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A Case Study on Mechanical Power Output and Physiological Intensity
during High Intensity Intermittent Exercise by Collegiate Wrestlers
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ABSTRACT

The purpose of this study was to compare the differences in mechanical power and
physiological intensity during high intensity intermittent exercise on a bicycle
ergometer by wrestlers of different performance levels. Three members of a
collegiate wrestling team participated in (1) incremental load test to determine
aerobic work capacity (VOsmae), (2) a maximal anaerobic power test and a 90 second
Wingate test to determine anaerobic work capacity, and (3) high intensity
intermittent exercise (20 sec X 8 sets, 170% VOamax) on a bicycle ergometer. Bicycle
ergometer was used for all the tests. Mechanical power output, oxygen uptake, and
heart rate were measured during all tests. Oxygen uptake and heart rate were
recorded over time during the recovery period only after the completion of high
intensity intermittent exercise. As a result, the ratio of power output of each athlete
was calculated. Athlete A was able to perform at least 100% until the third set, B the
fourth set, and C the third set. The average power of A (6.3 W/kg) and B (5.7 W/
kg) tended to be higher than that of C (4.3 W/kg). Athlete B (9.6 ml/kg/min) had
the lowest oxygen uptake at 2 min post-exercise, while A (12.8 ml/kg/min) and C
(12.8 ml/kg/min) showed no significant differences. Athletes with superior
anaerobic and aerobic work capacity among wrestlers did not exhibit higher
mechanical power output during high intensity intermittent exercise, and athletes
with superior wrestling athletic performance tended to have smaller repetitions of
high intensity intermittent exercise and smaller reduction rates during exercise.

Key words; Wrestling, High intensity Intermittent exercise, Physiological intensity

E L EERFERER AR =Y - ¥ A7 L4788 (Graduate School of Sport System, Kokushikan University)



7747

I. #&

il

LAY ¥ BB RSV LR L v
FERD NGB TH L. HDOFRA » MR
TAH2DIENNT—, AE—FBXUOFr7=v s
PEEZFEHTHY . B 2HHEHKICIB TS L
2 v TERFOERITNE % AT - 720 ICB VT,
BNTWBRFIIRKRG, Hi287 —, R
287 — L REN ORI B X OHIRF I E N 2 & A
SN TWD Y, BRI 35 M oES, 30
BOKE X 2set TIrb L, kAR 1 BLAE N #HH)
HRIE1E 80% HRmax Db R EEIEB) I X - THT
DNTWDEY, TD720, EWHIISEZE MRS
LEENDUETH DL eNbnrb, LHrL., Wi
HENLEDLLEHTH L0, FMHICETORED
ERLTHIELEHLL, BEFORT 3+ =3
AFHIIR ML —= Y T ORE R ST —F OREER
KXo THEN S Z EDBUIKTH B, ZORE
LAY Y TEHOATIER L Mo E
(FHERZEFL L) ITBWTHHEMY L -ENH
bo ZDID, BHAILE L F 3T — 58
7 —FEHR A RS B L\ o AR 2 B
LTI Z T2 2 L2k o THEENIGETD
NI =V A%RFETHIENTELDOTIER
WwWinpkEz 7,

LAY Y SR EFM L2V A v 7 oRITFA
AHIEH) (37, 0B IRE x2set) IZBWVT,
HRRDPENTHWEEFIEILE->TWEEF LD,
BFIAANE, EEFET 55015 OO D A
BREPoZEEXHMELTVDY, L, 2
DOFFETIEFN L -2 emftds 2k
L ML ==V Z BT BOAMNBREER T
ZENEEL V. LAt T MBI HFROE
WAL REE 2 2 HIRBH IV I X — % — |2k o T
R R 19 5 B R ) 2 4T o 72 BR O BB /S T — e
B X OEBY R RE A 5@ T O - % 479
TlrnEzi, FIT, AWSEOHMIE, %5
LAYV ZBHGRPPAHER I LT A — 7 —(2 X
% [BR B Ty ol BE S B i D BBk Y 287 — e B X O

FNE - #EF - WA - T - ik

ABREBRE OV EZ I L, LAY V7
DRESIFHMI# L 72 A S 22T 5. IRFEE
LTy VR Y7 HERPENL TV LETE,
— W AT T A PIZBWTIZRE ZEW I R n
A5 HEZHIOL T A — & — @ BR 19 78 5i R B 12
BT ERHAE WM 2R T &% 27

I. 5 &

A WRE

WREIX, RFLRAY VIR T 55 1L
A v 7EF3SL ER 21210, R 167+
lem, fAHE :70+x2kg) x4 L L. WEHIC
T ORI E. NEZHIIL. EEZno
FMEEZHz. B, AL, ELEERP Mm%
TEEHS GRAEFT 522028%5) OEKEEGT
FEhti L 720

B. EB&T Y1

EXRE AHMOERIZSM L7z, $1H
HICHBEHMEMESERE)) TdH % Lactate Threshold
(LT). Onset of Blood Lactate Accumulation
(OBLA), Y — 27 Won/,87 — 1o % EIE
(VO2) BIOWOHE (HR) #EHIIT 272012,
T T—MI—=TTAMefTolz, H2HHICHE
MR TH S ATP-PCrROEEN 2 KD % 72
DI AKIERFENNT —T A M &7z, #3HH
IR FVERE)) Ch B IR R DRI 2 KD B 720
1290 fP ] Wingate 7 A b #4772, #4HHIZL
AN ¥ 7 & L L 7 8E) T B B R
B 21T o 70 BIRIERELEEIZBWTIZ, 7
v N4 7 (wattbike, HAH A 7 A4L#, HA)
IZTATV, Z2OMoRE TIRERA Aoy I
A—%— (powermax. COMBI#:#, HA) 1
TiTo 720

C. E®7sOobrall
1. BBRRMEEEHDEE
WHEIZT IV TF— v —TF A MR, B



RKEFEL ) D TRFICL BRRNSRE ST OMEMA /T —RIE &

EIRPRESNEE ISR T B BN

TR 2 e U ze T8 H il b LR
23 2mmol/LWCT& % LT, 4mmol/LIETH %
OBLAWK D37 —, VO, B L UHR, AT —,
R FRFARIE (VOoma) «  #i o Il F FLIR A 2 5K
W7ze RPN AR R E AT 150W 2 5 2 554
30W Dl ¥4 & AT\, JEF IR FE TIT o 720 1R
BUL 60rpm (2 THT o 720 I AZLER 1 i A LR )
LR (5277 —1Fpro2, 7—27 L AE, HA)
KXo THEAT— YV ORKIOIFIZH R L ) IR
mi. FE8YEEEE (RPE : Rated Perceived
Exertion) ¥ ZMLHIFR LIFTRT L9 R
L7zo BB, IR A0 ee (AE-310s, 3
F PEREAE, HA) B X OVHAEGER (V800,
Polar, 74 Y7 F) Z@EFICEEL, VO, B
L OHR %5 L 7281 &7 VO, 1E 30 B8 12 F
WAL L7260 VO DERICOWVWTIIBE LI E S
ZIZLY, ORFEEREOT T b —HRQF i)
LHEE SN DDA (R A% =220 - 4F
) 25 10dH 720 mEOHE £ 10 bpm 123#E L
TW5D Z &AL AY 1.0 & 1.5 2L L@RPE
319 F 721320, TNHOFREOH NS 4D
W72 L D% VO MBI L EHRL, 155
N72VO0: % 30 I FEIHIL L K % VO2max
LB L7z Fo, M FLERIEEE O i KM E B
TSR, 150 350 b BICH D HERIL
L. TOmAM (Lam.) ZrHIMEE L Citskl
THH L7,
2. mAEMR/INT—T X (MANP)

MREIRKERFZ T —T A B LR
M Wingate 7 A t 217\, MERRSEMEIESERE ) 2 51
WLz BREBEHR/ ST —7 2 boilFi, 10
BHE Ry v 7, 250 KE % 3Setf7 - 720
Set X ICHIEHEOAM A NS EIT-72 (Hik
HOAMIE, WM AMEE, 2set HPABEIE, I
D set DEFEEIZ L > TAMEZIE L),
3. 90#M M Wingate 7 X

Wingate 7 A s ORI IZ, A% — FEHD5 90
BMENRT) v 7w lfiolz, AMIZEKENTS
% & L7zo WEEHIZ0 BB ORI T —

(Mean power). #xi/37— (Peak power). i#
TR O B E R RIEGE (Peak VO,) % EHIL 720
F 72, 90FS I all-out B ORI 10 B A5G W %M
VEZEBE ) DIRIECTdH 5 Critical power (High b
ANV F =D L VB0 J8HE L) 5 2 &A% T
ELNT—=Thb) LELLAEL & LMEND
57200, ARFEIZBWT, KRI0BHOF3
77— (End power) %R 7z 1M AHFLERILIE DA
BB TR, 1507, 350, 5 HRICH A
PO L, EOKAME (Peak La) ZaMHAMEE
LCRddk L TR L7
4. BIRHEEEECH T B /N7 —REBEOEIE
AR TIRIEATEL ZE Y 1T, KRB ONR
P 2B PR ] & AR ORI T 57280, &
NRTY) ¥ 7E200, KEZ 10 x84k L L,
TRENHE T 1% 5 55 2 AT 438502 & % A A2 % 5
FkL 700 EEBREEIZ170% V Oomax IS TIT o 726
PFFIEHIEFE IV T X — % —ON) — 58l % 1Hz
T &2, VO % lbreath TEIZFHII L 720 FHIN X
N72V0:id3breath T & IZBEIES 217, E
1LxAIT o720 F720 VO B X O HRIEEE) ) 1] A
5IEENE T B o MAESA T TRIFIICERINL 720
WEIH T HOZM R VO, B LU HR DA (fast
component) R 1-27FTdh 5 &) BT
787 #BEIL., EEI25HDO VO, # sk L 72

m. # X

#1215 25— A —7F A M, MAnPB &
0 R[ Wingate 7 A b DFERZ2 R, AIEENE
¥ERNERDDLIDOIAT-725 7 F— VN I—=TF
A OFERIZB VT, EREEICH 725 LT, OBLA
R X7 — 5841, BT (LT : 147W, OBLA :
202W) Asd <. AT (LT : 134W, OBLA:
188W). C#TF (LT :139W. OBLA : 188W) &
HFEVEDLLLWEINER Lz, F72, B
3725 VOomax B LV Oonax RED 23T —FEHEDAESF
Xy ART (VOuma : 549ml/kg/min, 787 — :
275W) D E < BiEF (VOomax © 47.0ml/



~76~ A - B - WA - FE - fE
x1 EBBRFOBHAEEOHER
e B AEF BEF CORF
Power@LT W 134 147 139
Power@OBLA w 188 202 188
Power@Max w 275 257 228
VOsmax ml/kg/min 54.9 47.0 48.3
Lamax mmol/L 15.4 10.2 7.1
MAnP w 865 831 833
MAnP Wikg 12.5 12.2 11.6
peak VO, ml/kg/min 56.8 494 49.1
peak La mmol/L 15.6 13.5 12.6
Mean power W 416 355 406
Mean power Wikg 6.0 53 5.6
Peak power W 751 738 829
Peak power Wikg 10.9 11.0 11.5
End power W 257 231 260
End power Wikg 3.7 34 3.6
kg/min, 287 — 1 257W) & CETF (VOsmax 7—i%, AETF (6.3W/kg) &BEF (57W/kg)

483ml/kg/min, /87— 1 228W) XZH T LD
bW 2R L7z, MERFEIESNRET) (ATP-PCr
%) THAHMAnPIZARTF (125W/kg). B#EF
(122W/kg) 2SCET (116W/kg) X h L
WM Z 7R L7ze F 72, MERERIESERE ) (FRRER)
TH 590 Wingate 7 A F DFEHRIZB W T,
ST —I1F ART (60W/kg) b EL. B
#F (53W/kg). CiEF (56W/kg) EHFDE
boLRWEHAIZ R L7z S5IT, ¥—=27 87—,
C#ET (115W/kg) b E <. ART (109W/
kg). B#ETF (11.0W/kg) EdHF Y &b S R
MAERL. Flo BRI0BHOFE 07—,
T CTREZEBVIZWETZR L2 (AR
F 1 37W/kg, BET : 34W/kg, CHET : 36W/
kg)o F72. peak VO IZBWTIE, VOupnax WX
L CTEETFH100% VO L LTH - 726

B 1V 4 B AR 0 55 i S B P D & s T 0 X T —
OWRTNIZEAL 2 % Ly (X212 0 [ 0 5 56 B S B
T OZRT-O I T — 203 % 78T — OHHE
DOWERINEAL % R o RBFZEDRRBETF- DI %

BCETLY (43W/kg) WV EAIZR L7z, F
72y Iset HO/X T — 1258 L TORKEKD /T — (3,
B#ETF (895%) 2TA#ET (720%) & CETF (688
%) Xh@EwnER L7z, Fo. AREFZEICBLT
% TR ) v 5 B2 R B O B A 13 170% V O2max 12 3%
EL72e ZORGELZAMIIH LT, FEFO/S
T—DEEFIR LR A®T)3set H. B
T2 set He CHEF233set HFEF T100% LA LT
112720

B0 312 B AR 1 w8 5 i S B rp ) 45 T DO R SR 1R
i B L ONA OB RAVEIL E 7R T

MR FEEREEH O VO, B L O HRIZ, A%
F25440ml/kg/min, B#EF%349.7ml/kg/min,
CETA459ml/kg/min TH > 720 FHET VOonax
ZxF LTy AETAY80%VO0omas BT 105%
VOomass CEETHE95% VOomax TH o 720

B0 41203 R R Y 8 0k S ) 1 D B SR AR & 0
M E RS o ABFZETIZ IR SR EE B £ o [n]
R EWHS 2T 5720, EERTHOVO, B
L OHR Z RBIEIICEHI L 720 T 0GR, EEhik



RKEFEL ) D TRFICL BRRNSRE ST OMEMA /T —RIE & —77-

EIRPRESNEE ISR T B BN

ABF BEF CE’F
700 7
600 7
500

2 [T e AT

Power (W)

0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210

1 FARNEEREESPOZRFO/NT —DOERIIEL

AEF BEF CEF
150
125 1 1
£ 100 - 1
575 . .
;‘: 50 1 1
25 . E
0+ T 1 r 1
0 100 200 0 100 200 0 100 200
Time ( sec)
K2 BRES®REESHPOERFOBENT —(HT 5/57 —OMEIHEDEFRINZE(L
— VO,
AEF BiE&F CEF — i HR
60 1 - 200
E 50 E 180 _
£
. o =
5.’. 20 1 120 -E:‘
- 10 100
0 80

0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210
Time ( sec)

3 HARNEHREEHFOZRFORFENES LU CHRBORRIIEL

— Vo,
— IHR
AT BiRF CillF
60 200
% 50
E 150
Z
230
g. 20 100
> 10
04 r x : ! . r + 50
0 100 200 300 0 100 200 300 0 100 200 300

Time ( sec)

4 HEXRMEBEEDNRORFIENE OB

HR ( bpm )



7787

T2 %OV0O1EB#ET (9.6ml/kg/min) 2% D
K<, A®ET (128ml/kg/min) & C#ETF (12.8ml/
kg/min) EHF Y RKRELENILWEHIATH -
720 F¥720 HRICBWTA#ET (156bpm) 298
<, BiETF (127bpm) & Ci#ETF (130bpm)
EHT D REZENILVHAITH - 720

V. & ¥

A BXREIEHREEEPICEH T IEMAI/NT —F

B EEBFRERME

KRR DORER D O W GET-OFI T —1d, A
#EF (63W/kg) & B#ET (5.7W/kg) »5CE
X0 (43W/kg) Bz RL7: (K1), F72.
Iset HD 287 =123 L CTOED /T — 12, B
F (895%) ATAETF (720%) & CiETF (688%)
IyEnEnER L (K2) 720 AFZEICH
VF % MR B 1 5l P R B O AT I 170% V Ozmax {2 7%
EL7ze ZOiE L-AMIZH LT, KBTS
T—DEEF LR, AT 3set H, Bt
Fhidset H, C#EFAH 3set HEFT100% L ETH
5726 20m AT Y ¥ MEZKD R LT EE) Z AT
S T2MZEIZB VT, IO set T CTIEMM SRR
R L BRMEAVR E . I S BN T T
A BRRMEIEERE ) E BRMEDVR E NS T & 38
HINTBY Y, KWL L 3R % LR TR L7
KT DORGE R O FERFEAEHETITH S LT,
OBLAEB#T (LT : 147W. OBLA. 202W) %
BbE <. A®ET (LT : 134W. OBLA. 188W)
BIXOC#ETF (LT :139W. OBLA, 188W) &
KELEVIILWHITTH 5720 —F Ty VOomax
Tlx, A®RT (549ml/kg/min) & d <. B
HETF (470ml/kg/min) B L O C#ETF (48.3ml/
kg/min) EHF VW KEREVEHTTH > 72 T
YaFNY=TOLAY 7 EFICBIT D VOumx
138 - pEMA DY E LT526ml/kg/min
THHILEWMELTEY Y, AFETIXARET
YA, iz s Lz, Lzds> T HigHE
IOV TR — % =BT B RN i ol BE ) o 2 X

FNE - #EF - WA - T - ik

7 — SRR 51213 AIREEHERE T Olh)
EPLETHEIENEZLND,

B. MIRMEEEEENRICH T 2EEZHNE

EIETHEZO VO2 1 AETT40ml/kg/
min, B3#EFT497ml/kg/min. CiEFT459ml/
kg/minTdh - 720 F 7z, B T 202 DOVO213,
AETT128ml/kg/min. Bi#T9.6ml/kg/min.
CETT128ml/kg/min Th o7z (K4), LAY
Y7 ORATAAEE) (35HED), 30K X 2set)
TS5 BOHRIE, EEELAXVOEFIZBNT
XD WAERPENLRVOEFLY)RKEP o722
LWL TWwEY, WEHT 1-241% D V02
B L OHRIZZATHIZHA L (fast component).
UL, BEERDICEET A2 el snT
WAL K52, EAEDIIFETHRRD /ST —D
WAEIUNE WG DIE, fast component DI EEL
DN Z &R OPHEE I DS N T & AR &
NTWRHLR, Lo T, VAY Y IEHICS
W, RTINS TR —Fsi A MR 5 2 L.
HEEZRE 2 L85 2 & THEE P OAHED
LD RIS ELBNPLEIIL>TLSHD
Tl Ezbhb,

V. ¥ R

ARFZEOHIE. B D LAY ¥ FiEHETF)
HEZH TV T A — & — |2 X 5 [0 & i i i gy
ORI/ T — 8B L OV B R 0 &
ZHBL, LAY Y ZEBEOREIIEHIGI#E L 722
B ol Lz, AWEICBITR LAY 7%
FHOMEEED X CEEREEERIPERTY
% 33 T\ 3 P R 1 o i B ST By v D BRI 2 X T — FE
D3, LAY VIR IPERL TV
BEDS, BRI ETR B O AR L OEE)
RE DA S T & 7R L7z,



RKEFEL ) D TRFICL BRRNSRE ST OMEMA /T —RIE &

,797

EIRPRESNEE ISR T B BN

51 ATk

1)

2)

3)

4)

5)

6)

7)

Garcia-Pallarés Jesus, Lopez-Gullon José Maria,
Muriel Xabier, Diaz Arturo, Izquierdo Mikel :
Physical fitness factors to predict male Olympic
wrestling performance, European journal of
applied physiology, 111 : 1747-1758, 2011.

Chino Kentaro, Saito Yoko, Matsumoto Shingo,
Yanagawa Yoshimaro, Ikeda Tatsuaki, Kukidome
Takeshi, Fukashiro Senshi, Sato Mitsuru : A
300-m intermittent running test to evaluate
whole body endurance in wrestlers, International
Journal of Wrestling Science, 2 : 25-35, 2012.
Kuki¢ Filip, Markovi¢ Milan, Zari¢ Ivan, Toski¢
Lazar, Mudri¢ Milo§, Radovanovi¢ Dragan :
DIFFERENCES IN METABOLIC AND
CARDIAC RESPONSE DURING RECOVERY IN
WRESTLERS OF DIFFERENT COMPETITIVE
LEVELS.

Borg Gunnar : Perceived exertion as an indicator
of somatic stress, Scandinavian journal of
rehabilitation medicine, 1970.

I EE], KR F B O R,
1992.

Dekerle Jeanne, Vanhatalo A, Burnley M :
Determination of critical power from a single
test, Science & Sports, 23 1 231-238, 2008.

Di Prampero PE, Margaria R : Relationship
between O 2 consumption, high energy phosphates
and the kinetics of the O 2 debt in exercise,

b B

8)

9)

10)

11)

12)

Pfliigers Archiv, 304 : 11-19, 1968.

Aguiar Rafael Alves de, Turnes Tiago, Cruz
Rogério Santos de Oliveira, Salvador Amadeo
Félix, Caputo Fabrizio : Repeated sprint
performance and metabolic recovery curves :
effects of aerobic and anaerobic characteristics,
Applied Physiology, Nutrition, and Metabolism,
40 : 433-440, 2015.

bk RAE, HRAR = VIR Y5 — N
TH =R VAAR=Y ¥ —, EVAR—VF
FEI— T4V NRAF 2y INY Ty
HIPEICEE D W27 2 — S ORI L
KABEEE G, 2020.

Kilding AE, Fysh M, Winter EM : Relationships
between pulmonary oxygen uptake kinetics and
other measures of aerobic fitness in middle-and
long-distance runners, European journal of
applied physiology, 100 : 105-114, 2007.

Dupont Gregory, McCall Alan, Prieur Fabrice,
Millet Grégoire P, Berthoin Serge : Faster oxygen
uptake kinetics during recovery is related to
better repeated sprinting ability, European
Journal of Applied Physiology, 110 : 627-634, 2010.
Takei Naoya, Takahashi Kenya, Kakinoki
Katsuyuki, Hatta Hideo : Relationships between
rate of increase in post-exercise blood lactate
concentration and performance of short-term
high-intensity exercise in track athletes, The
Journal of Physical Fitness and Sports Medicine,
7 1 253-259, 2018.



