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Physiological significance and validity to measure the shear modulus of skeletal
muscles with ultrasound shear-wave elastography

Yoshitake, Yasuhide
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Recent development of ultrasound shear-wave elastography is expected to solve
various problems by yielding muscle shear modulus with simple operations in various experimental settings
at relatively low expense. In the present series of studies, we found that 1) it has high repeatability
between trials and between days, 2) the probe angle relative to fascicle direction does not strongly
affect muscle shear modulus values, 3) muscle shear modulus increased with exerted torgue up to 60% MVC,
and its rate of increase against absolute torque depended on muscle strength of individuals, 4) the skin
is a main contributor for maintaining the muscle mechanical properties among tissues covering the
skeletal muscle.
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Figure 1. Representative recordings of muscle shear modulus
images in the biceps brachii muscle at rest (A) and during
contraction at 45% MVC (B). Red circle in (B) is an example of
overlaying an area for determination of muscle shear modulus.

Z—19 (3t

i)

2. WO B

AWFEo BE9IE, 1) BIEFBMEOMRE
VBT [ - %ﬁ%t@®lﬁ“ﬁ#$+@
HH, 2) FHEEMEEFRICRBIT % ED =
V= M A ]\@Eiﬁ(ﬁ@ﬁﬁi 3) Pk
%%%O% BT A N7 7 0 AIE
DFBE, 4) EZFéiaJ:K}HbE%ODT*%Eb!”%ﬁﬁ

7 5 T PE SR KA TR O W TH 5 )
“3‘75) L7
3. WrED ik

1) REFHRMEOMERS XA - B
& 7= Y OEA B O B HY

it 5 7o e pl AN o B —BEARIZ L B i eh
EEZ G & Uiz, R 0L, KRBEER
71 (MVC) d 15~60%D 4 BxfE L L, Js4EL
FPINEELERBOZT A NS F T (—

B D, AT 4 7R AZY L 7HRE LT
B L= WEE, 2 |9, 2 BRI
TATV, BN, BREIZENOZT AN T T
S DFFELMEZ BEE L 7.

2) FHEEHEEPICETAKEDa 3~

b A > b DEETTEDHENL
AREEIE, S 1 RIS TOSERMREKIE )
FEAE, Sb 2 0 S 1 TARMEEMICIE Lo
RSO VIN *H@j}%ﬁifﬁfﬁt L7=&HETo
BEEMIEE L, &&MFICkiT 59 X
WNEOEBIEH 2 /=N A > N OG5
WrpEE = A il L7z,

) MWRAZFROMICBIT DT A NI F7
o JE Dk, kiU\4)&ﬁkiU%
FEDLFLEDS B AS ) B Wi R R R

PrEE IR 2 et g )%l% ZHRfih - &
%%®%ﬁﬁﬁ®%§@ﬁﬁ%$ﬁ,@ﬁ#
BN EZ L CRIEDOREZITY, TNE
D GAFRE BT MR 2 E Bl L7z,

4. WFERE
1) REFHRMEOMERE LA -
& 7= Y OEA SR O B HY
2 [RIOWPNEONFERERENEL, HNT 0.978,
HT 0948 THY, =T AT T 7 1 DH|
ERE ORI NSFEsnT (Fig. 2) . %7,
FAET D HOEKRIZE B RV Y v 7RI
EARANZH R Lz, 612, ZTOHEMoMHEE
(kPa / % MVC) 1%, &xt%E TIRIER—D
B FICAZE LTz (Fig.3) . Ll Z &
Mo, BNLEFEO NG /15720 O AT 1
TXA (EHEAT 4 73A) 1%, (R85
WZIRED) BAZERNRNZ ERHALNE -
7.

2) FHEEMBEIERICKTAKEDa v —
kA2 N DOERFIEDMEST

ZME 1 TOREEINCRAE L=k LoV

FeD 1T MVC D 41%, 31%Th - 7-.
PBIWTRIE, e, MEEBICEM2E0 D




G L CTHEIERKRE o2 (P < 0.05).
Enslaving IR MR OERIC L2 H DT
HIVUESEME 1, 2 1ZR—OFErRE 24 51X
PFTHDHN, AFZEOFER LY, RHMEEH
DFAENIIRE RO BRI 72 <, ORT-D
HEVENEWEEZ HILD.

A

200

—~ocam 3 oacTrw—

S

IcC:r=0978

0 200 400 600 800
1#tYoung’s modulus (kPa)

B)
800

600
400

200

‘e ~oC T3 Coc TR I

IcC:r=0948

S
o

0 200 400 600 800
1%-day Young’s modulus (kPa)
Figure 2. Scatterplots of muscle shear modulus across contraction
levels and subjects for comparing the measurements
between trials (A) and between days (B). Dotted lines: lines of
identity; solid lines: linear regression lines.
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Figure 3. Relationship between muscle shear modulus and
contraction intensity in absolute (in Nm) (A) and relative
(%MVC torque) terms (B). Open rectangles: data for individual
subjects; filled circles: average values of all subjects.
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Fig 5. Muscle shear modulus (A) and angles between
direction of transverse axis of the imaging plane and fascicle
direction (B) under normal (CONT), removal of the skin
(SKIN), and removal of the skin and epimysium (ALL)
conditions. Individual (gray) and mean (black) data are
plotted. ** P < 0.01 compared with CONT.
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Fig 4. A) Schematic dlagram showing the place of cutting the MG
(dot line). B) Schematic example of the position of probe for each
condition. The probe was put on the skin surface of the MG with
(W-angle, left) and without (WO-angle, right) being angled with
respect to fascicle direction. C) Representative recordings of
muscle shear modulus images (top) and corresponding B-mode
imaaes (hottom) in the MG.
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