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Determining the Individual Stiffnesses of the Quadriceps Muscles during Quadriceps
Setting Using Shear Wave Elastography
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ABSTRACT: [Purpose] The purpose of this study was to measure the muscle stiffness of the quadriceps muscle
during quadriceps setting using ultrasound shear wave elastography (SWE), and to clarify individual quadriceps
muscle activity. [Subjects and Methods] The subjects were 14 healthy young men. The subjects sat in a long sitting
position with their hips flexed at 55 degrees, and their knees flexed at 0 degrees. For the measurement of muscle
stiffness, the quadriceps muscles were measured randomly using the SWE mode of an ultrasound diagnostic apparatus.
The index of muscle activity was defined as the rate of muscle stiffness between muscle relaxation and contraction.
[Results] The stiffness of the vastus intermedius (VI) was significantly higher than that of the other muscles. There
were no significant differences in stiffness between the other muscles. [Conclusion] This study demonstrated that
quadriceps setting needs to primarily consider the muscle activity of VI.

Key words: quadriceps setting, shear wave elastography, vastus intermedius

BT : (HRY) ®H U Shear Wave Elastography (SWE) % W KBRIUSHFT O & v 7 1 > 7882 B 1) 5 KBRIUSER;
T A e L, KBRIUBER & OMIGEI OB WEHO 2§52 L & Lz, R EFE) HRIEEHE 14 40
'ETH?&E L, WER AL BB 55° JE Mz o RIEAT 4 & L7z, EH)RE iﬂ"lﬂ%'ﬁﬁ 0° MBRA TR 23 R & L7
BT ES) & S b L, AR, RBRPUSE 455 12 L CREE R NTEE O SWE £ — & HV8EEZ 12Tl
ELK ﬁﬁ%&fﬁkﬂﬁhf@ RERE DB A BT L7z, (RER) W RE S Mo 3 5120 L TR BT IEE HS & fE
ThY), ZOMOBMIIIHEELRO L, o 7z, (KR B RA CIERBRINGER O 5 b P HILH O #) 7 E
BTHDH I EHRE é’\ﬂﬁ
F—7—F : Quadriceps setting, Shear Wave Elastography, )i #

DHARSRE UNEY F—2a v % B TR X MIHERT S 1-6 (T 101-8309) TEL 03-3293-1711
RACE YN BN N ] 35y e vy S e - 3 = e e

DB ARIE UNEY F—TarE

ZARH 2017412 H 12 H ZHELH 201842 H 19 H



536 Bkt PR R

338 H3E

. [ZC&HIC

BRIR I, BBSiMio I N ) F—3 3 Y I2BWVWT,
KIRVUTER O 55 28T 05 O 72 D\ KBRIUBEAF O & > T 1
> 7 &8 (Quadriceps setting : LI, QS) &I 5%
UG & 2 @B kDS 5. KERIUGER, 0 9 BIFIC
PV I W Ak A AR e VL 2800 L 2 9 < 0 1ok 7 % I
LIV LD LB S, QS TORIMHE TN
BHEMAEE SR E LIENA 74— RNy 7 %
THZEDHD. LELenrs, —HICHNILHREHE
BAE X RZE B ONMANDLZEEICES§ 5720, HER
ZIRBIET DR AG 1ICREES 5 E B O S35 .

RIBR DY B 5 0 5 1 Bl % 55 R IX CRRET L 725647 WFSE T,

JAE BB o JiE HfT £ FBE oD U2 & B BRI BE A 4555 O 15 TG Bl
DFENIZE L TW L ODHE Z T 5 370, Ruiter & )
X IRBAET 10~90° JE BAL CTIXPENL S, FMALH, KR
BB 5 MIEBIC TR wE L, Saito 5 9 LR
i 30° JE HIAL TIZ P A OFGEI A B IRw & L,
Watanabe & 5 [ZBEBIET 15°, 60° i B T id A A A5 1
MR F5 & RBRE G 12 GBI A BIZEw e L,
Zhang 5 © (ZJBEEIET 60° i M AL T3 H A 75 D # i B A3
RKOEPoEMELTWA., BITWHIZEDORR L LT,
RIS Td % WA 5 O TG B %2 R B TRIE L7z
WETIE, BT 2mroDEHEMNORNLTHL 71
A b= OB CFHITTRE D £ SN TWw D5, il
EHFCEMOGMDH L. 512, RHFHERTHH
JI i % FAW L 72 Saito & 4 %> Watanabe & ) (3B &iJE
1 15~90° DA DFHETH b, BBEH 0° (HRA O HE
SR L 2720 4720w, PLEICX D, BERIET 0°
RAAHET X {AThiLD QS 12 BT % KBRIUSHS, & )
DFFIEENC OV T—EH LZARIE S LT,

BRI 5 D FEAR BRI 72 43 MT T5 TR B S T 1 RO T
KALIB W2 W3 E (Magnetic Resonance Imaging : P
T, MRD 2R &, @EEZMEEIL MRLIZHEAN
fIECLMi 2SR TH 5 3. BERZWEEOWGES
WA 3B G i s, e, BERERE 2 SRR O R
& fHEPOIFREN, S5I12) TIVY A AIZEHET S
CENTRETHY, VNEYT—T a3 YHEBIZBNTD
IHIHERLFETDH L. FRHICBT 5 EEOLITH
FEICB T, BE DI OB R W EAN 5 E & 1

B LA RAP AL & R A O BEOREA R,

FHIRMG ORI, FITEEOFM R SICHVW LTS, B
BB WEEIC L Ve SN AL, HELTOM
ErRLTVE, HoOWMIEI77F eI+ v OER
DEVOREIZEDHES N, B % 5 GEIRET
B72F 03X rOERYIREL L) HEEILE
<, AR L7ZIREETIZER D VNS 74 ) BB R 1K <
A,

VAR, BEW BB L 2 MEERIEICS S

T2 & LT Shear wave elastography (LLF,
SWE) 2% 4. 70—7 X RS /288l (Shear
Wave) ONHHEL ) HMEY BT 2700, HEE
ERMICHEREE V) R d 5 10, TEOHE
T, SWE & HW i BRI E IS BT, RS %/
Tert e W g B, BB CEE LR,
MR & & ROVEfR ) 135 AHBIBE AR (FH B4R %% 0.86~
0.99) I2H DI ENMEINTWAS 1713, F72-SWE 12
X2 O MO EM, AINEYES, I, b
JEf R &S FSEFRHTRE SN TG 1419,

FIBR I G5 455 O S RS 2 B 1) 2 IR & & 72
EBIOZDEAT UL, REMIHER AL+ 7 4 —
KNy 7 R GEE R EIC L 5N+ 7 1 —
NN 7 2R, XD RIRN e EEREE R R TE L L
Erh FITAMEOHMIE, BEEZHEED
SWE % W EH TO QS (2B 1) % KR »
FREEE &5 L, KBRIUSE 255 O Wi gh o2 B 5
MZTHZ EE LT

. HREHFE

[V EH

BB L, HRB X O BE AT 12 BT RNR o BEAT A
%<, WEPEHIBRO 2 W EE I 14 A0 T E L2
Wb oFEAREE CPIEE = FEREE) 1, Tk 20.6
(range 19-22) 7%, &% 171.0 = 53 cm, 1K 63.4 * 6.2
kg Th o7z, FATHIIE D ITHEVy, BEERE ICIZHEIE D 48
AT LA O HE A TGN ELZ B 2 2 BE) 2 2k S 272
ARWFFEIEE A RFR TR F ¥ v 7S AFFE % B 2
B& GRETES 15074) BL U, ARKFREMEER
& KRR 151102) ORBEFTEmL. T
VW XFEFRESTL, HBRESRICAMEOHE, B
WAHIL, FEHICL2FAEEZE.

2. FE

I ORE, HERNAL%Z Watanabe 5 19 D5 EIC
PEVS, BERIES S5 FEHNAL, PAMR B K UYL e R AL,
FREBIER 0o MRAr, JEBIETECT R o B AL 0 R R A8 &
L7z, bRz Riicr o 2 &4, F#id~Ov b
WCCEEL, REERD A U nwgE e Lz, EEiiE
VEIBREET 00 MIRALC, IR %2 Sm & L 7o KIRIMBHER; %%
RUSRAEE L, BT HEES 202D o R4 2E12 10
Nm & L7z, &ffsid, BEFEL D oML EL,
10 Nm & 7% B A7iE lZ EEE A ) AF 1T gsE L7z (K1),
I OMEI, SR TEH O ENER (L 2
NG L7, EARRIOBE RS IEE (LOGIQ E9,
GE #1#), Yo—743) =7# (9L 525 MHz, 70—

7 — AME 60.7 mm, GE#L#) 2 L7z #ifliEel
SEDOR G, KEREH, WHIAE, SMILHE, RS



Quadriceps setting |2 35 V) % KR IUSHR; % A 0 5 B B O 5547 537

i & L7z RIRER AL IR SEATIEE 192229 12k, ks
F g o Bl EME OB WE L, hREAH B X
O KRBRIELE AL & 1) 39% DAL, FMALE 1367 &

PRI A5 V03 A & 1) 22.% D fr v & figs B B P 1R AT 50 L B
A5 R B A 5358 0 KBRS T I 2 SR L 7.
FRERE & 45 ROMERG DI X LEBIREARIC B 1) 1171 A
DEAER A BT B 72 AR e & 55 S Ry © R R %
WsE L7z, 78— 71 TR 2 8 L v L) R
L7z FifRE % e 5 % B 4 XL, BT
gg 1L1324) 2 ff vy BB A BEL), CTEBIRDKEL
Ty ¥y T ETo M2 TR B TR,
AWFFETO SWE 12 & 2 Filifi Bl 2 o J 3, e
SOWEHTET ULk O REHEE (m/s) SR L %
D, WEAMRIF USRS RE LB 2520w b OTH
5. 2070, HWMEOUERAMIE m/s & Lz KFAT
E3 AT, EEEAEL L, 75 OISR, W

Wi S MR L, %w Lzmifge L7z, e,

% 26 CICRRE LHEICTERL 72,

AW OMEF HEOBBME L MRS 5720, HAHEE
£2%% (intraclass correlation coefficients : LLF, ICC) (1,
3) ICTEEEZ HANHET Lz, B oA RESE CF
BE £ EiEEE) IBEES K, #5210 (range 20-
22) W%, B 1714 £ 57 cm, K& 62.9 = 3.4kg TH -

1 THRAOEEDORY 1T E

7o R B X OVINHEBE O ICC(1,3) &, KB
0.974/0.956, N il J& £ 0.983/0.979, #+ Hl )L
0.967/0.848, [ I % 0.979/0.932 T& - 7z. ¥ 7z,
ICCIZBWT= 081 HhILUIFEEENFN D LI NTEH

h, ICC(1,3) TIFTRTOHBTICC =081 THYA
BIEBEEOBSWEE L TH o 7.

WERE A A MESI DML, G*Power3.1.9.2
L, FROSHICTREN TN EITo72. T—%
FEAT X R DY GER, O ithA% - PRI BT 5 K/ O FiHE)
OEALE R T 5720, DHRHTR TOREEOZE b
(HAT % @ (PR O I — AR O3 ME) btk
B SEIE x 100) % K& 72, Shapilo-Wilks #5E 12T
EBMEEER LR, ERMERBO o220, F
FIKHE 5% 12 T Kruskal-Wallis #i5E 3 & V% & H ik
(Steel-Dwass #:) % Efti L7z, #7121k R2.8.1 (CRAN,
freeware) ZfEH L7z, T XNTOKMIZFEEMHE = Zik
fR#E TR L7,

n. #% £

MEIE, sHEREZ 033 & EW LERE TR E L
Mauchly @Bk 4% 7€ 12 C Greenhouse-Geisser Dt &
D1 &L7AR MENZIOTHST.

QS (BT B KBRIYUTHA O WU AT 2 T O KB EHE O
R o2 LI, KBBEH 21.5 = 17.0, WHIE
259 = 16.4, #MUARG 31.1 * 209, HRHLH 59.4 +
286 Th oz, —TTHE T EIT OKR, BHEEEDLE
LRI EHTEENRPEETH o7z (p<0.001). %
EIBEORKE, PHEIAGICBT 2 HEEOZELERITi
DFRTOBICK LARICEBETH-72 (1), €0
MR EBEZIZRO Lo 72,

V. & £

QS IZBIF 2 KERIUTE D55 D 9 B v ML i O fi ik

B2 KEREAES L Y 39% DA o> KR PUSH 4% Wi T o Elastography [ {5
T DS AR RE, A BAATHIPGHERE,  HALIZB OIS R T



538 Bkt PR R

338 H3E

F& 1 KBRS & 5 O WU AT B T OMIRE OZALEE L LB HBEOM R

FIE + EEEAE KBRES AR S 75 FMANLRG RS
KR 5 21.5 £ 17.0
NI 55 259 + 16.4 0.4644
AMANL 5 31.1 =209 0.3244 0.9578
I N 59.4 = 28.6 0.0004** 0.0082*%*  0.0385*
BT D 9%, *:p<0.05, **:p<0.01.
ERAREICE L, HlE L SR FR—ERICH et 5.

1) Z s, HEIEHOMIEEIRD EHV L)
KWFFEOAERIE, Zhang & © OREEIET 60° JEHIALIZ B 1)
% & R 00 R B B A J S Bl e ) F2 1T 77 BRI & ST BB X &
F 7= geiE R & kOB R LR L 72

QS TOHMIAH DOHIEEA S o e BRE LT, H
I A VA 2 L R e B TR U A7 L, TR B e
EEOEE) I E —H L, KFHE LICERT 2 AREE
o LIRSS 2 ED95. KRER S 2R — I
e 4 %75, KRBRIYGER o A B2 B9 A5 Wi 12 B8 L ¢,
Friederich 5 20 (3 fA 2 i L, KBREM 243 cm?,
PRNA 2% 67 em?, AMAA A 64 cm?, WA A 82
cm?, Narici 5 2D (342 /FH L, KRERH 66 cm?,
WA A 68 cm?, ML 2% 62 cm?, H LA 84
em? EHELTBY, KBRIUEE 0 9 B oG5 o 4
FRHEERES RO RKEVE LTWA, —ENIZ, &K
5 & AR T AR L L BIBERR ICH B L ST v D
72528 KR TORMIZBWTY, PRGOS
JEEALRPEE IS o bR L7z £72, Zhang
5O AEENHIIERESAF LRE SOHOLE, #
DFEATIEE A L —FH LT RIThE, FUBED %
B TELWERRTND,

L7250 C, JEBIET 0° MR AL C o I BA i & B ©
VPN B & MDA R O R ASER) T & —3 L v
7o, WEBAET O EEE) & FER AL D ST B L
BOMWERL ) EL holzlze, HiGEIAEy. KR
B L R A A & [l R Tldd B A%, ARBFZE T I R
i, Bl A7 C o0 i R B R S B 0D 72 30 | R IBRIEL A% 11 3hAR L ¢
BY, WHILHOMREED RS BWZO, HEBEY
R oz L2

AW LD, BB 0 BRI TO QS IZB W T, H
HAF O b 5 <, MIEBEIMTR & W I & AR
SNn7. BHEEOMEASY 2T 2EMICB VT, QS
WD RBRIUSE R O 2 MRS 2 Hik e LT, Aikas
EHTH DR SNz, BEZAESHEIZ LY
REHTHLHFMLHE BT 52 &L IEHETH 525,
TR & BT fE 70 WS P S Wi e 1 C U I L Bl o X
MEEAMENICHERE L 2D 74— RNy ZHPUETH
L. BERSWEEEEE RO RIEHO 7 4 — KNy 2
I2 & B KBRS O D#E X, BRTOEHTH AT

RfFEORF L LT, 7—F 7727 b & SWE OF#
MWEZONL., 7T—F 777 bOFEIL, —B2 S
JRHT, WEE, HELE THSHEAET A, B, R, L
ETHRICE L CIE, WEMEBIIEE I X 2 WIEZ IR
W L7-EMOIEEDT, Elastography W% & X512 B
- FWGEERL, ToEELLE) ZTHELIT-
oo L Lads, BEESHEBORMBGE,S T —F
T FEEECHESIEIRNEETH S 2D LunbhT
W57, T OFFIIZEZ L2 TR 5% v,

$72, SWE O— iy Fud, WElas e =mmicE

LNLHTHEHH, ZIUILT LD SWE OS5 EEHIE
BT AEMEIZ RS LIRS 2w, 2RI TS
LBV ST, MO S OERILATREZ 72
D, F R E 0 B O RIS A Rl 7 & o A AR DL
POMBEARIE L TR, ZFORIEDEEMEIZIEL %
b, L7255 T, SWE X 1585 N 725l o U 134t
MO BIER T ALENSH L. ZOMKE LT, M
L WS ORI ICEE ORI R, R
MR SIZE L RIE SN S, Fo0, [ UGG
% 2 WHCERLAWE FOMEZEIICEELLZ) 2T
ML R BeE L, IS RBAL O ) S\ A 8 L REER &
LULEND D,

WIS, RERHOBBEENETIE, fHmERIcBWnT
Hatta 5 39 (ZBRMATE # Hvy, EHE, K TIENB L OHEIE
FElHIZkRE L, RTEBOB EHOM S 2 SWE IZTEF
i L7253, LGOS ICEEEEZ RO Loz &
HL, BEOWHEEOMETREELZ R L TW5. FHHL
FEIEM X Y KRR RS, M7 X PRIAE & AMELL R LS
FENTED, FHIHEEICB W T2 S OFEEIZL 5
OB EHTE2WEEbNL. Lo,
LB\ O SR 22 5 EOREORE Y %
T2 0BT 2 0LESHS.

AWF7ETIE, BRAKHEAIZBIT S QS TOKBRIUHE
F & DR DENIZOWT, BERDWHEEE 2w
AR R S PR O OZALE Z MG L2, Z 08
H, HREA O3 THIISH L TH B IR EEZAL
HREL, TOMOHBHE TIIHHEDEZED R D>
7o ZAUS &0 RIS 00 R TIZKRRIEEER O 9 H
FEAFOMBEED TS B o 72720, PRI O/



Quadriceps setting (2 3513 % A BRIYBHA

K51 D B E O 43 AT 539

BPEETHLEIEVWAONII R o7, LchoT, Ml
B 22 BAET T B BR 2 303, KRR E e B SR
& OREBEI RSO T 2 A3 2 EFICBVTIE, W
BIAHOMEICAET 2 L8 D H L EHER LT,

FBEER AWEICBWT, FIRTREFEH L%,

BE AR OEMICHY, WEFEE TEZL T
7e72 & F L HARRERBEHILIRNELS L OBE k-t >
¥ — sy —REO/NINRLEEAER S, TSI
PEEFLRREOBRRICEH L ET.

51 Ak

1) Reynolds L, Levin TA, Medeiros JM, et al.: EMG activity of
the vastus medialis oblique and the vastus lateralis in their role
in patellar alignment. Am J Phys Med, 1983, 62: 61-70.

2) Lieb FJ, Perry J: Quadriceps function. An anatomical and
mechanical study using amputated limbs. J Bone Joint Surg
Am, 1968, 50: 1535-1548.

3) Ruiter CJ, Hoddenbach JG, Huurnink A, et al.: Relative torque
contribution of vastus medialis muscle at different knee
angles. Acta Physiol, 2008, 194: 223-237.

4) Saito A, Akima H: Knee joint angle affects EMG-force
relationship in the vastus intermedius muscle. J Electromyogr
Kinesiol, 2013, 23: 1406-1412.

5) Watanabe K, Akima H: Effect of knee joint angle on
neuromuscular activation of the vastus intermedius muscle
during isometric contraction. Scand J Med Sci Sports, 2011,
21: e412-e420.

6) Zhang LQ, Wang G, Nuber GW, et al.: In vivo load sharing
among the quadriceps components. J Orthop Res, 2003, 21:
565-571.

7) Watanabe K, Akima H: Cross-talk from adjacent muscle has
a negligible effect on surface electromyographic activity of
vastus intermedius muscle during isometric contraction. J
Electromyogr Kinesiol, 2009, 19: e280-¢289.

8) Akima H, Takahashi H, Kuno SY, et al.: Coactivation pattern
in human quadriceps during isokinetic knee-extension by
muscle functional MRI. Eur J Appl Physiol, 2004, 91: 7-14.

9) Strasser EM, Draskovits T, Praschak M, et al.: Association
between ultrasound measurements of muscle thickness,
pennation angle, echogenicity and skeletal muscle strength in
the elderly. Age (Dordr), 2013, 35: 2377-2388.

10) #% B =7 A M T 74 —static{® & dynamicFE—. 7L
TR FURIEB I R 2, 2015, 4: 11-15.

11) Bouillard K, Nordez A, Hug F: Estimation of individual
muscle force using elastography. PLoS One, 2011, 6: €29261.

12) Yoshitake Y, Takai Y, Kanehisa H, et al.: Muscle shear
modulus measured with ultrasound shear-wave elastography
across a wide range of contraction intensity. Muscle Nerve,
2014, 50: 103-113.

13) Ates F, Hug F, Bouillard K, et al.: Muscle shear elastic
modulus is linearly related to muscle torque over the entire

range of isometric contraction intensity. J Electromyogr
Kinesiol, 2015, 25: 703-708.

14) Lacourpaille L, Hug F, Bouillard K, et al.: Supersonic shear
imaging provides a reliable measurement of resting muscle
shear elastic modulus. Physiol Meas, 2012, 33: N19-N28.

15) Leong HT, Ng GY, Leung VY, et al.: Quantitative estimation
of muscle shear elastic modulus of the upper trapezius with
supersonic shear imaging during arm positioning. PLoS One,
2013, 8: €67199.

16) Akagi R, Takahashi H: Acute effect of static stretching on
hardness of the gastrocnemius muscle. Med Sci Sports Exerc,
2013, 45: 1348-1354.

17) Bouillard K, Jubeau M, Nordez A, et al.: Effect of vastus
lateralis fatigue on load sharing between quadriceps femoris
muscles during isometric knee extensions. J Neurophysiol,
2014, 111: 768-776.

18) Koo TK, Guo JY, Cohen JH, et al.: Quantifying the passive
stretching response of human tibialis anterior muscle using
shear wave elastography. Clin Biomech (Bristol, Avon), 2014,
29: 33-39.

19) Watanabe K, Akima H: Normalized EMG to normalized
torque relationship of vastus intermedius muscle during
isometric knee extension. Eur J Appl Physiol, 2009, 106: 665~
673.

20) GO, WA, RUEEEY] - M REREEMEOE: &
e A B £ BE D ZEAL A3 RIBRPUSH TG £ v 7 1 > 27 DN B 53 1
BRI BRI ORIR EBF%E, 2013, 22: 21-24.

21) MR 1 ARk, ATHEEN] - Ml BREEOF K
BRIYSEF £y 74 > 7O & TROEENC B LT3 E
FEARE ORRIR & WF9E, 2014, 23: 3-6.

22) Blazevich AJ, Gill ND, Zhou S: Intra- and intermuscular
variation in human quadriceps femoris architecture assessed in
vivo. J Anat, 2006, 209: 289-310.

23) Zipp P: Recommendations for the standardization of lead
positions in surface electromyography. Eur J Appl Physiol,
1982, 50: 41-50.

24) Bouillard K, Hug F, Guével A, et al.: Shear elastic modulus
can be used to estimate an index of individual muscle force
during a submaximal isometric fatiguing contraction. J Appl
Physiol 1985, 2012, 113: 1353-1361.

25) Landis JR, Koch GG: The measurement of observer agreement
for categorical data. Biometrics, 1977, 33: 159-174.

26) Friederich JA, Brand RA: Muscle fiber architecture in the
human lower limb. J Biomech, 1990, 23: 91-95.

27) Narici MV, Landoni L, Minetti AE: Assessment of human
knee extensor muscles stress from in vivo physiological cross-
sectional area and strength measurements. Eur J Appl Physiol
Occup Physiol, 1992, 65: 438-444.

28) Fukunaga T, Roy RR, Shellock FG, et al.: Physiological
cross-sectional area of human leg muscles based on magnetic
resonance imaging. J Orthop Res, 1992, 10: 928-934.

29) MIHISERE, ME E, EART - 7—-F772 b A
VRIS B R 27, 2015, 4: 46-52.

30) Hatta T, Giambini H, Uehara K, et al.: Quantitative assessment
of rotator cuff muscle elasticity: reliability and feasibility of
shear wave elastography. J Biomech, 2015, 48: 3853-3858.



