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ABSTRACT

This study evaluated the clinical utility of Shear Wave Elastography(SWE) by analyzing the differences in
elastic modulus and shear wave speed across various types of breast tissue and assessing inter-observer agreement.
A breast phantom that included normal breast tissue, benign tumors, and malignant tumors was utilized, and ten
radiologists participated, measuring the minimum, average, and maximum elastic modulus and shear wave speed
for each tissue type. Analysis of differences between tissues was conducted using one-way ANOVA, and intra-
and inter-observer agreement was assessed using the Intraclass Correlation Coefficient(ICC). The results
demonstrated significant differences in the average values of elastic modulus and shear wave speed among the
tissue types(p<0.001), with malignant tumor tissues showing the highest average values. Furthermore, the ICC
analysis for elastic modulus ranged from 0.75 to 0.99 and for shear wave speed from 0.89 to 0.99, indicating
high reproducibility and agreement. These findings suggest that SWE is a reliable tool with high reproducibility

and specificity for the diagnosis of breast cancer.
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II. MATERIAL AND METHODS

1. A8A=
4 Avs Bdzegy HSd Agd
BreastFAN(US-6, KYOTO KAGAKU, Kyoto, Japan)

S QA E HAFSE #ig] o 2 3] 31| M (Subcutaneous

adipose), 41 %% (Mammary gland), -+ ¥(Mammary
ducts), T3l (Cooper’s ligament), ="
(Retromammary adipose), =7} o+ (Pectoralis major),
#(Lung), ¥ >~ A4 (Lymph node), ZH]#(Rib), 27
W (Clavicle) 5] 3| F-84 Fx& Zt51 9lom,
Fig. 13} Zo] ¢/d W, obd Hws 333 =5
o Fds AZEE ¢ Jo 259 FHEe
V8(Samsung Medison Company, Korea) L3[4
2~14 MHz A& %= 2} (Linear probe)E A3} T}

Skin

Subcutaneous adipose

Mamumnary gland

—

Retromammary adipose

Pectoralis major

Lung

(a) Breast tissue
mimicking phantom

(b) Anatomy of breast
ultrasound images

Fig. 1. Experimental materials for SWE image
acquisition.

2. AP

2.1, Aty 25998 9

L

2

(Normal parenchyma), %73 < %F(Benign lesion) %

A, ok T &F(Malignant lesion) =4S 7|=o = 7}

TolA 1039 vyt s x50 HALE =

qow APHYT. BEAE WY % Hwel] 9
¥

AN & 574 F97F B EFEHES 2.5 cm9
4] o 9(Region of interest, ROI)= A1 3}t A
= Tu0 Exg & 4ES vhekA & Aol
A A 7 2ol SWE G7do] T3 = o YERY
H, 253 G4 HFer] fs 2 23 AA
g 5 GdE F559 SWE 942
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A

2 em®] $1%] ¥4 G H(Site ROI)= Fig. 3
7} o] AA3 ¢ HA(Minimum), ¥ (Mean), 3
Ol(Maximum) € Al #hS kPa ©91= e
t}. g4 Al4=H](Elastic modulus ratio, EMR)E =7
slaa) k= -9 (Site RONS H it A Al +
W22 F9|(Site ROD)S] € Alge] H|Z Ab=
A=

2D US SWE Site ROI 0.2 cm

Mean: 43.04 kPa
Min: 40.96 kPa

Max: 47.04 kPa

EMR: 0.76

(a) Lesion of normal breast parenchyma

Mean: 74.11 kPa
Min: 68.66 kPa
Max: 76.86 kPa
EMR: 1.9

(b) Lesion of benign lesion

Mean: 102.29 kPa
Min: 79.74 kPa
Max: 118.70 kPa
EMR: 2.39

(c) Lesion of malignant lesion

Fig. 3. Shear wave elasticity(SWE) imaging
measurement by tissue morphology.

23, A3t 2 &0 F0 S

33} 2= (Shear wave speed)™ Eq. (1) #o°|
m/s T2 AR E gl el Site ROIS] 3t & 3}
%9} Site ROPS] 3} &ko] H= 33} £y

(Swear wave speed ratio, SWSR)E At&=3}F5] T}

Vs = \/g (1)

Vs (m/s) : Shear wave speed
G (Pa, Pascals) : Shear Modulus

p (ke/m’) : Density

24. A +4

A7 22 SPSS Window Version 29(SPSS INC,
Chicago, IL, USA)E AF&3to] 33} 3iTt. 10 9
P57 3¢ SWE 97 tlolH & Fal A A
A x4, FA A 249 HA, Har, Hd By
Ag B e A, 89 % 9 30 SedjE
cbEekglon A4y WEE it (Mean)? T
Z(Standard deviation, SD)Z UERATE A4 2
22, G ot =4 ke Hat Aol B4

=

o)

D) =

A EAFEA(One way ANOVA)S Al 3313 o

correlation

W A3AS(Intraclass coefficients,
i=]

ICC)E At #5A W 549 dA == o
21 2 (Two way mixed effect model), ¥
2k 7F 549 A L= olabd WE 23 (Two way
random model)S #-&3to] At X E(Absolute
agreement)S 7]+ o2 HUEAT A4 FoF

& p<0.05 vRro 2 AAEHS T
III. RESULT

1. 7% 234 W& a4 A5 € &4 A5y
=52 1078 o] Hat 53 AdolA Hd HE9
SWE &4 Al 32 A 47.39+0.41 kPa, Ht
50.90+0.42 kPa, HtH 53.01+0.46 kPa® L}E}
G 229 B AT S HA 64.79£0.51 kPa,
1t 71.13+0.56 kPa, ] 75.04+0.62 kPao] 3} o™,

||\
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ol Ao &4 AF e A 83.52+0.74 kPa,  AA AEL 1.1020.00, FA FH

B4 100.27+0.66 kPa, 2 109.94+0.88 kPaz -2 A ZAL 1.5240.01 2 EAE T A= Table 2

HATh @A Al A A2 1.2040.01, 43 ef 2t

ZA 2 1.88+0.02, o1 F22 232+0.030% 4

9t A7= Table 17 2o}, 3. 5 239 mE g4 A5 € Y3 =9

zto] &4

2. 78 230 e J S R P SEv) gubo] AA AR ok 22, obA 2 7F B4
=52 1078 Hqt 53 Aol ZA HE9 A B gup S0 it zpo] FAA 4 OF

oo} &= Fh2 H A 3.97+0.02 m/s, Bt 4.11£0.02 b frel gk 2FolE B A THp<0.001). H+ v Al

m/s, U 420+0.02 m/s= LFEFRTE A 22 9 = oM 2704 100.27+0.66 kPaZ 7} Eko

A} &5 7S H A 4.64+0.02 m/s, B 4.87+0.02 W, Pt Fup SR ofd A oA 5.77+0.02

m/s, o] 5.00£0.02 m/sol A om, b A9 it misER JHE HS @S UERT AR B4 A3 A

£ 7S FH A 527+0.02 m/s, Bk 5.77£0.02 ms, T B Y% zbolE YERTHp<0.001). A=

o 6.05+0.03 m/sZ FAHATEH I S|

Table 1. Elastic modulus and ratio according to the breast tissue of all observers

Table 3, Fig. 49} 2t}

212 1.37£0.01,

[Mean+SD]

Variable

Elastic modulus (kPa)

Elastic modulus ratio

Min Mean Max (EMR)

Normal parenchyma 47.39+0.41 50.90+0.42 53.01+0.46 1.20+0.01
Benign lesion 64.79+0.51 71.13+0.56 75.04+0.62 1.88+0.02
Malignant lesion 83.52+0.74 100.27+0.66 109.94+0.88 2.32+0.03

Table 2. Shear wave velocity and ratio according to the breast tissue of all observers

SD: Standard Deviation

[Mean+SD]

Shear wave speed (m/s)

Shear wave speed ratio

Variable Min Mean Max (SWSR)
Normal parenchyma 3.97+0.02 4.11+0.02 4.20+0.02 1.10+0.00
Benign lesion 4.64+0.02 4.87+0.02 5.00+0.02 1.37+0.01
Malignant lesion 5.27+0.02 5.77+0.02 6.05+0.03 1.52+0.01

SD: Standard Deviation

Table 3. Analysis of variations in elastic modulus and shear wave speed due to individual variables

Elastic modulus (kPa)

Shear wave speed (m/s)

Variable N
Mean+SD F P Tukey Mean+SD )4 Tukey
Normal parenchyma® 100 50.90+0.42 4.110.02
Benign lesion” 100 71.13+0.56 2001.39  <0.001  a<b<c 4.87+0.02 2030.70 <0.001 a<b<c
Malignant lesion® 100 100.27+0.66 5.77+0.02

SD: Standard Deviation, Tucky: Tukey post-hoc test
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Mean elastic modulus (kPa)

Mean shear wave speed (m/s)

nam.

e

w0

]il mal

Malignane

(a) Average elastic modulus (kPa) by variable

[T

8

Homal

Benign Malignaney

(b) Average shear wave speed (m/s) by variable

Fig. 4. Graph of analysis of average differences by

breast lesion.

4. #SA U € d5A T @4 Ao I
£ dAE

T2 1092 SWE ¥4 Al =4 Aol 7
b W S AT H A% 0.75~0.98, 3t
94~0.99, H 7k 0.91~0.98% LtEFF oW ERA

Hl = 0.83~0.97= 4] = A th(p<0.001).

52 2 5l Al HAEE 095, H gk
0.97, Hdigk 097, T4 ZlFH] 0.942 EA = At
(p<0.001). ¥=2F 107 2] SWE 33 £% =4 2
ol Az w52 ll wl AdAsE Had
0.89~0.98, HFZk 0.94~ 0.99, HAHgE 0.92~0.98%
et on, 3u} £5H]= 0.84~0.972 A H Q)
(p<0.001).

52 2 Ful dEATE H A% 095, Bk
0.97, Hthgk 097, F3} £H] 095= FA A0
(»<0.001). A3}= Table 49} 7t}

s
18
Al

‘W = JIN’ o

Table 4. Intraclass and interclass correlation coefficients for agreement of elastic modulus and, shear wave speed and
ratio among observers

Intraclass correlation coefficient (95% CI)

Observer Elasticity Shear wave speed
EMR p value SWSR  p value
Min Mean Max Min Mean Max
| 0.93 0.96 0.96 0.84 0.93 0.96 0.96 0.92
(0.75-0.99)  (0.86-0.99)  (0.87-0.99)  (0.54-0.99) (0.74-0.99) (0.85-0.99) (0.86-0.99) (0.73-0.99)
5 0.89 0.95 0.95 0.91 0.90 0.94 0.94 0.91
(0.66-0.99)  (0.83-0.99)  (0.82-0.99)  (0.70-0.99) (0.67-0.99) (0.81-0.99) (0.80-0.99) (0.71-0.99)
3 0.75 0.95 0.91 0.89 0.89 0.94 0.92 0.90
(039-0.99)  (0.81-0.99)  (0.71-0.98)  (0.65-0.99) (0.65-0.99) (0.81-0.99) (0.72-0.99) (0.68-0.99)
. 0.89 0.94 0.92 0.83 0.89 0.94 0.93 0.84
(0.65-0.99)  (0.80-0.99)  (0.74-0.99)  (0.52-0.99) (0.66-0.99) (0.80-0.99) (0.75-0.99) (0.55-0.99)
s 0.92 0.98 0.98 0.85 0.95 0.98 0.98 0.85
(074-0.99)  (094-1.00)  (0.92-1.00) (0.56-0.99) <0.001 (0.82-0.99) (0.94-1.00) (092-1.00) (0.55-099) _( 1o,
s 0.96 0.98 0.96 0.89 0.97 0.98 0.97 0.91 '
(0.85-0.99)  (0.92-1.00)  (0.87-0.99)  (0.66-0.99) (0.88-0.99) (0.93-1.00) (0.89-0.99) (0.70-0.99)
; 0.95 0.98 0.98 0.95 0.96 0.98 0.98 0.96
(0.83-0.99)  (0.94-1.00)  (0.92-1.00)  (0.83-0.99) (0.86-0.99) (0.95-1.00) (0.93-1.00) (0.85-0.99)
R 0.98 0.99 0.98 0.97 0.98 0.99 0.98 0.97
(0.91-0.99)  (0.96-1.00)  (0.93-1.00)  (0.89-0.99) (0.93-1.00) (0.96-1.00) (0.94-1.00) (0.90-0.99)
0 0.97 0.98 0.97 0.96 0.97 0.98 0.98 0.97
(0.87-0.99)  (0.92-1.00)  (0.91-0.99)  (0.86-0.99) (0.90-0.99) (0.94-1.00) (0.93-1.00) (0.89-0.99)
10 0.96 0.98 0.98 0.95 0.96 0.98 0.98 0.96
(0.84-0.99)  (0.93-1.00)  (0.93-1.00)  (0.82-0.99) (0.86-0.99) (0.94-1.00) (0.94-1.00) (0.86-0.99)
0.95 0.97 0.97 0.94 0.95 0.97 0.97 0.95
Total  083:0.99)  (0.88-0.99)  (0.89-0.99) (0.79-0.99) 0001 " (084:0.99) (0.89-0.99) (0.90-0.99) (0.81-0.99) ~0-001

CI: Confidence Interval
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IV. DISCUSSION
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