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Zusammenfassung
!

Ziel: Das Ziel dieser Studie war es, den Nutzen ei-
ner Bleischürze zur Reduktion der Uterusexposi-
tion in der Computertomografie (CT) des Thorax
zu evaluieren. Ferner wurde die Strahlendosisver-
teilung im Uterus bestimmt um Informationen
über interne und externe Streustrahlung zu ermit-
teln.
Material und Methoden: Die Dosismessungen im
Uterus wurden an einem anthropomorphen Alder-
son-RANDO®-Phantom mittels Thermolumines-
zenzdosimeter (TLD) während einer Thorax-CT-
Aufnahme durchgeführt. Eine Bleischürze mit ei-
ner bleiäquivalenten Dicke von 0,25mm wurde
zur Abschirmung des Abdomens verwendet. Es
wurden drei Messungsbedingungen evaluiert:
ohne Bleischürze, mit Bleischürze abgedeckt und
mit Bleischürze umwickelt. Die Messergebnisse
wurden als Mittelwert mit Standardabweichung
angegeben.
Ergebnisse: Die imUterus gemessene Dosis betrug
66,5±3,1µGy. Durch die aufgelegte 0,25mm Pb
äquivalente Bleischürze im anterioren Bereich und
auf beiden Seiten konnte eine signifikante Dosisre-
duktion auf 49,4±2,8µGy (26%, p<0,001) erreicht
werden. Durch herumgewickelte Bleischürze, die
0,50mm Abschirmung im anterioren Bereich und
0,25mm auf beiden Seiten und im posterioren Be-
reich bietet, konnte eine weitere Reduktion der
Uterusdosis auf 43,8±2,5µGy (34%, p<0,001) er-
reicht werden. Die Dosisverteilung bei Abschir-
mung des Abdomens durch eine aufgelegte Blei-
schürze stellte einen effektiven Schutz vor der
Streustrahlung aus der anterioren Region dar. Durch
die allseitige Abdeckung konnte der Uterus von
Streustrahlung von allen Seiten geschützt werden.
Schlussfolgerung: Unsere Ergebnisse zeigen,
dass Bleiabdeckungen eine effektive Dosisreduk-
tionstechnik zum Schutz des Uterus in der Tho-
rax-CT sind ohne zusätzliche Kosten undminima-
len Zeitaufwand zu verursachen.

Abstract
!

Purpose: The aim of this study was to investigate
the potential dose reduction in the uterus as a re-
sult of lead apron protection during thoracic CT
scans. Moreover, the distribution of the radiation
dose in the uterus was determined in order to ob-
tain information about the ratio of internally and
externally scattered radiation.
Materials and Methods: The uterus doses during
thoracic CTwere determined by measuring organ
doses using an Alderson-RANDO®-Phantom and
thermoluminescent dosimeters. A0.25mm lead
equivalent protective apron was used to shield
the abdominal area. Three measurement condi-
tions were evaluated: without lead apron, cov-
ered with lead apron and wrapped with lead
apron. The uterus dose with and without shield-
ing describes the mean value and standard devia-
tion of all examinations and all measurement
points in the organ.
Results: The uterus dose by thoracic CTwasmea-
sured to be approximately 66.5 ± 3.1 µGy. If the
abdomen is covered with a 0.25mm Pb equiva-
lent lead apron in the front area and on both
sides, the uterus dose is reduced to 49.4 ± 2.8 µGy
(26% reduction, p <0.001). If a lead apron is wrap-
ped around the abdomen, providing 0.50mm Pb
shielding in the anterior section due to overlap,
and 0.25mm Pb in the posterior section and on
both sides, the uterus dose is reduced even more
to 43.8 ±2.5 µGy (34% reduction, p <0.001). The
dose distribution when the lead apron covers the
abdomen shows that the shielding is effective for
the scatter radiation that comes from the anterior
part. Moreover, the wrapped apron protects the
uterus from all directions and is even more effec-
tive for dose reduction than the covering apron.
Conclusion: Our findings demonstrate that pro-
tective aprons are an effective dose reduction
technique without additional costs and little ef-
fect on patient examination time.
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Introduction
!

Computed tomography (CT) examinations have become an im-
portant diagnostic tool in medicine. In the last decades the
number of CT scans has increased constantly. In Germany, the
percentage of CT investigations among the total number of di-
agnostic X-ray procedures has risen from 2% in 1989 [1] to 4%
in 1996 [2] and to 7% in 2006 [3]. The contribution to the to-
tal collective dose has increased even more. CT’s portion of the
total collective dose for medical exposures was approximately
60% in 2006 [3]. In 1996, CT examinations accounted for ap-
proximately 36% of the collective medical dose [2]. CT has be-
come the major non-natural source of radiation exposure to
the population. This can be explained by its rapidly increasing
use as well as the escalating availability of thin slice imaging
techniques by modern multislice detector computed tomogra-
phy (MDCT) scanners which cause higher radiation dose. This
high proportion of dose demonstrates the importance of dose
measurements in CT and the development of methods that
can reduce patient exposure during CT[4].
Thousands of pregnant women are exposed to ionizing radia-
tion each year [5], either because the pregnancy is unknown
at the time of the examination or CT examination is required
as an emergency procedure. Therefore, the use of ionizing ra-
diation cannot always be avoided. The most common indica-
tion that requires CT examination of pregnant patients is pul-
monary embolism. The risk for pulmonary embolism is
increased by a factor of five during pregnancy [6–8]. Other
characteristic indications for CT examination are appendicitis,
renal colic and trauma [9–12].
Exposure to ionizing radiation is known to cause negative bio-
logical effects, such as DNA double-strand breaks [13]. There-
fore, medical radiation exposure should be justified [14] and
patients should be protected to the greatest extent possible.
The protection of an unborn child requires particular consid-
eration because the embryo or fetus is highly radiosensitive
during the entire period of prenatal development due to the
high cell proliferation and their differentiation. Therefore, the
embryo or fetal dose should be estimated in advance and ra-
diation optimization should be achieved when an emergency
CT examination for a pregnant woman is required.
Dose reduction possibilities have already been studied in pre-
vious papers and can be achieved by modifying scanning para-
meters (e.g. kV, mAs, pitch, etc.) [15, 16], applying recent
technological innovations (e.g. filter algorithms that optimize
image quality, semiautomated volume measurements of pul-
monary nodules in ultra-low-dose CT data and tube current
optimization during CT scan) [17–19] and using shielding
[20, 21]. The use of lead shielding for the protection of the
uterus from scattered radiation has been reported several
times in the literature. Only two groups approached this prob-
lem by examining dosimetric properties during medical tests
[22–24]. Hidajat et al. [22] reported the lead apron protection
of the uterus in CT scanning of the upper abdomen. However,
there was no reduction observed in the fetal dose. Kennedy et
al. [24] measured the radiation dose of a lead-shielded uterus
during CT pulmonary angiography. In this study, the authors
investigated a couple of influencing factors, e.g. scan parame-
ters, lead positioning and lead thickness. Recently, this group
proposed a mathematical model to describe the variation in
fetal dose as a function of the thickness of lead shielding
[23]. Contrary to Hidajat et al., a significant reduction in

uterus dose was achieved using lead aprons. Furthermore,
these studies provided information about the radiation dose
in a protected uterus from a one-point dose measurement
only [22, 24], e.g. using one ionization chamber or one ther-
moluminescent dosimeter. However, there is no information
in the literature regarding dose distribution in the whole pro-
tected and unprotected uterus and not only at one point in the
organ. Other studies considered the reduction of radiation
dose due to lead protection of the breasts during head CT
scanning [25, 26]. Both cited studies showed significant reduc-
tion in breast doses received as a result of scatter radiation.
Furthermore, a significant dose reduction for male gonads
using lead wrap-around devices during CT scans of the upper
part of the body has been reported [22, 27, 28].
In the present study, we considered the case in which the em-
bryo or fetus is outside the primary beam and exposed only to
internally and externally scattered radiation. The aim of this
study was to investigate the potential dose reduction in the
uterus by lead apron protection during thoracic CT scans.
Moreover, the distribution of the radiation dose in the uterus
was determined in order to obtain information about the ratio
of internally and externally scattered radiation.

Materials and Methods
!

Measurements in an anthropomorphic phantom
The anthropomorphic Alderson-RANDO®-Phantom (RANDO
Laboratory, Salem, NY, USA) was used for the dose measure-
ments. The phantom contains lung equivalent material that
has the same effective atomic number as the soft tissue mate-
rial and a density which simulates lungs in a median respira-
tory state (mass density = 0.32g/cm3 and Z=7.30). Alderson-
RANDO® lungs are formed to fit the contours of the natural
rib cage. The phantom is sliced into 2.5 cm transverse sections
numbered 0 through 35. Hole grids are drilled into the slices
to enable the placing of dosimeters. The drilled holes are filled
with solid Mix D plugs, which should be shortened or entirely
removed to insert the dosimeter [29]. Slice 30 of the anthro-
pomorphic phantom corresponds to the position of the uterus
[22, 30]. In that slice, the corresponding location of the uterus
was determined to be 6 cm long and 3 cm wide in the center
of the slice, which represents the size of the uterus in preg-
nancy during the first trimester. Fifteen thermoluminescent
dosimeters (TLDs) were placed at this location during each CT
scan.
In this study, GR200R4 lithium fluoride (LiF) TLDs (PTW, Frei-
burg, Germany) doped with magnesium (Mg), copper (Cu) and
phosphorus (P) were used. This type of TLD is nearly tissue
equivalent, has a linear dose response from 1µGy to 12Gy,
and has high sensitivity and negligible fading at 20 °C [31].
The LiF microrods have a square cross-section of 1mm×1mm
and a length of 4mm and their small size allows sufficient
numbers of them to be distributed into the drilled holes of
the Alderson-RANDO®-Phantom. The LiF:Mg,Cu,P dosimeters
were read out using a PC-controlled TLD reader (Type 3500,
Harshaw Reader 3500, Thermo Electron Corporation, Solon,
OH, USA) at a preheat temperature of 140 °C for 7 s and read-
ing temperature of 245 °C for 26.67 s with a heating rate of
10 °C/s prescribed by the manufacturer. Annealing was per-
formed in a programmable microprocessor-controlled anneal-
ing oven (Type 1321, PTW, Freiburg, Germany) at 240 °C for
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10min followed by a 20-minute cooling period. The TL dosi-
meters were annealed every time before irradiation to delete
the absorbed background radiation and the rest signals und
were read out directly after exposure.
The CT examinations were performed on a four-slice Somatom
Volume Zoom scanner (Siemens, Erlangen, Germany). The
phantom was placed in a supine position and the scans were
obtained at 90 effective mAs, 120 kVp, 4 ×2.5mm slice colli-
mation, 5mm slice thickness, 1.5 pitch. The scan was per-
formed from the apex to the base of the lungs and had a
length of 312mm. Fifteen calibrated dosimeters were placed
in the uterus and three different series of measurements
were carried out including experimental setups without any
protection, covered with a lead apron and wrapped with a
lead apron (●▶ Fig. 1). Each measurement setup was repeated
three times. The average dose for the given organ was expres-
sed as the mean value of all examinations and all measure-
ment points in the organ. First, the examination without pro-
tective abdomen shielding was carried out. After that,
measurements were done with a 0.25mm lead equivalent pro-
tective apron, which covered the abdomen area in the front
and on the sides. Then, exposure was performed with a lead
apron wrapped around the abdomen, providing 0.50mm Pb
shielding in the anterior section due to overlap, and 0.25mm
Pb in the posterior section and on the sides.
Statistical analysis was performed using statistical software
(SPSS14®, Chicago, IL, USA). It was applied to compare the
average dose measured with lead apron protection to the
dose when no apron was used. One-way ANOVA procedure
followed by a Tukey post hoc test was utilized to determine
significant differences. This analysis of variance is used to test

for differences between the mean values of more than two
groups. The overall probability of a Type I error (α) was set
to 0.05. Dose values are presented in mean± standard devia-
tion (SD).

Measurements of source of scattered radiation
In order to distinguish scattered radiation from the anterior
and posterior direction, two sets of measurements were car-
ried out. The measurements were carried out using a.p. topo-
gram (50 mA, 120 kV, 5.3 s scan time, 1.0mm slice thickness
and 512mm topogram length) of the phantom chest. The to-
pogram mode was employed to ensure that radiation is only
emitted from one direction. During topogram mode, the X-
ray tube is stationary above the patient table and does not ro-
tate like in a standard thoracic examination. The scattered ra-
diation was measured using a dosimeter with an ionization
chamber (LB 132 (TOL/F), Berthold technologies, Bad Wildbad,
Germany). For the experimental setups without lead protec-
tion, the dose meter with the ionization chamber was placed
on the patient table at 170mm, 270mm, 370mm and
470mm from the end of the topogram scan. The first position
of the uterus in the chest scan was at a distance of 170mm to
the end of the scanning area. Therefore, this was used as the
starting point of the measurement. The three other points in
100mm intervals were measured to evaluate the distance ef-
fect due to the size of the chamber. When lead shielding was
used, a 0.25mm lead equivalent apron was placed under and
over the ionization chamber at the same position (●▶ Fig. 2).
The scattered radiation measured with and without lead pro-
tection was compared to determine the fraction that originates
from the anterior (collimator) and the posterior (detector, ta-
ble) direction. When the lead apron covered the ionization
chamber, the scatter radiation from the collimator was shiel-
ded and could be estimated. However, when the lead protec-
tion was situated under the ionization chamber, only the ra-
diation from the CT detector was reduced and its percentage
could be determined for the situation without the phantom.

Results
!

The mean value of the measured uterus dose without lead
protection from the thorax examination was 66.5 ±3.1 µGy
(●▶ Fig. 3). The uterus dose was reduced to 49.4 ±2.8 µGy and
43.8 ±2.5 µGy when covered by an apron and wrapped with
an apron, respectively. At the uterus position, the measure-
ments with the abdomen covered by a lead apron and wrap-
ped with a lead apron yielded a mean difference of 17.2 µGy
(26% reduction, p <0.001) and 22.7 µGy (34% reduction,
p <0.001), respectively. Compared to the covering apron (cen-
ter in ●▶ Fig. 4), the wrapped protective shielding increased
the dose reduction by 8%.
The measured dose values of the individual TLD as a function
of their position in the protected and unprotected uterus are
shown in ●▶ Fig. 4. The values show the dose reduction in the
uterus when using of covering and wrapped lead apron and
the percentage of internally scattered radiation and externally
scattered radiation transmitted by the shielding.
The fractions of secondary radiation were obtained from the
measurements with the ionization chamber placed under and
over the lead protection. The results from the measurements
with lead shielding placed under the ionization chamber

Fig. 1 Experimental setup with wrapped lead apron, which provides
0.50mm Pb shielding in the anterior section because of overlap and
0.25mm Pb in the posterior section and on the sides.

Abb.1 Experimenteller Messaufbau mit allseitiger Bleiabdeckung, die
eine 0,50mm Abschirmung durch Überlappung im anterioren Bereich und
0,25mm bleiäquivalent im posterioren sowie in den lateralen Bereichen
erreicht.
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(●▶ Table 1) showed that about 43% of scattered dose without
a phantom originates from the posterior direction (detector
and table) and was reduced by the lead apron and the other
57% of the dose came from the collimator or was transmitted
through the apron. When the lead protection was placed over
the ionization chamber, the external scatter from the anterior
direction was decreased by 52% on average and the remaining
47% of the secondary radiation originated from the posterior
direction or penetrated the lead shielding.
Shielding effects did not vary with the distance from the scan-
ning area (●▶ Table 1).

Discussion
!

While the possibilities for reducing the radiation dose to or-
gans exposed in the primary beam are limited, the organs out-
side CT scanning planes should be protected against scatter ra-
diation whenever this will not sacrifice image quality. Scatter
radiation originating from the periphery of the patient’s head,
breast region, the gantry, the collimator, the detector and the
table reaches the inner organs and can be reduced effectively
by protective shielding. According to the ALARA principle (As
Low As Reasonably Achievable), all possibilities for reducing
radiation exposure to patients should be applied. Therefore,
body regions not being directly examined need to be protected
against radiation exposure to the greatest extent possible.
The mean dose due to scattered radiation to the uterus was
about 66.5 ± 3.1 µGy, which is in good agreement with the
data published in ICRP 84. The mean fetal dose and the max-
imum fetal dose reported in ICRP 84 are 60µGy and 96µGy,

Fig. 2 Experimental setup for the assessment of
the scattered radiation source. The dosimeter with
ionization chamber was placed on the patient table
outside the primary beam to measure the scattered
radiation that originates from the detector and the
collimator.

Abb.2 Experimenteller Messaufbau zur Bestim-
mung der Streustrahlenquelle. Das Dosimeter
wurde mit der Ionisationskammer auf dem Patien-
tentisch außerhalb des Primärstrahlenganges posi-
tioniert, um die Streustrahlung des Detektors und
Kollimators zu ermitteln.

Fig. 3 Mean absorbed uterus dose measured with TLDs with and without
protection of the abdomen by means of lead apron. The lead shielding
either covered the abdomen region (“top”) or was wrapped around it
(“wrap”). The error bars indicate standard deviation of the measurements.
The p-values of less than 0.001 denote that the dose reductions are statis-
tically highly significant.

Abb.3 Mittlere absorbierte Uterusdosis (TLD-Messung) mit und ohne
Schutz des Abdomens durch die Bleiabdeckung. Die Bleiabschirmung zum
Schutz des Abdomens war entweder anterior aufgelegt (“top”) oder allsei-
tig abgedeckt (“wrap”). Die Fehlerbalken geben die Standardabweichung
der Messungen an. Die p-Werte kleiner als 0,001 stellen eine hohe statis-
tische Signifikanz der Dosisreduktion dar.

Table 1 Measurements without lead shielding, with lead protection under the ionization chamber and over the ionization chamber obtained at different
distances. Mean doses ± standard deviation.

Tab. 1 Messungen ohne Bleiabdeckung, mit Bleiabschirmung einmal unter der Ionisationskammer und einmal oberhalb der Ionisationskammer mit
verschiedenen Abständen.

Distance from end of the thoracic scan [mm] 170 270 370 470

Without lead protection [µSv] 9.40 ± 0.14 5.58 ± 0.01 3.83 ± 0.02 2.34 ± 0.02

Lead protection under the ionization chamber [µSv] 5.77 ± 0.06 3.03 ± 0.01 2.24 ± 0.03 1.23 ± 0.01

Lead protection over the ionization chamber [µSv] 5.03 ± 0.05 2.92 ± 0.07 1.67 ± 0.01 1.00 ± 0.01
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respectively. The results from dose measurements without
protection are similar to the results of Kennedy et al. These
authors measured an average dose of 63.1 ±0.4 µGy [16]. The
dose at the anterior part of uterus shows somewhat higher va-
lues in comparison to the posterior part (left in●▶ Fig. 4). This
might be attributed to the photons that originate from outside
the body and are absorbed at depth in the tissue. The low do-
ses measured in this study should not be neglected, because
they can be harmful to the fetus. Consequently, even low do-
ses may increase the risk of cancer (e.g. leukemia) and poten-
tial hereditary effects, which occur due to unrepaired or incor-
rectly repaired DNA damage. The likelihood of such an effect
increases with dose and there is no identifiable threshold
dose below which the probability is known to be zero [5].
The results show that shielding is effective for scatter radiation
that originates outside of the phantom (center in ●▶ Fig. 4). It
was largely absorbed by the lead shielding. However, the scat-
tered radiation, which is generated inside the body, could not
be eliminated. When a 0.25mm Pb equivalent lead apron cov-
ered the front and lateral parts of the abdomen, the mean
measured dose was 49.4 µGy, which is a significant dose reduc-
tion of 26% (p<0.001).
The use of a wrap-around apron, which provided 0.25mm Pb
shielding in the posterior section and on both sides and
0.50mm Pb shielding in the anterior section due to overlap,
achieved a significant dose reduction of 34% (p<0.001) com-
pared to the radiation without an apron. The wrapped apron
leads to a higher dose reduction than the covering apron. This
shows that external scattered radiation also comes from the
posterior side. This radiation is shielded by the bottom part of
the wrapped apron (right in ●▶ Fig. 4). The higher thickness of
the lead on the anterior side of the phantom also contributes
to the dose reduction in the upper part of the uterus. Conse-
quently, the wrap-around apron protects the uterus from radia-
tion from all directions and appears to be approximately 8%

more effective with respect to dose reduction than the covering
apron.
Kennedy et al. also observed that the fetal radiation dose from
a CT scan for the diagnosis of pulmonary embolism can be re-
duced by the use of lead protection [24]. The average uterus
dose reduction after shielding of the abdomen obtained by
Kennedy et al. was between 33% and 47% depending on the
primary beam energy. The average fetal dose was 63.1 µGy
but only 38.0 µGy with lead protection, i. e. a dose reduction
of about 40% for the 100kV scan protocol. For the 120kV pro-
tocol they established a 35% decrease in uterus dose. The re-
sults are in good agreement with the results of our study and
the discrepancies could be attributed to the different scan
parameters and scan setups.
In contrast, the results of the present study contradict the re-
sults reported by Hidajat et al. They could not show a dose re-
duction using lead protection of the uterus [22]. There are two
possible factors that could cause the differences: Hidajat et al.
carried out a scan of the upper abdomen that was much closer
to the uterus and they protected a smaller volume of the pa-
tient with a lead apron. These factors presumably decreased
the amount of dose reduction through the use of lead protec-
tion.
The anthropomorphic phantom results show that external
scatter in the uterus could be reduced by about 34% due to
lead protection of the abdomen. The residual 66% of the
uterus dose results from the internal scatter within the body,
which could not be blocked with protective shielding. The as-
sessment of the source of scattered radiation that originated
outside of the phantom showed that a mean value of approxi-
mately 52% came from the tube area in the measured dis-
tances. The deviations from the mean value are in the range
of the calibration error of the ionization chamber. The back-
scatter that originated from the detector and table in the case
without the phantom was 43% on average in all measured dis-

Fig. 4 Colored dose distribution in uterus. Representation of the dose
distribution in the uterus without lead apron (left), covered with lead apron
(center) and wrapped with lead apron (right). The determined dose values
of the individual TLD as a function of their place in the phantom are illu-
strated in the figure. The color scale indicates that wrapping the abdomen
with lead protection achieves a better dose reduction than covering the
abdomen with a lead apron.

Abb.4 Farbige Dosisverteilung im Uterus ohne (links), mit aufgelegtem
(Mitte) und allseitig abgedecktem (rechts) Schutz des Abdomens. Die
ermittelten Dosiswerte der einzelnen TLD’s sind als Funktion ihres Ortes im
Phantom farbkodiert in der Abbildung wiedergegeben. Die Farbskala zeigt,
dass die allseitige Abdeckung eine bessere Dosisreduktion im Vergleich zu
der Messung mit aufgelegter Abdeckung aufweist.
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tances. The interpretation of the results concerning the back-
scattering from the detector area is only correct for the de-
scribed measurement setup without the phantom. Otherwise
the ionization chamber would also receive scattered radiation
from the phantom. However, this measurement is correct for
the scattering from the tube area. The situation is different
for the measurement of the backscatter from the detector
when a patient or a phantom is lying on the table. The patient
absorbs about 95% of the radiation and only about 5% reaches
the detector. Therefore, the backscatter from the detector scan
with a patient of standard size is about 1/20 of the measured
doses without a patient, which also depends on the attenua-
tion in the patient. This means that the posterior part of the
beam would also come mainly from the tube area, when it ro-
tates under the table in the spiral motion of the CT scan. The
results indicate that 95% of the external scatter that comes
from the anterior and posterior direction could be blocked by
the lead protection.
The measured doses are representative for this type of CT
scanner. The lung dose was 12.8 mGy. A comparison with
other types of CT scanners and scan parameters is possible
with the measured CTDIw=6.84 mGy and DLP=219 mGy.
The uterus dose reductions are modest when compared to
large values inherent in CT scanning but they can be attained
easily without additional cost and without image quality de-
gradation. Even though the risk for a particular X-ray examina-
tion may be small, it is assumed that every increase in dose to
an individual may carry some risk. The findings from the pre-
sent study emphasize that clinically indicated thorax CT scans
can be obtained with a reduced risk to the fetus when lead
shielding is used. This method of protection should be recom-
mended in clinical practice, especially for women of child-
bearing age. Shielding of a pregnant woman should be used
to fulfill the ALARA principle of optimization.
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