Indian Journal of Science and Technology, Vol 9(40), DOI: 10.17485/ijst/2016/v9i40/103257, October 2016

ISSN (Print) : 0974-6846
ISSN (Online) : 0974-5645

Reduce Radiation Exposure from Dental Radiation

Energy Area

Chang-Gyu Kim*

Department of Radiological Science, Gimcheon University, Gimcheon City, Gyung- buk, 740-704,

Abstract

South Korea; radkcg@hanmail.net

Objectives: This study measured and assessed radiation exposure and the image quality from the acquired image using
aluminum filters in an aim to provide basic data for minimizing the exposure dose in X-ray test from dental Digital
Radiography system and gaining the optimum image for diagnosis. Methods/Statistical Analysis: The measurement
values of CNR and SNR were different depending on the image quality from the acquired image using aluminum filters.
Findings: The reduction of entrance exposure dose showed 3.15-25.93 % difference according to the thickness of aluminum
additional filters and the conditions of radiation exposure, but it showed consistent tendency regardless of the tube current
(mAs) when the tube voltage goes up. In the radiation test for dental areas, the image quality was excellent when higher
than 60 kV for the qualitative evaluation and in 0.1 mm according to the difference in added filtration. Improvements/
Applications: This result will be suggested for the data to expect the application of aluminum additional filters and decide
the test methods in future dental diagnosis test. It is expected that it will be much utilized for the important basic data to

reduce medical radiation exposure.
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1. Introduction

X-ray, which began with the production of Crookes tube
in 1876 has been rapidly utilized in the medical field in
human society with the discovery of Rontgen in 1895.
In Korea, X-ray for medical purpose is being used with
the extended life expectancy and improved income
level of Korean people. The number of diagnostic X-ray
equipment including radiation equipment for dental
examination in various types of hospitals is 72,626, show-
ing 7% increase annually with the number of the test cases
on the rise’.

The exposure dose of dental radiography among the
diagnostic radiation exposures is only around 0.3%, but
the number of radioactive examination cases is around
11%, marking the second after general X-ray. This shows
that the exposure dose of dental radiography is low while
dental radiography is a frequently used test from children
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to the elderly. Preparing methods to reduce radiation
exposure of dental radiography is greatly needed?2.

Added filtration is used for the purpose of absorbing
the radiation in certain energy areas before it enters the
patients by inserting the metal plate in front of the X-ray
tube. It has benefits of reducing the radiation exposure
and improving the contrast by effectively absorbing the
high energy elements from X-ray*.

Since added filtration not only absorbs the photon in
certain energy areas but the energy of all the photons, it
has the drawback that it needs to increase the radiation
exposure to make up for the loss*>.

For this reason, in the area of diagnostic radiation, if
the thickness of added filtration is over certain limit, it
only causes the reduction of radiation exposure rate with-
out improvement of the image quality®.

Therefore, in the area of acquiring medical images, we
need to choose the thickness of filters rightly to improve
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the image quality without greatly reducing the radiation
exposure rate.

Digital Radiography (DR) detects the information
of X-ray that has been projected into the human body
through Flat Panel Detector system (FPD). This has the
characteristic of wide latitude and high contrast resolu-
tion compared to the existing equipment that use films
and intensifying screen, which makes it possible to reduce
the exposure dose of patients without decline of the image
quality®®.

The universal utilization of DR was expected to have
the effect of reducing radiation exposure dose of patients
and improving the image quality, but in reality, the radia-
tion exposure dose is increasing due to the Dose Creep
phenomenon caused by the operational immaturity
and carelessness of radiation related workers2. However,
utilization of DR is increasing because it is excellent in
analysis of contrast and detection of the minute lesion
and also effective in reserving and managing the image
information data'®

For the radiation exposure in DR equipment, there
were researches on exposure changes and image quality
improvement according to the added filtration in breast
X-ray equipment to reduce the exposure dose of breasts*
on the combination of added filtration and the Ion cham-
ber sensor to reduce the exposure dose of patients in
digital chest X-ray® and on the examination of head and
neck exposure area by measuring the spatial dose dis-
tribution of dental panorama equipment. Most of the
researches focused on reduction of radiation exposure in
computed tomography and on the image quality'*2.

There is no research on the radiation exposure dose
using added filtration in low energy that is used in medi-
cal dental area.

This study measured and assessed the image qual-
ity from the acquired image and exposure dose through
aluminum filters in an aim to provide the basic data for
minimizing the exposure dose in X-ray test from dental
Digital Radiography system and gaining the optimum
image for diagnosis.

2. Target and Methods of the
Study

2.1 Materials and Equipment

For the dental Digital Radiography system, we used the
JW medical device CXD-R185 System of FPD (Flat Panel
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Detector) System. To measure the exposure dose of the
subject, the whole body phantom (Model PBU-31, Kyoto
Kagaku, Japan) composed of body-equivalent materials
was used [Figure 1] [Table 1].

The added filtration was made of aluminum with
99.9% of purity, with width 10 cm, length 10 cm and
thickness 0.6 mm, 0.8 mm, and 1.0 mm [Figure 2].

Figure 1. Glass fluorescent device’s dose measurement
location.
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Figure 2. Schematic of added Al filter.

Table 1. Principal characteristics of Digital
Radiography

Classification Unit Value
Panel Active Size cn 42 x 43
Pixel pitch pm 139
Active Pixel Matrix ea 2560 x 3,000
Bit Processing Bits 14
Limiting Resolution | LP/mm | 36
MTF at 3 cycle/mm % 70
DQEat 3 cycle/mm % 24
X-ray generator kvp 40~150
voltage range

X-ray generator mA 10~800
mA range

Exposure time ms 1~10,000
Focal Spots mm 0.6/1.2
Anode angle degree |13
Normal Voltage kv 150
Permanent filter(mmAl) mm 25
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2.2 Measuring Entrance Surface Dose

For measuring Entrance Surface Dose (ESD),
Electrometer (Radiation Monitor Controller Model
2026) and Ionization Chamber (Model 20x5 - 1, 800 cc,
Monrovia, California, USA) that completed correction
were used [Figure 3].

For measuring Entrance Surface Dose (ESD), tube
voltages 40 kVp, 50 kVp, 60 kVp, 70 kVp that are gener-
ally used in dental radiography area were used and tube
currents 5 mAs, 10 mAs and 20 mAs were used. The size
of radiation field was 10*10 cm and SID (Source Image
receptor Distance) was set 100 cm. The spatial entrance
surface dose was measured as the added filtration goes up
0 mm, 0.1 mm, 0.2 mm and 0.5 mm.

To minimize the effect of scattered radiation caused by
back-scattering, we made the distance between the detec-
tor and dosimeter 20 cm. Also, the reliability of measured
values was secured by measuring 10 times repeatedly for
different thickness and calculating the average and stan-
dard deviation??2 .

For data processing, we conducted Komogorov-
Smimov goodness-of-fit test and indicated the average
of descriptive statistics quantity after confirming normal
distribution. For significance test, One-way ANOVA test
was used. The significance level of all the statistics was
5%. Also, to examine the reduction rate of exposure dose
with the use of filters, we set 100% before its use and tried
to get percentages according to the thickness®= .

Figure 3. Jonization chamber and electrometer.

2.3 Measuring CNR, SNR

For SNR (Signal to Noise Ratio), we used skull phantom
and for the condition of photographing, we set 20 mAs
at 60 kV and 100 cm of SID. For mandible and orbit, we
established 0.3 x 0.3 cm?® of ROI (Region of Image) by
using the m-view program. After measuring the standard
deviation of the pixel signal intensity of ROI, we calcu-
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lated through getting the average and standard deviation
of signal intensity of background except for ROL

For measuring CNR (Contrast to Noise Ratio), we
measured the standard deviation of the pixel signal inten-
sity of ROI using m-view program just like measuring SNR
and then we used the formula after getting the average
and standard deviation of signal intensity of background
except for ROI. The measuring repeated 5 times for differ-
ent factors and Kruskal-Wallis test was conducted, which
is the non-parametric statistical method, since the data
processing was under 5 times>.

2.4 Qualitative Evaluation of the Image

We conducted qualitative analysis to confirm the practi-
cality of the clinic and acquire the images according to
the changes of the thickness of added filtration using 60
kVp, 20 mAs, SID 100 cm though skull phantom. For
qualitative analysis, the contrast of the image, the lesion
detectability, the clarity of the boundaries were evaluated
using the 5-point Likert scale by a group composed of 1
dentist, 2 dental hygienists and 2 radiologists who have
more than 10 years of experience. We compared the 0.1,
0.2, 0.5 mm Al and the time when added filtration was
not used. For data processing, Wilcoxon signed ranks test
was used, which is the non-parametric statistical method,
since the data processing was under 5 times.

3. Result and Reflection

3.1 Entrance Surface Dose according to the
Changes in Thickness of AI Added Filtration

Entrance surface dose was measured low as the added fil-
tration got thicker with the same tube voltage (kVp) and
tube current (mAs).

Under the condition 70 kV 20 mAs, it was 107.30+0.10
mR when the filter was not used, 104.30+0.10 mR when
the aluminum filter with 0.1 mm thickness was used,
100.8740.29 mR when the aluminum filter with 0.2 mm
was used and 91.40+0.17 mR when the aluminum fil-
ter with 0.5 mm was used. Under the condition 50 kV 5
mAs, it was 6.14+0.04 mR when the filter was not used,
5.90+0.02 mR when the aluminum filter with 0.1 mm
thickness was used, 5.61+0.04 mR when the aluminum
filter with 0.2 mm was used and 4.55+0.06 mR when the
aluminum filter with 0.5 mm was used.

Indian Journal of Science and Technology I 3 -



Reduce Radiation Exposure from Dental Radiation Energy Area

Table 2. Distribution of entrance surface dose in added filter

kv mAs | Non 0.1 0.2 0.5
mmAl mmAl mmAl p-value
Dose
5 6144004 | 590+002 | 561004 | 455+0.06
0 10 12374004 | 11.85+0.01 11262003 | 9771001
20 24894002 | 23694001 | 22634002 19.54+0.04
5 12174004 | 11.72+0.11 11.34+002 | 992+0.16
50 10 24454016 | 23601003 | 22744001 | 20.01£0.06
20 49.16+0.06 47071030 | 4531043 399+0.26
<001
5 19.14+0.07 | 1829+0.13 17.93+0.02 15.98+0.07
60 10 38.1610.23 36.93+0.20 36.20+043 31774041
20 76.5+044 7423+0.11 7180£0.17 | 64231025
5 26.7£0.01 25861004 | 2531+004 | 22.71+0.10
70 10 53.60+0.10 51.70+0.53 50.6610.11 4563+0.11
20 107.30£0.10 | 103.80£0.10 | 100.87£029 | 91.40+0.17

Under the same kV and mAs, the measurement value
of exposure dose according to the changes in thickness of
aluminum added filtration showed statistical significance
[Table 2].

Under the same kV and mAs, the measurement val-
ues of exposure dose reduction according to the changes
in thickness of aluminum added filtration were 3.15-3.94
% when the aluminum filter with 0.1 mm thickness was
used, 5.14-9.08 % when the aluminum filter with 0.2 mm
was used and 13.94-25.93 % when the aluminum filter
with 0.5 mm was used [Table 3].

This result shows that with the same kV and mAs, the
attenuation of exposure dose according to the thickness
of the aluminum added filtration is different and that as
the tube voltage goes up, it is not affected by the increase
in thickness of the added filtration and the reduction of
exposure dose stays the same regardless of the tube cur-
rent. This study result showed the same result as the other
research results*>*. This suggests that the added filtration
can be used effectively for high tube voltage.

B ¢ | oo (40) | October 2016 | www.indjst.org

3.2 Entrance Exposure of CNR and SNR
according to the Changes in Thickness of the
Al Added Filtration

The CNR and SNR result is as shown in Table 4, by using
m-view program in the mandible and orbit area after
establishing ROI (Region of Image) of 0.3 x 0.3 cm*from
the acquired image under the condition of 60 kV, 20 mAs
and 100 cm of through skull phantom.

We could confirm that the values of CNR and SNR
went down as the Al added filtration got thicker showing
the similar tendency to the observational area of mandi-
ble and orbit. (P <0.05)

The Digital Radiography system detectors tend to
show increase in the detecting effectiveness in proportion
to the exposure dose rate and improvement in the image
quality in proportion to SNR. However, even though the
SNR is high, if the CNR that can distinguish the tissues
is not high enough, it is hard to gain the optimum image
which gives excellent diagnostic information.
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Table 3. Distribution of entrance surface dose
percentage in added filter

kV | mAs | Thickness(mmAl)
Non 0.1 02 05
5 100 96.04 9132 7407
40 10 100 95.80 91.02 7898
20 100 95.18 9092 7851
5 100 96.30 93.18 8151
50 10 100 96.52 92.85 81.84
20 100 95.75 9215 81.16
5 100 95.56 93.68 8349
0 10 100 96.78 94.86 8325
20 100 97.03 93.86 83.96
5 100 96.85 94.79 85.06
70 10 100 9646 9452 85.13
20 100 96.74 9401 85.18

Table 4. CNR and SNR of skull phantom

Thickness | CNR SNR p-value
(mmAl)
Orbit non 10.31 15.34 <0.05
0.1 9.98 14.87
0.2 9.64 14.53
0.5 9.30 13.53
Mandible | non 7.23 11.69
0.1 7.08 11.13
0.2 6.59 10.28
0.5 5.83 9.86

The result of this test showed that the reduction degree
of SNR and CNR was different according to the thickness
of added filtration and the areas of observation, which
confirms that the application of added filtration accord-
ing to the areas of test needs to be examined.

3.3 The Qualitative Evaluation of the Image
According to the Changes in Thickness of
the AI Added Filtration

As shown in Table 5, the result of the qualitative analysis of
the contrast, clarity of boundaries and lesion detectability

under the same tube voltage when Al added filtration was
used did not show statistical significance.
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However, the result of the qualitative analysis of the
contrast, clarity of boundaries and lesion detectability
according to the changes in tube voltage when Al added
filtration was not used showed statistical significance
(P <0.05). This result shows that securing the tube volt-
age higher than 60 kV will contribute to acquiring the
diagnostically valuable image in dental radiation energy
area [Figures 4 and 5].

Table 5. Evaluation of the clinical images

Item kv Thickness (mmA1)
Non | 0.1 0.2 0.5
Contrast 40 1.38 1.29 1.21 | 1.20

50 |3.30 |345 | 348 |3.20
60 | 412 |426 | 430 |421
70 | 405 |429 [410 | 410
Clarity of 40 |134 [112 110 [ 110
boundaries 50 |321 |336 |.357 |345
60 | 415 |431 |426 | 421
70 |411 |425 [398 [3.90
Lesion 40 |135 [120 | 112 | 112
detectability 50 | 328 | 341 |3.35 |3.27
60 |411 |426 |417 [410
70 |402 |415 | 400 |4.00

e (5 —
(c) 0.2 mm. (b) 0.5 mm.

Figure 4. Added Al filter in accordance with changes in skull
phantom imaging.
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(a) 40 kVp. (b) 50 kVp.

(c) 60 kp.

(d) 70 kvp.
Figure 5. Non added Al filter in accordance with changes in
tube voltage in skull phantom imaging.

Utilizing digital radiographic image acquisition
system has brought changes in the radiation exposure
environment in the medical radiation field. The digital
medical environment can maximize the convenience of
the users but in order to reduce the noise of the projection
and improve the image quality, the radiation exposure of
the patients can be increased®-.

The diagnostic radiography to acquire the medical
image makes up the majority of the radiation exposures
conducted by human being. The recent tendency is
minimizing the radiation exposure while acquiring the
medical image with excellent diagnostic image informa-
tion through minimum use of radiation.

It has been found that the image quality is different
according to the changes in the tube voltage in Digital
Radiation images and that the used energy of the tube
voltage is different according to the targeted organs. This
result coincides with the result of this study>.

As for the use of added filtration, since the diagnostic
information changes according to the tube voltage in dif-
ferent test areas, the diagnostic test in dental area needs to
be done above 60 kV [Table 5], [ Figure 5].

The result shows that when conducting dental test, we
need to use the tube voltage higher than certain level and
proper added filtration. People working in this area need
to put a lot of effort and attention into this matter to mini-
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mize the exposure dose of human body and acquire the
optimum image with high diagnostic value.

In addition, it will be a great help if the groups or con-
ferences that utilize radiography regularly educate the
people working in the radioactive test field on the radia-
tion exposure and the image quality. We need to do our
best to secure the validity through minimizing the radia-
tion exposure caused by radioactive tests and to optimize
the radiation defense of the patients.

4. Conclusion

This study measured and assessed the image quality from
the radiation exposure and the acquired image using
aluminum filters in an aim to provide basic data for mini-
mizing the exposure dose in X-ray test from dental Digital
Radiography system and gaining the optimum image for
diagnosis.

The reduction of entrance exposure dose showed
difference of 3.15-25.93 % according to the thickness of
aluminum added filtration and conditions of test, but it
showed the consistent tendency regardless of the tube
current (mAs) if the tube voltage goes up.

The measurement value of CNR and SNR showed
difference depending on the test areas and statistically
significant value for the difference in radiation intensity.

In dental radiation tests, in terms of the qualitative
evaluation, the image quality was excellent above 60 kV
and with the thickness of 0.1 mm for the added filtration.

It is expected that this result will be utilized actively as
a basic data for reducing the medical radiation exposure
through providing the data to expect the application of
aluminum added filtration in the dental diagnostic tests
and decide the test methods.
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