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ABSTRACT

Objective Indication-specific optimum field-of-views (FOVs) have been assessed for CBCT scans of
impacted maxillary canines and mandibular third molars, as 40 x 35mm and 350 x 35mm,
respectively. The objective was to investigate possible changes in absorbed organs and effective
doses, for these two imaging indications, performing CBCT examinations with optimum FOV sizes
instead of commonly used FOVs. Additionally, radiation exposure-induced cancer risk was calculated
for both imaging indications with optimum FOVs.

Methods An adult female head phantom (ATOM 702-D, CIRS, Norfolk, VA, USA) was scanned using
Planmeca Viso G7 CBCT-device (Planmeca, Helsinki, Finland). Scanning factors, different FOV sizes,
dose-area product (DAP) values and anatomical FOV locations were used for Monte Carlo
PCXMC-simulation and ImpactMC software. In the PCXMC- simulation, 10-year-old child and 30-year-
old adult phantoms were used to estimating effective and absorbed organ doses.

Results The effective dose varied from 58 pSv to 284 pSv for impacted maxillary canines, and from
38 pSv to 122 pSv for mandibular third molars, the lowest dose value for each corresponding to
optimum FOV. Effective dose reduction between the optimum FOV and the smallest common FOV
of 50 x 50mm, maintaining other scanning factors constant, was 33% for impacted maxillary
canines, and 45% for mandibular third molars. At all examinations, the highest absorbed organ
doses were in salivary glands or in oral mucosa.

Conclusions Optimum FOVs, 40 x 35mm for impacted maxillary canine and 35& x 35mm for
mandibular third molar, could decrease effective doses received by young patients, and improve
radiation safety in these common CBCT imaging procedures.
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Introduction unerupted mandibular third molar and the mandibular
canal [3-5].

During the last decade, the popularity of CBCT imaging
has increased rapidly in the dental field [6]. There has been
concern about radiation exposure and patient safety
because the radiation doses are generally higher in CBCT

than in conventional imaging [1,7]. Moreover, the increas-

Cone-beam computed tomography (CBCT) imaging modality
enables three-dimensional (3D) image data with high spatial
resolution from the teeth, jaw and mid-facial bony structures
[1]. Localization of unerupted and impacted teeth, perma-
nent maxillary canines and mandibular third molars in partic-
ular, is the most common imaging indication for CBCT

examinations among paediatric and young adult patients
[1,2]. CBCT should not, however, be a routine procedure.
CBCT imaging is indicated if the clinician has a very specific
clinical question that cannot be answered by conventional
imaging - intraoral radiographs and panoramic tomography.
Such questions include assessment of the accurate localiza-
tion of an impacted maxillary canine as well as possible root
resorption in adjacent teeth, and the relationship between an

ing number of examinations has raised the cumulative
dose for patients subjected to these procedures [8].
Paediatric patients are especially vulnerable to the detri-
mental effects of ionizing radiation and would receive a
higher effective dose than adults due to the larger anat-
omy covered in the CBCT scan as a result of their small size
[1,9,10]. When imaging adolescents with impacted mandib-
ular third molars, it should be taken into account that the
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effective doses are generally higher in the mandibular than
in the maxillary region due to the vicinity of the thyroid
gland [7, 11,12]. In addition, among children and young
adults, longer life expectancy and, therefore, a higher risk
for stochastic effects of radiation exposure than among
older ones emphasizes the importance of radiological
optimization [1,13].

Radiation dose levels in CBCT examinations vary widely
mainly due to the large variability of exposure parameters,
imaging field-of-view (FOV) size and geometric settings
between different CBCT devices [7,9,14-16]. FOV is a cylindri-
cal volume that determines the coverage of the patient’s
maxillofacial tissues exposed to the primary X-ray beam [17].
FOV size is selected according to the imaging indication and
positioned with the help of anatomical landmarks before the
X-ray exposure. Therefore, both the size and positioning of
the FOV have a significant impact on the effective dose
received by the patient [7,9,15,18]. Previous studies have
highlighted that FOV selection is an important means of
dose reduction, FOV should be selected according to the
clinical task, and optimum indication-specific imaging pro-
tocols are needed [10, 15,16, 19]. In the literature,
indication-specific optimum FOV sizes with adequate posi-
tioning have been earlier assessed for impacted maxillary
canines, and mandibular third molars, as 40 x 35mm and
350 x 35mm, respectively [20,21]. However, the estimated
absorbed organ and effective doses for performing CBCT
scans with these two indication-specific FOVs have not been
calculated.

SEDENTEXCT guidelines recommend the calculation of
absorbed organ doses and effective doses of CBCT scans by
using Monte Carlo (MC) simulations [1]. MC simulation could
offer a primary and accurate method for comprehensive radi-
ation dose estimation covering organ doses compared to
dosimetry measurement methods [1,22-25]. PCXMC 2.0
(Radiation and Nuclear Safety Authority, Helsinki, Finland) is
an MC-based software that allows the calculation of organ
doses based on an anatomic phantom model and exposure
parameters including X-ray spectrum and dose-area product
(DAP) or incident air-kerma applied to rotational CBCT expo-
sure [23]. Based on the simulated organ doses, the program
enables the calculation of the effective doses by using tissue
weighting factors based on International Commission on
Radiological Protection (ICRP) publication 103 [26] or 60 [27].
Furthermore, radiation risk estimation can be calculated
according to the sex- and age-dependent cancer risk model
of the BEIR VII (Biologic Effects of lonizing Radiation VII)
committee [28].

In this study, MC simulations were performed regarding
CBCT imaging of impacted maxillary canines and mandibular
third molars. The objective was to investigate how and to
what extent CBCT examinations performed using earlier-
defined indication-specific optimum FOV sizes, of 40 x
35mm and 357 x 35mm, instead of commonly used larger
FOV sizes, differ in terms of absorbed organ and effective
doses. Additionally, radiation exposure-induced cancer risk
was calculated for both the above-mentioned imaging indi-
cations with optimum FOV sizes.
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Materials and methods
CBCT unit, phantom and scanning parameters

CBCT examinations were performed using the Planmeca Viso
G7 CBCT-scanner (Planmeca, Helsinki, Finland) at HUS Surgical
Hospital of Helsinki University Hospital, Helsinki, Finland. The
device has capable FOV sizes ranging from 30< x 30mm to
260 x 300 mm. In this study, in terms of impacted maxillary
canines and mandibular third molars, the most clinically used
different FOV sizes were manually selected to include 35¢ x
35mm, 40 x 35mm, 50 x 50mm, 70 x 80mm, 80 X
50mm, and 100 x 100mm. The larger FOV sizes, 1400 X
100mm and 260 x 300mm, were included as reference
imaging fields.

X-ray tube voltage, tube current and exposure time values
were in automatic settings. At all exposures, the standard
patient size, M, was chosen from a scale of XS to XL in the
device. Voxel sizes were in automatic settings, 150pm or
450 um, with one exception: when scanning impacted maxil-
lary canine with 40 x 35mm FOV, the voxel sizes were the
automatic 150 um and a manually selected 75 um. The largest
FOVs (140 x 100mm and 260 x 300mm) had a larger
voxel size of 450 um. The used degree of rotation of the scan-
ner was 210°. Anode angle of the X-ray tube was 10° and
total filtration 2.5mm Al + 0.5mm Cu.

CBCT examinations were performed by orientating a head
and neck part of an adult female anthropomorphic phantom
(ATOM 702-D, CIRS, Norfolk, VA, USA) in the stand-up posi-
tion, as used in the patient examination. The head and neck
part of the phantom is 22.5cm long in z-direction (including
nine 2.5cm physical sections) and composed of tissue equiv-
alent materials, epoxy resins and polymers, to mimic any tis-
sues in the human body. Bone tissue of the phantoms is
formulated with age-related density [29,30].

The tooth-specific FOV placement was made by using
Romexis software (Planmeca, Helsinki, Finland). A center of
the FOV was positioned according to indication and adjusted,
if necessary, based on a scout view. DAP value, expressed in
mGy cm?, was reported after each radiation exposure on the
device panel.

Radiation output of the CBCT-device was ensured by mea-
suring air-kerma value with calibrated Raysafe X2 R/F dosim-
eter (Unfors RaySafe AB, Billdal, Sweden). The dosimeter was
set on the surface of a device detector and the measurement
was performed with 100 x 100mm FOV scanning protocol
using 100kV, 12.5mA tube current and 5s exposure time (63
mAs), as applied in clinical scans. The measured air-kerma
value was converted to DAP by applying distance correction
to isocenter and multiplying by beam area at isocenter.

Simulation programs

The DAP values and anatomical FOV-position data were
entered into PCXMC 2.0 rotation version simulation program
to estimate absorbed organ and effective doses of the
CBCT-scans. In simulation software, a 10-year-old virtual fan-
tom was used to estimate dose values for impacted maxillary
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Table 1. Reference location center points of the PCXMC simulations for differ-
ent sizes of field-of-view (FOV) on maxillary canines and mandibular third
molars.

FOV (mm)
(diameter x Xref Yref Zref
Target height) (cm) (cm) (cm)
Canine (left) @ 40%35 3 -6.5 60.0
@ 50x50 3 —6.5 60.0
@ 7080 1 -6.0 58.5
Canines (both) ? 80x50 0 -6.0 58.5
@ 100x 100 0 -6.0 58.5
Third molar (left) @ 35%35 5 -3.0 82.0
@ 50x50 4 -3.0 82.0
@ 70x80 4 -3.0 82.0
Third molars (both) @ 80x50 0 -3.0 83.0
@ 140x 100 0 -3.0 82.0
Whole skull @ 260x300 0 -1.0 87.0

canines, and an adult phantom for impacted mandibular
third molars. The coordinate system of the program is based
on the central axis of the X-ray beam: the positive z-axis
points upwards, the x-axis to the left-hand side and the pos-
itive y-axis to the back of the phantom. Zero points of the
x- and y-axes is in the centerline of the skull in the modified
Cristy and Eckerman phantom model of the program.
Reference points of the different FOV sizes are shown in
Table 1. Focus to isocenter distance was 41cm. X-ray beam
width and height varied according to the applied FOV size.

Moreover, two comparative exposure scenarios and corre-
sponding effective doses for the optimum imaging field (40
X 35mm) of left maxillary canine were calculated by varying
the reference 100 kV tube voltage by applying 90kV (lower
voltage) and 110kV (higher voltage). Standardized DAP value
(151 mGy cm?) was maintained in these comparative simula-
tions. The 90kV simulation also was used to calculate doses
from ultra-low-dose (ULD) scan where half of the regular mAs
is applied. A voltage value 90kV corresponded to a standard
scan for a child (XS) and small (S) adult, and 110kV to large
(L) adult scan.

In PCXMC 2.0 program, the estimated organ and effective
doses were based on tissue weighting factors reported by
ICRP publication 103 [26]. Sensitivity analyses were performed
for the effective doses of optimum imaging fields, 400 x
35mm FOV size for impacted maxillary canines and 35J x
35mm for mandibular third molars, with variable FOV posi-
tions. The FOV position translated + 1cm along x-, y- and
z-axes from the reference location. Thus, six dose simulations
were performed and compared to corresponding (canine and
third molar) reference simulations in sensitivity analyses.

In addition to the PCXMC simulations, ImpactMC software
(ImpactMC, Vamp GmbH, Germany) was used to visualize 3D
radiation dose distribution of optimum FOV separately for
impacted maxillary canine and mandibular third molar. The
CT scan data of the ATOM anthropomorphic phantom was
used as the patient model input data and the applied CBCT
scan parameters were used to configure the X-ray source
parameters in the simulation. X-ray source spectrum was sep-
arately calculated with Spekcalc 2.0 program for the 3D dose
simulation [31].

Demonstrative cancer risk estimation for impacted maxillary
canines and mandibular third molars were calculated from the
optimum FOV scans (40 x 35mm and 35 x 35mm), by

using BEIR VII committee risk model [28]. The risk calculations
were performed for 10-year-old Euro-American girl and boy
with impacted maxillary canine, and for 30-year-old
Euro-American female and male with impacted mandibular
third molar, taking into account the simulated organ doses.

Results
Impacted maxillary canines

Simulated effective doses (E), absorbed organ doses, E/DAP
ratios and entrance surface air-kerma (ESAK) values at scan
isocenter for different FOV sizes, at 100kV and 150 um voxel
size, are shown in Table 2. The effective doses varied from 58
pSv to 284 uSv for impacted maxillary canines, and the low-
est dose value was achieved with optimum, 40 X 35mm,
FOV size. Effective dose reduction between the optimum FOV
and the smallest common FOV of 50 x 50mm was 33%.

Regarding the effect of other parameters, comparative
effective doses from the optimum 40J x 35mm FOV size for
left impacted maxillary canine were simulated by using dif-
ferent voltage values corresponding with standard patient
size models. Selected voltage values were 90kV (child, XS,
and small adult, S), 90kV and halved mAs (ULD scan), 100kV
(medium adult, M) and 110kV (large adult, L), and respective
estimated effective dose were 56 pSv, 28 uSv, 58 uSv,
and 59 pSv.

When retaining the optimum FOV size 40 x 35mm and
voltage of 100kV constant but using voxel size 75um instead
of 150um, the effective dose increased from 58 uSv to 91
pSv. If FOV 80 x 50mm were selected to include both
right- and left-side maxillary canines, the estimated effective
dose was 147 pSv, which is higher than the total dose from
two separate CBCT scans of 40 x 35mm. However, bilater-
ally impacted maxillary canines would, occasionally, be cov-
ered by FOV of 50 x 50mm, resulting in an estimated
effective dose of 87 uSv.

In terms of the left maxillary canine, the highest absorbed
organ doses were measured in salivary glands and oral
mucosa, followed by thyroid, brain, and esophagus, with all
FOV-size variations. When regarding absorbed doses specifi-
cally in the thyroid, the lowest value, 110 pGy, was achieved
with 40 x 35mm FOV size, and the highest value, 1671
MGy, with the largest, 100 x 100 mm FOV (Table 2). Radiation
distribution for left maxillary canine with 40 x 35mm FOV
is illustrated in Figures 1(a-c).

As a demonstrative radiation risk calculation, the risk of
exposure-induced cancer death with optimum FOV size, 40
X 35mm, (DAP = 151 mGy cm? E=58 uSv) was 0.00015%
and loss of life expectancy 0.5h taking into account organ
doses and assuming patient model of a 10-year-old Euro-
American girl. For a boy of the same age, the risk values
were 0.00013% and 0.4 h, respectively.

Impacted mandibular third molars

In the simulated imaging of mandibular third molars, esti-
mated effective dose values varied between 38 uSv and 122



Oral
mucosa
1709
2683
2458
3928
3933
4902
1110
1900
2819
2917
1585
1147

Esophagus
7
1"
12
41
30
65
3
5
10
6
8
19

glands
1043
1637
1605
3816
3399
5326
1441
2461
4150
2741
2175
1628

Organ doses (uGy)
Salivary

Brain
104
163
180
284
180
566
48
98
225
218
209
1486

48

110
172
181
718
463
1671
103
224
116
164
703

Thyroid

Ratio E/

DAP(uSv/

mGycm?)
0.384
0.384
0.355
0.362
0.396
0.335
0.281
0.282
0.241
0.259
0.188
0.084

Effective
dose**
E(uSv)

58
91
87
183
147
284
38
69
122
96
75
115

Radiation doses

ESAK*
(mGy)
10.8
11.0
9.8
28
1.7

16.9
9.8
9.0
9.3
8.5
9.0
9.3

cm?)
151
237
245
506
371
847
135
245
506
371
398

1370

DAP(mGy

Exposuretime(s)
5.04
8.00
5.04
5.04
5.04
5.04
5.04
5.04
5.04
5.04
2.56
3.20

Current(mA)
12.5
125
12.5
125
12.5
125
12.5
125
12.5
125
12.5
10.0

Scanning parameters
Voltage(kV)
100
100
100
100
100
100
100
100
100
100
100
100

150

75
150
150
150
150
150
150
150
150
450
450

Voxel
size(um)

FOV (mm)
(diameter x height)

@ 40x35

@ 50x50
@ 70x80
@ 80x50
@ 100x 100
@ 35x35
@ 50x 50
@ 70x 80
@ 80x50
@ 140x 100
@ 260x300

@ 40x 35
ESAK is calculated according to displayed DAP and FOV area (in cm?) at isocenter.

%

Effective dose is simulated.

Table 2. Simulated effective and absorbed organ doses from CBCT examinations of impacted maxillary canines and mandibular third molars.

FOV: Field-of-view, DAP: Dose-area product; ESAK: Entrance surface air-kerma at scan isocenter (without scatter).

Target

Canine (left)
Canines (both)
Third molar (left)
Third molars (both)
Whole skull

*
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pSv (Table 2). The lowest dose value was achieved with the
optimum FOV size, 35 x 35mm. Effective dose reduction
between the optimum and 50 x 50 mm FOV sizes was 45%.
FOV size of 80 x 50 mm, or a larger FOV, depending on the
size of the mandible, could be selected to include the man-
dibular third molars bilaterally. An alternative option is to
choose two small FOV sizes separately for the right and left
sides. Selection of FOV size 80 x 50 mm yielded an effective
dose of 96 uSv, whereas the simulated usage of optimum
35 x 35mm FOV separately for right and left sides gave a
lower total dose of 76 uSv, favouring the common clinical
practice of two separate exposures.

Salivary glands achieved the highest absorbed organ
doses with every FOV size, except one, 80 x 50 mm, which
targets the highest organ dose in the oral mucosa. In terms
of the thyroid gland, the lowest absorbed dose, 48 uGy, was
achieved with optimum FOV size and the highest, 224 Gy,
with 70 x 80mm FOV. Absorbed organ doses are also
shown in Table 2. Radiation distribution for the left mandib-
ular third molar with 35 x 35mm FOV is illustrated in
Figures 1(d-f).

As a demonstrative radiation risk calculation, the risk of
exposure-induced cancer death with optimum FOV size, 35
x 35mm, (DAP = 135 mGy cm?, E=38 uSv) was 0.000041%
and loss of life expectancy 0.1h taking into account organ
doses and assuming patient model of a 30-year-old
Euro-American female. For a 30-year-old male, the value of
radiation-induced cancer death was 0.000039%, and loss of
life expectancy, rounded to one significant figure, was the
same as for a female.

Sensitivity analysis of optimum FOV position

In the maxilla, when using the optimum FOV size for impacted
maxillary canine, the effective dose values ranged between 51
pSv and 60 uSv by relocating FOV position 1cm from the cen-
ter point in turn into six different directions in xyz-coordinate
(Table 3a). The greatest change, 7 uSv reduction, resulted
from repositioning FOV 1cm up (more cranially) along z-axis
(Zref + 1cm). In the mandibular third molar area, the range of
effective dose was 35 — 41 uSv with repositioning of the 35
X 35mm FOV size (Table 3b). On x-axis, 1cm position transla-
tion to the right or left had no effect on the effective dose.
On y- and z-axes, effective doses varied slightly, 1-3 pSv.

Discussion

The purpose of this study was to define the effect of dif-
ferent FOV sizes on the estimated effective and absorbed
organ doses attained from dental CBCT examinations of
impacted maxillary canines and mandibular third molars.
Indication-specific optimum FOV sizes, which have been
assessed for these two CBCT imaging indications [20,21],
were a special focus. Monte Carlo simulations were applied
to calculate radiation dose distributions, mean organ and
effective doses, and radiation-related cancer risks.

All dose estimation methods have certain limitations
inherent to methodology and systematic assumptions such
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Figure 1. Monte Carlo (ImpactMC) simulation of the 3D radiation dose distribution for CBCT scans of impacted maxillary canines and mandibular third molars
with 400 x 35mm FOV as applied to ATOM anthropomorphic female adult head and neck phantom model. (@) Imaging field positioning according to the location
of a left maxillary canine tooth. (b) Simulated radiation dose distribution in axial view and (c) sagittal view for impacted maxillary canine, presented as a relative
color heatmap. (d) Imaging field positioning according to the location of a left mandibular third molar tooth. (e) Simulated radiation dose distribution in axial
view and (f) sagittal view for impacted mandibular third molar, presented as a relative color heatmap.

Table 3. Results of sensitivity analysis simulation with variable positioning of minimum FOV.

a. Position translations of 408 x 35mm FOV for left impacted maxillary canine (DAP 151 mGy cm?, voxel size 150 um)

Effective dose (E) 58 puSv
FOV position translation on x-axis X —1cm (right/in) X +1cm (left/out)
E 60 uSv 54 pSv
Ratio 1.03 0.93

FOV position translation on y-axis y —1cm (front/out) y +1cm (back/in)
E 53 uSv 60 uSv
Ratio 0.91 1.03

FOV position translation on z-axis z —Tcm (down) z +1cm (up)
E 59 uSv 51 pSv
Ratio 1.02 0.88

b. Position translations of 35@ x 35mm FOV for left impacted mandibular third molar (DAP 135 mGy cm?, voxel size 150 pm)

Effective dose (E) 38 uSv

FOV position translation on x-axis X —1cm (right/in) X +1cm (left/out)
E 38 uSv 38 pSv
Ratio 1.00 1.00

FOV position translation on y-axis y —1cm (front/out) y +1cm (back/in)
E 36 pSv 39 pSv
Ratio 0.95 1.03

FOV position translation on z-axis z —1cm (down) z +1cm (up)
E 35 pSv 41 pSv
Ratio 0.92 1.08

as patient model and organ shapes, sizes and locations. This the simulation in the present study was performed on a
is where the limitations and main uncertainties of dose esti- 10-year-old phantom. Significant variations of anatomical size
mates can be anticipated in our study as well. The reported and morphology can, however, be anticipated for any pediat-
mean age of children undergoing CBCT procedures due to ric age group. Thus, any radiation exposure simulation or
impacted maxillary canines is around 12years [20], whereas measurement involving a specific patient model should be



interpreted with caution when using such results in the
assessment of radiation exposure to any specific patient pop-
ulation. Furthermore, the effective dose is calculated for a
reference human model and serves as a comparative radia-
tion protection quantity; it is not an accurate radiation expo-
sure estimate for any specific population or individual [32].
PCXMC-simulation software includes uncertainty estimation
for calculated dose quantities. The statistical error is usually a
small uncertainty factor, shown in percentages, among the
total uncertainty of the results, where the differences between
simulated and real patient geometry will often dominate [33].

Our study also included an assessment of risk estimates.
More specifically, the risk of exposure-induced death (REID)
values of 10-year-old were approximately triple compared to
the values of a 30-year-old. A previous publication reports
REID values of 22.6x107 and 19x10~7 for 10-year-old
females and male, and 10.4x 1077 and 8.88x 1077 for 30-year-
old females and males, respectively [34]. Although the risk
values found in the present study were somewhat higher,
they are all in all, extremely low when considering the overall
cancer risk from other sources. Yet it is noticeable that a child
with impacted maxillary canine may undergo several CBCT
procedures, unlike a young adult with mandibular third
molars, due to follow-up of canine eruption or root resorp-
tion of the adjacent teeth. Therefore, optimization of particu-
larly canine imaging is important.

Reduction of canine imaging FOV from the commonly
used small 50 x 50mm into our suggested optimum FOV
of 40 x 35mm [20] lowered the effective dose by 33%.
Regarding imaging of mandibular third molars, a similar
replacement of the small FOV by our suggested optimum
FOV of 35 x 35mm [21] reduced the effective dose by 45%.
It is important to recognize that dose values between these
two imaging indications are not comparable with each other,
but only within the same imaging indication. In the clinical
aspect, the applied optimum indication-specific FOV sizes are
not standard, pre-set FOV volumes in CBCT-devises, and the
usage of these volumes requires more seamless and flexible
adjustability of FOV than all CBCT devices could yet offer.
Favourably, an improvement in FOV adjustability is one devel-
opment trend introduced in new CBCT scanners. Already,
some new CBCT devices utilize freely adjustable FOV systems
from 200 x 20mm to full craniofacial imaging, making the
usage of more flexible indication-specific FOV sizes possible
in practice [35].

The selection of low-dose CBCT scan protocol with half of
the regular mAs and optimum FOV size for impacted maxil-
lary canines decreased further the effective dose value from
58 pSv to 28 pSv. Previous studies have reported a wide vari-
ation of effective doses in canine regions [9,15,36]. In an ear-
lier study by Marcu et al. estimated radiation doses of CBCT
scans with different FOV sizes for pediatric patients ranged
between 18 to 218 pSv [15]. The lowest dose was achieved
with an 8-year-old pediatric phantom by using a low-dose
CBCT scan protocol combined with a small FOV size, 42 x
55mm [15]. The dose is slightly lower than the smallest dose
of 28 uSv observed in the present simulation with low-dose
protocol, applying an even smaller FOV on a slightly older
phantom model. In terms of using a normal protocol and
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500 x 50mm FOV size, our result, 87 uSv, was in very good
agreement with the study by Kadesjo et al. where the esti-
mated effective dose for impacted canine was 88 uSv by
using a pediatric 10-year-old anthropomorphic phantom with
400 x 50mm FOV size [36]. The present lowest effective
dose for impacted mandibular third molars was 38 uSv, and
it was achieved with optimum FQV size. In the mandibular
third molar region, and for adults, earlier reported effective
doses were 75.3 uSv with 60 x 60mm FOV [12] and 41 pSv
with 40 x 40mm [8] making our results with small FOV
sizes consistent with previous studies.

When imaging impacted maxillary canines with CBCT,
higher resolution facilitates a better interpretation of root
resorption of adjacent teeth [15,37]. In our study, the higher
resolution, voxel size 75um instead of 150 um, increased the
effective dose value from 58 pSv to 91 uSv with the opti-
mum FOV of 40 x 35mm. The dose value with the higher
resolution was, however, lower than an earlier reported effec-
tive dose value 125 pSv with a normal dose protocol and
high resolution for an 8-year-old with impacted canines [15].
In the literature, voxel sizes 100um — 200um are preferred
when assessing root resorption from CBCT scans [37,38], and,
according to SEDENTEXCT guidelines, CBCT examinations
should apply the largest voxel size (lowest dose) consistent
with acceptable diagnostic accuracy [1]. The clinical impor-
tance of high-resolution imaging of impacted maxillary
canines remains questionable, since if canine-induced resorp-
tion of the incisor roots is not severe, the long-term progno-
sis of teeth is good despite some root resorption [39], and
hence any root resorption of evidence-based significance for
clinical decision making will not remain undetected with nor-
mal 200 um voxel size.

In our study, the salivary glands and oral mucosa received
the highest organ doses in all studied scans. It is worth not-
ing that absorbed organ doses are relatively similar between
these two tissues despite the difference in tissue weighting
factors according to ICRP publication 103 [26]. The weighting
factor for salivary glands is 0.01 and for oral mucosa 0.12 (is
included in the remaining organs) [26]. The reason for the
high absorbed doses of salivary glands is the closer location
to the primary X-ray beam. Comparing organ doses absorbed
by salivary glands and the thyroid, the more caudal (ie.
lower) location of the thyroid resulted in relatively lower
organ doses, although the tissue weighting factor is higher,
0.04 [26]. Nevertheless, in this study, CBCT scans of the
canine region led to higher absorbed doses in the thyroid
than scans of the third molar region due to the selected ages
of the phantom models. This is consistent with earlier stud-
ies; the pediatric model exhibits smaller anatomical size with
the potentially closer location of radiosensitive organs to the
primary radiation beam compared to an adult one with the
same applied FOV sizes [1,9]. Thus, the specific contribution
of organ dose to the effective dose is dependent on scan-
ning parameters in each indication-specific CBCT scan with
significant differences between indications and available scan
settings in various CBCT equipment models [9,15,24,34,40].

Diagnostic reference dose levels (DRLs) have proven to be
practical basic tools for the optimization of medical exposures
in radiology [41]. DRL quantities should be appropriate to the
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imaging method, and in dental CBCT, DRLs are expressed in
DAP values [1,41]. Hidalgo-Rivas et al. reported DAP value of
146 mGy cm? in CBCT examination of the anterior maxilla
with low-dose protocol for pediatric patients, which is close to
what we found (151 mGy cm?) as the lowest corresponding
DAP value in our study [10]. However, equal DAP values can
be achieved with different exposure parameters and FOV loca-
tions, and therefore more comprehensive dosimetric evalua-
tion is required when a more accurate estimate of the
radiation exposure of the patient is needed (involving organ
doses and effective doses) [14]. Nevertheless, DRLs are valu-
able basic guides for self-assessment in dose optimization in
the clinical environment. Further studies could include
research about the most commonly used FOV sizes and gen-
eral radiation doses, in practice, from CBCT imaging of
impacted maxillary canines and mandibular third molars in
different dental clinics. Such data would be valuable when
formulating further national guidelines, preferably with DRLs
for common CBCT imaging indications, and in identifying spe-
cial needs of continuous education in radiation protection.

Conclusion

The present study demonstrated that the estimated effective
doses attained from CBCT scans can be decreased by using
indication-specific optimum FOV sizes, 40 x 35mm for
impacted maxillary canines and 35 x 35mm for mandibular
third molars, instead of commonly used small FOV size of
500 x 50mm, by 33% and 45%, respectively. In a clinical
aspect, if a CBCT scanner utilizes freely adjustable FOV sys-
tems, the use of these indication-specific FOV sizes, maintain-
ing other scanning factors standards, could improve the
radiation protection of a patient in CBCT imaging procedure.
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