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Summary of Eccentric Overload Flywheel
Resistance Training

S,
WENG Yingying, WEI Hongwen'

W OE: TS R AT 2R AR X AT AT IR B B S A AT A ALY 48
AR R I BA e IR BEAY 2 LA Ty, B IUA A LA 1] i e iE 3 TR A
BE ARG ALE] . B AR B AT RAE AL ZRIR TR ALR R A K2 K E BT 69 LK 245 19)
A, Je RAGE A B R FATK,, B2 AR R B KPS BUR T . B S AR BT AR AL L) 2K
2 A A FHUE R 1) B S BB e 5y BRI B AR IR OB G R B IR R, 2) 4R BAT 2L
ARERA ., BORAT RN AERLENNZHE R LFALERAT BZARAL,
A TR 8 B A4 AL B S A P ARAD 22 R G 09E Bk T E B AR B AR TR
BRI G ELER KT IGMILAIER AR GAP 23E 8 L TR N F ) %
REEIR: &SV A R AT A D SR AV 2 LA R4

Abstract: By summarizing the research on eccentric overload flywheel resistance training, this
study aims to clarify the origin and development of eccentric overload flywheel resistance train-
ing as well as its advantages and disadvantages, explore the mechanism and its abilities of im-
proving neuromuscular function, increasing inter-muscular coordination and the recruitment of
motor neuron units. The eccentric overload flywheel resistance training originated from the
training of astronauts, tackling the muscular atrophy problem of the astronauts in the weightless
environment in the aerospace, and it was gradually applied to the field of rehabilitation and then
to the field of high-level competitive sports. The eccentric overload flywheel resistance training
is affected by two physiological mechanisms: 1) The increased load in the eccentric stage stimu-
lates the muscle stretch reflex. 2) Improve the ability of motor neuron recruitment. The eccen-
tric overload flywheel resistance training has obvious effects in improving muscle atrophy and
daily life performance in elderly people, and it has superiorities in injury prevention, rehabilita-
tion and adaptability of the central nervous system. Furthermore, the eccentric overload fly-
wheel resistance training is better than the traditional resistance training in the aspects of the de-
velopment of maximum strength, the increase of muscle hypertrophy and improvement of neu-
ronal plasticity.
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Wt 5 3 i 7K SR Bl B8 2 R (AR T 4 o, 38 3 B B R B I SR R . A
BRI RIE ) AR RENZ R K EE R E 2 —, T & 52N R, 72 N T %
izl g, DLz BLRE = B AR (Lloyd et al.,2014) o Sy &l gty ¥ 2 R 7 ik, il i
B L AR B R AR S B SR U AR BE N RE ). SR EIIG R Z M A ER
FIE & HUBEAT e BT 52 3R AW ) 2 b 1R i SE e FE4R G0 ) & GRid /e v
JULPRILE AN [R] 5 347 £ B TR BT 5 M BEL 77 4 DK /N AN [8)  JUL PR ZE R i et T . IR 10 s K BHL 7 2 L
DAL i 0o WS 48 £ 85 K §71 i (Norrbarand et al., 20100 . PR, 726 4% 48 1 BN 2R 3, LIA 1)
e KGR R AR 25 21 38 WK 58 AN T B4 1 8 — %1, 78 AR RIS 4 3 v ROB0E T
R LER A o el T 1)L B B 7 B S 0 B B 1 74 5 19 2K /)N (Moritani et all.
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1987) , LA 5 /0 W 406 mT 77 A= B 1 o0 WU 45 B K 1 ) & (AL
kner et al., 2003) o 50 Il g A0 LT 1) 0l 25 B A g
A AR R U ZR ORGS0 e B0 YN ZRAE 5 5 UL A1)
& R 3R I 56 T 1) A 38 X H) A7 Canterior cruciate ligament s
ACL) 5 ## Ji5 P 52 A 1 580 1L WL B8 55 07 T B B A AT
R AH BT /N B 0 YIS R A7 A 5 EE (1 80 Y
SRAE R R NLIAL 7 5 A0 UL B R O T A B R R
(English et al., 2014 ; Damasceno et al.,2015) . {H/& , &4
JIE I ZRAE &0 VI 2RI BTG iR 4R BRI S g s B, R
AE T B K B O BUA 1R 40% ~ 50% (Dudley et al., 1991) .
NG, BHIE N G3ORT 2R D T H AR R T IR I 2R 532 UK
PR S8 3 2 e K 1 B ANIE R I “ ALY 2R J5 e
AR B0 WSO A A0 BEL I 25 AR & A 128 0 88 A7 A

PP RIFE A SR O Z A T S A UK. B
OB AT RS PURH IR A R B i BEAT SRR N 2k, A
L) 7 5 IR AT ) A, R A e e 1) A58 P A8 2 R A R
SR T T4 ) S e Lk UL PAY SRR 78 S R BT RE T, A L A
U8 2% DR IR B K D08, IR S A 0 B AR, X AN TR R T
B IE RN T AN R A 0 S RO RLAT R, R T
B E DR AIE i K 70 8, SCRE B K BR E i e LAY 28 Wi 46
J3, T BUBH IR A 2 A

1 BB YRS

A PUBLUIZRs T2 2R TR R B 7 AR B Sk AT
Ik, FLJR #2248 DL Yo-Yo TM AHAL B 7 SR 75 K e
A b 3l LA A1 38 B 5 48 T AR T (AR T AL ED L 4
T IR R B TS A L TT AR e B O RN A A7 R,
2 B e 2 B B B s 3 0 39 0 T 3% 00 (Berg et al.,
1994). WHH S EFIB R R ek T R B
O B B 25 5 UL A B 22 Al o0 32 B 5 i B 7S AR T O 0 )
TEFE . 7228 R HE 51 80 B B S far 3 R T 1) 0o B B
BT 0 e 471 41

Francis Landes T~ 1796 £ & ] | 4= S iz g (& 18 Bk 2L B
(Yo-Yo™, WA HUBH I 25 &5 (A0 £ ) o L3 B R LI 1K1K
BRI JEC T ] 5 , A AK R 1) 48 R A (A i B R g Bl ) A AR
P 7 A B ) N L IO Bl 7T . August Krogh 45 7E 20
4 b X — AT T — RAIR R R, FE
77 1 2 B SO R B UL AR 70 % . 20 22 80 AR AR, TR A
2 S o TR M RS, AHL K R TE K S R R BN B R UL
P47 0] B — BN B 25 . A% R IR KT 48 HTIE 2 #A
WA TR R AR, B T — P e AU AL G AL WAL 1)
Bt BEL I 2R 25 B0 7E K 208 2K B BRI T R AT B B UINZ5 , By o
K AL ZE 45 ] . Berg %5 (1994) /41 7 A KA HLBH
YN R 0P I R AT PURH U 25, D AR S 5 1R
PR AT, ISR R AE R 7S T EAT 3 Bk B LR R

RVINSE =2 b A b d W R S § RPN HE 7l NP OB B NA!
L A B TE A2 . Berg 25 (1994) 78 X & 58 HUFH Il
257 A WL AR AR BRI AT b, R AL R PR 00 A R B i ke
R AR TE ORI B0 WS E T R LA 7 R RO B A
X IR 70 R R 2 Sl 3R A T B R SRR,
REURZ AT RN R ot 7 7 Bh, i ok 7 TR R
QAT A UL 2 4 ]

7E LBl E o, BHEE N G BT T Inertial Training
and Measurement System (ITMS) . Kbox (Exentric, Sweden)
F1 Versapully (VP , Costa Mesa, CA, USA)Z5 28l , fifi €48
BUPH I SR8 Ty S H T % Mg s P & . XAl gk
FAANGE N T AR RIS, I8 EH T & Aok, %08
Bt K B BRI R AE B S5 R 543 TR o1 R b 2 O Rz
WA 5 BE I 25 £ 3 (Askling et al., 2003 ; Fernandez-
Gonzalo et al., 2014a; Romero-Rodriguez et al., 2011) , [A]
I, 2 B T 5% 048 30 W H (Hoyo et al., 2015a,
2015b; Tous-Fajardo et al., 2016) [ Il 25 o, TR %D T 42 Gi 1
BEL VI 225 1) Lo B B 5 00 B B T V25 00 UL P e K A
(Norrbrand et al., 2011 ; Yoshida et al., 2016) [f) #&35 . ILTE
1) KA P BH IR A& N T A2 4 H BH 2h¢ & RVIE oF (5 S 12
7 o e XTI 2R B4 AT T2 I WS 428 L 45 T B 01 S R
Wy, A 7 AR 4 U1 25 55 SR A0 RIE H R B X PR b R )
O BB O 0 RN AR B IR TR

2 BOBAE CREEIZrERNE

B0 A7 I R BE A L AR K 2 SR IW S, SRR B
ZWEah T, B B AT A B BRI £ A HEAT I
SR )0 B B R 0 B B A R i p g A TR
AN RGE , B I=F X o G B 0 I B0 P I i) R A
ANBIAESE B D BB OB B AR R B E S L
B B 7= A2 B K ) 47 4 (Berg et al., 1994 ; Tous-Fajardo et
al.,2006) . WAHFFH NN, AT I 257 A B0 i
i A& PR 2 TR 4 A LB 1 e ST 1E 0 4R R BE 7T, 4
S5 21 3 a5 A1) O W e B 20 0 B o S B I Bl T HG R R
TBCIE] o B B A A7 4 E R, B AT RE AR b [ B LA RS, Y
AAE 5 0 B B ) 300 6 8 DK FCD R 3 B2 M K 0 0 58
5 EL5 >1 F 50 Ak S KR BH 7 52 RS oL B 4 Il 2R ( Tinwa-
laetal.,2017),

TRHE PR I 25 4% RE 7E B 0 B BB iR £ 125% (1 )
O IR AN RN AN ER R 4R R L), [
IR A BT BH I 2R 28 1T 7 AR Bl 25 A8 Ak 19 3G R 14 BE 77 (Nor-
rbrand et al.,2008) . K H:Hi BH Il 25 45 B 77 AR (W BH 77 5 45
>J 3 I0)R F3H5 BE IEAH 55 (Chiu et al., 2006) , B 78 [ /0 15 45
IR) TR E 7 AR ) A sl R RO, TR A A I R R R, B0
B B 7R 52 [ 70 Fig A0 R K, 20 8 7T 1 U1 5 AR SR A B A
(Sabido et al.,2017) . X ER % ] & £ — RN E A #
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TEIR KB 58 i, A e R R IR AR . k&
ORI ZRE AE M R 72 b B — N Rl R B i e — IR
A AR fig K 4% 4 f K 1 #: (Norrbarand et al., 2010) , ffi %
IR R BEAT FER =) 38 14 B AR LR 2 57 15 0 A8 4%, BEL 7 1)
AN WA A S G 21 3 A — O SRR SR A T HLAR BE % 58 A
I #5¢ K B g (Berg et al. , 1994) o

AR AR, B0 T A BT P I 2R 1 A 3
SR ILAE VLR W 7 T - L PR A A A TR S S ek L
AE% -1
2.1 EIRAS

JUL PR TE B K (1 [ I 23 72 AR 5 K IR 5K 77, B O 22k
St BEAE B0 dE T B, LA 2 AR BOR IR T
(i) ISP 25 1 I L R LR

Norrbrand 45 (2008) %} 17 4% { ¢ 55 ¥ 247 5 4 €A i
R 25 5 % e o BRI 25 5 J 30 e Bt BRI 5 456 WL Y 72 A
BRI B0 7, B hF R s LS B RE 7, UL PR Bl
FE N FE S K . Chiu %5 (2006) Ly, /8 H ® 8 2EAT
1R DT HERS W SR ) R AR T A G AT %2 Il 25 o Friedmann-
Bette % (2010) A& I, K A& 70 FHL I 5 &% 7T S8 R0t & e 1 2
WLEF4E, — MR KR S 1R = E — N R R
V6] P9 58 1 7 25 ) B T FE (0 N 1R) 4 I 4, Rl b & 77 AR B R
5 0o U6 R 13 A T 2 . Maroto-Izquierdo %5 (2017a) & 3,
RS BB VI R I A K O AL AR 7 A A K s S UL
A7 AR B R K 0, B8 8 U B v Bk BR RE 7\ 0D I AN
1% K 7. Maroto-Izquierdo %5 (2017b) ¥ 29 4 £\ F3Riz
By 3 BE AL 2 A S 6 4H AR B2, 34T S A 6 I B I 4, S
5620 1 RM. I [7] 2\ Bk ( countermovement jump , CMJ) . & f
Bk Cstatic jump, ST) & 25 B3 .
22 APZIAEE

22 LA 55 42 W H B 0 B H % Ceccentric utilization
ratio, EUR) Fl Jj & & Ji# # % (rate of force development,
RFD) K P4 . BUR 7R & Fhig 30 I H A [ B Bl 25
P I 2 K 47 5 8 I Cstretch-shortening cycle, SSC) iz 5 %
B, SSC e W N IR WL AT PR iz K — 46 7832 3 (4 L, 2019) &
RFD & 7 B A7 I 8] 9 % /0 1R 3 22, 322 ) DA e i 4 22 1
FEEETNAE (A 25, 2015) . 2R BT (2019) K I, J B
&) (1) SSC i2 &) 7l 2L 5 # 22 & Su % = LA (1 UL AE RFD , JF
$2 = LA B BRI & F1RE 77 Fernandez-Gonzalo %5 (2014¢)
RIS B0 A T BB I R AN AL IR B 2R S T R
JULHE RFD [ 48 40 A7 75 22 53¢, B9 0 i A7 far RS U BEL IR 1
RFD & 1 T £ Gi IR B4 . Stasinaki 55 (2019) 3 55 .0 2
B ar A BU R I S AT PR R ) o 2E T T, R R
T B RED #2250 B f el R ES P RH I ZR
RFD 7RI 45 )5 o i & b, & RGSE RN RE 77 W ILIA
P UL AT T W 08 B 0 0 2 9 v, UL PR g 8 R AT 4 3ok 3 2
Jii . Fernandez-Gonzalo %5 (2014c) ik & B, 12 14 of X iR 3
AT I BRI ZR )G, HoP S PS5 3] 14 s, X mf
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e RN R T 44 R GE Xt LA 1A 3 57 R0 42 il B

Taipale %5 (2010) & I, "CAC BB IIZRAT 7 & A 52 T IF
AR T UL PR &5 1 1R A S T A VR R M R G I R 08
i 7 B BE s 2 UL, 58 H R 52 4R 8 3 T, fR
FRIZ P& T 6 A, P80 % i R B (Golgh) 28 B (A0,
RENRMANE N BF 2, RPN n T
S JUL A B S 1 ik 4 R TR R KR 0 e By LR L B 45
TRAFER . CERPUBHUIZRAE B O UE (1 )5 13 K 77, AT LE
JIE 28 UL 4z K B A R 2K 52 5 2 1 6 A 8 (Tous-Fajardo
et al.,2006) , XX Fi 7 UL P 4z 41547 BE 4 (R I 2R R0

3 BB AE CRIAIIZGHREF

B VLB I U4 7 AR B A LR A 7 AR T A i B
JUUREE , A% 38 B, S A ORATI2 3 . WLIRE B R rE L
ALK FBE B B3R AT 4 N 3 DS K i, LA i e g e
HRKEAKRAL . 23 Ui, WL = A4 ) &, A6 565
A LB IR R LA B o L PR R K P A R 1 A 4
Fr Ay 1) Lo W 4 S JULPREE WSO 4 7 AR 5K 7 10 [R) B 4 hz K i
9, PR B0 WHE (CE 3G TG 55,2017 B0 W48 B 1 1)
FE AR E o 22 UL PR A 45 45 5 TR A — 58 IR AR 7 (Nar-
done et al., 1989 ; Reeves et al.,2009) . {# ] K# & &% iE4T
WGRBE, LA T 330 RS 48 R 5 2 7= 2 (0 7, S W b 3k
A7 10— B 0 — i) o0 — 5 O WSO AR 1 A A X, UL PR e i 5 0
AP, AR5 e O WA X B UL A ) 3 3 B 4 PR e
K 45 % Ji # Cstretch-shortening cycle, SSC) (Komi et al.,
1987).

575 80 A )0 [ BUIE B 67 £ A 5 1 B BE 0 25
FREE , RECHUBH I ZRAE B Lo B B iR 25 0 A7 3 L BHL ) S A DA
T IE N3 A5 AR AR ECT REBE AF R E S, kR
FUBEL I AN B AE 17 4o WS 4 B B3 i O PR FEE b 3305 32 3 B
TG, T FL A REE 25 /0 45 B B = AR Bl A% G0 I 2577 AUBE K
Pl . AR TR AR S 205 AR B0 B Be A
AE 2t 5 KB O 1A 1 40% ~ 50% (Dudley et al., 1991) ,
DAL s, 4 48 I 25 77 2K 6 10 7E 1) 0 i BB A2 250 B B #B G
2%t WL PR B o R AT . T R I B8 T DATE B8 0
B it £ 125% B 1] 0 A 5 I HL A UL S 4 #858 PT DA 4
FriZ LG, A AL St 018 18 80 IR 7 AR T R K Y U
{8 715 (Norrbrand et al. , 2008) .

BB AL, 6 B BE I L AT A R R ARG E B R E A
F% o I 2 L A0 B DY Sk L4 A3 ) % A= 2 (Askling et al.,
2003) . Hoyo %5 (2015a) #f — i B , 22 3 "% & 470 B I 2k
J5 [ R BR IS B 3 245 2T B, R A Bk R 20 m 4 B g
JIB AR B34 & . Gual 55 (2016) %t 4 3 W5 2R A 4 32 HE
ER A1 HP f) 43 44 55 1 R 38 44 L M s Bl BB AL 4 N S 56
LA B, HEAT S 30 24 ¥ AR T, R IR BLRE I
5 e it 18 SR AN 1R R I B R BR R RE 7 . AR B LR ¢
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HIAEHR o Owerkowicz % (2016) « Nfiez %5 (2017) & B , 7
WIEAT RACPUPH 5 A AN 2k, 7R 42 s LD [ )2 R 5 %
F& 1) [ I W) A RO A EURR T, AN RE AR R R 2
T RV A R T A A B v AR AL A I 1 Th AR A

B0 S R ER PRI ZR R R e A48 R AT FE
J1N Gk, Ji o En] DUE =4 (Al PR =g H 908 T 38
2% KRR 58 B I AT RE M 3 T SRR g/ I B AR T
D IIETNERTIIEZ NN A/ C

REC BB ISR I F T A EE - D T LA A
20 3 ) T ) R R 7 1 B R4 5 3D R R i
PRI R s 4) 2 B aRmh B3GR SH A A T8 3 LI
FE 5 6) 5T I 072 R WU G ORI T A& G 45 07 %

REE OGRS T X SRR R 4L, i F 3
H &3 AL - 1D W& et 17 55, TR 4 31 8 A s AT
B0 0 AT I R 20 FEAT AT B B R ol T AR /N D 32
A I e 5 R N 25 5 30 E = 4k s i) AT =g F s 4O S
SRANM AR T — 4k, BE T HEAT U 5, R a7 A7 04K, 3w s
I S0 W A4 £ T SIS At

H TR PP I 5t fE Bl — LB R B 1D SR SRR AR
A R (— W e — NgRD , b F R I0E kA
B, T EEAE ORI R A 5 20 R ER BB I G i B A
AR AR T AT SR AN By 4 ] 5 A 7 AT R SL s 30X T
WIASERE S 2 E B REZSNB IS, 7%
TEE N G B N IAT s O A0 O H & 5, A R .

4 BOBRE CREBINGHEANS

AH JC B 5T 3 R B v B0 S = AR AL, B0 I RS )
LU RAH L, 22 4R 33 JUL A AE KT 7 = R R Uy T B8 4 1)
2 5 (Mendez-Villanueva et al., 2016) » &5 oWl 4 bl 7] 0 Ui
45 75 B A (AR A (Dudley et al., 1991) , I HLAEE &
B Y £F 4 (Duchateau et al., 2014) o 850 Y1l £33k 1]
A3 8 7K ST 38 Bl G R 0 8 R R v R 7 B R )y B
UF Hh3& ) (Tesch et al. ;20100 o 7E &5 O Y Zh i 24, 2
o VAT 45 A7 BEL I 2R AH 25 5 10 50 BEL 3 25 1 R A 9 40
(Tesch et al., 2017) , A& & AL 850 571 0 11 C R S5 M FH )
IR AR Z B0 ZRrb i 9 NFII— B, 288 1 B2 H
TR VN R AR BRI SE F R &/ . I EH C
#% B 9T IE 5K (Croisier et al., 2002; Naczk et al., 2016;
Onambélé et al., 2008 ; Ueno et al.,2020) .
4.1 BeSA AT RAE I LI AT LA £ 4R

TRE BB I SRR ) R T IR AR 5 UL P 2 4
WF 502 WY, TREC BT BH YN 2R (14 UK B 0 70280 B 18 I ol 1R R
PG 2R B . Fernandez-Gonzalo %5 (2014b) ¥ i, &5
Bt BEL I 25 B B2 2 S50 L P 25 4 1 F S TR B B AT O
B2 112 B B0 , 38 T TE 250 M B BILAA P A K
T DI S, BEAR L AR 1 5 11 5T R B9 VLT 4 K AT

RA K/ o Fang 55 (2001) & 3, B & F6 1047 BH 771 25
AL A B K, G a T UL 70 & R R AT UL Bl 55
#£ . Fernandez-Gonzalo % (2014¢)  Norrbrand %5 (2008) Fl
Seynnes &5 (2007) [FIFEIE W] T R EEHUBAUIZR 5 14 G b bR
Y5 AH EEAE SRR VLA AR R 7 1 ROR B A, JF AT AR I 25 5
W13 18D SCBUILA BB T AR K 3800 o Trimia 4 (2017) 5 72
F A, KR BB I R K 84 K EM AR BT 5 B0 UL A AR
AL IE I UL P 2 45 ) /.
42 BRGNS RELFALFTRE

APPSR S ZFENWAEFRA EH—EN
B, £ IS UL P J S 28 A 1 ) IR L UL P 2 4
XF P A NSRBI AT BOR I B . Onambele 55 (2008) %
FEITET0 L AW Z R E AT I 12 AR+ 1, 2
ENFRTLT < e P WL 25 58 04 LT 264G T 389 0, ~F- i 2
LT W B 5 2 42 %1« Brzenczek-Owczarzak %5 (2013) R B,
RECHUHL N ZRAR LLAL 28 U1 S5 e T AT 2403 5035 22 48 NP i
RE 7, A2 J6 390 TR 9 AT 2808 Lo v 22 AR R A R LB 1)
LY 775 . Sarmiento %5 (2014) R I, €T ilf 2 T %«
PEE A R (B O 2P A R R 2 RO T IR R
JEWUNL ). Lepley % (2015) (¥4 78 B 43 2 LA 45 18 , W
FURHARE R 55 1 (70 ) 43 9 P 4., [ IR 32 AT 76 S 0 BEL I 2%
Fivr A NI T, 23 8 S LA 5K 77 A 44
AR TN HE =1 10% A 5% [RIG, X 22 4F N HEAT AT TR
(= =T N A TIN A W o LN - s s i S O 2
LA T WA DL S R AT 9% 55 7
43 B GAT R TR E S B

250 A7 A KRS e BEL IR T R s UL P A AL 3 S
AR TR ms s R IIEP E 545 . Askling 55 (2003 X Hij
L 2 2 BRIBE AR 1K) 30 44 L BRAZ BN O3 A 1) — 2= 3R 03 7E W R
P ZRIE A 2 B 38 AR BT I 2R T Tl K DL AE B A 8 2
H A TS B A I A8 L A AR R AR TR B
ZRIEK 01 . Coratella 55 (2016) W 58 & I, LR 45 45 — e
WLER ¥4 1§ Ccreatine kinase, CKO 3 P£ F+ & % DU 3k U145 &
WA 1] 1 50 2R A1 LA B UL P R S R ALE o X 13 44 i e 5 4
FERET A4 JE I RE T, 45 BLR B, AN 1 JUL A R R
TR AR, 1% DY Sk WL 0GB 77 AN CK PR, IX7E— B F2 %
FAR T 3B s34 1 & 4« Monajati 25 (2021) #4717 I
6 JA I Fi e e, ELH 1 RECHUBA ISR B 2 I 25 % I
LA ACL hifh AR 2 B sg i, S5 SRR B, 6 il 1) C R kR
I 5 B B2 4 R 97 38 B 51 G 32 JIE 48 UL AN ACL 1 453473 5 42
e L B B e R e

OB A KR P BE VI 2R TR LR 45 43 5 Tk 5 D T A
78 T A 20 (Romero-Rodriguez et al., 2011) . €5 $iFH
VLSO e Rl g N (1 = RIE 7% e W R S
& v UL AT - UL Rk 2y e I B A 32 W 9% 9 Sk (Niewiadomski et
al.,2008) .
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44 BSA R AR AR HE LS

JIR RIS 3 AR BE IR R J& 7K B B AR AR
R PUE BRI R K I — ERREE L RER
Fofth B AR R BT R R o A SRR R 0 B R BEAE 1) Do 4
T AR A — S RE ) B R K0S (Niewiadomski et
al.,2008) , K FE I 25 A T e #% KA R 78 A% G 1r oL
O NLA IR R 4R 4 T B0 1 ST IR PR
b, SAEGPARLE, REE TR IIZRRROR B . AT
R, TRRE T BH I ZRAE 0 & R LA 5 B B 8 n A
o B PR 5 v A U5 T PP T R B AR I 2R ROR (Fer-
nandez-Gonzalo et al., 2014b; Lundberg et al., 2014; Norr-
barand et al.,2010; Onambélé et al.,2008) .

CRKENMEAAER IR SRR RIEsE
B 7 THI B4 52 R & . Norrbrand % (2008) & 3, 76 &
FEPLBL N ZR 5 F Ja WL AR B IN T 6% » 1fii 4% 4t (1 2.0
255 A5 LA AR BN T 3%. Gual 55 (2016) & 3L, 1E
S — B (] (K R E FUBL N 2R G A A B R I B
247 fr$2 = . Sarmiento 25 (2014) & B, — L8 512 5 i Gt
FHR B Z 50, I 2 v ] 2038 T 1)« I 3 A Bk R AT 5 A
SPGB R B AR T iR Tt .

Naczk 55 (2016) Xf 14 44 4 4 () g H5 ¢ i vk oz 3l b1t
AT RS 4 T W Z5 I k22 HE O AE 5 FLIE Uk I 25 1) B il -
BRI 3 R LB WURER RR T . SRR, &4
O F T, S B A R WL 0 88 T 12.8%, Bk R 1 M T
14.2% , 32 3y S17E 100 m VKR 50 m 5 B K (¥ Ui ko 32 2
& =1 (Naczk et al., 2016) » Owerkowicz %5 (2016) X} 8 4
FEA 9 2 Atk iz B G AT 9 5 R R BURE T, 45
REW,3 RM 38 FE 32 5 18%, M DU Sk WL 2% i AR 32
10%. Hoyo % (2015a) %F U17~U19 5 /b 4 L EjR K L5 5
SUEAT W10 8 VB 1 ~2 IR VEEIR3~6 41 FE K 6 IR
REE BT WA, 45 Rt — PR T & KA s I
95 J5 [0 2 BRIE Bl 5385 s R R BRI i 52 05 R 2 BRI
Gb, R 20 m A B AR I AF B T R

5 WEMRPABRERKMARFAE
5.1 kkZi A a4 ke A sdsd

BIE S0 N 53 0 52 3 o 7 R A 1R 38 2 77 T 4 W
PR B, T 5 R I R (] g B R B CBE Bl U 1) 1S
LIS I LA B V2 3 B B IR SR RR , A B T
B3 G X8y T n] DU 1 R ) Bl AL R AR
SR A TR, AIF 7T B 3 S I SR AN AL GEBE 0 I 2R 1K 80 R -
52 SEAKMEIEF T AR I AR

Maroto %5 (2017b) ¥& H , 6 W33 55 Ll L PEiz 3l I 1)
BETE, CER U SR AE A B AR b 32 38 Bl il S A RUME IS A
FROAE o AFWE PRI L 70 K N 2R T B8 45 5 T B 42 5
M) A 77 2 U R S S RS P& R X 6T I8 B DY)
WA EER,
42

53 REBDGORBA I —F iiE

RE IR A G I BRI H L
WA UE 35 2 W A IR R F5 s s b L. 5
fib BEL 3 2577 AR EG R ISR AR AL T U 1) A B R
IR, 95 50 35 S0F KR R G5B 70 I 45 45 & 7E B I 2k
W, LLIA B0 E 3l 0 B R . RSR I R 2 S
SE 1 4% R 48 3 07 BT AR 00 T TR AR ISR 5V I o L 3
W, LS BB 70N G2 MK N 52 RS B G 7E R S gk o s
it & S
5.4 A 45 N

Weakley 55 (2019) 0+ & 1 Jig % 2 it & 1) 67 4 &4k )
B T T SESR AR Y IS — 0, BA I R AL RS AT 1
BN Z R, S EAAAE BRI . I GRS b, B T2
R IR RE KT B8 3 1 L 30, vk S AN PRI TR
BN, I HEAT I %, ge it — B8t m R I 4R
R JEH R AR TR 5 B 7T, H AT S AR R 1
W9t .
6 R

50 A g RS B BELYIN 25 Dy 0 = IR RT T Bs 4 4 4
BT B I BB AN Uy vk, FAEWOR 18 Bl B iR T R [ I
Re A A =M & R G MR T Re , X mKig 3 A R K
By, 3 HAE WD 45145 A e 52 A0 AR A5 450 1) R o

B 0 A AP B UIZR 1 F 7 e AL T RS A
BB, A R ER W IR R . EARSRIYIF F i, v LAR FH A2 TR
2 AU, T v KA [F) T (K2 Bl B S A X AL
HHEsh T %, e G B RE s A 7, 318k U s 3l B ak
BUAFAS 2 IR BR il o

Sk

FtAS, 5B, A, 2015, 1 B RS S e PRI [ 5 S
HESE RN SR LT ] AL SR B R 244, 38(5):57-62.

I, ERab, A, 2019 LA “hi 455 8 s 3 e &
FEAE B 3 I Shob (¥ N2 BT ST ik R L0 ). b iz s B2 o2 Ak 35
38(3):64-70.

FHioC, R4, 201783 A M A5 AR H H AL

WML, 2019. 85 535 P 75 4 T JBUL A8 0o R Y 38 5 10 B 30l B (196
(D] Abx: JbmiEE R,

ALKNER B A, BERG H E, KOZLOVSKAYA I, et al., 2003. Effects
of strength training, using a gravity-independent exercise system,
performed during 110 days of simulated space station confinement
[J]. Eur J Appl Physiol, 90(1-2):44-49.

ASKLING C, KARLSSON J, THORSTENSSON A, 2003. Ham-
string injury occurrence in elite soccer players after preseason
strength training with eccentric overload [J]. Scand J Med Sci
Sports, 13(4):244-250.

BERG H E, TESCH A, 1994. A gravity-independent ergometer to be
used for resistance training in space[J]. Aviat Space Environ Med,
65(8):752-756.



R B OB A WP gRErk

BRZENCZEK-OWCZARZAK W, NACZK M, ARLET J, et al.,
2013. Estimation of the efficacy of inertial training in older women
[J].J Aging Phys Act, 21(4):433-443,

CHIU LZ F, SALEM G J, 2006. Comparison of joint kinetics during
free weight and flywheel resistance exercise [J]. J Strength Cond
Res, 20(3):555-562.

CROISIER J L, FORTHOMME B, NAMUROIS M H, et al., 2002.
Hamstring muscle strain recurrence and strength performance disor-
ders[J]. Am J Sports Med, 30(2):199-203.

CORATELLA G, CHEMELLO A, SCHENA F, 2016. Muscle dam-
age and repeated bout effect induced by enhanced eccentric squats
[J].J Sports Med Phys Fit, 56(12):1540-1546.

DAMASCENO M V, LIMA-SILVA A E, PASQUA L A, et al., 2015.
Effects of resistance training on neuromuscular characteristics and pac-
ing during 10-km running time trial[J]. Eur J Appl Physiol, 115(7):
1513-1522.

DUCHATEAU J, BAUDRY S, 2014. Insights into the neural control
of eccentric contractions [J]. J Appl Physiol (1985), 116 (11) :
1418-1425.

DUDLEY GA, TESCHPA, HARRISR T, etal., 1991. Influence of
eccentric actions on the metabolic cost of resistance exercise [J].
Aviat Space Environ Med, 62(7):678-682.

DURAND R J, KRAEMER R R, HOLLANDER D B, et al., 2003.
Different effects of concentric and eccentric muscle actions on plas-
ma volume[J]. J Strength Cond Res, 17(3): 541-548.

ENGLISH K L, LOEHR J A, LEE S M, et al., 2014. Early-phase
musculoskeletal adaptations to different levels of eccentric resis-
tance after 8 weeks of lower body training[J]. Eur J Appl Physiol,
114(11):2263-2280.

FANG Y, SIEMIONOW V, SAHGAL V, etal., 2001. Greater move-
ment-related cortical potential during human eccentric versus con-
centric muscle contractions[ J]. J Neurophysiol, 86(4):1764-1772.

FERNANDEZ-GONZALO R, IRIMIA J M, CUSSO R, et al.,
2014a. Flywheel resistance exercise to maintain muscle oxidative
potential during unloading[J]. Aviat Spcae Environ Med, 85(7) :
694-699.

FERNANDEZ-GONZALO R, LUNDBERG T R, ALVAREZ-ALVA-
REZ L, et al., 2014b. Muscle damage responses and adaptations to
eccentric-overload resistance exercise in men and women[J]. Eur J
Appl Physiol, 114(5):1075-1084.

FERNANDEZ-GONZALO R, NISSEMARK C, ASLUND B, et al.,
2014c. Chronic stroke patients show early and robust improvements
in muscle and functional performance in response to eccentric-over-
load flywheel resistance training: A pilot study[J]. J Neuroeng Re-
habil,, doi: 10.1186/1743-0003-11-150.

FRIEDMANN-BETTE B, BAUER T, KINSCHERF R, et al., 2010.
Effects of strength training with eccentric overload on muscle adap-
tation in male athletes[J]. Eur J Appl Physiol, 108(4) :821-836.

GUAL G, FORT-VANMEERHAEGHE A, ROMERO-RODRIGUEZ
D, et al., 2016. Effects of in-season inertial resistance training with
eccentric overload in a sports population at risk for patellar tendinop-
athy[J]. J Strength Cond Res, 30(7):1834-1842.

HOYO M D, POZZO M, SANUDO B, et al., 2015a. Effects of a 10-

week in-season eccentric-overload training program on muscle-inju-

ry prevention and performance in junior elite soccer players[J]. Int
J Sports Physiol Perform, 10(1):46-52.

HOYO M D, TORRE D L, PRADAS F, et al., 2015b. Effects of ec-
centric overload bout on change of direction and performance in soc-
cer players[J]. Int J Sports Med, 36(4):308-314.

IRIMIA J M, GUERRERO M, RODRIGUEZ-MIGUELEZ P, et al.,
2017. Metabolic adaptations in skeletal muscle after 84 days of bed
rest with and without concurrent flywheel resistance exercise[J]. J
Appl Physiol (1985), 122(1):96-103.

KOMI P V, 1987. Neuromuscular factors related to physical perfor-
mance[ J]. Med Sport Sci, 26(1): 48-66.

LEPLEY LK, WOIJTYS E M, PALMIERI-SMITH R M, 2015. Com-
bination of eccentric exercise and neuromuscular electrical stimula-
tion to improve quadriceps function post-ACL reconstruction [J].
Knee, 22(3):270-277.

LLOYD R S, FAIGENBAUM A D, STONE M H, et al., 2014. Posi-
tion statement on youth resistance training: The 2014 International
Consensus[J]. Br J Sports Med, 48(7): 498-505.

LUNDBERG T R, FERNANDEZ-GONZALO R, TESCH P A,
2014. Exercise-induced AMPK activation does not interfere with
muscle hypertrophy in response to resistance training in men[J]. J
Appl Physiol, 116(6):611-620.

MAROTO-IZQUIERDO S, GARCIA-LOPEZ D, FERNANDEZ-
GONZALO R, etal., 2017a. Skeletal muscle functional and structur-
al adaptations after eccentric overload flywheel resistance training: A
systematic review and meta-analysis[J]. J Sci Med Sport, 20 (10) :
943-951.

MAROTO-IZQUIERDO S, GARCIA-LOPEZ D, PAZ JAD, 2017b.
Functional and muscle-size effects of flywheel resistance training
with eccentric-overload in professional handball players[J]. J Hum
Kinet, 60:133-143.

MENDEZ-VILLANUEVA A, SUAREZ-ARRONES L, RODAS G, et
al., 2016. MRI-based regional muscle use during hamstring strength-
ening exercises in elite soccer players[J]. PLoS One, doi: 10.1371/
journal.pone.0161356.

MONAJATI A, LARUMBE-ZABALA E, GOSS-SAMPSON M, et
al., 2021. Injury prevention programs based on flywheel vs. body
weight resistance in recreational athletes [J]. J Strength Cond Res,
35(Suppl 1):S188-S196.

MORITANI T, MURAMATSU S, MURO M, 1987. Activity of mo-
tor units during concentric and eccentric contractions[J]. Am J Phys
Med, 66(6):338-350.

NACZK M, NACZK A, BRZENCZEK-OWCZARZAK W, et al.,
2016. Impact of inertial training on strength and power performance
in young active men[J]. J Strength Cond Res, 30(8):2107-2113.

NARDONE A, ROMANO C, SCHIEPPATI M, et al., 1989. Selec-
tive recruitment of high-threshold human motor units during volun-
tary isotonic lengthening of active muscles[J]. J Physiol, 409 (1) :
451-471.

NIEWIADOMSKI W, LASKOWSKA A D, GASIOROWSKA A, et
al., 2008. Determination and prediction of one repetition maximum
(1RM): Safety considerations[J]. J Human Kinet, 19(1):109-120.

NORRBRAND L, FLUCKEY J D, POZZO M, et al., 2008. Resis-

tance training using eccentric overload induces early adaptations in

43



TR EAA BT 2021 4E (B ST6) 8 114

skeletal muscle size[ J]. Eur J Appl Physiol, 102(3):271-281.

NORRBARAND L, POZZO M, TESCH P A, 2010. Flywheel resis-
tance training calls for greater eccentric muscle activation than
weight training[J]. Eur J Appl Physiol, 110(5):997-1005.

NORRBRAND L, TOUS-FAJARDO J, VARGAS R, et al., 2011.
Quadriceps muscle use in the flywheel and barbell squat[J]. Aviat
Space Environ Med, 82(1):13-19.

NUNEZ F J, SUAREZ-ARRONES L J, CATER P, et al., 2017. The
high-pull exercise: A comparison between a versa pulley flywheel
device and the free weight[J]. Int J Sports Physiol Perform, 12(4):
527-532.

ONAMBELE G L, MAGANARIS C N, MIAN O S, et al., 2008.
Neuromuscular and balance responses to flywheel inertial versus
weight training in older persons[J]. J Biomech, 41(15): 3133-3138.

OWERKOWICZ T, COTTER JA, HADDAD F, et al., 2016. Exer-
cise responses to gravity-independent flywheel aerobic and resis-
tance training[J ]. Aerosp Med Hum Perform, 87(2):93-101.

REEVES N D, MAGANARIS C N, LONGO S, et al., 2009. Differ-
ential adaptations to eccentric versus conventional resistance train-
ing in older human[J]. Exp Physiol, 94(7): 825-833.

ROMERO-RODRIGUEZ D, GUAL G, TESCH P A, 2011. Efficacy
of an inertial resistance training paradigm in the treatment of patel-
lar tendinopathy in athletes: A case-series study [J]. Phys Ther
Sport, 12(1):43-48.

SABIDO R, HERNANDEZ-DAVOJ L, PEREYRA-GERBER G T,
et al., 2017. Influence of different inertial loads on basic training
variables during the flywheel squat exercise[J]. Int J Sports Physiol
Perform, 13(4): 482-489.

SARMIENTO S, RODRIGUEZ-MATOSO D, HENRIQUEZ P Y, et
al., 2014. Effects of flywheel resistance training for gait improvement
in female Alzheimer’ s patients [J]. J Strength Cond Res, 28 (1) :
48-52.

SEYNNES O R, DE BOER M, NARICI M V, 2007. Early skeletal
muscle hypertrophy and architectural changes in response to high-in-
tensity resistance training [J]. J Appl Physiol (1985), 102 (1) :
368-373.

2

TN TN NI TN N

44

STASINAKI A N, ZARAS N, METHENITIS S, et al., 2019. Rate of
force development and muscle architecture after fast and slow velocity
eccentric training[ J . Sports (Basel) , doi: 10.3390/sports7020041.

TAIPALE R S, MIKKOLA J, NUMMELA A, et al., 2010. Strength
training in endurance runners[JJ. Int J Sports Med, 31(7):468-476.

TESCH P A, EKBERG A, LINDQUIST D M, et al., 2010. Muscle
hypertrophy following 5-week resistance training using a non-gravi-
ty-dependent exercise system[J]. Acta Physiol, 180(1): 89-98.

TESCH P A, FERNANDEZ-GONZALO R, LUNDBERG T R, et
al., 2017. Clinical applications of iso-inertial, eccentric-overload
(YoYo ™) resistance exercise [J]. Front Physiol, doi: 10.3389/
fphys.2017.00241.

TINWALA F, CRONIN J, HAEMMERLE E, et al., 2017. Eccentric
strength training: A review of the available technology[J]. Strength
Cond J, 39(1):32-47.

TOUS-FAJARDO J, GONZALO-SKOK O, ARJOL-SERRANO J L,
et al., 2016. Enhancing change-of-direction speed in soccer players
by functional inertial eccentric overload and vibration training [J].
Int J Sports Physiol Perform, 11(1):66-73.

TOUS-FAJARDO J, MALDONADO R A, QUINTANA J M, et al.,
2006. The flywheel leg-curl machine: Offering eccentric overload
for hamstring development[J]. Int J Sports Physiol Perform, 1(3):
293-298.

UENO R, NAVACCHIA A, BATES N A, et al., 2020. Analysis of in-
ternal knee forces allows for the prediction of rupture events in a
clinically relevant model of anterior cruciate ligament injuries [J].
Orthop J Sports Med, doi: 10.1177/2325967119893758.

WEAKLEY J, FERNANDEZ-VALDES B, THOMAS L, et al.,
2019. Criterion validity of force and power outputs for a commonly
used flywheel resistance training device and bluetooth app [J]. J
Strength Cond Res, 33(5):1180-1184.

YOSHIDA N, SATO K, BINGHAM G, et al., 2016. Influence of dif-
ferent inertial loadings on force Characteristics during squat with a
flywheel loading device[ CJ. Johnson City, TN: 11th Annual Coach-
es and Sport Science College.

Ok A% B #:2020-06-02; 4537 B #1:2021-01-07; %% : FAL)

fIN TN TN NTNT NI NI NN



