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Abstract: A preliminary study was carried out to establish the trend of dose received by patient during
x-ray examination in two hospitals in Penang state, Malaysia. Entrance surface doses (ESDs) for nine
common types of x-ray procedures, namely chest AP/PA (anterior/posterior), chest lateral, abdomen
AP/PA, cervical spine AP, lumber spine AP, lumber spine lateral, pelvis AP, skull lateral and skull AP
were measured. A total of 71 data were collected from 59 patients who participated in this study. The age
of the patients ranged from 17 to 72 years old while the weight and height of these patients ranged from
35.5 kg to 138.2 kg and 145.0 cm to 181.0 cm, respectively. The ESDs were measured using
thermoluminescence dosimeters (TLDs) attached to the patient’s body. The mean ESDs obtained in this
study for chest AP/PA, chest lateral, abdomen AP/PA, cervical spine AP, lumber spine AP, lumber spine
lateral, pelvis AP, skull lateral and skull AP were 0.18, 0.69, 4.89, 0.21, 5.74, 11.36, 4.83, 1.69 and 1.72
mGy, respectively. In general, the ESDs measured for the different types of x-ray procedures were found
to be lower than or in agreement with the guidance levels set by the International Atomic Energy Agency
(IAEA) and other international bodies.
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INTRODUCTION

Diagnostic x-ray examinations constitute the largest
source of man-made radiation exposure to human.
UNSCEAR 2000[1] has estimated that the worldwide
annual per capita effective dose from diagnostic
medical examinations is 0.4 mSv. This value is
relatively high when compared with 0.005 mSv from
atmospheric nuclear testing, 0.002 mSv from the
Chernobyl accident and 0.0002 mSv from nuclear
power production. X ray was first used in medicine at
the turn of the 19th century, shortly after its discovery
by Wilhelm Röntgen in 1895. Over the last 100 years,
X-ray has found increasing application in medicine and
is today firmly established as an essential tool for
diagnosis and therapy[2]. Most practicing physicians
however have minimal knowledge of either radiation
effects or radiation safety and often have little interest
in these subjects. Therefore it is important to provide
radiation protection and safety without unduly
burdening physicians or restricting the benefits of
medical radiation exposure. The current philosophy of
the International Commission on Radiological

Protection (ICRP) in medical practice is that any use of
radiation should be justified[3]. After justification, it is
important to optimize the procedure. In radiography
this means using as low a dose as reasonable to obtain
an optimum image of diagnostic quality.

In Malaysia, physicians are required to undergo a
compulsory 40-hour credit training in order to handle
x-ray machines[4]. This regulation was introduced by
the Ministry of Health in 2001 to ensure the safety and
quality of x-ray service and minimize the risk to
patients and workers. In general, adverse radiation
effects are divided into two categories: stochastic and
deterministic effects. Stochastic effects most commonly
refer to the adverse radiation effect in the exposed
individual as well as in the next generations. These
effects are due to either unrepaired or misrepaired
DNA damage. Deterministic effects are mostly due to
cell killing. If only a few cells in a given tissues are
killed, no effect will be apparent. If sufficient cells are
killed, there will be an obvious clinical effect.
Diagnostic radiology includes plain film radiography
and mammography, where the organs can receive doses
in the range of 1 – 20 mGy. It also includes computed
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tomography, which gives organ doses in the range of
10 – 100 mGy. In all these cases, the risks are
relatively small and are predominantly from cancer
induction. A number of national surveys have revealed
that the doses used by different hospitals for the same
types of x-ray examination vary widely[5]. Based on
this knowledge, national protocols for dose
measurements have been developed in some countries.
The protocols allow x-ray departments to compare their
own performance against national norms and to decide
whether action is needed to reduce the doses given.
Table 1 lists guidance levels for diagnostic
examinations as given by the International Atomic
Energy Agency (IAEA), the Commission for the
European Communities (CEC), the diagnostic reference
levels of the United Kingdom (UK)[6] and the Center
for Devices and Radiological Health (CDRH) of the
United States of America.

Worldwide interest in patient dose measurement
was stimulated by the publication of Patient Dose
Reduction in Diagnostic Radiology by the UK National
Radiological Protection Board (NRPB) in 1990[7]. Since
then, major dose surveys have been reported in both
advanced and developing countries[8-15], including
Malaysia[16]. A collaborative national survey by the
University of Malaya and the Ministry of Health was
conducted from 1993 to 1995 to established baseline
patient dose data for seven common types of X ray
examination in Malaysia. A total of 12 randomly
selected public hospitals including one from Penang
and 867 patients were included in that survey. Survey
results are generally comparable with those reported in
the UK, USA and by the IAEA as shown in Table 1.
The objective of this work is to study the trend of
patient dose received from common x-ray examinations
in two public hospitals in Penang. The work reported
here was the preliminary finding of this study. 

MATERIAL AND METHODS

2.1. TLD Selection: Thermoluminescence dosimeters
(TLDs) used in this study were Harshaw TLD-100
(LiF: Mg, Ti) chips of dimensions of 3.2 mm × 3.2
mm × 0.89 mm. The chips were annealed at 4000C for
1 h followed by 800C for 20h. The irradiated TLDs
were then read on a Harshaw model 3500 TLD reader.
The time temperature profile (TTP) was set at an initial
preheat temperature of 500C and an acquire temperature 

rate of 120C s-1 for  an  acquisition  time  of        s. 133 3

Calibration cycles were first performed by exposing the
TLDs  at a  focal distance of 50 cm, collimation field
of 10 cm x 10 cm  and at 100 kVp on a Toshiba X
ray system. A PTW UNIDOS ion chamber was then

used to measure the dose given. All TLDs were
exposed with the same setting. The TLDs were read 24
hours after exposure to make sure that the glow peaks
with low half-life were stabilized. Sensitivity factor of
all the TLDs were determined thrice. The standard
deviation for each TLD was then calculated based on
the three different sensitivity factors. Only those TLDs
with sensitivity ranging within +5% and reproducibility
within +5% were chosen for calibration and
measurements of ESDs in this survey. 

2.2. TLD Calibration: Since the TLD-100 has an
energy dependence at the diagnostic x-ray energy, it
was necessary to calibrate the TLDs at the different
kVps. Three kVps were selected i.e. 60, 80 and 100
kVp. The half value layers (HVL) at these kVps were
1.9 mmAl, 2.50 mmAl and 3.05 mmAl. The TLDs
were annealed before each exposure. For each dose, at
least 3 or 4 TLDs were used. Five TLDs were used as
control TLDs, i.e. TLDs that were not exposed to
radiation. The TLDs were read 24 hours after exposure.
The graph of nC versus mGy was then plotted for each
kVp. The slope (gradient) of the graph was determined.
The average slope was then determined from the data
of 60, 80 and 100 kVp to get the mean calibration
factor of the TLDs. This is necessary as the kVps vary
for the different x-ray examinations.

2.3. Patient Dose Survey: The survey method in this
work was based on the guidelines established by the
NRPB protocols. Only two public hospitals in Penang
participated in this survey. For each x- ray machine,
specific data such as type, model, waveform, filtration,
film-screen combination and output were recorded. The
following nine common types of x-ray procedures were
studied in this survey, namely chest AP/PA, chest
lateral, abdomen AP/PA, cervical spine AP, lumber
spine AP, lumber spine lateral, pelvis AP, skull lateral
and skull AP. For each patient and x-ray unit, the
following parameters were recorded: sex, age, weight,
height, body mass index, focus-to-film distance (FFD),
film size, kVp and mAs. Measurements of ESDs were
made using four individually packed TLD chips. The
chips were placed at the center of the beam on the
patient’s skin during the exposure. These chips were
then read using a Harshaw 3500 TLD reader to acquire
the TL signals with the help of the WINREMS
software. ESDs were then calculated from equation (1)
below.
ESD = TLD Reading (in nC)/CF (in nC/mGy)     (1)

where TLD Reading = Average reading of four TLDs
attached to patients – Average reading of four control
TLDs and CF = Average calibration factor of the
TLDs.
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Table 1: Guidance levels (in mGy) as prescribed by various agencies for diagnostic radiological examinations.
Radiograph Projection IAEA[17] CEC[9] UK [6] CDRH[5] (mean value) Ng et al.[16]

Chest PA 0.4 0.3 0.15 0.17 0.28
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LAT 1.5 1.5 0.6 - 1.40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Abdomen AP 10 - 4 5.6 10.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pelvis/hip AP 10 10 4 - 8.41
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Skull AP/PA 5 5 2 - 4.78
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LAT 3 3 1.3 1.6 3.34
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cervical spine AP - - - 1.5 1.02
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lumber spine AP 10 10 5 6.4 10.56
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LAT 30 30 11 - 18.60 

RESULTS AND DISCUSSION

3.1. TLD Calibration: Figure 1 shows the plot of
TLD response in nC against dose for the three selected
kVps. The calibration factor ranges from 6.62 to 7.30
nC/mGy and the mean calibration factor is 6.95
nC/mGy. Based on the mean value an uncertainty of
+5% would be expected in the measurements.

3.2. Patient Dose Survey: In this survey, complex
examinations such as barium enema with constantly
varying irradiation geometry were avoided in favour of
simple procedures. Even simple chest examinations
may present a challenge to the survey. Biographical
data such as patient age, weight, height, body-mass
index, type of examination as well as machine
parameters were recorded. This is shown in Table 2.
The body-mass index which is calculated by
weight/(height)2 is indicative of the size and shape of
the person[16]. The weight of the patients ranged from
36 to 138 kg and the average being around 65 kg. For
each patient projection, four calibrated TLDs were
placed onto the patient entrance surface and aligned
centrally. TLDs were read in accordance with
manufacturer's recommendations and the data were
appended manually to the spreadsheet to provide an
assessment of the absorbed dose (including backscatter)
at the patient surface. Data were then sorted according
to examination type. The results are given in Table 3.
The maximum values of lumbar spine in both
examinations were high as these patients’ weights were
large in the range of 120-138 kg.

The histogram of selected projections where the
number of patients is greater than 10 is shown in
Figure 2. The histograms show a skewed distribution
where the mean values were slightly larger than the
median values. One of the influencing factors in the
high ESD obtained in some cases in the different
examinations is probably due to the large patient
weight.

For each examination, hospital data were compared
with the guidance levels set by the International
Atomic Energy Agency (IAEA) and other international

bodies. This is shown in Figure 3.

Conclusions: The mean entrance surface dose (ESD)
obtained for chest AP/PA, chest lateral, abdomen
AP/PA, cervical spine AP, lumber spine AP, lumber
spine lateral, pelvis AP, skull lateral and skull AP were
0.18, 0.69, 4.89, 0.21, 5.74, 11.36, 4.83, 1.69 and 1.72
mGy, respectively. However the ESD of some of the
examinations shown in Table 3 were based on one or
two measurements only. The results indicate that the
ESDs received by patients undergoing x-ray
examination at the two hospitals in this study were
well below the guidance levels set by the IAEA and
other international bodies. One possible reason is that
the patient size is relatively smaller than a European
patient. It is also possible that the x-ray personnel at
the two hospitals were highly competent and the x-ray
equipments were well maintained. All x-ray machines
have to pass the annual quality control evaluations
before being allowed to operate. Consequently, the
radiation risk to patients is minimized. Continuing
effort to keep the radiation risk to patients as minimum
as possible is vital. Therefore, the following
recommendation could be useful. Firstly, in
administering x-rays, the ALARA (as low as
reasonably achievable) principle should be used. This
will ensure that the radiologist, radiographer, patient
and others who must be in the room with the machine
are well taken care. Secondly, training schemes should
be put in place for training of radiation workers in
order to spearhead radiation monitoring in hospital.
Thirdly, the public should be made aware through the
means of mass education of the danger posed by
exposure to radiation. The survey carried out in this
project serves as a preliminary study to establish the
patient dose trend for patients undergoing common x-
ray examinations in the state of Penang. The
establishment of dose guidance levels and estimation of
stochastic risk to the Malaysian population from X-ray
diagnostic procedures are possible studies of future
interest.
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Fig. 1: TLD response against dose for the three selected kVps in the diagnostic energy.

Table 2: Patient information and x-ray machine parameters. Mean values and range (in parentheses) are shown.
Type of Projection Number Age (years) Weight (kg) Height (cm) Body-mass Mean Mean mAs
Examination of Data index kVp (kV) (mAs)
Chest AP/PA 25 47 (18-69) 65 (36-101) 160 (145-175) 25 (15-37) 65 (56-72) 5 (4-10)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LAT 1 67 55 158 22 72 20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Abdomen AP/PA 16 51(30-69) 63 (39-88) 160 (145-181) 25 (16-33) 72 (63-88) 35 (20-50)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cervical spine AP 2 36 (22-49) 64 (54-74) 152 (151-152) 28 (23-32) 58 (57-59) 6 (5-6)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lumber spine AP 10 49 (23-72) 68 (44-138) 159 (147-177) 26 (17-44) 73 (68-90) 35 (25-63)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LAT 12 45 (17-72) 72 (44-138) 161 (147-177) 27 (17-44) 85 (74-93) 52 (32-80)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pelvis AP 2 56 (42-70) 67 (52-81) 158 (151-164) 27 (23-30) 69 (68-69) 33 (25-40)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Skull LAT 1 70 52 152 23 63 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AP 2 26 (24-27) 70 (45-95) 157 (155-158) 29 (18-39) 68 (66-69) 18 (16-20)

Table 3: Distribution of entrance surface doses (ESDs) for nine common types of x-ray examinations from two hospitals in Penang.
Type of Examination Projection Number of Data Mean ESD (mGy)

-------------------------------------------------------------------------------------------------------------
Min. 1st quartile Median Mean 3rd quartile Max.

Chest AP/PA 25 0.07 0.12 0.15 0.18 0.19 0.68
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LAT 1 - - - 0.69 - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Abdomen AP/PA 16 2.26 2.87 4.93 4.89 6.28 9.23
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cervical spine AP 2 - - - 0.21 - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lumber spine AP 10 2.35 3.78 4.90 5.74 6.81 13.15
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LAT 12 4.83 7.80 10.21 11.36 13.72 19.48
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pelvis AP 2 - - - 4.83 - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Skull LAT 1 - - - 1.69 - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AP 2 - - - 1.72 - -
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(a)

(b)

(c)
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(d)
Fig. 2: Histograms of entrance surface dose (ESD) for selected projections in two hospitals in Penang. First and

third quartiles are shown by dotted and dash lines, respectively, while median are shown by solid lines.
(a) Chest AP/PA; (b) abdomen AP/PA, (c) lumbar spine AP; (d) lumbar spine Lat.

Fig. 3: Comparison of ESDs obtained in the present study with the guidance levels set by various international
bodies. 
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