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ABSTRACT

Purpose: The aim of this study is to study the impact of change in kilovoltage (KV) or voxel
size on extracted 3D radiographic volume measurement of different sizes of endodontic files and to
determine the optimal exposure parameters for volume measurement in CBCT.

Methods: Eight different endodontic k files were radiographically exposed at three different
kilovoltages using CBCT and divided into three groups, group 1 (80 KV), group 2 (60 KV), and
group 3 (50 KV), then exposed to two different voxel sizes, and divided into two groups, group a
(300 pwm) and group b (180 pwm). The 3D radiographic volume and the actual files volumes were
measured using ITK-SNAP software and water displacement method respectively.

Finding: Regarding changes in the kilovoltages, no significant difference (p > 0.05) was
reported between the mean of the 3D radiographic volume of groups 3 and 2 with the mean of
actual volume with a mean difference of 1.1 £7.7 mm3 and 2.6 +9.6 mm3 respectively. The results
for voxel size change, showed no significant difference between the mean of the 3D radiographic
volume of group (b) and actual volume group with a mean difference of 1.9 = 7.8 mm* In the
other hand, the difference between the mean of volume measurement at group (a) and actual group
became significant with a mean difference of 10.5 5.7 mm® was found.

Conclusion: it concluded that both changes in kilovoltage and voxel size parameters affect
significantly the 3D volume measurement and reconstruction.
INTRODUCTION to plan and guide surgical interventions, monitoring

. L . . disease progression and the response to treatment.
Diagnostic imaging as Magnetic resonance

imaging (MRI), computational tomography (CT),
Cone-beam computed tomography (CBCT), proton
emission tomography (PET), and ultrasound are of
great important not only to diagnose disease but also

Cone-beam computed tomography (CBCT) is a
widely used modality for radiographic examination
of bone at the head and neck region, showing high
accuracy and the provided programs with CBCT

* Lecturer of Oral Medicine, Periodontology, Oral Diagnosis and Radiology Department, Faculty of Dentistry, Tanta

University, Tanta, Egypt.
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allow easy, rapid radiographic interpretation!.
Recently CBCT was widely replace conventional
computed tomography (CT) due to the newly
high advances in image quality that become very
close to CT images, lower exposure doses, rapid
and easy exposure for the patient and easy images
interpretation and planning thanks to many available
interpretation software 2131,

Increasingly, three dimensions (3D) radiographic
modalities can be used for extraction of accurate
quantitative measures such as 3D volume
measurement and reconstruction. For example, MRI
can be used to estimate the risk of tumor recurrence
in individual patients as quantitative measures
of tumor size and shape, intensity heterogeneity
and the dynamics of contrast agent uptake can
be statistically analysed using a group of digital
software to assign the patient individual risk to
tumor recurrence and to help for assessment for the

the optimal treatment strategy for that patient!.

Gaining 3D reconstruction models of teeth or
bone from CBCT data is becoming increasing-
ly more important in dentistry, as it can used for
constructing
and evaluate treatment results,™!, designing a cus-
tom-made implant and 3D implant surgical guide [*-"!
and simulate and navigate an oral and maxillofacial
surgery'®, so the inaccuracy in CBCT volumetric re-

individual orthodontic appliances,

construction may have important clinical influence,
as the inaccuracy in 3D volumetric reconstruction
and measurement will create an unavoidable error
in landmark positioning and influence creation of
the bone-supported guide template ',

The accuracy of the 3D reconstruction and 3D
volumetric measurements are affected by scanning
system, field of view (FOV), examined objects, ex-
posure time, tube voltage and amperage, Hounsfield
unit (HU) threshold of segmentation and also spatial
resolution defined by the voxel size "% this effect
can lead not only to inaccurate results of the dif-

* Dentsply Sirona, USA.
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ferent clinical studies but also clinical applications
as a reconstructed 3D surgical stent for an implant,
3D reconstruction teeth or bone model for the orth-
odontic treatment plan, constructed individual ap-
pliances, and evaluated treatment results.!'"

Voxel size is one of the critical parameters
that influence the volumetric measurement of
3D-reconstructed jaws. Voxel size is the minimum
of digital data
dimensional space, similar in concept to pixels

unit segmentation in three-
in two-dimensional space. It is of paramount
importance in terms of scanning and reconstruction

times, as well as the quality of CBCT images!'*..

Several programs can be used for 3D
volume measurement using Digital Imaging and
Communications in Medicine (DICOM) files from
CBCT, CT, and MRI, which has become widely
used in different dental research as a reliable,
reproducible, and valid method for radiographic

assessment [ 141,

ITK-SNAP software is a friendly-use, cost-
effective, and reliable package for measuring
radiographic volumes by importing DICOM files
from different imaging modalities as MRI, CT,
CBCT and ultrasonography as tested for measuring
nasopharyngeal volumes and the dimension of the
bony defect as in patients with cleft palate before
alveolar bone grafting to reduce unnecessary
morbidity of the donor site as a result of unnecessary

over-harvesting. %)

So, this study was aimed to evaluate the effect
of changes in exposure parameters on 3D volume
measurements of different sizes of k endodontic files
and to determine the optimal exposure parameters
for volume measurement in CBCT.

Study design

The study sample used, 8 different sizes of K
endodontic files® (10, 15, 20,30,55,60,70 and 80)
were inserted into wax stent parallel to each other
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and exposed to different exposure parameters.

The block was radiographically exposed using
CS9300 Carestream” CBCT machine, at Collage
of Dentistry, Taibah University, Kingdom of
Saudi Arabia. The study was ethically approved
by research ethics committee, Collage of
Dentistry, Taibah university with reference No,

TUCDEEC/07112020/MOELBORAEY.

The files used in this study were new, not used
before. The file stopper was located at D, point of
the file (16 mm from the file tip) as a fixed reference
point for all files. All used files were intact, not
broken free from any bindings or previous curvature.

The block was exposed to different radiation
parameters and divided into groups as the following:

1) Changes in kilovoltages (KV).

Three different KV will be used in this study.
Group (1) (80KV, 300 VOXAL, 4 Ma and 8.01sec)
Group (2) (60KV,300 VOXAL, 4 Ma and 8.01sec)
Group (3) (50 Kv, 300 VOXAL, 4 Ma and 8.01sec)

Group (actual), represent the data for actual volume
measurement.

2) Changes in voxel size.

(2207)

Two different voxel sizes used in this study.
Group (a) (300 VOXAL, 4 Ma, 80KV and 8.01 sec)
Group (b) (180 VOXAL, 4 ma, 80 KV and 8.01 sec)

Group (actual), represent the data for actual volume
measurement.

Actual volume measurement:

- Actual endodontic files volumes were measured
from D, (at file tip) to D, using the water
displacement volume measurement method. A
cylindrical tube with fixed diameter was filled
with coloured water to a fixed mark, then the file
length from D to D, was cut off and then inserted
to the tube, the level of water displacement was
demarcated and then the displacement height
(h) was measured. Using the following equation
V = qr? (x) h as v (volume), r (tube diameter)
and h (height of displacement), the actual file
volume was measured 161,

3D radiographic volume measurement:

- 3D radiographic volume of endodontic files
was measured from D, to D  using ITK-
SNAP software™.
measurements were done by a single expert

The radiographic volume

examiner, using the same version of ITK-SNAP

Fig. (1): Eight endodontic files at wax block and after radiographic exposure using CS9300 Carestream CBCT machine.

* Carestream Dental, Carestream Health, Inc, USA

** JTTK-SNAP version 3.8.0, Supported by the U.S. National Institute of Biomedical Imaging and Bio-Engineering.
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software and the same windows operating

system with fixed screen resolution.

- The Dicom files were inserted to ITK-SNAP
software, then manual expert assessment of
each file from D, to D, was done using the axial
view. The file pixel at each slice was identified
and measured slice by slice depending also on
artificial intelligent option of isotropic voxel
identification. Re-evaluation and recheck

from sagittal and coronal views were done for

accurate identification.

- Automatic volume measurement was calculated

using volume and statistics option of ITK-
SNAP.
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Fig. (2): 3D volume measurement of k endodontic file using
ITK-SNAP software.
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Fig. 3: Rechecking of all file pixels were included during
segmentation from sagittal view at high magnification.
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Statistical analysis

The collected data was organized, tabulated
and statistically analysed using computer software
Statistical Package for Social Science (SPSS
version 21) (SPSS Inc, Chicago, IL, USA). The
Kolmogorov- Smirnov was used to verify the
normality of distribution of variables; Paired t-test
was used for normally distributed quantitative
variables, to compare between two periods.
Significance of the obtained results was judged at

the 5% level.

RESULTS

Change of kilovoltage

The results of the present study showed a non-
significant difference (p =0.688) between the mean
of 3D radiographic volume of group 3 (19.9+10 mm?)
that represent the lowest value of kilovoltage(kV)
with 50 KV and the mean of actual volume group
(18.8+11.6 mm?) with mean difference of (1.1 7.7
mm?) as shown in table 1 and figure 4.

Table 1 and figure 4 showed a non-significant
difference (p = 0.476) between the mean of 3D
radiographic volume of group 2 (16.2+8.5 mm?®)
with 60 KV and the mean of actual volume group
(18.8+11.6 mm?®) with mean difference of (2.6 £9.6
mm?).

On the other hand, a significant difference
between the mean of volume measurement at group
1 with 80 Kv and actual group as the means were
29.3+10 mm?and 18.8+11.6 mm? respectively, with
mean difference of 10.5 £5.7 mm? as (p < 0.05). as
shown in table 1 and figure 4.

- Change of voxel size:

Table 2 and figure 5 showed a non-significant
difference (p = 0.508) between the mean of 3D
radiographic volume of group (b) (16.9+8.7
mm?®) with voxel size 180 um and the mean of
actual volume group (18.8+11.6 mm?®) with mean
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difference of (1.9 £7.8 mm?®). While, a significant

(2209)

In the present study, the results of intra-examiner

difference has been showed between the mean  peqgurement reliability for one selected file (file

of volume measurement at group (a) with voxel
size 300 pm and actual group as the means were
29.3+10 mm®and 18.8+11.6 mm’ respectively with
mean difference of 10.5 +£5.7 mm°.

and lowest measure of 0.49 mm3.

Table (1): The means of 3D radiographic volume measurements and actual volume at study groups 1, 2, 3 & actual.

70) and 180 voxal 4 mA 80 KV 8.01 sec showed

non-significant difference between highest measure

Group 1 Group 2 Group 3 Actual
Min. — Max. 114-40.8 93-36.6 122-425 59-377
Mean + SD. 293+ 10 162+8.5 199+ 10 18.8+11.6
Difference from actual 105+57 26+£96 1.1+7.7
p 0.001" 0476 0.688

standard deviation SD, ” significant, ~ decrease, increase

Table (2): The means of 3D radiographic volume measurements and actual volume at study groups a, b &

actual.
Group (a) Group (a)
Actual
300VOXAL 180VOXAL
Min. — Max. 11.4-408 36-304 59-377
Mean + SD. 203+ 10 169 +8.7 188 +11.6
Difference from actual 105+5.7 “19+7.8
p 0.001" 0.508

standard deviation SD, * significant, ~ decrease , increase
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Fig. (4): The means of 3D radiographic volume measurements  Fig.

and actual volume at study groups 1, 2, 3 & actual.

(5): The means of 3D radiographic volume measurements

and actual volume at study groups a, b & actual.
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DISCUSSION

CBCT showed very high accuracy in dental
diagnosis with extremely high sensitivity and
specificity results that reach 100% for both, since
CBCT was used for detection and diagnosis
of mandibular furcation involvement, this was
reflected by comprehensive use in dental practice!'”.

Different radiographic measures can be obtained
from CBCT, most of these radiographic assessments
are linear measures, the transforming from linear
measures to quantitative measures has a strong
interest. Limited number of studies evaluated the
accuracy of quantitative measures as radiographic
volumetric measurement. At a study conducted by
Elboraey et al.'” the 3D volume assessment of
CBCT was evaluated. The study showed accurate
and promising results for using 3D volume
measurement instead of linear measurement, which
may be of value especially for the reproducible
assessment of bone defect topography for research
purposes!'7.

Problem of image segmentation is a very
challenging problem during obtaining quanti-
tative measures from 3D radiographic modali-
ties as it depends mainly on sharp and highly
accurate outlining of the structures of interest.
Because of segmentation challenges, there is no
definite strategy or algorithm for object segmenta-
tion was used by different software, some software
depend on statistical modelling and machine- learn-
ing algorithms or algorithms based on warping an
image to a set of expert- labelled normative atlas
images "8 or geometrically deformable models "',

Numerous software packages are available to
analyze the 3D data acquired from CT or CBCT
scan, as part of volumetric measurement process.
ITK-SNAP software is a easy-use, free, with reliable
package for measuring and extracting radiographic
volumes, ITK-SNAP allows different modalities
for identifing and outlining for the structure of
interest depending on automatic segmentation or
semiautomatic segmentation or self-expert outlining

Mohamed Omar Elboraey

of the radigraphic object with the option of isotropic
identification for the voxels from pixels selection,
in turn these allow an accurate measurement of the
volume of interest.3-2

In the present study, 8 k type endodontic files
were fixed at wax block paraell to each other, and
then was exposed to different radiographic Kv (50,
60, 80) at 300 p and then divided to three groups ,
group 1 (50 Kv), group 2 (60 kv), group 3 (80 Kv).
After that was exposed again using two different
voxel size and divided into two groups, group a
(300 voxel size) and group b ( 180 voxel size), then
the actual volume of the files was measured by the
water displacment method.

The current study showed the following results,
a non-significant difference between the mean of
3D radiographic volume at group 3 (50 KV) and the
mean of actual volume group with the same results
for group 2 (60 Kv) as (p>0.05) while at group
1 with 80 Kv a significant difference with actual
volume group, was found with mean difference of
10.5 £5.7 mm3.

While for voxel size change, the results showed
a non-significant difference between the mean of
3D radiographic volume of at group (b) with voxel
size 180 p and actual group with mean difference of
1.9+7.8 mm?, while a significant difference between
the mean of volume measurement at group (a)
with voxel size 300 w and actual group with mean
difference of 10.5 £5.7 mm® was found.

The results of the present study were in agreement
with the result of the study conducted by Gomes
et al ?!'for evaluating the accuracy of ITK-SNAP
software for calculating the 3D radiographic volume
using a rubber duck’s head that was filled with
volumes of water then radiographically exposed at
fixed radiographic set. The radiographic volumes
were measured using semi-automatic segmentation
modality of ITK-SNAP. The results showed that
ITK-SNAP is highly accurate and reliable method
for radiographic volume measurement proofed
by a significant relationship between ITK-SNAP
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volumes and the gold standard as (p<0.0001).
Also, the present study showed a non-significant
difference between the actual files’ volumes and
3D radiographic volumes in groups 2, 3 and b using
ITK-SNAP software.

On the other hand, Sang et al. "' found that
decreasing voxel size from 300 to 150 pm, did not
improve the accuracy of linear, volumetric, and
geometric 3D tooth reconstruction from CBCT,
which is disagreed with the results of the present
study as increasing the voxel from .30 to .18 mm lead
to more accurate 3D volume measurements since the
results from comparing the 3D radiographic volume
for group (a) with voxel size 0.3 mm with the actual
volume converted from significant difference to
non-significant difference for group (b) with voxel
size of .18 mm with means volume difference of
10.5 £5.7 mm® and 1.9 £7.8 mm?®respectively.

The volume change between 3D radiographic
volumetric measurement and the actual volume of
the scanned object mainly because of different ra-
diographic artefacts that affect the quality of CBCT
images®?, as, beam hardening effect, extinction ar-
tefact, motion artefact, ring artefact, aliasing arte-
fact, noise-scatter artefact, partial volume artefact
and finally voxel size that reduce the accuracy with
increase of voxel size. *

The theory in usage of average CT value for
voxel size on the CT images, does not reflect the
actual CT value of scanned different structures,
which is known as the partial-volume effect that is a
common artefact of CT ??!. Therefore, when a larger
voxel size was used, the reconstructed volume was
larger than its reality by artefacts this might be an
explanation for different results when changing
the voxel size, which is confined with a study con-
ducted Dong et al., since that with increased voxel
size, the artefacts of CBCT scanning increased from
125mm to 40 mm, and the volumetric measure-
ment increased for each corresponding Hounsfield
(HU) threshold of segmentation™.

(2211)

In the current study, the different results with
changing kv from 80 t0 60 to 50 Kv as in groups 1,
2 and 3 respectively, as with group 2 and 3, there are
non-significant difference with the actual volume
group with best result for group 3 that have the least
Kv of 50 Kv while for group 1 with the highest Kv
of 80 Kv, the results showed a significant difference
with the actual volume group. These results can
be explained with that the increase of Kv lead to
increase of metal artifact, compromising 3D volume
measurement and reconstruction. On the other hand,
decreasing the voxel size from 300 to 180 lead to
non-significant difference between group (b) with
180 w voxel and actual volume group reflecting the
importance of decreasing voxel size for better 3D
volume measurement and reconstruction and for
significantly reduction of metal artifact reflected
by significant difference between group (a) and (b)
with the same high kilovoltage of 80 Kv for both
groups. 2224,

Upon the results of this study, it can be conclud-
ed that, both change in kilovoltage and voxel size
parameters affect significantly the 3D volume mea-
surement and reconstruction, ITK-SNAP software
is high accurate for 3D volume measurement for
further clinical and radiographic studies and highly
recommended from the author for 3D radiographic
volume measurement, replacing conventional linear
measurement for different clinical studies as peri-
odontal defect measurement, peri-implant defect as-
sessment, forensic dentistry analysis and pedodon-
tics and orthodontics analysis. It also recommended
that for accurate 3D volume measurement, it is bet-
ter to decrease Kv and voxel size as much as pos-
sible specially when a metallic object as the implant
will be used in the study work.

Fixed and highly calibration has been done to
the CBCT in this study for all the study groups, the
CBCT images were with high and accurate quality
and with well-organized study, therefore, the results
of this study can provide some reference to guide
this kind of CBCT reconstruction and 3D volume
measurement studies.
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