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Abstract
AIM: To measure and compare computed tomography 
(CT) radiation doses delivered to patients in public 
paediatric hospitals in Australia and Saudi Arabia.

METHODS: Doses were measured for routine CT 
scans of the head, chest and abdomen/pelvis for chil-
dren aged 3-6 years in all dedicated public paediatric 
hospitals in Australia and Saudi Arabia using a CT 
phantom measurement cylinder.

RESULTS: CT doses, using the departments’ protocols 
for 3-6 year old, varied considerably between hospi-
tals.  Measured head doses varied from 137.6 to 528.0 
mGy·cm, chest doses from 21.9 to 92.5 mGy·cm, and 
abdomen/pelvis doses from 24.9 to 118.0 mGy·cm. 
Mean head and abdomen/pelvis doses delivered in 
Saudi Arabian paediatric CT departments were signifi-
cantly higher than those in their Australian equivalents.

CONCLUSION: CT dose varies substantially across 
Australian and Saudi Arabian paediatric hospitals. 
Therefore, diagnostic reference levels should be estab-
lished for major anatomical regions to standardise dose.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The use of  computed tomography (CT) as a diagnostic 
tool has dramatically increased[1], and with it, the radiation 
exposure to the general population, which may be a pub-
lic health issue in the future[2]. Approximately 62 million 
CT examinations were performed in the United States in 
2006, and the numbers are growing at 10% per annum; 4 
million CT scans (approximately 6.5%) were performed 
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on American children[1,3]. In Australia between 1996 and 
2010, total CT scan numbers have increased 2.8-fold, 
and paediatric CT scan examinations have had a 2.4-fold 
increase[4]. Japan, the United States of  America and Aus-
tralia lead the world in the number of  CT scanners, with 
64, 26 and 18 scanners per million citizens, respectively[5]. 
The number of  CT scans is reportedly growing at about 
9% each year in Australia[6]. It is estimated that CT scan-
ning in Australia accounts for 65% of  the population’
s medical radiation exposure[7]. In 2006, an estimated 
13.5 million radiological procedures were undertaken, 
and approximately 2.4 million of  these procedures were 
CT scans[4]. Schauer et al[8] suggest that because of  this 
increase in CT referrals, and the relatively heavy dose 
contribution from CT, the risks to the population from 
ionising radiation will also increase.

Approximately 33% of  all paediatric CT examina-
tions are in children aged ten years old or younger, with 
17% in children aged five or younger[9]. At these ages, 
the organs and tissues are intrinsically more sensitive to 
oncogenic effects of  radiation due to the far higher pro-
portion of  cells that are dividing and reproducing[10-12]. 
The radiation-induced risk is also higher in paediatric 
patients due to wider and increased cellular distribution 
of  red bone marrow, and their greater post-exposure life 
expectancy[13,14]. The effective radiation doses received 
by children are about 50% higher than those received by 
adults for the same acquisition protocols, due to their 
smaller body size and related attenuation[15]. It is crucial 
for radiographers and radiologists to understand how 
CT dose relates to radiation bio-effects. With the grow-
ing popularity of  CT, and the associated risks of  radia-
tion exposure, the need for national comparative CT 
dose survey data is clear.

Diagnostic reference levels (DRLs) are used for com-
parison of  CT doses from different hospitals and to en-
courage CT departments to reduce their patient radiation 
dose levels[16]. A DRL, as first defined by the Interna-
tional Commission on Radiological Protection (ICRP), is 
“a form of  investigation level, applied to an easily mea-
sured quantity, usually the absorbed dose in air, or tissue-
equivalent material at the surface of  a simple phantom 
or a representative patient”[17]. The ICRP recommended 
the establishment of  DRLs in order to allow CT depart-
ments to compare their dose levels to national or regional 
standards. Using a specified dose measurement protocol 
and phantom, the DRL is usually defined as the 75th 
percentile of  the data distribution[18]. This identifies the 
departments which lie above the DRL as those in which 
dose reduction would have the greatest impact. Since the 
DRL will always be breached by 25% of  the population, 
the DRL should be used as an indication rather than a 
proof  of  excessive dose[19].

The use of  DRLs has reduced the overall dose and 
the range of  doses observed in clinical practice in the 
United Kingdom, with a 50% decrease in average dose 
between 1985 and 2000[20,21]. To achieve similar outcomes 
in Australia, DRL surveys must initially be conducted[19]. 

This paper describes the conduct and results of  the first 
survey of  public paediatric hospitals in Australia and 
Saudi Arabia.

The objective of  this research was to obtain doses 
from common paediatric CT scan examinations in Aus-
tralia and Saudi Arabia using a simple dose measurement 
method. From these data, a simple ranking method, 
similar to those used in DRL methods, was used so that 
staff  in CT departments undertaking paediatric exami-
nations can use this method to compare their CT scan 
factors against the dedicated paediatric CT scanners. 

An additional objective was to compare measured 
dose data with the dose information that was displayed 
on the CT console, which should be a regular part of  
quality assurance procedures. This comparison would as-
sure paediatric CT staff  of  their ability to evaluate their 
doses from console data.

MATERIALS AND METHODS
Radiation dose measurements were obtained for CT 
scan examinations of  the head, chest and abdomen/pel-
vis using existing departmental protocols for children 
aged 3-6 years from all public paediatric hospitals in 
Australia (designated A1 to A7) and Saudi Arabia (desig-
nated B1 to B8) [see Table 1 for details of  CT scanners; 
note that eight models of  CT scanner (1, 6, 16 and 64 
slices), manufactured by four different companies, were 
in use at the 15 participating hospitals]. This age range 
was selected due to the availability of  data for all paedi-
atric hospitals participating in the study, and also because 
this is a popular age for paediatric injuries resulting from 
trips and falls. Scans were performed in the departments’ 
own CT scan units using a CT phantom measurement 
cylinder of  16 cm diameter[22].

The phantom was scanned using department pro-
tocols for each region and dose was recorded using a 
DIADOS dosimeter and 100 mm long free-air ionisation 
chamber (PTW DIADOS, Freiburg, Germany). The re-
corded charge, in nC, was converted to mGy·cm using an 
established conversion factor. The phantom was scanned 
over a range of  100 mm, placing the CT probe only in 
the central chamber. The purpose of  scanning over this 
volume was to eliminate differences due to slice/beam 
thickness, number of  slices and pitches between each 
department’s protocols. Each CT scan used the depart-
ment “routine” protocol for each anatomical region and 
was repeated for a total of  three measurements. For all 
hospitals and scan regions, the three measurements were 
found to agree to within 0.5% error. Where provided by 
the CT manufacturer, volume computed tomography 
dose index (CTDIvol) and/or dose length products (DLP) 
were recorded for each scan.

From the dosimetry data, reference levels (RLs) were 
calculated using the developed RL methodology for each 
CT anatomical region in each country. The RL method-
ology is similar to DRL, where dosimetry data is placed 
in rank order. The 75th percentile was used as a RL 
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threshold, with hospitals above this value being classified 
as delivering “high” doses[19].

To determine whether there was a statistically signifi-
cant difference between the Australian and Saudi Ara-
bian hospital CT protocols for each anatomical regions 
(head, chest, abdomen/pelvis), the measured doses were 
compared using Student’s t-tests (in MINITAB v16) with 
the confidence level set at 95%. The definition used for 
an outlier data point is a point which falls more than 1.5 
times the interquartile range above the third quartile, or 
below the first quartile[23].

RESULTS
Figure 1 shows the mean head dosimetry measurements 
delivered in the seven Australian and eight Saudi hospitals.

The measured head doses from paediatric CT scan 
protocols in the Australian hospitals had greater range 
than the Saudi Arabian scans. Nevertheless, the Aus-
tralian data include a cluster of  six doses in the range 
137.6 to 315.1 mGy·cm with an outlier at 528 mGy·cm, 
being the only dose produced by an Australian CT head 
scan protocol above the 75th percentile DRL. The RL 
is exceeded in three of  the eight Saudi Arabian hospitals 
sampled; indicating that the Saudi dose distribution is 
skewed to the right of  the Australian distribution. As can 
be seen in Figure 1, five of  the six highest CT head scan 
doses are from Saudi Arabian CT departments.

The measured head doses given by standard paedi-
atric CT protocol in the Saudi Arabian hospitals varied 
from just below 200 mGy·cm to 416.3 mGy·cm. The 
variation in the range of  doses from CT head scan pro-
tocols in Saudi Arabian paediatric hospitals is less than 
that in Australian paediatric hospitals.

With the exception of  hospital A7 at 528.0 mGy·cm, 
measured Australian paediatric CT head scan doses were 

lower than most Saudi Arabian doses, although the over-
all variation in Saudi Arabian paediatric CT head scan 
doses was less than observed in the Australian data. The 
mean Australian paediatric CT head scan dose was not 
significantly lower than the mean Saudi Arabian paediat-
ric CT head scan dose by 2-sample Student’s t-test (280.1 
mGy·cm vs 323.3 mGy·cm, P = 0.438); however, when 
the sole Australian outlier was removed, the difference 
was weakly significant (238.8 mGy·cm vs 323.3 mGy·cm, 
P < 0.10).

The Australian paediatric CT chest data are similar in 
distribution to the CT head data, in that there is an over-
all lower grouping with six hospitals delivering standard 
doses in a small range between 21.8 mGy·cm and 53.1 
mGy·cm. The 75th percentile for the Australian hospitals 
was at 52.1 mGy·cm. 

The CT chest doses given by standard paediatric 
CT protocol in the Saudi Arabian hospitals varied from 
below 30 mGy·cm to 84.5 mGy·cm. The 75th percentile 
for Saudi Arabian hospitals was at 77.8 mGy·cm. As 
can be seen in Figure 2, five of  the six highest doses are 
from Saudi Arabia.

Generally, the Australian CT chest doses were lower 
than most Saudi Arabian doses. The mean measured 
Australian chest CT dose was not significantly lower 
than the mean Saudi Arabian dose by 2-sample Student’s 
t-test (41.7 mGy·cm vs 60.3 mGy·cm, P = 0.127).

The distribution of  Australian mean abdomen/pelvis 
radiation doses shown in Figure 2 is different to that 
shown in Figure 1A (head) and 1B (chest), with four 
hospitals clustered tightly at the low end of  the range 
(24.9-36.4 mGy·cm), a fifth hospital (A6) in the middle 
of  the range at 72.8 mGy·cm, and two larger values at 
over 100 mGy·cm each. 

Note that the highest values (A2 and A5) were also 
the hospitals which delivered the highest measured 
doses for chest scans (Figure 3). The 75th percentile 
for Australian hospitals was at 113.9 mGy·cm. The CT 
abdomen/pelvis doses given by standard paediatric CT 
protocol in the Saudi Arabian hospitals varied from be-
low 30 mGy·cm to 111.1 mGy·cm - an increase by a fac-
tor of  nearly four. The 75th percentile for Saudi Arabian 
hospitals was at 81.7 mGy·cm. Unlike the head and chest 
dose distributions, the Saudi Arabian abdomen/pelvis 
75th percentile value is lower than the Australian 75th 
percentile value. 

As can be seen in Figure 1B, four of  the six high-
est abdomen/pelvis doses are from Saudi Arabian CT 
departments, and four of  the five lowest doses were 
from Australian CT departments. Figure 4C shows an 
unusual distribution of  radiation doses, with clusters 
around 30.0 mGy·cm, 70.0 mGy·cm and 115.0 mGy·cm. 
Saudi and Australian doses exhibit very similar ranges, 
although four of  seven Australian doses are in the 30 
mGy·cm cluster. The mean Australian abdomen/pelvis 
CT dose was not significantly different from the mean 
Saudi Arabian abdomen/pelvis dose (61.1 mGy·cm 
vs 69.4 mGy·cm, P = 0.637). Figure 3A combines the 

Country Hospital 
code

Manufacture Model No. of rows 
of detectors

Australia A1 Siemens Sensation 16
Australia A2 Philips Brilliance 64
Australia A3 General electric Light speed 

VCT
64

Australia A4 Toshiba Aquilion 64
Australia A5 Philips Brilliance 64
Australia A6 Siemens Somatom 

sensation
64

Australia A7 Toshiba Aquilion 16
Saudi Arabia B1 Toshiba Aquilion 64
Saudi Arabia B2 Siemens Emotion   1
Saudi Arabia B3 General electric Light speed 

VCT
64

Saudi Arabia B4 Siemens Somanta   6
Saudi Arabia B5 General electric Light speed 16
Saudi Arabia B6 General electric Hispeed   4
Saudi Arabia B7 Siemens Emotion   1
Saudi Arabia B8 Siemens Emotion   1

Table 1  Computed tomography units within hospitals

VCT: Volume computed tomography.
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Figure 1  Mean head computed tomography dosimetry measurements from Australian and Saudi Arabian paediatric public hospitals. A: Head; B: Chest.
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Figure 2  Mean abdomen/pelvis computed tomography dosimetry measurements from Australian and Saudi Arabian paediatric public hospitals.

Figure 3   Combined mean dosimetry measurements from Australian and Saudi Arabian paediatric hospitals for head, chest and abdomen/pelvis.
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resulting data in Figures 1 and 2. This provides an alter-
native perspective in tracking each institution’s perfor-
mance across different protocols. The 75th percentile 
line is also included for each protocol: head, chest and 
abdomen/pelvis.

Head, chest and abdomen/pelvis region CT dosim-
etry readings were analysed to determine whether there 
was any difference between single-slice and multi-slice 
CT scanners. Using 2-sample Student’s t-tests, it was 
found that there was no statistically significant difference 
between the dose distributions for single-slice and multi-
slice CT machines in the head (P = 0.895), chest (P = 
0.435) or abdomen/pelvis (P = 0.151) dosimetry data.

Dose data, as provided by the manufacturer in the 

CT console, were obtained from 10 of  the 15 CT scan-
ners. Five of  the CT scanners did not have facilities to 
display DLP and CTDIvol information as these were 
older CT scanners, and as such, data were not able to be 
recorded. Figure 4 compare measured dose to the DLP 
and CTDIvol information from head, chest and abdo-
men/pelvis region, respectively.

DISCUSSION
This paper describes the first study of  direct measure-
ments of  CT radiation doses in multiple dedicated pae-
diatric hospitals conducted in Australia and Saudi Arabia. 
The authors measured doses delivered in CT depart-

Figure 4  Correlation between computed tomography console data and measured dose. A: Head scans; B: Chest scans; C: Abdomen/pelvis scans.
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ments in seven Australian and eight Saudi Arabian public 
paediatric hospitals for three common CT examinations 
(head, chest and abdomen/pelvis).

The methodology chosen to measure the CT doses 
is not that which is usually used to obtain DRLs. The 
method used here was chosen in order to simulate clini-
cal examinations and then to compare paediatric CT 
scanners. In using this method, the dose reading does 
not just become dependent upon factors such as beam 
energy (kVp) and tube current (mA) in the departments 
but also on the CT protocols such as the choice of  
slice/beam thickness, number of  slices within the 100 
mm volume used and the pitch factor selected. In choos-
ing this method, it is hoped that this careful approach to 
measure dose and the subsequent comparison with data 
provided on the CT console of  DLP and CTDIvol will 
enable others to compare their dose reading to the RL 
obtained from dedicated paediatric CT scanners. One 
limitation of  the approach used in this study is that at 
each end of  the 100 mm long scan section, full scatter 
conditions are not present and so this may explain the 
discrepancy between measured dose and console data.

The results show that there is large variation between 
hospitals in CT doses delivered from standard protocols 
for patients aged 3-6 years and that these mean doses 
(delivered in Australian and Saudi Arabian CT depart-
ments) are significantly different (after discarding outly-
ing observations). The fact that such large variation in 
dose was discovered in paediatric CT scan protocols 
makes these results particularly important, as children 
are more susceptible to harm from radiation[15].

Previous research involving estimated doses, based 
on CT protocols used in the United Kingdom, found 
that there was substantial variation in the paediatric CT 
doses delivered by different hospitals[24]. Our confirma-
tion of  the results of  Shrimpton et al[24] highlights the 
importance of  reducing excessive CT radiation exposure. 
For example, the head scan from hospital A7 delivered 
3.8 times more radiation than that of  hospital A4, and 
the abdomen/pelvis scan from hospital A5 delivered 
4.7 times more radiation than that of  hospital A3 - both 
deemed by their respective departments to produce im-
ages of  adequate quality. 

Dose RLs for CT are useful tools for lowering radia-
tion levels[17], but have only recently become a priority 
in Australia. The Australian Radiation Protection and 
Nuclear Safety Agency (ARPANSA) was recently tasked 
with generating representative national DRLs for diag-
nostic imaging modalities that use ionising radiation[19]. 
At the time of  writing, ARPANSA was in the process of  
finalising sampling and data collection procedures[25]. 

The differences between the measured dose delivered 
in Australian and Saudi Arabian CT departments are 
likely to be due to different levels of  radiographer edu-
cation, awareness of  radiation dose and protocols[26,27]. 
Other researchers have found that understanding of  the 
factors that affect patient doses in CT has a large impact 
on delivered dose, and is usually considered as the first 

step in optimisation strategies[28]. A 1998 study observed 
a variation of  10%-40% in the typical dose between 
individual scanners, largely due to imaging technique[29]. 
Mettler et al[30] pointed out that radiographers’ basic edu-
cation and training overlooks paediatric CT radiation 
doses. The International Atomic Energy Agency recom-
mends education and training of  radiographers involved 
in paediatric CT[31].

The level of  awareness within the radiography com-
munity of  potential risks of  CT radiation also plays a 
major role in dose levels. According to a recent sur-
vey[26,27], most Australian and Saudi Arabian radiogra-
phers lack education about - and awareness of  the im-
portance of  - radiation dose in paediatric CT. Similarly, 
a recent survey of  health professionals in Northern 
Ireland regarding awareness of  the radiation doses im-
parted during common diagnostic imaging procedures 
and their long term impact on patients demonstrated a 
knowledge gap which could be improved with appro-
priate training[32]. A 2006 survey in New South Wales 
(Australia) showed the need for continuing education in 
paediatric CT examinations[33]. 

The results also show a variation of  RL ranking 
within hospitals. Hospital A5 achieved a low comparative 
dose ranking for CT protocols of  the head and chest, 
yet provided the highest recorded dose for the abdo-
men/pelvis CT examinations. The situation was similar 
for hospital A7, whose head CT scan doses were the 
highest, yet they had comparatively low doses for their 
chest abdomen/pelvis CT examinations. This further 
highlights the need for vigilance in examining CT doses 
across the entire range of  examinations.

There was good correlation between the measured 
dose and recorded CTDIvol and DLP for paediatric CT 
head scans (P = 0.836 and P = 0.727, respectively), but 
the correlation for chest and abdomen/pelvis scans was 
poor. Our calculations indicate that the DLP was an 
average of  30% larger than the measured dose for any 
given scan. This discrepancy may be due to the size of  
phantom used in this study compared to the size of  pa-
tient assumed by the console calculations, which may be 
a difference of  32 cm. This is supported by the observa-
tions of  Siegel et al[34] (Figure 3) and Shrimpton et al[24] 
who found that dose measurements decrease with the 
increasing size of  phantom. Individual facilities might 
be well advised to confirm agreement between console 
data and external measurements of  their own scanner at 
commissioning and routine quality assurance. Depart-
ments considering reviewing their routine head CT scan 
doses can, with a high level of  confidence, use their own 
CTDIvol and DLP measurements over 100 mm and de-
termine where they are ranked against dedicated paediat-
ric CT scanners.

To reduce CT radiation dose levels, it is important 
to regularly review and update CT protocols. A recent 
survey in Australia showed the need for regular protocol 
review for paediatric CT examinations[33]. This point was 
also made following a 2009 survey of  Syrian CT depart-
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ments, which recommended the establishment of  na-
tional DRLs[35]. CT protocols must acknowledge the fact 
that manufacturers provide varying protocol guidelines 
for different technologies, and that these variations can 
greatly affect dose. Finally, each CT scan should have a 
clear medical justification to ensure that the overall CT 
dose delivered to the population is kept as low as practi-
cable[36].

The results presented in this article show that paedi-
atric CT dose variation is substantial across Australian 
and Saudi Arabian dedicated paediatric hospitals. Also, 
hospitals can achieve a low comparative DRL ranking 
for some CT protocols (e.g., chest or abdomen/pelvis), 
but have a high ranking in others (e.g., head). If  such 
internal and external dose differences can occur in dedi-
cated paediatric CT departments, then it can be assumed 
that with less specific paediatric CT training and proto-
col development, a greater range of  doses will occur in 
CT departments that only undertake occasional paedi-
atric CT examinations. DRLs should be established for 
each major CT scan region and specifically for paediatric 
patients in order to find and correct such dose delivery 
variation. 
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CT departments to reduce radiation dose levels. In this study, the authors have 
used a number of calculations [including DRLs and dose length products (DLPs)] 
to compare radiation doses delivered to paediatric patients at dedicated paedi-
atric centres in Australia and Saudi Arabia.
Innovations and breakthroughs
A CT phantom measurement cylinder was provided to paediatric centres. The 
data collected allowed the authors to compare radiation doses used in paediat-
ric CT examinations. Overall, dedicated paediatric centres in Australia provided 
less radiation dose for their paediatric CT examinations than those in Saudi 
Arabia.
Applications
The education and training of Australian radiographers were identified and ac-
knowledged as providing an important contribution to understanding of dose mi-

nimisation techniques, while maintaining diagnostic image quality. To minimize 
variations in radiation dose delivered to paediatric patients, it is recommended 
that DRLs be established for paediatric body regions commonly scanned with 
CT.
Terminology
Further to the definition of CT DRL provided in this text, the definitions and 
understanding of the following will be of benefit in aiding a radiographer to mini-
mize radiation dose to paediatric patients: computed tomography dose index 
(CTDI), is a calculation based on the absorbed dose in a cylindrical shaped 
phantom; CTDI volume is the term used to express the radiation dose to a spe-
cific volume slice, on a standard phantom; DLP is the CTDI volume multiplied 
by the length of the scan.
Peer review
In this work, the authors present a survey of effective doses between hospitals 
in Saudi Arabia and Australia with the aim of demonstrating the need for the 
implementation of dose reference levels and continuous education to the staff 
of the hospital regarding the minimization of dose according to the ALARA 
principle. The introduction describes the background and aims adequately and 
the method’s section gives a concise description of the procedure followed 
in the study. While it does not produce new insights in the matter of radiation 
protection, it is a good precursor article for setting the context for decision 
making bodies to improve radiological practices in the sensitive area of pediat-
ric radiology.
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