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for women of child-bearing age and pregnant 
women. Knowledge of the scatter radiation 
dose from screening mammography is impor-
tant because it enables health care providers to 
better educate women regarding the radiation 
risks associated with mammography.

Although direct radiation dose measure-
ments to the breast and predicted radiation-
induced breast cancers from mammography 
have been well documented [1, 8, 9], doses to 
other organs from scatter radiation have not 
been directly measured but have been estimat-
ed through computer simulations and the use 
of phantom models [10, 11]. Such measure-
ments may not reflect the effects of variation 
in habitus and body mass index (BMI), which 
can considerably deviate from the assumed 
shape of the phantom. Furthermore, phantom 
measurements may be underestimates of ra-
diation doses in overweight and obese women.

We used optically stimulated lumines-
cence (OSL) dosimetry to measure the scat-
ter radiation dose received at the skin surface 
overlying the thyroid gland, submandibular 
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M
ammography continues to be the 
primary imaging tool in the de-
tection of early breast cancer. Be-
cause of the overall increase in 

the use of medical ionizing radiation, many 
patients and their physicians are appropriately 
concerned about individual radiation dose and 
specifically concerned about the risks of radi-
ation from mammography. Although the dose 
absorbed by the breast and adjacent organs 
during mammography is a small component 
of the lifetime accumulated dose from medi-
cal imaging and other sources, the popular 
press tends to emphasize the radiation risk of 
mammography, particularly screening mam-
mography [1, 2]. There is also a lack of knowl-
edge and awareness of radiation doses and 
safety. Referring physicians, regardless of 
their area field of practice, underestimate both 
dose and potential effects [3–7].

Physicians are obligated to balance the risks 
and benefits of various medical procedures 
while keeping the patient informed of risk-to-
benefit ratios. This is particularly important 
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OBJECTIVE. The purpose of this study was to quantify the amount of scatter radiation 
received at the skin surface overlying the thyroid gland, salivary gland, lens of the eye, ster-
num, and uterus during a routine screening digital mammographic examination measured in 
a representative patient population. 

SUBJECTS AND METHODS. The subjects were 207 women without symptoms with 
varied body mass indexes who underwent annual screening mammography while wearing six 
optically stimulated luminescence dosimeters placed at the bridge of the nose, right subman-
dibular gland, right and left thyroid lobes, mid sternum, and 2 cm caudal to the umbilicus to 
assess scatter radiation dose to the skin. 

RESULTS. The average scatter radiation doses at the skin surface during digital screen-
ing mammography in the representative population of women were as follows: overlying the 
right lobe of the thyroid, 0.24 mGy; left lobe of the thyroid, 0.25 mGy; salivary gland, 0.2 
mGy; bridge of the nose, 0.025 mGy; sternum, 0.87 mGy; and umbilicus, 0.011 mGy. The 
scatter radiation doses at the umbilicus and the bridge of the nose were too low to measure 
with statistical confidence. Scatter radiation dose increased with increasing body mass index 
and increasing breast compression thickness. 

CONCLUSION. Scatter radiation dose at the skin overlying organs of interest is a small 
fraction of the entrance skin dose to the breast. The low levels of scatter radiation measured 
do not support delaying clinically indicated mammography during early pregnancy. 

Chetlen et al.
Scatter Radiation Dose From Digital Screening Mammography
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gland, lens of the eye, sternum, and umbili-
cus (uterus) during screening mammography 
in a representative patient population. We also 
evaluated the effects of BMI and breast com-
pression thickness. Our goal was to use the 
information as a framework for discussions 
with patients regarding scatter radiation dur-
ing routine screening mammography.

Subjects and Methods
The subjects in this study were 207 women 

(age range, 36–90 years) without symptoms arriv-
ing for annual screening mammography who were 
invited to participate in the study. The study was 
HIPAA compliant and institutional review board 
approved. Informed written consent was sought 
and documented. Men, pregnant women, wom-
en younger than 35 years or older than 101 years, 
women with any breast abnormality (e.g., palpa-
ble lump, nipple discharge, breast pain), history 
of breast cancer, implantable defibrillator or pace-
maker, indwelling catheter in the chest (ventricu-
loperitoneal shunt or dialysis catheter), or foreign 
material in the breast (including implants) were 
excluded from the study.

Before the routine screening mammograph-
ic examination, six OSL dosimeters (Fig. 1) were 
taped to the patient over the right thyroid lobe, left 
thyroid lobe, right submandibular gland, midline 
between eyes on the bridge of the nose, mid ster-
num, and 2 cm caudal to umbilicus (Fig. 2). The 
same two mammographic technologists placed 
the dosimeters and imaged the participants in this 
study. During screening mammography, the OSL 
dosimeters measured the skin entrance scattered 
radiation doses at each location. New dosimeters 
were used for each patient.

The detector material in OSL dosimeters is alu-
minum oxide crystals. These dosimeters are well 
suited for scatter radiation measurements because 
they have little angular dependence and are sen-
sitive to energies as low as 5 keV. The accuracy 
is ± 10% according to the manufacturer’s specifi-
cations. The lower limit of detection (LLD) of the 
OSL dosimetry system was 0.0335 mGy, as stated 
on the manufacturer’s calibration certificate.

After mammograms were obtained in the four 
routine screening views and before acquisition of 

any additional views recommended by the radi-
ologists, the OSL dosimeters were removed and 
stored with a control dosimeter until readout. Four 
breast imaging radiologists with combined experi-
ence of 58 years reviewed the mammograms and 
oversaw the study.

All mammograms were obtained with the same 
mammography unit (Senographe Essential 2007, 
GE Healthcare) operated in standard automatic 
exposure control mode. Tube potential (peak ki-
lovoltage) and tube current–time product (milli-
ampere seconds); target-filter combination; and 
patient age, height, weight, and BMI were record-
ed. Breast density—an overall assessment of the 
volume of attenuating tissues in the breast—was 
described for all patients according to the stan-
dards outlined in the American College of Radiol-
ogy BI-RADS, 5th edition [12]. For each mammo-
graphic projection, breast compression thickness, 
compression force, average glandular dose, and 
entrance skin exposure displayed on the mam-
mography unit were recorded. There was no vari-
ation in the mammography unit used or mammog-
raphy technologists participating in this study.

The dosimeters were analyzed on a dosime-
ter reader (microStar, Landauer) calibrated to an 
80-kVp diagnostic x-ray beam. To account for dif-
ferences in the beam calibration energy of the do-
simetry system compared with the mammograph-
ic energies used in this study, a correction factor 
was applied to all results. To determine the correc-
tion factor, dosimeter results were compared with 

calibrated ion chamber readings obtained under 
the same exposure conditions. On each day of use, 
the accuracy of the dosimetry system was verified 
with quality control dosimeters provided by the 
manufacturer. Results were also adjusted for back-
ground radiation based on control dosimeter read-
ings. These dosimeter results represented dose at 
the skin external to the organ of interest.

Results
The average age of our study population 

was 55 years (range, 36–90 years).

Average Glandular Dose to Breast
The average tube potential in this study 

was 29 kVp. The average tube current–time 
product was 58 mAs, and the mean compres-
sion force was 8 daN (18 pounds). The aver-
age glandular dose (also referred to as mean 
glandular dose), which is a system-displayed 
average value for all mammographic views, 
was 1.36 mGy. The average glandular dose 
was less in the craniocaudal view than in the 

TABLE 1: Parameters Measured for Each Mammographic View

View
Average Glandular 

Dose (mGy)
Entrance Skin 

Exposure (mGy)
Compression 

Thickness (mm)
Tube Potential  

(kVp)
Tube Current–Time 

Product (mAs)
Compression Force 

(daN)

Right craniocaudal 1.29 (0.47, 2.11) 5.87 (2.87, 11.71) 58 (27, 89) 29 (26, 31) 55 (35, 100) 8 (3, 15)

Right mediolateral oblique 1.44 (0.85, 3.28) 7.08 (3.00, 20.15) 62 (28, 94) 30 (26, 31) 62 (38, 173) 8 (4, 15)

Left craniocaudal 1.29 (0.83, 6.07) 5.94 (2.80, 12.30) 59 (24, 89) 29.2 (26, 31) 55 (36, 105) 8 (3, 14)

Left mediolateral oblique 1.42 (0.96, 2.79) 7.06 (2.68, 18.62) 63 (26, 98) 30 (26, 36) 62 (36, 150) 9 (4, 16)

Note—Values are averages with minimum and maximum in parentheses.

Fig. 1—Photograph shows optically stimulated 
luminescence (OSL) dosimeter, which is 1 × 1 cm 
noninvasive radiation detector.

Fig. 2—Drawing shows placement of optically 
stimulated luminescence dosimeters.
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mediolateral oblique view. Other parameters, 
including entrance skin dose, breast com-
pression thickness, tube potential, tube cur-
rent–time product, and compression force re-
ported on the equipment are detailed in Table 
1 for each mammographic projection.

Scatter Radiation Dose Measurements
The average scatter radiation dose, mini-

mum dose, and maximum dose to the skin 
overlying the thyroid gland, salivary glands, 
bridge of nose, sternum, and umbilicus are 
listed in Table 2.

Umbilicus
The umbilicus was chosen as the site for 

estimating relative exposure of the uterus 
during mammography. Measurements were 
below the LLD of the dosimeter in 195 of 
207 patients. Therefore, the scatter radiation 
dose to the skin overlying the uterus was too 
low to report with any statistical confidence. 
The average dosimeter reading for the umbi-
licus OSL was 0.011 mGy.

Thyroid
Dosimeters taped over the thyroid were 

used to estimate exposure of the thyroid 
gland. All individual skin measurements for 
the thyroid glands were above the LLD of 
the dosimeters. The average scatter radiation 
doses to the skin overlying the right and left 
thyroid lobes were 0.24 and 0.25 mGy.

Salivary Gland
Dosimeters placed over the submandib-

ular gland were used to estimate scatter ra-
diation received by the salivary glands. One 
measurement for the salivary gland from one 
patient was below the LLD. All other indi-
vidual entrance skin measurements for the 
salivary gland were above the LLD of the 
dosimeters. The average scatter radiation 
dose to the skin at the salivary glands was 
0.2 mGy.

Sternum
Dosimeters placed over the sternomanu-

brial junction were used to estimate scatter 
radiation received by the sternum. All indi-
vidual entrance skin measurements for the 
sternum were above the LLD of the dosime-
ters. The average scatter radiation dose to the 
skin overlying the sternum was 0.87 mGy.

Bridge of Nose
Dosimeters taped to the bridge of the nose 

were used to estimate scatter radiation dose to 

the lens of the eye. Individual skin dose mea-
surements were below the LLD of the dosime-
ters in 151 of 207 patients. Therefore the scat-
ter radiation dose to the skin at the bridge of 
the nose was too low to report with any statis-
tical confidence. The average dosimeter read-
ing for the other patients was 0.025 mGy.

Breast Compression Thickness
The average breast compression thickness 

in our study was 62 mm for all views. Com-
pression thickness was 20–39 mm in 9% of 
women, 40–59 mm in 37%, 60–79 mm in 
50%, and greater than 80 mm in 4%. Breast 
compression thickness increased linearly with 
BMI (Fig. 3). Scatter radiation dose increased 
linearly with increasing breast compression 
thickness. Figure 4 shows the scattered radia-
tion dose to the skin measured at each loca-
tion for the right craniocaudal view. Similar 
results were observed for the left craniocaudal 
and right and left mediolateral oblique views.

Body Mass Index
The average height of our representative 

patient population was 162.3 cm (range, 147–
177 cm), and the average weight was 74.7 kg 
(range, 45.3–114.2 kg). The average calculat-
ed BMI was 28.3 (minimum, 17; maximum, 
45). According to criteria from the U.S. Cen-
ters for Disease Control and Prevention, 33% 
of patients were obese (BMI > 30), 40% 
were overweight (BMI, 25–29.9), 27% were 

of normal weight (BMI, 18.5–24.9), and 1% 
were underweight (BMI < 18.5). The mea-
sured scatter radiation dose increased lin-
early with BMI (Fig. 5). Patients with fatty 
breast density had the highest BMI, and pa-
tients with extremely dense breasts had the 
lowest BMI on average (Fig. 6).

Discussion
Knowledge of radiation safety during an 

imaging study is of great interest to radi-
ologists, referring physicians, and patients. 
The magnitude of the risks from low doses 
of radiation is one of the central questions 
in radiologic protection and is relevant when 
discussing the justification for diagnostic 
medical exposures [6, 10, 13–24]

In previous studies, investigators estimat-
ed the organ dose of scatter radiation by eval-
uating doses obtained from tissue-equivalent 
anthropomorphic phantoms simulating the 
human body of a woman undergoing mam-
mography [10]. We measured scatter radiation 
skin entrance dose by using dosimeters placed 
on the skin of a representative population of 
women. We focused on tissues that have great-
er susceptibility to radiation effects, including 
the lens of the eye, thyroid and salivary glands, 
and bone marrow (sternum) [17, 25].

Direct exposure of a fetus to radiation 
occurs when the fetus is located within the 
field being imaged; indirect exposure is due 
to scattered radiation from maternal tissues 

TABLE 2: Dose From Scatter Radiation to Skin Overlying Organs of Interest

Organ
Average 

Dose (mGy)
Minimum 

Dose (mGy)
Maximum 

Dose (mGy)
SD  

(mGy)

Average Skin Dose as 
Percentage of Average 

Entrance Skin Exposure for 
All Views

Bridge of nose 0.025 < 0.0335 0.121 0.023 0.39

Right salivary gland 0.2 < 0.0335 0.7 0.103 3.1

Right thyroid lobe 0.24 0.05 0.82 0.113 3.70

Left thyroid lobe 0.25 0.06 0.73 0.116 3.80

Sternum 0.87 0.078 2.445 0.311 13.50

Umbilicus 0.011 < 0.0335 0.125 0.016 0.17
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Fig. 3—Scatterplot 
shows compressed 
breast thickness 
increased linearly with 
body mass index (BMI).
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[26]. When the uterus is positioned outside 
the FOV, as in mammography, the fetus is ex-
posed to scatter radiation only, and the dose 
is minimal. In mammography, the overall 
glandular and scatter doses both depend on 
the thickness of the imaged breast, which in-
fluences the required radiographic technique 
and subsequent scatter radiation [19]. As 
a result, the scatter radiation dose received 
by the fetus depends on the overall thick-
ness and density of the breast tissue and on 
the distance between the fetus and the breast 
[19]. In our study, the scatter radiation dose at 
the skin surface overlying the uterus, as eval-
uated with an OSL placed at the umbilicus, 
could not be measured accurately because it 
was below the LLD of the OSL. This sug-
gests that should mammography be neces-
sary during pregnancy, the fetal dose is near 
zero because the average entrance skin dose 
was below detectable limits.

The recommendations from the National 
Council on Radiation Protection and Measure-
ments state that the risk of fetal abnormality 
from radiation doses less than 50 mGy is neg-
ligible [19, 27–30]. The dose to the fetus from 
naturally occurring background radiation is 
approximately 0.5–1 mSv for the entire period 
of gestation [7, 31], whereas the average natu-
rally occurring background effective radiation 
dose to a person is 3 mSv per year [7].

Imaging of pregnant women or women 
who may be pregnant presents challenges 
to breast imagers and can cause high levels 

of anxiety in women because of the concern 
about radiation to the fetus [7]. Many women 
are exposed to radiation from diagnostic im-
aging procedures before they know they are 
pregnant [26]. Pregnant patients and women 
who may be pregnant often question the po-
tential effects of radiation exposure and may 
perceive the teratogenic risk of the test as 
high [7, 26, 32, 33]. Radiologists and other 
clinicians may also have unrealistic misper-
ceptions about the harmful effects of fetal ra-
diation exposure and overestimate the tera-
togenic effects associated with diagnostic 
radiation [26, 34–36]. When fetal risks are 
minimal and if a radiologic examination is 
thought to provide important diagnostic in-
formation, it should not be withheld from a 
pregnant woman [19]. An evidence-based, 
informed approach to counseling these pa-
tients can minimize the anxiety felt by both 
patients and health care providers.

The thyroid gland is not considered ra-
diosensitive in the age group undergoing 
mammography [10, 15]. Sechopoulos and 
Hendrick [14] estimated that the maximum 
average dose to the thyroid from bilater-
al two-view digital mammography was 3.3 
μGy (0.0033 mGy). They accounted for the 
fact that exposure of each breast results in 
scattered radiation to the thyroid. They esti-
mated that the lifetime risk of thyroid cancer 
induction due to a single screening examina-
tion (consisting of bilateral two-view mam-
mography of a 40-year-old woman) was 6 per 

billion (or 1 in 166 million). Yuan et al. [37] 
concurred in their prospective case-cohort 
study of more than 2 million women enrolled 
in the Taiwan National Health Insurance Re-
search Database. After adjusting for age and 
comorbidity, they found that patients who 
had been exposed to radiation from mam-
mography did not have significantly higher 
risk of development of thyroid and hemato-
logic cancers. The average radiation scatter 
dose to the skin overlying the thyroid gland 
measured in our patient population, how-
ever, was slightly higher at 0.025 mGy. Al-
though the use of a lead thyroid shield may 
seem a viable way to further reduce the ex-
tremely small risk of inducing thyroid cancer 
during mammography, it may interfere with 
imaging or cause artifacts that would neces-
sitate repeat imaging of the breast. The addi-
tional risk to the patient from repeat imaging 
would be much greater than the additional 
risk reduction provided to the thyroid gland 
through the use of the thyroid shield.

Several salivary structures, including major 
salivary glands (parotid, submandibular, and 
sublingual glands) and minor salivary glands, 
line the mucosa of the oral cavity. The sali-
vary glands are highly sensitive to radiation. 
Results of some studies suggest that radiation 
therapy can induce irreversible gland damage, 
possibly at doses as low as 6 Gy [38, 39]. Al-
though the exact mechanism of radiation-in-
duced gland destruction is unknown, it is hy-
pothesized that radiation has direct cytotoxic 
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Fig. 4—Scatterplots show entrance skin doses for left (A) and right (B) lobes of thyroid gland, sternum (C), and salivary gland (D) during craniocaudal compression of 
right breast.
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changes in vascular blood flow to the gland 
[40, 41]. These effects result in salivary gland 
dysfunction that manifests as reduced salivary 
flow rates, reduction in saliva pH, changes in 
electrolyte and immunoglobulin saliva com-
position, and increased cariogenic mouth flora 
[40, 41]. The skin dose overlying the subman-
dibular glands in our study was 0.2 mGy, well 
below the reported radiation doses associated 
with xerostomia.

Neriishi et al. [42] in 2012 examined the 
incidence of clinically important cataracts 
to address risks at low, brief radiation doses. 
They found that the risk of vision-impairing 
cataracts could be seen with lens doses less 
than 1 Gy, suggesting that the dose response 
was nearly linear. In that study, the best es-
timate of a threshold dose for clinically im-
portant cataracts was approximately 0.5 Gy. 
Our study showed that scatter radiation dose 
to the bridge of the nose was less than 0.0335 
mGy, the LLD of the dosimeters, well below 
the estimated threshold.

Scatter radiation doses increased with in-
creasing breast compression thickness as ex-
pected because thicker tissue mass generates 
increased scatter. In our study, the average 
breast compression thickness measured 5.9 
cm on craniocaudal images and 6.2 cm on 
mediolateral oblique images, greater than re-
ported in previous studies performed with GE 
Healthcare digital mammography units [9, 43, 
44]. We also noted greater thickness of the 
compressed breast on mediolateral oblique 
images than on craniocaudal images (6% 
thicker), similar to the finding by Helvie et al. 
[45] that the compressed breast was 8% thick-
er on mediolateral oblique images.

The average glandular dose of 1.36 mGy 
for all views in our study was similar to that 
in other studies performed with GE Health-
care digital mammography units in which the 
mean average glandular dose was reported as 
1.42 mGy [46] and 1.69 mGy [9]. Our mean 
compression force was 8.1 daN, which is less 
than the 10.22 daN for full-field digital mam-
mography performed with GE Healthcare dig-
ital units in the study by Hendrick et al. [9].

More than one-third of adults in the United 
States are obese. From 2003 to 2012, the rate of 
obesity increased significantly among women 
60 years old and older [47, 48]. The 28.3 av-
erage BMI in our study is classified as over-
weight according to the Centers for Disease 
Control and Prevention [49]. When BMI in-
creases, compressed breast thickness increas-
es, increasing the average glandular dose and 
scatter radiation dose. Scatter radiation dose 
measurements obtained with phantoms do not 
account for this variability and therefore can be 

underestimates of exposure. Our findings sug-
gest that despite higher levels of scatter radia-
tion associated with variably thick compressed 
breasts, most of the sites assessed for scatter ra-
diation to the skin surface were below detect-
able limits (< 0.03 mGy). This finding suggests 
that exposure from mammography poses little 
risk to the patient.

Our dosimetry data should not be used as an 
exact measure of the scatter dose received by 
each organ but rather as a guideline for epide-
miologists and radiologists reviewing patients’ 
concerns regarding the amount of radiation ex-
posure received during screening mammogra-
phy. We measured the skin entrance dose over-
lying select organs of interest. The absorbed 
organ doses would be much lower and cannot 
be accurately estimated in such a varied popu-
lation. One limitation of our study was that the 
measured scatter radiation was often below the 
lower limit of the detection system (including 
measurements at the umbilicus and lens of the 
eye), restricting our ability to accurately assess 
exposure at these sites. This is also valuable 
knowledge, however, because it indicates that 
the organ dose would be extremely small.

Effective doses from mammography, typ-
ically in the range of 0.1–0.6 mSv [8], fall 
below the lower limit of empiric data used 
to make risk estimates. Consequently, debate 
continues over whether the risks are actually 
lower than predicted from the classic linear, 
nonthreshold model. Even if the risk coef-
ficients are accurate, the probability is ex-
tremely low that we could ever detect radi-
ation-attributable breast cancers considering 
the background level of such cancers. Final-
ly, because our institution has mammogra-
phy units from only one vendor, the scatter 

radiation dose estimates for different manu-
facturers and models are unknown and may 
vary somewhat from our calculations.

Conclusion
Among a representative patient population, 

the scatter radiation entrance dose to the sali-
vary glands, thyroid, lens of eye, and uterus from 
a screening mammographic examination is a 
small fraction of the entrance skin dose to the 
breast. The low levels of scatter radiation mea-
sured in our study do not support delaying mam-
mography during early pregnancy when clinical-
ly indicated. Knowledge of the scatter radiation 
dose from screening mammography is valuable 
in counseling patients, who may be concerned 
about the effects of radiation exposure from an 
annual screening study, or for women who may 
be pregnant (recognized or unrecognized) dur-
ing the mammographic examination.
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Introduction
1. What was the clinical or research question that this study attempted to address?
2. Was the question addressed in this study clinically relevant and timely? Was an appropriate rationale provided for performing the study? 

Was the study based on an appropriate review of the medical literature?

Methods
3. What study design was used? What patient population was examined?
4. Did the study present a hypothesis?
5. What were the exclusion criteria? Did these exclusion criteria generate bias in this study?
6. What were the limitations of this study? Were these limitations adequately discussed?
7. Describe how the skin dose measurement techniques used in the study were standardized. Would these measurements be reproducible in 

another study or at another institution?

Results
8. Was the clinical or research question answered?
9. Did the study results corroborate findings from previous research?

Physics
10. Briefly review the mechanism by which ion chambers and optically stimulated luminescence dosimeters quantify dose. What limitations 

did these dosimeters have?

Discussion
11. How similar or dissimilar to your patients was the patient population in the study?
12. Did the study provide sufficient data to alter or reinforce your current practice pattern? Would you cite this study to clinical colleagues or 

to patients who express concerns relating to radiation dose?
13. How do you address patient concerns related to radiation exposure during routine medical imaging? Are the results of this study amenable 

to inclusion in such discussions?

Background Reading
1. Yaffe MJ, Mainprize JG. Risk of radiation-induced breast cancer from mammographic screening. Radiology 2011; 258:98–105
2. Hendrick RE. Radiation doses and cancer risks from breast imaging studies. Radiology 2010; 257:246–253
3. Wong CS, Huang B, Sin HK, Wong WL, Yiu KL, Chiu Yiu Ching YC. A questionnaire study assessing local physicians, radiologists and interns’ knowledge and 

practice pertaining to radiation exposure related to radiological imaging. Eur J Radiol 2012; 81:e264–e268
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