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Abstract

The study aimed to assess the effect of bismuth (Bi) shielding on dose reduction and image quality in computed tomography
(CT) through a literature review. A search was conducted in the following databases: Web of Science, PubMed, Google
Scholar, and Scopus. Studies that reported estimated dose reduction with bismuth shielding during imaging of the eye,
thyroid, and breast were included, and a meta-regression analysis was used to examine the influence of the CT scanner type
on the dose reduction. The studies included a total of 237 patients and 34 pediatric and adult anthropomorphic phantoms
for whom the radiation dose was reported. Bismuth shielding was recommended in 88.89% of the studies based on the
maintenance of appropriate image quality under shielding. Noise associated with Bi shielding was 7.5%, 263%, and 23.5%
for the eye, thyroid, and breast, respectively. The fixed-effects pooled estimate of dose reduction was 34% (95% CI: 13-55;
p <0.001) for the eye, 37% (95% CI 14-61; p<0.001) for the thyroid, and 36% (95% CI 36-55; p<0.001) for the breast.
The image quality, usage of foams, CT scanner type, beam energies, and backscatter radiation were important factors that
directly affected the efficacy of Bi shielding to reduce the radiation dose at the superficial radiosensitive organs.
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1 Introduction

Several methods have been employed to minimize the radia-
tion dose in patients undergoing computed tomography (CT)
imaging [1]; these include the use of lead-free shields [2, 3]
and tube current modulation (TCM) [4]. As a result of rapid
improvement in the technical performance of CT imaging
and expansion of its clinical use [5], CT has become one of
the most important tools in medical imaging [6, 7]. CT usage
has increased exponentially over the years, from 3 million
scans in 1980 to 67 million scans in 2006, which represents
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600% growth during that period [8, 9]. Patients undergoing
CT imaging have significant exposure to ionizing radiation,
and use of shields is recommended as a method to reduce
radiation-induced damage.

The breasts are directly exposed during thoracic CT
imaging and the inferior aspect of the breast may be exposed
to nearly 20-50 mGy of radiation [10, 11]. Recent findings
have indicated that the breast tissue in female individu-
als and the lens were more radiosensitive than previously
reported [12]. Women with high-density breasts are at high
risk for breast cancer compared to women with low-density
breasts [13]. Breast cancer is the second most common can-
cer [14], and currently, the most prevalent cancer in women
[15]. CT imaging of the head typically exposes the patient to
a radiation dose of 30—70 mGy [16]. Therefore, during CT
examination of the thorax and head, measures to decrease
the radiation dose to the breast, eye, and thyroid should be
taken since although rarely the organs of interest, they are
radiosensitive and always included in the scanning field [17,
18].

Bismuth (Bi) shielding was originally described by
Hopper et al. in 1997 and confirmed [19, 20] as a technique
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to minimize the dose during radiographic examinations,
which enables protection of the superficial organs from
exposure to radiation. Bi shield is a commercially acces-
sible reusable product contained in sterile plastic bags for
use in CT imaging to protect superficial organs such as the
eye, thyroid, and breast from radiation through medical CT
examinations [21]. The Bi shield is placed over the surface
of the organ or region of interest (ROI) during the scan-
ning, which causes approximately twofold attenuation of
the primary X-ray beam before it reaches the patient. Since
the Bi shield is usually located within the scan volume,
the effects on both the radiation dose and image quality
must be considered. There is increasing concern about
these effects, particularly to influence the image quality.
Bi shielding causes beam-hardening artifacts, and may
also increase the CT numbers recorded under the shield.
Recently, the use of Bi shields has been recommended as
an alternative method for decreasing the radiation dose to
superficial organs which are radiosensitive including the
thyroid, eye, breast, and gonads.

The combined method of TCM and use of Bi shield
is recommended, in which the Bi shield is placed on the
radiosensitive organ of the patient after acquiring the scout
image; if the Bi shield is placed before acquiring the scout
image, the algorithm for current adjustment is offset by the
attenuation due to the shield, and the efficacy of the Bi is
reduced [22]. Additionally, to achieve significant dose reduc-
tion without generating image noise and artifact, foams can
be used to increase the space between the Bi shields and
superficial organs, which sufficiently reduces the image
noise under shielding.

Despite the capability of Bi shields to achieve relatively
large dose reduction, the benefit of routine or specialized
use of these shields remains unclear. Diagnostic imaging
technologists in the field should consider both the image
quality and dose reduction besides the actual dose. Radiolo-
gists and medical physicists face the challenge to acquire
images of adequate quality with lowest radiation exposure
to the patient, in agreement with the as low as reasonably
achievable (ALARA) principle. Currently, the focus is on
developing methods to reduce the radiation dose during
CT examinations without compromising the image quality;
therefore, it is necessary to review the results of previous
studies.

To the best of our knowledge, there is no comprehensive
literature review on Bi shielding. In this study, we conducted
a literature review and meta-analysis of published studies
with the aim to evaluate the effects of Bi shielding on the
radiation dose to superficial radiosensitive organs such as
the eye, thyroid, and breast, quality of the medical images
acquired through diagnostic imaging procedures, and the
effects of the scanner type and X-ray beam energy on the
efficacy of Bi shielding.

2 Methods and materials

Systematic literature review and meta-analysis were con-
ducted and reported according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta Analyses)
guideline [23].

2.1 Search strategy and study selection

To identify published studies involving the use of Bi shield-
ing as a radiation protection method for radiosensitive
organs such as the eye, thyroid, and breast during diagnostic
imaging, an organized literature search was performed of
the databases including Web of Science, PubMed, Google
Scholar, and Scopus from more than 2 decades ago until
April, 2018; the search was limited to articles published in
English. Two researchers screened the titles and abstracts of
all the retrieved references; the full text of relevant articles
was reviewed.

2.2 Inclusion criteria

Articles were included in the review based on the following
inclusion criteria: (1) original quantitative research pub-
lished in a peer-reviewed journal; (2) actual experimental
procedure, and not simulation such as Monte Carlo methods
using Geant 4; (3) assessment of the effect of Bi shielding on
radiation protection; (4) shielding from X-ray, not particle
or gamma ray. A flow chart of the study selection is shown
in Fig. 1.

2.3 Statistical analysis

The percentage of reports for each organ including the eye,
thyroid, and breast was calculated. Cochran’s Q test and I*
test were used to calculate the percentage of heterogeneity;
the level of significance was set at p <0.05. A fixed-effects
model was used to estimate the pooled effect size. Meta-
regression analysis was used to determine the relationship
between dose reduction and CT scanner type for the eye,
thyroid, and breast separately. STATA version 14. 1 (Stata-
Corp LLC, TX, USA) software was used for all analyses.

3 Results
3.1 Search results and study selection
Totally, 178 relevant articles were identified through the

literature search; of these, some studies did not involve
usage of shielding materials and devices of interest (Fig. 1).
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Fig. 1 Flow diagram of study
selection
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Therefore, 52 studies that examined the effectiveness of Bi
shielding during imaging were considered as relevant and
included in the systematic review. In total, CT images of 237
patients and results of dose measurements using 34 pedi-
atric, adult, and female anthropomorphic phantoms were
included. The most frequent protocols were those for imag-
ing of the head, neck, and chest. Various types of scanners
were used, of which the most common types were 16-slice
(Siemens Medical Solutions, Henkestr, Erlangen, Germany),
64-slice (several different manufacturers), 256-slice (Sie-
mens Medical Solutions, Malvern, PA, USA; Revolution
CT, GE Healthcare, Chicago, IL, USA), 320-slice (Aquilion
ONE, Toshiba Medical Systems, Otawara, Tochigi, Japan),
and 4-slice multi-detector computed tomography (MDCT)
scanners (Toshiba Medical Systems, Otawara, Tochigi,
Japan), which were used in 11, 8, 2, 1, and 1 studies, respec-
tively; other scanner types included a periapical X-ray device
(Belmont 303-H, Takara Belmont Corp., Chuo-ku, Osaka,
Japan) in one study, panoramic imaging device (Planmeca
Promax, Helsinki, Finland) in two studies, cone beam com-
puted tomography (CBCT) scanner (Planmeca ProMax 3D
Mid, Helsinki, Finland) in one study, PQ5000 CT scanner
(Marconi Medical Systems, Cleveland, OH, USA) in two
studies, GX Xpress CT machine (Toshiba Medical Sys-
tems, Otawara, Tochigi, Japan) in one study, and Symbia

T2 dual-head hybrid SPECT/CT system (Siemens, AG,
Henkestr, Erlangen, Germany) in one study. The radiation
dose was measured using a CT dose index (CTDI) phantom
with pencil-shaped ionization chamber, and thermo-lumi-
nescent dosimeter (TLD) and metal-oxide—semiconductor
field effect transistor (MOSFET) dosimeter in most studies.
In most of the studies, quantitative evaluation of the image
quality was limited to measuring the level of noise defined
as the standard deviation of CT values and determined at
both the anterior and posterior ROI in the scanning volume.

3.2 Principal finding

The main finding of the literature review was that Bi shield-
ing significantly reduced the radiation dose in pediatric and
adult patients. All studies recommended the use of Bi shields
to reduce the radiation dose to superficial radiation-sensitive
organs: 27 studies provided clear opinion on Bi shielding;
24 studies strongly recommended the use of Bi shields;
three studies reported that Bi shielding was not necessary
or advisable, and recommended other solutions. Thus, 88.9%
of the studies recommended the use of Bi shields, whereas
11.1% of the studies did not. Hopper et al. [20] reported that
Bi shields decreased the average radiation dose by 48.5%.
Most of the studies investigated the effect of Bi shields on
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image quality: The use of Bi shields affected the image qual-
ity, which suggests that it is important to determine the com-
parative effects on the image quality through shielded versus
non-shielded approaches.

3.3 Bismuth shielding and eye protection

A total of 15 studies evaluated Bi shielding as a method for
reducing radiation dose to the ocular lens during CT imaging
of the head (Table 1); in all of these studies, the radiation
dose was measured with lens protection placed on the head
phantom. The dose reduction at the eye varied from 21 to
50% (36.28+6.22) depending on the scanner, exposure con-
dition, and shield design. A forest plot of the studies on dose
reduction at the eye that were included in the meta-analysis
is shown in Fig. 2. The fixed-effects pooled estimated value
of dose reduction for the eye was 34% (95% CI 13-55;
p <0.001). Meta-regression analyses to determine the rela-
tionships between factors such as the detector row number
and dose reduction at the eye indicated that by increasing
the number of detector rows of the CT scanner, the efficacy
of Bi shielding was increased, which suggests a relationship

Study
D

between increased number of the CT scanner detector and
dose reduction at the eye; however, the relationship was not
statistically significant (Fig. 3).

Ciarmatori et al. [35] reported that Bi shielding can
reduce the entrance surface dose by 21-29% during head
CT examinations, and Wang et al. [33] reported that Bi
shielding and TCM reduced the radiation dose to the ocular
lens by 26.4%. Hopper et al. [24] indicated that the use of
Bi-coated shielding at one-, two-, and three-layer thickness
over the eyes decreased the radiation dose by 48.5%, 59.8%,
and 65.4%, respectively.

3.4 Bismuth shielding and thyroid protection

A total of 15 studies investigated Bi shielding as a method
to reduce the radiation dose to the thyroid (Table 2). All
studies reported a dose reduction at the thyroid of 25-84%
(49.73+16.90) depending on the scanner, exposure condi-
tion, patient’s body weight, and shield design. Meta-analysis
indicating the fixed-effects pooled estimate of dose reduc-
tion of 37% (95% CI: 14-61; p < 0.001) at both the thyroid
and breast is shown in Fig. 4. The meta-regression of dose
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Fig.2 Forest plot of studies on dose reduction for the eye. Heterogeneity (/> = 0); ES estimation, CI confidence interval
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Fig. 3 Forest plot of dose reduction for the eye based on categorizing studies by scanner type

reduction at the thyroid as a function of the CT scanner
detector number is plotted in Fig. 5; the relationship was
not statistically significant (p > 0.809).

Kim et al. [45] investigated the effect of Bi shields
at different thickness levels on the exposure dose and
reported a dose reduction of 84% at 0.12 mm thickness,
92% at 0.25 mm thickness, and 96% at 0.5 mm thickness,
suggesting that the efficacy of the shield increases with
increasing thickness. In one study, the use of Bi shielding

in orthopantomography (OPTG) and CBCT scanning was
associated with higher radiation dose to the thyroid gland
[37]. Inkoom et al. [44] investigated the effect of Bi shield-
ing on the radiation dose to the thyroid and image quality
in CT imaging with fixed exposure parameters using pedi-
atric anthropomorphic phantoms representing a newborn
and 10-year-old child, and reported dose reduction at the
thyroid of 17% and 35%, respectively.
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Fig.4 Forest plot of studies on dose reduction for the thyroid. Heterogeneity (/> = 0); ES estimation; CI confidence interval

3.5 Bismuth shielding and breast protection

A total of 20 studies explored the effectiveness of Bi shield-
ing to reduce the radiation dose to the breast (Table 3). All
the studies concluded that Bi shielding was effective in
reducing the radiation dose to the breast during thoracic CT
imaging. The results indicated a dose reduction of 15-57%
(39.05+ 11.98) depending on the scanner type, exposure
condition, and shield design. The forest plot of the studies
on dose reduction for the breast that was included in the
meta-analysis is shown in Fig. 6. The fixed-effects pooled
estimate of dose reduction for the breast was 36% (95% CI
17-55; p < 0.001). Meta-regression analysis of the efficacy
of Bi shield for breast protection as a function of the CT
scanner detector number is shown in Fig. 7.

Statistical information for the meta-analyses performed
for the eye, thyroid, and breast is presented in Table 4. In
one study, a radio-protective garment composed of Bi and
latex attenuated the delivered radiation dose by 50% [48].
One study evaluating the effectiveness of Bi to reduce the
radiation dose to both the superficial and deep glandular
breast tissues in human participants and phantoms reported
a dose reduction of 17% at the deep glandular tissue during
MDCT imaging performed by a radiologist [54].

Data analyses revealed that thyroid shielding was more
effective than eye shielding and breast shielding with respect
to dose reduction (Fig. 8).

3.6 Bismuth shielding and image quality

Some studies suggested that image quality should be con-
sidered when assessing dose reduction strategies: a total
of 29 studies performed qualitative or quantitative assess-
ment of the impact of dose reduction on image quality. Of
these studies, 21 studies reported an absence of significant
change in the image quality, whereas 8 studies reported
noticeable changes in the image quality; thus, 72.41%
of studies reported acceptable image quality through Bi
shielding, and 27.59% of studies reported that Bi shield-
ing had a negative effect on the image quality. Some stud-
ies reported the presence of noise of the Bi shields at
12-0’clock and 6-0’clock positions. When the Bi shield
was placed on the CT phantom, the noise was highest at
the 12-o0’clock position and lowest at the 6-0’clock posi-
tion in all of the organs, and there were differences in the
noise at 12-o’clock vs. 6-0’clock position for the head,
neck, and chest phantoms (Fig. 9). Noise enhancement was
highest for the 12-o0’clock position because this position
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Fig. 5 Forest plot of dose reduction for the thyroid based on categorizing studies by scanner type

is located just under the Bi shield, which indicated that
the change in image quality due to Bi shielding was lim-
ited in the range of 1-2 cm distance from the shield, and
streak artifacts mainly appeared at the location where the
shield was placed. The average noise value of the Bi shield
placed on the head, neck, and chest phantoms was approx-
imately 7.15%, 263%, and 23.5%, respectively, depend-
ing on the tube voltage, number of scanner detector, and
shielding type [33, 48, 50, 51, 55, 56]. The increase in
noise (263%) was greatest for the thyroid under Bi shield-
ing, which may be explained by the passage of radiation
beams through dense areas such as the spine and skull
base, and the emission of backscatter radiation beams in

the presence of the Bi shield at the thyroid (or eye). Aytu-
gar et al. [37] reported an increase in the radiation dose to
the thyroid of 602.9% through OPTG scanning under Bi
shielding, which may also be explained by the presence
of backscatter radiation. Other studies [25, 51] reported
a decrease in the image quality at regions immediately
behind the breast shield, but not at the areas of diagnostic
interest for thoracic CT, and a significant increase in the
image noise at only the anterior portions of the lung. Kalra
et al. [60] reported that Bi shielding was associated with
increased image noise and CT attenuation values; streak
artifacts were present at 0 and 1 cm distance between
the shield and phantom’s surface, but not at 2 and 6 cm
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Fig.6 Forest plot of studies on dose reduction for the breast. Heterogeneity (/2 = 0); ES estimation, CI confidence interval

distance from the shield. These studies reported a frequent
occurrence of beam-hardening and streak artifacts due to
use of Bi shields; nevertheless, the diagnostic accuracy
was not limited and the overall image quality was consid-
ered acceptable.

3.7 Solutions for improving the image quality
under Bi shielding

The image noise directly below the Bi shield is higher than
that recorded at central or posterior position away from the
shield, which indicates that some material placed between
the shield and organ could reduce the noise at near (anterior)
and far (posterior) positions from the Bi shield. Neverthe-
less, the image noise below the shield did not significantly
affect the image quality required for making a diagnosis. A
total of 28 studies investigated the effect of increasing dis-
tance between the shield and organ. All studies investigating

the impact of the distance between the shield and patient or
phantom surface reported that the use of foam was clearly
effective in reducing noise. Foam placed between the shield
and organ enables capture of X-rays at the location, anchors
the shield, and is easy to work with; thus, foam reduces the
image noise by preventing direct contact between the shield
and surface of the patient. Additionally, the studies recom-
mended that the image quality readers (radiologists and tech-
nologists) should be familiar with the correct usage of Bi
shielding and its effect on noise.

CT numbers may be used for complementary diagnosis
such as in coronary calcium scoring and characterizing of
renal cyst and adrenal mass. In these cases, the investigator
should use caution because the presence of the shield can
result in a change in the CT number of the ROI. Chang et al.
[30] reported the presence of minimal artifacts at greater
than 1 cm distance from the Bi shields to organ such as the
breast, thyroid, or eye, in agreement with the usefulness Bi
shielding at a distance. Wang et al. [33] reported that the use
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Fig. 7 Forest plot of dose reduction for the breast based on categorizing studies by scanner type

of a piece of foam to increase the distance between the Bi
shield and ocular lens reduced artifacts near the orbit.

3.8 Bismuth shielding and beam energies

The degree of attenuation is entirely dependent on the
atomic structure (the atomic number) of the material and
energy of the photons in the beam; imaging devices produce
a spectrum of output energy. Some studies reported that the
Bi shield caused a decrease in the overall beam intensity
alone, similar to the effect of TCM [61, 62]; however, TCM
cannot always be used because tube current is limited by
the patient’s body weight, device type, exposure condition,
as well as the image quality. Standard XCOM data were
presented according to the mass attenuation coefficients

of Bi; the probability of photoelectric interaction at low
energy level of 20—40 keV is about ten times higher than at
60-140 keV [63]. Bi shielding reduces the surface dose to
the patient through variation of the beam shape, especially
by reducing the level of low-energy photons at the surface
of the organ; while these photons do not have an important
role in forming the image, they increase the radiation dose
to superficial organs and tissues such as the breast, eyes,
and thyroid. TCM and Bi shielding have clear differences
in effect on the beam shape variation, which is useful when
a low-energy beam is used. Moreover, at the same dose to
the superficial organ, TCM generates higher image noise
than Bi shielding. The XCOM data showed that the attenu-
ation was minor for intermediate energies of 80-90 keV and
weak above the K-absorption edge of 90.52 keV for Bi [64].
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Table 3 (continued)

Recommended

Image quality

Bismuth shield (with Dose reduction

foam)

Dosimeter

Scanner

Patient type

Reference (date) Region scanned

(Organ

assessed)

Single-layer Bis- 35%, 42%, and 37%  Anterior image noise

OSLD (Screened

Chest, head and neck Female anthropo- 256-MDCT scanner

[36]

increased by 0.1,

in the head, neck,
and chest regions,

respectively

muth-impregnated

Nanodots, Lan-
daeur)

(Revolution CT,

morphic phantom

(breast, eye and

(2016)

9.5,and 0.7 HU in

the head
neck, and chest

latex shields (0.06-

mm lead-equiv-

GE Healthcare)

thyroid)

alent AttenuRad,
F & L Medical
Products)

(Yes)

regions, respec-

tively

Yes

Image quality

62%

Commercially avail-

TLD

Radiographic unit

95 pediatric girls

Pelvis radiography

[58]

remained diagnos-
tically acceptable

able 0.06-mm lead

GR —-200

(VARIAN Radi-

(2017)

equivalent bismuth

(Yes)

ography system,

USA)

Yes

15.7% image noise
increased

37.6% reduction to

Bismuth—silicon

TLD —-200

16-slice MDCT

Standard female
Phantom

Chest

[59]

the breast

composite shield

(Yes)

(breast)

(2018)

MOSFET metal oxide semiconductor field effect transistors, 7LD thermos luminescent dosimeters, ROI region of interest, CT computed tomography, MDCT multi-detector computed tomogra-

phy, eqg equivalent, PMMA poly-methyl meth acrylate, OSLD optically stimulated luminescence dosimeters, CTDI computed tomography dose index

Only a few studies investigated the effect of energy on the
performance of Bi shielding. As the beam energy increased,
the dose decreased gradually (Fig. 10). At low beam energy,
Bi shielding was more effective in reducing the radiation
dose, which may be explained by the variation in shape of
the X-ray spectrum at increasing value from 80 to 120 keV
[27, 30, 51]. In each case, the mean dose reduction at 80 keV
was considerably higher than those at other energy levels;
whereas, dose reduction at 120 keV was generally the low-
est. The difference in mean dose reduction was not signifi-
cant only for the thyroid due to the presence of backscatters
beams. Based on this result, Bi shielding is particularly indi-
cated at low energy levels. The patient’s condition should be
considered when deciding the exposure settings. In obese
patients, the operator has a limited choice of tube current or
lower energy setting; however, in normal patients, setting of
optimum exposure conditions is possible depending on the
skill of the technologist.

3.9 Bismuth shield and backscattered radiation

Differences in dose reduction at various parts of the radia-
tion-sensitive tissue(s) under shielding are shown is Fig. 11.
In the eye, thyroid, and breast, the highest percentage of
mean dose reduction occurred at the 12-o’clock position,
whereas the lowest percentage of mean dose reduction
occurred at the 6-0’clock position, and there were gradual
decreases in the dose reduction with increases in the distance
from the shield. Thus, the studies concluded that Bi shield-
ing was effective for the protection of superficial organs [28,
34, 35,41, 44, 48, 49, 61]. Aytugar et al. [37] reported that
there was an increase in the dose to the thyroid and eye under
Bi shielding in OPTG and CBCT imaging. In OPTG scan-
ning, since the irradiation is performed at posterior anterior
(PA) orientation, the X-ray beams pass through dense areas
such as the spine and skull base; therefore, higher exposure
factors should be selected. These beams may cause back-
scatter radiation that interacts with the Bi shield especially
at the level of the thyroid and eye [37]. The dose reduction
at 6-o’clock position (deeper part of the body) was less than
that at the surface (Fig. 11). Kim et al. [45] reported that in
general, there was reduction in the radiation dose although
the dose to the thyroid was increased due to backscatter.

4 Conclusion

In conclusion, the presence of a Bi shield was effective to
decrease the patients’ surface radiation dose by decreasing
the low-energy photons delivered at the surface. Compari-
son among the doses to the eye, thyroid, and breast showed
that Bi shielding has potential for use in dose reduction,
especially at the thyroid, without significantly lowering the
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Table 4 Meta-regression

. Dose reduction Coef. Std. err. t P>litl [95% Conf. Interval]
showing the effect of CT
ican}f:er type on dose reduction Scanner type (eye) 0.01489 0.08076 0.18 0.857 ~0.19873 0.72447
or three sensitive organs Scanner type (thyroid) 0.02604 0.10474 0.25 0.809 —0.21089 0.26299
Scanner type (breast) 0.04751 0.14446 0.33 0.746 —0.25485 0.34988
70 == center
60 = 12 hour
&\°/ 50 g 3 hour
E " g 6 hour
,g E XY 9 hour
g 30 ""E
QL )
é 20 2
10 =
0

Eye Thyroid Breast

Fig.8 Comparison of the dose reduction (mean + SD) achieved using
bismuth shielding among the eye, thyroid, and breast. Error bars rep-
resent the standard deviation (SD)

;Zoi EEE 12 hour position

0 .

210 6 hour position
50T

X 407

2

.s 30-

V4

Eye Thyroid Breast

Fig. 9 Comparison of the noise (mean + SD) from the bismuth shield
among the eye, thyroid, and breast at the 12-o’clock position and
6-0’clock position. Error bars represent the standard deviation (SD)

e 80 keV
50 e 100 keV
— 120 keV
X 40
=
S
£ 30
=
=
o
= 204
2
a
10
0-

Eye Thyroid Breast

Fig. 10 Comparison of the dose reduction (%) achieved using bis-
muth shielding among the eye, thyroid, and breast at different energy
levels

using bismuth shielding at different parts of the eye, thyroid, and
breast. Error bars represent the standard deviation (SD)

Fig. 11 Comparison of the dose reduction (mean + SD) achieved

image quality. Image quality, usage of foam, beam ener-
gies, and backscatter radiation were important factors that
directly affected the efficacy of Bi shielding. The image
noise assessed for imaging with and without Bi shield indi-
cated that the increase in the noise level under Bi shielding
was acceptable for making the diagnosis. Additionally, foam
of optimum 1-2 cm thickness was recommended to decrease
the noise in images acquired with bismuth shielding.
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