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Abstract

Objective: To evaluate the diagnostic performance of shear-wave elastography (SWE) and strain
elastography (SE) combined with conventional ultrasound for distinguishing benign from malig-
nant breast masses classified as BI-RADS 3~4. Methods: A prospective study was conducted on 63
consecutive female patients who presented with breast masses at Hefei Second People’s Hospital
between August 2024 and August 2025. All patients underwent conventional ultrasound, SE, and
SWE before surgery or biopsy. Pathology served as the reference standard, resulting in 39 benign
and 24 malignant lesions. Elastic strain ratio (SR) and mean shear-wave elastic modulus (Emean)
were compared between groups. ROC curves were constructed to assess the diagnostic efficacy of
BI-RADS category, SR, and Emean alone and in combination. Results: Among the 63 lesions, BI-RADS
distribution was 18 category 3, 18 category 4a, 20 category 4b, and 7 category 4c. Using BI-RADS =
4b as the cutoff, the sensitivity and specificity were 83.3% and 79.5%, respectively. Malignant le-
sions exhibited significantly higher Emean and SR values than benign lesions (P < 0.05). AUCs for
BI-RADS, Emean, and SR alone were 0.814, 0.772, and 0.757, respectively. Combining the three pa-
rameters increased the AUC to 0.927 (95% CI 0.864~0.990), with sensitivity 91.7% and specificity
89.7%, outperforming any single or pairwise combination. Conclusions: For BI-RADS 3~4 breast
masses, the combined use of BI-RADS, Emean, and SR substantially improves diagnostic accuracy,
offering a reliable non-invasive tool for precise characterization of breast lesions.
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& H AT E A A B Te W PR 1) B S AR, (AR RGN A G RN ES, B2 EUNER
MR, WReS SR BERIS[2]. Tk, B BT UIE P 14 (shear wave elastography, SWE) 5 v
AZ P AR (strain elastography, SE)SF ORI RE, SE ATVl s 2L 2R i) A M R e it 7 T RE. BE
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SERE . @ B R LB T . &, AW TR 63 ISR B, Hoh 24 B
PERPCEBAEZ), 39 Bl R R (R 4.

2.2. (A&

1) {X#: 8 Siemens Acuson SeQuoia F 4 2 5 i A 2 Wi, Bl & SR BEIR Sk, A5 A 4~9 MHz,
H % SE Jx SWE Jfig.

2) WA A BFBUDEML, 7850 2 FE AT AT AR, ARt LR s ok ) T P
%. H 2 RAKFE R ERETEG S, e R RE. BE, G5, A, AR, 45
T4, 1% BI-RADS 20 2KbruE #4740 25

3) 2013 fiit BI-RADS 73 J5hrifE: 0 (XM B HETCIEAIWD); 1 (& A R R HEBEBRESAR); 2 H(R
PEC); 3 P RPERTREME R CEMER <2%); da HCEMETTREVEIR, M2 2%~10%); 4b 2% (CEME T REMEH
&, MR 10%~50%); 4c HOBMERTREME R, SHMER 50%~95%); 5 K (mEM BN, BIER > 95%);
6 (75 L ENRIT CLAIE AL SN E) .

4) AR RBAVE RS AE A . N Siemens Acuson SeQuoia {1 % 3 il A 1S W AT B I AR A 5
Vg, DI A R AR . BEACIRES FREILIRMY, LL 2 Kis /NMRIESRS), %6 K S 5E bR
3~4 ¥4, IS HRX (region of interest, RO EIFRZ) 2 kK. BGFa e vk 45 Mg, ki EG &
U142 T A 5 0 38k 7 45 2% LU A (strain ratio, SR, EIVARARER K2 T Fig B DX 45k 5 486 10 B X s LA, 1]
— ANkt E SN E 3 KHGYME.

5) BBk GG 2. R Siemens Acuson SeQuoia R {8 %5 7 R 7 12 AN S i 2H 2R B A AR
KPAEEESG, AHE VI8 DI s i g A a0, 84 IR R (Y5 N 0~180 kPa, E#F B, #R3LTE
Hiriiyy & E 3s, BUERE GRS ERRAT . AT EBOSEIX, 5 20 ACE 2 M A e B D) F 35 vk
B {f (maximum elastic modulus value, Emean), [Fl—AMiktEEZNE 3 RKHUSHE. SLEGE S EG LK 1.

() —4EKEE, BI-RADS 4r28: 4a 255 (b) MARVERZ (SE), SR 1E: 0.74; (c) BV AL B% (SWE), Emean
f&: 20.1 Kpa.

Figure 1. Typical ultrasound image of a breast mass
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ARWFFAEFH SPSS 26.0 il AT EAR /0T . B AR BRI T IES L, HEHR/FAIES
o)A, MBAX +s 2R, RAMOIFEAR K ARG IES A0, AT A2 (Pas, Prs) &, FHRHAE
SRR s THEEOR AR (%) R, IR ECEAE A RO Es DU B AR 25 B b, 2:1] ROC HiZk,
KH AUC Pk & DU AR (112 Wi akse, 400 AUC LLEBCR A Delong #56. B guit ke d, P<0.05 A%
R EBGHE

3. &R
3.1. RIBICHER

AT 5 [R5 B 63 AR MG AR EE R, BE W2 FARIGHE R, K1G 63 FIFLARM
YIRS R, BURE SR, 3t 24 61(38.1%) %M k. 39 41(61.9%) KA kL .
3.2. REMZ R BI-RADS, Emean, SR Eb#:

BI-RADS 43 2K45 5 or, 63 BIFL IR d, 335 18 {4, JRFHIFSc N B ME; 4a 2k 18 4, Hrh R
13 5, Mtk 5, 4b 35204, b Rk 8B, Wik 12 fi; 4c 2K 7 4, FEIIUESZYYONENE, DL 4b K
VL2 W A&, Ebde BI-RADS 732K 50 B2 W 4 51, L3¢ 1. 38t b dse B 4RSI 4 i s R 41
AR IR, EIME4 SR. Emean [H 5 S, WAk 2. DL LA 22 E gt 2E = (P < 0.05).

Table 1. Comparison of BI-RADS classification with pathological diagnostic results

%% 1. BI-RADS 5 5iRIEIS ISR L

Jpy H
BI-RADS 432 &t
Ttk R
4h~4c 20 8 28
3~4a 4 31 35
&t 24 39 63

Table 2. Comparison of Emean and SR values between benign and malignant breast masses
Fz 2. REMZLARMEY Emean, SR {EELE

R4 Ttk 2H Z1A P1E
Emean (kPa) 28.27 (21.71, 35.29) 42.30 (30.16, 57.57) ~3.609 P <0.001
SR (%) 2.04 (1.32, 3.84) 3.98 (2.78, 4.22) ~3.404 P =0.001

3.3. BI-RADS 433, SWE. SE ByJh ISl {&

R4 63 BIFLAR P BI-RADS 432, SWE J% SE 51k 58 5% FE 45 B %t R 2 ROC ik, W
Kl 2, g5 EIR, BI-RADS 732 WGt FLARM#I1Y) AUC v 0.814 (0.700~0.928), RIE N 83.3%, #F
5 FE R 79.5%, HER > 81.0%; Emean 12 Wi FLAR AT (1 AUC 4 0.772 (0.647~0.898) , R E N 66.7%,
B EE N 84.6%, HERAFE N 77.8%, FAEHWIE N 37.915 kPa; SR ZWiEMEFLIRM I AUC A 0.757
(0.637~0.877), REUE N 87.5%, FrFFE A 61.5%, HEMIEN 66.7%, HEEWIEN 2.650%, W.7% 3.
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3.4. B IatRE0IS T {E

¥ BI-RADS 4325 53t 45 AR BT B A 42 ROC 2k . 45 5 .75, Emean + SR.BI-RADS + Emean.
BI-RADS + SR. BI-RADS + Emean + SR iZ Wt ZL R4 AUC 4351124 0.840 (0.740~0.940). 0.902
(0.831~0.973). 0.884 (0.795~0.972). 0.927 (0.864~0.990), SR +Emean + BI-RADS Bt & I Wi Rk s T %
JS7TFEFR % Emean + SR. BI-RADS + Emean. BI-RADS + SR Bt &48#r, W4 4 K&K 3.
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Figure 2. ROC curves of Emean, SR, and BI-RADS for the diagnosis of benign and malignant breast masses
B 2. Emean. SR. BI-RADS iZHiZL AR B REMA) ROC fizk

Table 3. Diagnostic value of Emean, SR, and BI-RADS for distinguishing benign and malignant breast masses
# 3.Emean. SR. BI-RADS XfFLARB¥) R EM4AIISHINE

W (%)  REE®%)  RFE%) AEEH mEEbE AUC (95% CI)
Emean 77.8 66.7 84.6 0.513 37.915 0.772 (0.647~0.898)
SR 66.7 87.5 61.5 0.490 2.650 0.757 (0.637~0.877)
BI-RADS 81.0 83.3 79.5 0.628 - 0.814 (0.700~0.928)

Table 4. Diagnostic value of combined indicators for distinguishing benign and malignant breast masses
7= 4. BRERARXTELER B4 ROE MR IZERINE

TR P (%) REE(%) R B (%) AUC (95% Cl)
Emean + SR 69.8 83.3 76.9 0.840 (0.740~0.940)
BI-RADS + Emean 77.8 95.8 74.6 0.902 (0.831~0.973)
BI-RADS + SR 84.1 79.2 89.7 0.884 (0.795~0.972)
BI-RADS + Emean + SR 85.7 91.7 89.7 0.927 (0.864~0.990)
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Figure 3. ROC curve of combined indicators for diagnosing benign and malignant breast masses
3. BEATRIRISHTELAR M) B R ROC sk

4. ¥1ig

AR, FURMIIE LR i R A 2B B, SRR SRR S iE ke —, JrfEdE, B
AR EIEWIREE . EA RIS SRR IAFEESIS, H BI-RADS 73 284775 — & F MK M
PE, DI R 5 L2 s L 5] -

BI-RADS 43252 H T A A FIWT FLR P BB bR, ZAnuErp 3 2N RYERTRER, Hiknl etk
< 2%; 4 SNNEEENE, GFE da (IREE AT 5EE) . 4b (h v 5E% ). 4c CRIETTAER). 2% BI-RADS
3T AR AT /3 AT, — e BI-RADS 3~4a 2 R, BI-RADSAD 28 K DL _F 52 Aol [6] -

B G R FIANWT D, R S B B R A A FLIR A SR IR ) 2445 2., AN 4 B
JEVESR S W[ 7] (8] BY Uik 3 P AR (SWE) @ il Wl 2 BY VI st /2 AN AL B, S B Rt dmfid i R A4
BCSEETEME, TSR s A R 9] AR 1M AR (SE) MR AR LIPS A2 TR UG I, h N AR
SRR O FE G, S LIRSS T e e s S T [10] o DAARRIF FEUESIE, 3 9 PR 75 ek plk
GRS T AT FUIRIP ) KB B2 W R BE [11] [12], {5 b fl Fi I AT REAFAE — 2 SR BR P

AWEFERT 63 IR ADEAT T FUE A S A A, AR EOR, ¥ BI-RADS 4rSFIEE T
SWE #i AR [¥) Emean {8, 2T SE HiAR ) SR (B FH T2 Wi FLAR M) RGNS, A2 Wk ag i R LT 5
MR AT AR . B TEIRKRSZE A, BI-RADS 402 3~4 i A I, Hok B AT 7T
et g, HEZBERIRZEARE, SRR g QERAERUS ESIS, TS0
KW ZE SR R3], KIAEH RS RS 2 LA |, BI-RADS 3~4 2 58 75 2 HoAth 7 10 (8 7512 Wt
AT LU, AT 4 T = 2800 G 0o AL AT Ay, — e R B b e G — Lo AR B 28 VA R S5 B AR

R RER, ¥ 4o KULEM &N, BI-RADS 43 2Ki2 Wtk LRI H) AUC R 0.814, RET
N 83.3%, FFRFEN 79.5%, FE AR BI-RADS 73 RS Wil I (R e FE M AN 2, P RE S B A
R PR BN B E A LG, X5 DU T T AR A AF[7]
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ERFRRI R BT, 4L Emean 1 SR {H 145832 & T R E4L(P < 0.05), H/R#fM: g A
FEFLRR M) RGPS A o BV E N AT R, BV A o (B 2 2R S5 M 2L . TR ot 214
A R B A S B R, X AR B SR R G I, AT AE U AR RN LS ) Emean B AT SR
{E[5]. ik ROC HiZk /3 #r, Emean {1 SR H I I H &5 L K2 K he, (H Sfds A i R 2 Bl
RS B A AN, X AT BEAR RN EE 4 R AN 4T 4R BRI 7 AT e DR 4T 4 10 5 1 T SR BN
R, SRR AR TR, IR PESE R, T R kA R O B A AL IR SR IR T M A
e, BT HZUN R, T REAE TR UG TP R IO ACIE R, BB YIME45 R [14]

e 0BG AR AR BT 20 #T, 45 B 2R, BI-RADS 5 Emean B8 SR [FIBE S48 bR 2 2 52 12 Wi seE,
BI-RADS + Emean + SR =& Bt & LA BI-RADS HIE & Emean B SR (12 Wi s Be 8L, X474 BI-
RADS /DA — T PEFR bR 1012 W R Re 35 0 T B s N R —Fa b, Horh =2 A 2 I me it
[ i B R 1) REPEARE 1% . BI-RADS HEK 4 Emean B SR I AR A E B = 2 W akae, HIL
P R RS S = H A TR E 285 . 7EXT Emean BE4 SR IRFRII T, 2 WrakAE B T & BT
fabr, (EAIARR A BI-RADS HIBL & fabnnt LU ATIA7 £ BB 2280, X U BAE FLIR I 4 R 2 ek, BI-
RADS 7K H BA EENIR TR . BRI, BT g S A s AR e &
TR, T DURC LT MR 4 2 A PRAL A 0P, 7E BI-RADS 2» 28 JEAE e 2 Rtk sGH AR TR mie
Wr B2 B WEANE4]

BT AR, FTL BI-RADS 3~4 KM R IG R S AE iR F: % BI-RADS A 32K, H
Emean <37.9kPa. SR<2.65, &iX 6 1 J5kE1i: % BI-RADS 4 4a 2%, H Emean<37.9kPa. SR<2.65,
HASE A Hth A A A el 3 AN H BT % T Emean > 37.9 kPa B¢ SR > 2.65 [ 3 25 % 4a 5L IRIH ),
W RNER; 4 BI-RADS 4 4b Je UL b, NTCie s S 4an e, S flsiF AR, WIE 4.

Byl wie AR
> 3% 2 Emean>37.98) |
- SR22.65 2 e
FINERERE
AR = =
e BI-RADS = Emean>37.9xa}; =
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Figure 4. Clinical decision-making flowchart for BI-RADS Category 3~4 breast lesions
[& 4. BI-RADS 3~4 ZLBR Fp4Ilm R R KR A2 E

22 FPmR, 7EMFH BI-RADS (AL, BE4 Emean A1 SR {1 m DA 2 472 s ik LR B 4 BBk i)
BWRLEE, XTIV IR T, DD AN DB A B R . HAAAIMFEAR R
Ab, o, ABFFRNNIIREAREA AR, HATRAA e R me, R E%E THNFIHERR e, 2
ATHA B 53 9 BT e R B R A Se B B UG T AN T B HERR X P RESZ AT T 45 AR R ok, 7R
BT, RERSRFEWERIMEREE, EARGTFEMEIATIR TR &5 R4 — g fEm. £
SRR 2 Hpts s KAEAHIRTIETERT 72, SR Gi— 00l S bm e AT S fil s i, DU —PIIEm g 2,
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AW T REKW, KT BI-RADS 3~4 KAL), HHE S BI-RADS 7335, BITI% #4 % Emean
R AR e g SR [ = #F Bt B RIFHIS I LeE, T & —iahs S HAL P S Fabn, ik
— DR E LRI Y B W HERR T, D R B AR, NIRRT RS VR A FL R A 1 SR
PR AT AR o
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