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A B S T R A C T
Purpose- The most general form to report dose in Multislice CT is the CTDI and
DLP which are computed for several slices. The goal of the current study was to
estimate actual doses and dose distribution during CT examinations in a head and
neck anthropomorphic phantom.
Methods- After construction of the head and neck phantom using natural bone and
paraffin wax with NaCl as impurity, several places were considered in different
sites to fill with badges of Gafchromic film. These places include brain, Parotid,
Thyroid and Lens of eye. Phantom was scanned at CT Angio and Spiral protocols
with 10 and 256 slice scanners.
Results- Our findings showed that in 10 slice scanner, selected organ doses were
in the range of 0.09-23.1 mSv while in the 256 slice scanner, it was in the range of
0.14-18.01 mSv. The CT Angio protocol has a higher organ dose at all.
Conclusion- In CT Angio protocol, organ dose (except for the lens of eye) is
lower in 10 slice compared to 256 slice CT; the brain dose in both protocols has no
difference statistically. In the spiral protocol, the dose in 256 slice scanner is lower
than the 10 slice scanner which might be due to higher number of detector arrays
in 256 slice scanner.Thyroid dose is mainly due to scattered radiation and because
of strict beam collimation; it has a small value in all protocols.

1. Introduction

X

-rays in medical imaging modalitieshas
the greatest man-made source of radiation
to the population which has significantly
increased the cumulative exposure to ionizing
radiation; from 15% of the total annual exposure
of the population in the United States from all

sourcesin 1987 to about 50% in 2006 [1-3]. Recently,
the number of CT examinations has been raised
significantly due to the wide-spread use of multislice CT scanners [4, 5]. Performing a detailed
dose measurement is important to keep radiation
doses during CT examinations as low as reasonably
achievable is of great importance.
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There are several ways to express dose in CT such
as CTDI, CTDIvol and DLP which measurements
are based on ionization chambers [6-9]. A better
way of estimating doses to patients undergoing CT
examinations is to directly measure organ dosesor to
perform computer simulations in anthropomorphic
phantoms [10]. There exist several candidates to
measure dose such as TLDs, gels and films [11-13].
Film has been used for dosimetric measurements
for decades with the advantage of its high spatial
resolution. Gafchromic film has a spatial resolution
on the order of 25 μm [13-16], a high sensitivity
and reasonable uniformity.
The purpose of this study was to assess patient’s
radiation exposure in several standard protocols
in MSCT. To do so, a 2D film dosimetry was
applied for dose measurements using XR-QA
radiochromic film MSCT examinations carried out
on anthropomorphic head phantom. Performing a
detailed dose measurement is important to keep
radiation doses during CT examinations as low as
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reasonably achievable.

2. Materials and Methods
2.1. Phantom
Natural human skull and paraffin wax with
different amounts of NaCl as impurity was used for
bone, soft tissue and fat, respectively. Two hollow
plastic tubes were placed to consider trachea and
esophagus and a hollow plastic box was placed
to consider the mouth cavity. Two cylinders were
considered vertically and horizontally from the
upper limit of skull downwards and from left
parotid to right parotid on the base of skull to
place films in order to estimate total brain dose
(arrows in Figure 1). The left and right extremes
of the later were used to estimate parotid dose.
Besides, two cylinders were considered at side
lobes of thyroid in order to place films vertically
and measure thyroid dose. Radiation dose to eye
was measured at the surface in place of each eye.

)a)

(b(

Figure 1. (a) lateral and (b) AP radiographs of the head & Neck phantom.

2.2. Calibration of Dosimeters
To obtain calibration curve, films were cut into
multiple pieces; divided into 7 groups each consisting
3 pieces, deliver a known dose which was measured
using a solid state real-time dose monitor device
(Pehamed, Germany) in the range of 0-21 mGy
to each batch.
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The following equation was used to obtain the
net optical density (netOD):
netOD=ODexp-ODunexp= log10[(PVunexp-PVbg)/(PVexp-PVbg)]

Where PVunexp refers to the pixel value of blank
film, PVexp refers to pixel value of exposed film, and
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PVbg refers to pixel value of opaque black cardboard.
Reading the film with scanner was performed
after a certain time. Some correction is needed
for scanner artifacts such as scanner fluctuation
and light scattering effect. After obtaining optical
density and dose values, a calibration curve with
certain parameters and equation was obtained.

2.3. Imaging Protocols
Two common imaging protocols as spiral CT and
CT Angio were conducted on the phantom with
two existing CT machines (Siemens Somatom
definition flash 256 slice and Somatom sensation
10 slice, Germany, healthcare). It is notable that
imaging condition was identical to an adult patient
with a similar head size (kVp=120).
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2.4. Dosimetric Measurements
Organ doses were measured using calibrated
radiochromic films embedded in the phantom. The
exposed radiochromic film was read-out using a
flatbed scanner in reflection mode which red channel
was extracted in Matlab (version 7.8, Mathworks,
USA) to convert to dose using calibration equation
described earlier. In order to increase reproducibility
and reduce temporal noise, each measurement was
repeated 3 times.

3. Results
Figure 3 shows the calibration curve for Gafchromic
films used in this study with its calibration equation
and correlation coefficient.
25
Dose (mGy) = 95.764(NOD)2 + 53.896(NOD) + 0.008
R2 = 0.984
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Figure 3. The calibration curve for films used with the calibration
equation.

(a)

(b)
Figure 2. The head phantom placed at the (a) 256 slice and
(b) 10 slice CT.

In this graph, the horizontal axis shows the net
optical density (NOD) as described before and the
vertical axis shows dose values in mGy. Because
we used 120 kVp for imaging the head phantom,
the calibration was performed at this condition,
too. Table 1 shows the absorbed dose to brain, left
and right parotid (as mean depth dose), lens of eye
(as mean surface dose) and thyroid (as mean depth
dose). It is notable that to measure brain dose,
two perpendicular directions was selected and by
inserting appropriate applicators to insert films, the
average brain dose was estimated. Besides, using
similar applicators, parotid and thyroid depth dose
at both sides was measured. The obtained results
for both protocols in each system with the CTDIvol
are presented in Table 1.
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Table 1. Mean organ dose (SD) in mGy and CTDIVOL at CT Angio and spiral protocols in 10 and 256 slice CT systems.

10 slice
256 slice

Protocol

Parotid

Thyroid

Brain

Lens of eye

CTDIvol

CT Angio

2.15 (0.04)

0.09 (0.01)

8.41 (0.03)

7.53 (0.17)

23.32

Spiral

7.06 (0.02)

0.77 (0.14)

23.11 (0.47)

23.04 (0.06)

54.43

CT Angio

7.16 (0.001)

0.14 (0.05)

8.99 (0.1)

5.32 (0.5)

28.84

Spiral

6.01 (0.12)

0.68 (0.08)

18.01 (0.15)

17.15 (0.01)

50.92

4. Discussion
There are many variables within each CT
examination procedure that influence patient
dose, in particular, slice thickness and the tube
current time product (mAs). Slice thickness and
mAs are linked through image noise [4]. One
method to report dose in computed tomography
is to compute CTDI and DLP for a single slice
or several slices in a reference phantom. These
parameters have the merits of simple calculation,
considering scan parameters such as pitch factor,
detector rotation time and beam filtration; but they
do not consider patient size and tissue types and
mass which disturbs dose distribution in patient’s
body. Anthropomorphic phantoms with appropriate
tissue substitutes allow simulating clinical situations
more accurately. Films are capable to provide
continuous dose distribution at each site they
embedded in the phantom. In order to measure
doses in clinical situations, standard protocols for
a patient with same size as the phantom without
any modification was used.
As it is observed from Table 1, in CT Angio protocol
organ dose (except for the lens of eye) is lower in
10 slice CT compared to 256 slice CT; the brain
dose in both protocols has no difference statistically.
This agrees with the results of NRPB survey which
compared 4 slice scanners with scanners capable
to obtain 8 or more slices simultaneously [17].
Yates et al compared SSCT with MSCT scanners
and found that on average the mean effective dose
levels for MSCT were about 35% higher than
SSCT [18]. This significant difference might be
due to different protocols used in two scanners.
In the case of eye, the difference could be due to
surface measurements and its position relative
to slices and also beam collimation. In the spiral
protocol, it is observed that the dose in 256 slice
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scanner is lower than the 10 slice scanner. This
is due to higher number of detector arrays in 256
slice scanner which leads to lower organ doses
and it is possible to perform a scan with the same
quality and lower dose levels. In the case of thyroid,
received dose is mainly due to scattered radiation
and because of strict collimation of radiation, has
a small value in all protocols. In some studies, the
effective dose was estimated from DLP and EDLP
values without any direct measurement of organ
dose using TLD or any other clinical dosimeters
[17, 19]. Among the studies on organ dose in CT
examination on phantoms, our study agrees with
study of Cohnen et al [20] which used TLD and
anthropomorphic phantom but has some differences
with findings of Feng et al [21] study which is
due to considering pediatric phantom and some
differences in scanners. It is notable that the risk
of inducing a fatal cancer is estimated to be about
0.05/Sv which equates to a fatal cancer risk of 1 in
20,000 for every 1 mSv [22] for low doses, such
as in diagnostic CT. So, estimation of dose levels
in CT helps to estimate public dose and increase
in the probability of cancer induction.
In conclusion, according to different studies and the
radiation carcinogenesis, it is necessary to estimate
organ effective dose in different protocols in newer
systems to assure that dose levels and indeed public
dose are being kept low and no increase in the risk
of cancer induction. It is suggested to perform such
study for other imaging protocols and systems.
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