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Effect of changes in jump tempo on oxygen uptake, heart rate and jumping motion
during a sustainable rebound jump
Ryosuke KAWABATAYD?, Manabu TOTSUKA?Y, Yuki SOMA®, Yoshiharu Ohshima®

Abstract

Sustained rebound jumps with a defined jumping tempo show the highest oxygen uptake in the 100-130
beats per minute (bpm) range. However, the causes of the maximum values of oxygen uptake and heart rate
at particular jumping tempos are unclear. Herein, we measured the oxygen uptake and heart rate during
sustainable rebound jumps with defined jumping tempos. In addition, a kinematic analysis was performed.
The factors generating the highest oxygen uptake and heart rate were examined. The subjects were 11 high
school students who participated in an athletic club. They performed continuous jump exercises at six
different jump tempos (70, 93, 115, 138, 160, and 183 bpm) for 6 min. The average oxygen uptake and
heart rate within 5-6 min were calculated. Motion analysis was conducted for the three leaps immediately
after 5 min had elapsed. The oxygen uptake and heart rate peaked at the jump tempo of 115 bpm and
decreased when the jump cycle diverged from 115 bpm. At 70 and 93 bpm, there was a tendency to repeat
flexion and extension twice at each joint after ground contact. At 115, 138, 160, and 183 bpm, there was a
tendency to flex and extend after ground contact. Therefore, the occurrence of an optimal jumping tempo
with the highest oxygen uptake and heart rate in a sustainable rebound jump can be attributed to changes

in the jumping motion.
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1. #& &

RREMEBATRE R U N v R v v 7, hy v 7k & oz oGBkiEs) Iz, Bkigr v R228se
32LC, THAAFWEE BEAIEA, 1973 Jetteetal., 1979 5 BHIZ2, 1990 5 FHHIE2, 1960 ;
/NINE2>, 1974 5 Quirk and Sinning, 1982 ; Town et al, 1980 ; IUZIZ 2>, 1978), L%t (Myles et
al, 1981), Humise /) (LU 2:, 2000), fii, ME-didRBIG oA (LME2, 2002), PL—=v7
R (Jonesetal, 1962) R EICEVATS, £DkD, 74PN L—=v 7 RfEFo <L ) DB
ICBEWT, REIMGEITEER Y Ny v PP Y v 7, sy v 207 vaREER, EHEEOHF o~
ICEBT BNEHEHED—-DOTHIEELZLNS.

FREk OGEB) e Z O G PELES T I3 H 2 —EOBE T v A CHEEBINE, Ao REESHBL 723
Hoim oz, MBROEE) T, A (1973) 13HaEA 10 B 2R e L, 1 [ElfE 1 Bk epk o
% 60, 90, 110 bpm (beats per minute) S UME AT 2 5 SABREEHEL o 4 FEXE O BRIE I HE L
72t ¥ OFRBEUE & HIE L 724558, BEEEEEIZ 110 bpm TREMERLZ EMEL T3, 77,
A & s (1978) 3B FR¥EA 24 %0 RE L, 8HEME (60—130bpm) o BkEEE Y <RI HEIE %
170 7o fE 58, MFREIGEIL 100bpm TlREEA /R L EWME LT3, —J, BHIE2 (1990) X5 T
KpE 6 B ge L, 78 (20— 180 bpm) DBKIERIICHIE L, % OLkiEES) 2 TbE7- L 2D
MEZAEECE, OHEEHEE L 724558, 110—130 bpm BICEEREIE, LHEBPREMHEICR S Z & %21
bhicLTw3, Lal, BARIES (1973), WAL (1978) oG CIIER AT L 21T > T
FoHF, BHEIZA (1990) O CIIARYERISITIC A, MR, BBtRHOMED A TH - 7.

Bk ONEB) - Z O GPERESNIC BT, BET v R R $ 2 T & S HAIRERE Y 72 b o BRRE [ $k o 1
MzEE IS BD S S, BBHIE LN OO REE2 100—130bpm THEF 2 & w5 2 i3,
DRI T v FHiRICE O CHEBIFIC A2 LS A O N3 REESE A b s, Lo L, Zhb o BhiES)
HoANAF AN =7 ARIGIHTIC XD R L 72 13 R o g, FRBk ONEE) S 2 o Bk EE) o IR EIE
FCO OB T iE 23 RS 2 RIS R ZZBHMEIC 1 72 o T 7R,

Z 2T, AT, ZoLRkBEEICE T, H 2 - EOET v R CHEEIGE, LB RE
6% R TIRE A, BREEEEDZ(LICRK T 2 22621032 2 L 2 HME LT, BRIEBIGE &L
DHEGECHZ, ¥4~ T 4 7 ZAR5HT. KO OBIE 217, BT L 727 — X OBE#EZ MG L 72,

2. ik
2.1 NRE

WRFE, GEEERICHTRT 2 BrEid 11 % e L, £/, WRFOGRNRHLIE Table 1 1TR L
7z, Trd, RWFECIEPRL 31 /P LEGFEM AN MEEERE 20 KR LR/ LT, BE
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Table 1 Characteristics of subjects

(n=11) Mean + SD

Age (year) 17.4 + 0.4
Height (cm) 171.3 + 6.3

Body mass (kg) 65.5 + 6.4
VO,max (ml-kg'-min™) 52.4 + 5.1
HRmax (bpm) 186.1 + 11.6

2.2 EBHFE

FERTIE A b e/ — 2 (SEIKO #H:8, SQ200) #fFHAL, 6 EHOBMET v+ (70, 93, 115, 138,
160, 183bpm) % XiE L7z, 7od, MBROGEHSCZ OGkEE N R & L -k ofmE clddkiET v Ko
REM—INTCahrolz7z®, MAOBET v RXEZITo 72, BITHERICE W CERENE, O
HBOBREME 100—130bpm THIHE L TWw 2729 (BEIZA, 1990 ;5 114 L FHy, 1978), 115bpm
EROICERET VR OBREERTo 7. £z, PMEBRICEWCBkET v RORIREAR 5 2 itk b
AANZESHB L 2720, HAZEIHBE LI WiR/NMRORIEciE L, 47, 70, 93, 115, 138, 160,
183 bpm ® 7 OB T v R CHIEEITI) PETH 572, L2 L, 47 bpm FEBRNRES A b/
—LDT VRICHETHIET 2 Z L BREETH o 72729, FERIVIC 47 bpm ZFR\ 72 6 FFHO BT ~
R #HEE L L 7.

WNREFIET v REBUE L7z 6 O Z 05 ER % 7 + — X 7L — + (7 v 7 Btk %, TF-4060)
kT o6tz AR TIIMOIR D IAZENEDOFE S TRV X ICICF2 Y <, EHEEL 1T
S XML, £72, FHEBRICEWT, MRECHIET v F L S 2 HE L T, % 05kigEs)
RiThe7-L 5, BUET v ERLE LR o772, 7+— R 7L — 55 b hIcErENn 5 LR
DPREEEIT S X 5 IR L, IERE R BER O E IS D VTR S HER L 72

KON TRy +— I v 2Ty 727w, | HoREREHE 2 BEICKE L. £, 3
MICIEH OFERTRWE S I HaRtkEx & b8 7. &k, &7 Vv FROMITIEFIZ T v X L CfTw,
TEATNEFIC X 252808 v X 5 Il E L 7.
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2.3 WRFEABIUR, LikoHlE

AW BEUE (maximal oxygen uptake, BAF, VOsmax), HRmax oI ic 300 A & 5
(Medical Graphics Corporation #1:#, VO2000), it~ % — (Polar 18, H2), HERET L I X —
£ — (Konami fH8, 75XLII) %#{HH L7z, MEICH V277 b 32—, 60rpm O [Ef5HEE, 90OW O
BT 2 S RIBREI L, % O%IZMESEE 2 RS 2245 1 98 Ic 30W FOWHEami+sb0chy, &
REICIIREESCET 2 T THBI S 2, 20k 2 OMBEBEIEL LI EHREL LCHVE. 7,
i (1992, pp. 14-15) ZRABHEZBNICF = v 7 F2HEE LT, VO 077 b —BROFH,
D O HEE X N 5 B 0 (HRmax=20-age) IC131$3% L T\ 3 Z &, Respiratory quotient (LAF,
RQ) >1.0~1.5, IMMHFLEEA 10mmol/1 LA Eic:# S % & &, RPE (FEAEENRE) 2319 H 5 0 id 20 D
5 0DIRIENTRCili-ad N3 2 EXHEBETH 25, —MBIICIZ5 2DiEE O 2 DL ERET 2 D
D% VOmax £ T2 LERLTVE. 207D, KFETIE, VODTT b —BHROKH, Eit b
EXINDHRELIAEICIZITELTWE 2 L, RO>1.0~15 D 3HHZME L2 L FICRABHITEL -
LHIMT L 72

Z OB YRSES P OREFBEE, OHIEOMEICE VT LI L 2 REIE R, e v —
R L 72, ARWFZE T3, FIERICT, FI5 0 TRTOBET v R CERRESRON 729,
MERIMEE: 5—6 20D 1 S OBEHBIUR - LI O FIIEEZ B RE OFRL L.

% VO,max, %HRmax 3% 7 v LI 1 HROBEEIGR, OHEO VL 2 L2 ik
BERENR, RE OB CRL TR L 7.

2.4 J17ERI I X B EE

AW CIE, BFREIE, CHEBOANERFOR—°, 1 BkigE ORBEESZE L et BE
L, 2 ToHET v R IE W CBRIEREA 5 R E L 2 EE2 b ikt L7z 3 B afrxtge L
7o, ZOLEEBI O & 8, I, IRBIET O AEERIT Fig. 1 1ICR L7z, RRELMF 15m o
NA 2 —F A AT (CASIO #h#4, EX-FH25, 240Hz) %Z%E L, 2X2cm O~ — 4 —% KA L 72 Bk
Rl 5 s VA, Kinr s, MRBAfih.G, SR, B5hREH) © 2 RITEET — X LIRIE~v—72
41T EARY 7 (F 4727 b8, Dipp-Motion DIG) %2FIHIL, TY 24 X%fTo7-. %D
%, 4 MERBREER L > THE LN 2 RITHEEE%, Butterworth digital filter 1T X - T AL
THz THHLL 72, %35, AWFSE Tk Z OGEEEBI S AR CTH 2 EIRE L THlT & T- 72, $ 72,
WERK N ZHEST 272010, 74+ —A7L—FE2HEH L. 2O NHERORERD T — 22025,
20N DL BRI E LT, BebieR R O 2 ko, N oRciifZ=rfi 2 AL, BiEmzHHL
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7=, 7ok, AR CITEIMNEEIL 9.81(m/s?) & L CEHEZIT - 7.

kit e = (EE ) IO JEE X F 22 ] 2) /8
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Fig.1 Experimental setting for motion analysis and definitions of joint angle

2.5 7— 2 ORI

RHFZECTlE, O i £ CORMFE Z T ONRE L. £72, FHRE QMK I Db
RIIOHRRE 72 o 72 3 PO HMIFHNICE L 2R % 100% & LCHfi ), BIfiAED 7 — 2 %2 #
L, 1%L L. T oic, & TONREOMIEK S, B IZSNRE OIS, B
EDRIRZ L ORL 7. 72, MR 3 RE OFRECHURL L, BRREBIE TN RE OIREH,
e[ CHIARAE L 72

2.6 HratuLe
FHEE B 2 FE R A TR L, AR T, BkET v R0 3 X 2 EERIE, LA,
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BEHRR OB N Z G35 720, BT v RO#E X ZHRK & L 72— BRI KEHE S T 21T, FHik
FRE IC Bonferroni @ f5ik% H\wiz, 7eds, #atfEtricis SPSSver.25 Z{HH L, HEKEIERE 5%
i & L7z,

Table 2 i [ZBKIE T » & & MR IBHUE, %VO,max, 0%, %HRmax, B, BEHDAER, Bl
TR R AET LBk T v K (spm (skip per minute)) %7 L7, VO,max, HRmax i3 & % 1C
115 bpm THREE (2N F1, 58.8%, 79.6%), 93 bpm THRAKMH (ZNF1 40.0%, 64.3%) A5 HIH
L7z 72, BEHORSRTIZBGET » #2538 22 L &b Ick 7 b, MZemefl R OB B LTIk k&
REEH NI 7.

Table 2 Physiologic and kinematic variables in jump cycles between 70 and 183 bpm

70 bpm 93 bpm 115 bpm
(n=11)
Mean + SD Mean + SD Mean + SD
VO, (ml-kg''min") 212 = 43 ©od 209 + 34 od 30.8 £ 4.1 abdef
%V0,max 407 + 80 od 400 = 64 od 588 + 6.5 abdef
Heart rate (bpm) 1220 + 104 <d 1194 + 129 od 1479 + 149 abdef
%HRmax 657 + 59 «od 643 + 66 od 796 + 73 abdef

Contact time (s) 0766 + 0.026 bedef 0577 + 0015 acdef (0420 + 0.033 abdef
Air time (s) 0.092 + 0.020 0.070 = 0.012 d 0.098 + 0.032
Jump height (m) ~ 0.011 + 0.005 0.006 + 0.002 d 0.013 + 0.008

Jump tempo (spm)  69.9 + 0.6 bedef 927 £ 14 aedef q159 1+ 24 abdef

138 bpm 160 bpm 183 bpm
(n=11)
Mean += SD Mean + SD Mean + SD
VO, (mlkgl-min!) 252 & 27 @abeef 225 & 26 ©od 21,7 = 10 od
%VOymax 483 + 51 abeef 431 & 46 od 417 = 39 ol
Heart rate (bpm) 1300 + 11.1 abee 1251 + 120 ©d 1228 + 105 ¢
%HRmax 700 + 56 abee 673 + 58 od 66.0 + 41 ¢

Contact time (s) 0327 + 0016 abeef (0281 + 0016 abedfl (0246 + 0.024 abcede
Air time (s) 0.106 + 0012 b 0.091 + 0.018 0.08 =+ 0.025
Jump height (m)  0.014 = 0.003 P 0.011 + 0.004 0.009 + 0.005

Jump tempo (spm) 1389 =+ 3.0 abeef 614 + 35 abedf 1838 i+ 30 abede

* significant difference (P < 0.05) vs 70 bpm; b significant difference vs 93 bpm;  significant difference vs 115 bpm;
¢ significant difference vs 138 bpm; ¢ significant difference vs 160 bpm; ! significant difference vs 183 bpm
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Fig. 2 1 \3%BkiE 7 v R 1c 51 2 e BAE, FRBEAN, FRBEAN o BT E DR ANNZAL S 2 — v &2 Bik%
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Fig. 2 Averaged patterns of joint angle during ground contact phase in jump cycles between 70 and 183 bpm
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Fig. 3 Averaged patterns of vertical ground reaction force during ground contact phase in jump cycles between

70 and 183 bpm
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4. % %

KiFFE T, 6 FEFEDOBET v R ICHUE L 7 Fift v RE 72 Z O IGBMEES) 1< 351 2 MERIB U L U0
A HE L7z (Table 2).

BHIEA (1990) FRFRFAE L ENRE L, ZoGkigEE) 2 1Th+8 7 & ¥ OMEREIE, Lif
BORWE L7z, 20k, BMET v REe 28, MEREIGE, OHBEREEEE L LT, HEL /R
% 2 REMFICIEPIL 72 & 2 A2 TOWNREFICHE T 110— 130 bpm TRERIBEE, LH8E b ICK&E
BRFOND L HERBELTWD, RO, Fd L 2RE OMREIE, OB oREEOHEE
(110—130bpm) & EBH X Z L, 115bpm (58.8%V02max, 79.6%HRmax), f{KfE1% 93bpm (%
NZ 1 40.0% VO,max, 64.3% HRmax) 12 B L 7=, 1L & Bl (1987) IZFAREN 0I8IE<TH 3 VO,
max %0 % 720 OEB AT O FHRME% 40—50%V0smax LHEL TV, & 6ic, HERADHS
B I 13% < D35 5 4L (Anderson and Mahon, 2007 ; Cheatham et al., 2000 ; Mahon et al., 1997)
S DREFIE 59.0—67.3% VOsmax Th o 72, AHFZEICH T 5 7 OIBEEES) 045512 93bpm %
W TOBET v EICE W GEBI AR O TIMEL SN2 40% VO,max % LY, 2o, PEEES
OEHRE S RATHIE TR I N, BABMECHIGT 2 EEME L ) bR ERE 572, F
7z, %HRmax |3 FF/GEB)IC 351 5 EHARGEB)RE O L S TH Y, ZofErREEEZ TR L7 115
bpm FETOT v EOF Tl b EIRENRKE W LWL L o7, 2 D720, Fiftnlinz 0l
WRRES) 1 EBE & Ol AADEIC LY, VOymax A EZEME LA L —=v 2L LCHIFITE 2
ABEMEASRE X, 115 bpm HitE OBKIE T v R AR b EHANEBEE S E R 2 S EBHL 2 L e o
7z.

HBkEE T v R BT 2 BT, BB, BBAfioEEsifEoZ{ (Fig.2) 4% L, 70, 93bpm T
I, RBEETC B Rl fEE 2 RV IR TEHAS AR O, Bk, T 3 BT A A fE L
BRI ER, MM EITY & T CM] L RRO KEBIEEZFAIH L CIEL T2 & 2ibh 3.
Bosco and Komi(1979) i3 ik 2> & i ~ D8 K < i, fifflRic X vigohzz A ¥ —13
e LTHETEZEAME LTS, $72, Cavagna (1977) ZfHfHiRA & fifEkE £ O R W
Ay, EAETEIGE R I S B ORI Z S v EHRE LCTw3, X 51C, Edman et al. (1978) (%
FfRIRIC X 2 BEREAN L, o MEREE ORINCIKEET 2 L 2 HE L T\ 5. KiffgEics T 5 70, 93
bpm @ Tl 3 BIETI B LI D) 50%2> & ik 2 4o T b, 2 N2 OB IZ 0.766, 0.577
WTd 35720, iHiREGE L BE E Tlds s L % 0.383, 0.289 B C¢H v, 115bpm DI (0.420
) L LCHEL otz S8, 7 v AT 3 BEIMHE & % 2 FEg 0 R 3k & iz &
JEEAS 1 B o BRIRIC 1) 2 ERARHGE, OO K 21T 5 2B 5 4%, 70, 93 bpm TikEHIE I
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Th 3 B A —EME L, CM] & RO KBIEEZTT S C &A%, MifhaRk2 & Al £ < o R o #iE,
i D ERIEEE O RINCE Y, MERIBEE, RO T 2B L 2 2 R X i rz,

—75, 115, 138, 160, 183 bpm “Cla M, FEAfIIC 3 T OMED 4 b 7=, 11135 (2000,
2002) (F7xdb & EHHICEH T 100 bpm X Y @ BREE T v R ICAISE O SREHEIAN T & Rk o BAH M
BIE A, BET v AL 2% & &b I TR, M- RE G ORI& SIS 5 2 L 2R L
TWw5, X5, G (2005) (b & CSHEBIH O TRROM, BE-7it: R B 5 0 #l & 2380 ) Fst 1 &
5.3 2 R 2SR & BRI 1skip &7z h OFEHRBIUERICEH S LT 2 iREZ R L T 3.
Z®72®, 115—183 bpm IC351F 2 BRIET v K OGN 5 BRI, OO KT 13 2 B 5
TEDR, M- ARG D EIE OREANIC X 2 B CH 2 ATREMEA RIE S Iz,

L oT, AWIED % DG EIEEE)IC 5\ C, 115bpm CTHEREBIE, OHEDSRESMEEZR L -EHR IR
70, 93 bpm & 115, 138, 160, 183 bpm D BkEEBH{E D\ I KK 2 ATREMEDRE & 7z,

REFFEClE, % OLBEES) b OBEREIGE, OB ¥ AT 4 7 27— &, Wl OB#E 2R
TLT, HEEOHET v A CHEREIG, OB R G R 3R K0 BRI E o R F
L0 %M L7z, Z D7, BEREIEDE 23 0 € IR BEGE, GBI E T 2 0 2RI IZE S T
IND RIS 2720 IIAMECIE L 727 — 2Tz, ¥37 4227 —Z20ECHEMLD T —
ZEBUSL, SHEICHET 22 & THERERIEONS EE2 3.

5. # &

A7 ClE, ZoGkEBEE)ICE VT, H 2 - EOHET v R CHRFEINE, AP REEZ RS
JRIR A, BUEESEOZLICERNT 2202 HMEICT 2 2 L 2 HME LT, BEEIE & OME D BIE I
Z, ¥FAZT 47 AW, ORI ORE 217\, B L 72T — X OB 2 ML 7.

Z DER, BAMEEIGE, OO REEZ 115bpm (58.8%VO0,max, 79.6%HRmax), RAEfHI3
93 bpm (ZMNZ 1 40.0% VO,max, 64.3% HRmax) ICHFH L7, 7=, 70, 93 bpm ic 351> T i3k
%, FBfics»CEihe EE 2 EE Y IRITHER2S A SN, 115, 138, 160, 183 bpm iCH T,
etz ic g, PRI MR LT,

D EDfER DS, RIFED % OIGHEEESR) IC 5\ T, 115bpm THHEEINE, LHRIREMEZ R L
7225 /1% 70, 93 bpm & 115, 138, 160, 183 bpm O BKEEHIIE D&\ I 3 2 FTHEMEAVRIE & 7z,
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