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Effects of the Sling Exercise on Abdominal Muscular Control and
Collateral Effects to Lower Limb Performance and Injuries Prevention
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Abstract

Core muscle function and core stability had attract highly attention among athletic training
and performance enhancing in past two decades for it is a remarkable indicator highly relevance to
exercise performance and injury prevention. As body performing exercise, core muscle groups not only
act as force transducer but also as stabilizer between upper and lower limbs. Further more, paraspine
muscle such as multifidus, for it muscle spindle rich nature, work as tension detector while cerebellum
coordinating trunk muscles thus to link muscles from lower limb to upper limbs to work together as
a kinetic chain and vice versa. Numberous of previous studies indicates that insuflicient core stability

will result to poor power transduction, decrease exercise performance and possibly increase injury ricks

Submitted for publication: May 10, 2020; Accepted for publication: February 2, 2021
BRI 2= SRS 5 i g KB (i R R B S 2 BERE 1T 5 Department of Exercise Health Science, National Taiwan
University of Sport, Taichung, Taiwan

*  Corresponding author: j1ti% E-mail: hongweiarcher@hotmail.com



22 HRTE ~ SR ~ MR

of the distal joints such as knee and shoulder. As present, several training programs using unstable

surface training to increase core stability have been developed. Among all those training programs,

suspension exercise seems to more effective in facilitate muscle activation and improve neuromuscular

control. With close-kinetic chain nature, suspension exercise facilitating trunk muscle activation and

participation during exercise thus to provide stability and effectively force transduction. Furthermore,

through the interlocking characteristics of myofascial fascia, well-activated trunk muscles indirectly

affect the performance of the lower limbs. We collected research document as best we can research to

discuss about relationship of trunk muscles activation and performance of lower limbs. Also we will

discuss about effects of suspension exercise on trunk muscle activation and lower limbs performance.
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AETTHL RS RESN SR 2GR = 13 S A% 0o d) 4R
ZEE BT g BEERE I BAE R
M SR E S A B0 N RAT
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BmidlSH RGBS E g R A
EE %% (Huang, Pietrosimone, Ingersoll,
Weltman, & Saliba, 2011; Stray-Pedersen,
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Z R AT RE BRSO — D PRa T -

Bl ~ 0H
e
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HEN B ETSEI O AL TSR - FIEFES T
TFHHENG (T-agility) BLEREHRETREH
=t (star excursion balance test, SEBT ) F9HI
455 (Bashir, Nuhmani, Dhall, & Muaidi,
2019) ° 128088 E 3l R B B AR RV %L AL
TS B ReiRE 2 - SR BT W AHEE)
iR E R R EERA R T E BB
{#RIEE 7 (Imai, Kaneoka, Okubo, & Shiraki,
2014) - BHIFEERTEFEHEH > BiH12H
IR )l o 38 BT Kk B A% 0 AL A Y B K 56
RUHERLEERSRAY RS O - W E HIHRE L
22500 KA EFRIFET (Weston, Hibbs,
Thompson, & Spears, 2015) ° & CHLAIRY
EAC K RIS IR B T AR R 2
RS (plank) JELZOHLAN T ST
IS ATHVEL S » ZE3 ] LT Ay 22 38 -k
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Kaneoka, 2016 ) - #Z 02 HIRE J1E fasr i3 E
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HIEI SR I AR O HUEERY I SR > 2R B AP AVRE
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HIfohel ~ BIPE X BLBR - o] S Eh Y i
Kz (Kibler, 1994; Kibler et al., 2006 ) -
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%000 18 TE 55 R 1 7S 40t 57 2 B Y B A B
& 7 E LA R ERE 2 - (Willardson,
Fontana, & Bressel, 2009 ) - [R[HAFEHE) @ FE
PR EEZ OB T BIHRRERE ST o
gl I ER AV EE) (De Blaiser et al., 2018) o
BN BRI S 8 W&y R s g
OHLEE (local muscles) HlEER O FLEE
(global muscles) - ZRJE% L HLEEAEBAERE
Al ~ B A E AL 2 HHRE R R MERR E R4
(intrinsic stabilization subsystem, ISS) - ISS
B HEEEE S i MR > EEE AR
HHIRE N BR (intra-abdominal pressure, IAP)
DAMEFRF B HERIIBE » #5ISSKRBE » RAIFIREEE
B B [ R B HEMERT™ (lordosis ) HiG »

B TEHEIFEMNEE (C. Frank, Kobesova, &
Kolar, 2013) - lEBEH NemAVEES B
s TR RN LS A R A PR B I
BUNAYER S (Teyhen et al., 2009) - &[R4
nsl B SR B NN - PN ENINE
BTSRRI - R OERE LR
MIERETNAE » (EEE AR R A MR B TR
FEFE SR s e g (E MR BT
TSN R e M UACES 5 E (C.
Frank etal., 2013) - $Z » A EEEAVEZ AL
B4R - ST RERH L AT ~ R E
TAP » AJFEAR T B &R B L L DIRE Z D3
(Youetal., 2015) -

T 8% W 48 A 72 2 /e J7 3 N RCGE 8 5 =F
[E\be A B BRI R 8 Hp XL
EHERVIERERETE (non-contact ) HYRRRA G
ACLEEGRir# 2 K5 - EEEGHE A #A
ELR Ry B B T RGE T - DLSE BSOS
HHME » BENVACLIEEGEFIEE208
o B2 RINFETIFE E (sidestap cutting )
Fh{EHYIE B B M RoE B B R (Ardern,
Webster, Taylor, & Feller, 2011; Paterno, Rauh,
Schmitt, Ford, & Hewett, 2012) %/ MEEHE
TIARE RGN SIS AR 2 - & 0F IR A Y BE
LB R 12 AILATL A S B B 520 - Ry 5 (383
EEACLIEEG #4MANIERZE (Thomas,
Villwock, Wojtys, & Palmieri-Smith, 2013;
Willson, Dougherty, Ireland, & Davis, 2005 ) -
H A BB LB 2 A 2 49 BE 1 B 152 M B
Y fET R 7 - B N & DU /D R B 1 2 b
JoE il P~ K PG U B L AL L & s 19 07 =K
A PRI 1% FIL B S 40 728 5 B g R e 0K Bl
P PUBE AL UC BT - PRIk 25 0 Ak D B L Ut 4 1 )
038 i SRR RSB RS & B 1) i 7 [m1 HY
5577 IRAACLIEEZE# EAYE® (Demorat,
Weinhold, Blackburn, Chudik, & Garrett, 2004;
Markolf et al., 1995) - ACLIEEHY 24 iE
B B 5 e A] DU 22 50 ik B 67 f off 7 S Rk
/N (Olsen, Myklebust, Engebretsen, & Bahr,
2004 ) - BREL G A HE K BR ELE KL ECRS U
SR ST FTEL - 1T [EIH o A& R SR B SN e
A o LB AR AL A ) - R & S B R RA &S
A e Ay RERG 0 - (F RRBH EfAE B Ay 5
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FE g - REEE - BREH 0L N BRE SRR
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BN NEEAEK - 8B IT AR [ Y )
o BREBASH A /N BldeEr il - e A e
SEEAHRH (B. Frank et al., 2013) » f&EERRI;R
[l (sagittal plane) AYREEE K - BNE
AEHOA  JEERFEIRE (transverse plane )
HI R EhiE AR - By A BT 0 BRRE
B P9 UL B PN T Sl ' Y T 40 2 5 R B BT A D M
(valgus knee ) HVE){E > ACLIVE fif thfEE
EFf (Zazulak, Hewett, Reeves, Goldberg, &
Cholewicki, 2007) - N @ £ EFEZ
OB E AR - A ) A AR v 4 P 2 e R
A BT RO B PRI - o B e i
D3 1E R T R AT T R — BB 0 B
TP RS IREEEEERNE - thI - i
P& AL 728G T RE 7T B A B R RA 6 > (NBRAE
18 g sl S AR R R & IR Y BEATL AL T PR
RIBN - FERAET & B L LR 2 2 E
iz Z wnvEiE (Kline et al., 2018 ) - 74
J&E 51 SR RS U G AL ~ A5 R 671 R 2 LR AL ) R A%
OEEERE ST > bR T 0] DUA R0 D R B B AE
BERE PR AT o IR ] s R N R AR B R
H 2P TR M EAVAREE o FE L R
JEHAERE ~ BAMITINREENA BiE
Bt 5 BT (L T A 2 it SR B 2 i
O EE T | B DUA R (R A CLAZ G Y JE g
(De Blaiser et al., 2018; B. Frank et al., 2013;
Nagai, Sell, House, Abt, & Lephart, 2013 ) -
RIBLTT 5, - BT A A E S R BT R4
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o B B M AR o e DR A B R
ST BLF ALY » (IR (5 b L
EEHER (H—) -

B~ MRERARIEHLINZ
e

T e AT IH D3I k2 A B SR A
T8 2 ZEEN S0E R 18 2 - 1 31 SR
2GR R EE I E o e
T 31| SR (B 25 AR A BE A BUR THZ L AL B 5
iz (motor unit) HYEH - B hESHAIALA
AL BEANFISREHYEEE (Chung, Park, Kim,
& Park, 2015; Kim et al., 2014) » DIARBEF
EHETTANSRAY T A& THUEK ~ SRR -
F[EFKBOSU -~ Flexi-bar Jz TRX=¢Redcordf
em s - Bfg e FrEAEth - AR
JEFH#ETTEAHE (bencg press) Flll&k AT LAY
InEG =fHL (anterior deltoid) ~ BE _HAEHL
(biceps brachii) EdfgAH (pectorallis) fJl
AVEME (Nascimento et al., 2017) - ZRTA
T 72 1 [ 3 SR R BT HIL T B 4% TR
7R <2 5 » £ Zemkova (2017 ) HYBE
e o NEEE S Ll ek (B E E) P
LY D Em 2 P8 SRR E
TR4EFGEEE (stretch-shortening cycle, SSC)
i e 7 ) 58 1 RE R R R 8 T FIY SR G P 608 P
21 (Zemkova, 2017) - 478807 s8R AR
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AREFER AR E » INEHENEE X
g e E SRR AL IR R 4 5 ELE DAL
J1ERE e X B | IS A% L AL T B E B R
TS EE R AW e 65 R EUR » ANEAVHL
JIER IS = R R B A2 L AILEF Y LI 0
R BR A AN BT 3 B B 45 2 = R 1
HIRCRAMIE (FEmss ~ BEEESC 0 2010) - b
Ah o FIH R m Sk T T Ry 6 Ay % Lo AILEE SN
Gtk > HWFER AR BB ENRAER
AL EEESETF (You et al., 2015) - iZLERH3E
ST T A — Bt B A R E Bl o A A £R A
ZO VBTV IEE 2 - HRIE H A oT 88
o EHT BRI GR IR ] s 4 A7 2R -t
RETT (H5EHZE - #PLE - BEE > 2015) -
[E] 5% 2 B ML A T8 i BT HY 51| 9k 28 A1 Flexi-
bar » BT 0] DAL BV FHAZ O HLEERYE AL EE
# (Chung et al., 2015; Kim et al., 2014)
Ah > 6 Flexi-barfy i/ 0 alll S 5 AR A= FILAIL A /2
FE BN - IS 2 1B [FER I E T F#Hr5E
77 (Lee, Kim, & Lee, 2016) - 55 —f@igs
FLAY AR e S w4k 05 =0 R il (wobble
board) - DUIDAE#r iy 7 = AR 3t fiE &
(push-up) BHEGISRET - o] 52 = A da
fll (serratus anterior) FIF]=F4f (anterior

PETHBHR ) RIR
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[ PEFHZ O R AL AR ]
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R AR E - a4

deltoid) AYE(LIEFE ; %KL (lumbar
multifidus ) FIFFE L (rectus femoris) HIJE
{5 I % Rl SRS (L A2 4T (Borreani et al.,
2015) - nEgR AR RS -S4k E)
TRV EERE ~ SME A B SE REREMA
FiR[E (Zemkova, 2017) -

AT A B2 R I B2 il 14 ACL B {5 09 P9 1 A
ZE SRR o i elDEERLEE
RAIBNEEEE - BB E
AILEE R Ay N S - e o B FE 5538
g > RS THPTACLAEL ~ ACLFiliEiz(8
fRIVEZE HAIE o« N AIRE R A SR g i
TR E B AR PR R B R A e K FF
M EIEZALAANTIALE (muscle spindle )
F A HYES B SR Bl 5 15 S HL A 2 T B A R
HY R 275 368 o 48 2021 % TR0 R AL P 2B 1T U A
wEE g AR P AYHLAVE LIS (Faries &
Greenwood, 2007 ) - A » HF LTS
REUR  ARREINSEILNAELRR » B
THEBNRE SIS - TRATU TP ACLIG ZE 3 4
2R (BZ) - RHFER - BlERET
AR o o R R 6 S A S AR A RN
HS PO 55 FL Y Uit i 7 4 DA CL AT R 2 Y 55 J1 &
i > BEACLIBEGHA$ZETT (Demorat et al.,

B tRER AL A P2

HEJT N
REREE AR N

|

R B R |
B NI

|

[ A {5 R B 1 ]

s

= BoOEHRIRET T 5 H ELE S R s

BRIAE © {k#EDe Blaiser et al. (2018) ~ Willardson et al. (2009 ) SZjgkEE Hy 8T -
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2004 ) ;5 JHEERFAS AE 2 2 A Y OE AL B AR 1R ATLEY
FLEIUR 4 ~ 2 AR 1% AILAY O B 7 B A DU B
G DT > BEACLES B RATR » Bl
FERACLIGRIER - i e Y EEkE
FIL PAT B9 28 5% S 5 7 DK /D B PO S L B i 7% ALY
ILEURGETE R o MR A8 E = | L3 REmT
il bE—F I > 385 0 A O B B R 1% AL 2 ]
WekEHYEE ST > 2 E|RFEACLZ 24 (Lloyd,
2001) ° DABOSU{E By F 72 ~F 11 £ 1T B fAl
7 R BRI T8 kb - {5 A RJLEE [ b A
PUTH SRR 1% ALY E (LR - SR > B
S EEBOSU FHMIRER - RIS LIE
FE B A > 10 R PUBE LR B s L > 22
I 7 iy 220 A 7 7 =% 1 Bl 4R T i i e T %
HIRNL A - B R RAGI IR E TS » A FE
RACLIE(G E bz rYa) 98 %45 ( Shultz, Silder,
Malone, Braun, & Dragoo, 2015) ; #FAFE
BOSU _FRE IS - FRERAETE AL T
W ~ fE8IRTE (frontal plane ) HYFZ @i &
TNBVSERE » W98 & 30 Ry vl & a8 5l SR\ B B
Bl O S P AR B ol b 1y B © SRR R AR E N
R DIBASHNEN J7$# (closed kinetic chain
exercise, CKCE) #1734k » N amlE(fEEN(F
AL WL ALEEIE R fd e &b > Rt
IO HLERE R SEEYRDBR » a0AE 8l SR
AR ERZE » B O AR FED
Bl

{h ~ SR B LA %
OLARNIRRZ 52
— ~ Bin RS

EREARBENRNEM T > oim R4
EREVEDE MRS - TR A EE T RE -~ 7
RS T R B o i O Bl L R M e B
s 7 AR Ssa e (HEE - S
2010) - EAMEmEISIERES T CKCE ~ fLEH
f# (myofascial ) ~ FiEEsUE (feedforward)
S o CKCERYE 2 Ry 1 B A [E] € 1
Ui g 5%+ 56 FH 4T Ui A% Bh 2K 56 BB A » 40 2
b~ RIE S FEN(E - RrRGE SFE ST - fKET

77~ (RHEARRS BV R AT A B S B EE 2 AL
W28 > e B INREMEEI 47520 » CKCE
Y3114k 07 AT A2 B 1 (i A2 2 B T Y
HEHF (Beynnon et al., 2005) - FHEHY T
REEN R e - WEFIEASHD)
A& (Myers, 2013) - & GEFEE G EE
B{ENE - GLE BB ALY SR - (o [E— 1R AR
B4R BIHLIA BRI A6 2 A i N ol T e > 4l
P =T AL S B & B U B K ALY 5E 7 8
b 2B {lE R S22 [E]H 58 BH i B 2 il B 57 e £
AT (do Carmo Carvalhais et al., 2013) -
& R EEARILAR B - B
N Fsisn s (thoracolumbar fascia) DAAE X 5=
P EEAEHL - (%0 LA 2 1 A e B
VBB AL AR UE (do Carmo Carvalhais et
al., 2013) - FIEEIERIREZIIIGERE > EX
RS PR T R B ENES - AEBARVERE AL AL
JRIEEERtA Z R T/E(L » DU R SRS 3R
BRI IIREERE - B EATHIHGE R E
PEARTTEY - BRGRERIR RN =S » IR
2715 S BT RE TR R B 1 PE s B T BN 12
HIPFINIEE (Angel & Higgins, 1969 ) o
TP~ el R BT A A o E Y B (R S R AN SR
TERVEN T8 - FIE0 T 5FR—HIRedcordsl| SR H)
E » SPAREFERE (prone hip flexion) E{II54Z
B (supine pelvic lift) SFBh{FHE 4EHE:
FARAIEYPZERIRE 1T - =4 (side plank
abduction ) HNEEREIFEFIRES) - (GHEE g
8l (supine trunk rotation ) & fjFE R E FEHIEE
71 AR5 FE (lunge) BLZERS (squat) B
A0 RePE e T B ERC & PAsH BN F LA TR
TE S HEHZ OB E RE NI S HYEK > Al ARSI
ek PR L AT B EATE A4 -

T~ Rl AR DU Z AR

e ARG SR R0 IR S
B AR A DU FI R K H EERIERI41 ~
60%HF - BT E Ry B E(LRUR (Escamilla et
al., 2010) - [fi & o alll 4R ATHE = A B i AL P X
DAEREMEAEEC&IEE S (Krause et al.,
2018; Lee, Park, & Lee, 2015; Snarr & Esco,
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K— BmilREEIE

EaH Ea

ST (e 2 =

(supine pelvic (side plank
lift) abduction )
(U e PR IERE

(‘'supine trunk ( prone hip
rotation ) flexion )
S S

(squat) (lunge)
2014) - WHEE A D EEHREZOINE  TEMBRMHEES (sling push-up) HEL4EF

F60%HY 5 B E{L/K# (Cugliari & Boccia,
2017) - HEIRBITEEH > BmIIsERE
FIRRRERE ST ~ BUERE S B EERE A B
FWENRR - HPh—RAHS®REES S
i 31| 4R S S Bl B 7 PR B Y SRR 5 3R - &%
Gt TR ENEE AL ~ TLEBkE - FHrae

THRIPTIRH - = EH P & F L EE R
RE) (BEZE - HEE - BRE - B -
EESC 0 2016) o S—IEMZEMIEE 0 638
1 58 175 511 08 ] A A0 o K 2 T 1 i e B
FERE ST > R B B 1 5| R SEE B 800 B2 2 R TR AL
WA RSN BUEER - B T RCESE) R 0]
BEA IEEAVEZZE (Nalbant & Kinik, 2018) o
BE SR FE B =0F) JJ## (open kinetic chain,
OKCE) [Hfyall 4k tHEL » £ H|FHCKCER /A
FSR13 % - M SR 07 N E T &K
AL > HH B CKCELHF Il 4 1% ix =

(Dannelly et al., 2011) - {FIHEFFAILGE
ROTDLEEIR > Wit SR R T AL IR
B R R BH 13/l SR AV 31| Sk B A2 6k = AN g e R
B > RILE R B EHIE BRI
B R IR o P DU (Rt
&S R A AR > SRR TR m
311 SR A 5 A A 31| R X 2 1T BE (B PSR AR FE
sk - Bt &AW e N A B e Fm b
GEER AN I - ERIHR ST I
ERYHEEEANNELEFERA AN R
BT - Bmall SR BE ] LD E RS A
T HIFE R4 - TE SIS BRI B Al DL
AR ) TR R E BRI - i\ A
geiad o EfTOEG MG o B IRAHALE
34k 4 B R TH4.9% 4 T F-BR i 8 B 1Y 7% i
k7 ( Saeterbakken, van den Tillaar, & Seiler,
2011) - SHHYRE s/l Sk 71 v ¥ 2 BRI B BR



7 ~ kHE

R B T3.5% (Stray-Pedersen et al.,
2006) - S—RIATRANEE T BV E I EEE
F-AE 4K 8 8 7 5% 1l | 4 12 L E R T HI ELEE AL ~
= B Pk 2 E BURR TR (B E - §F1E
O~ SRR S - EE > 2017) < DL
WA R AT LIS - FI R M RSy
B ERNZN_ ECKCEEENE A T2 ~ 3
K2 ~ 320 - HLEHER6 ~ SFATHIGH - 7] DIEE
TET RO AL RE B ERE ST - % i =0l 4R
BN EE R Gy INR = -

B ~ e

RIZERIFEE R o] DUEE > LT
BRI 2 BRI B T 5 (5 5 Y R A
FEEEEY  ERAENELETETR
BUN IR ERAYFRY B2 E (B. Frank et al.,
2013) - fEESREHVEEEE D - A RHIX
ORETIRF T B (5 MR T - AT
TE 2R I HETTAZ O HLEE AV SR A S RST
0 INE TG RIE AV R - B A
AREE S ML - Bml SO H 0N

B ELALAY (LR B - H ATt E 583
F Al R LR EE BRI A A SV
SR > ARAHTFE B] A I i Al R BT B L
HUEF AT SRR - WH W N EA ARV E SN 5
FRTFEETLEGNE -

2275 3Lk

REZ - B - RS TIUEHE - B
(2016) - f= 50 A BR A 7 A Eh o)l R
SEHEBIRI 2 B - RERTEET - 18
(3) »235-247 » doi:10.5297/ser.1803.007

TR ~ FFIE0 ~ REEE - S ~ R
(2017) - Bfmdlek (TRX) HEFRE
BT IR ST o EEIEIREIER -
47 > 15-25 - doi:10.6194/SCS.2017.47.02

IR ~ BOPIR ~ EEA (2015) - HTIEk
ol R R BE T-HILIAI AL > PfrRE ) B
BRI E - lERW > 48 (2) > 139-
148 > doi:10.3966/102472972015064802002

iR - mEHE (2010) -« FRmEE 4 -

T RRTASERE S B RS SRR
W E T S WFsessEt GER

PREEE 0 SEEE AR 2 G A BEERTHIEAREAL ~ TLEBkE ~ P

(2016) AEJT ~ TEISTIREE ~ fnad@ss ) - %
EHHE S ~ E AR EEEE

You et al. 124275% TP B3 e mall e A TR e AL )
(2015) B

Dannelly et al. 260 1957 ISR WFoT B 2B oy Ry e H Tyl SR WigHZ el 3 ST IRRH B LS BH AL
(2011) ik Brmallar - AT 135Sk 71 g mIISREET T Em

IREN AT B

Nalbant and Kinik ~ 20{i7 183% H 148 SHE2 > G2 ~ 340 > LolEiGm HERIEMEMNE - EEB - 5
(2018) BRES) & ElESIWN T2 AL (T R
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