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Corresponding Author 2 Abstract

This test aims to determine and analyze the accuracy of the collimator beam
with an X-ray beam, to perform two test methods, namely the suitability of the
alignment test tool with an X-ray beam and the suitability of the x-ray beam
area using the beam alignment test tool. Collimator tests such as the
[Nluminance Test, Shutter Efficiency and Collimator Similarity or the suitability
of the collimator field area to the X-ray beam field area within a tolerance of <
2% Focus Film Distance (FFD) which has been determined by the Minister of
Health Decree No. 1250/SK/XI1/2009. This was carried out using FFD at a
distance of 100 cm and a variation of the exposure factor which was
distinguished by the voltage ranging from 50, 60, 70, 80, and 90 kV. The
Keywords collimator gap efficiency test still functions efficiently/effectively, which is
shown in the film there is no radiation leakage/blackening effect on the film.

collimator o milarity; The results of the suitability test beam deviations that occur on the x-axis and
focus fi I”.I distance; the y-axis are still below 2 cm and the circle (C1) the average value is 0.18 cm
gap ?ﬁiaency; or 1.8 mm is the value below 2 mm and the circle (C2) is the average value.
quality control;
X-rays;
International Journal of Physical Sciences and Engineering © 2020.
This is an open access article under the CC BY-NC-ND license
(https://creativecommons.org/licenses/by-nc-nd/4.0/).
Contents
Abstract 7
1 Introduction 8
2 Materials and Methods 8
3 Results and Discussions 10
3.1Test the collimator lamp illuminance 10
3.2 Test the collimator shutter efficiency 11
3.3 Test the accuracy/straightness of the light beam 12
4 Conclusion 13
ACKNOWIEAZIMENES. .....ceueeueueeeiaeesseseisessesssessesse st ssessesssssssse s ssssses s sssssesssssssssees 13
References 14

2 Physics Faculty of Mathematics and Natural Sciences, Udayana University, Denpasar, Indonesia
b Physics Faculty of Mathematics and Natural Sciences, Udayana University, Denpasar, Indonesia
¢ Physics Faculty of Mathematics and Natural Sciences, Udayana University, Denpasar, Indonesia



http://www.sciencescholar.us/
https://doi.org/10.29332/ijpse.v4n3.468
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossref.org/crossmark/

8 e-1SSN : 2550-6943 L p-ISSN : 2550-6951

L2 T0T e = o) 0 0] 12 N0 U 1 ) PP 15

1 Introduction

The health development that has been implemented to date has grown rapidly, but there are still many things
that need to be addressed, especially in the face of current decentralization and globalization. One of the main
priority efforts is to improve the quality of health services. By increasing the quality of health services
continuously will increase the efficiency of health services, which in turn will have an impact on improving the
quality of life of individuals and the degree of public health (Adler et al., 1992; Martina et al., 2015). The health
service quality assurance policy will serve as a guideline for all parties in the implementation of quality health
services. Health services that are meant are health services in general and health support services in
particular especially radiology services. Although radiology services have been provided by health services at
various levels of service, both government and private, the ability and quality of services are still very varied
and have not fully met the demands of service user satisfaction. Then a quality control test is carried out to
meet the demands of these service users, who are customers consisting of patients, families, communities, and
other interested parties and the community.

Compliance Testing is a test to ensure that X-ray meets radiation safety requirements and provide accurate
and accurate diagnostic information or radiology implementation (Chadidjah, 2012). The conformity test is
the basis of a diagnostic radiology quality assurance program which includes a portion of the quality
assurance program tests, in particular the parameters concerning radiation safety (Jha & Sharma, 1991;
Kelsey et al, 1991; van Rijn et al., 2000). The main objective of the Quality Assurance Program at the
Radiology Installation is a precise and accurate patient diagnosis. This goal will be related to a comprehensive
quality assurance program tailored to the needs of the facility which includes 3 (three) things, namely:
reducing radiation exposure, improving diagnostic images, and reducing cost strategies (Sedyaningsih, 2009;
Shepard & Pei-Jan, 2002).

Referring to ISO 2000, quality is defined as the guarantor of achieving objectives or the expected output
and quality must always follow the latest developments in professional knowledge. For that quality must be
measured by the degree of achievement of objectives and must meet various standards or specifications. To
ensure the quality of health services, the various components of input, process, and output must be defined
clearly and in detail, including management and technical aspects based on the achievement of the vision and
the realization of the mission that has been set together. One of the quality assurance activities is quality
control activities.

2 Materials and Methods

The research was conducted at the Radiology Unit of the Kasih Ibu Hospital Kedonganan Badung-Bali.
Meanwhile, data analysis was carried out at the Biophysics and Medical Physics Laboratory at Bukit Jimbaran
Campus (Strauss & Rae, 2012; Susilo et al., 2012). The tools used in this study were X-ray, Collimator tool and
beam alignment test tool, CR (Computer Radiography), Lux meter, Humidity meter, thermometer, and 24 x 24
cm X-ray cassette with imaging plate.

Research procedure
(1) Test the Collimator Lamp Illuminance

The test step starts from adjusting the distance between the X-ray focus and the patient's bed at a distance of
100 cm as shown in Figure 4 below,
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Figure 1. Schematic of illuminance testing. Figure 2. Area of measurement field collimator lamp

Measurements were made on an irradiation field area of 25 x 25 cm consisting of areas I, II, III, and IV as
shown in Figure 2. Lux meters are placed in each quadrant and all room lighting is reduced to a dark, then
readings of the lighting level are carried out on the Lux meter. The frequency of testing is carried out once a
month or if the collimator lighting is indicated to be reduced. The average reading value of the four measuring
areas should exceed 100 Lux at a distance of 1 meter.

(2) Collimator Shutter Efficiency Test
The shutter that is fully closed on the collimator must be able to prevent radiation from hitting the film. The
purpose of this test is for radiation safety when discharging capacitors on the mobile unit or when heating the
aircraft by exposure. The steps taken are as follows:
a) Before the test is carried out, the X-ray warms up has been carried out.
b) Place the cassette on the examination table at a distance of 1 m from the focus of the X-ray tube
c) Set the exposure at 80 kVp and 40 mAs, and do the first exposure by setting one side of the shutter (x)
collimator tightly closed and setting the shutter (y) of the other collimator fully open.
d) Perform the same procedure as in the above item but adjust the collimator shutter side which was
closed, on the contrary, is fully opened, and so on, then the film that has received 2 exposures is
processed.

The schematic of the Collimator Shutter efficiency test can be shown in Figure 3.
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Figure 3. Schematic of the collimator gap efficiency test
Furthermore, a careful examination is carried out on the film that has been processed using the CR program, if

the shutter functions efficiently/effectively, then the film will have no effect of radiation leakage or blackening
on film.
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(3) Test the Similarity/Straightness of the Collimator Light Beams

Determining the accuracy of the similarity between an X-ray beam and a light beam and evaluating the
accuracy of the X-ray beam with the center of the light beam, using a worksheet and a test tool plate can be
shown in Figure 4.

Worksheer dan plat fest tool

Figure 4. Photo worksheet and test tool plate

The steps taken in this measurement are to place the cassette measuring 24 x 24 cm on a flat surface.
Concentrate the X-ray tube centered on the cassette and adjust the distance between focus and film (FFD) as
high as 100 cm. Place the test tool collimator in the middle of the cassette. The collimator light is adjusted
exactly within the rectangular area of the test tool plate. Place the beam alignment test tool in the center of the
lighting area. Turn on the collimator light, adjust the area of the light field according to the rectangular line on
the plate surface. Perform radiographic exposures to obtain an optical density on the film that can be
observed by the evaluator (Wu & Sun, 2013; Brodsky & McCracken, 1999). Process the film with a CR program
and check the suitability of the beam/X-ray beam and X-ray beam alignment.

For the collimator, note the changes in the X and Y collimator beam field scale and the radiation field scale
X 'and Y' in the worksheet. Comparison of measurement results with the National Council on Radiation
Protection (NCRP; < 2% of FFD) standards. For the beam, pay attention to the shift in the image of the two
steel balls in the film, and compare it with the NCRP standard (< 3°).

3 Results and Discussions

3.1 Test the collimator lamp illuminance

The results of the X-ray plane collimator lamp illuminance test following the test procedure as in Figure 1 and
Figure 2. are shown in Table 1.

Table 1
The results of the collimator lamp illuminance test

Repeat Luminance (Lux)
measurement | I1 I11 IV
1 99 105 100 102
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2 110 105 105 106

3 105 99 100 99

4 99 100 110 105

5 100 110 105 110
Average 102,6 + 4,83 103,8 + 4,44 104,0 + 4,18 104,4 + 4,16

From the measurement results of the collimator lamp illuminance test above, the four regions have an
average value of 102.6 to 104.4 so that the X-ray aircraft collimator lamp illuminance test is still within the
permitted limits. Where the provisions issued by the Minister of Health of the Republic of Indonesia No. 1250
/ Menkes / SK / XII / 2009 regarding quality control guidelines, that the average reading value of the four
measuring areas must exceed 100 Lux at a distance of 1 meter. The frequency of testing is carried out once a
month or if the collimator lighting is indicated to be reduced.

3.2 Test the collimator shutter efficiency

The shutter that is fully closed on the collimator must be able to prevent radiation from hitting the film. This
test is carried out for radiation safety when discharging the capacitor charge on the mobile unit or when
heating the aircraft with exposure. The results of the collimator gap efficiency test can be shown from the
results of radiographic films that have been exposed at 80 kVp and 40 mAs, on the x-axis and y-axis directions
as follows:

4 5 6
Figure 5. Radiographic Film Collimator Gap Efficiency Test Results

Notes: 1, 2, and 3 are radiographic films of the x-axis slit efficiency test
4, 5, and 6 are radiographic films of the y-axis slit efficiency test

Examination of the processed film is as shown in Figure 5., if the shutter functions efficiently / effectively, then
the film will have no effect of radiation leakage or blackening on the film. As a comparison to the test results in
this study, it is shown that one of the radiography films with an inefficient/effective shutter condition is
shown in Figure 6. as follows:
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Close the x-axis shutter Close the y-axis shutter
Figure 6. Radiographic film at shutter conditions that are less efficient/effective

3.3 Test the accuracy/straightness of the light beam

To determine the accuracy of the similarity between the X-ray beam and the light beam and evaluate the
accuracy of the X-ray beam to the center of the light beam, a beam alignment test can be performed. The
results of the beam similarity/straightness test from the X-ray plane can be shown in Figure 7. The
radiographic film image and measurement data are shown in Table 2.

=
<

Figure 7. Radiographic film image

Table 2
Measurement results of the beam similarity/straightness test

Measurement of the beam similarity/straightness test
Repeat v/ 5

measurement (cm)
X1 X2 Y1 Y2 C1 C2

1 8,7 8,91 7,2 7,12 0,17 0,48

2 8,76 8,89 7,18 7,09 0,2 0,49

3 8,72 8,9 7,12 7,1 0,18 0,47

4 8,71 8,9 7,19 7,11 0,16 0,45

5 8,74 8,88 7,14 7,09 0,19 0,48
Average 8,73+0,02 8,89+0,01 7,16%0,03 7,10x0,01  0,18+0,02  0,47%0,02
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The measurement results are as in Table 2. then the deviation of the x-axis and y-axis directions can be
determined as follows:

X1+X2=8.73+8.89=17.62 cm

Y1+Y2=7.16+7.10=14.26 cm

Where X is 18.00 cm and Y is 14.00 cm, so that the deviation can be determined (AX) = 18.00 - 17.62 = 0.374
cm and AY = 14.26 - 14.00 = 0.26 cm, while the maximum allowable deviation is 2 cm. Thus, the deviation that
occurs on the x-axis and y-axis is still below 2 cm. In the circle (C1) the average value of 0.18 cm or 1.8 mm is
a value below 2 mm and in the circle (C2) the average value is 0.47 cm or 4.7 mm is the value still under 5
mm. So that fully testing the suitability of the collimator lamp beam is still in compliance with the provisions.

According to Sari & Hartati (2017), the accuracy of the center point of the X-ray beam is an important
factor for determining partial resolution in radiographic images. Partial resolution is the ability of a device to
display two small objects that are close to each other. Deviations in the accuracy of the center point of the X-
ray beam can cause magnification and distortion in the radiographic image so that a diagnosis cannot be made
(Moradi et al., 2020; Molinier et al., 2013). This beam similarity/straightness test parameter is performed to
determine the feasibility of X-ray operation. The feasibility of an X-ray plane can be known and ascertained
within accepted limits or it is appropriate that the X-ray beam plane is congruent with the collimator beam
plane (Khadijah, 2012).

4 Conclusion

From the three test results conducted, it showed that the Rongen plane at the Kasih Ibu Hospital Kedonganna
was still functioning well where the aircraft illumination was still above 100 Lux on average, the efficiency of
the collimator gap was still very good, it was shown that there were no good X and Y axis lines on the
radiographic film. and the similarity/alignment of the radiation beam is still following the NCRP standard.
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