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[ Abstract] Background and purpose: Digital breast tomosynthesis (DBT) is a technology introduced in recent years for
mammography, which can better display gland lesions and is of great significance for the detection and diagnosis of breast lesions.

At present, most of the reports focus on studies on radiation dose of large or small angle exposures, and there are few reports
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on the differences between large and small angle exposures. The purpose of this study was to analyze and compare the radiation

dose of DBT exposed at large and small angles, in order to understand the difference in radiation dose during DBT examination at
different exposure angles. Methods: Data of 209 patients with clinically palpable breast masses undergoing mammography in our
hospital were collected from July 2016 to September 2016. A total of 100 patients were enrolled in DBT-HR mode to take large-
angle photography of full field digital mammography (FFDM) and DBT, and 109 patients were enrolled in DBT-ST mode to take
small-angle photography of FFDM and DBT. The differences in radiation dose between these two exposure angles were compared,
and the differences in radiation dose among different mammary glandular types, ages and positions were also compared. Results:
The average gland dose (AGD) mean value of 2.76 mGy in HR mode was 50.36% higher than the AGD mean value of 1.37 mGy
in ST mode during DBT examination, showing a statistically significant difference (P<0.05). When comparing different mammary
glandular types during DBT examination, there was no statistically significant difference in AGD values of HR mode (P>0.05). And
there were statistically significant differences in AGD values of ST mode (P<0.05). During the inter-group comparison between HR
mode and ST mode, the AGD values of three glandular types (type b, type ¢ and type d) in HR mode increased by 50.16%, 51.20%
and 45.19%, respectively. The AGD values of type ¢ gland increased the most, and that of type d gland increased the least, showing
a statistically significant difference (P<0.05). When comparing patients of different ages during DBT examination, there were
statistically significant differences in AGD values of HR mode and ST mode (P<0.05). During the inter-group comparison between
HR mode and ST mode, the AGD values of these five groups in HR mode increased by 52.17%, 50.53%, 45.56%, 51.54% and
49.04%, respectively. The AGD values of patients aged 40 years or younger increased the most, and the AGD values of the patients
aged 51~60 years increased the least (P<0.05). When comparing the tomography radiation doses of cranio-caudal (CC) view and
medial-lateral oblique (MLO) view under different compression thickness during DBT examination, the AGD values of HR mode
and ST mode were significantly different (P<0.05). During the inter-group comparison between HR mode and ST mode, the AGD
values of these five groups of HR mode under different compression thickness increased by 37.07%, 47.94%, 53.09%, 50.06% and
49.79% on CC view, respectively. On MLO view, they increased by 35.15%, 46.24%, 53.26%, 49.14% and 48.04%, respectively. In
addition, both positions showed that the AGD value increased the most when compression thickness ranged from 40 mm to 49 mm,
and the AGD value increased the least when compression thickness was below 29 mm (P<0.05). Conclusion: There are differences
in radiation doses between large and small angle exposures during DBT, and there are also differences in radiation doses of different
mammary glandular types, patients with different ages and various photography positions, but still within the prescribed scope of
radiation dose. Thus, DBT is a safe and reliable technology, and clinical application can be carried out according to actual needs.
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Mann-Whitney U4, 240 R & 508 LA
P45 I 4 AR SR P K ruskal-Wallis HiZ: . FFG 50
TR IREA, RRAS3.2.0, K636 7K 1 R 3L
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Tab.1 Basic information of breast tumor patients

Large angle DBT

Small angle DBT

Item

Mean SD Min Max Mean SD Min Max
Total 100.00 109.00 109.00
Age 50.63 9.48 35 76 52.71 9.25 36 71
Total number of exposures ~ 400.00 436.00 436.00
Thickness //mm 44.90 11.81 12 84 43.66 10.33 15 81

2.2 DBTHREX. MNAERZHEERESTE
Eb3g
DBTHEA A /N EE S B B 28 6 77 6 L

AR L2, DBTH AR HHHREIZU I AGDIE
H2.76 mGy, ST AJAGDHI{E1.37 mGyH
150.36%, 2=RA G FE X (P<0.05)
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Tab.2 Comparison of radiation dose between large and small angle in DBT
Large angle DBT Small angle DBT
Item seane £ Difference/% P
Mean SD Min Max Mean SD Min Max value
Number of exposures  400.00 436.00
AGD D/mGy 2.76 0.71 1.28 4.68 1.37 0.31 0.84 3.55 50.48 <0.001

2.3 DBTHWEX. MEERX A REFLIRIRAE
KB RIEHFIE LR

DBTHL AT A . /N EE B X A (] LR i A
ST BT JZ A 6 ) e LU AR A SR ILER3 . DBTHL A

HERAG T3 L (P<0.05) ; XTHRELXFH
STHE AT A] e h), HRAEA D, ¢, d=Ff
BRAKRZEAI A AGD 4 H3E I T750.16% . 51.20% A1
45.19%, -0l WL fRR I AGDE S IR i K, d

XA FUIRIR AT L), HREGUIWAGDIE BRI AGDIE I IR e b, 2257047 Ge it 55
2GS (P>0.05) 5 STHIAAAGD (P<0.05) .
%3 DBTHRZEX. MAEEYIREIFLIRR AR W R IR S TR L B

Tab.3 Comparison of radiation dose between large and small angle in different mammary glandular types

Large angle DBT AGD D/mGy Small angle DBT D/mGy
Item Number Number Number Number Difference/% | P12 P13
of of Mean SD  Min Max of of Mean SD Min Max value  value - value
patients exposures patients exposures
a 0 0 1 4 0.940 0.059 0.89 1.02 0.012 <0.001 -
b 15 60 2516 0.659 140 4.21 23 92 1.254 0296 0.87 2.03 50.16 0 00<1
c 68 272 2.826 0.718 1.28 4.68 67 268 1.379 0325 0.84 3.55 51.20 0 00<1
d 17 68 2731 0.662 1.65 4.61 18 72 1.497 0220 1.16 225 45.19 0 00<1

P1 value was the AGD difference in each glandular type in DBT-HR mode; P2 value was the AGD difference in each glandular type in DBT-ST mode;
P3 value was the AGD difference in each glandular type between DBT-HR and DBT-ST mode. -: No such type

2.4 DBTREX. MNMiERZXATREERH R
BENEERHFELR

DBTHEAE K /N L $5 52 X AN [l 4F i oy B
SR T R R A R i LA R UL R4 . DBTHG A
XA [RIAE e B B A, HRAE IS THL
MAGDEZ A Gt X (P<0.05) 5 Xf

HRELAMS TR AGDHEATAL [F] LAY, HR
A S AR e Be i AGDE 73 1B i 1752.17%
50.53% . 45.56% . 51.54%H149.04% , Jf-n] Il
<404 4RI BUR A IAGDIEIT IR K, 51~ 60%
W BURE IAGDIEM IR IRV, ZRAGIT AR
X (P<0.05) .
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Tab.4 Comparison of radiation dose between large and small angle in different age groups

Large angle DBT AGD D/mGy Small angle DBT AGD D/mGy

Age/ Number Number Number Number Difference/% Pl P2 P3
year of of Mean SD Min Max of of  Mean SD Min Max value value  value
patients exposures patients exposures

=40 11 44 2.750 0.723 1.71 4.55 6 24 1.315 0.117 1.11 1.47  52.17 <0.001 <0.001 <0.001
41-50 51 204 2.920 0.731 1.29 4.68 39 156 1.445 0274 0.84 245  50.53 <0.001
51-60 18 72 2.543 0.598 1.28 4.21 38 152 1.384 0314 0.85 227 4556 <0.001
61-70 18 72 2.609 0.644 1.40 4.13 22 88 1.265 0.380 0.87 3.55 51.54 <0.001
=71 2 8 2.205 0.420 1.80 3.03 4 16 1.124 0.174 0.89 1.42  49.04 <0.001

P1 value was the AGD difference in various age groups in DBT-HR mode; P2 value was the AGD difference in various age groups in DBT-ST mode;
P3 value was the AGD difference in various age groups between DBT-HR and DBT-ST mode
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2.5 DBTHREX. IMIERZICCAREEE
EEHE R EHFIE LR
DBTH; 2 K . /N BE R EXT CCA A ] R e

JEL R ) U2 A 7 L AR A SR LR 5. DB TR 2
X CCAVEAN [F) e 36 JEE J3E 170 7 J2 4 5 71 i B e g
HRFE A ST R WAGDE 2 R A Gt 5 X
(P<0.05) ; XTHRALA FSTH A AGDH #E17
20 [B) AR, HRAE 20520 AN ] R 36 J5E B Y AG DB
Ay HIBEINT37.07% . 47.94% . 53.09% . 50.06% Fll
49.79% , FFAT L 30 JEEEA0 ~ 49 mmZ I AGDEH4
MR R, TR0 R <29 mmZH (I AGD {1 i /b,
2 AgEEE L (P<0.05)

2.6 DBTHREX. IMEBEHXMLOMARE
BEEREREHTI= b

DBTH A K . /N B HE 52 XEMLOA A /] e
TH JEL R I OB O R LA 2 SR Lk 6., DBT
A X ML OAYAS [R] 36 J52 8 11 W7 J2 4 45 7 2 L
W, HRECUMSTHEA MAGDEZE R 2R H
GiiterE L (P<0.05) 5 XFHRAEE A FISTHIL
1 AGDAE JEAT 20 1] Lt , HRABE R SZH A ] TR
10 JEEE B AGDAE /3 53 M 1735.15% . 46.24% .
53.26% . 49.14% . 48.04%, 7] UL JE 18 5L
40 ~ 49 mmAWAGDEMIE R K, EHEE<
29 mmEH MAGDIE IRR D, ZS A4t E
X (P<0.05) .

®5 DBTHEX. MNAEEHWMCCHUAREEEEEEEEHTIZLE

Tab.5 Comparison of radiation dose between large and small angle with different compression thickness on CC view

Large angle DBT AGD D/mGy
Thickness

Small angle DBT AGD D/mGy

Jmm Number of Ve SD Min Max Number of SO Min M Difference/% Pl value P2 value P3 value
exposures exposures

<29 20 1.883 0.277 135 235 20 1.185 0.201 0.89 1.55 37.07 <0.001 <0.001 <0.001

30-39 49 2326 0436 153 3.34 67 1.211 0.178 0.85 1.61 47.94 <0.001

40-49 79 2730 0.431 1.80 3.89 72 1.281 0.237 0.88 1.95 53.09 <0.001

50-59 32 3.268 0.661 1.68 439 53 1.632 0273 121 245 50.06 <0.001

=60 20 3.675 0517 2.68 4.6l 6 1.845 0.219 1.62 221 49.79 <0.001

P1 value was the AGD difference in various compression thickness in DBT-HR mode on CC view; P2 value was the AGD difference in various
compression thickness in DBT-ST mode on CC view; P3 value was the AGD difference in various compression thickness between DBT-HR and DBT-

ST mode on CC view

%6 DBTHEX. /NAEEBHIIMLOMAEEEEENET ZESTELE

Tab. 6 Comparison of radiation dose between large and small angle with different compression thickness on MLO view

Large angle DBT AGD D/mGy

Small angle DBT AGD D/mGy

;l;rl;lr(imess Number of D Min Mox Number of SO Min Max Difference/% P1 value P2 value P3 value
exposures exposures

<29 17 1.813 0.251 129 237 14 1.176 0.192 087 1.46 35.15 <0.001 <0.001 <0.001

30-39 37 2203 0438 1.54 297 54 1.184 0.199 084 1.82 46.24 <0.001

40-49 72 2763 0435 1.87 3.61 77 1.292 0216 085 1.78 53.26 <0.001

50-59 43 3.157 0512 2.09 442 56 1.606 0.247 1.11 221 49.14 <0.001

=60 31 3.644 0.739 128 4.68 17 1.894 0.486 142 3.55 48.04 <0.001

P1 value was the AGD difference in various compression thickness in DBT-HR mode on MLO view; P2 value was the AGD difference in various
compression thickness in DBT-ST mode on MLO view; P3 value was the AGD difference in various compression thickness between DBT-HR and

DBT-ST mode on MLO view

3 3t
DBTH; % K

i

/INF BB 14 = i R

Fe s, SR FHHRAE XK £ B2 B O i AGD 34
H}2.76 mGy, ESTHIA/INAEEILIAGDY)
51.37 mGyE5i1150.36%, 2R A% iH%E XL
(P<0.05) . ULWIDBTH: AR FH Kl /N B g
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TR R R R A 2. R U T
~, DBTKE&EAECCHIAYAGDII{E2.31 mGy
[LFFDMAGD#{E1.16 mGy& H11.15 mGy,
7=-27.005; DBT7EMLO{i; ) AGD¥J{E2.59 mGy
FH FFDMAGD¥J{E 1.30 mGy& H1.29 mGy,
7=-27.514, ERAGI#EL (P<0.000 1) ,
DB T A 1) 4 55 77 i B FFDM & H K 50% .
HHiE U WR, CCHiDBTHIFFDMHAGD)
{8435 471.858%11.366 mGy ( P<0.000 1) ; MLOfi;
DBTHIFFDM{JAGD¥{E 43511 1.877H11.374 mGy
(P<0.000 1) , WA A i )56 5357 AR 22
38%, R SCERIIMIR AR E R A GO E L, —
D7 AT e SRR RO NG G, S5 — T A]
fie SDBTR A R MBS CA R NARFA G, =
TDBTHG AR ARG B R N A S AR A
RORRREE . R WEFESADC, ATkl
TR R ARG T LAIESE

DBTH A K /N BE$8 52 X AN [ 2L AR A4
AU W7 2 5 S 50 o b g, HREBE M AGDAE
LB TG E X (P>0.05) ; ST HAGD
HERASHFE X (P<0.05) . AEF5E4S
WoR, AT ZUR R AR 2 (0] 1 W7 )2 4 5 50) £
FESEAT R A E B CRN A 22 5%, HETT/M A
FEMEGRT B 22 5% o XTHRAL A A ST 1) 1B 12
AGDEMATA ] LT, HREIK b, ¢, d—=Fp
R A [ AG DB 43 5138 0 750.16% . 51.20%
F145.19%, IFF0] WeBl J A i) AGDE 3 i f K
AR AR AGDIE I IRV, ZRAZIHE X
(P<0.05) . ASHFSEHAIBA 2 Fisg 4l O AR
FUIRBRARSE AL 2 8] R R A 25 0, BT
3V i L AR A 2% B A B I, X 5 A YR A
55 R I BRI B AGDE 34 IR e K, dBU R4 1Y
AGD{EI IR /D HIBF T 45 Al — 2, EAMNOBESE
SRR R, RSO R LR B0 R LR Y
RS U L (Bl RaE A, SR
% B = AGD g MM M [ K, AGDpg 5 FLIR
W IEADC, 3ok, TEABSE YW 1o v a
RIRRAARACA 1], i BUBRAARAE R . /INAR B vh 4331
FHo8FN6THI, AT UL ARG A 4T & 5 FUR AR Y
FUBTRREME . R N X 52045005 51 B T 5T
IR BLAM], D ATIo6 ], 2 R3S

], B0, s D X2 T 1S A2 A %
FIBFSE TP AR 5 6.6% , /bR 528.8%),
L AT 533.6%, BUER 531.0%, XEEF5Y
B AR UL b [ 2 LR 1 & A T e S5 7L
AR TRURH

DBTHG A K . /N BE 852 X AN [ A1 188 i Bt
EEE T2 40 SR bR, HRAR RIS TAR 5K
MAGDE 2 S WA GIT#E X (P<0.05) , &
[Fi) AF S I B 1) 5 3 TG 1R DB TG A i FH R sl /N
JEWRE, A Z BRI R AA 22 5% . XTHR
BRI STAE 2 1) K1 )22 AG DR #E A 7 41 [H] LU 3 HT
HRA A S AF % B i AGDEL /3735 1752.17%
50.53%., 45.56% . 51.54%#149.04%, F-r] W <40
A B R T AGDEIG IR R, 51 ~ 604 4%
BB EWAGDE IRV, ZRAEGIT#E XL
(P<0.05) o WFRCESAREM, RARE&HIKSSE
R CREY), BEBAER. FURIRAGERECS, Fr
TSR R AR . R, SRS o EREL
BRfAGRAL, PRz, (HE160%7 J5 T
FE A /MERIN, SR I AGDE RS L
TR A AR T B T REA A L

DBTHi 2K . /N B4R CCHAL FIMLOA A
[Fi) 30 JE2 B 1) W7 2 AGD A HL AR B, HREESUHIST
B AGDIE 22 A Gt 2# i X (P<0.05)
VLN IR DB TG £ >R HIu]FP B G A BE Ll Fofr 4
SARAL, SEPR Y FLIR R 38 R 255 i AGDAE 5
i, BVEIA )RR SAR g mAe ¢, 5 3CHkiE
AL —E > 1 XSTHREE R RIS TAE X 4 7 )2
AGDH AT 4L IA] Fe A i, HRIE S A R JR 50
JE R AGDIE, CCAIE 435138 T737.07% .
47.94% . 53.09% . 50.06%7F149.79%; MLO/;
Ay NN T 35.15% . 46.24% . 53.26% . 49.14%
F148.04% . F 1T UL WG Ff R 5 A 8 R S B2 A o7
PIFE 8 JEEE40 ~ 49 mmAT I AGDH I R K,
1E R R <29 mmAf (WAGDE I IR />, 25
AL ERE L (P<0.05) o 5 RIAARE i E
JE A (] B ' Ay 5% s 53 70 it 285 SR B4 A 5 i)
FE 7] — iz A 41 rp e 38 S 68 R A A 3R ek
Mok, AR Bos, DBTIRQNT, JRiaJE R
50 mm . BRAKRZES0.0%M9F, 5, DBTHIAGDA
1.30 mGy [t FFDM#AGD{# 1.20 mGy& 8% 1M
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JESHJE 60 mm , Rk A 14.3% 19515, DBT
(JAGD{#2.12 mGy lLFFDMfJAGD{f1.16 mGy
2511 83%., JamesZ ' X LU IS R AE I FL IR X 28
$t5% ( contrast-enhanced spectral mammography,
CESM) R e R B, ARk
45 mmfif, BRI ZUR ARECE B ZLIR I AGDIA
wi1125%; MHIEIEEE 60 mminf, g AL
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