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Abstract

Thanks to the great development of technology in radiation, we are now able to reduce radiation
exposure to the patients, and the radiographer and expenses in medical sector, We are also trying to
produce ideal images which maintain useful information, These kinds of effort are increasing over the
world, For that reason, we should get images which include necessary data of patients, Then it also can
help to reduce radiation exposure to the patients, Therefore, we need to know the problems that cause a
falling off in image’s quality and check on generator in case of their electronic and mechanical errors, And
moreover, we should anticipate the possibility of devices errors and prevent them with regular quality
control, This investigation was conducted in medical institutions, institute of educations and hospitals,
They are all in Seongnam-City, We used PMX-III, kVp meter to implement kVp test, mR / mAs output
test, light fiel / beam alignment test, Reproducibility of exposure dose, half value layer test,
reproducibility of exposure time test, in the case of hospitals, they perceive the importance of regular
quality control and organize the regular quality control team so they can be satisfied with the error
standard in most experiments, On the other hand, when it comes to medical institutions and institute of
educations, they perceive the importance of regular quality control less than hospitals do, Radiographer
need to understand the importance of regular quality control and practice it so they can get the fine ideal

image with the lower dose to the patient,
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1. Introduction of this is growing, people try to reduce the

individual radiation exposure, And one of the

In modern medicine, As field of Radiation major things of those efforts is quality control
utilization is being expanded and the importance about general X-ray systems_1 Thanks to the

great development of in radiation, we are now

able to reduce radiation exposure to patients and
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condition investigation which are reported by 3

person except Jin—Soo Kim®, for developing the

importance of quality control of General X-ray
systems as the base of the investment, In this
investment, we were targeted at medical
institutions, institute of educations and general
hospitals in Seongnam-—City, first, then we
researched on the actual condition of quality
control and carried out the evaluation based on
method of a safety management rule of the
diagnosis radiation system, the diagnosis radiation
system and QC, quality management for Radiog—

raphic imaging, Korea Food &Drug Administration_4~7

. Object and Method

1. Object

We were targeted at the General X—ray systems
of medical institutions, institute of educations and
hospitals in Seongnam—City, then we implemented
many experiments of the safety supervision, such
as kVp test, light field / beam alignment test,
half value layer test, reproducibility of exposure
dose, exposure time test, We substituted mAs test
for and used the approximate value instead mA
test, if the original one cannot be possibly used
because of the equipment’s limited condition,
medical

Lastly, we sent all the results to

institutions, institute of educations and hospitals,

2. Method
1) kVp test

Voltage neighboring a X-ray tube determines
X-ray volume as well as the energy generated in
the X-ray tube, The purpose is to maintain
contrast and photographic density of X-ray
images consistently by maintaining kVp accurately
and to reduce its exposure dose to patients,

Let a tube and PMX-II warm up before test,
and then place PMX-IIl on the imaging stand, SID
(Source Image Distance) is 100 cm with the center

line and match the center line to the measuring
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section of PMX-III, and then collimate, kVp measuring
ranges are changed to 80, 100 and 120 kVp and
each kVp are measured 5times, 0,1sec is fixed at
the test, The test results are recorded on the
measured value and have checked whether any
abnormality is, The average error percentage of
kVp(Percent Average Error : PAE) should be
within = 10% of the set point range., Use the
following formula to check abnormality(Eq. 1),

Xp

paE= =X 100% Q)
Xp

PAE(Percent Average Error)
Xp : Set value

X : Average of the set value

2) mR/mAs output test

It is designed to check if the same exposure
always takes place by using mAs and kVp regardless
of dose duration and mA combination, Place a Apron
on the imaging stand that reduces back scattering,
then puts PMX-III on the table. Tests are conducted
in the same procedure as kVp test and measured
under the following conditions Table 1, mR / mAs
ratios are calculated and recorded its value, After
that, calculate changes of reproducibility, Reproducibility
of mR / mAs output test must be within £ 10%,

3) Light field / beam alignment test

It is designed as accuracy of light field and
beam alignment reduces unnecessary exposure dose
and improves contrast of images, SID is fixed as
100 cm and a X-ray tube is located vertically onthe
imaging stand, A collimator template is placed on

the imaging stand and the holes in the

Table 1. mR/ mAs output test

kVp Exposure Time(sec) mA
80 1/10 100
80 1/20 200
80 1/30 300
80 1/40 400
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template are identical to the right shoulder of a
patient, Then, adjust beam alignment to match the
rectangular exterior line of the template and place
the beam alignment test tool in the center of
collimator template, Shot condition irradiates in
the hand exposure conditions, Images after taking
images are measured and the results are recorded,
Surrounding error of beam alignment and light
field must be within £ 2% of SID,

4) Reproducibility of exposure dose

The purpose is to assess quality and reliability of

medical radiographic diagnostic devices, The
measured value should be the same at every
measurement when kVp, mAs, dose duration and
imaging distance are set the same, It closely
involves with the fact that picture density is the
same at each imaging, Tests are conducted in the
same procedure as mA test, measuring conditions
are fixed at 80kVp, 100 mA and 100 kVp 200 mA
and dose duration is changed to 0.5, 1,0 and 1,5
sec, Each duration are irradiated 3 times respectively
and the results are recorded, Lastly, calculate base
on formula CV(Co—efficiency of Variation) using
the results(Eq. 2). CV for the exposure dose of
diagnostic radiation generating devices must be

less than 0,05,

)

|

5) Half value layer test

When X-rays are generated, They come from a
tube as a number of energy beams and consist of
various pulses and frequencies and soft lines and
hard lines,

Soft lines have low energy and are absorbed in
to soft tissues, thus, increase exposure dose to a
patient, It is designed to check the tube settings

to keep a proper level of exposure of a patient to

a minimum by using filters, For test, place a
Apron on the imaging stand and place PMX-II,
half value layer test equipment and an X-ray
tube, The distance between X-ray tube and the
table is adjusted to be 100 cm and the condition is
fixed at 80kVp, 10 mA, 0, 1sec., The results of 2
times are recorded which decreases thickness of
filters, opposite from thickness X-ray filters, And
lastly, calculate the average of the above recorded
and then generate the half value thickness by
drawing an attenuated curve, At 80kVp, half
value layer must be more than equivalent to 2.3

mmAl,
6) Reproducibility of exposure time test

The exposure time is one of the factor that
depend on controlling exposure dose and affects
to make an image, When we get a superior image
to diagnose, we need to maintain stable exposure
time, Place the PMX-III on the imaging stand
before test. Controlling light field, it matches the
detecting area, The factor(80 kVp, 100 mA) is fixed
and the time(0,05, 0.2, 0.4sec) is changed, At
each factor, we conduct the test for 3 times and
write the result on the sheet, Averaging the
result of test, we check the reproducibility of
exposure time, Allowable error is the same as
Table 2,

Table 2. Allowable error of Reproducibility of exposure
time test

Type Indication Allowance
Mono T <10 pulse * 0 pulse
Phase 10 pulse < T * 10%
Multi T < 0.01sec —1.5msec~+6msec
ulti
0.01sec < T<0.04sec * 20%

Phase

0.04sec < T * 10%

T < 0.01sec * Imsec
Inverter

0.01sec < T + 10%
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Table 3. kVp test of Clinic and Educational institution, Hospital (unit : %)
Clinic and Educational institution Hospital
Classification Classification
80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp
1 9.00 6.70 6.70 1 —2.50 —2.20 -2.30
2 3.00 5.00 4.00 2 —2.70 —-3.80 -2.90
3 14.4 17.1 22.1 3 —2.20 -2.50 -2.60
4 5.00 6.00 5.00 4 -1.90 -1.90 -1.70
5 1.50 6.00 6.80 5 —2.70 —2.40 -2.70
6 0.10 3.00 - 6 —2.00 -1.90 -2.10
7 —3.00 1.00 - 7 -2.90 —-2.70 7.00
8 —1.50 -2.50 —-1.60 8 0.27 0.74 0.00
9 3.40 11.5 17.2 9 -2.90 -2.20 1.40
10 —2.80 0.00 -1.10 10 -1.70 —-0.50 -1.90
N —1.40 —-0.70 3.40 11 —-3.00 -3.10 1.60
12 0.70 0.50 0.60 12 6.90 9.50 6.40
13 —-0.60 —-0.80 -1.10 13 1.20 —-0.40 0.00
14 0.00 -1.20 - 14 1.60 0.70 3.10
15 -2.90 -5.20 2.50 15 —-8.30 2.10 0.70
16 0.00 3.70 4.40 16 -1.90 —-1.80 —2.00
17 0.00 0.00 0.00 17 —-0.04 —-0.03 0.01
18 —-0.04 —0.03 0.01
19 —-0.06 —0.03 0.01
20 —-0.05 —0.03 0.01
III. Result 2. mR / mAs output test
According to the result of mAs test, the majority
1. kVp test of clinic and educational institution and hospital
The setting of the PAE at the kVp test must be showed that the results were normal except for the
within the range of = 10%, According to clinic and clinic only, A few pieces of equipment showed that
educational institution, most of the equipments were the setting of measurement condition was impossible
normal but 2 pieces of equipment were abnormal in or measurement range was out of normal value,
measurement results of 17 pieces of equipment, In Measurement results are Table 4,

case of Hospital, 20 pieces of equipment all showed

normal values, Measurement results are Table 3,
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Table 4. mAs test of Clinic and Educational institution,

Hospital (unit : %)
Classif— Clinic land Classifi— ,
sation Edu§at|9nal cation Hospital
institution
1 7.00 1 0.10
2 - 2 3.60
3 1.10 3 5.50
4 - 4 -
5 17.0 5 0.40
6 - 6 0.60
7 - 7 2.50
8 9.50 8 0.60
9 1.60 9 0.50
10 1.70 10 0.20
11 - 11 0.50
12 0.30 12 -
13 8.80 13 3.30
14 5.65 14 5.00
15 4.56 15 4.90
16 4.54 16 1.10
17 5.43 17 5.45
18 5.56
19 4.24
20 6.43

3. Beam alignment test

Surrounding error of beam alignment and light
field must be within £ 2% of SID. The result of
beam alignment test indicated 11.7% from clinic
and educational institution and 10% form Hospital,

The results are Table 5,

4. Exposure dose test

In reproducibility of exposure dose test,

coefficient of variation of the measured values

Table 5. Beam alignment of Clinic and Educational

institution, Hospital (unit : cm)
Clinic and
Classifi— Educational Classif— Hospital
cation institution cation
Rt—Lt Up—Dn Rt—Lt Up—Dn
1 1.50 2.00 1 1.00 0.50
2 0.50 1.80 2 0.30 0.30
3 1.50 1.50 3 0.30 0.30
4 2.10 1.50 4 0.30 0.30
5 0.50 0.80 5 0.50 0.50
6 0.50 1.80 6 0.50 0.50
7 1.00 1.50 7 1.00 1.00
8 1.00 1.00 8 1.30 1.30
9 0.50 1.00 9 0.50 0.50
10 0.50 1.00 10 0.50 0.50
11 1.80 1.50 11 0.50 0.50

12 0.80 1.00 12 0.80 0.30
13 0.50 1.00 13 0.30 0.50
14 1.50 1.30 14 2.30 1.20
15 1.20 2.00 15 2.30 0.30
16 1.50 3.00 16 0.30 0.30
17 0.00 0.00 17 2.00 0.25
18 1.50 1.00
19 1.00 1.00
20 0.70 2.00

must be within * 5% in width, Clinic and
education indicated error of 1 device from the
factor of 100 mA and 1 devise of 17 devises from
the factor of 200 mA, Hospital indicated error of 1
device of 20 devices form the factor of 100 mA
and 1 device didn't selected the factor of 100 mA.
In addition the factor of 200 mA indicated error
of 1 device of 18 devices and 1 device didn't
selected the factor of 200 mA., The results are
Table 6, 7.
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Table 6. Exposure dose test of Clinic and Educational

Table 7. Exposure dose test of Hospital (unit : %)

institution (unit : %)
Clinic and Educational institution
Classif—
sation 80 kVp, 100 mA 80 kVp, 200 mA
0.5sec 1sec 1.5sec 0.5sec 1sec 1.5sec

1 0.00 020 0.00 0.30 0.00 0.30
2 0.10 0.20 0.00 0.00 0.00 0.40
3 0.20 0.00 0.20 0.00 0.25 0.38
4 0.00 0.00 0.00 0.00 0.00 -
5 0.00 0.00 0.00 0.00 0.20 0.10
6 0.00 0.00 0.00 0.00 0.50 -
7 0.00 0.00 0.00 0.00 0.00 -
8 0.00 0.00 0.00 0.20 0.10 0.10
9 0.00 0.00 0.30 0.30 - -
10 0.00 0.00 0.00 0.00 - -
11 0.00 0.00 0.00 280 1.10 -
12 0.00 0.00 0.00 0.00 - -
13 0.00 0.00 0.00 0.00 0.00 0.00
14 0.29 018 0.83 264 060 2.70
15 17.8 142 089 1.46 0.08 0.56
16 1.64 023 024 253 13.7 1.64
17 219 097 1.01 0.34 0.66 -

5. Half Value Layer test

HVL test is over 2,3 mmAl when its output is
80 kVp and
clinic and educational institution cases, we were
found error on a device of 17 devices, On the other

hand, all devices of Hospital were normally work,

The results are on Table 8,
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if it could output over 70 kVp,

Hospital
Classif—
} 80 kVp, 100 mA 80 kVp, 200 mA
cation
0.5sec 1sec 1.5sec 0.5sec 1sec 1.5sec
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 7.10
3 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 1.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00
6 1.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.30 0.40 0.30
9 210 0.30 1.20 0.40 0.20 0.00
10 1.50 0.30 0.10 0.00 0.40 0.20

N 0.0 030 070 110 0.10 2.30
12 0.00 - - 0.00 0.00 0.00
13 0.00 0.00 0.00 0.00 0.00 0.00
14 0.10 0.00 0.00 0.02 0.02 0.05
15 0.00 0.00 0.00 154 0.15 1.80
16 0.00 87.00 0.00 0.00 1.45 0.16
17 0.00 0.00 0.04 015 0.04 0.038
18 0.29 051 039 012 042 024
19 126 114 1.03 1.001 099 0.8
20 0.03 0.038 0.1 0.01 0.02 0.09

In

6. Exposure time test

Coefficient of variation width measured value
must be in £ 10% at exposure time test, In clinic
and educational institution cases, we were found
error on 2 devices of 17 devices. And we couldn't
control exposure condition of 4 of them, In hospital
cases, we were found error on 2devices of 20

devices, The results are on Table 9,
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Table 8. HVL test of Clinic, Educational institution

Table 9. Exposure time test of Clinic, Educational

and Hospital (unit : mmAl) institution and Hospital (unit : %)
oo Eovaton maon 1o PP e o
1 3.9 1 3.9 1 260 140 070 3.00 030 0.20
2 2.8 2 3.6 2 ~ 200 140 1.60 0410 0.00
3 3.1 3 3.6 3 420 110 050 1.50 030 0.00
4 3.0 4 3.8 4 =100 -10.00 -9.20 2.00 0.40 —9.00
5 3.2 5 4.0 5 13.8 1.90 1.00 240 020 0.10
6 3.0 6 3.9 6 ~ 18 320 230 030 0.10
7 1.9 7 3.4 7 ~ 218 080 1.00 010 0.00
8 3.0 8 3.0 8 390 1.00 030 240 010 0.00
9 3.1 9 3.7 9 600 010 010 260 010 0.0
10 3.6 10 3.6 10 15.00 800 26.00 3.70 020 0.10
11 2.8 1 3.8 11 - 280 130 210 0.10 0.10
12 3.8 12 3.8 12 340 040 030 21.00 7.00 —12.00
13 2.9 13 3.1 13 330 1.00 050 000 000 0.00
14 3.5 14 3.8 14 010 006 009 090 0.00 0.00
15 2.6 15 4.4 15 010 010 040 14.00 0.80 0.40
16 3.0 16 3.5 16 018 067 071 6.00 140 1.10
17 3.0 17 2.6 17 002 005 002 008 005 0.05
18 2.7 8 0.09 0.02 0.5
19 2.5 i 0.01 008 0.08
20 2.4 20 0.43 1.58 0.62

IV. Discussion

Each institution relatively comparison is
meaningless because the number of devices differ
to the hospital and educational institutions, In the
experimental results of the hospital, they have
recognized the importance of quality control, And
they have a quality control team in oder to act for
active quality control activities, According to
mostof the experimental results, standard of test
was satisfied, But In the experimental results of
clinic and educational institutions, the importance

and recognition of quality control were relatively

low, In case of clinic and educational institutions,
medical radiography diagnostic devices was tested
in 17 units, As a result of test, they have errors of
2 devices in kVp test(11,7%), 1 device in reproducibility
of exposure dose(5,8%), 2devices in Light field /
beam alignment test(11,7%), 1device in Half value
layer test(5.8%), 2devices in reproducibility of
exposure time test(11,7%). In case of hospital,
medical radiography diagnostic devices was tested
in 20 units, As a result of test, they have errors
of 2devices in Light field / beam alignment test
(10%), 2 device in reproducibility of exposure dose

(10%), 2 devices in reproducibility of exposure time
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test(10%)., When compared with the results of one
studys, kVp test in clinic and hospital of 50
devices indicated similar results(7 devices, 14%).
And 2 device in reproducibility of exposure dose(4%)
was relatively unsuitable, When compared with
our vresult, HVL test indicated high
unsuitable result(24 device, 48%).

levels
It means to
make the superior quality image to reduce the
scatter ray. When compared with the results of
one studyg, clinics and hospitals in the kVp test
and reproducibility of exposure dose test in the 5
devices(25%). Test the reproducibility of exposure
time in the 4 devieces(20%) when compared with
our test indicated high levels, The Exposure time
which is the factor to make the image, Thus,
analyzing the reproducibility of exposure time, it
can reduce the scatter ray, Therefore, regular
maintenance is required, In the case of kVp test
and reproducibility of exposure time test in
hospital was same result And reproducibility of
exposure dose test in the 2 devices(20%) indicated
a high level, When compared with the results of
one study, light field/beam alignment test in 52
devices indicated unsuitable 1resu1t(19,2%)_10 That is
indicated slightly higher result of our one, So as
to obtain X-ray generating device for always the
same output must manage regularly, If it have
poor reproducibility, X-ray film of the contrast,
sharpness, concentration, etc can be worse, If you
have problems in these

factors, exposure of

patients can be caused by many problems,
According to the rules of diagnostic radiation
generator on the safety management, operation of
collimator whether it would work well should check
daily, Compatibility of light and X-ray field should
manage to half a year, The duty of radiographer
is that they should make the effort to reduce
scatter ray, and they need to manage the making
good quality image, So we recognize the importance
of quality control and need effort and investigation
for finding method, it can be contributed for

helping the improvement of Personal health,
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V. Conclusion

The objective of an X-ray examination is to
produce images of the patient of sufficient quality
to provide adequate diagnostic information for a
clinician, Therefore, the quality control of the
x—ray system are important that should be
maintain the regularly and radiographer need to
understand the importance of regular quality
control and practice it so they can get the fine

ideal image with the lower dose to the patient,
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