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Abstract— The amount of radiation received by the
patient who is undergoing X-ray examination needs to be
quantified to estimate the possibility of harm. Patient
doses in radiography primarily depend on the Entrance
Surface Dose (ESD) and the sensitivity of the organs and
tissues that are irradiated during the radiographic
examination. This study aimed to assess the ESDs to the
patients of age over 18years, who are undergoing
Postero-Anterior (PA) erect chest X-ray examinations at
the Kurunegala Teaching Hospital, Sri Lanka and to
determine whether the estimated mean ESD value is
higher than the recommended value of International
Atomic Energy Agency (IAEA) or not. A quantitative study
was done on a convenience sample of fifty (50) patients
selected separately for two (2) X-ray machines using an
indirect method to estimate the ESD. Mean ESD value
was calculated for each machine and finally this
calculated value was compared with the recommended
mean value given by IAEA using the Z-test. The results
have shown that the estimated mean ESDs of 0.018 mGy
and 0.023 mGy were less than the recommended value of
0.4 mGy. It is concluded that, the variations in the ESD
were due to the patient thickness, the different technical
characteristics of radiographic equipment and exposure
parameters employed by the radiographers. This
emphasizes the need for introducing a standard protocol
among the radiographic staff and using the quality
radiographic equipment.
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I. INTRODUCTION
The X-ray examination with image-receptor (film)
represents the first method of radiological investigation
for more than one century. Its benefits are immense and
have revolutionized the practice of the medicine. The
radiation doses received by the patients during such

investigations have been very poorly taken into
consideration during the first years of using this
method(Bogucarskis, et al. 2005). With the increase of
the radiological investigations and the new approach
regarding the risk of cancer development in the long
term, following the exposure to ionizing radiations, a
much greater attention has been paid to maintaining the
doses received by patients at a low level. From the
stochastic point of view, there is no evidence of the
existence of any threshold for radiation. This means
that any radiation dose, regardless of the size, may
have a potentially damaging effect. The probability, but
not the severity, of the stochastic effects grows up in
parallel with the increase of the exposure (Ajayi and
Akinwurniju, 2000).

It is important to grasp how much radiation exposure has
occurred through radiation diagnosis, in respect to
reduce unnecessary radiation to the patients (Sorop and
Dadulescu, 2011). The amount of radiation received by
the patient who is undergoing X-ray examination needs
to be quantified to estimate the possibility of harm.
Patient doses in radiography primarily depend on the
Entrance Surface Dose (ESD) and the sensitivity of the
organs and tissues that are irradiated during the
radiographic examination (Fujibuchi, et al. 2006). In Sri
Lanka, as yet, there are no published studies regarding
ESD for patients undergoing chest X-ray examinations. It
is important to know whether the ESD for chest X-ray
examinations are within the recommended value of
International Atomic Energy Agency (IAEA) to keep the
patient dose as low as possible.

The results of this study would be useful to reduce the
patient dose and also will be used as a baseline value for
quality assurance to optimize the patient dose. The
general objective of the study was to assess the ESDs to
the patients who are wundergoing chest X-ray
examinations in a selected Teaching hospital. The specific
objectives were to estimate the ESD to the patients of
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age over 18years, undergoing Postero-Anterior (PA) erect
chest X- ray examinations at the Kurunegala Teaching
Hospital, to determine whether the estimated mean ESD
values are higher than the recommended ESD value of
IAEA or not, to identify the factors affecting ESD and to
assess whether the X-ray machines used in the
Kurunegala Teaching Hospital need Quality Assurance
(QA) Programmes towards reducing patient dose.

Il. METHODOLOGY
A quantitative study was done using a convenience
sample of fifty (50) patients selected separately for two
(2) X-ray machines. ESDs for patients were assessed by
indirect method, using data of radiation output of the X-
ray tubes, exposure factors (kVp and mAs) and the
anatomical thickness of the patients. In this study the
Electronic Pocket Dosimeter (EPD) was used to plot the
radiation output graph for each X-ray machine. The range
of dose measurement used in the EPD varied from 1-
9999 uSv. It has a silicon semiconductor detector with
accuracy within £20% from 10 to 9999 uSv. Ethical
clearance was obtained from the ethical review
committee of University of Peradeniya.

First, a lead sheet was attached to the erect Bucky holder
and then the EPD was attached on that lead sheet at the
Focus to Film Distance (FFD) of 180 cm. The radiation
output values at different kVp settings were then
measured using the EPDas given in Tables 1 and 2.After
that the radiation output graphs were plotted by using
these radiation output measurementsas shown in Figures
1 and 2. Using those graphs, radiation output values were
taken for the selected kV values in the study.

The anatomical thicknesses and radiographic exposure
factors (kVp and mAs) used for each examination were
recorded on a self-designed sheet. The anatomical
thickness (cm) of the patients who met the inclusion
criteria was measured using a tape measure of least
count of 1mm, at the center point of the exposure field
at the level of eighth thoracic vertebrae (i.e. spinous
process of seventh thoracic vertebrae assessed by using
the inferior angle of the scapula) which in turn was used
to estimate the Focus to Skin Distance (FSD) for the
examination(Osibote and Azevedo, 2008).All FFD
measurements were from the center of the tube to the
film. Field sizes were also recorded to obtain Back Scatter
factors (BSFs) which were given by International
Commission on Radiation Protection (ICRP) 85.

FSDs were calculated by using FFD and anatomical

thickness of patients. In order to perform calculations of
ESD, information such as selected kV, mAs, and the FSD
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were entered into an Excel datasheet. ESD was computed
by using the following equation (Obed, et al 2007).

ESD = BSF x Tube Output (uGy/mAs) x

1809 % mAs
FSD

Mean ESD value was calculated for each machine and
finally this calculated value was compared with the
recommended mean value given by IAEA using the Z-test.
P values less than 0.05 was considered as significant.

IIl. RESULTS

Table 1. The radiation outputs of SHIMADZU type X-ray
machine with 400 mA of tube current

kv Radiation Output Mean Mean
(nGy) in 10 mAs Radiatio | Radiatio
n Output ;| n Output
(nGy)in  (uGy)in
10 mAs 1 mAs
1st znd 3rd
Data Data Data
set set set
40 13 11 12 12.00 1.200
50 16 14 14 14.66 1.466
60 17 16 16 16.33 1.633
70 18 16 16 16.66 1.666
80 19 17 17 17.66 1.766
90 19 17 18 18.00 1.800
100 | 20 18 19 19.00 1.900
110 | 20 19 21 20.00 2.000
120 | 20 20 20 20.00 2.000
Tube Output (MGy/mAs) with 400
mA Tube Current
- 2 . *
ﬁ 0.5
o
40 50 60 T0 80 0 100 1o 120

Tube Potential (kV)

Figure 1. Tube output chart of SHIMADZU type X-ray
machine
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Figure 2. Tube output chart of AMRAD MEDICAL type X-

ray machine
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Figure 3.Tube outputs of SHIMADZU and AMRAD
MEDICAL machine

Table 3. The values of the ESD with 400 mA tube current

Type of X-ray Range of ESD Mean of ESD
Machine (mGy) (mGy)
SHIMADZU 0.01-0.032 0.018
AMRAD MEDICAL 0.014-0.033 0.023

Mean ESD Values

0.028
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0.005
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Figure 4. Mean ESD values for machines used

- SHIMADTU
—-AMRAD MEDICAL
0.2+ == TAER, 1991 VALUE

Nean ESD Values (mds)

=8 5 5 8 5 9 " 89

Figure 5. Mean ESD values for machines used and the
recommended value

IV. DISCUSSION AND CONCLUSION
This study was carried out to estimate the mean ESD to
the patients who did undergo PA erect chest X-ray
examinations in X-ray department at Kurunegala
Teaching Hospital, Sri Lanka. A total of 50 dose
measurements for each machine on PA erect chest
examinations were recorded during the study.

Table 4. Mean ESD (mGy) value recommended by IAEA
and present study

Type of IAEA, 1994 = Present study

Examination (mGy) (mGy)

Chest PA 0.4 SHIMADZU machine
0.018

AMRAD MEDICAL
machine
0.023
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Table 4 shows comparison of reference level dose as
recommended by IAEA (1994) and results of the present
study.

According to the Z test the mean ESDs of the present
study were not equal to the recommended mean ESD
value of IAEA 1994. Further, the results showed that the
mean ESDs of the study were less than the
recommended value.

A similar study conducted in Greece has revealed that
the mean value of ESD was 0.044 mGy for chest PA
examination and another similar study conducted in
Addis Ababa, Ethiopia has revealed that the mean ESDs
for PA chest X-ray examination was within the range of
0.076 to 1.48 mGy (Teferis, et al 2010).

As the mean ESDs of the present study were less than the
recommended value, the kVp range applied by the
radiographers is acceptable in terms of patient dose. The
results also revealed a decrease of ESD with the increase
of kVp. Therefore, use of high kVp settings is appropriate
in avoiding unnecessary exposure to the patient.

The other radiographic technique parameter, mAs,
showed a significant increase of ESD with the increase of
mAs. Therefore, use of low mAs values is useful to avoid
high radiation dose to the patient.

Use of gonadal shields and thyroid shields is an important
issue regarding radiation protection. Although this is a
considerable factor, it was noticed that those protection
shields were not in use in the present study. This showed
a general lack of awareness of the importance and
significance of radiation protection issues at all stages of
the study.

This study showed that in the same X-ray room there
were variations in the ESDs which could be related to
differences in patient size and exposure parameters. In
terms of inter-room variations, the mean ESDs showed
variations in dose between rooms. These variations in the
ESD for the same type of examination between the
rooms may be due to the different technical
characteristics of radiographic equipment and technical
parameters employed as well.

The variations in the data obtained demonstrate the
importance of creating awareness of radiation protection
and regular quality control testing of radiographic
equipment. And also it shows the importance of using
standard protocols among the radiographic staff in order
to standardize practice and to avoid unnecessary risks of
increased radiation dose to patients and staff.The

24

machines used in the study were in good quality in terms
of radiation protection. ESD can be further reduced by
introducing a standard protocol among the radiographic
staff.

ACKNOWLEDGMENT
We would like to thank Dr.RuwanDumindalayasinghe,
Department of Oral Medicine and Periodontology,
Faculty of Dental Sciences, University of Peradeniya, for
his encouragement throughout this research project.

Our special thankgoes to, the Director of Teaching
Hospital Kurunegala, for his immense support by granting
us the permission to carry out this research project and
to the Radiographer in charge and all other radiographers
in Teaching Hospital Kurunegala, for their support
throughout the data collection.

We would like to thank Prof.S.Samitha, Department of
Crop Science, Faculty of Agriculture, University of
Peradeniya, for his guidance and support for the data
analysis.

REFERENCES
Ajayi and Akinwurniju, (2000), The measurement of
Entrance Surface Doses to Patients in Four Common
Diagnostic Examinations, Radiation Protection Dosimetry,
50, 73-76.

Bogucarskis K,Salmins A, Gfirtner H ,et al (2005),
Estimation of Patient Doses for Common Diagnostic X-ray
Examinations in Latvian Hospitals, Analysis of
Radiographic Techniques and Comparison with European
Guidelines,Radiation Protection Dosimetry, 114, 176-179.

Fujibuchi T, Kato H, Hashimoto M, et al(2006),
Characteristic Evaluation of a Real-time Silicon Dosimeter
and Measurement of Entrance Surface Dose at
Radiography, Nihon Hoshasen Gijtsu Gakkai Zasshi, 62,
997-1004.

Freitas M B and Yoshimura E M, (2004), Dose
Measurements in Chest Diagnostic X-rays: adult and
paediatric patients,Radiation Protection Dosimetry, 111,
73-76.

International Atomic Energy Agency, Regulations on
lonizing Radiation Protection of the Atomic Energy Safety
Regulations No.1 of 1999,/AEA Safety Series No.115.

International Atomic Energy Agency, Radiation Protection
in Diagnostic and Interventional Radiology — Overview of
Radiation Protection in Diagnostic Radiology,/AEA



Proceedings of 8" International Research Conference, KDU, Published November 2015

Training Material on Radiation Protection in Diagnostic
and Interventional Radiology
http://www.iaea.org/

International Atomic Energy Agency, Radiation Protection
in Diagnostic and Interventional Radiology — Radiation
Units and Dose Quantities, IAEA Training Material on
Radiation Protection in Diagnostic and Interventional
Radiology.

International Atomic Energy Agency, Vienna, (2007),
Dosimetry in Diagnostic Radiology: An International Code
of Practice.

Obed R I, Ademola A K, Adewoyin K A, et al(2007), Doses
to Patients in Routine X-Ray Examinations of
Chest,Skull,Abdomen and Pelvis in Nine Selected
Hospitals in Nigeria,Research Journal of Medical Sciences,
4,209-214.

Osibote O A & de Azevedo A C, (2008), Estimation of
adult patient doses for common diagnostic X-ray
examinations in Rio de Janeiro, Brazil,Phys Med, 24, 21-
28.

Shabhazi-Gahrouei D, (2006), Entrance Surface Dose
Measurements for Routine X-ray Examinations in
Chaharmahal and Bakhtiari Hospitals,/Iran Journal of
Radiation Research, 4, 29-33.

Sorop |, Dadulescu E, (2011), Assessment of Entrance
Surface Doses for Newborn Babies within an Intensive
Care Unit,Romanian Reports in Physics, 63, 401-410.

Teferis S, Admassie D, Worku A, et al (2010), Local
diagnostic reference levels for adult posteroanterior (PA)
chest x-ray examination in Addis Ababa, Ethiopia,Ethiopia
Medical Journal, 48, 49-55.

BIOGRAPHY OF AUTHOR

Ms.LHMIM Herath (BSc. (Hons) in
Radiography) is a Lecturer
(Probationary) in the Department of
Radiography/Radiotherapy, Faculty of
Allied Health Sciences, General Sir John
Kotelawala Defense University. She is

| currently reading for her MSc on
“Medical Physics” in the Department of Nuclear Science,
Faculty of Science, University of Colombo.

Ms.ILU Chandrasiri (BSc. (Hons) in
Radiography) is a Lecturer
(Probationary) in the Department of
Radiography/Radiotherapy, Faculty of
Allied Health Sciences, University of
Peradeniya. She is currently reading for
her MSc on “Medical Physics” at the
Faculty of Science, University of Peradeniya.

A

- Wil
S N Xu"

Mr.SA Senavirathne (BSc. (Hons) in
Radiography) is a Radiographer at
National Hospital, Colombo. He is
currently reading for his MSc on
“Medical Physics” at the Faculty of
Science, University of Peradeniya.

Dr.S Rosairo (MBBS MD (Radiology))
is a Senior Lecturer in the Department
of Radiology, Faculty of Medicine,
University of Peradeniya. And also she
is giving her radiological services to
the patients at Teaching Hospital
Peradeniya. She is a Life member of
Sri Lanka College of Radiologists,
Kandy Society of Medicine, Sri Lanka and Peradeniya
Medical Students Alumini Association, Associate member
of the Royal College of Radiologists, U.K, Member of
Board of Study in Radiology PGIM, University of
Colombo, Sri Lanka, and Senate Research Committee,
University of Peradeniya, Sri Lanka, Chairperson of
Research Committee, Faculty of medicine, University of
Peradeniya, Sri Lanka and Ethical Review Committee,
Faculty of Medicine, University of Peradeniya, Sri Lank

25


http://www.iaea.org/

