HEFIE 61 : 185-195, 2016 185

IV — b WBKEFOKPFIIVT 4 VF v 2712805
ki, KEB, TEROMEEEER

MREAY P Y mk BB A 3= e B/

Keisuke Kobayashi!, Hirofumi Shimojo?, Hideki Takagi®, Shozo Tsubakimoto® and Yasuo Sengoku?:
Pattern of muscular activity in the trunk, thigh and lower leg during the underwater dolphin kick in elite
female competitive swimmers. Japan J. Phys. Educ. Hlth. Sport Sci. 61: 185-195, June, 2016

Abstract : The purpose of this study was to clarify the pattern of muscular activity in the trunk, thigh
and lower leg during the underwater dolphin kick in elite female competitive swimmers. The participants
were 9 national-level competitive female swimmers who performed underwater dolphin kick swimming
for 15 m at maximum effort. Sagittal movement was recorded for 2-D motion analysis, and surface elec-
tromyographic (EMG) data were recorded from 6 muscles: rectus abdominis (RA), elector spinae (ES),
rectus femoris (RF), biceps femoris (BF), tibialis anterior (TA), and gastrocnemius (GAS). The EMG
data were used to investigate the active phase during one kick cycle. Furthermore, the co-active phases
between the agonist and the antagonist in the trunk, thigh and lower leg were evaluated in terms of esti-
mated muscular coordination. The kinematic results indicated that the average swimming velocity and
the strouhal number for these swimmers were similar to those for Olympic swimmers in a previous
study. Furthermore, a whiplash-like action was observed in their underwater dolphin kick movement.
The EMG results indicated that the active phases of all subjective muscles during one kick cycle were
approximately 60% . Co-active phases were observed in all pairs (RA-ES: 24.1+10.1%, RF-BF: 23.2+
5.5%, TA-GAS: 45.5+20.2%), and the co-active phase of TA-GAS was significantly larger than for the
other pairs (p<0.05). From these results, two main findings emerged with regard to the muscular activi-
ty pattern during the underwater dolphin kick in elite female competitive swimmers: (1) the muscular
activity patterns in the trunk and thigh muscles were reciprocal; (2) the co-active phase for the lower leg
muscles was larger than for the other parts and occurred during the first half of the upward kick phase.
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X, AZ—FR X -V THERLZEVKEED
B =Wz, hikETHKS LD bEVEE %
M52 N TE S (Arellano et al., 2002 ;
Takeda et al., 2009). JT4F, KFFILVT ¢ VFy
ZEBMEEIC B T A4 kiE (7 a—)L,
Pk E, BIkE, N2T754) i<z, 15D
ArBa—27 ] ELTHRY EFEATED
(Collard et al., 2013), ZOEEMAfERIN T
Wh.

KEFIVT 0 vFy 713, FEREZEEL R
BB N D, W FEOF v 7 BFIC L - THE
HT L RIEBICThH S, PV ¢ vy 7 OB
1, BEO T EED EFOBIEIC & > THER S
N, MEEICRWTHEE DAL % C & DHES
NnTws (ERiEH, 2008). KPRV T 4 vF
v 7 OBFR RIRE 2 GBZET 5 &, FHORE
B LS <, BEMICW T EBIFEITHEIES
n, BEOIEEN I S A &\ (Hochstein and
Blickhan, 2014 ; Von Loebbecke et al., 2009).
EHIC, LY —FBKEFOKRPFEILT 4 VFy
7 ORKREEEIL, LFOLEDDED LB
S CEHAMESIN TS (Gavilan et al.,
2006 ; FP9iFA, 2014 ; Ungerechts, 1982). 7K
HREIVT 4 VFy 7RO LFO KD IeEIFIL, T
FOEFEPHIC LD, REOBEEELE T5
Z LR TE L. Atkison et al. (2014) 1E, KR
W7 4 3y 7 OpKE OFEGERE EEED T
RRIZ 351 A R SE SR E & O KMEIC IS IE O FHRIRE
BB EMEL TWAB. [T, AFDED
TEIEIC X A E\ RSB R E OFERIL, K F
W7 4 V/Fy ZTHROECEKEE ERERT S L
L7, TNETKFRIVT ¢ vy 75 R
ELTeFRYT 4 v 7RI R L <HESINT
WHLDOD, KB FIVT 4 vEY 7FHhOHEKN
(LUF TEMG] &Bgd) &5 L7cfFgEidx <
(Martens et al., 2014), Kb FIV7 4 VF v ZIC
BILHEROCAFIHLO LD BENR LD K D7
WEEY TE L 523 501078 > Tz

FERWEAHGER 2G5 L LRI VT,
EMG % H\WTHHEEI O 0 —F 1+ *— a VHFE
flicshTwad. FlziE, OX vy EVIRF T A

BEOPETIL, EEH-HIHOI—T ¢+ *—
Vg VEMEL TWA. Heuer (2007) 1%, 5D
2y BVTICEWT, BWVEFEESERTE5
P& Mg, 5o & R FRRICTEE) 5
EEH RPN EAHEL TWAh. Fi Fujil
et al. (2009) &, FIALBEICHWT, HEEH
BRSO EZEE T & FRAFIO B il & AR R 2 5%
BRZEEET 5 EHEL TS, —HT, £
W &P OIEENL, WA RRIEEI+5 2 &
THWHARIEL /o a8 L CRIEEE) A BHE 9
LIFRNRNEEERNTH S (Winter, 1990).
ZD7, FREWEPERNICIWT, LB &
P OIIEENIIEANRTH D, WG ISR 9
R aRERR D D 7e  $ANETH AH. Kb

FIV7 4 vy 7k, ke, IRBREAT, JEBIAN, &
BE £ D JoE il — e JE S B CRERK & B KR R
BChiHiod (FMEH, 2014), %, KiE,
TRRIC 350 % ZIMALOF BT & FE LA BIZHE
L TWAAEELEZ LN A.

Z CTCARSRIE, TV — R aMBkETFOKF
FIV7 4 V¥ v 7o EMG #lE L, #iEg, X
&, THRIC I 2 M@ & U O PGBk %
HOMCTAZ L HE L.

2. A A

2.1 xfR#H

KON RE L, 2ERXESHGLV VO
BUGETF 94 (AE# - 20.7+1.8%%, & E : 1.63
+0.06m, {A% :55.4+52ke, BifLE : 12.8+
3.04F) L/ ®WHEE, BH2xDOP LV —2v T
TKRKAFFIVT 4 VY 757> Thizizd, K
FIV7 4 vy ZEBIEICEPAL Tz, RRE
BEBROFE, HEY, UAZ, BEHKICOWT
HANCHBIL, EFHICCEMRAE LS. A%
13, KFOWFEHMEBEOERR X HFTEML 72

2.2 SEEREIX

EEix, B 50m 7—)L Okl : 27.2+£0.8°C)
WCCERL 2. NEEL, ok r—3IVIT
v TAT otk ERHEEE L TKBFILT v
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Fo Z7PkEERL 2. RRECE, ERRFEIC
WG, TR CREZF LB - 7o, Kb FLT 4
VEy 7 EAWT, AZ—FMILEH»D 15m DK
7%, HOEEZRAKICL TKFEICEET S ] Lo
R L7c. &/, KEMEOKFEEERERIC &
HEBN KX\ (Lyttle et al., 2000), KE
10mMETKFFILVT 4 VFy 7 EfTD EDIC
FERL7z. EHRABIIEEML, ABEIZS3
SREOKRBEHRATL.

2.3 MREBET—IYRELFRYT 17 ALK
Fig. 1O k2512, wHEWHGICETEh A5
(High speed 1394 Camera, DKH Inc.) % 2 &%
BL, KPEBLUICTT 2 OOMmB AR L/
NASOY TV 7RI 100Hz, Vv v
2 — A — F 13 1/250 sec IZFRE L 7=. BRI
1%, Arellano et al. (2002) IZfEVy, AR —
rE2 5 8.0—14.0 m OFPFAICTHIEL /=, s,
AT POk EETORBET 11m Th - 7e.
EDOHREREOE LY BT 5720, FiE
HRADOI25 (B85 hFEm, REZXREE,
B, B, 5, MEEE, R
¥, KhRash0 B8, KRis+, HERA, WE L
%, WE T ICEMRE R —h— (8,
Nobby Tech Inc.) #HUY ffiF7z. RBFFERICE W
T, HREREOMETERAT A — &5
& LB R EMEGRE (Ae et al., 1992) % {f
AL THHEL. BRERELMIEORE I HNE
RBETE AU, KPRV T 4 vy 7 HICHE TN
Lz, FMUEA (2014) OFEICHE > THE
L7z

Filming area
(8.0m-140m)

Underwater window

Cameras

Fig. 1 The setting of experiment.

i L oG B, &0 W RO AR % B R R T
7+ =7 (Tracker, open source physic) %
HAWTTF oA XL, BE#ENRY 7007
(MATLAB 2013a, Math works Inc.) %A\
2D-DLTEIC & D 2 R ICEE =S/, BHL
To R T — %1%, Bk R R 6 Hz O/N % —
=27 42—l &> TEEELZ. a8, &
FEBRBAICBTAFx ) T V—yva vt TV b
Do HT R OSERNE & B HEIC 1) HERHERET,
0.008+0.002m TdH - 7. COfflE, FFMIEH»
(2014) s L 7-BE#ERR £ 0.009 m & [RFRAE
DIETH -7 F72, HE)T VXA AOFBMZ
MRS B 72010, TV X LCEIRL 72 1B % 2
[\ XA AL, PRkl cET — 2% HWTF
WRERHH L. TORR, 2FEr—XICB
5 FEHEET 0.004m TH - 2. KPFFEDF
PIZEDOHEIL, Atkison et al. (2014) AL 7=
FHT VXA R LD PFHRAZ0.020m LD D
INSTRETH - 2.

KFFE<Cid, Kb FLV7 o vFy 701 B
T, B GBS H W) PSERIE TN O KSR
ICEL T LROKEMICETHETEERL:
Connaboy et al. (2010) O IZREY, FHific L 7=
Fv 7 3RMHOT — 2w HICH W, K
FIVT ¢ vy 7 ORES T, RESHE S
DRERICEL THORIEMICETHETETD
TRE, RESHEESH M OFEEICEL THD
KOREBEIZET L ETRITY LFRmEERL
7o BREEET—2h06, TVREEFy 7HER
B L. O0IEEFy 7 1RICRT 5 2%
DB MO E AP bRIES E TORBEER &
EEL, Ty 7HEEFy 7 1 BAPNCEL 72K
MO EEREL /o, FHKEEDR, Fv 271
FARAIC 3513 5 H R G B L OACE R B O P
HEERL. SAEEET— 2006, T (5
REEW), FRESS (REREk), BRI S
(B, Wi Tom, KBS (KRET), HEIAT
MOCRB&EEM R38R, B S (EBSisHER)
DERICBIT AHREREY BN L 72, 2505 F&
SREIRIEE, KPP FILT 4 vy Z7I2B0 5 H4F
EARD LAFHTHLENF DR % 537 5 72 DI W
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Fig. 2 The definition of the joint angles.

Si7- (Gavilan et al.,, 2006 ; Hochstein and
Blickhan, 2014).

Fig. 20 k51, JEBAE, ke, KBS, KBS
&, RBESOMEL5H L7, JBBREEAE LR
FEPIE, REAETRIITRAAIE, KEEiAE
R AAIE, BERASAE MR RAE, &
BAEI AR LR TR E & B L 7.

F/o, HEERDEOELL T, ArB—/JLE
BEML. AFo— N ILiE, UFoX0)T
FH L.

St=A-f-U-1 (1)

Stix A — v, ARG 0IE, URSEHK
HE, fiFy 7HELZRY. AFE =NV
%, UOIRE, FHEORE &y 7 EEO I TE
#AL L (R SN AR T THSH. AFE—/
WEOEIZENZERRPRVESh, 79T L
A 7Tl 0.2—0.4 (Rohr and Fish, 2004), E
BRIV OFKGEF TI30.79, Y27 DT
) — B vk T Tl30.95ThHh - 7= (Arellano et
al,, 2002) SN TV 5.

2.4 EMG RIE & EMG 3

EMG i3, Emy&E: (Biolog2, S&ME Inc.)
RV, YU 7 EEE 1000 Hz CTHIE L
7o PSR, AWOEER (LLT TRAJ LB
), TRESH (LUF TES] Lrgd), KEME
# (LLF TRFJ &Wsd), KRRRZEEHA (LT
[BF | &mg4), wiE® (LT [TAJ L0%d),
WENE A5 A RIEE (LA TGAS 2089) D6 5L

L7z, RO AEL, Cram et al. (1998) @
TRICH > THREL . BEEREOT —F7 7 7
R EBRE T S I, TR EIC A AL
b R REHTALEER % (L 7o R E LB T .

EEANORKIT EMG WBIC K&y Er 5 2
%728, Kobayashietal. (2015) &% HWT
B 5 OB KA A 4T - 7.

EMG 5 —Xitav/ o — 4 —HIZid& 3 n,
WM I EES Y 7 v 27 (MATLAB
2013a, Math works Inc.) Z{#HHL T{T-7-.
EMG 7 —x1%, BIEROT —5F7 7 7 F %
BrETAHDIC, NV FNRAT b x— GEBHE
BeHH - 10—500Hz) T7 4 vz U VT L.
74RO EMG 5 —# 13, 50 msec 4
DO FFHGFE SR (LLF TRMS | & 0E4) W
ICZEHR L 7o, BEH N7z RMS BB IS
B AY—7EA#HEIN, RMSERIIY—7
fECEE{L SN/ (LT [%peak RMS]| &B%
FED) ., FHEEEOENS A I V7 L HEOEE)
BRRAZEHG ¢ 572012, Fv 7 1AMICKT S
%peak RMS 7 V9 7 )AL 7=

B OTEBRERIL, Stirn et al. (2011) OFEk
K-> TR L. kL —% x) ©H
W, R(2)ICL Y EMG energy DAL & B H
L7z,

thy+125

x2(t)dt (2)

E(l‘o) ZS
f—125
E@) 132710 EMG energy D5 — %, th b
LEEZ, 2 (D) BEERFIOERT — X R T
EMG energy O'F#&HE» L& BHICK T 51—
A&, FRHIRICKTA0—)LE — 7l
D30% LA EOME %R L 72 JJ i % F TG B RE R & 2
# L 7z (Conceiccao et al., 2014 ; Stirn et al.,
2011). v 7 1 AAORFRII S REM TRZ 5
728, & RN B\ CRTE BRI 23 5 o % El &
(%) "B L, Zh% Active phase & EEL 7-.
BWELOE@H L P OMEERAL, Wi
OITHENRFEA B L CFHli L 7=, A#F%E T,
Fv 7 1R\ TEBH & Ui O E B R
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Rl 75 5 Joyii % SEIG B & e L /. F7,
EEBALO TN & FEHH 2T L LT, KBOm
DT 1T RA-ES, KOO 7 1% RF-BF,
TRROHDOXT 13 TA-GAS L EF L /. Active
phase & [FARIC, & AIC I\ CHIFEIRFR A
Ho5EE (%) #HEL, ZHh%x Co-active
phase ¥ EFH L 7. AWF%E TEH L 7= Co-active
phase |3 =@ & FEHUH O G TIRER % 7R 16
1475 %. Co-active phase 78 0 THAHEE, 2/
DOIEBHERILE R A LGB TH % . Co-ac-
tive phase ORI X O RiFNE, 2 fFOTEENFE
KT & 0 EBFITH 5 &5 L 7.

2.5 fREtALIE

FOMAERLF Y 7 3 AMOFE % R T
L, BERBEFICSOTREREE RS & -
7o DT — 2 HAE BTN 2. F 17T
7 ZEK & EMG ZEBORERIT, Tl = BEER
# (LUF TMean+SD | k#§d) TRLU7-. #ist
PR, METENTY 7+ 27 (SPSS for win-
dows 22.0,IBM Inc.) #{fHL fro7. 5T—X
DIFEH ML, Shapiro-Wilk #%€ THEZR L 7-. £
HEIRTE O & (& S, Active phase, Co-active
phase OIRALI O L TIE, —ICRLE 58T %
To7tk, FEBREL LT Tukey BIC L A4 HE
W %47 - /2. Mtk 528 EKEED, &
FoeR 596 A & L 7.

3. #& R

FEFRTT 4 7 ABERORKRE LT, Pk
f£131.36 £0.08 m-s~1, Fv 7 FEF2.05+0.17
Hz, J D §i30.47+0.05m, AT —/VJUEid
0.71+£0.06, D FiFRmEiZ46.1+3.2%, 0
I RTE1E53.9+43.2% Cd - 7=. Fig. 3113,
Fv 7 1A RT 5 &R [EOFHREY %
R U7z SRESAE OSSR EICE L 7
A IV, JBEREIAE2100%, K8 HE S
199%, MREAMAE141%, BEBIRIAKE 2357%,
JERAFI R P63% DR ETH - /o, Fig. 4113
FH R RICIBT HHREIEROMSREA R L. SRl
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Fig. 3 The normalized time-course data of the joint
angles during one-kick cycle. The black lines
are the average values of all swimmers (n=9).
The gray areas are the standard deviations.

PRIE I 30 5 B (R S O K TR B L3R
(F=108.44, p<.05) MRS N7z, E/-LHE
BORRNP S, BRI LZDOMOH KR L DORICE
WTHBEMHER SN (p<.05), WE Fim &k



190 IIERIE D

0.60
F=10844,p=<.05 1
0.50 * Significant difference from Toe, p < .05 ‘
3 t Significant difference from Rib, p < .05 * T
& 0.40
2
=
= 030
@ * 1
i T
g 0.20 -
B
e
=
0.10 “
” i i = I
Hand Wrist Shoulder Rib Hip Knee  Ankle Toe
Fig. 4 The result of the vertical amplitudes in each body point.
Table 1 The result of co-active phase in each part.
Variable Unit RA-ES RF-BF TA-GAS F-value
Co-active phase % 24.1+10.1t 23.2+5.51 45.5+20.2 4.86*

* Significant main effect, p <.05
T Significant difference vs. TA-GAS, p<.05

REfT, JER9AN, JERIAT, REORICEWTHEE
MR SNz (p<.05). FHArOWE TEmDH

BRI FEEEOEZ R L2, WE s bR

SEDOSREIRIEIL, RIGICHIT TRE oo The.

Fig. 5121%, %peak RMS O %R~ L
7=. %peak RMS OFIZIZI5\\C, RA, ES, RF,
BF, GAS 3—§tkO— 7 mmd i erL,
TAZ MOV —7 ZRd B ERL. &
72, k¥ RA & ES O & KEEO RF &
BF OVHEIL, 2 AL ICER T 5%
mL7z.

W 131 % Active phase OF3(HEIL, RA 73
62.7+6.3%, ES7360.9+58%, RF 7357.1+
5.1%, BF 7365.9+4.1%, TA 7372.6+17.2%,
GAS 7367.0£15.5% T3 - 7. Active phase {C
B AHHOE TIE, FELETRSNE»-
7z.

Table 11213, &EBALICI51T 5 Co-active phase
OFERARL 7. Table 1IT/RL72LDIC, X

TOHRAL TIGEE 234 U Tuv/z.
IZIB AERALE O MLl Tk, AREAFIR (F=
4.86, p<.05) MHER I N/, E/LEHE O
B/»5, RA-ES & TA-GAS Ofd], RF-BF &
TA-GASORIC B W THEENHER SN (p
<.05), THRD Co-active phase {L, i & AhR
kD LEBEICKEN 7. Fig. 6 121F, HHNE
FHiCBT b REDOHREZM (Fig. 6-(a)), &
DIGHERFIH] & £ O ILIHHIRE ] ORERT 7 — X
(Fig. 6-(b)) OIFFI% 7R 7=. Fig. 6-(b) DL
BHNZ I\ T, FRROILEBYIE, BEY TR
B OELY BRI RICSWTAEL, BEEs K
hR & AN TRWIEBRHAHE SN,

Co-active phase

4. % £

AWFZEE, TV — T ZWEGETF ORGP RV
«VF v 7O EMG 2 IEL, i, K&, T
BRIC 3510 % £ & FEHUI O TR EI RNz B 6 7
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Fig. 5 The normalized time-course data of the % peak
RMS in each muscle. The black lines are the
average values of all swimmers (n=9). The
gray areas are the standard deviations.

ICFAHT EHANE L. ZTORRE, kg b KBE
IZ 0 % L@/ & 5P BICIEE) 9 % WS E)
R ERLZ. £/ TFhEO Co-active phase i3,

DAL L D S ERICKE 2% R L, THRO
3L BRI W CEE 2 1T > TWAH T &
N NY N A

Von Loebbecke et al. (2009) (¥, )y
IS LI kB OKP PV T 4 VFy 7%
SHTL, FHRoEE$1.38+0.12m 571, Fo 7
FE132.08+£0.36 Hz, 17V IH30.49+£0.07m C
Borlc LHEL TS, T HORER E AP
BREIFELCL B TH - 7. £/, AFFRORGE
BT A A B = )UH T, Arellano et al.
(2002) 238G L 7cEHBEARE L VOB EFO
SEEE0.79 L D BIEWEZIRL TE D, APFED
R R H ORI R P LATHR L D & C &8
L bizofe. DEOREREID, KON RE
i3, AU VEy 7 BEETF ERREORE VK F
W74 VF IR T = VABEHL TV EE
zZ5.

FRNT 4 7 AEROIRER LD, Kb Fob
TavEy /R, BEMAKITIEEAEZEN LR
Mo dzh, R, kB, RSN, RREEiOME
B REZZHICT> TWAH T ARSI
(Fig. 3). %7z, ki, NRBEAT, MEBAAT, iCBIM
IZBISHfiAEOVY— 2713, FHMOREE 26
RREMOBIENZ i, IHAICAEThAEL Tk
0, W T 6 REOSEIRIEL, RmiZmF
THAE X CT\/- (Fig. 4). Gavilan et al. (2006)
i, KRRV vy 7108800 % BEALEE) O
HFNCKBEES 2 O RENEIREARELS LB &
WO BIEOREEH LML TERY, FRALF
HHO LD h@lEr T D w5, Kif
RIS B BRI A & B (R R ELIRIE OS5 S,
Gavilan et al. (2006) DFEATHFIEE —FL T
Jo. XD, KHFRONREDL, WE w1 o
LFFTEDED R FIVT 4 vy 7EfF%(T-> T
Wl E BRI E .

K FIVT 1 /%y 78D EMG O3 #rfs R &
», RA & ES @ Active phase I3 #jj & &#60%
THY, RA L ES D%peak RMS OEHPiL
FIVT 4 vy 7HRICAE BICTEE § kAR L
7= (Fig. 5). RA-ES @ Co-active phase O}
fEI13%925% Td - 7=# (Table 1), Fig. 6-(b)iC
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Fig. 6 The example of the time-course data of the vertical toe position in Swimmer 1(a), and the example
of the time-course data of the active time and the co-active time in Swimmer 1(b). (a) The gray
areas are downward kick phase and the white areas are upward kick phase. (b) The gray areas are
the active times which are not co-active times. The deep gray areas are co-active times.

R L7 BRI D J 5 GBI W 55 OIE B 23 9] D
BOLRAECEICAEL Tz D EOERMD,
ERBFHIKAP IV T 1 vy 7RI BRI OIEE)
1o TWwWictE 2z b/, RA & ES 3 F#HD
JE HEE) & EEENICHERE S AT T H70, 1K
W O GBI AR O 8 Hh— 1 RE B I B 55
HUEBERN LS 2 5. COBEE, &I
POHLATHHO LD REFr 7o Tk dhF
IRT 4 I ABEBOGMKERE T 5. -
T, AEORNSHT, KB T2 LG % T
WV, REBALAFIH LD LD FIV T 4 vEy Y
BErEHRL WA EZONL. T2
Nakashima (2009) ¥, a2V V2 —X—3v 3 4
V= a VORREELT, %2550 EfEr
FIOFNT 0 vFy 7id, REHORBERES
B, BORE EHEEROM T A d3E S 5 LG
LTwWhb. AMRICBIARMEEDOF VT 4V F
v 70, EREHFORESAPNES L, KPS LTI
HO XD HEERTT > T\ 72728, Nakashima
(2009) 2 L72R)RAVL FIVT 4 /Fy 7H)
TEEHERIL T\ ¥2is, TYU—FEoETik

RO HIGEE 2 1TD & T, LKA R
W7 4 v/Fy 7B FRHL T/l LARKS
ni.

Rl & FREIC, RF & BF @ Active phase (3
Wi & H#960% CTd O, RF & BF O % peak
RMS O & 2 BAZIEE T AR AR L 72
(Fig. 5). %7z, RF-BF ® Co-active phase D
PHEIERI25% T D (Table 1), Fig. 6—(b) Dt
BEID & SIZIKER T O B RE» 600 T
FREICE) 0B ARHCA L T/, BLEDORERD
5B, AMIEOXNELEZ BT S KBEOHIEFY 7 F
WA AR OER) %17 > T 5B Z LB G
7t-7-. Oka et al. (1979) 1%, i & 9005
DINZ REWER O FIHE) & FHRNIC B L, Bl
FIKRIRE R & KRR SR, BORCE 5 & BERE AT 25
THIHEE L THE L2 T v 7EEAT-> T
LA L QW A. 7 Jammes et al. (2010) (1,
T4 VA IVITRO TROBES A REL, T
BROFIC B 5 LGB 2 @E L T
B, INHOWRTIE, REMOE D TTEIE &5
0 ETEWERAZILITAT DN X REIER T 4V AA
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IVITEMEORED S, TREOREhE & R
FHIEE T % LR bNTW5. ZD7®, K
FEILVT 0 vy 71080 5 KIBOF O HIEE)
%, RIBOELD THEE LD BT EFOXER
TERABICEBR L 7o LR SN 5.

TAZF v 7 1 BRI Bl OFSH Y — 27 %
~L, TA & GAS 3 0 L Rmic v TR
ICHEB ML T/ (Fig. 5). TA-GAS ©
Co-active phase (¥, 11T 1 AAOFH5ITHYL F
LHEE R L, FHEO Co-active phase | (A<
KR & HEARTHBICKE o7 (Table 1). M E
DFERIS, THROBIC BT A2 HEHERDT, &
BOKRERLDLZEDPPHLNI -T2 F,
INZJRGKROT 4 VAL VT DERATHIFEE, ThE
DD HIEE) M E L T\ 5 (Jammes et al.,
2010 ; Oka et al., 1979). ZD7=%, KFFIL 7
4V F Y ZITBT A TROFEIRAIL, N2
RT U VAAIVT ERE LT LARE i/, F
BROITEEY DO X 4 I/ 72OV, Fig. 6-(b) T
RUTCHBFO X512, 9%h T HONEHICE
WCHELD B RIE O CHIEE A L T,
— i, HEBYIBIET R O RIRHSEYIC & -
THEEAM T B, SHLCAREE 2 AR R ERC R
LB OB EICERR T %5 Z &< (Franklin et
al., 2004 ; Milner, 2002), BAAFEB)OHIE-ICERR
+ 5 EDPHESINTWS (Hagood et al.,
1990). FV7 ¢ vy 7 O TR # T
i3, RBESICEBEOMRICH S B RADON
PV AL BT &, £280 LR
O RIEMN KDL BERT A EBEZ D
ns. LHrLahs, Fig. 3 ORBEHIAEORE
£V, RHEHEIFCEBEMLZREEL Tz 20
728, THORZEETH T IV 7 LKOEHLITO
PEICH LT, ERESABREICEEL VLI
THROMG 2 LR E) S &7 LHEZR S 7z, Lauer et
al. (2013) (¥, Z7E—JLKICBT A A0 —278)
TED KA ARG TN B AT R R A OGB4 U
5T EHHEL TWAD. 513, A —7#)E
DK RE AT B W TN B Bk 35 2 &
T, KICEDEL DN EE25HT P TELHE
WD D EBRRTNS. FIVT ¢ vFy 7 Ot

FFEICRIIC & > TER SN, B B Rmic
BOWTHHENDERIND T EHPHAL 2T -
Tw5 (BKiE,, 2008). 2T, AP TH
HIN/HY LT RMFEICST 5 TA & GAS
OIER, EESOEBAE A RIEL, RER
TAKZ B2 THEME ) 2K S 5 s EkIE Thb
Sl ERBEI NIz, e T, BHERMITHEE 1% 3
AR E LT, o BFRmEICs VT FRO
W CIER AT, REMEREM Y RFT S &
DEBETHAH L, TU—FBEKEFITET 5 HE
R A HHELE I N,

5. ¥ & &

AOFgEE, TYU— b eWBGETIC BT A RK
BIOKFEIVT 4 vy 702 RIEENES T
& EMG I L A iiEBh g 17\, IRER, KB,
THRIC 331 % A8 & FEPUH O FiEEIRIC D0
Tt L7z, ZOFER, DTORENIELN .
(1) (k5% & KBR300 5 E B & =EPUiE, Kb
FIVT ¢ V/Fy ZHRICEZRICHEE L Tz, (2)
FIVT7 4 v/ 7 OB EFREFEICSWT
B E T & WS 25 LGB L, EREEI OB E A2
iz Tz,

*
A CRLRE S, WREX AT ICRY.
1) %peakRMS RMS iC 351 5 ' — 7 i3 548
*HE (%)
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