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Application of computed tomography dose index
as dosimetric parameter in dental tomography

Aplicagdo do indice de dose em tomografia computadorizada
como pardametro dosimétrico em tomografia odontologica

Rodrigo Antonio Pereira MAURO https://orcid.org/0000-0003-4211-245X
Alessandro Martins da COSTA" https://orcid.org/0000-0002-462 1-0690
ABSTRACT

Objective: Quantify the CTDI from a reference beam, correcting this value for several beam widths from the ratio of CTDI,  values
measured in the air, and verifying the underestimation of the dose comparing CTDI,, and CTDI, , applied to dental CBCT. Methods:
i-CAT and Prexion 3D tomographs, 100mm pencil ionization chamber, electrometer. Firstly for beam above 40 mm, CTDI,,, . from
CTDI,, .. multiplied by the ratio of CTDI,, measurements to N.T widths and reference, was estimated. In second, CTDI, , and CTDL,,
are obtained by displacing the ionization chamber along the beam with spacing intervals equal to 100 mm to cover sufficiently large
integration intervals for CBCT protocols, and a comparison is made through the modified efficiency. Results: CTDI,, . -averaged
53% higher than CTDI,, .., due to attenuation of the beam by the simulator object, and the ratio between CTDI, ., ..;and CTDI, . .
is greater than 1, being this constant relationship and validating the method for dosimetry in quality control tests. For the second
method, CTDI,  greatly underestimates the dose deposited on the central axis, where CTDI,  covers all beam sizes and stands out
in relation to CTDI,, to more accurately quantify the radiation levels emitted. Conclusion: The IEC method is applicable to quality
control, facilitating practice, and optimizing time and resources. CTDI, is a better dose descriptor than CTDI,, and should be

implemented for CBCT modalities when used.
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Indexing terms: Cone-beam computed tomography. Dentistry. Dosimetry. Radiography.

RESUMO

Objetivo: Quantificar o CTDI a partir de um feixe de referéncia, corrigindo este valor para diversas larguras de feixe a partir da razao
dos valores CTDI, ,, medidos no ar e verificar a subestimagdo da dose comparando o CTDI, , e CTDI, , aplicados a CBCT odontoldgica.
Métodos: Tomdgrafos i-CAT e Prexion 3D, cdmara de ionizacdo de 100mm tipo Iapis, eletrémetro. Primeiramente para feixes acima
de 40mm, estimou-se o CTDI,, - a partir do CTDI,,.., multiplicado pela razdo das medidas do CTDI,, para larguras N.T e referéncia.
Em segundo, CTDI, ,, e CTD/m'séo obtidos deslocando-se a cdmara de ionizacéo ao longo do feixe com intervalos de espacamento
igual @ 100 mm para cobrir intervalos de integracdo suficientemente grandes para protocolos CBCT e uma comparacdo é realizada
através da eficiéncia modificada. Resultados: O CTDI, .. .fol em média 53% maior que o CTDI,, ., devido a este atenuar o feixe
pelo objeto simulador, e a razdo entre o CTDI,,.....e CTDI,, ... € maior que 1, sendo essa relagdo constante e validando o método

para dosimetria em testes de controle de qualidade. Para o sequndo método, o CTDI,  subestima muito a dose depositada no eixo
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central, onde o CTDI,,,

abrange todos os tamanhos de feixe e se destaca em relacdo ao CTDI, ,, para quantificar com maior exatido os

niveis de radiacdo emitidos. Conclusdao: O método IEC é aplicavel para controle de qualidade, facilitando a pratica, e otimizando

tempo e recursos. O CTDI,,, é um melhor descritor de dose que o CTDI,,

quando usados.

» € deve ser implementado para modalidades CBCT

Termos de indexacgao: Tomografia computadorizada de feixe cénico. Odontologia. Dosimetria. Radiografia.

INTRODUCTION

Computed tomography (CT) is an important
diagnostic technique, used directly to obtain diagnoses or
indirectly to aid other technigues such as radiotherapy and
nuclear medicine. It is a technique that is based on the
volumetric construction of a body region from projections
of two-dimensional images around the body, which directly
results in a higher dose deposition in the organs compared
to conventional techniques. Thus, the radioprotection of
individuals must be optimized to minimize the risks of
adverse effects to health [1-4]. The establishment and
application of a quality control routine aims to ensure
that all machine and radiation exposure parameters are
maintained in accordance with the well known As Low
As Reasonably Achievable (ALARA) principle. Ensure
maximum performance with minimal dose deposition in
the patient. In order to guarantee this principle, some CT
performance descriptors are known, such as the Computed
Tomography Dose Index (CTDI), which quantify the dose
in the imaged region [5]. The first CT scanners (single
slice) had a beam collimation of up to 10 mm. However,
the technological evolution of this diagnostic technique
brought multislice tomography, with beam widths up to 40
mm, helical tomography and conical beam tomography.
Due to this development of new techniques and the
consequent increase in beam width, it became necessary
to adapt the CTDI. Several descriptors then emerged, such
as CTDI,, CTDL, CTDI,, CTDI  and the Dose Length
Product (DLP) [6]. The CTDI,, was developed to quantify
the useful dose output for a single beam rotation over a
length of 100 mm of a pencil lonization Chamber (IC),
located in the isocenter and parallel to the tomography
longitudinal axis. The application of the concept of CTDI, |
measurements performed on a phantom consisting of
polymethylmethacrylate (PMMA), simulating a head with
a length of 15 cm and a diameter of 16 cm and simulating
a chest with a length of 15 cm and a diameter of 32 cm,
gives rise to CTDL, .. .o, However, the use of CTDI, has
shown a great limitation, particularly for large beams, in
which measurements are underestimated because they do
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not take scattered radiation into account. In addition to
the techniques already mentioned, consideration should
be given to the dental Cone Beam Computed Tomography
(CBCT), which covers irradiated lengths of 230 mm in just
one rotation of the X-ray tube, which illustrates that the
dosimetric parameters for this type of tomography must, in
particular, be reviewed and modified. Several approaches
to overcome this limitation of CTDI,  were proposed by the
International Electrotechnical Commission (IEC) [7] and the
American Association of Physicists in Medicine (AAPM) [8].
One of the approximations of the IEC aims at quantifying
the CTDI from a reference beam and correcting this value
for other beam widths from the ratio of measured values
in air to the CTDI, . This approach was recommended by
the International Atomic Energy Agency (IAEA) [9]. The
IAEA also suggests another approximation to quantify the
free CTDI in the air (CTDI ), this variation applies to beams
larger than 60 mm and is strictly measured in the air, where
IC displacements can be performed to encompass the

entire primary and scattered beam [9].

Discussions have been conducted between the
use or not of CTDI or other dosimetric quantity [10,11].
The main limitation of the CTDI is its integration length
of 100 mm, too short to encompass the entire scattered
radiation generated by a CBCT unit; another limitation is
the difference of the CTDI and the DLP, as the CTDI is the
DLP divided by the beam thickness, however, if a protocol
with a height of 13 cm is used, the scanned height is greater
than the length of the chamber, i.e., the primary beam and
the entire scattered tail will not be counted, and dividing
the DLP by the beam thickness, a completely wrong dose
descriptor is obtained. Mori et al. [12] and Loubele et al.
[13] mention that the use of longer phantoms is impossible
in dentomaxillofacial applications. Loubele et al. [13] also
conclude that the utilization of DLP is the most appropriate,
since the dose measured by the length of the ionization
chamber integration depends on the beam thickness.

Several studies are being performed using another
dosimetric parameter, the Product Kerma Air-area (P,,),
as the incident Kerma is measured and multiplied by the



beam area in the detector [14-18]. This method does not
require phantom, or possible IC displacements, since the
detector is of parallel plates and can measure directly or
indirectly the P,,, so a P, meter can be positioned just
after the beam output, measuring all the radiation that can
be received by the patient. It is a widely used method, and
studies to define a global diagnostic reference parameter,
applicable to dental tomography, are still under way.

In this study the applicability of the method
suggested by the IEC and also the underestimation of the
dose using the method proposed by the IAEA using the
CTDI,,, and CTDI,,, applied to dental CBCT.

300"

METHODS

The data were obtained from dental radiology
clinics in the city of Ribeirdo Preto, state of Sdo Paulo. This
research is quantitative experimental, with continuous
variable and cross-sectional design. The dose values
obtained were corrected for temperature and atmospheric
pressure at reading, thus avoiding possible variations due
to air density in the sensitive volume of the chamber.

The dosimeter used consists of a pencil ionization
chamber of 100 mmlength, 3.14 cm3sensitive volume, PTW
FREIBURG, model TN30009-0507, and an electrometer PTW
FREIBURG, model UNIDOS E. The tomographic equipment
studied was i-CAT Classic manufactured by Imaging
Sciences International and Prexion 3D manufactured by
Prexion.

In order to evaluate the dose delivered by the
dental CBCT, in which the Field Of View (FOV) size may
reach 23 cm [19] of height for face acquisition protocols,
the methodology suggested by the IEC [7] and the IAEA
dosimetry protocol [9] was utilized, which considers
for beams above 40 mm thick that the CTDI,, . can be
estimated from reference measures on the phantom
corrected by the ratio of the measurements of the CTDI .

Defining the CTDI,  as:

100 7 J-50mm D(z)dz (1)

Where N is the number of slices acquired in a
single rotation, T is the nominal thickness of a slice, D(z) is
the profile of Kerma in air at the z position. Measurements
of the CTDI, , in a phantom performed at the center and
periphery, take into account the heterogeneity of the
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Kerma distribution through the phantom, thus defining
the weighted CTDI (Weighted) or CTDI, , as:

1 2
CTDI, = 3 CTD I1oo,c+ 3 CTD[IOO.p )
Where CTDI._ is measured in the central cavity of

100,c
the phantom, and CTDI g, I calculated as the arithmetic

mean of the four measurements obtained at the periphery
[20].

Then for beams larger than 40 mm, the CTDI, can
be written as:

CTDI
CcTpI, =CIDI,  * ar100NT 3
e ke (CTD] ) (3)

ar,100,Ref

Where CTDI,,; is measured on the phantom for

beam width N.T, when N.T > 40 mm; CTDIW,Ref is measured
on the phantom for reference beam width 20 mm or less,
CTDl g 100nr @Nd CTDIg 10 pes @r€ Measured in air for the
integration length of the ionization chamber of 100 mm,
at a beam width of any N.T and of reference respectively
[9,21]. The ratio between the indices in air is considered to be

equal to the ratio for the indices measured in the phantom.

The lAEA also presented a methodology to measure
the radiation dose profile in the air for tomography units
that use beams larger than 60 mm. An approximation is
made around the 100 mm IC. To achieve longer integration
lengths, the ionization chamber is moved along the beam
(symmetrically) at 100 mm spacing intervals, as shown
in figure 1, where a measurement is performed at each
position in a continuous manner, without interposition
of the sensitive volume. In the case of interposition,
the measured beam interval twice shall be taken into
consideration in the final calculation.

If the displacements are continuous equal to the
length of the IC, the total dose integral is the sum of a
series of measurements along the beam described below:

i=n L
crol, = = <35 [, D, (] @)

Where N is the number of steps taken along
the beam [9]. It should be noted that this method is
implemented in the z-axis and does not report an axial
dose distribution as in CTDI,,,,.,, as no measurements are
performed in the periphery of the FOV, is a one-dimensional
measure of profile that aims at efficient beam coverage and

does not take into account scattered radiation, which in
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Figure 1. Diagram showing increments equal to the length of the chamber.
The beam dose profile is heterogeneous. In case (a) there is a dose
integration length of 200mm, and in case (b) there is an integration
length of 300mm. Longer lengths can be obtained [21].

the case of air is irrelevant. Larger cameras such as 300 mm
pencil IC, solid state detectors and thimble type IC can be
used for this methodology, provided they are calibrated for
the beam spectrum in question. The experiment measured
the values of CTDI, , and CTDI, . This methodology was
used for i-CAT and Prexion 3D equipment. Using the values
found and applying the above methodology, and giving
prominence to the limitation of CTDI, , which does not

cover the entire radiation beam that contributes to the

Table 1. CT dose index.

dose in the patient, we use the concept of efficiency (),
which is the ratio of CTDI,,100 and CTDI_ (integrated dose
on z axis with infinite integration limits), which can be used
as an indicator of ability, or even the capacity of CTDI,  to
represent the full dose values received by the patient.

CTDI (5)

100

CTDI,

Where CTDI_ is equal to:

= 1 o

CTDI, m]‘ " D(z)dz (6)
However, since an infinite ionization chamber,

physically impossible, was not available, a finite integration

length of 300 mm was used in place of the, feasible due

to the application of the displacement method. Thus the

modified efficiency (¢ ) can be obtained as:

_ CTDI/W (7)
€,(CTD) = =7p7 —

300

This parameter directly brings a relative comparison
between the dose values, varying the limits of integration.

RESULTS

The protocols available for i-CAT Classic equipment
have three mAs configurations (mili-Ampere second), so
for each configuration equation 3 was applied.

Intable 1 arerepresented the CTDI,,,,, values calculated
from equation 3, using the nominal values of beam width

i-CAT Classic
Protocol CTDlpes (MGY) CTDlug 100,5e (HGY)
16x6 cm, 40's, 36.12 mAs 3.80+0.15 5.16 £ 0.49
16x6 cm, 20's, 18.45 mAs 1.89+0.10 242 +0.11
16x6 cm, 10's, 9.65 mAs 0.99 +0.10 1.23+0.15
Protocol CTDl (uGy) CTDLg 100 (LGy)
16x8 cm, 40's, 36.12 mAs 3.94 +0.44 5.35+0.10
16x8 cm, 20's, 18.45 mAs 2.09+0.18 2.68 £0.11
16x8 cm, 10's, 9.5 mAs 0.97 +0.16 1.20+0.11
16x13 cm, 40's, 36.12 mAs 3.93+0.44 5.33+0.10
16x13 cm, 20's, 18.45 mAs 2.12+0.16 2.71+0.16
16x13 cm, 10's, 9.65 mAs 1.10+0.16 1.37 +£0.06
16x22 cm, 40's, 36.9 mAs 3.02+0.34 4.10 £ 0.06
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N.T, in which case, the height of FOV is taken, representing
the nominal value N.T. The ratio of the measured dose
indices in air to the reference width and to the width N.T in
guestion, represent with almost no discrepancy, the same
ratio when calculated on the phantom.

Table 2 shows the results for CTDI, , and CTDI,
measured in a head phantom.

Dose index in dental

and the source and also filtering the low energy photons,
which do not interact with the IC, whereas the CTDI, |, ¢
only the primary beam contributes to the reading. The
application of the method proposed by equation 3 facilitates
the routine dosimetry of the equipment, since the reference
CTDl is estimated only once and the measurements of the
CTDI in air are easily realized readings in clinical practice.

Table 3 shows the results for CTDI, . and One limitation found in the application of this
CTDI,; 5, Measured in the air. It can be observed from the ~ method was the reference width N.T, which should be less
table that CTDI, |, reached 69% on average of the values  than or equal to 2 cm, width that is not found in any of

found for CTDI

AR,300’
found for Prexion 3D.

and the smallest discrepancy was

DISCUSSION

Observing in general the data in table 1, it is visible
that CTDI; 150k IS ON average 53% larger than CTDI, . .
which can be justified by the latter being measured with
phantom in position, being responsible for the attenuation

and scattering of the X-ray beam between the detector

Table 2. Modified efficiency in the phantom.

the available dental CT scanners on the market, with the
minimum nominal width available being 5 cm. Thus, this
study considered as minimum reference width, the lowest
beam width available in the protocols of each equipment
used, for i-CAT and Prexion of 6 cm and 5 cm, respectively.
In table 1, the ratio between CTDI,, ..., and CTDI,, . is
greater than 1 due to the methodological difference of
each measure previously discussed, this ratio is maintained
for different acquisition protocols and represents the

proportion for any desired N.T. In this way, the procedure

i-CAT Classic
Protocol CTDL,, (uGy) CTDL,, (GY) e (CTDI)
16x6 cm, 40 s, 36.12 mAs 4.02 £0.15 6.76 +0.17 0.59
16x6 cm, 20's, 18.45 mAs 2.00+0.10 3.20+0.11 0.62
16x6 cm, 10's, 9.65 mAs 1.04 +£0.10 1.66 +0.10 0.63

Table 3. Modified efficiency in air

i-CAT Classic
Protocol CTDl g 100 (HGY) CTD,g 300 (HGY) ¢ (CTDI)
16x6 cm, 40 s, 36.12 mAs 5.15+0.49 7.16 £ 0.54 0.72
16x6 cm, 20's, 18.45 mAs 242 +0.11 3.37+0.17 0.72
16x6 cm, 10's, 9.65 mAs 1.23+0.15 1.71+0.17 0.72
16x8 cm, 40 s, 36.12 mAs 535+0.10 7.48 +0.16 0.72
16x8 cm, 20's, 18.45 mAs 2.68 +0.11 3.76 £ 0.14 0.71
16x8 cm, 10's, 9.65 mAs 1.20 £ 0.11 1.67 +£0.14 0.72
16x13 cm, 40's, 36.12 mAs 5.33+£0.10 7.44 +0.13 0.72
16x13 cm, 20's, 18.45 mAs 2.71+0.16 3.79 + 0.08 0.72
16x13 cm, 10's, 9.65 mAs 1.37 £ 0.06 1.92 +0.08 0.71
16x22 cm, 40's, 36.9 mAs 4.10 £ 0.06 7.74 £0.10 0.53

Prexion 3D

CTDl g 100 (MGY) CTDl g 500 (MGY) ¢ (CTDI)

8x8 STD, 5 mA, 37 s 5.62 +0.60 6.76 + 0.60 0.83

RGO, Rev Gauch Odontol. 2021;69:e2021008
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can be applied as a tool to practice dosimetry in quality
control tests for dental tomography.

Abuhaimed et al. [22] have evaluated the
efficiency of dosimetry methods (CTDI) for CBCT by Monte
Carlo and results with efficiency between 74% and 41%
were verified for head acquisition protocols. There is a
variation of the values of em in relation to the beam width,
the greater the width, the lower the efficiency, very clear
behavior, analyzing the definition of €. The IEC has modified
the definition of the free CTDI in air, mainly in relation to
the integration limits, where these should not be less than
100 mm. For beams with a width of 60 mm or more, the
integration limits should be calculated by adding 40 mm
beyond the nominal width, i.e., a 20 mm edge is added on
each side of the beam profile as: (N.T) + 40mm. And if the
beam width is less than 60 mm, the fixed integration limits
are maintained at 100 mm [23].

The dose values obtained from CTDI , with
integration lengths of 100 mm and 300 mm, were
compared with the objective of verifying the modified
efficiency between these two parameters, which may
influence the effective dose values, when conversion
factors for effective dose are used [24,25]. Evaluating the
data in table 2, note that CTDI,  is on average 61.3%
of the measured values for CTDI,, thus, a remarkable
underestimation of the dose is presented by CTDI100,
this leads to the conclusion that the dose profile integral
for a length of 300 mm completely and efficiently covers
the beam dimensions for dental CBCT, including scattered
radiation [24,26]. Observing the data in table 3 with CTDI
measured in air, note that CTDI, . is on average 72% of
CTDI,; 500 TOr FOV up to 13 cm high, and 53% for FOV 22
cm hig'h of i-CAT equipment and 83% for Prexion 3D. The
acquisition protocol 16x22 c¢m, 40's, 36.9 mAs, from Table
3, calibrated fori-CAT equipment, presented CTDI, ., .. 53%
of CTDI,; 540+ this is due to the size of the FOV in the parallel
direction to the IC being 22 ¢m, and CTDI,, ,,, measured
over a length of 100 mm. Use linear displacement of the IC
to cover 30 cm of dose integration, covers the entire beam,
and with margins of 4 cm left on each side of the profile,
but when using protocols with smaller beam widths,
the difference between the CTDI decreases, because the
closer the beam width to 100 mm, the closer the modified
efficiency will be. In routine dosimetry, all these protocols
are being underestimated in their dose values received
by the patient, so the specialist responsible for quality

control should be attentive to the variables that influence
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dosimetry, know the geometric parameters of the primary
beam, such as width and symmetry, type of rotation of the
x-ray tube and appropriate collimation. By the definition
of CTDI, the dose integral is one-dimensional, and takes
into account primary and secondary radiation. The values
obtained in this experiment only report estimates of the
amount of radiation that the equipment in question can
deliver to the patient, which suggests that the CTDI,
presents a value of the most complete dose estimate for
large beams. The immediately higher and lower measured
dose values in relation to the central position of the beam
place dose in the upper cranial cap and neck, where the
thyroid is located, one of the radiosensitive organs present
in the human body. CTDI does not take into account any
risk factor or radiosensitivity of the irradiated tissue.

This study was applicable only to two CT scanners
that allowed the correct positioning of the phantom through
the X-ray beam. The limiting problem for this methodology
presented, including the measurement of CTDI, , was
implemented in quality control in a dental radiology clinic,
it is the variety of types of patient positioning during the
acquisition, which are different between manufacturers.
There is the possibility of acquisition standing or seated.
The tomographs studied perform acquisition with the
patient seated. Already, other tomographs like Eagle 3D
manufactured by Dabi Atlante and OP300 manufactured
by Instrumentarium, need an immobilizer support for the
chin, because the patients are positioned standing, and
because of this, this immobilizer support is very close to
the edges of the beam, preventing the positioning of the
phantom and limiting the displacements of the IC when
necessary

CONCLUSION

Two methods of evaluation of dose levels
were presented in order to evaluate the efficacy of the
methodology presented, as well as the accuracy of dose
values when comparing the limits of integration of 100
and 300mm. Based on the data, the method presented by
the IEC proved to be reproducible, with good repetitivity of
correction factors by the ratio of measurements in the air, so
a quality control practice can be aided by this methodology,

seeking the optimization of time and available resources.

Even with some limitations of the practice in
complying with the theory, it was possible to observe,



therefore, the easy application of formalities and obtaining
the results, countering this ease with the impossibility
of applying it to the other tomographs, which perform
acquisition standing, a negative point in the use of CTDI
as a dosimetric parameter for CBCT, since the vast majority
of dental tomography apparatuses in Brazil are positioning
erected.

A relative comparison through the modified
efficiency as calculated above showed a large discrepancy
of the measured dose values with integration limits of 100
and 300 mm, therefore, for CBCT dosimetry it is necessary
to use longer integration lengths, avoiding underestimation
of the dose.

Some study and research trends point to more
complete and reliable dosimetric parameters for CBCT,
sensitive to exposure factors, and also size and geometry of
FOV. The PKA is an option that has been widely discussed,
as a reference quantity.

Thus, doubt remains and a very valid question
when it takes the radioprotection of the patient in question,
should the CTDI still be used, being such an antiquated
parameter, amid new and diverse technologies? Always,
patient safety is the primary issue and the main objective
in any and all radiological practice.

Collaborators

The author RAP MAURO, performed the field research,
collecting data from each equipment to then analyze and discuss
the results. AM COSTA, assisted in data analysis and discussion,
seeking correlations with current dosimetry practices and their
effectiveness in daily practice.
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