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BIREESEL (B 7.4 B, BIROFS HE(L L TWAHERE (50% f2E) 1I2dH -7 (P 46mm). HER
REBE TIREBOBRIMEIZEROY FE 2055 I MRS TBY, MEEA 70mg/dL %2 FE5 &
T RULFY OFUMDPIRE D TOHBICL > TRERIEZF|ZEITESINTWAS (Flockhart - Larsen,
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B2 BB DNNT =<V AICEHBESNSTERBTRE LN ZHET HENITOVT, RBBRICH T
MM T— Y 2HUE LTV AMEPDLVEVWSIERZEE X, AFETEENN Y TLRXLVOKRZET
A2V —bENRELT, KBBELBERE 2 ERL, SHEEERDB XORE L XUVEICB T 2 /R ER
HEHELDPICT A ERENE L,

0.5 &

WREGARZZRZICHBL, NASS ML —=V 7Y R— bOHBENH - 72%4: 397 %4 (KT 257 4,
Fiy 20.0 £ 1.07%, BF 1404, T 20.0 £ 0.9m) & L7z, WMRFICWIHHNIIAMAEOBE EHIEN
B, BoNlT - OB OVWTHEBIUCEEICTHHAL, 1> T7+—LKF- a2 F2ET
PO L. BBAMEICE T MBI, BEAEHROFES L OHEAEEICO LT HARMEE KEMmE
BEZEROARR B/ OTHS (KRES 023 —HO11 5),

WNREWCIZABOREERE (ORAZ7T7y v Prvy > 7S], OKEH Y, »OREIRYD & Lk : CMJ-
NAS, @QKEIH D, »OIED » D PE : CMJ-AS, @UNY Y KPPy > 7 R]), A7 7v b® IRM #I
TEZEM L7, BERIEIXMEE >3 — OUTPUT v2 (OUTPUT Sports #) ZHAWVTO~QDHK
MR, @oRISH1TEE (RSI) #EEL, A7 7y bO IRMBIE TIdHRAZE LEES X OMAE THIE
L7zA 7Ty MEBELZF Tz, FERMRICK > THIE 1 FHEOBREBREZIE L, McKay 5 (2022)
DIRIBTHEBEICE SO THEELNLSHE (Tierl : K&EICHB LTV, Tier2 : #ih Kk H B,
Tier3 : £EA&HE, Tierd : EEARHE) 28Ik -7

AWFEIC BT 5 Bt B S L OB LAV E U TEREEB IO W THED 2 W—TTiE
SR 2TV, FBRME & LT Bonferroni 12 & 5 ZEHEHREZEM L. 2 TOMEIXFSELE
EEETRL, WINOBREDMEHENTY 7 v 77 IBM SPSS Statistics Version 27 (IBM ) %
WTITV, SREICBI 2 ERKEL IR 5% K Uiz,

m #% =%
I. 1. seitd E R
. 1. 1. RAMEEBLVORSIZa7
RFBLIUOCBFOHEEEEBICHB TS S, CMJ-NAS, CMJ-AS O ApkiEm & RJORSI Aa 7z %
nenER1, R2ITRL1I. BREBICITRTORMEEHBIZOVWTENRIRD 5Nz
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x 1. XFOSBHEICH|T B IEE R

EE SJ CMJ-NAS CMJ-AS RSI
N [em] N [em] N [em] N [ m/sec ]
77— 13 32.0 (4.5) 13 34.3(5.7) 13 38.5 (6.0) 13 1.41(0.23) + §
NREIV Y 17 30.3 (3.1) 17 31.0 (3.4) 17 34.4 (3.6) 17 1.41(0.24) £ §
[N N 6 29.2 (3.3) 6 31.0 (4.5) 6 33.4 (5.2) 6 1.42(0.31) = ¢
N7 12 27.5(3.3) 12 28.8(3.7) * 12 32.7 (3.5) 12 1.20 (0.33) *
AP 24 26.9 (2.7) % 24 28.0 (2.6) * 24 31.4 (3.0) * 24 1.15(0.24) *
7KER 15 26.2 (4.0) % § 15 27.2 (3.6) * 14 32.1 (3.7) * 14 0.82 (0.26)
V7bhT=X 24 26.0 (3.9) * 24 27.2 (4.1) * 24 30.1 (4.1) * 24 1.18 (0.24)
Yvh— 57 259 (3.7) % § 57 27.3(3.9) * § 57 31.1 (4.4) * 56 1.21(0.26) *
L7 7 25.3(3.4) x § 7 27.8(3.9) * 7 32.3 (5.6) 7 1.13(0.29)
T—=Fzl— 8 24.7 (3.9) * § 8 27.2(3.3) * 8 32.6 (3.9) 8 1.18 (0.23)
ESC 11 23.2(3.8) * § 11 24.7 (3.9) * § 11 29.7 (3.8) * 11 0.95 (0.30)
19 (SD) Total 194 26.8 (4.2) Total 194 28.2 (4.4) Total 193 32.1 (4.7) Total 192 1.19 (0.30)
BIERRIITIOE (BERE) ICTR#M. p<005 *:vsTF7E— §:1vs/AFIv by, § vskER § @ vs B
x 2. BFOSHREICHITDmEEBLER
I R R - LI -8
NL—R—) 11 40.1 (4.9) 11 44.5 (4.3) 11 51.1 (5.4) 11 1.85 (0.38)
FZYRY > 8 39.9 (6.6) 8 42.5 (5.9) 8 48.2 (5.1) 8 1.71(0.38)
V7 hTZR 26 38.0 (4.2) 26 42.0 (4.9) 26 47.9 (5.8) 26 1.45(0.32) =*
NEIYv by 25 37.7 (4.3) 25 40.0 (4.9) 25 45.4 (5.9) 25 1.67 (0.33)
N7 11 35.7 (5.3) 11 37.7 (5.4) 11 44.4 (6.2) 11 1.67 (0.39)
NV RR—IL 25 35.4 (4.4) 25 37.1(56) *§ 25 44.0 (6.0) 23 1.61 (0.34)
T—=FzlU— 12 33.2(5.9) * 12 37.1(6.7) * 12 45,5 (7.8) 12 1.49 (0.31)
45 (SD) Total 118 32,6 (5.2) Total 118 37.5(5.9) Total 118 46.3 (6.5) Total 116 1.61 (0.36)
BIERERIETE (BERE) ICTEH. p<005 *:vsANL—FK—J, §:vs Y7 FF=R

. 1. 2. 277y b IRMERBITR7 7y MEER
RFBLOBFORBEAMICBF S22 7y M IRMEEBLURY Ty MEERZZNZNE 3,
RAITRUIce BREHITTRTOMEHBIC OV TEMRPRD N7z,
K3, GFDRATTv b IRMEBEBKIURI DY MEEHICHIT 2 HREIEEBLEER

&E N BS[?( ;I]RM Bs[g%/l]aw
S7E— 14 96.3 (14.7) 148.0 (24.5) b
ZiE 10 91.5 (11.6) 141.6 (16.3)
NEIv by 20 85.3 (12.5) 146.7 (19.1) b

IRy R R— L 29 76.3(11.8) =« § 127.9 (23.7)
rovvy 12 76.0 (9.8) % 143.2 (23.0) b
Ny RR—L 39 75.1(11.6) % § 128.9 (23.7)
NL—R— 10 735(7.8) % 122.2 (13.8)
bTYRY Y 7 65.0(8.0) % § f 125.1 (15.9)
V7 TR 24 63.6 (145 x § + § g 116.0 (25.3)
F45 (SD) Total 165 77.2 (15.2) 131.9 (24.7)

RERRIETHE (RERE) ICTTH

p < 0.05

E

vs 77E—, § Ivs FiE,

I

vs XKV kY, § i vs NRT Y biR—L, 9

CAYVERR—=L, b s V7 TR
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KA. BFORXIDY M TIRMEEBIURY DY MEKICHIT 2 EEEE-LR

us ~ giti S
SNL—FR—L 9 132.8 (15.7) 173.6 (24.3)
NEZv Ry 38 120.1 (21.2) 187.9 (30.3)
Ny RR—L 24 111.9 (15.9) 151.3 (22.7)  §
V7 hF=R 25 103.3(27.8) * § 155.0 (39.4) §
FSvEY Y 4 98.1 (15.9) 143.3 (21.1)
7Y 16 941 (147) * § 148.7 (24.2) &
F19 (SD) Total 116 111.4 (23.4) 165.2 (34.3)

AERERIFTSE (BERZE) CTRE. p<005 *: vs/AL—FK—J, § tvs NRI v ko

M. 2. #ELA)URHER

M 2. 1. BAHEEBLORSIRa7
TFBLIUOBFOBFERELNLMICBITSS], CMJ-NAS, CMJ-AS O A#EE & RO RSI A3 7%
FNENES, £6I1TRLE. TTFDS], CMJ-NAS, CMJ-AS IZOWTEMRESRBD 5Nz—/T, B
FIETRTOBEEEICOVWTEGRIEED SNED 5 Tz0

X 5. LFOSHEICHIT DL AN)VELER

B woomme ey oL,
Tierl 20 26.3(3.2) * 20 27.4 (35) * 20 31931 = 20 1.08 (0.32)
Tier2 67 26.6 (4.0) * 67 27.9 (4.0) * 67 315 (4.4) 66 1.25 (0.28)
Tier3 90 26.6 (4.1) x* 90 28.1(4.4) * 90 317 (47) * 90 1.15 (0.30)
Tier4 13 30.6 (5.6) 13 31.8(5.3) 12 37.4 (5.1) 12 1.27 (0.25)
F15 (SD) Total 190 26.8 (4.2) Total 190 28.2 (4.4) Total 189 32.0 (4.7) Total 188 1.19 (0.30)
ERERIETOE (BRERE) ICTRH. p<0.05 *:vs L4
K 6. BTOSZBREICHIT 2w LA VELE
L T - L - AL -
Tierl 18 35.4 (4.6) 18 38.1(5.8) 18 44.6(6.3) 18 1.63 (0.36)
Tier2 39 36.9 (4.8) 39 39.7 (5.2) 39 46.5 (6.0) 38 1.56 (0.39)
Tier3 55 37.6 (5.5) 55 40.5 (6.2) 55 46.5 (6.7) 54 1.65 (0.35)
Tierd 6 40.3 (5.1) 6 44.5 (4.8) 6 50.9 (3.9) 6 1.71 (0.18)
¥4 (SD) Total 118 37.2 (5.2) Total 118 40.1 (6.0) Total 118 46.4 (6.5) Total 116 1.62 (0.37)

AERERIETHE BERE) ICTRE NS,

M. 2. 2. 277y b IRMBRBEURAZ 7y MEEH
RIFBEIUOBFOREBELANLEICBTAA22 7y b IRMEEBLUOZAZ Ty MEEHRZZFLZNET,
F8IIRLe WTFDAZ Ty b IRMERBIZOVWTENRSRDOENL—HT, BRRIRTORIEHE
HIZOWTEHRIIFZBD S NG hr o7,
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K7 TFORIT Ty M RMBESKIURT DY MEEICHIT B L ANIVELER

s N i iz
Tierl 19 733(1.7)  * 130.8 (19.4)
Tier2 26 772 (11.5) % 130.0 (22.2)
Tier3 80 76.5 (16.9) * 133.0 (27.0)
Tierd 8 95.0 (17.6) 140.7 (18.0)

44 (SD) Total 133 77.3 (15.7) 132.5 (24.8)

AIERERIEFHE (EERE) ICTEHE. p<0.05 * :vs L~L4

&8, BFOXIDY M RMEBEBLURT DY MEICHIF D% ANV BELE

= ~ "o
Tierl 12 106.7 (12.1) 157.9 (21.7)
Tier2 40 109.6 (22.5) 168.4 (35.0)
Tier3 51 113.6 (25.2) 165.7 (36.7)
Tierd 6 133.3 (17.0) 164.9 (24.2)

15 (SD) Total 109 112.4 (23.4) 132.5 (34.2)

AERRISTHE (BERE) ICTEH. NS

V. & £
BEEERERICOVWT, RTORRBICB T 2mARBErERICEHETH 127 7E—ENFI Vb
VAT Ty MEABHICBLWTLAERICEWEZRLTWS, 1 Keiner 5527 7w MEEHE S]
BV CM] EICHEWIEOHBEZR L -HEP OB XFEEND, — A TEFITODLTENL—FKR—)L, NF
:yFy&uatﬁﬁmﬁﬁﬁﬁ¢uﬁmBhéﬁﬁﬁﬁﬁ%@@@%ﬁﬁﬁ&&meﬁ%ﬁké<&é
{HREIABDZH, A7 7Ty MEEHROKRNEIINT LH—H LV, BFICOWTIISHISICT—¥ 215
FTHNRZHEPL LTV ZEDPRDOENZDPRFEIZRLST-EREZNE L TWAAREHENH S, RSI A
T D 3O L IR L HERMNP RSN, FERRICERB OB FICHEFET 20BN ICE > THE
BZTTVWAHREMNED D 5. B L NIVEHEICOWT, Z 1D Tierd & Tier3 LU R EDBICERRZEZDSH D,
CNIEEBRESNOHEBOFEMERRE > TS, ERLNLVTHERET 2B F2ERT 5720125 KK
REENI DR EIZEET S EDTELVWERTH S ENRD TRENTEE L 5T,

V. & &
DEOFRICED, BEBEHBIUOBERELANICE > THREREICH L TELAHANS RSN, &
5 ARRREICE > T LEEOBEE A2 X VBHEICL TV ZEDRD SN,

VI. ik OCBRBANDTY Fu—F
BEEERMONREBREOEVSHLNICRBZET, BRI T+ -V A2EO5-OICBE AN
FRICET AR ZB/LIENTE S, £, BELANLVEOOREREEI N —=2 7275 ET—>
DRYFT—2&20) S 2HEEEZRTRT2IENAREELD, INHEFEERED ML —= U JIEERBICE
WTEEZHIREZDSBTHA A,

VI. Z#Z3CHR
McKay, Alannah KA, et al. "Defining training and performance caliber: a participant
classification framework." International journal of sports physiology and performance 17.2
(2022): 317-331.
Keiner, Michael, et al. "The influence of maximum squatting strength on jump and sprint
performance: a cross-sectional analysis of 492 youth soccer players." International Journal of
Environmental Research and Public Health 19.10 (2022): 5835.
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MEER A —T V94— —RAAZVTCBIFDA5—I\ILL—Z
VOEOQVITAARIIANUV—ZTD NU—ZVTFHRICDNT

PIREEE (B R X2
Bl © 1k B

1. WHZRE/R

B EOBRBERICTERREZIKSA—T 074 —%—241 327 (OWS) DA, T IHE
TEZ->TBOBERAOOHEMIbEN, EH2ZELTL 16O ) — 8 (T4 : HAKKER) 1T
DNBETICE->TWVS, OWSOKF ML —=2 T, BKDO ML —=2 7 2X=AIHENTBD, &
DR L KEZRALZDSSEFHEEZIL PO —LTEA =N L ==V (IT) BPERTHZ (E
¥ .2017), Lo L, SikEH CTORERERIZ 1500m TEHREEIZN 15 0ETHD, OWSDOFY Y
JREIE 10km, EHRFEIIN 120 5 (2 BERE) AigEHRZ & 1/8 LW, OWS OEEREIX, ~ 5
VUBHOK 2 BEEIZIER—TH D, TV D RL—V T RBEICTHIELEETHHEEZ S,
ORIV L=, IT KD @PICKREZEE 2L, BOEER L CGEFE2HiET502 77«
2AY VA ML == (LDT) AL »IiZfTbN T3 (Enoksen.2011),

ZZTC, AMFRIITHE LDT#Eicad, H7HEO N —=V PR E N -2V T A 2a—, £H
FHERBLOZ va—2#E»S5 OWSDa—F 27 (ML—= U 76iE) 2KEd 52 & 2EME Lz,

2. 7 &
WERE ORI ZR 1 IR UTze HBE X N RZKEERBIKERF B 3 2 RZEAETH 52 COHIEDH
MENBZFTAL, ERSNMOEREZEFZ ETHREICSM L. £z, AMRIIAAFEREGHEEES
DEB ™Rz, (023-HO064)

ER L7 —id, HAKEEE LS &l HBREORE
. . TR SE# (%) FREEE(SF) AR AR
#50m (EKEE) BN T -, KR Bk ows
B . LT 21 11 1 SEARHS
26 ~ 35T, /KiE 28 ~ 31 CTH o 7o it 21 12 0 SEARHS
ITH B4 21 13 0 LERSHIG
EREHIRIE, 20248 7H?»5 9 it 20 12 0 LEXRHE
B 20 10 0 LEXEHIG
H26HETcO7HEBTH>1z0 S— Ty 20.3 115 0.2
SD 0.8 1.0 0.4
LTOKPHEEFIE ] B0 2 K
Bt 19 10 1 2EXRSHIEB
30 LATHERSINTED, WML £ 20 12 6 SEXRHS
R LTDE Bft 21 13 3 EEXREHIE
B ICHEEICITDb NI, B 22 1 6 2EALHE
_ Bt 19 11 1 A REHIE
KPEE TITbN b A A > D LDT Ty 200 113 36
SD 48 2.6 25

AZa—13, 10 7ML R L CE

95 (k<) bL—=27Z7&L, 1000m, 1500m, 2000m, 2500 m, 3000m, 5000m % 1 ~ 3 4
DOREMEEE Uiz, 1T B, BAROHAR TR IEE TR 2 7iEoEkES) & 72 %5 50m ~ 200m O RE &
L, AA A= 2 —OKIKEEREE 2000m BUR CEBRFE & RERFEOHIZ 11 0.7 ~ 1.5 & L7z, LM%
E2RfE (Lactate Threshold:LT) &0 Onset of Blood Lactate Accumulation(OBLA) ®O#IE I,
400m X 5 ROWIHEHEEKE L, I7T7—r 7 ull (7= LA #8) ZHOTIMHILEBIEEZ8E L7z,
LT OWER, BoNn-KEE L MPIABBEORGEZ 777 EicFay ML, WKEIHEZ 2ITHEWEE
PPICHBESEMT 57 2 — A T ERBICHHI L TERITHEZZ 72— 0D 2 DORFIHT, £h
ZHSGERIERZERRICKOROTRE Lz, ZOZOOEROREZLT EL, 72— 10O 4mM
IS 5% EE R OBLA & L7z, £72, 7V T4 HILVAE—=F (CV) BLUARA Mo —7HEEDIY
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T4 HILAMa—=271L A b (CSR) OHEHIEIX, 200m B L 400m &/1k» S5HEH Lz, CV OHEEIZ,
Wakayoshi et al & RIEEDH1ETH kIR E K Y 1 L EORIBEMRZRD ZOHEE 2EH L THRE Lz,
CSR O#E X Dekerle et al EREEDHFEE LIkY A L ERZX ba—7HEDMFBERZRD, ZOMHEE
FEHUTHRE L, #EE, bL—=r7EEHBOMBTERLZ, HetLEiX, Heod 5 t-test
(P<0.05) KU Pearson OFERMERREZ W,

3. BRBKIUEER

x2 BEOKEEREZ. LTDOEZ. kiR, 1EH7-Y

26:‘"/_‘0)7 i E 0) , s - N s -
R 2 1B OKRE O B DK BB # & ULTD O Bk
YRV I VTIT oIz
YeUkEEHEE, LTD Z XA > TiT-o % wEoE LoTo ﬁ’%z;f:gﬁ EEORER
PO A RLUT . # B m
EEBELOLDT O/~ L7 T Lo T LoT
1AMS -0 oKRPHEIX, W WEEK1 1 2 61130 71860 55573 65327 1000/3000
RN ) WEEK2 9 2 55310 60040 61456  6671.1 5000/1500
HEOFEUERT7HA S 11 [E WEEK3 9 3 43250 56270 48056 62522  1000/2000/2500
THO, FHEEIZ9.0+ 1.2H/ WEEK4 7 2 37715 42050 53879 61357 3000/1000
N - S B L WEEKS 9 3 53540 62500 59489 69444  2000/4000/2500
BTH > Tz0 RPHEO 1AM WEEKG6 9 2 48805 61700 54228 68556 1000/2500
720 OFRKEEEES KX O 1 | O kiR WEEK? 9 2 50030 59560 56589  6617.8 5000/2000

HOFHEE, ITHEIDTEO 7 0 0 DO O 0 e e
MICERLZEZNPRDON, 1 [HY

72 0 OKBFEE OKEEEE IR 1000m OEBH > 720 LDL, T4—3IV T Ty TBIOT—I2 75131313
FECHATITY, 2 TOMFICBWTHERBIXIZIZRCERTH -7,

3P —=V7HiI%D LT, CSR, OBLA, CV O¥¥EZRT, FL—=>7%i (Pre) ®IT &
BEUOLTD BOZHEEHIERLZEZIRD NN 572, Pre & b L—=2 7% (Post) ORI,
LTD 80D LT kEE DO AERGENDD 5Nz, %3 FL—=>/Bi#%OLT. CSR. OBLA.

1 [E47- 0 OFEE O P kEER O (1T #5561 + CVOFHiE

432.3m : LTD B 6572.8 + 2959 m) ICHZLREN o L;;M 1;§m

_%’3‘3 y) 6 n f: $§€3%% l’ T Eéﬂ %?i‘ 5 }\ ]/ - y 7@:% CSR(cycle/min.) 33.99+2.03 33.64+2.07
DEALEN ZED, BEEEHho NP ABREOEH % T oBLAM/se) | 1492006 1512004

SE 6 ‘ﬂ'%)ij]%ﬂ@ 7f)§£6 é (\: Té%fﬁﬁ% (Gorostiaga et CV(m/sec.) 1.48+0.04 1.49+0.01 .
al1991) & 10kmOWS @ 7 —F > 7 & it L 7z comomrens| wassom  warens

ZOHER, 1 BlOBE OVKERIX 6500 mPl L& MR L, Y0 oBLAM/sec) | 146004 1.47£0.04

H2EE L IEZFNL o LDT 2Ed 2EAEL CVlm/sec) | 1.46::009 1472003

* 1 p<0.05 vs. Pre

RN TR DB A EAHIBAL 7,
AHEOHRAEREICT—F VTR ZF R FAAY— 1 40 2024 4 R — N FEKIGEFE OWS 8H:
10km (20242 A3 H) IZBWT 11 fZLICAZ KR ZIND, 533 BV A4 ¥y 7 DOHGEZE &G
THIENTE

4. SENGE

1) BFERA (2017) TV—MF—T 24— —BFOI—F O TH| . a—F 2785 31(1)115-125.

2) Wakayoshi et al (1993) A simple method for determining critical speed as swimming fatigue
threshold competitive swimming. Int. j. Sport Med.13(5):367-371.

3) Dekerle et al (2002) Validity and reliability of critical stroke rate, and anaerobic capacity in
relation to front crawl swimming performances. Int. J. Sports Med.23(2):93-98.

4) Gorostiaga et al (1991) Uniqueness of interval and continuous training at the same
maintained exercise intensity. Eur. ]J. Appl. physiol. 63:101-107.
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\

3-1. E-BZYR-—K

2023 FE NASS FIH%R

FU- S BRIOVIIN | JTF—RVAHH | L=V | XFqA)b | D B | % & |2h7A-PeE
RpEHR &) | 187 157 149 121 86 103 67
BERERENBLTIOVION | /O5—<VANM | NU—ZUT | AT oAb | D B | R & |qHFA-IE| 3—FJ
A E %8 38 20 27 17 18 26 19 1

BEFIDEEMF D L OEENHE
INT # =V RAHHT

Y -NT -EHETaY b

o —— R/ bELT 4 Y FRAF VY
BN 25 1F

HEHE 169 H

o BR{% - [EMEAT Y A — b
B 8 1

EEIHE 39 H

Hi#ERERE AR LTz 7 b

e NASSHIEIEHICK DT 4 v NRAF v
TEEIREL : 5

TEEIHE 19 H

o HEREH

B 21

fN—=2T
WAL RN |3 w BV B/48 8
TEEEEL 30 f4F

HEHE 1185 H

HiERAERE AR ETaY 27 b
TEEE - 23 1F
TEETH% : 1586 H

XT 41
Y - NT -EHESaY b
CATHIAT A ANF v T
TEENEE : 34
EEHE 9 H
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FEEEHE : 206.7 £ 89.5 H
e aryTFavaZy kIS

EEE 1

o2
A -NF -EHESOIr b
o fERIH A — b

GBI 29 1

EEIHE 1 204 H

HiRESRFZAR ETOY 27 +
o Dt IF—

EENFE - 4 1F

mEHE 10 H
LI AV ) IV

EENFE - 3

HEHE 8 H

R B
R IRAL NG| = e
o Bl TE ¢
TEEFE - 23 1F
EETH%E 50 H

HiREBEAM ET0 Y27 b
o HRE IS —
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e
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FYR— MEEORE

(1) INT# =< X8RS

1.

il BR'- A0 #HE- BB K’
'EAABRYE ABRE
HAREERE NIRRT r—v ALY —

FUsIC

NASS )87 # —< ¥ ZAGHEMATIE, O7 4 v bR RXF v 7P R— b EQBS - BWMEHRH K- b
EEBLTVS, D74 v MXAF v 7 R— T, BBRREEEE (BRABRZENE : VO,max,
FLERME/ESERUE : LT), &AM (Inbody, DXA), B%E (DXA), %#EMEH /1 (BIODEX), RAM
74— FF A+ (30 — 15 Intermittent Fitness & A &, Yo-Yo T A ) ZREDHIE, T—F% 74 —F
Ny I %2EBLTWVWD, £z, OBUR - BN K— b T, HAPHEROCTHRE LS, B&X
OBV 7 b (AR=Ya—F, ¥—+rT71 v a)
OFRAFEICET 21 IF—, LEEMRITS AT L
(Frame-DIAS 6) ZF\\ 7= 2kt / 3 IRTEEDT
F—yORMEEHL TS, WTHBHEIE, BXY

ST =y ORMITNAT, I—FEDTF—¥T1 ANy  RELESDAlD) INT A=A
Car MMM BEOBHEERLTVS. T, [k NP OFH

XEFREADRY YT IPINoORE, SiizEETE RO

B8N 57- DD NMBRIZBREZERL T\ 5,
X1 :7TaqvbRAFzvITR—~DEN

2. NASS N\T#—RVAREFIRS v T

i B, a0 #HE, ER kKib

WX N—

eoORE, KK LM, Hu B, MHE BN, HA BB, BE FHZE,
O R, BE ES, MH BB, FBHRAEMEEDLOTKRZERESE

. EEBHHBRUTESRH
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Quantification of external work using mechanical
crank power with a bicycle ergometer underestimates

the net external work exerted by a human.

Yuta Yamaguchi !, Kosuke Taniguchi?, Kanae Koguchi!, Naoki Wada!, and Tetsunari Nishiyama !

1 Nippon Sport Science Ut Japan, 2 N

ppon Sport Science University, High Performance Center, Japan.

— Introduction

The pedaling exercise has been widely used for the evaluation of endurance
performance. Previous studies utilized mechanical crank power to quantify
the external work exerted by the rider. However, it is pointed out that this
method fails to properly reflect the power exerted by the rider, which may
lead to the misunderstanding of the data analysis and evaluation (Cavanagh and
Kram, 1985). The mechanical crank power is the sum of the left and right crank
powers. In general, the negative crank power is generated during the pulling
phase (Sanderson et al, 2000). Therefore, in order to maintain the mechanical
crank power, “surplus” positive crank power is required during the pushing
phase to compensate for the negative crank power (Sanderson et al, 2000).

— Purpose
The purpose of this study was to investigate the effect
of the difference in methods, a conventional method of
quantifying work by mechanical crank power and a
method of quantifying considers surplus crank power,
on endurance performance indices.

— Hypothesis

The magnitude of net crank power considering both
side surplus crank power is depended on rider’s
pedaling technique.

— Results
Table 1 The crank power variable at each relative exercise intensity.
Phtechanical Pret Psurpus
[W/BW] [W/BW] [%]
Pumax 5.0+0.7 54%0.6 9.5%5.0
Psgoivon 1.9%+0.3 29%+03 57.0+15.6
Pgoosvon 3.7%0.5 43+04 20.5%8.1

Note: P,y indicates the maximum aerobic power estimated by an incremental exercise
test. Psgo,vo, indicates power at 50%VO2peak, and Py, indicates at 80%VO2peak.

w0 Stage 3 Stage 5
SubjA~ 1730w 261.1 W Subj. A
400 Mechanical power
Pyax  :3521W
200 Psgopvon : 176.6 W
E o7 2 N X ) Pgooevon 1 281.7W
5 R R -
E‘-ZUO
600 - .
«  |SubjB 173.9 W 263.6 W Subj. B
E 400 Mechanical power
© Pyax  3117W
200 Pypovon 1559 W
B Pyovor - 2494 W
0 AN PEd STo. s S~ o rad
Ssoolet SNt ~-v N --- Legend
-200 -
90 180 270 360 0 90 180 270 360 see
Crank angle [deg] method

Figure 1 Typical example of crank power data in stages 3 and 5.

~ Discussion

1) Py, was higher than P
The negative crank power is generated during the pulling phase.
(Sanderson et al, 2000)
=»> To maintain the mechanical crank power, surplus positive
crank power is required during the pushing phase to
compensate for the negative crank power.

Mechanical *

2) Pgypius decreased with increasing work rate.

In lower work rate, the negative power is compensated by the
propulsive leg without active lifting (Sanderson et al, 2000).

s

Low work

=p Force application strategies
changed with increasing work
rate.

Quantifying power with

Py techanical May underestimate
the net power exerted by a
rider.

A
High work
rate cycling rate cycling

4 1T S ¥

When evaluating the power and work exerted by the
rider at low intensities, it is reccommended that surplus
power should be considered.

— Conclusion

A | A, 1T -

— Methods 5

* Participants

» 20 cyclists

(Age: 19.7 £ 1.1 yr, Height: 1.69 £ 0.04 m, Weight: 66.6 £ 7.4 kg)

* Protocol

» Incremental exercise test
Equipment
+ Electromagnetically braked cycle ergometer (Excalibur Sport, Lode V.B.)
* Respiratory measurement system (AE-310S, Minato medical science Co., Ltd.)
+ C-Line glucose meter (BIOSEN, EKF Diagnostics)
Data collect
2-3 minutes for each load stage (3 minutes stage)

Presenter: Yuta Yamaguchi (Ph. D)
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) Vayluables PMechanical [W]

N N ~ S : The sum of the power generated by
- - both side cranks used to rotate the tires
600‘¢\ & & Rl & or flywheel. In general, it is used to

quantify the work done by the rider.

PNe( [W]

: This study defined the Py, exerted by
the rider as the sum of the positive
power generated by both side cranks.

PSurplus [%]

: Relative power generated in surplus in
the process of generated crank power.
The formula is as follows:

Pyet [WI = Ptechanical [W]

Crank power [W]
Lo os
R
S

o

=200

%0 180
Crank angle [deg]

Figure 1 Typical example of the crank power

270 360

- - - Right side crank power

- - - Left side crank power
Mechanical crank power (Pyi,cpanical)
Net crank power (Py,,)

Pgyrpius [%] = x 100

Pytechanical [W]

w
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