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Even though various dose reduction techniques are applied on current computed tomography (CT)
examination, patient dose is not measured. In this study, we measured the patient dose (surface dose) of
neonates and infants and focused on using an optically stimulated luminescence (OSL) dosimeter to carry out
the measurement since this dosimeter does not interfere with the medical image. For each CT examination, we
applied a volumetric scanning technique in which we only needed one rotational scanning for obtaining an
image within the length of 16 cm with 320 slices. First, using a neonate phantom, we examined the effect of
placing patients at different positions on the measured doses. Second, we measured the patient dose using
OSL dosimeters with thirteen dosimeters placed on each patient. During clinical CT examinations, exposure
doses were automatically determined using an automatic exposure control system. In order to derive the
differences of doses between patients and phantom, we examined the trend of values in which exposure doses
were divided by the computed tomography dose index. We found that patient data showed a different trend
when compared with the data obtained from the neonate phantom experiment. This result shows that this basic

knowledge will be valuable in deciding proper irradiation conditions.
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1. Introduction

Pediatric computed tomography (CT) examination is
widely performed in hospitals and clinics. During CT
examinations, reducing the exposure dose is important
from the radiation safety point of view; especially for
radiosensitive neonates and infants, some researchers are
alarmed about the increasing radiation doses [1-3]. An
area detector CT [4] is currently being used for these
examinations, because the scan mode archives high
reduction rate of exposure doses with short scanning
time [5,6]. There are many reports concerning Toshiba’s
320-detector row CT [5,6], in which a scan length of 160
mm can be applied for volumetric scanning.

In addition, the current CT examinations are operated
under automatic exposure control (AEC) system [7,8], in
which exposure doses (tube currents) are continuously
varied during scanning. The exposure doses were
determined automatically so as to obtain a proper CT
image. As a result, exposure doses varied for each
patient. We consider that patient dose should be properly
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measured in clinical situations. An optically stimulated
luminescence (OSL) dosimeter [9,10] is one of the
proper detectors for actual dose measurements.

In this study, our focus was on cardiac imaging in
neonates and infants using the volumetric 320-detector
row CT. We then examined the applicability of the OSL
dosimeter to the clinical CT examinations using a
neonate phantom, and are the first to report clinical data
results.

2. Materials and methods
2.1. Phantom study

We used a 320-detector row CT (Aquilion ONE™,
Toshiba Medical Systems, Otawara, Japan) and a
neonate phantom (PH-50, Kyoto Kagaku Co. Ltd.,,
Kyoto, Japan). We simulated a cardiac examination of
neonates and infants, in which volumetric scan mode
was applied [5-6]; the scanning range was 160 mm, and
the upper limit was set at the chin. The rotational speed
of the X-ray tube, tube voltage, and tube current were
0.275 s per rotation, 80 kV, and 100 mA, respectively.
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In order to measure surface doses, OSL dosimeters
(nanoDot, Nagase Landauer, Ltd., Ibaraki, Japan) [9,10]
were placed on the skin. 6 dosimeters were used for the
chest region, 4 dosimeters were placed around the eye
lens, 4 dosimeters were used for wrists and ankles, and 1
dosimeter was placed in the genital area. The exposed
OSL dosimeters were analyzed with a portable-type
OSL reader (microStar, Nagase Landauer, Ltd., Ibaraki,
Japan).

Using the phantom, we examined the impact of
setting at the abnormal positions (off-centered: +/-1 cm
and rotating: +/- 10 degree) on doses, because during
clinical examinations there is a possibility that
positioning becomes abnormal. In order to evaluate the
repeatability of this experiment, it was carried out five
times.

2.2. Clinical study

We examined 6 cases for the clinical study; ages in
month were 2-23 (13.84/-9.5), and weights (kg) were
3.9-11.3 (8.2+/-2.8). All patients have congenital heart
problems, and the aim of this CT examination was to
keep track of the position and shape of the heart,
pulmonary artery, pulmonary vein, vital artery, and
coronary artery. The same CT scanner used for the
phantom study was also used during the clinical
examination; scanning parameters were almost identical,
however tube current for each examination was
determined by AEC.

The 13 OSL dosimeters were placed in a similar way
as described above; only two dosimeters are placed
around eye lids, and for the other positions, the same
number of dosimeters were used. This study was
permitted by Institutional Review Board of our hospital.

3. Results and discussion
3.1. Phantom study

Figure 1 shows the results of the phantom study. As
shown in Figure 1 (a), dose distribution of the normal
position was presented; the left picture shows a
photograph from a top view, and measured doses are
indicated in the right in which a scanning region is
displayed by the gray-scaled X-ray image (coronal axis
image). We can identify that the 6 dosimeters placed in
the scanning region show relatively high values. On the
contrary, the other dosimeters outside the scanning
region show relatively low values. Figures 1 (b), (¢), (d)
and (e) show similar results for the off-centered
positions (+/-1 cm), and rotated positions (+/-10 degree).

In order to evaluate these trends quantitatively, the
measured values for 5 individual experiments and an
averaged value of these experiments are shown in
Figure 2. The error bar of the averaged dose shows the
standard deviations for 5 runs. It is clear that there are no
significant differences between observed doses in
Figures 2 (a)-(c). From this fact, we evaluated that
impact of different positions on the measured doses

during the pediatric CT examination seems to be small.
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Figure 1. Result of a phantom study. The upper Figure (a)
shows original (standard) position and dose distribution.
Figures of (b)-(e) show abnormal positions.
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Figure 2. Comparison of observed doses for three different
positions: (a) normal position, (b) off-centered positions, and
(c) rotated positions. There are no significant differences in
observed data. Results of the 5 individual experiments are
presented by open symbols and averaged values are plotted as
closed symbols.

3.2. Clinical study

Figure 3 shows a typical result from the clinical
study: an 8 months’ patient with 7.5 kg. The observed
doses in the irradiation area (thoracic region) are 4.3-4.8
mGy caused mainly by direct X-rays. On the other hand,
exposure doses caused by scattering X-rays were less
than a few percent when compared with the doses inside
the irradiation area: eye lens 0.15 mGy, gonad 0.11 mGy,
wrists 0.13-0.16 mGy and ankles 0.02-0.03 mGy. The
CT images on the right demonstrates an axial cross
section in which the OSL dosimeters were placed on the
skin; we designated them as T1, T2 and T3 for upper,
middle and lower positions, respectively. It is clear that
image density concerning the area of the OSL dosimeter
(CT value) is similar with those of soft-tissue material,
which have an effective atomic number of
approximately 7.0 [11]. This means that the OSL
dosimeter has a relatively small effective atomic number
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and that is why the dosimeter does not interfere with the
CT image. This figure shows evidence that the OSL
dosimeter can be applied to measure doses during
clinical CT examination in that they are compatible with
obtaining medical images.

Dose [mGy]

Figure 3. Typical result of dose measurement for clinical
pediatric CT examination. In the left figure, measured doses
are overlapped with the photograph, and the right figures show
CT images. OSL dosimeters were placed in the regions, which
are identified by broken circles.

Figure 4 shows a comparison between patient
weights and measured doses at T1, T2 and T3 positions.
All clinical data concerning the 2-23 month patients
were included, as well as the neonate phantom data.
Note that the phantom data in this figure was performed
under clinical examinations condition using AEC. The
plot shows rough relationships between X- and Y-axes;
the observed doses proportionally increased as weights
increased. In these plots, data have an uncertainty of
approximately 15%, because systematic uncertainty was
mainly affected and statistical uncertainty is negligibly
small. In a previous study [9], we estimated that the
systematic uncertainty of the OSL dosimeter was at most
15% when the dosimeter was used under the condition
in which energy and scattering angles were not
uniformly determined. The present results deviated
evenly from the fitted line, and this indicates that error
estimations work well.

In Figure 4, the reasons for differences between the
neonate phantom and clinical patient data were unclear.
This is because for these data, exposure doses were
determined by AEC. The AEC installed in the Toshiba’s
CT scanner [7,8] practically determined exposure doses
by a preliminary scanned image, which is called
“scanogram” and this image is generally used to
determine scanning regions. It is unclear whether the
same patient parameters will be used to apply the same
exposure doses, and these uncertainties are included in
the data presented in Figure 4.
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Figure 4. Relationship between measured doses and weight of
patients. Notations of T1, T2, and T3 are defined in Figure 3.
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Figure 5. Trend of the ratios, in which measured surface
doses were divided by displayed CTDI values. There are
significant differences between phantom and clinical patient

data.

After the examination was completed, the CT scanner
reported a computed tomography dose index (CTDI)
value [12]. The CTDI value is known as a reference
value of exposure dose, which is determined by the
manufacturer using the special CTDI phantom. In order
to derive the differences between phantom and patient
data taking into consideration variations of exposure
doses for each patient, we calculated the ratios of the
surface doses divided by the CTDI wvalues. The
relationship between the ratios and weights are
represented in Figure 5. In this graph, red and black
circles show clinical and phantom data, respectively.
The dashed red line shows a linear function which fits to
the clinical data; they show good correlation. It is an
interesting point that the linear function shows a
negative gradient; namely, the ratios of surface dose
divided by CTDI values show a larger value for lighter
patients and for heavier patients the ratios have smaller
values. We think the analysis of the trends gives us basic
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knowledge of exposure. A detailed analysis is now in
progress. Other important information in Figure 5 is that
the phantom data shows completely different trends
when compared with clinical patient data, nevertheless
the neonate phantom was made based on CT data to
mimic a realistic patient.

In general, exposure doses were estimated from the
experiment using a CTDI phantom, whose shape is
cylindrical, and scientists consider that the CTDI value
is just an index value [12]. Recently many manufactures
fabricate realistic phantoms instead of using patients,
and it is expected to estimate exposure doses when using
them. These studies are valuable for management of
exposure dose during a pediatric CT examination, but
the present study indicates a possibility of discrepancies
between phantoms and patients.

4. Conclusion

In this study, we measured exposure doses using the
OSL dosimeters during CT examinations. From the
phantom study, we verified that our procedure works
well even when patients were placed at abnormal
positions (shifting and rotating positions). Moreover, we
measured patient data in a clinic, and we found that
there are obvious differences between patient and
phantom data.
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