ORIGINAL ARTICLE

Evaluation of referential dosages
obtained by Cone-Beam Computed
Tomography examinations acquired
with different voxel sizes
Marianna Guanaes Gomes Torres*, Paulo Sérgio Flores Campos**, Nilson Pena Neto Segundo***,
Marlos Ribeiro****, Marcus Navarro*****, Iêda Crusoé-Rebello******

Abstract
Objectives: The aim of this study was to evaluate the dose–area product (DAP) and the

entrance skin dose (ESD), using protocols with different voxel sizes, obtained with i-CAT
Cone-Beam Computed Tomography (CBCT), to determine the best parameters based
on radioprotection principles. Methods: A pencil-type ionization chamber was used to
measure the ESD and a PTW device was used to measure the DAP. Four protocols were
tested: (1) 40s, 0.2 mm voxel and 46.72 mAs; (2) 40s, 0.25 mm voxel and 46.72 mAs;
(3) 20s, 0.3 mm voxel and 23.87 mAs; (4) 20s, 0.4 mm voxel and 23.87 mAs. The kilovoltage remained constant (120 kVp). Results: A significant statistical difference (p<0.001)
was found among the four protocols for both methods of radiation dosage evaluation
(DAP and ESD). For DAP evaluation, protocols 2 and 3 presented a statistically significant
difference, and it was not possible to detect which of the protocols for ESD evaluation
promoted this result. Conclusions: DAP and ESD are evaluation methods for radiation
dose for Cone-Beam Computed Tomography, and more studies are necessary to explain
such result. The voxel size alone does not affect the radiation dose in CBCT (i-CAT) examinations. The radiation dose for CBCT (i-CAT) examinations is directly related to the
exposure time and milliamperes.
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dimensional images and its use is increasing.
However, the radiation dose accumulated in
head and neck structures and its high cost are
major disadvantages of this technique.1-8
A new CT technology, Cone-Beam Com-

INTRODuCTION
Successful dental treatment must be based
on full planning and that includes the use
of images to help with diagnosis. Computed
tomography (CT) provides important three-
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puted Tomography (CBCT), has recently become available. This technology was specifically
developed for the head and neck region and
provides three-dimensional volumetric images
similar to medical tomographic images, at low
cost and with reduction of patient exposure
to radiation, because its field of vision (FOV)
is limited to the axial dimension.2,5,7,9-12 The
voxel size is lower on CBCT compared with
conventional CT. On the i-CAT device, for example, the voxel size can vary from 0.12 to
0.4 mm for the acquisition of images from the
mandible, whereas on conventional CT the
voxel size is normally 0.5–1 mm.6,13 Generally,
the smaller the voxel size and the longer the
scanning time, the better the resolution and
the details. However, a smaller voxel size is
associated with a longer scanning time, which
has some disadvantages such as greater possibility of patient movement during the examination, elevated radiation doses and longer reconstruction time.14,15
The aim of this study was to evaluate the
dosage area product (DAP) and entrance skin
dose (ESD), using protocols with different voxel sizes, using the i-CAT CBCT device, to determine better parameters based on radioprotection principles.

TABLE 1 - Protocols for image acquisition for the i-CAT device.
Scanning
time (s)

Voxel size
(mm)

Peak voltage
(kVp)

mAs

1

40

0.20

120

46.72

2

40

0.25

120

46.72

3

20

0.30

120

23.87

4

20

0.40

120

23.87

tion chamber (100 mm) was fixed on one end
of the tomograph, coupled to an eletrometer, so
that it was possible to measure the doses given
while the images were obtained (ESD). A multiplicative factor calculation was performed based
on the distance between the x-ray beam output
and the sensor, to compensate for the distance
from the center of the device to the position of
the ionization chamber. For the DAP measurement, a PTW device was coupled to the other
end of the device.
The Kruskal-Wallis and Dunn tests were
used to assess the data; p<0.001 was considered
statistically significant.
ReSuLTS
The median values for ESD and DAP for
the four protocols are shown in Table 2. Statistically significant differences (p<0.001) were
found among the four protocols for both radiation dose evaluation methods.
Dunn’s test showed that in the DAP evaluation, protocols 2 and 3 showed a statistically
significant difference, and it was not possible to
detect which of the protocols were significantly
difference in the ESD evaluation.

MATeRIALS AND MeTHODS
The DAP and ESD measurements using
CBCT images from the i-CAT device (Imaging Sciences International, Hatfield, PA) were
performed according to the protocols in Table
1. The scan height (collimation) was 6 cm for
all protocols. The examinations were repeated
four times for each protocol.
The RADCAL 9095 dose meter (Radcal.
Corp., Monrovia, CA, USA) and the PTW DAP
meter (PTW, Freiburg, Germany) were used. All
equipment was calibrated in laboratories within
the Brazilian Metrology Network (Rede Brasileira de Metrologia-RBM). A pencil-type ioniza-
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DISCuSSION
CBCT is a new technology and adequate
knowledge is necessary to measure the radiation
dose. We believe that the proposed method, using the ESD and DAP, can be considered for
dose measurements in this type of examination.
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mAs and reduced ET, is able to reduce the dose
by as much as 50%.16 In our study, whereas the
ET and mAs practically doubled from protocols 3 and 4 to protocols 1 and 2, the radiation
doses (ESD and DAP) behaved similarly for all
protocols, being approximately doubled in protocols 1 and 2 compared with protocols 3 and 4
(Tables 1 and 2).
The limitation of the Dunn test in presenting significant difference among the protocols and in evaluating ESD occurred because
of the small sample. But, despite the small
sample, protocols 2 and 3 showed a significant difference between (p=0.0065) for the
DAP; this was only possible because of the
extremely relevant difference that exists between these protocols.
In conclusion, DAP and ESD are presented
as evaluation methods for radiation doses in
CBCT, and more studies are necessary to further
elucidate such findings. The voxel size alone
does not affect the radiation dose in CBCT
(i-CAT) examinations. The radiation dose for
CBCT (i-CAT) examinations is directly related
to the exposure time and milliamperage.

TABLE 2 - Mean values of radiation doses (ESD and DAP) for the four
protocols.
Entrance Skin Dose - ESD

Dose Area Product-DAP

(mGy)

(mGy m 2)

1

3.77

44.92

2

3.78

45.30

3

2.00

24.43

4

2.00

24.98

(p = 0.00083)

(p = 0.000145)

Protocol

Protocols 1 and 2 showed very similar ESD
and DAP values, and even though the voxel
sizes were different, the exposure time (ET),
the kilovoltage (kVp) and the milliamperage x
exposure time (mAs) remained constant. The
same applies to protocols 3 and 4 (Tables 1 and
2). This shows that the voxel size does not influence the radiation dose; that is, when the exposure factors (ET, kVp and mAs) are the same,
a single alteration of the voxel size does not
alter the radiation dose significantly. However,
the protocols couple the use of smaller voxels
with greater exposure time and milliamperage,
which invariably cause an increase in the exposure dose. Completely pre-established protocols are provided by the i-CAT manufacturer.15
A greater voxel size, associated with a low
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