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The Effects of the Amount of Eccentric Muscle Activity on
Change in the Intensity of Transverse Ultrasound Images
Norio HOTTA, Kaoru YAMAMOTO!?, Nobuhisa MAENO,

Koji ISHIDA?

Abstract: We examined how the amount of eccentric muscle activity (ECC) affected the intensity of
transverse ultrasound images (Echo-Intensity) and the relationship between the change in muscle strength
and Echo-intensity from before to after ECC. Six subjects performed several sets of ECC (“heavy”) using
one leg (H-leg) and did half the number of sets of ECC (“light”) utilizing the other leg (L-leg). The actual
measurements were performed just before (pre) and 2 days after (post) ECC. Although the Echo-Intensity
was significantly strengthened after ECC, there was no significant difference between the H- and L-leg.
We also could not observe any significant correlation coefficient between change in the Echo-Intensity
and muscle strength from pre to post. These results suggest that changes in Echo-Intensity may not

completely reflect the magnitude of ECC-induced muscle damage.
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Lﬁz‘z R VEET D, HBICRAET ZEE L LTI IEB)(Eccentric muscle activity:
ECONZ L 515 TH 2 (i, 2009). MG L OKRRERIIRIERHTH 20, HIEEITHE D E#
M O i BEOR R B GBS PE RS TR ) B ECC 21T 9 & 42 U 5 (Hotta et al. 2006, 2007a, 2009). ECC (%
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1 KBV OHmMHEICHT2AENBR 0 dd, #ENELLTWVWEEZEZLNL TN D
(Clarkson et al. 1992).
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72 ¥ (Warren et al. 1999), MRI <°#E 5 i WrJeg 48 CHE 2 D I REMI R 210 & U CEFEET A 2 73+
HZEFEELW. Lo L, HBREICEL > TEENAE UESHEA, MRIE S(T2 BB € — F
Ta—[FE5DOMELIEL LT, ECC I BEDFEL MR T D Z L3 hE & 72 5 (Nosaka and
Clarkson 1996b).

Bl 20X, B KA D R O X5 e R A2 R R /R IT ECC 12 X Y (L LR
HIE2>. 2009), ZOEAOFREIL ECC DEESLEBEDEWICLI YV BRDZ ERHRESLTVD
(Nosaka et al. 2001; Hotta et al. 2007a). ECC 4, T2 —{F5OMEIIM 25 2 LML TND
23U H 1E 2>, 2009), ECC D &EIZ LV EDEALDRREN T2 505G T 5> TR, £ Z TR
W2 TIE, ECC DEIEA T 2 —F50MEELIC KT THELRN T L2 BE L.

LIAT, RRMHIIOBETIEMmBELG L X< KMT DHIE L B 2 5Lk (Warren et al. 1999), %
< DWFFEFE D ECC HDOFHBEZ MM T 272DICHNTWS. LorL, &R IOELE = a—(F
B OIREEAL DR E A S N LR 2 0O IE 2. 2009). 2 C, &KHHETa—(F
T OREBCOERERFT S LEE _ORME L.

FHWBWIEE X MRIICHASTLZMTH Y, £ < OBEBKE, MHREEEICRESNTVD. F
7o, ZOBWNIFREHNTHY, = a— (575 DREL(LOBEITKALIT ECC % DR % HLHAY
ATV, 2a—FE50RELIET T, HREORELRAD I LNTEINEH LN
TENE, BERLAR—VIES, EHLY, HEFEIEREOFHICEMTEH/ EOERD FIZ
AT IT LT,

2. Ak
1) HH

AREBROWHRHIIHEELRB T 54, KT 14 Thote. HHRFOFEE, &K, KEIX 23.3+3.1
%, 170.7£6.8 cm, 65.3£14.3 kg(FEMELAE HENR )72 o 72, T OWMRE ITANIEO B & Kk
B L2, WSt 52 E0RIEEZETZ. KR, 45 BRKERARBARBER 24
—DMEEEEDOTADO T TIThRbhi.

£ TOHEEIL ECC OEAI(pre) & 2 HHE(post)IZITVY, M RENA I ERIHi M BFREE LT,

2) ECC

ECC 133k~ D Y1758 (Hotta et al. 2007a) CHW = b D LR U ThH 7=, T742b b, 4 BIT 1,
¥ 1 BT CTHEOR T-I2 I TTEED &V 9 Takahashi et al. (1994)28 5 %8 L 7= ECC %, f{X 20
SEAT - T2 (CFE¥) 35 4)). Killa & o721, ROHAIOBNZ TIX T D o5 ORI 721 ECC %
1T 7=. Bi# O % H-ECC(Heavy-eccentric ecersise)lfl, % # % L-ECC(Light-eccentric ecersise) &
EFR L. FISHEIERESHOE Y M TIET ¥ LI T 7.

3) I T

B & — RS W A5 L 2 %ﬁmEﬁHX?4ﬁwyx%A¢%mwm%mwf%
il %#%fﬁ 15cm FHENL O H Y3 40 18 KRS R dhic %t L CREC 7 2 — 7 % & C CWifg mi &
Bode. WMEZ =V N THIZ 2T, EEIFECERZHRE L. 20BO Y v —7 A I3HE
AR CH— L7,

T = — §# J& (Echo-intensity) D Hl F 1%, EfRTH OGN KRR GHIERNm 2 H v 7=,
Echo-intensity O Il i & FT X B4 =D KERE & B E O T, T2, 2ecmx 2 ecm DIES
JEP(Chen and Nosaka 2006) & L7z, 1 & O MEHBEFE TiL, ZOHMATH D & ELKBEZ 5

iL
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ATLEITZD, 1 ecm x 1 cm D IE N (Nosaka and Clarkson 1995; Nosaka et al. 2005)& L 7=.
Image] 7 bk 7 =7 [National Institutes of Health (http://rsb.info.nih.gov/ij/)] . CH % 255, 2% 0 &
LT a—TH LA EEO A & 25 HAL(Arbitrary unit: A.U)TEb L.

4) K]

AW TIEE B 1 90°N07 12 31T 5 % RUME B K{H 2 ) /) (Maximal voluntary contraction force:
MVC-force)Z HIlE L7z, & DRIE S EITFR % OJeATHFE(Hotta et al. 2007b) 27~ 72, T 720 b,
JERAE A FE 90N 21T D MVC RFEf o 1% v — R @EfE3, 100KSB340D) & A kLo v
T o7 3ERESE, DPM-711B)Z W CTHIE Lz, 9 1 5B oK Z A T 3 EfTV, £ 0K KE
% MVC-force & EF L7z.

5) i

9 DR O 72 DI R 7 F 1 77 A /- — /1 (Visual analogue scale: VAS) (O'Connor and Cook
1999)% W /2. 100mm O A7 — L& L, EWicix DRAZa L), A Mgtk s ik ko
F] ERE L, TOMEHBREOEE CTHBICRS . pre (ICBIT D MVC-force @ 5% 43
LZEBOEYZRZEICENT 1T 1 EOHEEIZT 20 BOBEOME-JEHEB 217> TV D 5H
DI &, BREDERE OM A 1 I 1 OB EIZT 20 B, ZERICMRE-JEi STV RH
DFHZET o r—F L. EHEZHEELS 5 ¥y PRETo7-. AR TIE, EH) L ZHE
VED S ME % 97 2 D A 2 (Muscle pain) & L7=. H-ECC il & L-ECC I & D NEF Xk = &
FUARNIIER L.

6) #at ik

B T’\‘"qui"ﬂﬁﬂﬂjﬁégif? L7z. ECC MDF %) H-ECC il & L-ECC I THE 72 57> *ﬁnff
% 72T 2 R DGy H oy M [RefE] (pre %F post), MI(H-ECC ixt L-ECC & 1T - 7=. ZHEHEERIT
Scheffe {£75:Hﬂb\7’_. Muscle pain |%, Wilcoxon 7 B fHNEAL R E % T H-ECC il & L-ECC i F'HEJ
T L7z,

%72, Echo-Intensity & MVC-force DZAL DB ZRFSTT 2720, ZEh pre 70 H DEALFE A
HH L, Pearson OMBEABREOZHWTHRE L. MEOAEMOREZIT D 72D Fisher O r
D z BEEITV, FHEREN 0 THRWDRE L7z, RIS TIE, falRE 5% Kz b THEE
L7z, HEEHENTIZIX StatView5.0 ¥ 7 b v =7 Z -,

3. B
1) Muscle pain

ECC MM EAREIC MR RIBE 2 £ U S 2Rl b -0, EHB L0, SEEEcC
X DB O ADORRE %A VAS TR U7, £ TOMBE O KERERTmIC RN E Tk,
H-ECC il & L-ECC > VAS OfEIE, 3 E 4 49.1+11.5mm, 30.0+6.3mm T& - 7=. H-ECC D
VAS D% 9 73 L-ECC D & LIt~ T\ i [\ T & - 72 (P=0.07).

2) MV C-force

AHFSECTIE, #OHBEEFMT 25 729012, MVC-force % 3R ¥ 72 (Fig.1). H-ECC Jil, L-ECC i &
t, pre (22T post THEIZIK T L72(P<0.05). 7=, L B2 E DL ANER DA E(P=0.01)T
D Linn, ECCIZHED H-ECC O FOREIXL-ECCH IV bAREICKRE -T2,
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Time: P<0.0001
Leg: P=0.59
Time X Leg: P=0.01
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Fig. 1 Maximal voluntary contraction (MVC) force before
(pre) and 2 days after (post) eccentric muscle activity (ECC).
The H-Leg performed twice as much ECC as the L-Leg; the
L-leg did half as much ECC as the H-leg. Significant
differences between pre and post are indicated with an

asterisk (*).

Time: P=0.0002
Leg: P=0.87
Time X Leg: P=0.29
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Fig. 3 Intensity of transverse ultrasound image

(Echo-Intensity) before (pre) and 2 days after (post)
eccentric muscle activity (ECC). The H-Leg performed
twice as much ECC as the L-Leg; the L-leg did half as
much ECC as the H-leg. Significant differences between

pre and post are indicated with an asterisk (¥).

post
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Fig. 2 A series of transverse ultrasound images of one
representative subject before (pre) and 2 days after (post)

eccentric muscle activity (ECC). Asterisk indicates femoris.
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Fig. 4 The relationship between the change in maximal voluntary
contraction (MVC) force and the change in the intensity of the
transverse ultrasound image (Echo-Intensity) of the knee
extensors from before (pre) to 2 days after (post) eccentric
muscle activity (ECC). The regression equation is indicated [the
change in Echo-Intensity (%) = x, the change in MVC force (%)

=y, coefficient of determination = R?].
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3) Echo-Intensity

AWFZETIL, B T — N8 W E M40 5 Echo-Intensity Z | %€ L 7-. Fig.2 |Z pre, post (2}
HRFW 2 BER WG 2R L=, $£7-, Fig.3 |Z H-ECC I, L-ECC liZ¥F % Echo-Intensity ™
pre 2° 5 post D2 A 7x L7=. H-ECC Hl, L-ECC 12, post |2 TH EIZ Echo-Intensity I L
72(P<0.05). LU, AEZRLZAAFRITRD L7205 72(P=0.29).

4) Echo-Intensity & MVC-force D Z Ak @ B {%

Echo-intensity & MVC-force DZEALDORREZFRD 72012, FREMOMBEOREL BT L.
Fig.4 |Z Echo-Intensity & MVC-force DEALE DR EZ 7 1w b U HUM B, BUFERR, REREK
72 b NZEYFEARAOBRERBRP )R Lz, MEOEICBWTARZMEBIIED bR o
7 (r=-0.3, P=0.37).

4, EE
AHFZED B AL, (1)ECC DEIEA T a2 —(F 5 DRE LI T THELBINT S Z &, (2ECC
AIRICBT RN E T a—FEE0BELLOBRIC OV THRFTHZEThoT.

1) ECC 73 KBRS i FE 12 Je 3 e 788

AMFFETIL, post IZFW N THIMEMIR R IEE N E U, MVC-force DK F(Fig.1), Echo-Intensity @
HMFig)NBEINTZ. 6D LiX, ZhETOEL OEITHIROR REFIK 2003; Nosaka
etal. 2006; 3 HIE7>. 2009) & —KT 5.

ECC % DI K DR TIX, Wi 0B E O, BUEIGHEEREORT & IHE 2 v 78
DR T TRl & TV b (Warren et al. 2002). ABF%ED ECC 1LY, ThodDIZ ENALT
MVC-force ML T L7z & 2 b7z,

R & A B IR O R BIRITRTEARATH 523, FHOBEERLENITED RIEN MU T
— &R HEEER T IRES AT D E WD ONBITEER R B 2 )7 T % (Armstrong 1984; Smith
1991; B8 2003). AMFSE D FHIE AL O IEME 22 BT 1L R E T E AW, ECC ITHE D BtRERZ D
—KELTEZLND.

i OBRBITFEVIRIE N U . {FIEIAFARPNE OB R, W maE o8, Ko oA &
% & @ S FU(Fridén et al. 1988; 7KAT,2008), £ B E— K a—@EBIcB WXk v A< KR
S % (van Holsbeeck and Introcaso 1992). AHF%E D Echo-Intensity O ANEH G T 5 V7 1E 2 S e
LTWdEEZ LN,

2) ECC DR & = a2 — (55 DR E 1k

AWFZETiL, ECC oI EELFDOHIZE W TE{L S ¥, HEEL I < B3 % (Warren et al.
1999) L B2 LTV DR KA /IOK FOFRRE X, H-ECC M DIE 5 A, L-ECC Tk ~TRKE M
5 72 (Fig.1).  Z Ok F i BE &R th i B 2 k52 U 72 e 798 & — 2 L 72 (Nosaka et al. 2001). =
D Z LiX, H-ECC HDIE 9 2%, L-ECC HUZ R THEDORENR RN o722 L 2B LTS, F
%, HHRELOREBEBIIREMEINLTOARVLD, HBENZELRVER LELHHORIEL
H-ECC D 1% 5 7% L-ECC &L 0 90 < e A Ch o7z, T oML iz x5 e LT
Fx OIATHI L (Hotta et al. RFEERT —F)&—H LT 5.

UL 5, BIEICHE S MIEE K L1 % Echo-Intensity DL OFLE 2, H-ECC il & L-ECC
B OA B ITBES N> T-(Figd). 52, Bz sts s L= OEITr5ECR BIE 0.
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2009) & [F4£ 12, Echo-Intensity & MVC-force ®Z b DI b A E R BILFR D HAL72 5> 72 (Fig.4).

Echo-Intensity (235 T, H-ECC i & L-ECC I A & 725> MVC-force D24k & DATE 72 HH B
MWRD LN o T RERDO—2L LT, HWEHOBEDREDEN/NIWI LREZ B/, MRI
DEFbT=a—@EBELFEALT LI, BEICHEIFEIZL VAT S EE X BTV 5 (Nosaka and
Clarkson 1996b). #BF I E# L v & 22M /5 MEEA E U MRI DI 5 21LIX, KO T EFE
TR NS D Z L U S ATV 5D (Nosaka and Clarkson 1996a). & O 7=, AHFFEIZ T
Echo-Intensity (Z331F 5 ] DA E 2> MVC-force DE L & OHFERMEABG LN o7 &
21X, BEEZWEEOZEROMENMEL, WHOb T RBEOREZEL KM TE o2
ERBEBRLTOHEONLELARY. ZOZEIZo2VTIE, EAOMICCTHEEODEEDEL S B
RESLTERTILERDD.

ZOMOFIN E LT, (WEREHEIDVZRNZ LICERTIRENRERL, Q)T a—FE5DiE
JEEAC DG LI DB A 51 T D ATREME (Aspelin et al. 1992)23% 5 Z &, 3)T a—0DIE 5
FEEHL EFTHLREOREZFMLAES LOT, HoMMEEOEILARE LS X TNDEDITT
2Nz b, EREORESH A VI a—(E50MENRL 2D DIXECC2 HEUKRTHA =D
(P8 2003; Y& D>, 2009), AHFSE CHEIZL L7- ECC2 B CIXBEO =N/ NS T E - alfette &
NEZLNT-.

ECCH#ZHDWE 1 BRIZBT 2RRKHGIOEL, (BEIHS ZEL M LG5 KK
PR (ECC4 A %)<, (b)EEICIEWHIBR S 412 B rEI(ECC2 A1), (o)fifilaiEoBE 2L
3% ECCH#OMFP 7 LT F ¥ F—EBIEEORKE L OMICIE, FRENAERMEANBEIN
TV % (Nosaka et al. 2006). ZiLiZxf L, =a—{FE50MEL(LICBWNT, HoEEY LML
15 % e K#h 71 D22 k(Warren et al. 1999) & A R RMHBEAN H 7222 L 1E, Echo-Intensity 1%, ##
OHEREZL|ADZLIITETCH, HEOREDEEZRETHIZ LIIABETHHIZLETRELT
WO L., WTERIZ L Th, JefTHFFE(Nosaka et al. 2006) & 1 XHIE B 28 &2 0, FHx ik
RKELS BT DH LI ECC2 B#RUBEOZ a—@EZHE L T\, SBILRIMENEE
ns.

5. iR

ECC2 H#IZHV T Echo-Intensity (I3 MT 5. LrL, £OEMOREITRELRDEH O ECC
AT THRIZ BN THEZRITBD b ignoTz. fi, BG4 L < KB LS 25 MVC-force D
24t & Echo-Intensity D ZALRHNIZ A Z2MHBITFED b ie i Tz,

IS DOFERIX, Echo-Intensity 1 ECC OB EHELIR A D N TX 50, HEOREE T
XE LSRNV EERBR LTV,

&

AFFRIZB MU T F S o 2B OFERIZL LR U E 3. AR, AR AFZEETE
/0« SRR BAE, LRk 22-23 AFEE)D —EL & U Ca MR K =0 7E Bh s (S RIMFFE Bh i) & %2 1 CTAT
bl

Xk

RATFAL (2008) FEFEMEAD I O FAE A AR, SR EATHE, BREIETE MOOK3 &% O PR yEIE M
WMOBMR L T T A, ZWESE, pp 252-258

BN R (2003) FHANE OBV E. BRI S K Fimae BRRERS] 54:51-98
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