, the 2D ruler was used
to measure the distance between the two markers.
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Fig. (1) A 3D rendered CBCT image of one of the mandibles
showing the distribution and labeling of the markers on
the mandible assigned by letters.

For 3D measurements:

Using the head orientation in the software, the 3D
ruler was used to measure the distance between the
centers of the two markers in the form of a straight
line. The mandible was rotated in all possible
aspects to check the proper position of the terminal
points of measurement in relation to corresponding
markers.

Statistical Analysis:

Actual measurements served as the gold standard
for all tested methods. The data used was numerical
data; so intra- and inter-observer agreement was
assessed using Intra-Class Correlation Coefficient
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(ICC) (Less than 0.73 is not accepted, 0.73 to
0.9 = Good, More than 0.94 is Excellent). Bland-
Altman plot (differences-vs-means plot) was used
to show the agreement between two quantitative
measurements by studying the mean difference
and constructing limits of agreement® SPSS®IBM
Version 24 and MedCalc® version 12.1 for Windows
used for statistical analysis.

RESULTS

Assessment of intra-observer and inter-observer
reliability regarding all measurements showed
excellent agreement between the two readings of
the first observer. CBCT 2D measurements with
voxel size of 250y showed a percentage of mean
difference= 0.1% so 95% percentage of difference
was 2.1 % above or 1.9 % below Gold Standard.
CBCT 2D measurements with voxel size of 350u
showed a percentage of mean difference= 0.1% so
95% percentage of difference was 1.8% above or
1.5% below Gold Standard .CBCT 3D measurements
with Voxel Size of 250y showed a percentage
of mean difference = 0 % so 95% percentage of
difference was 1.6% below or 1.6% above Gold
Standard. CBCT 3D measurements with Voxel Size
of 350u showed a percentage of mean difference=
0% so 95% percentage of difference was 2.3%
below or 2.3% above Gold Standard (Table 1).

TABLE (1): Percentage of difference, Limits of agreement and coefficient of variation for different groups

compared to Gold standard.

o . L Coefficient of
] Differences % Limits of agreement o
5 2 Vari variation (%)
5 g Variable n
S g Lower Upper
~ Mean SD 95% CI L. 95% CI L. 95% CI Mean 95% CI
limit limit
-0.06851 -2.2127 to 1.7956 to 0.6272 to
2D 250 107  0.1275 1.0225 -1.8767 2.1316 0.7259
to 0.3235 -1.5407 2.4676 0.8247
-g -0.02905 -1.8357 to 1.5416 to 0.5298 to
< 2D350p 107 0.1361 0.8616 -1.5526 1.8247 0.6131
§ to 0.3012 -1.2695 2.1078 0.6965
4 -0.1601 to -1.8857 to 1.3401 to 0.5024 to
< 3D250p 107 -0.00241 0.8229 -1.6153 1.6105 0.5814
) 0.1553 -1.3449 1.8809 0.6605
-0.2014 to -2.7544 to 2.0182 to 0.7156 to
3D350px 107 0.03197 1.2175 -2.3543 24183 0.8282
0.2653 -1.9543 2.8183 0.9410
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DISCUSSION

The mandibles included in our study were
free from fractures or pathological lesions so they
wouldn’t affect the linear measurements recorded
by the caliper and those taken on the software, as
fracture lines might interfere with the measurements
sites causing difficulty in determining the outline
of the selected slice. Also pathologies might affect
the continuity of the mandible surfaces or cortices
which will cause inability to mark the measurement
sites.

Moreover, the mandibles were immersed in
water to simulate the soft tissue, approximating the
clinical situation. The mandibles were immersed in
water inside a plastic box to facilitate positioning
of the mandibles in the FOV of the machine and
adjustment of the mid-sagittal plane (reference line
of the machine) with the midline of the mandibles.

Different voxel sizes were used to investigate if
larger voxel sizes could affect the accuracy of linear
measurements. The voxel sizes of 0.250 mm and
0.350 mm were used as they are commonly used
in implantology and detection of maxillofacial
pathologies.

Regarding 2D measurements, among the studies
that yielded results similar to ours was Ganguly et
al. 2016”. However, they used four cadaver heads
(maxilla and mandible), unlike our methodology
in which we used only mandibles. They used 3
scanning protocols: large FOV/0.3 mm voxel, large
FOV/0.2 mm voxel and small FOV/0.16 mm voxel
for height and width of alveolar ridge. They found
no statistical difference among protocols and that
CBCT measurements are accurate to measure the
height and width of alveolar bone. They concluded
that smaller voxel sizes do not result in greater
accuracy of linear measurements, which is in
accordance with our study.

Also, Gorucu-coskuner and El, 2019®found

that 2D linear TMJ measurements in the coronal
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and sagittal views were reliable and accurate, which
goes in line with our results.

However, contradictory to our results, Elsh-
enawy et al. 2019° found that increasing the voxel
size along with increasing the FOV could adversely
affect the accuracy of linear measurements par-
ticularly if small distances are to be assessed. This
could be attributed to the differences in the techni-
cal parameters they used and not using soft tissue
simulation.

Regarding 3D measurements, in accordance
with our results, Kamburoglu et al. 2011"*found
that CBCT image measurements were identical and
highly correlated with digital caliper measurements.
Our results were comparable to theirs which showed
that increasing voxel resolution did not affect the
accuracy of surface model measurements.

Contradictory to our results, however, another
study which measured 13 sites (3D) on human dry
skulls found that CBCT images underestimated the
real distances between skull sites. However, the
differences between CBCT and direct measurements
were only statistically significant for measurements
of the skull base"?. These differences between that
study findings and ours can be related to the observer
performance and calibration or hardware/software
of the different systems tested. Also they used 2-mm
diameter metal spheres fixed to the skull to mark the
distances to be measured, which might have caused
scatter and beam hardening that adversely affected

observer performance.

In conclusion, 2D and 3D measurements driven
from CBCT imaged with voxel size of 350 y are
accurate as measurements driven from CBCT
imaged with voxel size of 250 y with less radiation
delivered to the patient. Also 3D measurements
driven from CBCT are accurate as 2D measurements.
Finally, 2D and 3D CBCT measurements driven
from CBCT are reliable.
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