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Abstract

Background: Cumulative dose of ovary as a radiosensitive organ during abdominal and pelvic CT scan imaging is still a controver-
sial challenge that requires practical dose reduction strategies. Although bismuth shields can reduce the dose in the right propor-
tions, their use is controversial due to the reduced image quality.
Objectives: The aim of this study was to investigate the performance of a new combination of X-ray absorber structures that have
less effect on image quality parameters.
Methods: First, various shields with different weight percentages of Cu and Bi were made, then the percentage of dose reduction
and image quality were evaluated via phantoms. Finally, Shield with the least effect on image quality was evaluated for clinical
evaluation on 20 patients.
Results: Shielding with thicknesses of 1T and 3T reduced the Entrance skin dose of ovarian by about 52% and 73%, respectively. Shields
with 90% cu-10% Bi and 100% Bi structures had the least and most destructive effects on image quality, respectively, and also have
the same image quality. The 10% Bi-90% Cu shield provided a 21% greater dose reduction than the bismuth shield. Also, this 1T thick
shield did not create an artifact in the reconstructed images.
Conclusions: Shields are flexible, inexpensive, and user-friendly for ovarian shielding in abdominal and pelvic CT scans. Unlike
bismuth shields, shields do not have the detrimental effects of image quality degradation.
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1. Background

The use of computed tomography (CT) as a diagnostic
imaging technology has increased dramatically over the
past two decades. CT scans have a higher radiation dose
than other diagnostic methods, as this method is responsi-
ble for more than 70% of the total doses of x-ray diagnostic
procedures (1, 2).

Multi-detector computed tomography (MCDT) is an ad-
vanced technology that is faster than older generations of
CT scanners. However, more doses are given to the patient
(3) due to the unique diagnostic role of CT scan in a huge
range of abdominal and pelvic diseases. This method is
considered to be the most accurate technique for abdomi-
nal and pelvic exams after ultrasound (4). We should bear
in mind that the radiation dose on the patient’s body sur-
face is maximal, and it decreases as it passes through the
patient’s body (5). The dose of the ovary in a normal CT scan

Abdominal and pelvis were estimated in the range of 24.27
to 91.16 mGy via impact software with a standard deviation
of 68.87 ± 16.81 (4).

Using a bismuth shield in CT imaging is an effective
way to reduce the absorbed dose of ovaries (6, 7). Bismuth
shield reduces the surface dose of the organ by absorbing
low energy photons (8). Many studies have shown dose re-
duction efficiency of bismuth shields to be 26% to 57% (5,
6). In another study by Sancaktutar et al. (9), a dose reduc-
tion of approximately 90.2% was obtained using a bismuth
shield for abdominal and pelvic CT scans. A dose of 50.5%
was obtained with bismuth shields (6).

On the other hand, despite the advantages of bismuth
shields, some studies have shown the destructive proper-
ties of these shields on image quality parameters such as
SNR and CT number, as well as creating artifacts (7, 9-12).
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2. Objectives

In this study, we designed and built shields that are per-
fectly suited for protecting the ovaries during CT scans of
the abdomen and pelvis and do not have the disadvantages
of common bismuth shield like reducing images quality
and CT number shift that could disrupt the disease diag-
nose. Were clinically evaluated. Materials and methods,
and then the results will be described below.

3. Methods

We used a tissue equivalent tissue phantom to measure
the cumulative dose of ovarian position. This measure-
ment was performed using thermoluminescence dosime-
ters. A CTDI acrylic phantom was used to measure noise
and CT number changes. The effect of distance from the
shield on image quality was investigated via the CTDI phan-
tom to find the ideal distance. Image quality was also as-
sessed using an anthropomorphic female phantom.

To evaluate the quality of the images, 20 female pa-
tients in the age range of 20 - 75 were divided into control
and intervention groups. In the radiology department, af-
ter completing the consent forms, hardened shields were
placed on the body of the ovary of women in the interven-
tion group. A non-contrasting holder was made in which
the shields were fixed, and under each shield was a 3 cm
layer of noise-reducing foam between the patient’s body
and the shield. Routine abdominal and pelvic CT scans
were performed in the control group of patients without
any additional procedures.

All studies were performed using a Philips Brilliance 16-
slice CT scanner that was effective in axial position and 120
kvp tube voltage and 162 mAs tube current and slice thick-
ness of 0.5 cm.

3.1. Shield Construction, Image Quality Evaluation, and Statis-
tical Analysis

To reduce the patient dose without significantly reduc-
ing the SNR value, the photon energy must be intention-
ally modified so that low-energy beams can be removed
from the spectrum, and high-energy beams can be main-
tained. To this end, physical protection may be a good so-
lution. However, protective ingredients will play an impor-
tant role in the success of this method. We found that Cu
had all the properties and was selected as the base metal
in the shield structure. Bismuth is a metal used as a shield
in the past, while it cannot Modify the photon energy in a
targeted way So that low energy photons remove from the

spectrum and maintain high energy photons, which leads
to image formation. Therefore, not a good choice. To test
the accuracy and efficiency of this theory, different ovarian
shields were made with different weight percentages of Cu
and Bi (Table 1).

Table 1. Different Combinations and Widths of the Constructed Shields

Name Bi (%W) Cu (%W) Width

10% Bi-90% Cu 10 90 1T-3T

50% Bi-90% Cu 50 50 1T-3T

90% Bi-10% Cu 90 10 1T-3T

100% Bi 100 0 1T-3T

A mold made by 3D printing technology with a cir-
cular shape was used to shape the shields. RTV (room-
temperature-vulcanizing silicone) was mixed well as an
elastomeric intermediate and Cu and Bi powders using a
mechanical stirrer. The shields were made in a circular
shape with a diameter of 120 mm and a constant thickness
of 5 mm except at marginal 5 mm.

The thickness edges decreases slightly to Avoid artifact
due to the sharp edge of shields. For the preliminary eval-
uation of the new compounds, the effect of these shields
on noise change and the CT number was investigated us-
ing CTDI phantom.

Quantitative image quality analyses performed via an-
thropomorphic phantoms by measuring noise and CT
numbers shift at different ROIs. Different ROIs were eval-
uated. Image noise was measured using standard attenu-
ation of attenuation values (per Hounsfield unit) in a ho-
mogeneous region. It was considered (Figure 1) that the CT
number and standard deviation within each ROI were mea-
sured for ten consecutive sequences of exile images and
then averaged to obtain an accurate value.

Differences between the groups were statistically de-
termined to be less than 0.05 using paired student t-test
and statistical significance. Kolmogorov-Smirnov test was
performed to check the normality of the data. In the
field of clinical trial, statistical differences between the
two groups for image quality were assessed using the non-
parametric Mann-Whitney test.

4. Results

4.1. Surface Dose Using Anthropomorphic Phantom

Table 2 shows the mean value and standard deviation
of the skin input dose (ESD) measured for different shields
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Figure 1. Selected different ROI, s in pelvis axial CT scan for noise and CT number
shift calculation

with thicknesses of 1T and 3T. The mean of ovarian ESD dur-
ing abdominal and pelvic CT scan was 22.02 ± 1.12 for non-
shielded condition and for 1T thickness, the amount of ESD
reduction for 10% Bi-90% Cu, 50% Bi-50% Cu, 90% Bi-10% Cu,
and 100% Bi shields were shown to be 52.1%, 54.1%, 50.8%,
and 52.8%, respectively.

Table 2. Mean Entrance Skin Dose (ESD) of the Ovaries During Pelvis CT Scans with
and Without Manufactured Shields with the Thickness of 1 T and 3 T

Shield Composition ESD, mGy Dose Re-
duction,

%

1T

No shielding 22.2 ± 1.12 -

10% Bi-90% Cu 10.55 ± 0.91 52.1

50% Bi-50% Cu 10.06 ± 0.77 54.1

90% Bi-10% Cu 10.82 ± 0.74 50.8

100% Bi 10.38 ± 0.98 52.8

3T

10% Bi-90% Cu 5.8 ± 1.1 73.6

50% Bi-50% Cu 5.85 ± 0.63 73.4

90% Bi-10% Cu 5.92 ± 0.87 73.1

100% Bi 6.14 ± 0.85 72.1

Also, for 3T thickness, ESD reduction rate for 10% Bi-90%
Cu, 50% Bi-50% Cu, 90% Bi-10% Cu and 100% Bi shields equal
to 73.6%, 73.4%, 73.1% and 72.1%, respectively were shown.

For all manufactured shields, the dose reduction rate
was statistically significant (P < 0.05). By increasing the
thickness of the shields from 1T to 3T, a greater surface dose
reduction rate (about 20%) was obtained.

4.2. Image Quality Analysis Using CTDI Phantom and Anthropo-
morphic Phantom

The shields were placed on a uniform phantom to eval-
uate the quality of the image during the CT scan. Some
ROIs were considered at the center of the phantom at dif-
ferent distances from the shield. The amount of CT num-
ber and noise were measured for each ROI in 10 consec-
utive slices, then the change in CT number and increase
in noise were calculated comparing to the non-shielded
mode (dose reference mode). Increasing the weight per-
centage of Cu in the structure of the shields reduces the
noise and the amount of CT number shift in the images.
10% Bi-90% Cu Shield has the least effect on image qual-
ity in terms of noise and CT number shift, which decreases
rapidly with increasing distance between shield and ROI.

4.3. CT Number Shift and Noise Increasing

The mean CT number and image noise on the anterior
pelvic region were 11.9 and 6.8 HU, respectively. The use of
10% Bi-90% Cu, 50% Bi-50% Cu, 90% Bi-10% Cu, and 100%
Bi shields with 1T thickness, Anterior pelvic image noise
0.8 (11%), 1.2, respectively (Increased by 17%), 9.1 (27%) and
7.2 (40%). Mean CT of anterior pelvic CT for 1T thickness of
10% Bi-90% Cu, 50% Bi-50% Cu, 90% Bi-10% Cu, and 100% Bi
shields increased 5.8, 14.4, 17.7, and 19.2 HU, respectively.

All composed shields except (10% Bi-90% Cu) “ideal
shield” affected significantly in noise quantity and CT num-
ber shifting amount of all studied ROIs. The effects of the
ideal shield with a thickness of 1T had no statistically signif-
icant effect on bladder noise (P = 0.08) and rectal (P = 0.07).
Also, this shield did not significantly change the CT num-
ber of the gluteus maximus (P = 0.53), iliac vessels (0.06)
and rectal (P = 0.53). The effects of 3T thickness ideal shield
had no significant effect on rectal noise (P = 0.06) and il-
iac artery CT number (P = 0.13). In addition, the effect of
the ideal 3T thickness shield on image quality was similar
to that of the 1T bismuth shield. Thus, the ideal 3T shield
produced 21% more dose reduction properties than the 1T
bismuth shield in the same image quality.

The results showed that the ideal shield with a struc-
ture of 10% Bi-90% Cu shows the least effect on image qual-
ity for CT number shift and noise.

5. Discussion

The previous studies employed two techniques to cal-
culate dose reduction: (ORGAN DOSE MEASURMENT or
entrance skin dose (ESD) measurements), which in the
present study, the second method was used. According to
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Dose measurements the use of shields made for ovaries
with a thickness of 1T can significantly reduce the amount
of ESD (50.8% - 54.1%). The dose reduction properties of
1T thick shields were approximately equal to the expected
amount. The results of our dose reduction were consis-
tent with the results of Hopper et al. (6), Alonso et al. (3),
and Einstein et al. (11) studies, and the only difference with
the mentioned studies could be related to imaging tech-
niques. Performance of 1T constructed shields was better
than study shields of Hohl et al. (13), Lambert and Gould
(14); Yilmaz et al. (15), Gatuzzo (16), and Wang et al. (17).

Since the manufactured shields were effective, they
can be used in clinical treatments. The efficiency of these
shields increased significantly with increasing thickness
from 1T to 3T.

5.1. Effect on Noise and CT Number Shift: An Anthropomorphic
Phantom Study

We used the CTDI phantom for the initial evaluation
of the shields. The results showed that with increasing
the percentage of Cu, image noise and CT number shift-
ing significantly decreased. Increasing the amount of Cu
in shields from 0% to 90% leads to a 105% reduction in im-
age noise dose and 21% in changing the CT number at a dis-
tance of 3 cm from the shield.

The results showed that the shield with a combination
of 10% Bi-90% Cu will have the least detrimental effect on
image quality. Both the made-up shield and the bismuth
shield had a significant CT noise in direct contact with the
phantom surface. However, as the distance between the
shields and the phantom level increased, the noise and
CT number increased rapidly. For the bismuth shield, the
noise was reduced from 2296% to 85% by creating a dis-
tance of 5 cm relative to the direct contact with the phan-
tom surface. Also, the CT number shifted from 161 to 33 HU.

By moving the ideal shields from contact to a distance
of 5 cm from its surface via the phantom surface, the noise
was reduced from 522% to 25%, and the CT number change
from 59 to 16 HU. These shields produced no noise and only
resulted in a 6 HU change in CT numbers at a distance of 9
cm.

5.2. The Effect on Noise and CT Number: A “Phantom and Pa-
tient” Study

All shields were evaluated using a human-like phan-
tom. The shields were placed on the ovarian region at a
distance of 3 cm. In the ROI of the gluteus intermedius re-
gion, the noise and CT number changes were 11% and 5.8
HU for the ideal shield, respectively, and 40% and 19.2 HU

for the bismuth shield, respectively. The ideal shield noise
levels in the ROI of the bladder, rectum, and iliac arteries
were 2%, 0.7%, and 9%, respectively. The ideal shield did not
change the Cat number of the iliac artery and only resulted
in a change of 2 HU in the CT number in the bladder area
and 1 HU in the rectal area. The results of the study on
the anthropomorphic phantom, like the results of the CTDI
phantom study, proved that the ideal 1T-thick shield had no
detrimental effect on image quality. Figure 2 shows a noise
comparison diagram of the ideal shields and the bismuth
shield at different ROIs.

The effects of 1T thickness ideal shield on image qual-
ity were not significant in many areas. The ideal 3T thick-
ness shield had the same effects as the 1T shield. However,
the dose reduction in 3T shields was 21% higher than in 1T
shield. Therefore, by using the ideal 3T shield instead of
the conventional 1T bismuth shield, a dose reduction of 21%
can be achieved with the same amount of image quality.
The ideal 1T shield can also be used for better image qual-
ity. Figure 3 shows the effect of the two ideal and bismuth
shields on the CT number of the ROI of the gluteus max-
imus and medius.

In the patient study, based on the radiologist report in
Figure 4, the Ideal 1T shield did not have a detrimental ef-
fect on image quality, and the results of the clinical trial
were consistent with studies on anthropomorphic phan-
toms.

5.3. Patient Radiation Exposure Wasting

As we know, radiation wasting, which means removing
high energy photons from the radiation spectra, leads to a
decrease in SNR, and a decrease in SNR has a linear relation-
ship with an increase in noise. Therefore, a slight increase
in image noise means that the amount of radiation wast-
ing is not noticeable.

The results of this study showed that the amount of
ideal shield noise is much less than the bismuth shield.
Also, the amount of ideal shield noise in most ROI was
not statistically significant (P value < 0.05). It can be con-
cluded that ideal shields have solved the problem of radia-
tion loss.

5.4. Conclusions

The present study aimed to design and build a new
shield to reduce the dose received by the ovaries in abdom-
inal and pelvic CT scans without adversely affecting image
quality. For this purpose, several shields were hardened us-
ing different combinations of Cu and Bi, and their perfor-
mance was compared with conventional bismuth shields.
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Figure 3. Comparison of 10% Bi-90% Cu and 100% Bi on CT number shift for gluteus
maximus and gluteus intermedius regions.

The results of studies on the uniform phantom of CTDI and
anthropomorphic phantom showed that the shield with
10% Bi-90% Cu structure had the least effect on image qual-
ity. A new 1T-thick shield reduced the entry dose of ovarian
skin by 50%, similar to the bismuth 1T shield, while the ef-
fects of the ideal shield on image noise and CT change were
calculated a lot less than the bismuth shield. Also, the ideal
shield reduced the radiation dose by 21% more than the bis-
muth shield with the same thickness of 1T in the same im-
age quality.

In the anthropomorphic phantom study, the largest
change in CT was observed for the ideal shield less than 6
HU.

Also, the maximum noise generated from the reference
dose mode was less than 11%. According to the radiologist,
the results of the clinical trial were consistent with the re-
sults of phantom studies. On the other hand, no artifacts
were observed in the reconstructed images for the Ideal 1T
Shield.
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Figure 4. examples of pelvic CT images without and with 1T shields thicknesses. A, 100% Bi; B, 90% Bi-10% Cu; C, 50% Bi-50% Cu; D, 10% Bi-90% Cu; E, without shielding.
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