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[Abstract] Objective To evaluate the value of MRI diffusion-weighted imaging ( DWI) and apparent
diffusion coefficient (ADC) values analysis in differential diagnosis between benign and malignant breast nodules .
Methods Breast MRI findings were analysized of 56 patients suffering from breast nodular disease and 13 healthy
female volunteers ( control group ) retrospectively. All subjects were tested with conventional imaging of MRI , and
DWI, with diffusion-sensitive coefficients ( b-value) being set at 0,500,1000 s/ mm’. The signal characteristics of the
lesions observed in a conventional MRI scan , DWI image were analyzed. The ADC values of regions of interest , ROI
were measured at different b-values. According to the surgical pathology , Malignant nodules , benign nodules and
normal glands were divided into 3 categories. The ADC values among the 3 categories were compared using one -way
ANOVA. Receiver Operating Characteristic curves ( ROC) were drawn to evaluate the diagnostic performance . The
diagnostic sensitivity , specificity, and accuracy of ADC values were evaluated under different thresholds , which
combined with morphological evaluations , in order to determine appropriate b -value and threshold. Results  Using
b =500 and 1000 s/mm” , there were significant statistical difference in mean ADC values between any two groups of
the 3 categories (P <0.05). The mean ADC values in malignant and benign nodules were lower than that in normal
gland tissue with the same b-value. The ADC threshold was determined to diagnose benign and malignant breast
nodules under different b-values with ROC curves. When using b =500 s/mm” , threshold = 1. 202 x 10 > mm’/s or
when using b =1000 s/ mm’ ,threshold =1. 117 x 10 * mm’/s. Conclusion ADC values combined the imagings of
DWI were of important significance for differentiating benign from malignant breast nodules .

[Key words] Breast neoplasms;  Diffusion magnetic resonance imaging ;  Diagnosis

DOI:10. 3877/cma. j. issn. 1674-0785.2013.08. 024
FEH AL 223002 VLR, R 12 5 g BT Jas THE 22 1l o — N IR 2 e st 4 R
WIREE . W#*’&,Email;zjsong358477@ 163. com



EIGREE L3 (B FRR)2013 4E 4 A5 7 5% 8 ] Chin J Clinicians ( Electronic Edition) , April 15,2013, Vol.7 ,No. 8 -« 3325.

FUBRBEIA & 2oV DR S 22 s, JC 3L g 72
LPER WLBPEIR 2 — IR R BB L
WEFARTREOINAUAS ( diffusion-weighted imaging , DWI)
A S LR A P 40 B P SMRK 43 1 A B 0B 3l R R AR
G, 72 H HiAS A 1% AR Lok o3 79 8oz 3 1) s
RO B LY B R 8L (apparent diffusion coeffi-
cient, ADC) AR5, M 28 10 W A 5 & 5, K
EEE, b R, VR IR R S S e, I T
A5 S R FRIANEE S, 5 ADC B A8
FEBTEPEM DWI JH ADC (B 7E 7R 25715 M 2 071
W e

ARESHTE

1. —BFERE W AN B 2 g B v e i 5 —
FEERE 2010 49 H % 2012 4E 8 A A5 Lk FL IR a5y
PEBE R 56 B, BHAFIE 26 ~58 %, P14 (43.0 +
1.5) % s 5Bl 13 BITCFLIRR AR Lot iR B A 1R K
XTREZH 4 26 MER LR, 4F18 27 ~53 % 1 (40 +
0.8)% . A AHE T MR H M AE . DWI, 34 B
69 Mkt Hor Ik 16 491 19 ASEVELE T YRR A, B
40 9] 50 A4~ RLPEZE T AL, BTAT e kb 34 28 25 ) 6 4G
FARGHUESE RN 1,

T A FUBREE Mk s Bl 2R R A

9 L A % ikt (4>)

Btk 16 19
M T 11 14
T I /N 9 2 2
R AL 2 2
L 1 1

KAk 40 50
21 Yt JiR R 19 23
A P EL SR 3 3
FE R 1 1
2743 17 23

2. FLEURAZR) MRL R R G [E GE 2 F] 4™
i Signa HDe 288 1.5 T MRI $9354% , FLAR % AR T
MRk, B B EMSL Sk e ik, SUI LR A SR
T FLARZREIRAL I, LRI TR Y v, WA
FHIE#$ 15 SR 30 DLE 2 LR . DWI T 81K FHER IR
Il - 1 A% (SE-EPL) # R, H#EES 5k, TR
2600 ms,TE 80 ms, L% ( FOV) 340 mm x 340 mm,
NEX =6.0,)2)% 4 mm,JZ[AFE 0. 8 mm, ¥ HES TN
FEx yz AT b BOEUR A T (b) 4 B0
500,1000 s/mm’, 3t 57 JZ, %A~ DWI 14 if []

119 s,

3. EMGSHT AL B DWT 5 948 5, 8 I 4h B
&N GE JEAb B T AR, , 54 ADC &, i
I ekt B AR 2 18T, W &EAE DWIT J2 ADC &1 -
(I BB 2 FRAE , LU 3% U %8R X (ROT) I
ADC A, S 538 FF SR BE | S Il 2878 IX, 7% 22l 4 3
W BCHAE 34, 78 X6 R 2 L B A S [ X e 4 Jgk
PLERIX WA 3 RIS, R AR 3+
VLIRS R —s kAN TR] b (B BFERUY ROT —2C, 4351
W b AR 500 ,1000 s/mm’ B EPEREAE | BL PR AS
FOEH BART) ADC (B, R T kb BG 5 Fr i 32 0
IR 0 P A A, P A 2250 T B R R SE AR 12
W= TR FAUE VAT Fir A 35 DWI AT ADC BIHRiEA T
SIHTVTRE XA S U G F T A5 2 U s ik R
JEHRE

4. GEitEAYHT R SPSS 18. 0 Ffd4, TRk
DAIEL + ARifE2E (v +5) Fom , AT 5 2 7 225097 ( One-
Way ANOVA) % 22 55 A Gi b2 5 SCH i — 20 A4 ()
ZHE K, HZIRE TAERHERTZE (ROC) K52 Wik
e, THHAE A ADC (EI2 W i RBUR R R 5 R
JE G5 AR, B B B b (E AT, 9T Z 56T
ML FHF(AL) o UIESTGIH 2800 P <0.05
HEFAGIEE L,

5 R

1. A b HZM R AL LU ADC {H He i
(22) .24 b =500.1000 s/mm’ [} PELSSS  RAELS T
KOEH AR B2 ADC (B Z B354 G it2r 4 5
(P<0.05), [A— b~ ZLAREMEE B R S5
IEH BR R B AR, R PR 45T -3 ADC {5 1E F R
N3

®2 ARREMALURE b {HZ&MF ADC {H
ST (%10 "mm’/s,x +5)

A 21 4 500 s/mm* 1000 s/mm*
AESE Y 1.04 £0.17™ 0.93 +0.16™
RS 1.49 £0.26" 1.37 0. 26"
1EH R 2.05+0.24 1.95 +0.20

HF— b ET, 5RELSETHE,"P<0.05; 5% BRELEK,

"p <0.05
2. FUIRGETHRAE DWI K ADC K138 &% ADC
&, T A W5 k15 DWI K ADC &l | 3 8] R
(K1~6), b{HEO s/mm’, IEH 24T T2WI 551 [&]
G AT HECR ., BEE b BN, kLR DWI {5558
JEG G, AR bR, =40, DWT EIG FEr:
T, RS R T IE A ADC EE -

RN EREa TR



. 3326 AENE R BE 425 (LT RRD2013 4E 4 A 7 5% 8 1 Chin J Clinicians ( Electronic Edition) , April 15,2013, Vol.7 ,No. 8

MR AR IS, R 5 S W IRARE AL, A[E b
{5 F,b {500 s/mm’ B} DWI K% FFL IR 255
P45 b {EHL 1000 s/mm’ {55/ H, b =500 s/mm’ %
PERAS | R BOE F BRI 35 ADC {3 A G it2#
X (F=71.494 P <0.05) ;b =1000 s/mm’, JEEHG
A5 AR ROE R BRAARSE-3 ADC HI A B S
N (F=78.144 ,P <0.05)

3. ROC HIZXTFLIR B SRS T PE%AE ADC 1
1 52 W BB R E - DL IS Wl e bn e | W5 T A 45
PR A S 235 A R MR Y 2K, 2241 ROC il
£E(1817) ,b =500 s/mm’ I} A, 5 0.992, P <0.05;b =
1000 s/mm” B} A, 7 0.981,P <0.05, &I H b {H X2
WiFLiR B B R A Gt L, X b
1 A, 1E Z #6536, 72 =0. 801, P =0.423 >0. 05, #E/R M
HEFIGEIHE L,

HAE ROC 14k, UL Youden 850N Z% HiE b =
500 s/mm’ 5 b =1000 s/mm’ LI KAV AE ADC 12
Wi, b =500 s/mm” BI{EH 1.202 x 10 "mm’/s;b =
1000 s/mm’ [F{HH 1. 117 x 10 *mm’/s, VI {515
FIEMER AR (U FEREE IERRIEIR (£ 3)

£3 ROC £k T8 ADC BI{EIS KBS AE 5 bR
b {i R 55 R ES

94.7% (18/19) 98.0% (49/50) 97. 1% (67/69)

500 s/mm’

1000 s/mm* 100.0% (19/19)  90.0% (45/50) 92.8% (64/69)

i

LRI N S SRl S S K R 1R AN sl g A
NGER RS IL A, Hali 2L B HEAG A g S AR ]
PLSIKE (A0 T AR SRE LS R S R B K £
B PELETARRL, AEETE A 2A A A AR Dy L R
MGG B G X LA i T 8
FAR FUIRIMRECE 590748 S i A8 R fiE A HL 7 25 5
R B BAPEREF] 10% ~30% , B ERiA35% , B
F MRI FARBIAW & J&  DWI 25 D 6 1A% 59 7541 1) )i
FH A8 X — 2S48 75 o 728 18 2 P12 W At 2R P L
TARE,

1. WAL DWI ¥4 JH 5 ADC & . DWI & H
AMHE— REWLER 6 1A K 43 T 00z B i A% 7 2%, BE %
Fer It 55 22U B KR U A G T AR 2R AR B 1
FLIRAE . DWI A 41 4K 23 Tz 3 1 ADC {5 3%
Ik PG A LUE T 2, DWI EHR R
A5, ADC {E 3, ¥ 32 FR A 40 85 5 5208, DWI
KGRI N 5155, ADC (HERME . 4 2 Mo i
AT M2 2 PN 7K 43 B R I, Gkl v | 4 B 28 B A%

JEEE MR A S d Al 812 B S ADC ARG Y
WA R G HE R A R o G IRBE L AR VR T
FE A T4 A 2R, ADC {53 31 7K 2%
FAG RIS SR AR A R B T SR R e E T
2. FLAR ROBMESS MRS ADC (EAY LU . i BRI
DU, AHARAMNE B 2 2% 1 A 1 AR Ak S S 2L 3
BCRBCR AR R, B E AT DL i 0 5 22U B R R B
SEHEMPRT S M, BFFE Ik SEPERE ADC (T
R ] A PR Ay 40 100t 174 sk 20> R 21 480 1) 9 e g g 3
o AN A LS 3 22 5| 1 i o A S A5 B
WXt ADC fHA M, AT WY B8R EL(rADC) {5
Skt 55 X B A5 B A7 1 8 FLARZHZU) ADC B 1) ELAEL,
AT AN rADC B FLIRG AL 12 T 0 45 S 2 T
ADC {H., H rADC {E A4 THBRZEXT ADC B4R ]
225, ARG R R B, AR A 1 — 00 LR & B G
TR | X OB AR5 7 18 AT FLRR /N 348 A 25 A
S5 T H R ZHUEE DU FLIRIEAS T8 XK, 15
BLES 3l Az i 6 AR AR AR A AR AR AR AR IR 22, T A%
rADC {EARNERS . AT FEATI SR 4 Xt ADC {547
WS, WARAF R
AR R R, [F— b (EH T, ZLIR GRS
A5 ADC (B R A5 1 155 722 F1 I &5 B A B S A, 1in R
PESS MR V1 ADC (HECIE 8 BRIRAT, BPESS |
RAPESE 3 K 0F % IR A = 40 728 B ADC {H7E b =
500 s/mm’ F1 b = 1000 s/mm’ B§Ff b (B KT #9255
PR Get4 25 50, X 5 LA Y SCRk R 8 e A — 30"
BT ADC R0 M 40 55 B 2 18] 47 7E B A
Sk, B4 %5 1 B e, ADC BB . ASBTFSE A, 3
PR 2T A P B D 200 % A v, AT L 7 T st
s (IR 200 A 40 S IS o) R K 4 I a2 1 J e
IRATF (R Bt 3 i, - L LR A 45 4 9 At
MR, v 2 R R 25 G VR FHRH L T % o
WK TGS ), BRI T SAPELS T AR T8 8L,
R ADC {HR#A, ADC [ L, SEPE2E Sy 2 B R 5
3. MRIZEG R GEMEZUIREE T M A8 A et b E
(3EEE S ADC {E BB P b (ER Y BUBUR R 5L, )
W) HORH B 5 B R [, B b (BT, DWI &
(1R (] 4 B 2R R AT TR) s P Mg et AR, RS T i T
B, BT LA b (B A 358 X5 T kb ) ISR s B ke 7y
e A EEME, FEAFERDFZE T, b {EAE, ADC
2 AT AR b, ADC {ETT RERS AT
BN AR b (S S EER K, LIRS Pk
Al b (HE 2 H M RE X A 2 W, B A
FAhE | M LS S I A S BR B R B, AR ST



EIGREE L3 (B FRR)2013 4E 4 A5 7 5% 8 ] Chin J Clinicians ( Electronic Edition) , April 15,2013, Vol.7 ,No. 8 « 3327.

TR S R AR A R S R R BE R b [
500 s/mm’ 11000 s/mm’ FEATXF FRAIFSE , FF-%F X W Al b
EHHEFT Z K, 2R IEGIH228 X, B b (R
500 s/mm’ 1 1000 s/mm’ #fJ2 AT B, (A 57 b i
7R b AB R 500 s/mm” ARESPE AN IERAREL S, 1 b (N
1000 s/mm’ ) R SR, 45412 WA SIS W T
B EE N SEBR TAE R R IZ P b (B BHRES &
AR, A T kb B4 ARG H B kb B A R R, X T
ADC {EAEZUMR BB 451 P 48 1Y Bt e Ul , A A /D
SEF AT ARSERSTE Wk % =40 b (Y ADC {12
Wil R B CEMARRAEAY ROC #hZk T i ARwss ik, b =
800 s/mm’ R ER 4, b =800 s/mm’ A HIURYE
RPN e s, % AR FE b (il = 1000 s/
mm’ P 1.22 x 10 7 mm’/s 5 0 FLAR B MG 725 1)
ADC fHFME . AW b =500 /mm” F1 b =1000 s/

mm’ {549 ADC {E ) BLEAE TR 23510 1.202 x 10 ™
mm’ /s 5 1.117 x 10 73mm2/s,ﬂﬂ1 b =500 s/mm” A H:
FHE 5% @R EMI RS AT, R, AFEIAH,
ADC fH 3 Hr4& DWI EHRXS LR R GBS ik
AR SIS WA EEANE
ARIFFEHIA L ABFFEAL I A b 5 (500 s/mm” |
1000 s/mm” ) FEAFAIFSY, 3X— b {H X [6] #5 8 45k, Hefal
RIS IER b (8, W& 2 — L5 ; 3 4
DWI A [ H AW R AR AR (Anh % 58 MRS |
T USSR ) 45512 Wi ZL R DL KOS T AN [m] 37 58 B
AATRI AN ] | R A 7 A i T AR 0 ] — o kA5 10 Y
ADC A Frift—BHE5E .
& % X
(1] SR, BRTHE ,FLRZ . EHR B 2003 4% M I & 6 4F
JE 44ty v R, 2007 ,16 :494-506.
[2] #pIED G, B0 5. fE LR BUR BUR R F5 ™

A6 A B



+ 3328-

2013

AENE R BE 425 (LT RRD2013 4E 4 A 7 5% 8 1 Chin J Clinicians ( Electronic Edition) , April 15,2013, Vol.7 ,No. 8

i AR S W B T B AR O . BT s AR ZE R H Afdt 2010 :263-269.
WA A5 D R 3R 4 B SR OSSR TR A8+ 54 R
KAE AR [J/CD]. s AE I R B 0 2% & . B F R, 2012, 6.
7695-7697.

Ikeda DM, Birdwell RL,O’Shaughnessy KF, et al. Analysis of 172
subtle findings on prior normal mammograms in women with breast
cancer detected at follow-up screening. Radiology, 2003, 226.
494-503.

Sinha S, Lucas-Quesada FA,Sinha U, et al. In vivo diffusion-weighted
MRI of the breast potential for lesion characterization. J] Magn Reson
Imaging,2002,15 :693-704.

Padhani AR, Koh DM, Collins DJ. Whole-body diffusion-weighted MR
imaging in cancer: current status and research directions. Radiology,
2011,261:700-718.

Kim SH, Cha ES,Kim HS, et al. Diffusion-weighted imaging of breast
cancer: correlation of the apparent diffusion coefficient value with
prognostic factors. ] Magn Reson Imaging,2009,30:615-620.
2ROk, JRIE S, 45 MR T S50 ] 5 BN AU (8 7 FLIRE 19
B AR 2% 27k 2000 ,43:32-37.

AR YRR 2T A RO A R 5 3 WLk T AR ORI AR X

[10]

[11]

[12]

[13]

[14]

[15]

FEWL TR AR OO FU AR VE R 2 W (B T AR SR 2 7, 2010,
32.217-220.
ZEHG, PR A A MR T BONAURARTE FUIR BB 7R 12 187 K
SRS W R R HIBT T SC ATHUN 773K ,2011,27 :372-375.
Guo Y,Cai YQ,Cai ZL. Differentiation of clinically benign and malig-
nant breast lesions using diffusion-weighted imaging. J] Magn Reson
Imaging,2002,16:172-178.
FEXE, Bei . 3. 0T B AR HOm USSR AE FLIR BB i 22 48 51
SR T E CT Al MRI Z%35,2009,7:18-21.
Hatakenaka M, Soeda H, Yabuuchi H, et al. Apparent diffusion coeffi-
cients of breast tumors: clinical application. Magn Reson Med Sci,
2008,7:23-29.
BRI, FELBE, BE AR 0 | 45 AN ) 97 0BG B2 TR (i FLIE MR 37 0
FURAGRT LB TE . PRI 27 2 35,2009 ,43 :356-359.
SR X e kAR, A SR B RIS R 4 A L AR R
SIS W A B AR (L. REAE 2007 ,26:168-171.

(ki B :2012-11-26)

(ARGt RE

BERAN TR E R BRNF F R IR A AR R R LY K R BAL AT A SR B W KR S P e MA[J/CD). P AR R ET R E E TR,

,7(8):3324-3328.



