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The purpose of the present study was to examine the muscle morphological profiles of the
upper arm and trunk in kayakers and their muscle activities during paddling. Thirteen
collegiate male kayakers participated in the study and were divided into two groups
according to their competitive score: superior score (A group, n = 7) and inferior score (B
group, n = 6). Muscle thickness of the right upper arm and trunk was determined with
B-mode ultrasonography. Surface electromyogram of these muscles was recorded during
paddling on a kayak ergometer at 200 W. The amplitude of rectified electromyograms during
paddling was averaged for each of following four phases; (1) right draw phase, (2) transition
phase from the right to the left, (3) left draw phase, and (4) transition phase from the left to
the right. The mean amplitude of the electromyograms during each phase was normalized to
that during maximal voluntary contraction to quantify the muscle activation level. No
significant differences were found in the muscle thicknesses between the two groups. These
differences were not significant even when the muscle thicknesses were normalized to
one-third of their body mass. On the other hand, significant group differences or group x
phase interactions were observed for the muscle activation levels of the anterior and middle
regions of the deltoid, biceps brachii, long head of the triceps brachii, and lower region of the
pectoralis major during paddling. The muscle activation levels of these muscles were
significantly higher in B group than in A group during the transition phase of the stroke or
throughout the stroke. The muscle activation levels of the upper region of the pectoralis
major, latissimus dorsi, and rectus abdominis during paddling were not different between the
two groups. These results suggest that kayak performance of collegiate male athletes who
have, at least, two years of competitive experience is more affected by the activation levels of

the upper arm and trunk muscles than by the morphological profiles of these muscles.
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i) L OBE TR R Y U SR OFFIEENICOW TR L TWA DI, HED (1974) IR b 5,
Z O TR, EEZBTARIEIZORE, BE (XX at ) vy ZERT), RS (3
r ABREOME ZRATE) . YILE (WD THEZEST2F) 255 L LTI RY 7o B
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ARE (7T4) 21.0 = 0.6 6.1 = 3.1 173.1 = 5.7 69.0 = 2.9
B#t (64) 20.2 + 1.0 3.3 £ 1.2 172.3 = 5.5 66.6 = 3.2
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THRMNEENT S, 20D, REEHCxF vy U 7 b— 3 %% L, Resistance Coefficient
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A bu—27 L— MIFEREDOEE L LT,



4/14

2.3 HEHH
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A & NIBEOBE U & 2 RS {8 TR TZ R S35 T
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HIACENERS G HR L 72 0 9 B0, %< OWBRE TIRIRME O = - 72 /5 B S B O 4 | (L
DB,

2.5 MEHHT
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AR BED) ICX D ZifESBONTICE VG LTz, 2 BROLZAERNPALNTZSGE,
Bonferroni tEIZ X AL EHHEZ AT 7 = — X Z L IZHIEE L~V ORER i 21T o7~ =
o OREHENTIZ, BEHO Y 7 F 7 =7 (IBM SPSS Statistics /3>—>'a > 23, IBM, 7 A U
1) HRWTITo 7, fERE 5% A% b > T, #atBIic A= & ik L7z,
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3.1 NU—

PNV 7RO NRT —DONEHEIL. A RET 2014 + 2.0 W(198.7~204.3 W) . B #£ T 200.8 +
1.7W (195.8~206.3 W) Th v, WEEHIOAEREITFRO Lol

3.2 E
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BRETRDO N -T2, Flo, M EEZEB LIEHEETHS, (KED 13 FBHT-D OHEIZD
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WTh, TRTORM CTHFRICAERZITRD bhgnoTe (X 8),
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SRR OHIEB LUk LT, BEX BEBLAIL (%)

@ AR
7 e — RO EIAEAER (P=0.037) 35k 100 * m BB
N7 = —AOFERFEDHE (P<0.001) 733 30
O OINTZN FEOFERITFEE Thho 7z (X
60

11), FHRMEDOMER, QFH W7 =y =
MHEEMF v v FEFTOT7 2 —XTHBWT B 0
BHEOEE L~LN ALY LAERICE -
7= (P=0.036), o7 =—XTiL, WEEH
DFEE) L~ H B EIZHA DN o T2, 0
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7 = — ADOFZRRENER (P=0.045) £k 100 :Aﬁ

07 = — ZOFER IR (P=0.004) 75 ; oF
W B AL S BED EANRIT A B T o 7 (K
12), FHEMREDOFKER, WTho 7 =—X(T 60
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Wb NI, 40
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12 =AmPEHOmEEILANIL
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KHaFh FEOHIEB L~k LT, BEX .
T RO B ENRE R NIt te o SO o nn
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4, BE
AKWFZETIX, RFEFBEDIP o 7EFE2XSE LT, BB XOMKSRIZEBT 20 O REr R &
NRRY U T7HOBESZER L, BB OR 2R TM Tl AT 72, ZOREE, JE Lz
8 LT N TDOMHELB I OEKRED 1/3 FHT2 VD OFFIEITHBNT, 2 DO THREREITRD O
nigmoiz, —JF, /NKRU T HOMIEE L~ OWTIEL, =AM - s, B SE.
R SEEREE, KA FEICRB W T, BERZES D2 WX 7 = — X0 EfERAR A LN, =
O DOFERING (KN EK D 1 > ThLHMHOIRENFHEL D b, FIFNEKO 1 > Th 5%
L ~LDIEH B, KEBMUED ¥ 7 RBEOFEHEGEICRT 52 BITRN 2 E3RB S i,
ARG TIE, B - RRIZEBIT DR LOMEKED 1/8 b 7=V OFFIEIZOWT, AREL B
OMCEBERENBD N2 o7 (K7, 8), ZORFIZ, BHEICL D B - Rz 5
IR DZEZ W LT TGE (DM E @6 1998) & R7e s, BoNfENn R~ -HEHE L
T, MNBEOFBEHEOENFT N5, FIREEE (1998) OMFFTIE, BEEE 4 4R L1 E DR
BEE | BHHRE 2 FERORABEREZ L L2 b DO Th o7, — ., AFROERFE 1L B BEOHE
BB ThoTh, D7 &b 2L EOBHHREREZ A LWz, Lo T, AT L
L=y 7R FOIF O BHERBROZN/NS L, RIS ZENRBO b hoslz B2 b
Do WPFHUT LA, ABFZEOREREIL, 2 L EOBHRBRAZA T2 REBIED ¥ v 7 RFICE
W, BHHRAE A RO D ER & L COFOIENFEDREBII NS N L E2RRT 55D Th D,
AWFFEDO /SR Y o ZTHRBEIXIT R TOHBREICH L TCR—TH Y, —EDHAM (Resistance
Coefficient 27) 1% LT, REINZ/NU— (200 W) Z#HFiT DD THo7z, /SKY U J7H)
YED /T — % 3% E UTAEIZHERF T2 2 & XN EE 2B CH -T2 DD, T X TOHERE H
BRE SN —ITEVME (£4%LAN) TEMEAZZAT L, WEEFCH 2RO bR o7, L
T2 o T, TRTOWBRE DRI 2 AR OSE LWEZZTTEX 2525, 2D LI, #
KR AR O% LWVGREZ 1T OR 256, BIR SN2 MHIEE L~V DX, MRH O e
W7ZF Tl HEOEICERT L AEELH L, Thbb, HEOZNEIZE > TUTEEHTHO
R EI L ~LMELS CTHZOMEEZER TE D, HEODRWEIZLE > UXTEEHOmEE L
AULNE L RITNITF OFEZZERTH Z LT TERWI &Ik D, L LARRS, ABFZETIX
TSN L ~UL &3l L 72RO« BZICB W T B FEICA BB ZITR O S o 1=,
L7=Mo T, GBI L~ A BT 21T, HEICERT 2O TIERAWEEZ LD,
NRY T RO =MAGHETBOMHIEE L ~UE, @7 = —XIZBWTOLFEMZENZD Hit, A
Lo BEEOFNE -T2 (M11), @7 =—XTEAMT7 4 = v ahbEF Yy v FETDT
==X T, NEANEFEBET LT 2—ATHDH, BEEOEBEFILZ DT = — X CJF B % ik
BRI SH L 5 & LT EABERTOMIER L ~ULnmio-— T A BEORFIT =M E0D
DOFIEEN L ANV RS RO RN O EM[F ¥ v TF 2l 2 TWe, ERTEx5, 22T, @7 =—
RIZBT 5 ZAMAREOFIEE L ~L L @7 = — XOFT IR (Gl 7 4 =y > a2 bEMF v
v F £ TORBIRERE]) OBRICOWTHRHLIZE Z A, WA OMICITAEERAOHBMEZE (r =
-0.804, P=0.001) @D oNT (K17), AR L7ZXHi2, @7 = —XF /R RANZE & B H)
LTEBY, BRRLERT = —AThbd, MBARLERZDT7 2— A B EbbE 5701,
B BEORTIT AR OMGIEE 2 @O CWIZrREMERH 5, 7272 L, AR CTIILE LTV
TRA—=FDETRRY 7 &24ToE T, FRIIKETAR N 7 2ToR 5810 b Btk
BN E 2 Z AR OMBIEE L~V DESL, Tl Q7 = — XD HTERHE & OBIH N 535 )
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FIAHATH D, iz, AFFETIIA MR =27V mrmmpens (7)) r=-0.804 AR

— FEWEBREOLEE LT, 2o 0.5 P=0.001 @ BE
kAL H D, WTHICLA, ZRHOD
BICOWNTIE, A EERIC L D2 2RE 04
BTh D, 03
i A O FTEE) LT, ﬁX71—
ADFEIRRZANERARRED bz (X9), 0.2
— XL OGN CITm BRI A E R 2T
En@ﬂot%®®\AﬁTi®7x—fﬂE 0.1
@7 = —ATHEHLNAPMETFLTEY ., B 0
BCIHDT = — 5@ 7 = — X CHER L 0 20 40 60 80 100 120

FRIEBILNIL (%
BRI TV, ABOWREITHT 5 - AhERL L (6)

fog —SEFH OFHIEEN L~V A b e — 7 2K 17 @7 z—XIZHITZ5=AHHERDE
DleoTELS, ZHUIA Y U ¥y 7 i T % FEILANILEQ T = —XDRTERB OREE
WL LERD (1974) & —EHT HHETH

olc, —J, B L7 =AM & AR, BEEOEBRE IO = — A2 RI&bbE Lo L L
C R —BER O FTEE L~V A R %@E’J TS B Hh 8 2 VN EE B S #h 24T o Tuh Iz mTEE
MNEZBND, ThEXFTHEIIC, @7 =—XIZBT 2 b _HEOME#H L~ e 20
7 = — AOPTEFRHE & ORNICITAE @Q@W%%%(r-OW5P 0.040) 3FEH BTz,

=AM EOFNEE) LT, BEX 7 = — XOFERLZAERPRO b (K 12), &7
T — A TCORBERBEMZEIRONR -T2 0D, BEIIO TV = — XDOE W HIHREIN SO 7 = —
ATETFLTEY, ABII@O7 = — X TORWIHEEIN GO 7 = — X THIR A b, @7 =
—RFLEMT7 4= a2 AEAFY v FETO T 2—XThd, 7=, AT ERILEBEE O
SMRIHERT 6 Ch D, @7 = —XIZH T 54 FBEF OB X & =AHHHOERZ5ET 5 L.
B BEOWERE TH LN E W TR S HL & 138 212< <. AREOWERE O X 9 IRV TR E)
LUV B2 2 ENEBITH A D,

R I EHOMIRE L~ UIZIX, BEX 7 = — XD AEERANA LT, BEEOYERE OfE
DATEOWERE L0 bAEEICE -T2 (X 10), BB =i REDOFHIEE L ~uiE, Wikl m
LTO72—RXE@7 =—ATEL, ZHUTEEE L O#ERE Ot F(Fleming et al. 2012b)
R CH ST, L LR D, AV Uy ZHEMETFEXISRE LI2ERS (1974) OBFZET
@7 =—RZBT 2 L = REOMHITE L~ ME -T2, 2D X ) RfEROAR— ﬁ#ib
TREIFARATH 523, @7 = — XTI DB MmEEE L L =M REOERNLE
HE, ZOT72—XTHITH LR BEHEHOEWIITEE L~ UIZEBNTE E E X5, BEOWK
BRE OFEEN L~V A BEOWERE LV @ o T-JRIA & L CiE, ARAFZE TS & L=/ O fhiEEh
LoV LA OFEATHER (FROENE /S KL oEhx | R0 2 A4 277 E) [k vk
U7-mletEmR T b b, T72bb, Hif L~ OEo» A BEOWERE T, Fi S EEOME
B LML &Y 200W ORU —Z 3T X 7208, HlF L~L o B BEEOERE 12, Bt =
S RIEOHIEE L~V E < 22 UE 200W DR T — & T ozt E 2 bR b,

KT FEOFIEE LXK, BEX 7 = — AORZASERNA LT, BREOHERE DN A
HOWRE LV bAEICE -T2 (K 14), ZORMZEDFKE LT, =R & Ffk
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(2, AL TR L LI OFESE) L~ L LIS OFEATZERIC L 5 AIREMENRE 2 S b,

JEAG T DFAREN L~ NZIZ BEX 7 = — XD HAEA R L OBEMZEN A e ho 72 (K 15),
JRASFHOFIEB L~/UE, A - B BEVWTHUOERE BT, OF7 = — XA TRICHE L, @01bH
@7 = — X TIED o7, 2D LD RHGIEE L~ L OHRIL, KRS (FRED 1974, &L L
TIEENT D 4 Y v 7 8F(Trevithick et al. 2007), 4V v 7 EhET: (HES 1974). EHE
L UL D#ET(Fleming et al. 2012b) DWW FHUZBWN T HR STV D, SEATHFZE & ABFFE DR R
EHhOETEZDLE, NN THOIREFHOMIRE L~ UEEE L~ L L OBERFEL, Iy
v JINT =~ UV ADENEELRET D FEERKFTIIRWEF X 5,

Kiafn B (X 13) BLOMER (X 16) OFFEEI L~ UZid, BEX 7 = — XD EERB
FOBEDOFEZEBBO N2 holz, LIz - T, 2D O « SO FIESE) L~V S EEER O
IRT = VADZEEHIT 5 EERK T TIERNW I ARSI,

AR I0T D Fikim EORE @A E LT, iEEL L2z LI A—ZTO/NKY 7
TRl L7838 Hivd, ABFETlE, X TOMBRE 25 L ClRl—Am D/ S R > 7%
1Tht, TOLEDOHIFEHML V2T H7-DIco VT A—4 FTCOREEPRH L, K ET
I, R - SO BARREIC L DR AT S 2 LR EER 72D TH D, Fleming et al. (2012b)
i, K EExz I A =% ECABPHARNE —ERDE Yy 7 DR RY T E{ThE,
ZOLEO LB =R, NS, —AMRES. SMUARE OGS LV E i LT, ORG
B O7z2—RX0 R =EHEHEBLOOT = — XD LS OMIEE L~ id, =/ I A—X |
EV K ETENPoTZ, —H . ZAGRRTOHIEE L ~UL, @7 = —ANH@7 = — X DR
T, KEED bV ITA—F ETEMNoT-, LIEBR-> T, B THHBLO Y =—XTBITHT
— X R HBRIT R A ET 505, AR TIZENLAD 7 = — X2\ T Efi =587
RUHAB L O =AMARBOMHIEE L~ VCRERZEDRR O L TE Y, £ DEFK ETO/NRY
VI TCUIET D EBZOND, 727U, =AM, B EEN . RGNS Wik B
NI RA—H ETO/NRY 7 &g L7234 72 69, 2 b O DWW TR R38R
ICLDHERDLIRAAPMETH D, ZHITIZ, AR RY U THETIE, A hr—27 L—Fh
EHRE OMERE L LW e, TSRS LW EE RIF LR b B2 ohvd, L
ML, FROXIRMEAIEH L OO0, it )& ORF#E T/ N R Y » R OFHEENIZ OV TR
L CWBHFZERRRD TR H AL TV ATRRIZIB W T, AL TR S vz B KUK IZ BT 5%
EEN LNV OT —H 30 v 7 B"FOFHE NN LE2EZL ECEERODHEEFZ LD,

5. fE 5

AT TIE, KPRV Y v 7 RFE2 LG E LT, BB JOMERIC BT % i DT ienyE ik &
RNRY T HOFGIEEZER L, B0 R 5B FH T EITo7z, TOME, xt5L L
72 8 WL T R COMHEB L OKRED 1/3 #H7- 0 OFFHEIZHONT, 2HMTHEREITRD LN
otz —J5. /S RU T HOBIEE L~UICOWTIE, AR - . bk 8. b
fog —BER A, KRIH FEBICB W TR ZED D VIIREX 7 2 — XD HAERAR A LN, Zhb
OFERMND, B - RBRIZB T I OEEIREL D &, XN 7RO 6 OfOMTEE L
SULDIE D N, RFEBMA Y > 7 BFOFHAGRIC T 2 BTN 2 L AR Sz,
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