The effect of varying cone beam computed tomography
image resolution and field-of-view centralization on

effective radiation dose

Fatima M. Jadu, PhD, Asmaa A. Alzahrani, BDS, Maha A. Almutairi, BDS, Salma O. Al-Amoudi, MBBS,

Ahmed M. Jan, PhD, Mawya A. Khafaji, PhD.

ABSTRACT

Jndl faw 5y Bndaill Gt ¥) 5, 400 885 30 Zulys 1 Bluadl

o 5L 3 5 130 LRANDO e plisnl ¢ 1ddy )
Amdail] At Y poas) il ek U szl 231 ke
G 086 25 5 8,20l oy @ . °i-CAT classic jlgr 44
JsW inll 3. Lytes & Lo By mtll oda o L ud
Ly enadl ol OS5 (xSl i s 5 aze a1 OIS
Ty oo 0.3 J ke 0.2 o o is @ did 5, 5uall B85 50
il Gl o ¢V Ly ¢ I AU 5 L0.4
ety iy s e il S L a2 (5 g2 65l
Ly e plsVl oo ol ot Usles olam & 15Ty
Bakeil) 1

wﬁuv\fﬁu\,u.\wm;y Léfﬁ)ﬁw:cjw‘
&ﬂ\&;bﬂt\.«.&\“ﬂzm&\fw .8 5ell 83 g2 s
>adlly Olal) Aaol g arall 22 5 sl Hlia OIS 55kl
iy 1S e sad) B st et o Loty L L3S

bl LT e Lo e Jloedl 01" Lot 2L

e Sl Jelse Bdan ) )l jae OSGL (AEUH
e g P AN B N P P S JCIR O
Lo oy Lol ods plusenal das iy o 4 o JWL

.Ju.la%!\&'p)l\@

Objectives: To investigate changes in the effective
radiation dose (E) in relation to variations in voxel
(VOX) size settings and the field-of-view (FOV)

centralization.

Methods: This cross-sectional dosimetry study used
nanoDot™ OSLD dosimeters placed at 25 pre-
determined sites in the head and neck slices of a
RANDO® male phantom to measure the absorbed
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radiation. The imaging scans took place at King
Abdulaziz  University Dental Hospital, Jeddah,
Saudi Arabia between September 2016 and May
2017 using the i-CAT classic® cone beam computed
tomography (CBCT) unit. Three VOX size setting
were examined: 0.2 mm, 0.3 mm and 0.4 mm. The
FOV was alternatively eccentrically centered on the
maxillary and mandibular arches while holding all
other factors constant. Effective radiation doses were
calculated for each VOX size and FOV centralization
setting.

Results: An inverse and indirect relation was found
between £ and the VOX size setting with smaller
VOX yielding higher £. CBCT scans centered on the
mandible resulted in higher £ than scans centered on
the maxilla.

Conclusion: Effective radiation doses are significantly
affected by changes in VOX size settings and FOV
centralization options. This reflects on the potential
radiation risk to patients and highlights the importance
of choosing exposure parameters carefully.
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s cone beam computed tomography (CBCT)

becomes more popular among dentists and dental
specialists, estimating the potential radiation risk to
patients from this widely-used imaging technique has
become crucial, especially since the use of CBCT for
dental purposes involves exposing radiosensitive organs
in the head and neck area such as the thyroid gland due
to anatomic proximity.' In addition, dental imaging has
been hypothetically linked with an increased risk of all
types of thyroid cancers and salivary gland cancers.*?
This is especially worrisome in younger patients because
the exposed organs are still developing and are at a
greater risk for cancer.*

In 1975, Wolfgang Jacobi introduced the concept
of effective dose in his publication “7he concept of an
effective dose: a proposal for the combination of organ doses”
to estimate the potential risk of radiation exposure.®
Later, the International Commission on Radiological
Protection (ICRP) incorporated the concept in their
publication in 1977 as “effective dose equivalent”.”
In 1990, the ICRP further shortened the term into
“effective dose”. To date, effective dose (E) is still used
to estimate the potential risk of radiation exposure and
its calculation depends on four factors: the measured
absorbed radiation dose, the type of emitted radiation,
the type and fraction of tissue irradiated.® It is calculated
by the equation:

E(uSv) =W, H, F, =SW, (D, X1) F,

Here, W_.is the weighting factor for tissue T, the sum of
all tissues W, is 1, H is the equivalent radiation dose
to tissue T, F7,_is the fraction of tissue type T irradiated
in that view and D, is the average absorbed radiation
dose in the volume of tissue T.! The measured absorbed
radiation dose (D,) is equal to the equivalent radiation
dose (H,) in the current study because the radiation
weighting factor for x-radiation is 1.

In2007, the ICRP updated their guidelines to include
a change in tissue weighting factors according to new
epidemiologic data on cancer incidence and mortality.?
The new guidelines included new tissues and organs such
as the salivary glands, oral mucosa, and extrathoracic
airway tissues, which were not considered previously.
These changes resulted in an increase in £ calculated for

all the common dental imaging techniques. The highest
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change in £ was noted for bitewing radiographs made
with photo-stimulable phosphor (PSP) plates and those
made with F-speed conventional film based receptors
combined with rectangular collimation.? The result was
a significant change of approximately 400% in £.* These
significant results prompted us to investigate changes in
E for CBCT studies based on the most recent ICRP
guidelines.

The radiation dose largely depends on the technical
factors used during image acquisition. The voxel (VOX)
size is one such factor that can be easily modified. It
controls the size of the 3 dimensional volume element.’
It thus affects the image resolution and indirectly the
radiation dose. A smaller VOX size (or a greater VOX
number) results in better resolution images but requires
greater radiation exposure in order to avoid an increase
in image noise. Image noise deteriorates the quality of
the images and may render them not diagnostic. The
opposite is also correct, in that larger VOX (or fewer
VOX) result in less image resolution but require less
radiation exposure because there is no concern for noise
interfering with the quality of the images.

Another technical factor that affects the absorbed
radiation dose is the field-of-view (FOV), which
determines the area to be scanned and exposed to the
radiation. Increasing the height or width of the FOV
significantly impacts E. Different CBCT machines have
different FOV sizes, but selecting a large FOV generally
results in an £ that ranges between 46 and 916 pSv."
The resulting £ from selecting a medium FOV ranges
between 47 to 560 pSv."” Smaller FOV results in an £
that ranges between 5 to 488 pSv.'* This wide range is
due to the variations in FOV centralization, which we
think has a great impact on £. In dentistry, our interest
is ‘centered’ on the oral cavity and the center of this
region is the occlusal plane. From this perspective,
maxillary and mandibular arch views are considered
eccentric. Therefore, the objectives of this study were to
examine the variations in £ from CBCT examinations
when using the different available VOX size settings
for the i-CAT classic® (Imaging Science International,
Hatfield, PA, USA) and when alternatively varying
the centralization of the FOV on the maxillary and
mandibular jaws.

Methods. This dosimetry study was conducted at the
Oral Radiology Department, King Abdulaziz University
Dental Hospital, Jeddah, Saudi Arabia after ethical
approval (IRB 041-14) was obtained. The study took
place between September 2016 and May 2017. A Head
and Neck RANDO® male phantom (Alderson Research
Laboratories, Stanford, CT) was used for the study.
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The phantom is made of tissue-equivalent materials
that mimic the radiation attenuation characteristics of
human soft and hard tissues. It is sectioned horizontally
into 2.5-cm thick sections." Only the 10 sections
representing the head and neck area of the phantom
were used for this study. The absorbed radiation dose
was measured at 25 preselected sites that are deemed
critical radiosensitive organs or tissues in the head and
neck (Table 1).

A total of 130 optically stimulated luminescent
dosimeters (OSLD) (nano-Dot™, Landauer, Inc,
Glenwood, IL) were used in this study. Each dosimeter
(measuring 10 x 10 x 2 mm) was used only once but was
exposed to 3 cycles of radiation at a time. The absorbed
radiation dose was then measured using the (MicroStar®;
Landauer, Inc.) reader. Unexposed nanoDot™
dosimeters were used to measure the background
radiation and calibrate the other dosimeters with every
set of exposures. Imaging was carried out using the
i-CAT classic” (Imaging Science International, Hatfield,
PA, USA) CBCT unit. The RANDO® (Alderson
Research Laboratories) male phantom was oriented on
the chair of the CBCT unit as demonstrated in Figure 1.

The VOX size was changed from 0.2 mm to 0.3
mm and then to 0.4 mm while holding all other factors
constant at 16 x 8 cm FOV, 10.11 mA and 120 kVp.
This variation consequently affected the exposure time
that changed from 26.9 sec to 8.9 sec and 4.8 sec,

Table 1 - Locations of the nanoDot™ dosimeter chips in
the (RANDO)® organs or tissue of interest.

Organ/location Phantom level
Brain
Pituitary fossa 4
Sphenoid bone 3
Salivary glands
Parotid gland (right/left) 6
Submandibular gland (right/left) 8
Sublingual gland (right/left) 8
Thyroid gland
Thyroid midline 9
Thyroid surface 9
Esophagus
Bone surface and marrow 10
Anterior calvarium 2
Cervical spine 10
Mandibular body (right/left) 8
Ramus (right/left) 7
Skin
Lens (right/left) 4
Cheek (right/left) 6
Neck (right/left) 8
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Figure 1 - The (RANDO)® male phantom in place in the i-CAT classic”
cone beam computed tomography (CBCT) unit.

respectively. It also affected the image resolution. We
next tested the effect of FOV centralization on £. All
exposure factors were held constant at 8 x 8 cm FOV,
10.11 mA, 120 kVp, and 0.2 mm VOX. The exposure
time was 26.9 sec. The FOV was varied between being
centered on the maxilla using the base of the nose as the
guiding horizontal plane and the mandible using the
mentolabial fold as the guiding horizontal plan.

Then E was calculated by determining the average
absorbed radiation dose in the volume of tissue and
estimating the fraction of tissue irradiated in the
view. We then multiplied these 2 factors by the tissue-
weighting factor as per the following equation:

E (uSv) = W, H, F, =2W, (D, X1) F,

W, is the tissue (T) weighting factor, the sum of all
tissues TW__is 1, A stands for the equivalent radiation
dose, F_ represents the fraction of tissue irradiated in
each FOV and D, is the average absorbed dose, is a
particular organ or tissue.® In the current study, the
measured absorbed radiation dose (D,) is equal to the
equivalent radiation dose (/1) because the radiation
weighting factor for x-radiation is 1.

The tissue- or organ-specific weighting factors
account for the variations in the risk of cancer induction
or other adverse effects to that specific tissue or organ.
These were based on the ICRP Publ. 103: The 2007
Recommendations of the International Commission on
Radiological Protection. The fraction of tissue or organ
in each FOV is estimated as demonstrated in Table 2.
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Table 2 - Estimated percentages of tissue irradiated based on the volume
of that tissue in the image field.

Table 3 - The effective radiation doses (E) for the various cone beam
computed tomography (CBCT) protocols explored.

Tissue Fraction of tissue irradiated in each FOV

16x 8 cm 8x8cm 8x 8 cm

centered on centered on centered

the occlusal the maxilla on the

plane mandible
Pituitary fossa 10.0 10.0 5.0
Sphenoid 20.0 20.0 10.0
Parotid gland 100.0 100.0 60.0
Submandibular gland 100.0 40.0 100.0
Sublingual gland 100.0 40.0 100.0
Thyroid midline 70.0 20.0 100.0
Thyroid surface 70.0 20.0 100.0
Esophagus 10.0 5.0 10.0
Bone marrow* 3.4 1.9 2.3
Bone surface* 3.6 2.0 2.6
Skin® 2.5 1.25 1.25
Remainder tissues* 100.0 100.0 100.0

Values are presented as percentage.
*mandible, anterior calvarium and cervical spine,"neck, cheeks and eye
lens, *extra-thoracic tissues, and oral mucosa, FOV - field-of-view

Results. The calculated E for the various CBCT
scan protocols used in this study are outlined in Table 3.

Changes in VOX size settings resulted in inverse
changes in E'so that the greatest £ was calculated for the
smallest VOX size setting. This result was anticipated
due to the inevitable increase in exposure time that
accompanies smaller VOX size settings to avoid
undesirable increases in image noise. For all the VOX
size settings, the highest calculated radiation dose was
recorded in the remainder tissue (extrathoracic tissue
and oral mucosa), followed by the bone marrow, thyroid
gland and esophagus. These results are demonstrated in
Figure 2.

Marked changes in £ were also noted with variations
in FOV centralization with £ being greatest for CBCT
scans centered on the mandible. This is likely due to
the anatomic proximately of the mandible to highly
radiosensitive organs such as the thyroid gland and
extrathoracic tissues. Further confirmation was provided
by the significant contribution of the radiation doses
to these organs to the overall £ calculated for scans
centered on the mandibular arch. On the contrary, the
organs that contributed significantly to £ calculated for
scans centered on the maxillary arch were the remainder
tissue, parotid gland and bone marrow. While the organs
that contributed the least lie either cranial to the orbits
(such as the brain) or caudal to the mandible (such as
the esophagus). These results are illustrated in Figure 3.

CBCT scan protocol E (uSv)
16 x 8 cm FOV, 10.11 mA and 120 kVp 93.9
0.2 mm VOX, 26.9 sec

centered on occlusal plane

16 x 8 cm FOV, 10.11 mA and 120 kVp 42.8
0.3 mm VOX, 8.9 sec

centered on occlusal plane

16 x 8 cm FOV, 10.11 mA and 120 kVp 21.5
0.3 mm VOX, 4.8 sec

centered on occlusal plane

8 x 8 cm FOV, 10.11 mA, 120 kVp, and 0.2 mm VOX, 39.2
26.9 sec

centered on the maxillary jaw

8 x 8 cm FOV, 10.11 mA, 120 kVp, and 0.2 mm VOX, 75.5
26.9 sec

centered on the mandibular jaw

FOV - field-of-view, VOX - voxed size
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Figure 1 - Bar graph demonstrating the calculated equivalent radiation
doses for the various CBCT image resolution settings.
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Discussion. Changes in the ICRP’s guidelines have
significantly changed the values of effective radiation
doses for various imaging techniques and thus the
estimated risk of radiation exposure to patients. These
changes-combined with the gaining momentum of
the “as low as diagnostically acceptable” (ALADA)'
concept have created the need to recalculate radiation
doses and re-estimate the risk of radiation exposure
for common imaging procedures. This approach will
enable us to gain images of diagnostic quality without
overemphasizing the resolution of images in and of
themselves. Additionally, practitioners must be aware
of the different radiation exposure settings for each
imaging modality and how varying them affects the
radiation dose and the resulting image quality. This
study compared different VOX size settings as well as
different FOV centralization options and their impact
on E.

As anticipated, the £ was inversely proportional
to the VOX size settings. This is largely due to the
increase in exposure time which accompanies increases
in VOX settings to avoid the undesirable increase in
image noise that accompanies higher resolution images.
This finding agrees with several previous dosimetry
studies,”” and highlights the necessity to weigh the
need for high-resolution images against the added
radiation risk associated with these images. Several
researches have attempted to identify indications for
high resolution images.'* Some found no added benefit
of these images when linear measurements are required
or when resorption lesions are to be assessed.'>'® Other
studies showed an advantage to high resolution imaging
of root fractures that are not visualized on a periapical
image."”"®  Other studies demonstrated varying
results when these images are used for caries and root
resorption detection.'”?* We agree with the conclusion
of a systemic review by Spin-Neto et al,'* that more
research is needed to establish appropriate indications
of high-resolution images.

Ludlow & Ivanoc® in a comparative dosimetry study
investigated E for several CBCT units using both the
1990 and the 2007 ICRP tissue weighting guidelines.
They specifically explored 2 FOV sizes for the i-CAT
classic® (Imaging Science International, Hatfield, PA,
USA), the large setting (16 cm X 22 cm) and the
medium one (16 cm X13 cm).? The effective radiation
dose for the medium FOV setting was 102 pSv and
nearly doubled to 235 pSv for the large FOV setting.® In
the current study, the FOV setting was even smaller and
thus yielded a smaller £. While they explored changes
to E as they relate to changes in FOV size and found a
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significant direct relationship, our focus was to explore
changes in E as they related to FOV centralization and
also demonstrated significant changes. The effective
radiation dose was found to be higher for CBCT scan
centered on the mandibular arch primarily due to the
higher doses calculated for the extrathoracic tissue and
thyroid gland. Similarly, FOV centralization on the
mandible has been shown to result in higher doses to the
esophagus as well as the thyroid and salivary glands.”!
Our research considered the parotid glands separately
and demonstrated that maxillary centralization results in
a markedly higher £'in the parotid glands. Furthermore,
larger FOV settings, increase the radiation dose to the
patient and may not necessarily increase the diagnostic
gain;** therefore, care must be exercised when choosing
this parameter in terms of size and centralization.

It is critical to maintain a balance between the
diagnostic quality of an image and patient radiation
exposure. Dentists should be mindful of this when
requesting imaging for their patients. They should be
careful in their choice of exposure parameters because
this significantly affects the patient’s radiation dose.
Finally, the “ALADA” concept must be applied to
every patient regardless of the type of imaging required.
This approach, as per the NCRP’s recommendation
in 2014," aims to reduce unnecessary high resolution
imaging associated with greater radiation in favor of
diagnostic images that may be of lower quality but
associated with less radiation.'®? Therefore, Further
studies need to be carried out on the quality of the
resulting images while varying the technical factors so
that proper protocols can be established for the various
CBCT indications that take into consideration not only
the radiation risk but also the quality of the image.

In conclusion, there is unanimous agreement that
variations in the CBCT exposure factors significantly
affect £ and thus the patient’s potential radiation risk.
Therefore, care must be taken when choosing these
parameters-especially for vulnerable patients such as

children.
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