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M EE
Quadriceps Setting (QS) 233V TKERIUEER; 4 FH OMEBIMEIZEA L S TR,

AWFZem B9ix, #B35H Shear Wave Elastography (SWE) #H\, QS (Z351) 2 KB
SEAS ORFREE 2 BIE L, KERMUEEN 4 HOM@BIMEEZALNCTHZLTHL, JARITRE
B 14 £ 0OE TR E L, XREOFLFMmIL 20.8 i%(19-22) ThH o 7o, BIERNALITAEBIEI
55 BEJR AL DR EEALES L L7z, EBIEREIIME R 0 BEE b CHER 2 3R & L7 RS
hERES 7 EME L., 10Nm OhE MRS, MHEEREX, KERIUIER 4 oL@
EW 2B (GE #8 LOGIQ E9)® SWE £— F# W EEXRICRIE Uz, BO R T
fEROf 2 BT, TXAMRY K& < mapping L7z, FHIEBOFEEEITMHMEE « WUHERF O FH 18 EE
EHR RO L, HEMEEZRS Lz, TORR. FRAHIZMD 3 Bl LAEICH
BENEETHY ., ZOMOBHRICIIAEEEZRD R o7, BHEE 0 ERiATIX,
RMUERE DORTEE % B4 5 REMEN TR S,

¥—U—F
KRBRPUBERS #5758 « Quadriceps setting + Shear Wave Elastography - # /A fh

TR

FEBAEIN S D U ~E ) F— 3 BT RBRIUEAR O F 2588 755 O 7 12 KER SRR
DF T 4 7% (Quadriceps setting, LAT QS) & MREh 2% RMEIUHEIC X 5EB S
ERH DD, QS ITIEEMIE BN AR C TROMBES 21T\, Kl LICEEEFS
Z O3 X D ICKERMEEF Z I S E 5 HIETH S 2,

HERE BV EITHE T, KERIUSER HEBOFHEREIZE L T oh@E S
TWW5%, Ruiter & NI KBREAFE (rectus femoris, LAF RF), NHILAS (vastus medialis,
LAIF VM), #MAlEHS (vastus lateralis, BAT VL) % Riffh ERIZ CHEBA#Edh 10 - 30 -
60 + 90 FE, 20 - 25 - 30 * 35% CTORABEEIHE (Maximum Voluntary Contraction, LA
F MVC) D&M WT, 3FHOMBIEEINCEZITFRD 2V A L TV 5, Saito b 91X RF,
VM., VL, $[E/A# (vastus intermedius, LAT VD) @ 4fizxig s L, VI 2K ER
W TR E A 30 + 50 + 90 BE, 20~100%MVC DEMIZH VT, 30 EIZRBIT 53T TD
AT VI OFEBREEICEVWE L, BEHTHD VI ZRERORAELEEZ AW
Watanabe & 9%, KERIEfEh 15 - 40 - 65 + 90 ., 100%MVC D &MIZWT, VIIE 15 -
65 FFE T VL & RF Il _FiREhni g EIEVW L #E L TW5D, — 5 T, Zhang 5 93 RF -
VM - VL {ZREHEX. VI ZeHpERIC TREEEEr 60 £, 8~50Nm DOFEHFIZBWT,
AR R 2 VI B bEE L T s (BRKTH 50%) LRELTWS, UEXD,
QS ICBTA—E LI-mRAIIBoh iy, £k, EBH TH 2 VI OfFES & Rk EX
WCTHIE LEEHE T, 78R h—27 OEBIR<FMAEYE SN TWDA, BIEFEIC
IHMEREMEICE L CROANERD, X5IT, Saito?® Watanabed | IHERIHIEH 15~90
EOHOBETHY ., BEE 0 EREMBMOBEITSMLARY RZT oo, B
PR b, BTSRRI o e B E (R FT B I IR OFRTFIZ. B OMRE & 72 5720
T2 <, BEHMICEE KRB ER B A KIFT L L 8, Shelbourne & VNIAlT+FEIHE
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BHEOYNEY TF—va B CEANHZBEEESHRATEBHROEENEETHY . H
BT B W CII RS R O TN HIR I TR O FBHRA a7 TR bEET 2 BEHLRE
HThsLEHELTVDS, 5B 0T+ FIHEFRNEOBEICBWT, EHESEBES 0
RS OBE L 1.5 BEHELL EOBED ., 60deg/sec DBEBIEERR /1% Ll Lo @ TIXMmB &
BT 10%DERH Y . HEEEEMS 0 BIEOH CHERNITEETH-T2L LT
B, AN THEBEHEE AT O BF TRV T, B E w8k o S i T B {f R RE
CEET A LME SR TRY W, BEEES 0 ECOXBUERHEHEZHLNITEHZ
LRI ATH B,

VEES i O MR 224347 RIS I IS0 MRI 23 EA S, BE L MRI (ZH A~ {E
TLEMAHEETHD 1219, BEFREGZHEMIEEGOWR. B, BEEEE 2 EERHE
O EEINSIEFEN, SHIICVTAEAL LFHET A Z EBAETHD, UnE
UF—a EBICBOWTOIERICERRFETH D, BERMHICEIT DIEEOKITHRIC
WTIE, FEAHEE L U7 i Eal il 100/ 1510 % BV o Bk i O BRIFHMSC. B
OFAM 1719, FREEEOFE AR SICHNWDRTWD, Z0RNTH, HEEFFMiIEE0&
FEFRICBNTELBEENTVS, bEITIR, HEBNBERCTER S TEE
HThy., H<HLMENANLRTEABARCINIBERADZE CIELHAAD T L,
FFREZSIC 351 B L, BhAREELGE Tl & RO L, WIBOIFE ML O A IK(E~DE
b2 ¥ %< DRB T, ZTOETICHEWVEMOBIAE(LT S LA NATEY VWb
T, BERTOES OFMENTRICRNIE, SEIERBHCAEATHLZ LIZEWT
oM, CT, MRI, PET 72 £ & SEREGDWEBNTFET 20T, HOES %
IR Z AFEIL, 2003 FICBERICEI DT AN T 7 4 BRERL THID THRAE
IZ7g o7z 20,

FHREEE |2 B4 B AFZEIC BT, TR R B 2VIIBERERS 2 Xt RICE RMEEF 1% 0+ 25 - 50 -
75+ 100%MVC @ 5 ExpCFEMi L. Strain Elastogarphy THIE L /- e EZE L & FRMER
HAOEDOMTED LS 2BFREZRTHERF L, HREE L #HH 5 ORIz Ry FEBE B R
(r=0.84) %R, HEEICLIVHHENZEAETHL LHREL TS, ZDOHFFEDR
BA L LT, NS AVBN TS Strain Elastogarphy (2 X 2 B ERIEE, T u—7
O EBIC L AOT R E LTHBEZEIHT 720, ZOMITEEN TH D A%
FohTnad, —FT, ITELLEH SN TS Shear Wave Elastography (LLF SWE)
2 X AEEOREFEZ, 7un—7 XY EME SN -BIEE (Shear Wave) O RSHEHEEE X
DI AR HT 5720, HEELZEENICHEAMRELWIFIERSH S 22, EEOHRET
i, SWE Z W= i ERIEICE VT, SR %2/ MESME-CEMEF, L 86 T
BIE U758, AhERE & A iR ERBIBIGR (FRBAMRER 0.86~0.99) 125D Z &M #|E
XT3 232, F7- SWE |2 X 5 HEEOFMOE@EMEIL, IEs =i, @8, BEE
FREXEIEhHBTHRESINR TS 2630,

QS BT BIEER & & D 1= KRV AR 4 5 O FTEB OERIMEIC >V TREF S -8 IX
12 < BHIEBDEBUMEDEA A & AiuiE, 272 QS BAlREL 78D LB X D, KATHFET
it BREMESHESCBERICLY AN FT7 40— KNy 7 %475 72 KERIUEER; O /1 E
DA RAENRE SN TV 30, Choi b 30X, KERIUEERF O K AR%E REINFEIC 1T 5B EHY
BRI BERERWCZHIEED 7 «— Ry 78R ®E L T\ 5, BEBRBEEIE
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#HET 5 65 B LDtk E BRI, FIEE B 2 R KA LR & LUREEESRIBMEE,
BERE, —BRORBEERERTo oy he— B RET L2, FO/RKR, 2 b
2 — LB & R R B SRR L BRI RICRARGHH OB L EROWREELR
b, BRENESHIMEBERICEIANSNAFT7 4 — KRy 7 OFRAENTRIN TS,
PLEX Y., ABFEOBITEBEE SWE 2V, FEREE TO QS 2B 5 KERIUSE,
OB #BIE L. KEBIUEER 4 HOREMMEEZHAL T HI L L L,

7k
1. x5

WEERE 1L, 0 - R BAER IS BEFE A3 72 < | RIENISRHIBR O 72 WM s Bk 14 04 Tk Lz,
WBREDOEARBN (FHECEERZE) 13, Fi 206 % (19-22), H&K 171.0+5.3cm, &
H 63.416.2kg Th o 7=, G*Power3.1.9.2 A L, FH DI TREN T 21T 1o,
HHBRLIVHERIT 033 ZHEB L, KREMOREIEX Mauchly OREHEREIZT
Greenhouse-Geisser DfEL Y 1 & L7=fEHRE. RENIX 1.0 TH-o7=, Cohen3?(Z L ¥ 1EH
L LTHRIAN 0.8 U ETHITHRHAIEE W E STV, BITHFE WIZHEV, HRE
WZIZBIE D 48 BERIRTLARRED H HATEEEZ B 2 28 2 251 X W7, AFRITEERRFER
BN v AR ERLHHREES (KRES 15074) BLUV. HAKRFREMEZRZR
& (FKRES 151102) OEAREZHTERL. MIRFLBICKFEOSIE. BRIZHA L,
EHICLAREEZET,

2. WIEHkL

B EREATIE, Watanabe & 39D FiEIZHEV Y, BEBAET 55 FEHE #AL, PIAMES - NAMEP RIAL,
REBIHES 0 BEfmeh(r, RPEMEEEPRMNOREBMES L Lz, ERRIZARZATE T o
AEE, BRIV MITEEL, REEBSAECRWVESE L, RIESHIE, =ik
26 EIZRE LRI TEM Lz, ESREIISEEE 0 BRI <. BEEIIAL LK
EAgih R EE E L, FitH AT QS 2k KRN CERE LEON/ZEEZSE!Z 10Nm & L
7= 8439, FEORENEFIZEIEAICERM Lz, HEEREOXRHIZ, RF. VM, VL, VI
L UKBRREMTE 2R Lo, SIREBIALIZACATIIZ 836308V, BER L& Lails
B OMEREAZRE L, VI« RF ILEM XY 39%DALE, VL ILEA L Y 39%DNLE & &
BT b KEEFREZESZEA, VM IEL LY 22%ONE & EREE MBS R 6 E
BTRE B % i S A S O KR E 2 1% L7z (K 1, 2), FAMSIIETHE2HER (GE
t#H# LOGIQE9), Fu—7iV =78 (9L 525MHz) Z#EMA L7z, HEELAET S
BE ORI DY A K13, FeATHIFSE 2826880\ fE W, JREBESOlE 22881 F, T& AR Y X% < mapping
L7z &3RITIX 3EMTV, EHEEZEM L, 77— Ot Rix, HIHEE 5 B FEm L.
LE LI-Eg s L,
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B VN

K2 WALk 39%DfLiEiZd51) % Elastography
FERA R . A5 1 23 AR IUHERE,
i EEAMEIT AUTFAICHE S, SThERaICHE S5,

3. BRENGHEMEORE
ARFFEORIE FiEOFRAEAHERT A7, ICC (1, 3) I T{EHEEEARG L, des
DIEARBEME CESME - EERFZE) 1285 4., Fi 21.0 (20-22) &%, &K 171.4+5.7cm,

{KH#E 62.9+3.4kg Th 7=,

4. WERAET
K ERDYSE T DR « WERFIC 31T D (LR O {E5IE 2 fat 2 729, UUHERT# T i

BED A RO IERL ATV, Shapilo-Wilks fEIC TIERMEZ R L=, A EAKHE 5% T

-JCECE 7 BT + ZE L% FhE L7z, MRHTIC X IBM SPSS.ver.23.0 Z i L /=,



R
1. fmEEE R E ORE NG ENE
ICC (1, 3) ToatkE - IHERFOMHEPNAEBEFREITIER 1 ITRT,

#1 ICC (1, 3) TomENERME

AR / UUHE
PN EN 0.974/0.956
PR R 0.983/0.979
SMAE R 0.967/0.848
F e A 0.979/0.932

2. Quadriceps setting {23317} % AR U R 0 758 B
Shapilo-Wilks #EIC CESMEZHERR LIofER. ERMEEZRO R0, AEKE
5%= T Kruskal-Wallis fR 7 « ZEH#H%E (Bonferroni MIEIE p=0.0083) % Ejfi L7,
INHERTH OZEDOFEHELEERZE (m/s), BIDV 5% EEXMIL, RF 0.405%0.261
(0.254-0.555) , VM 0.436+0.262 (0.284-0.587) , VL 0.457=0.260 (0.306-0.607) . VI 0.828
+0.230 (0.695-0.961) T -7, 4 FHOMOAEMEIT p=0.001 THYVHFEELZHO,
£ EHBIEORKRITIER 3 17T, QS BOUUHERI% COFBMEDZEIT, VI iHMuo+T~TO
HIext LEBICBE Cho o, TOMDBRICERZEIIRO RN,

# 3 ZE#E (Bonferroni)

R+ fR w2 RF VM VL VI
RF 0.405+0.261
VM 0.436+0.262 1.00
VL 0.457+0.260 1.00 1.00
VI 0.828+0.230 0.0003 0.001 0.002

EE
1. FHREEERIE ORE NG

AR BT BRIEFIETIE, ICC (1, 3) I TTRRA 0.848 TH Y, HENEREITE
WEERTHhoTz, ICC20.81 HhUZEBAMESE W E S TEY 9, ICC (1, 3) TiX4 M
FTRTTICC=20.81 TH Y HEEEREICHRRRAEETH D,

EATHZEICB VT VI O BEEREIZRECH - - L E STV 29, KBFFEIZRBNT
L BE k2 kiE® LOGIQ E9 @ SWE XTI LITRRY . £O/KEE LT,
Comb-Push Excitation &\ S Hifk 7 v 2V 2288 L, BE{ERT CRFHIZT v a8
VA BRFAESHE, FNENEISL L/- Shear wave AR E L CHkW, BEHERTTEL
FREERE O TURTEHEHEATHD ERESNTBY 0, FROT v aVAER
WAL CREHTHD VI bRIERRETH - EHE LI, £/, AR CERLELS
o — 7 OEEEE 5.25MHz, F{TAFZEI: 4-15MHz TH 0, —MRANZEBEEAMENZ O 23
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EREEZRH LT WVWE SR TWA Y, KFu—T7%2FEAT2Z 8289, VI OfEER
EDEBENREN T,

2. Quadriceps setting (23317} A KRR VL 8E % D fH 15 £

KFFETOREBNILICIN T, 4 BOMICAEEREEEZROE, TOROEZELRIEDORER,
QS FBFDOULHERTHE COFFELE DL, VI MO TR TOMIZK LEBEICHESNR KX L,
FOMOBHRICEEEITRD o7,

QS IZBWTKRRNEEFD 4 D 5 H VI OFEBHRFRICED 272, &0 I AKFFEORER
iX. Zhang b ODRERIH 60 EEJE#LIZR T D 8~50Nm To% R0 BB b R ES) % 5
fEL., VI [2#t#ERM, RF - VM « VL /IR EH BRI TRl U756 THF%E & RIBROER %
i Wy oo

QS IZRBIT3 VI OFEARE P -/ E LT, VI I3RS ZFA KER PRl ArE L.
f B E e R EEh O EE A & —B L, KW EICERT S KEE RENCS LESRE 2 %5
95, RF HIZIER—FFNZ/ER T 523, KERVUEER, O A B ZA9 A5 (2B L T, Friederich
b IR ZMEH L, RF 28 43ecm2, VM 7% 67cm?2, VL 3 64cm2, VI 3 82c¢m?2 & L, Narici
5 42pF MRI ZfEH L, RF 23 66cm2, VM 725 68cm2, VL 7% 62cm2, VI 75 84cm? X e L
THY . KERMUERHD 5 5 VI OAFERFHRTEREI B D K&V, —REICH ORKH i
AFFRHMERE BECEARLTVWA LREEIN TS D 9, KHETORAIZBW
ThH, VIOBHEEBBRERICEETH /L HEER LIz, £/, Zhang b O13F CABFEO
WEEDOH ThHh->Th, HOETHEBFML KL TWARITIE, RUHHAZRET
ERWVWERSTND, L7ch-T, KEBEEH 0 ER L CORMHEES Tk VM & VL Off
fEfDEB AWM & TN TWA7D VIR LY FHEEN &< \RFI1E VI & F#i ETikdh 508,
AHFFE C XA BAE R Bh (L T O BERIEI i BEBh O 728 RF 13 LTk v, VI OfFiEEINE
bEVRER L RoTo LR LT,

AWFFE T, BRI 0 BRI TO QS IZB W T VI OFiEEINR L - L bEEThH - 7=,
REAESRIC LV IREH CTH L2 PMIEHEZRET 5 Z L IXHETH 505, EHEEE
RIEFTREREE R CIX VI O 2 B EICHER LN L7 4 — KNy I BARETH D, &
ETIHBEE SR —% T CTHENEZM2 bOoREREI ThE Y, BERIZBWTHEIC
AWBZ ERAELRoTWS, BEREZHWZVIDTZ 4 — Ry 712 X A KERMEER; O
BB IXERTCOAERATHLEEZ D,

AHFFEORR L LT, BERBEICBTIA7—F7727 b, SWE OBEBREZLND,
BEFRREORBITDZT—F 777 boOEEIE, —BOICORN., QFEH. OFFE, @HGL
EFEBFEST S 9, KA, B, BELE THICE L TR ESEANB OB RICHEE L
ERNDEED T, Elastography Ei{ & 1352 B =— FHE& 2R L. +oEE L LETH
ExIToTe, L Ladns, BEEEERNLT—F 777 Ma2TL2ICBRL Z LIZRETH
HEFONTVWAY W, T2 OMRIZER LRITAERGRY, £, BE (BT
DN Z T 28, KPR EITRHELICE Y, 202X —BKREICKDbIh S
&) IELTIE., BEHTHD VI 25425 LT, REMGEORELBES 5 Z &L
J oz, SWE O & EHATREME 2 BT L2 TRICIV T, Hatta b 913BEEK
BEEV., ZRE - I - @iEm A2 IEICRE L., B TFTRO#M Lo X% SWE |- T
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LR, BEMOE S IcHBEZBD ) ol Ll L, RO T4 R
LTWB, ZORENL, AREOREHERT 2 BEHHTh 2 VI OFHlOZ 4%+~
TEETHZLIIRETH Y. SERFORMAEIN TS, EKEIZ, SWE OR#E L
T, MEEREREMIIBONIEARD D, FOLIRYE, #E, MIKTho THRIEM
RERMICESN DD, SWE X0 8o EOMRICITERT 2BENDH B,

AWFZETIL, QS 121 5 KERIIEERS 4 i OHTEBIO@ERIEE  SWE 2 H LIRET L7z,
A% RAEG 55 FEIRehAr, BERIE 0 BEEB L T QS TiX. VI idfth DT~ ToOfFIx LAREICH
EBREL . FOMOGH TIHESOEEZRBD 2o, ALY, QS KR KERMUIEF
FLETRLLICEBTIOTIERNWI EBALNIC R, BERIEIZRBNT, &
7 QS HIThbE AT TIER, BEE 74— Ky 7 LEAVT VI OFEBZFICER#R
g7 QS NERNTH 5 AlREMEN R S iz,
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WIAEE

The individuality activity of the quadriceps muscles during quadriceps setting has not been
clarified. If the individual muscle activity becomes clear, then efficient quadriceps setting can
be performed by biofeedback using EMS or ultrasound. 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 the individual quadriceps muscle
activity. The subjects included 14 healthy young men (average age 20.6, range 19-22
years). The subjects sat in a long sitting position with their hips flexed at 55 degrees, their
knee flexed at 0 degrees, the forearm crossed over the chest, and the pelvis fixed with a belt.
The muscle stiffness at relaxation and contraction of the rectus femoris (RF), vastus
medialis (VM), vastus lateralis (VL), vastus intermedius (VI) was measured. For the
measurement of muscle stiffness, the quadriceps muscles were measured randomly in the
SWE mode of an ultrasound diagnostic apparatus (LOGIQ E9 manufactured by GE). The
linear-type probe was used (9L 5.25 MHz). The index of muscle activity was defined as the
difference in muscle stiffness between muscle relaxation and contraction. The results
showed that the mean + standard deviation of the statistically significant differences (p <
0.01) before and after contraction were 0.405 + 0.261 for RF, 0.436 + 0.262 for VM, 0.457 +
0.260 for VL, 0.828 + 0.230 for VI. The stiffness of VI was significantly higher than that of
other muscles. There was no significant difference for stiffness between other muscles.
Previous studies reported that the physiological cross-sectional area of VI is the largest of
the quadriceps muscles, and VI is located along the long axis of the bone. This study
demonstrated that quadriceps setting needs to primarily consider the muscle activity of VI.

Key Words

quadriceps muscle activity, quadriceps setting, Shear Wave Elastography, vastus
intermedius

10



MIEARN 3 (IELHFFEER)
(FEE) 2016 F£E ELIrIRERARXES

AR CEL (% FRCEA R EBEORA IR E ST B L)
Quadriceps setting (2351} % KR UUEE T i {5 B O ES

—Shear Wave Elastography # T —

PAIOFEE . EL (BERES)
B RFER A KEDE
NIRRT R [ LATHIRRE AR ERER 2 E Y BESRER SRR
HEFRK S 15895609
K 4 :1lUN8Ez
(FEMHBL : KHLE W)

E: 1= H720 1,000 FRE (FEEOBRS 300 V— FEE) T, AR 1~2 2— (A4
) BELTH,

The individuality activity of the quadriceps muscles during quad setting has not been
clarified. If the individual muscle activity becomes clear, then efficient quad setting can
be performed by biofeedback using EMS or ultrasound. The purpose of this study was to
measure the muscle stiffness of the quadriceps muscle during quad setting using
ultrasound shear wave elastography (SWE) and to clarify the individual quadriceps
muscle activity. The subjects included 14 healthy young men (average age 20.6, range
19-22 years). The subjects sat in a long sitting position with their hips flexed at 55
degrees, their knee flexed at 0 degrees, the forearm crossed over the chest, and the
pelvis fixed with a belt. The muscle stiffness at relaxation and contraction of the rectus
femoris (RF), vastus medialis (VM), vastus lateralis (VL), vastus intermedius (VI) was
measured. For the measurement of muscle stiffness, the quadriceps muscles were
measured randomly in the SWE mode of an ultrasound diagnostic apparatus (LOGIQ
E9 manufactured by GE). The linear-type probe was used (9L 5.25 MHz). The index of
muscle activity was defined as the difference in muscle stiffness between muscle
relaxation and contraction. The results showed that the mean + standard deviation of
the statistically significant differences (p < 0.01) before and after contraction were 0.405
+0.261 for RF, 0.436 + 0.262 for VM, 0.457 £ 0.260 for VL, 0.828 + 0.230 for V1. The
stiffness of VI was significantly higher than that of other muscles. There was no
significant difference for stiffness between other muscles. Previous studies reported
that the physiological cross-sectional area of VI is the largest of the quadriceps muscles,
and VI is located along the long axis of the bone. This study demonstrated that quad
setting needs to primarily consider the muscle activity of VI.



