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Application of shear-wave ultrasound elastography for transversus abdominis in normal adults

SONG Xu-guang, XU Hua-ning, HE Yu-bing, XU Dao-ming
( Department of Ultrasonic, Affiliated Hospital of Nanjing University of Chinese Medicine , Nanjing 210029, Jiangsu,
China)

[Abstract ] Objective To provide a new method for the functional evaluation of transverse abdominis and a reference in pa-
tients with non-specific low back pain, Young’'s moduls of transverse abdominis was measured by shear-wave ultrasound elastography in
normal adults. Methods Sixty healthy subjects were enrolled to measure Young’'s modulus and thickness of transversus abdominis.
To study the repeatability among operators, the difference of Young’s modulus in different functional states and the correlation between
variables, the data were recorded and statistically analyzed according to the resting state and contracted state. Results  Young's mod-
ulus of transverse abdominis between operators had good reliability (I1CC=0.588-0.789). Young’s modulus of transverse abdominis
was significantly different in different functional states ( P<0.05). There was no correlation between Young’s modulus and thickness of
transverse abdominis (r=0.075/-0.051,P>0.05). Young's modulus of transverse abdominal muscle (resting state); 8.27-9.08
kPa; transverse abdominal muscle (contracted state) ; 17.49-19. 15 kPa; thickness of transverse abdominis ( resting state) ; 0.29-
0. 32 cm; thickness of transverse abdominis ( contracted state) ; 0.45-0.49 cm. Conclusion Shear-wave ultrasound elastography
has good reliability in measuring the stiffness of transverse abdominis. The difference of Young's modulus is obvious in different func-
tional states. It provides a relatively independent new method for evaluating the functional states of transverse abdominis.

[Key words ] shear-wave ultrasound elastography ( SWUE) ;transversus abdominis ( TrA) ; Young's modulus ; thickness

YEHEBAL:210029 R 5L, B 5L 5 24 4 W I 5 e 7 = 2 B (R
B VR T EK RIE )
BIEESE FET , E-mail; 12310583@ qq.com



+ 482 - A EBGEEZL 2020 4F 9 A5 22 455 5 B Military Medical Journal of Southeast China,Vol.22,No.5,September,2020

o 51 H

& K L ( transversus abdominis, TrA ) v/ T i BE
2 A% O WU Y = 2220 B 43, AT DU B 5 A
s RaE, 5ERER MO ge s e, b
Ak Tl ny & &, 38 %¢ 5= P T 8 9§ (non-
specific low back pain, NLBP ) i 3 # ok £ | 52 i
TR, A SCERIRE IR WL KT R
FEREPE T e 5 NLBP 77 76 AH G PR 4ROk
P AR 5 AR A O IR 2 U N T Tz, Sl AR
UL THE 2Pl S i 7 IR LN 2R, B
AR ATE R, A 2% 3 OO i A UL
JEFEANRE 56 42 R0 L PR i 24 s Y Rk 4k —
TR AT 7 V5 WAS U D B, Y D) il e 7
W 1% B K ( shear-wave ultrasound elastography ,
SWUE) 7] L) & &l & 41 205 Ji, 4% [C B 2 {H
( Young's modulus ) 8 , Ui B 21 236 Bk, H
B B E 2882 B T3 WU RO 6 2, B
A R — SRR A H A Sk AR E
it SWUE PP IE R LAY S BEAR 2 . A IF 5l i
SWUE WL IE AR A LA ERASE (B AY AT S 1, A
() D RERAS T AR A% OB B 1Y 22 5, DA S e
JIAZ) FRASE 5 {845 )2 2 22 (] P AH DG, B¢ NLBP
B MR NUAIR S SE BE 2 RS .

1 BRIk

1.1 WFsRxg s 2016 4E 4-10 Am s EZy
KA B2 e s = 2R 2 e IR 60 1], L
HE 28 1, 4 32 . AFHE 19~62 % 44 (29. 50+
9.75) % ; B 148 ~ 189 cm, ¥ (168.03+9.25)
em; R HEE 45~93 kg, T34 (62. 00+18. 25) kg; A H 45
B(BMI) 16.5 ~29.7 kg/m*, “F3 (21.94+3.12)
keg/m® . GHABRUE T 6 A TCIETT FFIK I 3 A 0 2
Z A MR 5 A MR AT AT 23 5% mi UL A K /N 1 25
Yy TTHABM 2 R G WA B RN ; TR G AR
W N AR s, HEBRARIE . TR L
FRAMIT R AR LI TR F A SR A TR -
UECEZYINAY PSS/ TP N 2] VU (g L A R
B E (HEVE S . 2016NL-029-01) , FlF A & R 14
BRI

1.2 NS5FHZF  EHU FCRE EA I vk
[ 75 Bl %2 14 2> 7] ( Supersonic Imagine ) i AixPlorer

P A2, T L10-2 2 B Rk (JA% 2~ 10
MHz) , B LAAR 38 2981 BHR = f

R A I 25 32 18 3 4R IR L0 st s
ZAREAMEM ST FARTECT S AT 0], Jesh #58 Jd R
TR WO B IL TG e ARG I RSk s o7 T
IR JiE K P 20 32 1, JR) AR TR PR AR B 00, 7k
HEELTER R, AT, 83647 T UL 4 E AT
Ji 1A

T e RS 7R B PR 0 U0 i A UL
JELJE AN 455 i 1] P A7 S 2, DN 2 5 i A JUIL A
Ho BOEE, THLA SR SRRSO & . 285 )3
3y SWUE B0, &8 X (7 ) 88 — W B
15 mmx15 mm, Q-box [AJE /3 X HA % — K E
M2 mm, B M EUR RS E IE FE B 8 B T
IO B AT e 1T, 7E RS UL EODR 25 R R
AR

JE R JIURE OGN 2 i A ZR 184 SWUE 19 2 £ B2
iR I ERE T e fa e i, BRI 1 & 2 3%, B A7
2 % BRI 2 A 1 U, BEAE 1 AL e R 3
R, Bk R EIRCY 5100 A 3 AR K B 4 {8
FEAR I TR B 1 2= A ) BE 3 s DL L
L3 ZITZESMH i SPSS 24.0 Ml MedCale
15.6. 1 Geit ik, FF6 B0 0GR 3
Kbl 22 (e ) R , AFFE RS0 1Y T 5ORE
P DU A7 (M2 Q) Feri B U] F 52 4 Al
— BT U R T2 N A OG0 A, 4P AH O BB
(interclass correlation coefficient, ICC ) 25 4% %l 43¢ .
ICC<0. 40 A2 1A ;0. 41 <ICC <0. 80 AU+
XK,1CC>0. 81 M 5EFEAH K, Bland-Altman 7R 71T
PrEsim 1 FEEIm 2 M —8ohE, IEREIUARPIRE T
TE X R F Mann-Whitney U K356, A [A] 4% & (7]
FHIME R ] Spearman #5081, LA P<0.05 H 2
SAGIEE L WE R EE JEE 5 Z iR
HAEN AR B RE R BMI Z MR RHZ
JCAAE RN BEHCEE I 155 1 Y A A R A AL
R T, HREARE R 95% B 15 X
[ PE Al SR

2 & R

2.1 EHEIKESEMNEEEMENZErEE
SR BRI 1 2 RIS AT e R 22 R 1Y
Bl E X (P<0.001) WL 1, (5 RE(ICC)



Zrrd E B R 24 2020 4F 9 A5 22 55 5 W] Military Medical Journal of Southeast China,Vol.22 ,No.5,September 2020 - 483 -

1> 0. 40, 156 B[R] — = Ui I A AL A (G A 0 4
{ERERS, BEV 1 RIS U 2 0015 B 4 A DL AL 1,
Bland-Altman [ & 7% BEU 1 F1EE I 2 04 25 S 1Y 22
EFFE 95% — B ME AR (95% limits of agreement,
95%1LoA) , Bl BUR S A 95. 8% (5/120) Wy S AL T
95%1LoA Z[0]  JIHIRASH 93. 3% (8/120) YT
95%LoA Z[a] , Uit B 79 25 ) d — SO AL

®1 FE—EIMEEIGRESNEENEREEST(M2Q)

2.2 BEHEAIAREINERSTHKESENES
Bt RS RO RS T A LA DA i i
JEREXS 25 S B S5 5 L (P<0.05) , WK 2,
23 BEHEIGRKEEESEEZEAHEXS
M SpearmantH o1 7 | 4 D ASE 1 (B 1 JEE 2 i)
TCERAMER K F (r=0.075/-0.051,P>0.05), UL
&3,

RS 51 T2 {FREERE(1CC) P1A
. ZEqm) A ) F ZEA] agill ZEAm] agill
JEEE (em)
i EARE 0.30+0. 11 0.29+0.11  0.28+0. 10 0.30+0. 12 0.976  0.987 <0.001 <0.001
BEARE 0.44+0.19 0.46+0.17  0.45+0.18 0.47+0. 17 0.983 0.990 <0.001 <0.001
*ﬁ&*ﬁ%(kpa)
RS 8.20+3.01 8.58+2.33  8.24+2.15 7.90+3. 18 0.689 0.588 <0.001 <0.001
BERE 17.55+4.43 17.05+4. 58 15.9+4. 63 16.1£3.75 0.789 0.783 <0.001 <0.001
4_ o 10 -
3F ) 2] +1.96 SD o
= o 5 o ° 26 5k 5 +1.96 SD
Poo O ° 5 3 =46
T o ° . 88 %9 8o Oczbo © o ° o
E o 00 oy08 o Og(f@oé?&@ ° S
% 0 . B 2208 S (i o =7 ad iﬁ%ﬁ
]]:E-] -1 0 _0n"Q - —0.7 o 4 ° mowég(gzoo ° ’
= o5 o8 : s O
= 5l % 96 g eool &x ~1.96 SD
3t ° 0B o0 © ° )
e ~1.96 SD 10 - °
4r 41
-5 1 1 p 1 1 1 i} -15 1 1 1 1 1 J
2 4 6 8 10 12 14 16 10 15 20 25 30 35 40
IH a E b
a: i EUIRAS b IR A
1 BEHENgRKESEED 1 FEN2 BlE—3
gy R
1.0 WS 40 m i
S 210 RPN
o216 |® B £ \m s
*101 221
L 90
08 30 1 222
156 = 0102
Ay
— 06| =2
g 036 J122 |
= =20
mh 3
Db g4l =
) +
10 F
02+
Zef Fim Zef Fi
a b

a:JREE b A OB fE
B2 EEIASERSHREEENEENE I E



- 484 - ZKEgEBFEEZ 2020 4F 9 A% 22 5 5 W Military Medical Journal of Southeast China,Vol.22,No.5 ,September, 2020

15

1 1 1 1 1
10 20 30 40 50 60 70
JEFE (mm) a
a: i BURES b R IRAS

E3 REDARA TR IS AL R A 5 8 AR Mt

2.4 EEIBREEE.EESTREENEES
TEERASH EHENEE (FHE) g R =
0.630,F(4,54)=25.642(P<0.001) , &k LS
(BT%) A # R* =0.495, F (4,54) = 15.225(P<
0.001) , FE/R AR ) [ A BE— 0 Rl B
e FVACH (A8 BMI AFE7E 2 d R vk | Wi R ) XHIE
LIS BE B 52 Wil 9 A8 Ge 24 1 L IR LA [
HHRE R? = 0. 065/-0. 008, 17 [ 52 iR % Pk
AR B PRE A BMI 22 ) 2k M T e 48 1127
BEX(P>0.05), o197 2. 168 HLE B (# 2 0R
)= 0. 445+0. 039x 451 -0. 003 x4F-#4—-0. 002x B 5
+0. 006 x 14 5 5 A JILJSE B2 (IR ) = 0.593 +
0. 092x 51 - 0. 002 x4 #% ~ 0. 002 x £ 151 +0. 005 x 14
&, PRI R R W

2.5 HARBEMEITE EEN R EE(H
BURAS) :8.27~9. 08 kPa; HEHE A% PR (345
ARAS) 1 17.49~19. 15 kPa; RIS (FHERE) .
0.29~0.32 cm; JIH K8 LS BE (UG RS ) £ 0.45 ~
0.49 cm,

3 W B

R WU RIZ L, JC i B LA 21
Wi B AR TERE , T LU PR L Bt X IR A UL I 32 Sl
SRR R WL IR A G KA MRI &) 5t 4
VEBUBISERE A5, X P R BELE I PR 2 L S
TEPFOT LA DIREAR 2575 1, AR T AR BESC T LA
JEE R R AR T AR | (E AT IR 38 A KR A e % WL

40

30 F
=
Ay & o
_‘\vd o
i oo %
& 20 A %’c@ 0P

(ﬁé‘ 5 2 88 gjbcm%

‘éé | BF p
R 0@

10

0

L () b

SRR BE . A WEIE e I P T DL %
SRR A LD AR , TS B8 B0 415 3 v =g 5 5 1)
Wit v . SWUE A58 T3t s J7, /N T
W3R 2% B AR AUR LA LAY F R
W IR LB, [ A O SCHlR 2 i 8 1 2 1) i A
A% CCAR i B0 k] 3642 1 R A, AR R B E ]
MR ARBEGT 2 A7 B 8 B G R
SWUE #§:4E , SR HI R — & A3k B A [0 &2 b ofe , D0 £
A EE MR, SWUE 0] LU T 22 46 0 1 s UL 21
ZUEEE PP LA R REAR A

ARSI IS PR A R T DR A T A LA [
Bh 22 5 W 3 WO RS TN A7 IR (W) 1 4
o, B IE R LR B 3G 0, X 5 U A5 R — 3,
WA SCERB A AH R 2518, Nordez 557 N H] SWUE
Xof Jils — Sk UL 56 e i IR 285 T 47 4 RS 1
Wit 25 WYL — Sk LA R W i i 5 IR
ZIAEAEIE MG, IRWIFHAE i SWUE &3, Bl
TRV AR T A IR (B[ (123. 658+31.392)
kPa ] KT HCIRZS [ (45.658+13.479)kPa], VI L
WF5E B SWUE ] LU 5374k 18 A LA [R) 2 gtk
Ao BRILZ AN XU R LA DA B (B AR AN [R] 2 g
RETH R TG E L, Xh &0
FEA SRR E B VE ], LA 2 XA K

RE A LA DS St (B A R — AT B D RE VT 458
b, ASBIFFORH 5 ISR LBE B 64T T A oM 46
TR IAS TR Ly R TR A8 PR 28 50t L 34 T 4 Pk A 5%
KZR X REAR/N , U BT A G, 4 FOB (B



Zrrd E B R 24 2020 4F 9 A5 22 55 5 W] Military Medical Journal of Southeast China,Vol.22 ,No.5,September 2020 - 485 -

AEXF AT AN A2 V5 B 52 e, AT AR S —FoE i D) fig 3
WARRIHAT IS LL T . TERE B LA IR ht | J5E
520 FAME B 0 Z ot mUE 4087 IR AL
T FOR i (L P 06 R AR T TE G 124 8 S0, B HOR
SRR AW R SRR RS, AT LA R i
LB REARAS 1 —N T g ] S A A6 b, 78 J5 2248
RPRIETE T R FEEEAEH

AT Z A DL 4R R i T AR IR
Feds PR 28 5 WL AR BE R Tl RER A 1 5 i {HAAR
BILNEREI AL Z AL i BRET
A8 JULJRE B A, A DR 1 M DX g ) 223
JIN RS AN o R R A I A S A R B R
S BT R Bk R TE , o TR A LA B K JRy BB A N
TS5 AT IR 5 1 75 5 LA 2 e M AN K,
Miyamoto %' LA 3k 5 LAy 1) e ffy ek 5
B RS £ ok I A DR B (B Y 52 ), & Bk S5 0L
WA <2000 22 7 T ge 22 2 3, Sk 5 R Ik 3R 1
e ST M Ay [ (B, A B 8 AE BT A R il %
SYDIIE R FE 0 oA 7 R LA U Tl e b T 5K
SEER X E, A SOk 2 A A FC AR R (B R B B)
U BT AL PR E BE VP A 346 2 2% 78 30, @i Im] i &
AL L A SR Y W TR N o
LA T V%, I\ DT) T 4 e s 000 3] ) 5 ) 08 A%
T R SR L LA 2 A 5 1) TR, R AR5 T A A
W TET ST, B U0k A ILZF 4 025 A 22 a) ) B
A, T BE 23 52w A% 4% o DS PR A D) A
SWUE {HB NI 298 /)N, Chino % #F 58 K,
ST I R {1 B U7 1 AS (D T AR Ak JHE B LAY B
ST 0 S 0 (R A DD R v DT AR AE 25 s
PN SCHik H Y T SWUE 7 UL PR 4 U B2 I, o 4
FENLR DT {2

25 F TR, SWUE ] LLsE 2 PEAG I A LAS [ 1Y)
TREARAS , B Vil it — otk Kov] B MR,
T LTI RS ) DA 4 B 1 — ok 6T ik 37 1) 3 7
125, AT e W b F A0 R LA D ReARAS . B H
il SWUE L T ISR LA AR 5 220 /b 58— 4
SRR ; [ UL A B 1) 52 Z M R B A AR B i 32
WPESE N R S 4 B oA ke — 2 W E, R, 45

7

i TE i — W H T k5 R AT DA O — 30
PO AT AR A9 5 12 D5 15 T e PR A 4 3 v
R J SE LD 75 T BB 9 12 W FR I 80CR DA 4 43t
T —E BT

[ &% 30k]

(1] gk o, o, P, 46 SRR P R A5t T A LIS B4
HIARTFELT]. R AL B2 24k, 2017,32( 10) : 1124-1129.

[2] Koppenhaver SL, Hebert JJ, Fritz JM, et al. Reliability of reha-
bilitative ultrasound imaging of the transversus abdominis and
lumbar multifidus muscles[ J]. Arch Phys Med Rehabil, 2009,
90(1) :87-94.

[3] Gildea JE, Hides JA, Hodges PW. Morphology of the abdominal
muscles in ballet dancers with and without low back pain:a mag-
netic resonance imaging study [ J].J Sci Med Sport, 2014, 17
(5) :452-456.

[4] Lima PO, Oliveira RR,Moura Filho AG,et al.Concurrent validity
of the pressure biofeedback unit and surface electromyography in
measuring transversus abdominis muscle activity in patients with
chronic nonspecific low back pain[ J].Rev Bras Fisioter,2012,16
(5) :389-395.

[5] Hirayama K, Akagi R, Takahashi H. Reliability of ultrasound
elastography for the quantification of transversus abdominis elas-
ticity [ J ]. Acta Radiologica Open, 2015, 4 (9). DOI. 10.
1177/2058460115603420

[6] Landis JR, Koch GG. The measurement of observer agreement for
categorical data[ J]. Biometrics, 1997,33:159-174.

[7] Gomes-Neto M, Lopes ]M, Conceigio CS,et al.Stabilization exer-
cise compared to general exercises or manual therapy for the man-
agement of low back pain:A systematic review and meta-analysis
[ J].Phys Ther Sport,2017,23:136-142.

(8] Jelmews, B8 A, BRAGR, 55, IO MU UGN 2
HRTRERIGES R[], ARrE B EZ, 2015, 17(3)
269-271.

[9] Liikens J, Bostrom KJ, Puta C,et al.Using ultrasound to assess
the thickness of the transversus abdominis in a sling exercise[ J].
BMC Musculoskelet Disord,2015,16;203.

[10] Teyhen DS, Rieger JL., Westrick RB, et al.Changes in deep ab-
dominal muscle thickness during common trunk-strengthening ex-
ercises using ultrasound imaging[ J].J Orthop Sports Phys Ther,
2008,38( 10) :596-605.

[11] MacDonald D, Wan A, McPhee M, et al.Reliability of abdominal
muscle stiffness measured using elastography during trunk reha-

bilitation ecercises [ J ]. Ultrasound Med Biol, 2016, 42 (4 ).



+ 486 - i E P BEZY 2020 4F 9 A48 22 £ 5 Military Medical Journal of Southeast China,Vol.22,No.5,September,2020
1018-1025. RE R [ 1], E AR AR, 2016,24(3)
[12] Tavare AN, Alfuraih AM, Hensor EMA et al.Shear-Wave Elas- 238-240.

[13]

[14]

[15]

[16]

[17]

[18]

tography of Benign versus Malignant Musculoskeletal Soft-Tissue
Masses: Comparison with Conventional US and MRI [ ] ].
Radiology,2019,290(2) :410-417.

Nordez A, Hug F.Muscle shear elastic modulus measured using
super-sonic shear imaging is highly related to muscle activity level
[ J].Physiol,2010,108(5) :1389-1394.

A O F 2, B IR, 5 90 B8 P M R AR
DN — Sk JILRA SR B8 SOIR 2SR S (22 5 [ 7] P AR R
SR (LT AR ,2011,8(1) :61-63.

Xk EAE, BB, 0 UTOE 7 R R E BT A
JHER LT HE E fa LR BE i 2 W5 [ 0] o el R i AR o i
#,2017,25(7) :536-540,542.

Miyamoto N, Hirata K, Kanehisa H, et al.Validity of measurement
of shear modulus by ultrasound shear wave elastography in human
pennate muscle[ J ].PLoS One,2015,10(4) :e0124311. DOI.
10.1371/journal.pone.0124311.

Rosskopf AB, Ehrmann C, Buck FM, et al. Quantitative Shear-
Wave US Elastography of the Supraspinatus Muscle: Reliability
of the Method and Relation to Tendon Integrity and Muscle
Quality[ J]. Radiology, 2016, 278(2) :465-474.

FH A, B A AR 5, AR S B U S R AE L

[19]

[22]

Moreau B, Vergari C,Gad H,et al.Non-invasive assessment of hu-
man multifidus muscle stiffness using ultrasound shear wave elas-
trography : A feasibility study[ J].Proc Inst Mech Eng H,2016,
230(8) :809-814.

Chino K, Kawakami Y, Takahashi H.Tissue elasticity of in vivo
skeletal muscles measured in the transverse and longitudinal
planes using shear wave elastography[ J].Clin Physiol Funct Ima-
ging,2017,37(4) :394-399.

Xu DM, Xu H, Liu J,et al.Effect of Thunder-Fire Moxibustion
on Pain, Quality of Life, and Tension of Multifidus in Patients
with Primary Osteoporosis: A Randomized Contralled Trial [ J].
Med Sci Monit,2018,24.2937-2945.

Abuin-Porras V,Maldonado-Tello P, de la Cueva-Reguera M, et
al.Comparion of Lateral Abdominal Musculature Activation during
Expiration with an Expiratory Flow Control Device Versus the Ab-
dominal Drawing-in Maneuver in Healthy Women: A Cross-Sec-
tional Observational Pilot Study [ J . Medicina ( Kaunas ) , 2020,
56(2) :345-350.

(Y7 HH9.2020-01-01; f&[E HHA.2020-02-28)
(REHRE: 4%, BKXFEE.A—H)



