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[ Abstract] Background and purpose: Full-field digital mammography (FFDM) is not only a routine examination of breast,
but also the preferred method of breast cancer screening recognized at home and abroad. But breast tissue is sensitive to X-ray, and
exposing to ionizing radiation can raise the risk of cancer. This paper aimed to discuss the relationship among the radiation dose of
FFDM, breast density and body composition. Methods: A total of 104 breast cancer patients were retrospectively analyzed with
breast mammography and bone density examination in Fudan University Shanghai Cancer Center from Jan. 2016 to Dec. 2016. Then
we collected the breast image data on breast density, compression thickness, radiation dose, signal-to-noise ratio (SNR), and so on.

We recorded the weight, height, body mass index (BMI), body surface area, spine and thigh muscle percentage at the same time, and
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analyzed the tube current, tube voltage, radiation dose, compression thickness and SNR at two different projection positions of each
type of breast density. Each type of breast density with weight, BMI, spine and thigh muscle percentage and subjective image quality
were analyzed. The correlation between physical indexes and radiation dose was further analyzed. Results: In all of the 104 subjects,
there were 17 cases of type a breast density, 31 cases of type b, 40 cases of type ¢ and 16 cases of type d. There were significant
diferences in tube current, tube voltage and SNR in carnio-caudal (CC) view between the groups (P<0.05), especially in patients
with type c breast density whose SNR was 3.75 + 0.96, significantly lower than that of type a (5.21+1.36), type b (4.81+1.09) and
type d (4.71+1.34) patients. There were significant differences in tube voltage and compression thickness in medial lateral oblique
(MLO) view between the groups with various types of breast density (P<0.05). The SNR of type c breast density was the lowest
among all types of density, which was close to statistical significance. There were significant differences in physical indexes of each
type of breast density, including weight, body surface area, BMI, spine and thigh muscle percentage (P<0.05), and with the increase
of breast density, the weight, body surface area and BMI showed a decreasing trend, while the spine and thigh muscle percentage
increased. Correlation analysis showed that radiation dose and thigh muscle percentage had the highest correlation in CC view with a
moderate negative correlation (» =-0.311). The radiation dose and BMI had the highest correlation in MLO view (=0.492), followed
by the correlation of radiation dose and thigh muscle percentage (r=-0.418), and both showed a moderate correlation. Conclusion:
Patients with type c breast density have the highest radiation dose, the lowest SNR and relatively low image quality. The thigh muscle
percentage is closely related to breast density and radiation dose, which opens up a new research direction for radiation protection in
the future.
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Tab.1 Comparison of tube current, tube voltage, AGD, compression thickness and SNR of different breast density in the CC view

Breast density n Tube current //mAs Tube voltage U/kVp AGD Compression thickness SNR
a 17 104.88+30.88 29.65+1.46 1.18+0.40 55.58+9.74 5.21£1.36
b 31 107.74+27.17 26.13+1.18 1.21+0.34 52.5149.67 4.81+£1.09
c 40 126.12+36.05 28.78+1.49 1.38+0.41 50.15+9.91 3.75£0.96™
d 16 99.06+46.77" 27.31+1.85"" 1.15£0.71" 40.56+15.82 4711347
F value 33 7.95 1.57 6 8.95
P value 0.020 0.001 0.200 0.001 <0.001

*: Showed the comparison between the group with a-type breast density, and the result had a statistical difference, P<0.05; A: Showed the comparison
between the group with b-type breast density, and the result had a statistical difference, P<0.05; #: Showed the comparison between the group with

c-type breast density, and the result had a statistical difference, P<0.05.
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Tab.2 Comparison of tube current, tube voltage, AGD, compression thickness and SNR of different breast density in the MLO view

Breast density n Tube current //mAs Tube voltage U/kVp AGD compression thickness SNR
a 17 122.88 +35.36 3029+ 1.57 1.46 +0.52 60.88 = 12.09 491+1.67
b 31 123.84 +33.52 29.80 = 1.55 1.41 £ 0.44 57.16 = 10.55 4.66 +1.35
¢ 40 134.40 + 36.84 29.25+ 1.41 1.52£0.48 53.55+10.53 3.93+1.27
d 16 113.44 + 63.66 27.75+1.73"%7 1.30 +0.86 42.43 £13.82"%" 451 +1.43

F value 1.13 8.94 0.67 8.44 2.69

P value 0.342 <0.001 0.571 <0.001 0.051

*: The comparison between the group with a-type breast density, and the result had a statistical difference, P<0.05; A: The comparison between the
group with b-type breast density, and the result had a statistical difference, P<0.05; #: The comparison between the group with c-type breast density,

and the result had a statistical difference, P<0.05.
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Tab.3 Comparison of physical index and image quality of different breast density

Body surface area

Breast density n Weight m/kg Am? BMI/(kg'm®)  Spine muscles/% Thigh muscles/% Image quality
a 17 64.47+8.15 1.69+0.12 25.03+3.66 68.64+3.73 60.23+6.47 100.00%(17/17 )
b 31 62.30£9.56 1.66+0.14 24444224 72.74+4.02" 64.97+6.36" 90.33%(28/31)
c 40 56.65+5.68"4 1.58+0.09" 22.64+2.07" 73.25+4.59" 67.65+7.45"" 85.00%(34/40)
d 16 52.93+8.154 1.53+0.13" 20.66+2.36"" 75.32+3.89"4 75.41+8.75™ 56.25%(9/16) "

F value 9.11 8.27 9.11 7.64 13.15 13.76

P value <0.001 <0.001 <0.001 <0.001 <0.001 0.003

*: The comparison between the 4" group and the 1% group,

#: The comparison between the 4" group and the 2™ group; A: The comparison between

the 4™ group and the 3™ group. The percentage of spine and thigh muscles pointed to the muscles of corresponding positions, which acquired by bone

density machine
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Tab. 4 Correlation analysis of radiation doses and physical

indexes
Item Radiation dose D/Gy  Physical index
The dose of the CC view
Weight 0.252 0.005 0
Body surface area 0.222 0.0100
BMI 0.293 0.0013
Spine muscles 0.076 0.2190
Thigh muscles -0.311 0.001 0
The dose of the MLO view
Weight 0.417 0.000 1
Body surface area 0.363 0.000 1
BMI 0.492 0.000 1
Spine muscles -0.153 0.0599
Thigh muscles -0.418 0.000 1

3%’
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