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Abstract

Background and Purpose. Although muscle hardness meter measuring displacement
during skin pressing is widely adopted for the evaluation of muscle stiffness, the
measured stiffness values might be not only reflected muscle hardness, but also
affected with stiffness of the other tissues and strength of the pressing probe.
Recently, Shear Wave Elastography (SWE) has been recognized as a method to
accurately evaluate only muscle stiffness. SWE is an ultrasound technique that
evaluates hardness by measuring shear wave speed. However, the shear wave
amplitude is known to decrease dependent on the depth of the target. The purpose of
the present study was to determine the depth of the field for appropriate measurement
of the muscle stiffness.

Methods. A 9MHz frequency ultrasound device was used for detection of tissue
imaging. Six male healthy adults who have not had any history of orthopedic disease
were subjected. The study task to the subjects was randomly measuring the
ultrasound phantom located at both 2 and 7 cm depth by using SWE. Also, the
stiffness of inside, middle and outside of the gluteus maximus of left lower extremities
of the subjects were measured using SWE.

Results. The medsured stiffriesses of the phantom using SWE were well correlated
with the materials’ hardness at 2cm depth, but not at 7 cm. The coefficient of
elasticity of the inside, middle and outside portion of the gluteus maximus at the 2cm
depth of each subjects were similar, and the extent of the increase in the coefficient
induced by muscle contraction in each portion was also similar and significant.
Conclusion. The present results indicate that SWE is a useful technique to accurately
evaluate muscle stiffness at 2em depth.
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Ultrasound echo, muscle stiffness, skeletal muscle
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— AT A X transient elastography, #%# % shear wave elastography & FEA T\ 5.

SWE i%, AFNICBEE VA EZBET5Z LT, FEHRHEICL > TRE LEESN
ENBRAE L AN (B Z3HRL TV, AEN ToH AN OBEREITHEE
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BRET 5B AW OB TORL 3 B O BA BRI D BB 2K, 2 A/
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1.1 : BEEZ77> b 23HICBIT2HREAN, BEMEENE

REN, REMBGBEMEOHEICEL T, Landis b0 28EF L L ICC HER
(Tablel) % ZEIZH|E L7=. ICC A% 0.6 LA L THILEBMIZ R L NS HKD.

Tablel : ICC ¥JiE®& (Landis & @ 3 ¥E)

Icc ofé iz

0.0 -0.20 slight
0.21 - 0.40 fair
0.41 — 0.60 moderate
0.61 — 0.80 substantial
0.81 — 1.00 | almost per fect

»1.1.1 ¢ {RE 2em TOVHHMER L REN, REMGIEME

HE 2em ITBITH KR a7 OEHHMRIL, 227 1(7.820.21KPa), 227 2 (27.6
+0.72KPa), 227 4 (102.8+5.49KPa) Thot. /-, SHREOEEFHE 77 b
LB ARENGEERSHERAICTICCO.30.94 L L mWEEMEZR LK. £
7o, BAEMEEMEICE LT 1CC6.3)0.979 & EW iM% L7 (Figure4,Table2).
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Figure4: F#BREICBIT D2 3BT LDERA T OHMEEOLE (2 cm)
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pdets

Table2: ¥RE 2em TOBRE NEHM: L R MEEM

BERERAE ICC(95%CI)
HWERE A 0.981(0.870-1.00)
HEREB 0.943(0.665-0.998)
HEBEC 0.992(0.946-1.00)
WERED 0.995(0.967-1.00)
WEREE 0.990(0.929-1.00)
BEREF 0.997(0.982-1.00)
BREMEEN 0.979(0.948-0.994)
b &= ip & 0.998(0.989-1.00)
AaTF2 0.990(0.945-1.00)
274 0.951(0.921-0.998)

1.1.2 : X Tem TOREN, BREFRIEENE

BE Tem BT HHFRA 27 OEHHMERIZ, 227 1(9.19+1.90KPa), X 27 2(16.43
+8.65KPa), A227 4 (15.62+9.28KPa) Th-o7-. ¥/, EHERFOBEH 77 F
AFBIC BT A RENEEMZ ICCA.3)0.113~0.308 L EVMEEM AR L. £7-, B
HEEMEICBI L TH I1CC(6.3)0.381 TH Y, KV MEHMA 7 L= (Figureb, Table3).
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Figureb: ##BREICBIT S 3BT L DE R 27 OHMERD HEE (Tem)
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Table3: R& Tem TORAE PIE MM & B M{E B

BERNEENE ICC(95%CI)
mEBE A 0.113(0.432-0.898)
HERESB 0.118(0.368-0.948)
HERE C 0.145(0.438-0.886)
BHEBED 0.285(0.446-0.802)
wREE 0.155(0.441-0.882)
BREF 0.308(0.292-0.968)
REMEEK
ZAP1 0.714(0.432-0.837)
REF2 0.118(0.364-0.821)
Aa74 0.115(0.252-0.637)

1.2 : X 2cm, Tem (ZBITZBEKR 7 7 b AOBIMESE

S 2cm, Tem (231 2 HAERO EHEIL Tabled (25T L7-.

77 v hAIE, BE 2em IZBIT 5B A 2T HOBMERO LK T, 1 TEESESHIC
BOWTHEZEZBD., BE Tem OFHITIE, £FX a7 0OBMROBICHEEE2B D)
- 7= (Figure6).
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Table4: ¥R & 2cm, Tem (CHBTF 545 R 27 ORHMER(KPa) & FHfE

EE2cm Aay 1l RaF2 RAR3T 4 X 7cm AAF1 ARaAT2 AAT 4
wE A 1[EH 7.56 28.2 95.03 XBE A 1EH 9.36 16.16 29.57
2[EH 7.54 28.36 117.64 2EB 8.8 6.29 21.09
3@EAE 7.61 28.19 117.97 3[EH 13.32 18.58 4.04
*&FE B 1EA 7.46 26.83 108.96 * &% B 1EH 9.88 37.66 9.8
2@ H 8.28 25.24 108.14 2[EH 8.32 9.97 11.43
3ER 7.45 27.79 74.17 3[EH 7.27 9.74 7.64
xR C 1[EHE 7.84 26.5 97.27 8% C 1E B 8.34 17.23 8.35
2 @A 7.59 28.98 96.48 2@l H 8.32 9.97 35.96
3[EH 7.72 28.6 109.57 3[EH 7.27 9.74 7.64
*#&ED 1[EH 7.77 28.88 99.2 x&E D 1[EHE 14.3 19.05 16.7
26 H 7.21 28.22 110.2 2[EH 10.1 7.02 18.5
3[EH 8.01 28.2 109.43 3@ B 7.81 14.5 6.4
xE E 1[EH 7.66 217.83 105.82 %t &# E 1[EH 9.9 29.9 17.9
2[E A 7.82 26.64 101.22 2 [E A 8.96 31.5 15.6
3EHE 7.57 27.79 89.5 3EE 10.12 9.95 6.67
*EEF 1@ H 7.67 27.8 98.5 x&E F 1[EH 8.02 17.23 33.7
2[EHE 7.79 28.01 96.48 2@ A 8.44 9.97 19.5
3[EHE 7.72 29.1 104.53 3EA 7.31 21.3 10.6
FEME(KPa) 7.65 27.84 102.23 FHEEPa) 9.19 16.43 15.62
R = 0.24 0.95 10.19 PR = 1.90 8.65 9.28
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1.3 : KEHEHIcI T 2 mENERNE

REFHOFENCE L TIE, KR T ORI OFHAOBERHRICK T 2RENER
P ICC(1.8)0.483~0.88 & FEFE~mVMERM AR Lc. IMRICIB T 2 RENERME
13 ICC(1.8)0.432~0.95 &~ BV MEHEM % 7R L 7=(Tableb).

Tables: KEFHFVALIC I 1T 2 Z#EF, IR CORENERME
RE B

BREREEK

ICC(95%CI)

BEBRE A
#EBESB
wmEBEC
#HERED
BEREE
WBREF

0.871(0.066-0.997)
0.523(0.232-0.978)
0.621(0.751-0.990)
0.784(0.567-0.995)
0.483(0.301-0.911)
0.880(0.131-0.997)

1.4 : KB -EHHED BRI

W i B

BRERNERNE

ICC(95%CI)

HERE A
#HEREB
HBEC
#HERED
BEREE
HEREF

0.432(0.224-0.977)
0.571(0.231-0,968)
0.952(0.694-0.999)
0.793(0.276-0.929)
0.690(0.249-0.992)
0.894(0.227-0.997)

BRSO WMEREHIT, ©HFQ2.030.19KPa)TH Y, ILHiFF(2.89+0.56KPa) T -
72 (Table6) . BEBALIZ 4y 1T 7= BAMESR oD el T, KBRS ISR 13 228 F5(2.15+0.26KPa),
EEFH(2.94+£0.70KPa) TH 1V, KEH PRI LFHER1.99+0.12KPa), EB)IFRF(2.66+
0.46KPa), KB /MU IT &% (1.960.07KPa), EBIH(3.070.39KPa) Th -7, T
RTOFERHF BT, THRFICHE_IFEROBMESR FR 23O, d0H5 TREICE

WTHAEREZBD=(Figure?).

BRI B W THEZEZRBH A2 - = (Table?).
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Table6 : FEBRE BT 5 KBH OLEE, INHERFOBIMEER

HERE MU ZEF (Kpa) MUHERS (Kpa) MBEAE%) pfE

A Al 2.4 3.5 46.2 <0.05
S| 1.9 2.3 20.8 <0.05

4481 1.8 2.7 48.8 <0.05

B A1l 2.2 3.8 71.8 <0.01
FRE 21 3.4 60.2 <0.01

S8 2.0 3.0 50.4 <0.05

C A 1.6 1.9 20.3 <0.05
F 1.8 2.3 28.1 <0.05

S 2.0 3.8 90.4 <0.01

D gl 23 2.6 14.2 <0.05
R 1.9 3.2 64.4 <0.01

S 1.9 2.8 43.1 <0.05

E LD 2.2 3.5 61.1 <0.01
I 2:2 2.4 9.7 <0.05

S48 2. 2.8 37.7 <0.05

F AR 2.3 2.3 2.9 <0.05
G| 2.0 2.3 18.5 <0.05

4S5 2.0 3.3 66.9 <0.01

i3 2.0 2.9 42.0 <0.05
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Table7 : F#L Z & 250 7o FHEZE(L R D Lk

A1
FRIEE  AMAIER p B
bl
A ILE | 56.94 34.07 35.86 0.194
BERE 26.86  23.31 19.79
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BERTTIRANTT 7 40X, LRCHRIR, TR B e & O8O B RN & LT
CELEASRTOER, EECRERARSFICBVTERBORMERORMEY — L L L
THHEHEN TV, BRGOEMEROFFZICE LT, BEGEZFMEL L 5 & LG4,
BEENPOILNEINIBER NV AORERREZ Y FEEMEBETT5. £0RED, EITH
RIIRBHOBMERIZETIMAEREMIZLALTHY, BEOERHFMOBRE THA
SNABRETHD. TZTHE, BEEZ77 FAZHY, BERHIZAET 572D 01EE)
RBEEZRIETI2EL L LI, BERFZAVTRKEHOBEROHIMEZITV, F—8ET
ERE 22 HME R B 23 FTRE 22 & 5 DA BRAE L 7=,

FORR, BEE 77 PAZAWEFHRAITIE, BE 2em CBWTREROMET —#
DIELOERVRIEEERAE VL EZONS. —F, BE Tem TRAET—FDiEL-
ERKRELBEEIBENEEZEIONRD. T, FHBRE 2 H W KEH OFM T, TRE 2cm
THHITREHALIC R < BMERFMEZIT O Z LAk, MET—F DI 2 A7
EEMEOBRWFMAFRELE X 5.

FHMOEHEMIZE L TiE, Landis Q¥ EEREZ KIZEBEMEFMZ2To72. S 2em
BT, HANMBBGREIIRENRER L BICEREDOREVIHMETH - cEAX RS, —
5, BE Tem OFRITIEE, EOART2ENREL, BNABREIZEBEEOBEVERE 2o
7., BABERESLSBERZRIA R4 LB, FESEOWEHMAMOFMcB
TEELEHMEZEATHIZEPHKEAIDIX ScmETOEREICROND LHAELTE
D13 Ff, WALIZSMHz DFAEETHNIL 50mm BEE T, 2.5MHz DEKETH
T 75mm FEPEE E OB O RZENICBEEZ THZ L BFREEBRTNS 1Y),
L], Tem DEETT 7 7 b A OBEROFEMB T+ DT A RPo R K & LT, &
WHECHEHLEBEE o —70ohLEAREN OMHz Tholcizd B2 5. BERIZIT
MR X AR =aEEE ) OBBREOb L, GEHRENRR L THI02 6 XEBE L K
RIZHFHEOBEFRICHY, AEEABEWVIZEERNEL 20 ZHoMETE 5. —4,
BAEEAEL BRI LBEREOBESREDI L WVWOIMERS DO, SEO L SIT, BB
BE L B MRECENE 7 r— 7T, BRI HSRBEER AV BEHRD o AT
HREZLND. _

BEKRZ7 7Y FPAOFER a7 OMWMERIL, FEE 2em OFAIICBWT, FAITHICEN
PNEEZZRDE. BEROHBEIT p=p A - f) 20XTREh, pEITYVHRMER, p
EWEOBE, LIZEBEOKE, AMRBROBEEERT. £§X a7 OEEOEITAL
DTIERVS, BEROKE - ARES—ETHY, FHEOFEBEMENRELS, 2a7 1R
FoHM, RAa7 2B LB, AT 4 BBEOVEEICR-TWAILEBZETLL, #H
MROFMAERITITZATWDEEZS. —F, BE Tem OFR T, AaTHOFREZE
HARDRhoT. BREN, REMTOEEMENMES, A7 OHFERD AT OEINKE M
SfefeHrEZSD. LrL, 2237 1OFANCEAL T, ORI TR E KSR, HRE
HWHEEDOIELSENL 2L, HEIBRERIEREEORVHEAITASLEERXS. Ra7 11X
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0, REERATICHAEToD, KEHBNORBMICHIT2EE2BORP2LE
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WBLTFIC WBRETHhIE, EEMEORWITENTEE L 2D WREESATHR ISR, L
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W77 hADRa T OEMERIVELHI SN TS, EEDO R T Lo FHEE
T TCWAHESERDS. TOD, X 7Tem TOHMERFMICE L CTiX, RAEHAL
RFHEFEOFRNBYLELEZD. SROBREL LT, KBBOLDOFMTH- T dD,
R FAEE DB N R EE L, FENECHERE O R B OREH T b RO 21T
WRETAMERD S, iz, IUERECIUERKXOBVIC L > THEKH OEBNIREX
BALT 5%, SREIEFRHEXZAVRHZITV V.
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