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The purpose of this study is to see the usefulness of lead apron for critical organs near the breast under
examining. For clinical experiment, 30 female volunteers who agreed to their participation in the experiments,
were chosen and divided into two groups, 15 in group A and 15 in group B respectively. group A is to see whether
each side of breast under mammography affects to other side glandular on the critical organs is same, because
it is not allowed to scan the both breast for same person or to scan repeatedly. Group B is to see the effectiveness
of lead apron during the mammography of right breast. Glass dosimeters were placed on the thyroid, the
contralateral breast, and lower abdomen where near the breast during examining. The average glandular doses
on the surface in mammography of the thyroid gland, the contralateral breast, the lower abdomen were 0.0692
mGy, 0.6790 mGy, and 0.0122 mQGy, respectively, which was an extremely low level of glandular dose. In group
B, as to the thyroid gland, average dose was decreased from 0.0922 mGy to 0.0158 mGy. The average dose
of contralateral breast was decreased from 0.8575 mGy to 0.0286 mGy. The average doses of lower abdomen
was decrease 0.0150 mGy to 0.0173 mGy. As to the lower abdomen, dose decreased from 0.0150 mGy before
the use of an apron down to 0.0173 mGy after the use. As p—value was under 0.05, statistically significant
difference was observed between the two groups. Wearing an apron can have the protective effects on the thyroid
gland up to 20 times lower than not wearing one. Besides, it is also necessary to protect the other breast during

the examination by wearing one.
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Introduction

During the mammography, even a low level of exposure
may involve stochastic effects and it may cause harms to the

human body.” As the breast parenchyma is quite sensitive to
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radiation, the risk of carcinogenesis is a consistent issue with
regard to mammography, and the measurement of mean glan-
dular dose (MGD) is an important item to assess the quality of
the mammography.” Especially when the mammogram is used
for breast diagnosis, some critical organs such as the thyroid
gland and gonad (womb) may involve various side effects due
to a low level of exposure to radiation.” In 2003, Internatio-
nal Commission on Radiological Protection (ICRP) released the
diagnostic reference level, in reference to which, the radiation
exposure level can be measured in the mammogram for the
nationwide application. International Atomic Energy Agency
(TAEA): Basic Safety Standards (BSS) No.115 also recommends
that the MGD in a craniocaudal projection should be under 3

mGy.” Accordingly, the research on the MGD has been con-
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ducted for domestic mammogram equipment and specified the
diagnostic reference level (DRL) to 1.36 mGy. The study on
reduction of the exposure level has continued.” MGD is man-
aged by government according to the recommendation. On the
contrary, the entrance surface dose (ESD) for each organ can-
not be managed since the glandular dose of each person’s ma-
jor organs are vary depending on her breast thickness and
breast parenchyma as well as her physical build.

The aim of this study is to evaluate the effectiveness of ra-
diation lead apron for real patients’ critical organs by in-vivo

dosimetry.
Experimental Procedure

As to the study object, 30 female volunteers who agreed to
their participation in the experiments, were chosen and divided
into two groups, 15 in group A and 15 in group B respectively
(Table 1). Group A is to see whether each side of breast
under mammography affects to other side glandular on the
critical organs is same, because it is not allowed to scan the
both breast for same person or to scan repeatedly. Group B is
to see the effectiveness of lead apron during the mammography of
right breast.

The average age of group A was 52.8 years, the average
tube peak voltage 27 kVp, and the tube current 121.2 mAs
respectively. The average age of group B was 54.3 years, the
tube peak voltage 27.3 kVp, and the tube current 124.2 mAs,

respectively.
1. Calibration of the glass dosimeter

In order to calibrate the glass dosimeters (GD-304, ATGC,
Japan) used in this study, the tube current was fixed, and the
GD response value of the glandular dose depending on the
tube voltages was measured while the tube voltage was fixed

and the GD response value depending on the tube current was

Table 1. Characteristics of volunteers between Group A and B.

measured.

In experiment, 4 sheets of boluses (15%15x1 cma) which
made of equivalent material to water, were build up to 4 cm
thick. It is reported that most of native women have dense
breasts and the thickness of a compressed breast is 3.8 cm on

5
average.”

The GDs were placed on the surface of it and
irradiated. To assess MGD of volunteers, MGD values calcu-
lated at the device were recorded depending on the examina-
tion condition. With the medium values of the equipment 27 kVp
and 120 mAs fixed, the tube current was set to 60~220 mAs
and 120 mAs, and then the tube voltage of 24~32 kVp was

examined at five different steps.
2. Bias test of left and right breasts

The effectiveness of lead apron was conducted only for
mammography on the right breast. Therefore, it was necessary
to see any differences between the right and the left breasts.
The bias test was conducted to 15 volunteers in Group A. The
mammography used in the experiment was the craniocaudal
projection, which images the breasts in directions upward and
downward with the person’s body facing the mammography
(Selenia, Lorad Hologic, USA).

In the examinations of the left breasts of 15 volunteers in
Group A, GDs were placed on the right breasts (between the
sternum and papillary), on the contrary, in the examination of
the right breast, GDs were placed on the left breasts. The GDs
were placed at the thyroid gland (2~3 cm below the thyroid
cartilage, the projecting part over the neck area), and the lower

abdomen (5 cm below the navel) in both cases (Fig. 1).
3. Effectiveness of lead apron

The other study was conducted for Group B to evaluate the
difference in the doses depending on the use of a lead apron.
The imaging was conducted over the right breast for 15 volun-

teers in group B, and the dose to the other breast (left), thyroid

Cro Mean age Rt. Breastmean Lt. Breastmean Mean tube peak Mean tube
up Y) thickness (cm) thickness (cm) voltage (kVp) current (mAs)
A 52.8 42 42 27 121.2
B 54.3 45 45 27.3 124.2
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Fig. 1. Positions of GDs applied
on the volunteers to see the bias
of left and right mammography.
Dotted circles indicate the positions
of GDs. (a) GD positions of group
A for mammography on the left
cc view, (b) GD positions of group
A for mammography on the right
cc view.

gland, and lower abdomen was measured to examine the per-
formance of the lead apron. In the Lt CC view examination,
no apron was applied with GD at the right breast, thyroid gland,
and lower abdomen while in the Rt. CC view examination. An
apron was used with GD at the left breast, thyroid gland, and
lower abdomen. The imaging condition were Mo/Rh filter and
auto exposure. During the examination, the volunteer was covered
with the thyroid Shield (0.25 mmPb) and the apron (0.25 mmPb)
(Fig. 2).

Fig. 2. Positions of GDs applied
on the volunteers to see the effe-
ctiveness of apron. Dotted circles
indicate the positions of GDs. (a)
GD positions of group B for ma-
mmography on the left cc view,
(b) GD positions of group B for
mammography on the right cc
view.

Results

The GDs were calibrated with same quality of x-ray as
mammography unit. The dependency of GDs for tube current
and voltage shows that the entrance surface dose (ESD) at the
tube current of 60 mAs was 5.8 mGy, MGD 1.1 mGy, that at
220 mA 21.1 mGy, and MGD 3.9 mGy with 27 kVp fixed
respectively. With 120 mAs fixed, ESD at the tube voltage of
24 kVp was 7.6 mGy, MGD 1.2 mGy and that at 32 kVp
ESD 19.7 mGy, and MGD 4.2 mGy respectively.

Fig. 3 shows the correlation among ESD, MGD, and GD in
graph depending on the given conditions. In this study, the
ESD to GD ratio was measured 0.544 while the ESD to MGD
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Fig. 3. Absorbed dose calculated from mammogram and measurements using glass dosimeter. (a) Tube current dependency when
tube voltage at 27 kVp. (b) Tube voltage dependency when tube current at 120 mAs.

Table 2. Bias of left and right mammography; there are no differences between left and right.

Left craniocaudal mammography (mGy)

Right craniocaudal mammography (mGy)

p-value
SED (MGD) SED (MGD)
Thyroid 0.0692 (0.0129) 0.0607 (0.0113) 0471
Left breast N.A 0.4062 (0.0760) 0.565
Right breast 0.6790 (0.1270) N.A
Lower abdomen 0.0122 (0.0023) 0.0166 (0.0031) 0.617
Table 3. Difference between entrance surface doses with and without lead apron (average).
Without apron (uGy) With apron (uGy)
p-value
ESD (MGD) ESD (MGD)
Thyroid 0.0922 (0.0172) 0.0158 (0.0030) 0.000
Left breast 0.8575 (0.1604) 0.0286 (0.0054) 0.015
Lower abdomen 0.0150 (0.0028) 0.0173 (0.0032) 0.734

ratio was 0.187. And these factors were applied after the
mammography.

As to the MGD on the surface in mammography, that of the
thyroid gland was 0.0692 mGy (ranged 0.0601~0.0921 mGy),
that of the contralateral breast 0.6790 mGy (ranged 0.4062~
0.8576 1 Gy), and the lower abdomen 0.0122 mGy (ranged
0.0117~0.0167 mGy), respectively, which was an extremely low
level of glandular dose (Table 2). As p-values at the thyroid
gland between Rt. CC and Lt. CC, breasts, and lower abdomen
were insignificant and thus no statistical difference was observed.

It was considered the dose to the organs near the breast during

the mammography was ignorable.

In Group B, the region likely to be exposed to a high level
of glandular dose was the contralateral breast (Table 3). The
dose was 0.8575 mGy before the use of an protection apron
while that after the use of one decreased down to 0.0286
mGy, which indicates about 30 times greater covering effects.
As to the thyroid gland, the dose decreased from 0.0922 mGy
before the use of an apron down to 0.0158 mGy after the use,
which indicates that the glandular dose about 6 times
decreased. As p-value was under 0.05, statistically significant

difference was observed between the two groups. In contrast,
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p-value of the lower abdomen was 0.734, which was not stat-
istically significant. Therefore the apron for lower abdomen was
not effective for lead.

Averaging the reading which shown in the monitor during
the mammography, the minimum was 2.4 mGy and the max-
imum was 2.6 mGy, which range meets the criteria 3 mGy of
the international regulation which agreed with TAEA and six

.4
other countries.”

Discussion and Conclusions

This study is to evaluate the effectiveness of lead apron dur-
ing the mammography by measuring dose using the GD. As a
result of inspecting Lt. cc of group A, in which the individuals
did not wear an apron, and group B, the dose range on the
surface of the thyroid glands of the volunteers was 0.0601~
0.0921 mGy, that of the other breasts 0.4062~0.8576 mGy,
and that of the lower abdomen 0.0117~0.0167 mGy respectively,
which indicates that the level differed depending on individuals.
The study result shows that when the lead apron was used, the
absorbed dose of the thyroid gland surface decreased as much
as 83.3% compared to when the apron was not used, and the
decrease rate of the contralateral breast was 96.7%. In consid-
eration of the fact that such other methods as lead goggle, thy-
roid shield, and apron-used phantom that are commonly used
now and reported to decrease the dose as much as 47.72%, the
method introduced in this study is more effective in reducing
the exposure rate when applied to actual volunteers.”

Lee et al. reported that thyroid exposed to 14% (0.15 mGy)
of breast dose (1.09 mGy) during mammography.” In this
study for Group A, the thyroid dose measured as 2.8% (0.07
mGy) of breast dose (2.5 mGy), which is much less than other
study.”

The results from the Monte-Carlo simulation showed that
the absorbed doses to the thyroid and the contralateral breast
during the mammography were 0.0036 mGy and 0.0396 mGy,

respectively. Therefore, the study resulted that the apron was

PROGRESS in MEDICAL PHYSICS Vol. 26, No. 2, June, 2015

not so effective to shield organs during the mammography.”

The differences of thyroid doses seemed to be caused by the
difference of measurement methods.

Use of lead apron which made with lead can effectively re-
duce the dose to other critical organs, but in clinics the apron
is hardly used since it is heavy and uncomfortable. Hong et al.
tried to overcome the limitation of conventional apron. They
developed the apron made with aluminum, and it can reduce
the dose up to 65.8% in CC mammography and 60.7% in
MLO mammography.s)

Unlike other studies, this study shows the usefulness of lead
apron by in-vivo dosimetry for real volunteers. The limitation
was that only CC view was tested not MLO view, and a specific
machine was used. Further study should be on various ma-

chine and techniques.
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