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Optimization of Radiation Dose and Image Quality for Large
Field of View Cone-beam Computed Tomography: An In Vitro
Study
Abeer A Almashraqi

A b s t r ac t
Aim and objective: This study aims to optimize the radiation dose and the image quality of a large field of view (FOV) cone-beam computed
tomography (CBCT).
Materials and methods: Effective dose (E) and image quality delivered by six protocols that varied according to voxel size (VS) (0.25, 0.3, and
0.4) and exposure time (ET) (7, 4, and 2 seconds) were compared by scanning a large FOV (16 × 13 cm) of a RANDO phantom using CBCT and
each protocol was scanned twice. Thermoluminescent dosimeters placed on the phantom head were used to calculate E. Image noise and
subjective image assessment were utilized to quantitatively and qualitatively assess the image quality, respectively. Repeated-measures analysis
of variance (ANOVA) was used for comparisons with a significant level set at ≤0.05.
Results: All protocols generated significantly different E values compared with each other (p values ranged between <0.0001 and <0.05) except
for protocols V and VI (p > 0.05). Regarding image quality, both image noise and subjective assessment revealed that protocol V had acceptable
image quality when compared with the standard protocol.
Conclusion: The use of 0.3 VS together with the lowest ET, as recommended by the manufacturer, can minimize the radiation dose while
maintaining the diagnostic image quality generated from a large-FOV CBCT.
Clinical significance: Balancing between radiation dose reduction and diagnostic image quality is an important issue in diagnostic imaging
that maximizes the clinical benefits and decreases the patient risks of ionizing radiation, especially for a large-FOV CBCT.
Keywords: Cone-beam computed tomography, Dose reduction, Effective dose, Image noise, Subjective image assessment.
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I n t r o d u c t i o n
Since its introduction in 1998, cone-beam computed tomography
(CBCT) has become one of the most important imaging modalities
in dentistry. This advanced imaging technique delivers more
spatial resolution and less radiation compared with its alternative
multidetector computed tomography (MDCT).1,2 However, the
radiation dose is still higher than the conventional radiographic
techniques, which highlights the particularly pertinent need
for dose optimization. Cone-beam computed tomography is
used in many dentistry disciplines: Implantology, orthodontics,
periodontology, pediatric dentistry, endodontics, and maxillofacial
surgery. 3–7
Radiation dose can be expressed in effective dose (E), equivalent
dose, and absorbed dose. Effective dose is the most appropriate but
it cannot be quantified directly in patients and must be measured
either by in vitro studies or computer modeling.8 To calculate the
radiation risk, the total effective dose received by all sensitive organs
must be specifically and accurately measured. The radiation exposure
of CBCT is affected by different factors including tube voltage, tube
current, exposure time (ET), voxel size (VS), and field of view (FOV).
These factors are changed according to the diagnostic tasks.9,10
Because of the widespread use of CBCT, many machines are available
with different specifications. Moreover, many studies have focused
on dose optimization using various non-standardized subjects
including skulls, patient data, and anthropomorphic phantoms.11–13
The variation in CBCT imaging parameters, machines, and subjects
makes optimizing diagnostic procedures difficult and standardizing
these protocols even more challenging.

Department of Maxillofacial Surgery and Diagnostic Sciences, College
of Dentistry, Jazan University, Jazan, Kingdom of Saudi Arabia;
Department of Oral Radiology, Faculty of Dentistry, Ibb University, Ibb,
Republic of Yemen
Corresponding Author: Abeer A Almashraqi, Department of
Maxillofacial Surgery and Diagnostic Sciences, College of Dentistry,
Jazan University, Jazan, Kingdom of Saudi Arabia; Department of Oral
Radiology, Faculty of Dentistry, Ibb University, Ibb, Republic of Yemen,
Phone: +966502210865, e-mail: abeerradiology@gmail.com
How to cite this article: Almashraqi AA. Optimization of Radiation
Dose and Image Quality for Large Field of View Cone-beam Computed
Tomography: An In Vitro Study. World J Dent 2020;11(5):346–354.
Source of support: Nil
Conflict of interest: None

Cone-beam computed tomography procedures are optimized
by minimizing radiation dose while maintaining the diagnostic
image quality, which can be accomplished by adjusting certain
CBCT parameters. Image quality can be assessed using subjective
or objective methods and the latter is usually performed on
standardized test phantoms. These phantoms enable systematic
and empirical quantification of the physical factors known to
directly affect the image quality including image noise, contrast
resolution, and spatial resolution.14–16 To measure these factors
effectively and ethically, standardized phantoms are essential.
While many studies have been dedicated to reducing radiation
dose during the large-FOV CBCT acquisitions, none of these also
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considered image quality.17–23 The recent systematic review of
da Silva Moura et al.24 conducted on the factors influencing the
effective dose associated with CBCT, recommended the need for
more studies focusing on both the image quality requirements
and the radiation dose measurement on CBCT machines. On the
contrary, the studies that do correlate radiation dose with image
quality focused on the optimization from the point of view of
FOV and recommended the use of small FOV to optimize the
radiation dose.10,25,26 However, there are diagnostic tasks that
require using a large FOV, such as, for orthodontics, maxillofacial
trauma, orthognathic surgery, extensive pathologies, and placing
multiple implants in both arches; as such, the optimization of
CBCT parameters for large FOVs is particularly pressing. The
current study aimed to optimize the acquisition parameters of
ET and VS toward minimizing radiation dose while maintaining
the acceptable diagnostic image quality based on the standard
protocol recommended by the manufacturer during a large-FOV
CBCT diagnostic imaging.

M at e r ia l s

and

salivary glands, and remainder tissues. Four tissues were measured
to calculate radiation dose of remainder tissue; extrathoracic airway,
oral mucosa, lymph nodes, and muscles in which their sites were
measured in the previous sensitive organs. After inserting three
TLD chips at each site (42 total TLDs in all sites), the head sections
of the phantom were reassembled, screwed together tightly, and,
at this point, ready to be scanned.

Data Acquisition
The TLD-loaded anthropomorphic phantom was positioned on
the CBCT machine. The position of the phantom was standardized
using a laser beam to center the phantom, so its midsagittal plane
was perpendicular to the floor and its Frankfort plane was parallel
to the floor. Each scanning protocol was performed twice at two
different intervals to ensure the reliability of the measurements.
Also, the TLD-loaded phantom head was exposed twice during
each scan for every protocol to ensure signal detection even from
low radiation doses and the resulting value was divided by 2.

Effective Dose Measurement

M e t h o d s

Cone-beam Computed Tomography Machine and
Parameters
i-CAT Next Generation (Imaging Sciences International, Hatfield,
Pennsylvania, USA) CBCT machine was used to scan a 16 × 13 cm
FOV from the nasion to the end of the lower jaw. Six protocols
(I–VI) were run that varied according to ET (pulsed time) and
VS, as recommended by the manufacturer. The only exception
was protocol II, which had lower ET than that suggested by the
manufacturer (Table 1). Each protocol was scanned twice and they
were ordered from I to VI according to the measured radiation dose
and protocol I was the standard protocol for large FOV.

Anthropomorphic Phantom and Thermoluminescent
Dosimeters Chip Placement
The adult male Alderson RANDO phantom (Alderson Research
Laboratories Inc., Stamford, Connecticut, USA) was used in the
current study. This anthropomorphic head and neck model consists
of a human skull immersed in isocyanic rubber to mimic human soft
tissues divided into 10 (2.5-cm thick) transverse slices and holes that
represent different sensitive organs in each slice. Radiation doses
were recorded using thermoluminescent dosimeters chips (TLDs)
[LiF:Mg-Ti (TLD-700) with a diameter of 4.5 mm and a thickness of
0.9 mm] that loaded in the holes of different sensitive organs found
in each slice. Fourteen sites corresponding to 10 sensitive organs
were selected on the phantom for TLD placement; brain, eye (inner
and outer canthi), three sites on skin (midline of the neck, cheek,
and nasion), four sites representing bone marrow (body and ramus
of the mandible, cervical spine, and calvarium), thyroid gland, three

The TLDs were calibrated to measure their sensitivity by exposing
them to a known amount of radiation. An automatic hot gas reader
(the Alnor Dosacus TLD-reader system, Finland) was used to analyze
the TLDs. A sensitivity calculation was performed by dividing the
reader’s value for the amount of radiation of exposed TLD by the
known amount of radiation to determine the calibration factor used
to calibrate the TLD readings for the following exposures.
Then, the Alnor Dosacus TLD-reader system was used to read
the dose values of the TLDs within 24 hours of exposure. The values
were recorded for each TLD, the calibration factor was applied,
and the values from the three chips from each site were averaged
to obtain the dose absorbed at each site in micrograys (μGy). The
average absorbed dose of each site (i.e., organ) was further divided
by 2 to compensate for the two exposures delivered for each scan.
The standard deviation of the TLD-700 readings was ≤5%.
The equivalent dose (HT) was calculated using the following
equation:27
HT  WR  DT ,
in which DT is the absorbed dose of each organ and W R is
the radiation-weighting factor (W R is 1 in X-radiation). The
determination of the HT is based on the distribution of these tissues
in the head and neck region throughout the adult body (Online
Table 1). In the present study, the calculations of HT followed that of
Ludlow et al.17,18 The HT for bone marrow follows the distribution of
active bone marrow throughout the adult body and was calculated
using the summation of the individual HT to the calvarium (11.8%),
mandible (1.3%), and cervical spine (3.4%). The HT for the bone
surface was calculated as: HT of bone marrow × 4.64.17,18 However,

Table 1: Settings of the cone-beam computed tomography protocols
Protocol no.
I
II
III
IV
V
VI

FOV
16 × 13
16 × 13
16 × 13
16 × 13
16 × 13
16 × 13

KV
120
120
120
120
120
120

mA
5
5
5
5
5
5

ET
7
4
4
4
2
2

VS
0.25
0.25
0.3
0.4
0.3
0.4

FOV, field of view; KV, kilovoltage, mA, milliamperage; ET, exposure time (pulsed time) in seconds; VS, voxel size in mm3
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the proportion of the skin surface area, lymphatic nodes, and
muscles in the head and neck region were estimated as 5% of the
total body and accordingly the HT of these tissues were calculated
as the mean absorbed dose of each tissue × 5%.
The effective dose was determined according to the ICRP 2007
and the following equation:28
E  WT  HT ,
in which W T is the relative participation of that organ or tissue to
the whole risk as shown in the Online Table 2. The overall risk to
the body was determined by summing the effective doses of all
exposed organs and tissues.

Image Quality Evaluation
Image quality was assessed by measuring image noise, represented
by the standard deviation of the water’s radiographic density. A
water phantom (cylindrical water-filled Perspex) was scanned to
measure the image noise in the six CBCT protocols. After scanning,
the image noise was determined using the “regions of interest” tool
in the i-CAT software without applying filter algorithms. This tool
was used to select a rectangular area of 110 cm2 from the middle
of the image in three different sections for each protocol. Next, the
water’s radiographic density was measured in mean, max, min, and
standard deviation. The standard deviation signified the number of
random fluctuations in CBCT number and represented image noise;
the image noise is directly proportional to the standard deviation.28
The results of the image noises of the different protocols were
compared with that of the standard protocol (protocol I).
After scanning of the RANDO phantom, the data set of each
protocol were stored as DICOM format and projected on 3D
workstation for evaluation. Subjective assessment of the image
quality was conducted by three oral and maxillofacial radiologists
with professional experience of more than 10 years. Prior to the
image evaluation, inter- and intra-rater reliabilities of the three
radiologists were calculated. The evaluation was carried out
independently and blindly to the exposure parameters of each
protocol. The three evaluators were asked to assess the overall
diagnostic image quality (degree of sharpness and clarity of details)
of the different protocols in comparison to the baseline images
of the standard protocol (protocol I). The scoring was performed
from 1 to 4 as follow;29 1 = very good, 2 = good, 3 = acceptable,
4 = unacceptable (Figs 1 to 3).

E = 191.22 μSv) and the lowest with protocol VI (0.4 VS, 2s ET, E =
68.4 μSv). Protocols III, IV, V, and VI had a dose reduction of 36, 40,
60, and 64.2% from protocol I, respectively.
Comparing the total effective doses of the six CBCT protocols
revealed statistically significant differences between all protocols
(p < 0.001 or p < 0.05) except between protocols V and VI. Regarding
the specific organs, the remainder tissues received significantly
different doses in all protocols (p < 0.001 or p < 0.01) and the
salivary glands showed statistically significant differences among
all protocols (range between p < 0.05 to p < 0.001) except between
protocols V and VI. All of the other organs showed statistically
significant differences across all protocols (range between p < 0.05
to p < 0.001) except between protocols III and IV and protocols V
and VI (Table 3).
The mean image noise values for the six CBCT protocols
indicated that the most image noise appeared in protocol II
followed by protocols VI (112.19 and 81.74, respectively) and the
lowest image noise was seen in protocol IV followed by protocols
III and V (54.88, 56.38, and 75.53, respectively) (Table 4).
As detailed in Table 5, comparing the image noise of the six
CBCT protocols revealed statistically significant differences between
protocol II and all other protocols (p < 0.001 or p < 0.01). However,

Statistical Analysis
Raw data were imported into IBM® SPSS® Statistics for Windows,
version 21 (IBM Corp, Armonk, New York, USA) to be visualized,
explored, and analyzed. E and image noise are presented as means
and standard deviations. These two variables were compared across
the six CBCT protocols by repeated-measures analysis of variance
(ANOVA) and Bonferroni’s post hoc test was used for pair-wise
comparisons. A p value ≤0.05 was considered statistically significant.
Inter- and intra-rater reliabilities were calculated using Kappa statistic.

R e s u lts
The mean effective doses for the six CBCT protocols are presented in
Table 2 according to organ. The highest dose was for the remainder
tissues followed by the salivary glands and the thyroid gland. Skin
received the lowest dose followed by the bone surface. For all
organs, higher VS and lower ET decreased the effective dose with
the highest E observed with the standard protocol I (0.25 VS, 7s ET,
348

Fig. 1: Axial sections of different cone-beam computed tomography
protocols: P1, protocol I; P2, protocol II; P3, protocol III; P4, protocol IV;
P5, protocol V; P6, protocol VI
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Fig. 2: Coronal sections of different cone-beam computed tomography
protocols: P1, protocol I; P2, protocol II; P3, protocol III; P4, protocol IV;
P5, protocol V; P6, protocol VI

Fig. 3: Sagittal sections of different cone-beam computed tomography
protocols: P1, protocol I; P2, protocol II; P3, protocol III; P4, protocol IV;
P5, protocol V; P6, protocol VI

the standard protocol I was not statistically different from protocols
V and VI, protocol IV was not statistically different from protocol III,
and protocol V was not statistically different from protocols I, III, and
VI. Additionally, Table 6 and Figures 1 to 3 revealed the results of the
subjective image assessments conducted by three observers. The
results showed good agreements between reviewers in which all of
them agreed on the unacceptable image quality of protocol II and
acceptable image quality for protocol VI. On the contrary, protocols
III, IV, and V revealed a range of good to very good image quality
when compared with the standard protocol (protocol I) with interand intra-rater reliabilities ranged from moderate (Kappa value of
0.568) to excellent (Kappa value of 1). Protocol V had an acceptable
diagnostic image quality on both objective and subjective image
quality assessments when compared with the standard protocol
(protocol I).

small FOV, e.g., orthognathic surgery, orthodontics, maxillofacial
surgery, diagnosis of large pathologies, and 3D reconstruction of
the whole maxillofacial region (to optimize the treatment planning).
Unfortunately, acquiring a large FOV is always accompanied by a
higher radiation dose and a lower spatial resolution. The radiation
dose delivered during large FOVs is the main concern that requires
addressing while not sacrificing the diagnostic image quality.
The results of the present study demonstrated that radiation
dose was significantly reduced using a higher VS and a lower
ET without compromising image quality. These findings are in
agreement with other studies conducted using different FOVs
that concluded both higher VS and lower ET are associated with
reduced radiation dose. 29,31,32 In contrast to the current study,
Sonya et al.10 found no association between radiation dose and VS
or spatial resolution. This discrepancy can be attributed to inherent
differences between the two studies in terms of radiation dose
measurements, which were measured on the center of the phantom
not on sensitive organs and also they used almost identical imaging
parameters in their study.
The total effective dose delivered during the CBCT protocols in
the present study ranged from 191.22 to 68.4 μSv with the highest
value observed in the standard protocol I (0.25 VS, 7 s ET) and the
lowest in protocol VI (0.4 VS, 2 s ET). These results are comparable
to the findings of the previous studies used anthropomorphic
phantoms and the same FOV on the same CBCT machine as
the study of Ludlow et al.18 who recorded E values of 193.4 and
104.5 μSv (37.5 and 22.9 mAs, respectively), which are comparable

D i s c u s s i o n
Optimization of radiation dose and image quality is an essential
component of radiation protection that follows the ALADA
principle;30 “as low as diagnostically acceptable”. Cone-beam
computed tomography is an important radiographic technique
that is widely used in different diagnostic tasks in dentistry.
While CBCT delivers a lower radiation dose than MDCT, this is still
higher than conventional radiography, especially while imaging a
large FOV. Using a small FOV is always preferable due to its lower
radiation dose and higher image quality relative to a large FOV.10,25,26
However, some diagnostic tasks cannot be accomplished with a
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SD
0.38
0.12
0.08
0.01
0.07
0.03
0.25
0.94
SD
0.43
0.12
0.06
0.01
0.08
0.03
0.25
0.98
SD
0.73
0.63
0.38
0.03
0.66
0.25
1.32
3.99
Mean
18.13
12.17
21.83
0.95
15.14
5.86
40.73
114.80
SD
1.06
0.68
0.49
0.03
0.73
0.28
1.41
4.69

Protocol III

Mean
21.26
13.18
23.96
0.99
16.78
6.49
44.36
127.02
SD
0.75
0.23
0.26
0.03
1.51
0.58
0.79
4.15

Protocol II

Mean
23.88
27.54
28.3
1.13
22.56
8.72
55.57
167.69
Protocol I

SD
0.15
0.26
0.03
0.04
1.65
0.64
0.99
3.77
Mean
28.76
31.78
32.5
1.23
24.84
9.61
62.51
191.22
Organs
Brain
Thyroid gland
Salivary glands
Skin
Bone marrow
Bone surface
Remainder tissue
Total effective dose

Table 2: Mean and standard deviation (SD) of effective dose of the six cone-beam computed tomography protocols

Protocol IV

Mean
12.16
9.86
15.30
0.57
9.13
3.53
26
76.54

Protocol V

Mean
10.70
9.43
13.79
0.52
8.05
3.11
22.81
68.40

Protocol VI

Radiation Dose and Image Quality Optimization for Large-FOV CBCT
to the results of protocols I and IV, and the Roberts et al.21 study
which detected a comparable result to that of protocol IV (E
value of 110.5 μSv with 0.4 VS). Additionally, Davies et al.22 used
anthropomorphic phantoms and the same FOV on the same CBCT
machine to generate E of 77 μSv (2.1 mA, 0.4 VS, and 4 s ET) which
is almost the same as the result of protocol V. On the contrary, the
results of the present study are higher than the study of Ludlow and
Ivanovic20 and Pauwels et al.23 who measured the E using the same
CBCT machine and FOV of the current study and they found E value
of 87 μSv (19 mAs, VS 0.2–0.4) and 83 μSv (18.5 mAs), respectively.
This variation is likely found on the results of the radiation dose of
the bone surface and reminder tissues, which could be ascribed to
the different methods used for the calculation.
Image noise was utilized in the current study as a quantitative
measure of image quality and, as such, was used to compare the
six CBCT protocols. The physical parameters that most impact the
quality of clinical images are spatial resolution, contrast resolution,
and image noise.14–16 In CBCT, contrast resolution is low and spatial
resolution is most critical in diagnostic tasks that require high
levels of detail, which are usually best captured using small FOVs.
Therefore, image noise, which is affected by FOV, VS, and mAs
[tube current (mA) and ET (s)],32–34 is a suitable physical factor to
quantitatively assess the quality of large-FOV images. However,
some studies16,34,35 recommend measuring the modulation transfer
function and/or contrast-to-noise ratio because these significantly
associate with subjective image quality; i.e., these physical factors
strongly correlated with the ability to effectively accomplish specific
diagnostic tasks and, therefore, should serve as reliable, objective
indicators of image quality. Additionally, image noise has an effect
on the contrast-to-noise ratio of an image and the highest the
image noise is the lowest the contrast-to-noise ratio.16,32 Because
the image noise alone was not enough to assess the image quality,
the subjective assessment was performed in the current study taken
into account the images of the standard protocol as the baseline
for assessment.
The results of the present study indicated that image noise
decreased as VS and ET increased. There was no statistically
significant difference between the standard protocol I and protocol
V or VI and between protocol III and protocol IV or V but protocol
II was significantly different from all of the other protocols. This
finding is consistent with Almashraqi et al. 29 who found that image
noise is inversely proportional to VS and mAs. In accordance with
the image noise, the subjective assessment of image quality with
good agreements between observers also revealed that protocols
III, IV, and V had a range of a good to very good image quality in
relation to the standard protocol (protocol I), while protocol II
had unacceptable image quality. This is because smaller VSs need
longer ETs to decrease image noise and, accordingly, to improve
image quality. This supports other studies that concluded lower
VSs require more exposure to achieve high image quality by
decreasing image noise and increasing spatial resolution. 31,36,37
It should be also noted that the main purpose of using protocol
II in the present study, used 0.25 VS with lower ET than that
recommended by the manufacturer, was to investigate how
much variation can occur on the level of radiation dose and image
quality and whether this variation is beneficial or not. Based on the
results of the current study, protocol II demonstrated the highest
image noise and the lowest diagnostic image quality with only
12% radiation dose reduction from the standard protocol which
indicated the importance of radiation dose optimization within
the recommendations of the manufacturer.
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Table 3: Mean difference and significant level of radiation doses in different tissues in the six cone-beam computed tomography protocols using
repeated measures ANOVA
Protocol
Brain
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI
Thyroid
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI
Salivary glands
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI
Skin
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI
Bone marrow
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI
Bone surface
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI
Remainder tissue
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI

Protocol I

Protocol II

Protocol III

Protocol IV

Protocol V

Protocol VI

NA
–
7.50**
10.63***
16.60***
18.06***

4.88**
NA
2.62
5.75**
11.72***
13.18***

7.50**
2.62
NA
3.13
9.10***
10.56***

10.63***
5.75**
3.13
NA
5.97**
7.43**

16.60***
11.72***
9.10***
5.97**
NA
1.45

18.06***
13.18***
10.56***
7.43**
1.45
NA

NA
4.24***
18.60***
19.61***
21.92***
22.35***

4.24***
NA
14.36***
15.37***
17.68***
18.11***

18.60***
14.36***
NA
1.01
3.32***
3.75***

19.61***
15.37***
1.01
NA
2.31**
2.74**

21.92***
17.68***
3.32***
2.31**
NA
0.42

22.35***
18.11***
3.75***
2.74**
0.42
NA

NA
4.20**
8.53***
10.67***
17.19***
18.71***

4.20**
NA
4.33**
6.47***
12.99***
14.51***

8.53***
4.33**
NA
2.13*
8.66***
10.17***

10.67***
6.47***
2.13*
NA
6.52***
8.04***

17.19***
12.99***
8.66***
6.52***
NA
1.51

18.71***
14.51***
10.17***
8.04***
1.51
NA

NA
0.10
0.24**
0.28**
0.66***
0.71***

0.10
NA
0.14
0.18*
0.56***
0.61***

0.24**
0.14
NA
0.04
0.42***
0.47***

0.28**
0.18*
0.04
NA
0.38***
0.43***

0.66***
0.56***
0.42***
0.38***
NA
0.05

0.71***
0.61***
0.47***
0.43***
0.05
NA

NA
2.28
8.06**
9.70**
15.71***
16.78***

2.28
NA
5.78*
7.42**
13.43***
14.50***

8.06**
5.78*
NA
1.64
7.65**
8.72**

9.70**
7.42**
1.64
NA
6.01*
7.08**

15.71***
13.43***
7.65**
6.01*
NA
1.07

16.78***
14.50***
8.72**
7.08**
1.07
NA

NA
0.88
3.11**
3.75**
6.07***
6.49***

0.88
NA
2.23*
2.87**
5.19***
5.61***

3.11**
2.23*
NA
0.63
2.96**
3.38**

3.75**
2.87**
0.63
NA
2.32*
2.74**

6.07***
5.19***
2.96**
2.32*
NA
0.42

6.49***
5.61***
3.38**
2.74**
0.42
NA

NA
6.93***
18.14***
21.77***
36.50***
36.69***

6.93***
NA
11.21***
14.84***
29.57***
32.76***

18.14***
11.21***
NA
3.63**
18.36***
21.55***

21.77***
14.84***
3.63**
NA
14.73***
17.92***

36.50***
29.57***
18.36***
14.73***
NA
3.19**

36.69***
32.76***
21.55***
17.92***
3.19**
NA
Contd…
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Contd…

Protocol
Total effective dose
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI

Protocol I

Protocol II

Protocol III

Protocol IV

Protocol V

Protocol VI

NA
23.52***
64.19***
76.42***
114.68***
122.82***

23.52***
NA
40.67***
52.89***
91.15***
99.29***

64.19***
40.67***
NA
12.22*
50.48***
58.62***

76.42***
52.89***
12.22*
NA
38.25***
46.39***

114.68***
91.15***
50.48***
38.25***
NA
8.14

122.82***
99.29***
58.62***
46.39***
8.14
NA

***p < 0.001, **p < 0.01, *p < 0.05

Table 4: Mean and standard deviation (SD) of objective assessment of the image quality in
the six cone-beam computed tomography protocols
Protocol
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI

Mean
76.84
112.19
56.38
54.88
75.53
81.74

SD
2.93
8.47
7.01
4.36
9.25
5.21

Table 5: Mean difference and significant level of objective assessment of the image quality in the six cone-beam computed tomography protocols
using repeated measures ANOVA
Protocol
Protocol I
Protocol II
Protocol III
Protocol IV
Protocol V
Protocol VI

Protocol I
NA
−35.35***
20.46*
21.96*
1.31
−4.09

Protocol II
−35.35***
NA
55.81***
57.31***
36.66***
30.45**

Protocol III
20.46*
55.81***
NA
1.51
−19.15
−25.36**

Protocol IV
21.96*
57.31***
1.51
NA
−20.65*
−26.87**

Protocol V
1.31
36.66***
−19.15
−20.65*
NA
−6.21

Protocol VI
−4.09
30.45**
−25.36**
−20.87**
−6.21
NA

***p < 0.001, **p < 0.01, *p < 0.05

Table 6: Subjective assessments of image quality of different cone-beam computed tomography protocols
Observers
First observer
Second observer
Third observer

Protocol I
1
1
1

Protocol II
4
4
4

Protocol III
2
1
1

Protocols VI, V, and IV decreased the effective dose by 64.2,
60, and 40%, respectively, relative to the standard protocol I.
Moreover, protocol V generated acceptable diagnostic quality
images in relation to the standard protocol on the level of both
image noise and subjective image assessments. Therefore, protocol
V is best suited for a large-FOV CBCT imaging due to its optimized
balance between ALADA principle of low radiation doses and good
diagnostic-quality images.
The present study has its limitations. Due to the variation
between CBCT machines, it would have been ideal to perform this
optimization study on more than one CBCT machine; future studies
should include multiple machines to ensure the broad applicability
of the results. Another limitation is the use of only one objective
metric for image quality assessment as it is preferable to conduct
more than one metric. Future studies ought to include more CBCT
machines in addition to another objective metric (e.g., modulation
transfer function, contrast-to-noise ratio).
352

Protocol IV
1
2
2

Protocol V
2
3
2

Protocol VI
3
3
3

C o n c lu s i o n
The use of 0.3 with the lowest ET, as recommended by the
manufacturer, can minimize the radiation dose by 60% from the
standard protocol, while maintaining the diagnostic image quality
generated from a large-FOV CBCT scan. Further studies to optimize
radiation dose and image quality of a large FOV using different
CBCT machines with both subjective and objective image quality
assessments are recommended.
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APPENDIX
Appendix Table 1: Estimated percentage of tissue irradiated to calculate
equivalent dose to a tissue or organ17,18
Sensitive organ
Brain
Eye
Skin
Bone marrow and bone surface†
Mandible
Calvarium
Cervical spine
3 Salivary glands
Thyroid gland
Remainder tissues*
a. Lymph nodes and muscles
b. Oral mucosa
c. Extrathoracic airway

Irradiated fraction (%)
100
100
5
16.5
1.3
11.8
3.4
100
100
5
100
100

*According to ICRP 2007
†
Equivalent dose of bone marrow × 4.64

Appendix Table 2: Weighting tissue (W T ) factors for calculation of
effective dose ICRP 200727
Sensitive organ
Bone marrow
Breast
Colon
Lung
Stomach
Bladder
Esophagus
Gonads
Liver
Thyroid
Bone surface
Brain
Kidneys
Salivary glands
Skin
Remainder*

W T 2007
0.12
0.12
0.12
0.12
0.12
0.04
0.04
0.08
0.04
0.04
0.01
0.01
–
0.01
0.01
0.12*

*Adrenals, extrathoracic region, gallbladder, heart, kidneys, lymphatic
nodes, muscle, oral mucosa, pancreas, prostate, small intestine, spleen, thymus, and uterus/cervix. Italicized text represents remainder tissues used
for calculation of maxillofacial dose
Bold terms represent the tissue or organ used for calculation in this study
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