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Time-series relationship to achieve performance on rebound drop jump
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Abstract The aim of this study was to demonstrate a time-series relationship in drop jump
(DJ) from a pre-set state with improved performance. Twelve male college athletes performed a
DJ from a height of 0.60 m. DJ performance was assessed with a DJ-index (jump height/contact
time). Short-interval intracortical inhibition (SICI) was assessed as intracortical inhibitory cir-
cuit excitability in a pre-set state, calculated by using paired-pulse transcranial magnetic stimu-
lation for the medial gastrocnemius muscle (MG). The H-reflex of the left MG and the ankle
joint torque were calculated in the early phase of take-off. A significant correlation was shown
between ASICI during the pre-set state and the DJ index. Thus, we examined the relationships
between phases, focusing on time-series relationships throughout the jump period. The results
showed a significant correlation between ASICI during the pre-set state and %H-reflex during
the early phase of take-off, and peak ankle joint torque during take-off was also significantly
correlated with %H-reflex during the early phase of take-off. A significant correlation was also
demonstrated between ankle joint torque during take-off and the DJ-index. In conclusion, we
observed a time-series relationship between DJ from a pre-set state and improved performance.
A decrease of intracortical inhibitory circuit excitability in the pre-set state affects stretch-reflex
facilitation during the early phase of take-off; stretch-reflex facilitation results in the devel-
opment of a large force in the ankle joint during take-off, and this force develops ankle joint
torque. These findings may be used to improve jump performance.
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Fig. 1 TIllustrations of Paired-pulse TMS stimulation during pre-set. TMS was applied to the primary
motor cortex of the leg area using a double—cone coil. After the subject assumed the standing posture on
the platform, the coil was installed by the examiner on the stimulation site on the skull, and two types of
TMS (TS and paired-pulse TMS with ISI 3ms CS) were performed for three rounds each, for a total of
six rounds (a). Immediately after stimulation was completed and the coil was removed from the skull by
the examiner, the subject was asked to jump down and perform the DJ as soon as possible (b).



482 HH, o AL, AR EE M X

TIRLIHERR D 72O WS = GBI A U 5 A%, 2hid
T/ O active motor threshold D BIEXT G & 7 5 il
B (KW IUH D% 20% TOFILHEY) Lo & hi
DNS L 2B, FD72002, RIFFECIERIEERE %
RMTIZ X o T L7z, RMTII VAL CTEH o7z
REETH5 [ 3EORBEIZBNT, ETORESMOE
77 (peak-to-peakdEME) 2350 puV LU & 72 A58 &
L7-2020  MEP3RIEfMEIX, peak-to-peak IElE & L CT&t
W7z, TSORBGRE X, ¥ 1mVOMEP %4 L s8¢
B EEIZEE L, CSORBERELIZRMT D70 % 127X E
L72%. TSIZ & - TRaék L 72 MEP OiRiE % MEP resr,
Paired-pulse TMSIZ & » T# I S 172 MEP O RIRE %
MEP 3 & L, LUFIZRT & 912, MEP 346 % MEP 7psr
T L 72 HIxHE % % SICT & L7217,

% SICI(%)=MEP 3ms/ MEP 1gst X 100

T/, DI AT D WEMFOSICL % & I CTHlE
L, %% SICI & 525 L7z, L% SICIICH T 5
Tty PEEDOSICI (F Lty b % SICI) %21l % &
T572012, LTFORIHE L TASICI 251 LY.

ASICI(%)= 7L+t v % SICL(%) — %k % SICI(%)

JeATi7e? T3, MEP 2 #5695 720 OEEI B 73
B O 2 HI0E (5% MVCLLE) 124 - Tk
TH oI EPMESNTVL, Z2TRIFZETIE, TMS
DRNFEREE & g L 7- L L 7L &y NEECHISmHT o
TR\ HEN W & R MRS A 72012, SIS
D01 FHT 2 5 R E TOH 0.1 O F iUE G B % 2%
i LT, P EM (Background EMG) #48H L 72,

HR& BYREREOMEGHE, HEG % W CEF
fliL7-. HEEE, FEBESHMESRE (m2—0a/xXy s
S1, HARYEAR) T, LRGBS
ATV, EPNEIBEIE R A S RtEk L7z, BEUIETE R o H
Nttt A720012, 7+ —A 7L — MIJTORKEE
WHEE L — (AO-YZ, 7754 N4 —7 1 A48
RERELZ FLTC, EEACEEEx@EMEL, TTLS
ARy 7 2 (AO-2TTL, 7 754 F4—7 1 A%t#) %

I L7fGmz, EEMEZIES 527200 M) T—1E5
L7 DMIH—EEICXBREMENOREIE, R

BEMT 1 ms DM SV R & L7z, FREmRIE T+ AR
A (V-09103, HANGEMLR) 2 T, Bz EEE
DETIZH A ICEMEI, Pz NEIBEE R O fiE L
Rl L7, HEHOIRIEE L, peak-to-peakIRIE & L

TR L 720 MBGREE L, HRMPE D 15-35% 125 7E L
7208 F 7z, AEERATD R WA TH G

e L, R H T & e L7z BEOURETFRE o H
PG (BEEIREH S ZRHili§ 298 L LT, LUTFITR

LI, BEUIR H RO & i H RS TR L 72 % H-
reflex # F\v 7.

% H-reflex (%) = B U0 H U / 2085 0: H BSOS < 100

EBREE LY DJICBUT 2 HREELMET D720
W2, RAMEA X5 (Vicon MX+250 Hz, Vicon Motion
Systems*#L#) % HWT, O~ —H —%RA L7z gk
FHA 12 8 O A o MP BT IBTHE, E, A8, e
UH, KT, JEIEZSE) @ 3 RTCHIET— & 2 L L 72,
Wells and Winter® o 5% BT, SAREHI S5
WM Wk (205-2825 Hz) #REL, 4 ROMAHT
o 7w Butterworth digital filter |2 X 5 i b 7
7o T, WERDZNET S92, 74+4—ATL—
k2% (9281A; 9287C, Kistler f1#) % fv:7z. ¥ 7
) U W 1000 Hz & L, #EEESRX, Y, Z4
MO %, EARZERZN, A/DEHAR— FIZX o Tr8—
VNI a— N AATE FRIEEERIE, R
FAGRE OBERE T ICEAT Y 5 % X, e
Y@ $hE EmE A ZEE Lz ARBFZE Tl &RE
ECTOGN AT 7201, YZ P RSB B R &
T+ —AT L= T EHCCREME MV 2B L
7o RNV EREMT A0, THERE, B B
FUORBIEICREIL 722K ¥ 22 T ALY M ET VR
HisE 172, F 72, Free Body diagram{Zd &0 &, &
SOENIAER TS MV 2y B FRERIC L D EH L
7o RBAET v 2, FEOEARE LAWK L o
T AL LR RERAMEE L. GIREL
SEMARKB L Oy A v NEOE, PP o
Wiz B, EEEo MV, KEYIE, TEYAL
L7z

DIINTH—< > DJ/37 4 —< > A0, Bk
W A I TR L 72 D] -index (m/s) % w729,
ETOFRFIIB VT, SMEBELDOWRE (10 N % 3%
HE) PO 2B IR & FEMb IR 2 S L7, BRI
ZEWE M & EITNEUE % FvC, Asmussen and Bonde-
Petersen® 75k L7z HH % T2V LT o AR %2 H
WTRB L.

e =01/8 - g - (EZeiEf)? ¢=9.81 m/s%]

FHEHE & TCoBEMEHIE, 10HOFREOFIYfHE + 12
HERRGE TR L7z, WIBERE A 12 33 1) % Background EMG
DEOWGE, 72, 63EOTMSHIMZHF (1-3%
H) £%F (4-6 38H) 125F 728D MEP 1psr B8 & O
MEP 3, DZEDKEIZIE, GO B THEZ Hv7:.
BHEOBBREIZOWTIE, €7V Y RERHEEREEH



Ny 7T 2 7 ORERYIHY 7 E Bl B 483

Wz, FERETETOEBIZBWTO% A E L.
#w R

Fig 2123 HEHB LT Ly NERIZ BT 5 AR
575 Background EMG %75 L7z, € O#E%, FEMICH
HEEIBRO N7 (P=0407).

Table 112I1ED] /87 + —~< v A, EEEIRNERE NV
7 OfE% R L72. F72, Table 21213 Paired-pulse TMS
WKLo TRFELAEZHEEBIC Ly 2B
BHMEP 1gst, MEP sn, SICI, 7Lty MEIZBITS
ASICIOfiE % 7R L7z, Table 31213 % B X OB
2B % HEHRIEM, % H-reflex DfEZ /R L 72

HiETHREY, Lty MED 6 5D TMSHIE
WCETLIEMIIBLIZURTH 72, Tolzn, HlE
BE%IC & > CMEPIRIEMEAZIL L T2 2% iERT 5
VDD -7z 6 O TMSHIEZw: (1-3%H) &
%P (4-6%H) 125517 T, MEP 1est B £ 'MEP 35
DEDEZHE L7 A, WTFhORMD F &%
D 5N 7% h o572 (MEP 1gsr © P=0.167, MEP a6
P=0427). F72, 7Lty MRPIZ—FORTLD AR -
TETWRWRE)DEHRLIZE A, FIBMEIEICR
DIZR OGN o7, &5, arba—LETLty
FEFIZBUITAMEP st DR S 2B L2825,
FRICAEEREIRD SN LD o7 (P=0062).

Fig. 31213 DJ 2B 5 MEP i IE & PIHIBEIE 555 Bh
WG A Fig. 4 1\IEEREIC B 5 HIEHETEZO
Bl 2R L7z,

Fig. 5121%, FRENHHIEEOBEEOHRETH 5
ASICT L M % D] /87  —< ¥ ADIRIETH 5 D]-
index ¥ OFRER L. TNOOEBMIZITHEEZRIE
DOHBEBEFR2F2D Hit7z (n=12,r=0727, P<001).

CIA5IEDIIEBITA T LYy ko N E
B OB, BT OMEREE, )5 A7 e B EE

o

—_

o
1

0.08

0.06 r

0.04 r

0.02

Background EMG (mV)

Pre-set

Control

Fig. 2 Comparison of Background EMG in medial gastrocne-
mius muscle on control and on pre-set condition.

There was no significant difference between control and pre-
set condition.
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Table 3. Mean and individual data of H-reflex at rest and take-off, and % H-reflex.

Rest Take-off
Sub. H-reflex (mV) % H-reflex (%)
A 2.12 6.80 320.75
B 5.05 14.32 283.89
C 2.60 8.58 330.15
D 2.30 4.30 187.00
E 7.43 8.24 110.95
F 543 6.03 110.99
G 6.91 5.11 74.00
H 6.54 5.31 81.18
1 8.12 5.21 64.15
J 2.63 16.03 610.55
K 2.58 3.97 154.33
L 4.46 3.91 87.70
Mean 4.68 7.32 201.30
SE 0.61 1.10 44.59
Touch down
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Fig. 3 Typical time-series data of EMG in medial gastrocnemius muscle from TMS stimulation on pre-set to landing on D].
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Fig. 4 Typical data of H-reflex amplitude recorded from gastrocnemius muscle at take-off on D]J.
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Fig. 5 Relationship between SICI during pre-set and DJ-
index.
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Fig. 6 Relationship between ASICI during pre-set and % H-
reflex during take-off on D]J.

T2OIEBE R ENTE L CWAHRE ML 725D T
HHZENEZLNDL. SICIZH W Tohfse
T, WEFPERINZBRICFHEEOMBEEL KR
AT BT B VYT, BEOERIZSICIZVME T35 2
L3R MO L — = 2 Ik o TR
R ET 5L, ZOHBEOIFEEROSICIZVMET T %
CTERENHLPICENRTWEY,. Zn k) ASICIO
T, FIof GER = 2 — o o 2 IR ER L S ¢
TR ERN RIS HMNIREIC R > T0WD I %
FIRLTWAEY, L7ehoT, Sty MIZERENT
filE O BEEIME T35 2 &%, DJIZBWTKE R
JI % FHET BIMPTIREEIC 2 o T B Z E 2 RIET A D D
ThHY, TNDED]DOINT + =<V AR EmD 5120 DH)
WA 2Eo TV AT REMAEZE 2 b 5.
DJIZBT BT Lty o B PN a0 ]
REEL ST 3 =<V AL OBREDLHS 2R o727
¥, ZOMTHE L 2 B - NEHI i o BAE %, Bk
DAREFS 5 & O HFN A7 R v 2, o8
T d =%V AR L RERYI BB E 2D W T

40 r
y =0.003x — 3.487
n=12
° r= 0.576
P <0.05
2.0 L L L L L L )
0 100 200 300 400 500 600 700

% H-reflex (%)

Peak ankle joint torque (Nm/kg)

Fig. 7 Relationship between % H-reflex and peak ankle joint
torque during take-off on D]J.
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Fig. 8 Relationship between peak ankle joint torque during
take-off and DJ-index on D]J.
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Fig. 9 Time-series relationship of DJ. Above time-series relationship showed that the black line was item indicated in the pres-
ent, gray line was item indicated in the previous study. We observed a time series relation during D] from pre-set state to per-
formance; decreasing of intracortical inhibitory circuit activity on the pre-set state affect to stretch reflex facilitation during early
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