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Influences of muscle hypertrophy and isometric strength adaptation following
resistance training on force-velocity profile in the elbow flexors of athletes

Miyuki Nakatani" and Yohei Takai""?

Abstract

This study aimed to clarify how the training-induced changes in muscle size and function during maximal voluntary isomet-
ric contraction are associated with those in mechanical parameters derived from force-velocity relationship in the elbow flexors
for judo athletes. Twenty-six collegiate male judo athletes were involved in a 6-week resistance training with dumbbell curl.
Before and after the training, muscle thickness (MT), maximal voluntary isometric elbow flexion force (MVC), explosive elbow
flexion force, and mechanical parameters derived from force-velocity relationship during elbow flexion were determined. Multiple
regression analysis revealed changes in MT and MVC as predictors of that in theoretical maximal force. MVC relative to muscle
size and explosive elbow flexion force at 50 ms from the onset of force exertion relative to MVC were selected as predictors for
that in theoretical maximal velocity. Explosive elbow flexion force at 150 ms from the onset of force exertion was identified as a
predictor of theoretical maximal power. Additionally, the change in MT was selected as an independent variable to explain varia-
tions in the slope obtained from the force-velocity relationship. The current findings suggest that, in the upper extremity of judo
athletes, training-induced changes in the mechanical variables derived from the force-velocity relationship are associated with

those in muscle size and isometric muscle function, although the associations differ among the mechanical variables.
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EATRB TR L2 ABIE LN TR WERE L
TIE, FHENL87 — L B 2 B850 72 )1 56 HiRE
D BN TATH R TEWAAE L T2 DH 5
(Tillin et al., 2010). J&FEM 2 J)FEHERE I, T - RefI B
Fr& D, JISEHERGD S AR KICHET 52 L TOMT
I b 2RI 7% o 72 X % rate of development (RFD) &
LCIRIE L 42 4 (Aagaard et al., 2002; Andersen and
Aagaard, 2006; Maffiuletti et al., 2016) %, & % ¥ DK
N (J15BEBIG A 550ms °100ms F T4 &) IR S
72 LCEMEE N5 b @ (Tillin et al,, 2012) 253 5.
EH 5 BN IR 2 K TIRIETH 5725, Bl
TER I MG A 5 ORI X o THIICE 2 5 8
FBRFE DR RL D D, RIFETIEI NS 2B
LT “TIosis EAYEES" LRI L L LYR
Y YAN—=Z Y TN LAY REIINCE-Z BB
WCBL T, BATIFER TR L Twiw, Bz 4
JA T OBEFEN 2 S5 RERBi R ) b L —= > 7 OR)R
% MRk L7z Tillin et al. (2012) OfZEICL 5L, ML —
=V 7RISR B X OISR G2 5 150ms 7 O
Mol rdlgshTnws — T,
Ingebrigtsen et al. (2009) (&, A9 E M B/ERNE % 4
Z13EMDOLIAY VAN L=V FORERELT,
WINOAMEMIIZB TS NOND B2 BIICHE
BB D SN Lo/l LTwE. ZNHOM
Wi, ARHIIOZLL OBET, LYAY YA ML —
SV THNT — OSAERE N AT T B A MGET A %
(2, DDONH B3 ) g DG & OB S ARET 5 U
Wb ERRBLTND.

N7 — DI LT, EE, BEOAR A TR
SN EHEDPST) - HMEBFRZ RO, BHERRA
Bl (F) BLORANST— (P,) ZHEETLHEVHF
ERBELE L oW THEME IR TWw b (Jaric, 2015;
Samozino et al., 2012; Sreckovic et al., 2015). 7 A1 — b
DVIAY YA v—=rr77ur g niE, —HNICE
M CTREREMAT) b0l ) %3 { (Hartmann et al.,
2015; Rhea et al., 2003), ZAUIIDILH LAY HESIITxS
LCIERI T 4 TREEIE L Wi REEAST R S 1T
W5 (Alcazar et al., 2021; Pareja-Blanco et al., 2020). 4t
IR BFZETIE, FoB X O Py &, B4 X, lAHNB
LONDVL BBl ZnEnEET 5 (Morales-
Artacho et al,, 2018). L2 L&A 5, 7AY— Ma4R
2, LYRFVAPL—Z Y T X B A XB L U5
RUEfBERE (RFZETIE, o b A ae)), kiR
KFT R B 87 — 7 EE A OWGHEIC L o THEES
BNRNT =D L BB LT E%T2) 128
A0 E OBEN ST - MEBRTH S NS N

440% W15 FMT7410A

OB M L2l e v, 22 TARETIE, LY
AF VA== TORRELT, HA X, FERNE
WA B XN DL EAS) FEIISBT BEALH, I
- WEERIRD S/ SN D N FNEROZAL L BT 5 H
BREWLPICTLIEZHNE L.
D

1. MW&RE

AWFgEIE, R¥PHFREEF6HZ LR E L7z (200
+ 0.7/%, 170.5 = 5.6 cm, 78.1 + 10.0kg). ARFZEDOA 5
F13E T (Nakatani et al,, 2024) 2S5 H W25 DT
Hottz, FMOMRED S 2K OFH R L
TTF— ¥ DM %AiT>72. 73, Nakatani et al. (2024)
THE L7z P L —= Y FNERE LN 2 ML G R
WCHHICE 2 DT, FlEETIE, RO »MhoB
o7 A) — b X 038EL (Takai et al., 2018), 787 —3¢
FHEE I DMEN TV 5 2 & (Nakatani et al., 2021) 205, |k
WA RIER LB ZERTE D EE T, §XC
DOMRHIL, 10FLL L e U CREI LA ML —
ST EREEBERL TV o FIE, FEISHEL
b ==V %MIZ5 - 6 (1H2 - 3KEM), LY
AT VAN —=Z VT RBIZ2 - 3MENEFN TS T
72, RWFFE DR 5H O KEEX, McKay et al. (2022)
OHFEFEICEDS L, ERBG LV (Tier 3) o4
E L~V (Tier 4) WAL, REEITEEITITRE
DEFEKRZEE Y= TOREBRZICSM L. £/,
SGE IR OB ER R B L ONRHREZ A L
THBHY, HREBICEETLIEDRAL T adksTz.
AWFgEIE, PrEpER I RE S N mMER S (RER
H RPN RS 511-1027%) O&KEZH72 ETirb
N7z AREFZE%BGT A0S, TXTORNRE AL
OHW, WIETEOTFME, FEERSIIE fGhts Lo
ZME OHEFNZ DO WT T dlld» TR bhiz LT, §
RTCOMNGHE?HFMIZ L HFEE .

2. EBR7ObMaN

it A A B L OERMEmEREDOZAL2S, T) - HEERIR
oSN NP EROEALTEET 2 0Bl b
MICTB72DI2, 6HERDY XV ML —= Y T T,
I B R A A ) G A X, I B BRI B
FBERERIRNB L OB LT, BIUR%ES3
B CoOEMEm I ENEL. M-y rTursg
2 OFENZL, e THFZE (Nakatani et al., 2024) (2R3, £
B 2T RTOWWE N FEL, TATUZETHV Sz
(2t 72 (Balshaw et al., 2016; Nakatani et al., 2021, 2024).
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3. EEEETEROHE (MT)

ThiE B2 SLFHEFEFTORES) 25l L2281,
LB o HmE (MT) % B E— Nl &k b
(ProSound Alpha 6, Hitachi Aloka Medical, Japan) % i
WCHIlSE L7z, i 7 1 — 7 o8 PR R P B
7.5MHz TdHh -7z, MT &, i D@ 60% DAL TEF
Wz, FHIHIZ, SREFICWbEZ BRI T L7207
Mg L bz, BEEOLEL X T 5701285
T7u—=TIEEHOX) — % A Lotk R RE %
MLORS VL) ISR 70— 7R ICEE I T
7z LRRBEEGER O MT &, B PIRIHLER & ikl obin &
e EhigosEHEFcE LT, HEMIrY 7 b (Image]
ver. 1.47, NIH, USA) #HWTHHB L7z, HBik§55%R
Pha K B ) %2 IEBL 2 BCIE, MT % itk
% (mCSA) DIREEIZZEH L7z (mCSA=nx (MT/2)*}.

4. FRUERAMEEE#ES (MVC)

N B & dh J7 &, v — K& v (TR22S, SOHGOH
KEISO CO., Japan) 23wV 7-BH O T & R
7o RGEE, H BB X ORS00 AL 2 5
JERL L C I BT BRI X 2 052 1T~ 72, 0%
BB DZA L X )2, HREB X OB %
B 70PN~V s 2O CEE L. i
B R, 40 ON BIfise Mgz 0 BEE 5
%) & L7z MBI G & 5 T o [z
Gtk FilEE PRI LB TL =T — A1
EE L7z, 5513 ESF (DPM-912B, KYOWA, Japan)
ZHWTE = %27 1)V & — (<100Hz) TRIESE7.
JiF B A1 B DAL ) BIEE b2 I § 5 72012, K
TYYaA—F =k LN=T =AY fFir7z. &
7 B L MEOBMR2OME (deg) ITEHEN
72, NEMEOREFIXI6Ey boTFas TV VE
1% (PowerLab/16s, AD Instruments Sydney, Australia)
A LTH 7Y T 2kHz T, /X—VFar
Ya— ¥ I AATE

NEEE, BRI NY =3I T T v 7 (R
BIED50%, 30% B L U'100% THO I 5EHE) & AfEEIC
B 5B RIS, SRR S BIEIC BT % )58
#, 3OMOKREERAT2EH T2, 2 HORKH
DIEDZEH10% UL ETH - 723548102, BinoREz17-
7. 2% 3 3MOfED ) bikd LR EEZAEMEE L
72. mCSA TIEHALT 572012, MVC % mCSA Tk L
7z,

5. NDAELEHUED
MWELHIE, MVC OWELFAMHTH -7 HRFE,

5 RUPE IR B 0 T B B 1 12 35 V) 2 IS8 22 iR ) 564 % 100
(I5FPHIFEIC 1 ) 47- 7. RRFITIE, BREOLXBE
(2, TEBZIFRL, m N EIT) L IR L.
T2, HNIFELXVDMVC D80% # 2 5 X 9 I2HHR
L7z, WREOMHGICE= Yy —%%BEL, HETEH%
FIZT 4= RNy 7 L7z D30k, MVC TIEH
L L72IETH25% Mz 7ol & Lz, ot By
DB DR E LT, JiSEHiH AR A 550ms, 100ms
B X C150ms R0 BAER ) 2 H L L 72 (F50, F100,
F150) (Balshaw et al., 2016). JJ DL & A0 HEJ 1,
MVC DK & SIMRAFETH L n, MVC THRrL 7%
FNENHEE L7 (Rel. F50, Rel. F100, Rel. F150).

6. KESEfEMENEICE T BN EREDEF

MVC BX O DH B ) BB OMERIS, SHHE
(SEE PN BRI ERE 2 T o 72 ed, MVCB XU
DIAE BV B OWERICIE, 5 HaHoKEZ T
7z WAELHIE, MVC OJllE LRk TH 7. HEHE IR
3ODHELZAMGEMT (HEM, 30% MVC B L
75% MVC) T, T& 27205, @ <IHFBEZmth L
7. B o EPEIE, 40, H1208FTE Lz, RE
AN BTG FEAOBE SR AL £ TL N =T — A 2 BE s ¢
WNREVNERETLETLN=T =222 T
HZEAMOREEE, 5WhE Lz MoK,
[l — £ DI TIEA R < & 30K, B & Tix
3Rk 72,

BN O IR BB A B A RERI M L, AU A S
L7z, oI EEiomniho2»50— PV T
DOEIZFL LI & THRHE (m/s) [THEHLA
BAEE M8 7 — 1%, BT ) & R R & L
2. R OV BIEIE ST —, P B )
BLOPIgEELL, N B EE40BE > 5 100EE £ T
WL L7z, KA TR SN2 FIN BT i) % y i
2, PEEEE xEcE D, SUERE L, y Wk & B
MR (Fy), x YR % BRI KM (V) & L7
R A ST — (P &, UWToXro8m LA
P,.=F,xV,/4

F 7o, I FE I R A RN, ) - M
JEBIR D D SN B MEXOMEE (Spy) & L7z T -
FERIER O X X R OIS % B A%, ARBFFE Tl
LT L7z, Tabb, HAKEVWE, EMN R
WrHTHI L 2HKT.

7. #rEtinig
ARFTETIE, TATIZETRAELZ M L—= v FREL I
W0 2 FER AT DR, LN RN A R 7 2 HAE



Zio b o 72 (Nakatani et al,, 2024) Z &5, ¥
YANWH VDL IR VAN —Z Y T RN LR
7= VLU TCHESTEERLZ: GEIZmEER S
M), Rt =, FMEE X RS CRS. -
HEERD S/ 5N IIFNER (Fy, Vi, Pry S &
MT, MVC, J1D 5 LAY eI 0K LK E ORRE X
OB AU BT 2 WA LROMRIE, ETY D
RERMBRE () 2B L7 ) - #HERE2 OO
LHHFRERZRIEER L LT, MT, MVC, 1o
ESY R O KR RN ER L T B ERE SN (A
T T IARE) BITo 7z BIRS NI B OB ]G
¥ (B) 12, MBI () 2 LCTEBE (%) &
L7z BRSNS ERISL EIGESAE LT
WY 5720102, 02500, 28 v 7
L—>ay (VIF) 4D TTHEZERMEREL (U
H, 2007). EoORR, KWL TH O N7-HEEIX0.975

RN < S e 1 A

40% 15

A7 AE10H

251, VIFIZ1551.025TH-o72. WIhoLELE
BR= 5 %kiiz b o TRETWICHE S Lz, fats
&, MERMLELY 7 b % HWw7z (SPSS statistics 25, IBM,
Japan).

B R

Table 112, 77 - #ERRD LM SN TIFNERD
AL E A A B L OFERMEBRERE O 2L & DM
B ERY. FoZ®iz, MT (r =0.355, p = 0.021)
BLXOMVC (r=0.314, p=0.043) OZELRLZhZN
FRZIEOMBBEBRICH > 72 V&3 IE, MVC/
mCSA (r =0.345, p =0.025), F50 (»=0.322, p = 0.038)
BLOFI00 (r=0.338, p=0.028) OELELZhZN
HEBRIEOHBEERICH 572, Sy id, MT (r=10.354, p
=0.022) LAERIEOHBEERICH - 72

Table 212, AT v 774 ZPAZ & B ERAGHHT O

Table 1. Correlation coefficients between the relative change in mechanical parameters derived from a force-velocity
relationship and muscle size and function in the elbow flexors

Fo VO Pmax SFV
Musle size & maximal voluntary strength
MT 0.355 * -0.250 0.104 0.354 *
MvC 0.314 * 0.192 0.494 * 0.110
MVC/mCSA -0.081 0.345 * 0.254 -0.219
Explosive voluntary strength
F50 0.118 0.322 * 0.514 * -0.161
F100 0.120 0.338 * 0.518 * -0.159
F150 0.205 0.265 0.523 * -0.069
Rel. F50 -0.097 0.253 0.236 -0.265
Rel. F100 -0.133 0.197 0.131 -0.251
Rel. F150 -0.106 0.105 0.072 -0.202

Values are expressed as correlation coefficients.

MT: muscle thickness, MVC: maximal voluntary strength in elbow flexion, mMCSA: muscle cross-sectional area,
F50, F100 and F150: explosive forces at 50, 100, and 150 ms, Rel.: relative value to MVC,

Fo: theoretical maximal force, Vo: theoretical maximal velocity, Pmax: theoretical optimal joint power;

Srv: slope of the relationship between force and velocity during the elbow flexion

*, a significant correlation (p<0.05)

Table 2. Predictors of relative changes in mechanical parameters derived from force-velocity relationship and estimated R?

95%ClI
Dependent Explanatory Contribution > Adjusted
variables variables B SE B tvalue pvalue Ilower upper (%) R R R?
Fo Constant -7.18 3.49 -2.05 0.047 -14.25 -0.11
MT 0.93 0.36 0.36 2.59 0.013 0.21 1.65 12.9
Mvc 0.45 0.19 0.33 2.31 0.026 0.06 0.83 10.2 0.48 0.23 0.19
Vo Constant 1.55 2.30 0.68 0.504 -3.10 6.21
MVC/mCSA 0.35 0.13 0.39 2.75 0.009 0.09 0.60 13.6
Rel. F50 0.52 0.24 0.32 2.19 0.034 0.04 1.01 8.0 0.46 0.22 0.18
Pmax Constant -3.22 237 -1.36 0.182  -8.01 1.57
F150 0.64 0.17 0.52 3.88 0.000 0.31 0.98 27.4 0.52 0.27 0.26
Srv Constant -3.31 5.89 -0.56 0.578 -1522  8.60
MT 1.68 0.70 0.35 2.39 0.022 0.26 3.1 12.5 0.35 0.13 0.10

Fo: theoretical maximal force, Vo: theoretical maximal velocity, Pmax: theoretical maximal power,
Skv: slope derived from force-velocity relationship, MT, muscle thickness; MVC, maximal voluntary strength in elbow flexion; mCSA, muscle
cross-sectional area, F50, F100 and F150: explosive forces at 50, 100, and 150 ms, Rel.: relative value to MVC
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Table 3. Correlation coefficients among the relative changes in the independent variables.

MT MVC MVC/mCSA F50 F100 F150 Rel. F50 Rel. F100 Rel. F150
MT
MvC -0.029
MVC/mCSA  -0.747 * 0.675 *
F50 0.003 0.233 0.147
F100 0.052 0.349 * 0.260 * 0.853 *
F150 0.082 0.554 * 0.410 * 0.647 * 0.898 *
Rel. F50 0.016 -0.256 -0.157 0.842 * 0.697 * 0.407 *
Rel. F100 0.027 -0.417 * -0.257 0.646 * 0.698 * 0.443 * 0.882 *
Rel. F150 0.058 -0.427 * -0.249 0.474 * 0.615 * 0.510 * 0.716 * 0.919 *

Values are expressed as correlation coefficients. *, a significant correlation (p<0.05)
MT, muscle thickness; mMCSA: muscle cross-sectional area, MVC: maximal voluntary strength in elbow flexion,
F50, F100 and F150: explosive forces at 50, 100, and 150 ms, Rel.: relative value to MVC

RERT. FOEAEEFTITLEHELE LT MTB&
UMVC 2SR Sz, ZRZNOEBER, 12.9%8 X
U102% T o7z, ViOZBALRZHIT L5 LT,
MVC/mCSA & D EAS) §6J1TH % Rel. F50A%#
Waehi, ZhENOERER, 13.6% L80% THh -
72. Po OEALEZFTHT LKL LT, HOWH LR
DEESITH B FISODSEIN Sz, TOEBER, 27.4%
Th o7z Sy DEALFZFT L8 L LT, MTH%#
WENi, ZOHEMER, 125%ThH-o 7.

Table 312, #ith4 XB X RV EIEDZILRIC
B2 HEKMOMBEEKE R, MT &, MVC/mCSA
L EOMMERICH -7 (r=-0.747, p <0.001). MVC
1Z, MVC/mCSA (r = 0.675, p <0.001), F100 (r = 0.349,
»=0012) BIXUFI50 (»=0.554, p<0.001) &IEDH
BIBIARIC, Rel. F100 (r =-0.417, p =0.003) & Rel. F150
(r=-0.427, p=0.002) L ADOHBEERIZH 7. MVC/
mCSA 1%, F100 (r = 0.260, p = 0.048) & F150 (» = 0.410,
p=0.003) LIEOHBEMRICH 572 OVH LAY HE
NOFEBRBIZ VTN D A E L IEOHBBIRAED &
nrz-.

R

KFFEDORER, VIAZ VAN ==V 712X B
JE, SERMEEKIF SRR B X0 A3 b
DAL, FBIEE B EIC B 500 - B2
EBEY B A%, ZOZALICHS T AEKIL, ) - HEER
RSB ENLEINFNERICL > TERR L Z EHFH L
otz

Fo D% b3 1Z, MVC/mCSA D& L% & A 5 M
PRERE Gh oz, MVCIE, Witk & Ko BAEK
#ZHE E N D (Aagaard et al., 2000). = D = & i,
MVC = it x KMo KREELE LTI LTS
% (&6 - AH, 1961) 726, MVC/mCSA 1 KM o i
fEKMER FTIGIEL 4 V15 5. Balshaw etal. (2017) 2,
VYRS YA ML == 7K 5% RERKI T O
1, IR Th L EBBHOHIGH=OMM D %53

H5ZLERLTVS. —F, REERFEZNRITFERML 2
TRV —NVERCIZLIYAY YA ML —=2 07,
IE & MVC % 3 &4 % %3 MVC/mCSA 121321k % &
725 &% h o7 (Nakatanietal.,, 2024). LI A% A b
L — = & R 0 8 R R R IR IRE 0 RN 0 B
AL, FEMSIE L LB L TRV (del Olmo et al., 2006).
S 512, MVC/mCSA AL\ & ik LT, MVC/mCSA
PROVEIIIEGTRE L THRIET L L —=2 71285
IO EA/NE W (Zouetal, 2023). LLEDOZ E0D,
38 13 T DI K ) FEHEINE D Kok D B K HE 1 J i v ke
ZHhBIEHFTFREIN, DI LA MVC/mCSA DZ1L
BB FDEALREE L o 2RI E Z b 5.

FoDZALEZFHT 245 E LT, MTBLUMVCO
ZALRDSEIRS N7z, BB 20198 T, AMIUE 5 O
JEB & O R a R IMEB S R 0%, BRI e KR A 5
))& 2hENIEOMBIBEFRIZH S (Morales-Artacho
etal, 2018). F7z, 12 0% R G RO b
L—= U 7T & B RBE R 0 2 s, SRR
BRI ) O ZALRIC%5 59 % (Balshaw et al., 2017).
AHZEDORRIE, INOSDAEEZEXRTLIDE L
7z.

VoD ZALR ZFHT 548 L LT, MVC/mCSA B X
UF Rel. F50DZAbAANEIR S 7z BRI TR D512
X2k, Vi ERMERKB B LONONS EADGE
L OMICH B MHBBRIZEED 5Ty (Morales-
Artacho et al., 2018). —75, MEWIAIBIZETH 5 ARKWFIED
HAHBIZAT TIE, VoD ZALE1E MVC/mCSA %71 5E 4 bl
I6H7 B FRER (<100ms) (2B 2D E E2S) aEl) &
IEDMBIBFRIZH - 72 (Table 1). HAHBI M7 T,
MVC/mCSA O ZAL# & Rel. F10035 X U Rel. F1500 %1
R EOMIZIIAH B R A BARAERD S5 722%, Rel. F50
DOEALREIIHFEThPr o7z (Table 3). 2D &I,
MVC/mCSA OZAbF1E, 100ms LAED T D% EATY
RN DOEALHRORD Y &% 2EBTHDH T ERRELT
w5, Rel. F501%, F50& EOMBMERICH L L (=
0.842, p<0.001) 725, FHDOIIDH B aES % £
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T TH S, Pareja-Blancoetal. (2020) X, LY A%
VANV —Z Y TREOREDK T AT O BT HE
252 B30 B R RTAER, MERTAELC WL S 12
Mo—= Y ZERFERLIRHEORMPOTIONH LAY iR
HAEIL, #HERT225%8 X U50% 2% 5 FTh
L—=V 7358 TREMOIIONE 250 GESI 258
TH5ZERRLTWS, F7z, Alcazar et al. (2021) 13,
FL—= Y TIEOHEIRT DS - BEERIR2 S
BoONDLVOEITKET LI EEZRLTWAS. $4b
L, M= Y TREORBEIT AN S WHEIZ Vold
T5H, ZORTFBRECHEICVIIZLL 2w, Dk
DZENPLEZDE, LYVARFVAMNL—=U 2L 5
VoD EZ, HONH EAYEAIVEFLGT S LR
T&%. 20, KWFFETIE, Rel. Fo0iz o iosrs
LAY HEJ), MVC/mCSA 13100ms PAFED DL H LAY
DEeN & ViOZALR 2 FH P 528K E L CGRERS 7z
Rk 5.

P DZALERIZ, JIFEHERIAD> S FI50H33 WA R & L
TERES Nz, HMHBEGHTOKEL S, WINOFImC
B2 HONDH LAY B ORI, VO LM
MBtRICH S (r =0.260 - 0.338, p=0.014-0.045). F
7z, FIS0OZEALZZ, MVC O LR EPE L (r =
0.554, p<0.001). Z OFEFIE, JIFEIEFAG D 5100ms L
Mo Zefink L, wARBHHEBEE S % & v ) BITAIR L
— % L T\ % (Andersen and Aagaard, 2006). P, I,
F XV, /Al X o THIBENTWAZ EH S, WEREY
9 % F150%° P, DZALR 2 W3 25 L L THER
SN MDD 5.

Spy DZEALEIZ, LREATEE O IE O ZEALZEDFIAZ K
ELTERENL o2k, LYAY Y AML—=
ST o THMARBEL S L, Sy idBlE, vhbb
TENLR 5 4 T BT LR LTS, MRS OZ%E
B3 Spy ODZALR EH B MBBRIC R o722 D5
(Table. 1), BRI LT Spy 1245 L T2 1B
WAd b, BIFNEBEPS, VIR AL —=
VL AHMEARE, E=A Y MT -2 ELT5
(Sugisaki et al., 2015). BEEI O M EEDFFEEE TH - 7235
&, WiOEMEEIZE— XY P T — A E L L
TRVWEHEDIFIIDVEL BB EN6, )1 - RIBRICHE
DL EHTHRIEENLRIHPL % % (Van Hooren et
al, 2024). TOxRER HVUAEETHRICIKEW
(Nagano and Komura, 2003). Z 15 OEATHIEN S FE 2
e, LYRZ VA ML—= U 72X BHERIE R E
JECTONREZRT S 2 WHMESH Y, Spy & BN
B MNEALSELENE R Y55,

AFFEORRR L LT, BT TIDDRLELL TR
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