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Effect of Ipsilateral and Contralateral Loading in Bulgarian Split Squat

Training on Lower Limb Function

Kyoung A Park

Department of Physical Education, The Graduate School,
Pukyong National University
Directed by Professor Young Hoon Kim, M.D., Ph.D.

Abstract

Purpose: To compare the effects of Bulgarian split squat training with load
placements on lower limb function in healthy adults.

Methods: Thirty-six healthy adults were randomly assigned to an ipsilateral
group, a contralateral group, or a control group(n = 12 each). The training
groups performed Bulgarian split squats two times a week for 4 weeks.
Muscle  strength, balance, power, dynamic Q-angle, and muscle
characteristics(thigh circumference and mechanical properties) were measured
before and after the intervention.

Results: Significant improvements in muscle strength, balance, and power
were observed following the training, with group differences depending on the
direction of load placement.

Conclusion: Bulgarian split squat training with different load placements
effectively enhanced lower limb function and can be applied strategically in

strength and conditioning programs.

Keywords: Bulgarian split sqaut, Lower extremity, Ipsilateral, Contralateral
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EZ 1. 27 SAHEAE EH(n=36)
Age (years) Height (cm) Weight (kg) 5RM (kg)

IPS
(1=12) 22.83+£2.329 163.58+6.431 58.83£9.013 23.67+£8.553
n:
CON
(1=12) 22.92+2.275 167.33t8532  61.50+11.720 22.75+8.833
n:
NON
(n=12) 25.00+2.923 166.33t5.466  62.17+10.819 22.67+9.623
n:

Between F=2.834 F=.943 F=.334 F=.045
group =073 p=.400 p="719 =956

mean *+ standard deviation

IPS: Loaded on the same side as the front leg
CON: Loaded on the opposite side as the front leg
NON: Non external load
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=07 =A% (Herrera et al, 2021; Martinez et al., 2021; Ahmed e

3 g2 AAE FASHA, T ~2EJS 7S RAME 9] 2em Al 9
At s gttt FHAY A & U A T4 JEs)
A2 (Neil et al, 2013; Alvares et al., 2015), B4 528 H 42313817 9
& slA, B%, #nks ~E@ o2 1A TH(Jenner et al, 2024). &
Ao 7hsH e = 0°F-H 90°7HA = A A 5 tH(Findley et al., 2006, Hogbe

rg et al, 2022). 9EHE My S A A= A AAE FABEAAL,

F5 v= 9o A o HEHE FEHEkgith oluf A 7F A e A Fe
= 3, 3 F2 drhelm e £57](Greater trochanter)E 71+2.2 A E
ahlaL, 7hs 9= 10°¢14 30°2 A A At Claiborne et al, 2009). o/
A FELR FHAE AAStL, FEd 2w B e HAiadkete
= , w3 dEad |

St urokth(Jenner et al, 2024). 544 +& 9
E_]ﬂ

S <9 2>¢9F Zr

ulc)
r

_‘]5_



7h ¥ 2= dg A
Aokl ees, ok R ade, g7 g A o614 s

(Maximum voluntary isometric contraction, MVIC) & &A%+ 3x1d #
A ZFH - %E AHl(mini DTS; Noraxon, Inc., Scottsdale, AZ, USA)Z
AFE3Fe] =469 tH(Hermens et al, 2000). A= 2 H 2AT A 59
AL woln A% W ARE Huser] 98l AsE Aws9 o
28 Fne Fom WY AYUAE 2aAAT o)F AE 10mme A=

A s R AdEE 4 259 20mm Ao 2 SENIAM(Surface

electromyography for non-invasive assessment of muscle) 7}o] =2}l

upe} P25 th(Hermens et al,, 2000). ¥ A& doglZee 99
g 7}A] (Anterior superior iliac spine, ASIS)9} F-Zm Alo] Ao F7t

A1 (50%), derelFad e N4yt Fem A dn A 7129
§71 Abo]l Mol T3 AH(B0%), TIHE7HS JPm A o]
=7] Ato] el F3F AAGO%) F-=sEA tHMuyor et al, 2020). 3%

2% gu 2 AT $2 ne

of\
sl
e

2

rr

<3 2>, <O¥ 3> Zr



R w3t 9] %)
o

, ASISOl A F-Et] Alo]e] Mol A 50%0l <A
(Rectus femoris)

ok 28 e A A A7k TFE9 B g 7] Aol <]
(Biceps femoris) Aol A 50%0 9=

SHET| w5 dol A kel ZE7] Alo]e] Aol A
(Gluteus medius) 50%°l $1 A

al., 2020; Collins et al, 2021). Z7FAtE 5% &< MVICE A A& oH,

< 33 WHEskal A F 1Ee FAe A £40= 5% T U4F

125 AYs 3% 719 dolEHE A}83F4 tH(Marchetti et al., 2016).
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—

i+
i

mK

—

;&

=

E o]

kA

}H] (mini DTS; Noraxon, Inc., Scottsdale, AZ,
2™, Noraxon MR3(3.14) 4

215+ 10-500Hz 9o tieg &

O]

=

At

3

USA)E Ah&-3te]

¢

ol

315 tHOkkonen & Hikkinen, 2013).

S

H§& F3A=

o
T

(3)

1,500Hz= A A

T
1o

alo

_EH

ol
T
M
ze)
g
Hlo

o
MJ
T™H
il
e
e
Axe}
‘WO
K
il
ToR

pot

rJ

BH

i
il

iow, 2t

O
AA

33t

=

Jo] 2

°

o

Q

A

=

=

(Handheld dynamometer, Baseline®, USA)

B

UJD
1

I
T

(Ihf) T = 7] =38}

= 3
=

= she

o]

—_

o
)
B
1o
ﬂ

—_
o

0

B!

M
(-}

AR A ol A

W

T

o)
W

=2
=

ZFA

}

)
pad

CER

1

°
pal

10° H ¢

=

ok

AlA F

5
T

1o

A

Ay

=7

=

=

4tk (Drouzas et al.,, 2020). 9@ &4
Ao 5em FHEo v

_‘]8_

°

=
At Dawson & Herrington, 2015; Pompeo et

\"7;<4

2 i AAelA v

o
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[e]
2de
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2) #¥59
(1) A4 AA A9

A zAM| Aol H 7= Bertec force plate(NC-4060 X2 Bertec Corp,
Columbus, OH)E &&3sg o™, ICC 07970919 A== 3l H(Alf
uth et al,, 2021). WA= FAS AR @G5 A A G AJHjolA ek
o, FE2 UM
A gE AH ROl A HIAEE dE3al, COP HolE = 30 &3t

Atk 2+ A= 1 30%9 F24 AIZEE
cAE AAEAG. 2 21" 334 whEs)
s a7 S & W 2 Algets dez AYadn, 24 =%
AS w7t A3 == FH AW HE53¢ AF T Ales FEE

O
o
rFstal oAl Al &8s tH(Gribble et al, 2007). A4 ZAl A= <19

_19_



a7 5 X KM M of

(2) &7 AA Al

4 AA Ale] H7M= 33 @ 2| (Single-leg drop landing) $ 974
3} Aejol A =AYt Zanguie et al, 2024). HAAES 30cm =

ahe SJol A AlZshe]l MR A XS SR A A ¢S L
o] 7

kg wre AW gl REm, £& JPwsH 9 A2 £F8
4 AN Fuanh o F, $AS Wol Y FYol FAFES A4
stgom, 34 A @A Ade Akststel Aol I F7b ol

g dEme AFEH Fgth T gAde] FE ool nA= GG )
Aelr) g8 £ B dPMsde] LAAAT. FH A H$AZ 0ol

Aol gA GEE ARl Shlistdlon, S =T Eo] Jums AN

2007). qdAE 22 & 7 3 wmEA AdAse F 5x T ¥ S
13+ thH(Kawaguchi et al.,, 2022). 5% A Aol <29 6>3 2t}

_20_



a8 6. A AbAMl H of

7h A= Ay 3 AR F#4

A Wk flo]H = Bertec force plate(Bertec Corporation, Columbus,
OH)E AhH&ste] 1,000Hze] i MEE Fo4E 5553 3L, MotionMon
itor &2 E o] 3] 7] A| (Innovative Sports Technologies Inc., Chicago, IL)
= &3] 500Hz= A 73S tH(Dingenen et al., 2016; Morgan, & O’Connor,
2019; Alfuth et al, 2021). 3 ¥ 9A] dlo|H+= MATLAB(H A 5.3; The
MathWorks, Inc., Natick, MA)=S A}-&3le] A elstg or, ASEZ9(COPVX)
2 Yo F(COPVY) Wk COP Wels AlLtst A thGribble et al, 2007).
AA ZpA Aol F7F Al RS wiAer] fs S48 AF F 5k F
5 A 5xE A T 20 7Y tlolHE EA el AREsvH(Fuchs
et al, 2021). 4 99 A&+ 5Hzeo Abdk 53+ Butterworth A< &2}
ZHE #8359 (Dingenen et al., 2016; Bakker et al., 2021). 5% =}A|
Aol Al ZHA] - 3%7Fe] COP HolHE AFE-3F% i (Wikstrom et al.,, 200

_21_



5), 7] A 3 Z(Initial contact)> 2 ¥ Wk o] 10NS Z 3435t Al
Ho g2 A5 tH(Mauntel et al., 2021; Thomas et al., 2022). 12Hz =}t
T A= # T Butterworth A% &3 HEE A &sto] wmo]=E A
A3FA tH(Kilroy et al., 2016; Mauntel et al., 2021). COP ¥<9l:= o

AlZE 3 Zel #x AE TE 4 Wk, v Zdd T oolE

Y
do W dp
0 T 5}

AFESlaL, ol A™Yigre g FAHsY YeSH(x) 2 AFH(y) 74 W
AArstA . o] % JElagt~ AEE o]8sle F COP HMH(mE
9 2™ (Ritzmann et al, 2014), =5 COP W4+ 33] whE =719

S AFESte] A 24 A tH(Alfuth et al., 2021).

2
e
ol
ol

e

ot
EY

3) 29

<9 S OptoGait A =¥ (Microgate, Bolzano, Italy)g Z-g&3to] 24
stR o ICC 0.8270.869 AlFEE =<l3st 3 tH(Villanueva-Guerrero et a
I

Do
S
Do
=
o
5
X
rr
o
r>~l
2

e AREE A A= A AlE AIe S

d

Asta, A A RELRE AA A A EolE Aitste d ARE
HAoh EACd = AR Ha 7 ERE dolE EA o AFE-3F % tH(Lehanc
e et al, 2009). 3% ¥bs A 3EZ(Single-Leg Countermovement Jump)= W
A7 AS gy 2 ek gk vbEs 32 (Countermovement Jump)E ST

98 A% A £4 gEz AaHgon, FEss B £ Yol

_22_



J
o
~l
ro
3
a
02
/3
ital
[

A4 Q 4 SAS f8 ASIS, =W T4, A0w Z2d Foo] WAL
nlAE H 235191 o (Herrington, 2013; Gwynne & Curran, 2014). =ufEZ
7t 2t (Apple iPhone 11)& AR&3to] HF 3 2™ (Weeks et al, 2012),
A7MA gHe A 3m AE, 5 =old X AAH(Gwynne & Curran, 20
18). 94 42 Kinovea 2ZES ] (HZ 095; Kinovea organization, F
rance)E F3 FAFAT Q == ASISOF FEW FAS ole A F

S TAHA Adm Z2-S ol A Alole] Ztw Ao H v (Skouras et a

:

L, 2022). ¥4 Q ZAxv FE¥WH] wad o TS EE Q 4=
olu] &l (Moss et al., 1992; Araujo & Silva, 2014), ¥ oA = BSS
T Az 91AE Event 1, F5°9 Aol w3 9125 Event 282 2A 3t
(Harris—Hayes et al, 2014), & A& 3+ Q Z=9] #ol& 54 Q 4==
deetaitt. 7bA= BSSE 33 wHE Fasiglow, ZF AlgoA AtEd
Q Z&e] FEgts HF 4 AR&stitH(Pantano et al, 2005). 54 Q

Zh e <% 8>3

Ll
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2| x| (Event 2)

lo
Jm
o,

5 =5
(1) A F7

A =d= A S48 A4S AHEske] 33 SA S tH(Fukuda et

of
s

al, 2016). th&zk= HFsHAl & =, ASISeF F-EW 915 Alo]

==

A A A 2dE SASRNSH, 0.1lem SFA7MA SAHZ G F

oiX
o2

A\
o,

e AFE3A tH(Tsuzuku et al, 2007; Abulhasan et al., 2016). <14

£ == <9 9>9F )
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A

3

=
=

(2) =59 7]1A4

AHg3tel Wrte)

=
=

MyotonPRO®(Myoton Ltd., Estonia)

Fa, 1 9%

ol 0.18Ne) oS 7}s

=]
T

15ms

o
=y

sk 0.4N9

(Colomar et al., 2020). ©]

L
L

I 7125 1 A5 AcHGervasi et al.,, 2017).

9|

AA7IH, R el <

)
=

el
=

2>0l| A AAl¥E SENIAM A

E
=52 71AA

A <

o

!

g

=2
=

= [e)
5E4&

A 8 Stk

A&

mgkow w9

MyotonPRO #H]

[e]
T

<19 10>3 2}

-
1

a2 10. MyotonPRO
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)

|
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=
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=
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O ™ (Remmert & Zourdos, 2023),
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Week Load Sets Repetitions
1 12RM 4 12
2 10RM 4 10
3 8RM 4 8
4 6RM 4 6

RM: Repetition Maximum
2) AHA AA I

EE Iw 9% BSS ApAlE 48000t B3 doj= 7 JrpAte
te] 2ol 100% % A7t e, of= ASISolA]l <FE: LAlu7}x] o] 7
g2 ot HES UMl FE ASIS Fe] Ade AAsido s
& SHFT oA Emole FEW IXRH JIE EAfm iAo A Ao
2 A A HMcCurdy, 2017; Mausehund et al, 2019). %S ¥HZ ¢}
glo] F2o] WH A 7 =(AIREX® Balance-pad, Switzerland)el <& A%
A WE 72 S8 649 o1 (Mausehund et al, 2019), AAl= =2 2HA|
E A ESE st 55 Hek we bt e e & & vgS
o e wE Edd @S 53§48 T tH(Lopez-de—Celis

et al., 2023).




]

5. A7 #4
1) A=A+
2 AFA FHE BRE Ase A4 B4 Z=2I3Q SPSS ver
29.0(IBM SPSS Statistics, IBM Corp., Armonk, NY)<S AR&3Fe] #4131
ot At A5 Shapiro-Wilk #7485 &3 Ao, 7 Ao w
g By A e HES S 7IMs dEA o R A&k sA A Al
A 1 52448 HTe 494 (One-way ANOVA) E&
Kruskal-Wallis #4 = &8 Tdstdeh A3 A4 3+ 4528 a3
e - aHE A (Repeated measures ANOVA) B+ dwksl =74 w2
(Generalized Estimating Equation)S AF&38ta] 2435160 Fe o AHd=z
AREEe] ZFol= Hl-g HE - (Paired t-test) = €5 Foe9l A
A (Wilcoxon Signed-Rank Test)S &3l #dstavt £33, I 1+ 2ol
gzt AFF-APA (RS S AFES & ool glE] YRR EE
Kruskal-Wallis 7A@ ® Hluag oy, Fo3 Ay 7+ xtoj7t e A
AT HAAE Tukey A T B3 ZYBonferroni) HAS &3+
CBE A EACAA Y] FES a

[
+,
Mann Whitney U testZ 2 A& th

052 435ttt
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B AR 49e gaor S5, #95Y, wud ¥
4 Q 4%, 2%9 54 WA 5NE sy A% Fob ik o
£ BSS AL 4% A8 FAZead 48 AFd dF W o
342 W BAE Ade et 2o

T EAAeR folahA ek krh(F=069,

Z B3 (Pre: 268.74t16 vs Post:33155+16.87), W= X 3}(Pre:
260.73£16 vs Post: 31845%16.87), Wiz & (Pre: 242.26£16 vs Post:
284.32+16.87) BTl EAA® FostA FrFekth Hg WA <
5= F35H(Pre: 299.85+21.36 vs Post: 355.45+23.54), ®WHdl= F-3)
(Pre: 267.84+21.36 vs Post: 365.99+23.54), % L& (Pre: 277.93+21.36 vs
Post: 318.79+23.54) EFolA TAHoZ FostA F7FsFAth. AFE-ARA
o] zolgts 7IFLE, 60°/s8] B FHoA He F SAACE fFolg
Zlol = A H A &t F=1.13, p=569, F=1.91, p=.164).

180°/se1 4] A¥hat gk F BEAGE BUAH, BEH 55 BE 57

==
=

rlo

_29_



Aoz folshA FdTHF=0.15, p=.864, F=0.74, p=484). & W AFd-A}

o,

S Hx A3 T8 29L& 5 FokPrer 190.10+12.69 vs Post:
234.29+11.76), Wt = F-3F(Pre: 195.82+12.69 vs Post: 24591+11.76), (Pre:
177.93+12.69 vs Post: 220.73+11.76)¢] X2+ 7oA FYstA 57k
o owg dJAd 2Ee 55 Fok(Prer 299.28+19.32  vs  Post:
344.46+£16.60), H1Z= 1i5(Pre: 267.38+19.32 vs Post: 316.83+£16.60) L5l
ARk folstA SR, WS F-sk(Prer 308.54+19.32 vs  Post:
332.39+16.60)e1 A= EAIF o= {3k ztol7t vERA] eFdTh AFS-AF
Ao Aeolghe 7IEo®, 180°/s9 RE FHoIA Ha 1k FAHCR £
H A EFTHF=0.15, p=.864, F=0.74, p=.484).

3+ xfo]= 3}9]

R L =

_30_



¥ 4 FHZE2JY H 2o OE 54 F8 EZ Aol
(&9l Nm/kg)
Isokinetic knee extension Within Between i
- group - group Intervention
Group . comparison effect
comparison
Pre Post £p) (post-pre) F(p)
p F(p)
IPS -4.77 1.58
268.74£16.00 331.55+16.87 Group
(n=12) (<oonp (221
CON -3.84 1.13 .
C 260.73£16.00 318.45+16.87 ime
(n=12) (.003) (.569)
NON -4.08 7
242.26£16.00 284.32+16.87 G*T
60 (n=12) (.002)
°/s IPS -2.47
299.85+21.36 355.45+23.54 Group
(n=12) (.031)
CON . - -3.97 1.91 .
E 267.84+21.36 - 365.99+23.54 Time
(n=12) (.002) (.164)
NON ~2.47
277.93£21.36 318.79+23.54 G*T
(n=12) (.031)
IPS . . -3.49
190.10£12.69  234.29+11.76 Group
(n=12) (.005)
CON -5.99 0.15 .
C 195.82+12.69  24591+11.76 Time
(n=12) (<.001) (.864)
NON -3.90 i
177.93+£12.69 220.73+11.76 G*T
180 (n=12) (.002)
°/s IPS -2.63
299.28+19.32  344.46+16.60 Group
(n=12) (.023)
CON -1.34 0.74 .
E 308.54+19.32 332.39%16.60 Time
(n=12) (.207) (484)  (<001)
NON -4.03
267.38£19.32 316.83+£16.60
(n=12) (.002)

estimated mean *

standard error

C: Concentric contraction E: Eccentric contraction

IPS: Loaded on the same side as the front leg

CON: Loaded on the opposite side as the front leg

NON: Non extern

al load
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Knee extension 60°/s CON Knee extension 60°/s ECC
340 370
315 340
250 310
265 280 d{f;
240 250
Pre Post Pre Past
s o Non e Non
Knee extension 180°/s CON Knee extension 180°/s ECC
250 348
230 326
210 304 .',#""”
190 282
170 260
Pre Post Pre Post
L R ] Mo L N S Nor

CON: Concentric ECC: Eccentric Ips: Ipsilateral

ag 12, EEH=Z20Y M0 e

_32_

Con: Contralateral Non: Control

sE4d & E2 Aol




=

p=159, F=0.81, p=453). A W ALA-A1% vl A3 A4 2482 5
=  B3F(Pre: 148.17+9.67 vs Post: 156.73+6.96), W= -3} (Pre:
146.55£9.67 vs Post: 165.58+6.96), Wz ZIi5(Pre: 153.09£9.67 vs Post:
14857+6.96)¢] Rl FAH o2 fF8 xhol7F vEtu A k. 8HA]
T HJAAY $HS 5 58 (Pre: 190.30+12.21 vs Post: 215.24+9.47), Wk
= HFol(Pre: 184301221 vs Post: 22693+947), Wz 1% (Pre:
167.04+12.21 vs Post: 19548+9.47) Z5olA EAl4 o2 FolatA S 7}ét
ATE AFF-ALH ) Aol ks V]ES R, 60%s9] EE FHOA FAdE 1 T
A SZ fFolgk ol FQIHA B HHF-1.95, p=.159, F=0.81, p=.453).

180°/sell Al Fekat Ak 7F A& 44, dAA8 5 2T &
Aoz Foshx] LU (£=0.23, p=795, F=0.16, p=.856). A& U AFA-A}
T " Ay FA4 2EHS T35 Fok(Prer 114.98+1066 vs Post:
121.26+10.48), WF= H-3F(Pre: 122.91+10.66 vs Post: 138.53+10.48), tx
4 (Prer 117.77£10.66 vs Post: 135.53+10.48) EFoA] A= F9
gk Zpol7b yEbLEAl eFgkth EdH HAA 2E 2§55 H-sH(Prer 176£11.29
vs Post: 19291+852), tizx 15 (Pre: 159.57+11.29 vs Post: 184.03+8.52)
aFolld FAASRE Fogh Aol7t vEbbA] kAT, REt S RSk (Pre:
173.25%11.29 vs Post: 196.78+852) oA FAA o= FolstA F7tst
Ak AFF-ALR Q] Aol s V]FE o R 180°/s9] EE FEFA He 1 &
AH o2 fFolgk Apol= FRAH A Fhth(£=0.35, p=.841, F=0.26, p=.879).



5 #HZ2IY M8 oE S48 28 T2 Aol
(9. Nm/kg)
Cirs Between
.. . Withi
Isokinetic knee flexion i rour; - group Intervention
Group g . comparison effect
comparison
Pre Post 1) (post-pre) F(p)
P F(p)
IPS -1.42 0.14
148.17+9.67 156.73+6.96 Group
(n=12) (.184) (8
CON -1.64 1.95 . 2.48
C 146.55+9.67 165.58+6.96 Time
(n=12) (.129) (1599 (125
NON . o 0.68 1.95
153.09+£9.67 148.57+6.96 G*T
60 (n=12) (.508) (.159)
°/s IPS -2.65 ) 1.92
190.30+12.21 215.24+£9.47 Group
(n=12) (.023) ~(162)
CON -4.15 0.81 . 28.40
E 184.30+£12.21 226.93£9.47 Time
(n=12) (.002) (453) (<.001)
NON - -2.49 0.81
167.04+12.21 195.48+9.47 G*T
(n=12) (.030) (.453)
IPS -0.79 0.58
114.98+10.66 121.26+10.48 Group
(n=12) (.446) ~(.B66)
CON . -1.01 0.35 ) 3.25
C 122.91+10.66 138.53+10.48 Time
(n=12) (.333) (.841) ~(.810)
NON 117.77+£10.66 135.53+10.48 el G*T 023
180 (n=12) e = (.216) (.795)
°/s IPS ) -1.61 ) 0.77
176.00+11.29 192.91+852 Group
(n=12) (.136) e LAT3)
CON 173.25+11.29 196.78+8.52 A1z 020 Ti 1294
25+11. 71848, im
(n=12) 7 (002) (8799 ™ ¢ o0
NON -1.81 0.16
159.57+11.29 184.03£8.52 G*T
(n=12) (.097) (.856)

estimated mean * standard error

C: Concentric contraction E: Eccentric contraction
IPS: Loaded on the same side as the front leg
CON: Loaded on the opposite side as the front leg
NON: Non external load
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Knee flexion 60°/s CON Knee flexion 60°/s ECC
168 228
161 211
154 194
147 “/ 177
140 160
Pre Post Pre Past
- oy Nen - o Nan
Knee flexion 180°/s CON Knee flexion 180°/s ECC
140 199
133 188 /
126 177 /
. "
119 / 166
112 155
Pre Post Pre Post
- (O Moy - Blan N

CON: Concentric ECC: Eccentric Ips: Ipsilateral

_35_

Con: Contralateral Non: Control

a8 13 FHZE08 HEo| e 54 58 me 2 Xol




= 23k (Pre: 170.45+1291 vs Post: 207.42+14.12), wdj=  -3kH(Pre:
166.34£12.91 vs Post: 211.5+14.12), th% 1% (Pre: 153.81+12.91 vs Post:
183.43+14.12) EFoll A EAN o2 S84 Zr/stgrt. we, HAyg &
Ho F= H3H(Pre: 198.85+15.67 vs Post: 227.97+15.18), Wtd=
(Pre: 183.74+15.67 vs Post: 238.74+15.18) Z1Fo Mt EA 2 o= Holdf
A 7 etF A, Nz 15 (Pre: 186.94+15.67 vs Post: 212.64+15.18) 1&
M= TAHLRE Folghk apo] 7k YERA] Fdth AFF-ALH O] Apo] 3k
NNFog 30°/sY BE FFAAA Ha 2 BAHoR {93 Aol F
A FUTHF=056, p=579, F=2.17, p=.130).

60°/sel A BAA, AAA F= 2F Ak AgF 7o) AT AE FY
EAR R fo8tA (=252, p=.096, F=045, p=.644). A& W A}
A-Ar% vl Ay 5H5A4 S8 55 FsH(Prer 165.55+11.84 vs Post:
178.13£11.83) 2 FAM = EAHOZ F93F o]z} YA AR
Hb = H3l(Pre: 151.47+11.84 vs Post: 19358+11.83), % 13 (Pre:
14258+11.84 vs Post: 171.95£11.83) Z1Fol &= BAH o2 FoaA 57t
st ek AN 28 5 HolPrer 192.70+14.20 vs Post:
221.29+14.86), Wkti3 3-8H(Pre: 186.03+14.20 vs Post: 226.02+14.86), %
2% (Pre: 177.45+14.20 vs Post: 206.20£14.86) R5FolA A2 oz &
A F7kstATh AFF-ARR O] zbeolghs Vo R 60°/s0] HE FFHOA]

=

3;

4|
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<
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A b SAACRE Fogk Aol FJAH A FdTH(F=252, p=.096, F=
0.45, p=.644).
6 =EHZE20Y N0 e 54 JEUH HEZ *o
(c+9]: Nm/kg)
i Between
Isokinetic hip abduction Within - group Intervention
- grou
Group : .p comparison effect
comparison
Pre Post 1) (post-pre) F(p)
P F(p)
IPS -4.48 0.88
170.45+1291 207.42+14.12 Group
(n=12) (<oon) (423)
CON . =4.29 0.56 ) 32.27
C 166.34+12.91 211.50+14.12 ime
(n=12) (.001) (579 (<.001)
NON -2.44 0.56
153.81+1291 183.43+14.12 G*T
30 (n=12) (.033) (.579)
°/s IPS . -3.33 0.26
198.85+15.67  227.97+15.18 Group
(n=12) () e LN (775)
CON . -5.68 2.17 ) 33.97
E 183.74+15.67 238.74+15.18 Time
(n=12) (<.001) (0 (<.001)
NON F . -1.89 2.17
186.94+15.67 212.64+15.18 G*T
(n=12) (.085) (.130)
IPS . -1.37 0.63
165.55+11.84 © 178.13+11.83 Group
(n=12) (9 (540)
CON =4.29 2.52 ) 27.10
C 151.47+11.84 193.58+11.83 R Time
(n=12) (.001) (0%6) (<.001)
NON -3.29 2.52
142.58+11.84 171.95+11.83 G*T
60 (n=12) (.007) (.096)
°/s IPS -2.76 0.39
192.70+14.20 221.29+14.86 Group
(n=12) (19 (.683)
CON -5.71 0.45 ) 32.99
E 186.03+14.20 226.02+14.86 Time
(n=12) (<.001) (644 (<.001)
NON -2.52 0.45
177.45+14.20 206.20+14.86 G+T
(n=12) (.029) (.644)

estimated mean * standard error

C: Concentric contraction E: Eccentric contraction

IPS: Loaded on the same side as the front leg

CON: Loaded on the opposite side as the front leg

NON: Non external load
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Hip abduction 30°/s CON Hip abduction 30°/s ECC
214 240
P o
198 225 /
182 210 /
166 195 /
Fd
150 180
Pre Post Pre Post
i, L0 Nan L IR T Non
Hip abduction 60°/s CON Hip abduction 60°/s ECC
200 230
185 . 378 /
170 // 200 /
155 185 ©
140 170
Pre Post Pre Post
L et ] Nary | el o N
CON: Concentric ECC: Eccentric Ips: Ipsilateral Con: Contralateral Non: Control
J% 14 EH=ZE20Y Mo mE 54 g ad a2 %ol
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A8 FAASRE fFostA GUTHE=031, p=.733, F=2.10, p=.139,
F=028, p=759). A& W APd-ARS mlal Aa qoee e 55 56
(Pre: 5.04£0.09 vs Post: 5.40+0.09), ¥t= F-3F(Pre: 5.03+0.09 vs Post:
5.30+0.09), H1x 15 (Pre: 4.98+0.09 vs Post: 5.30+0.09) oA &A%
o2 FoetAl FrtstAth el Fa A S 5 Fok(Prer 5414011 vs
Post: 559+0.09), Wrt= H-3}(Pre: 5.52+0.11 vs Post: 5.86+0.09), tjZ& =1
& (Pre: 5.36+0.11 vs Post: 555+0.09) EFolA FAA o= FofatA &7}
Atk FHE7IES 5 Fk(Pre: 493%0.15 vs Postt 5.14+0.11), =
I8 (Pre: 4.79+0.15 vs Post: 5.03£0.11) ZFolA R SAHo2 F2o3
ol7F YEbA] ARt = F8H(Prer 4.77+0.15 vs Post: 5.11£0.11)

A FZESHACE AL AR Aol g 71

F=0.29, p=.864).
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E 7. FHZ2O0Y Mo w2 SHMH 2 Aoj(xH Z2ME)
(k9] uV)
il Between
. Withi
ISOI’netI'lC MVIC n - group Intervention
- group
Group . comparison effect
comparison
Pre Post A1) (post-pre) F(p)
P F(p)
IPS -4.21 0.21
5.04+£0.09  5.40+0.09 Group
(n=12) (ooy (.810)
RE" CON 5035009 530£0.09 -4.11 1.10 T 47.80
(n=12) o (002) 57T (<00
NON -3.76 0.31
4.98+0.09  5.30+0.09 G*T
(n=12) (.003) (.733)
IPS -2.94 ) 1.71
541+0.11 5.59£0.09 Group
(n=12) (o4 (197)
. CON - -5.27 5.94 ) 46.24
BF 5.52+0.11 5.86+0.09 Time
(n=12) (<.001) (o (<.001)
NON -3.50 2.10
5.36+0.11 5.55+0.09 G*T
(n=12) (.005) (.139)
IPS -1.79 ) 0.33
4.93+0.15  5.14+0.11 Group
(n=12) (0w e T (723)
Gmed” N 477:015  s1120.1 y 7 Ti 15.10
mee (=12 T " (.006) (.864) T <oon)
NON -1.83 0.28
479£0.15 5.03£0.11 GxT
(n=12) (.094) (.759)

estimated mean * standard error

MVIC: Maximum voluntary isometric contraction

RF: Rectus femoris BF: Biceps femoris Gmed: Gluteus medius
IPS: Loaded on the same side as the front leg

CON: Loaded on the opposite side as the front leg

NON: Non external load

* . based on log—transformed data
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RF MVC
5.5
5.35
5.2
5.05
49
Pre Post
e Con Non
BF MVC
5.t
5.64
547
Pre Post
=5 =Con Non
Gmed MVC
5.18
5.0
482
47
Pre Post
- < Con Non

RF: Rectus femoris

MVC: Maximum Voluntary Contractionlps: Ipsilateral

BF: Biceps femoris Gmed: Glutues medius

Con: Contralateral

Non: Control

a8 15, FHZEOY Mo e SHY 23 Xo|(FH Z2HE)
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(Pre: 59.14+4.49 vs Post: 64.19£2.87), W= H-3H(Pre: 55.1944.49 vs
Post: 60.65+2.87) ZLiFolA = SAA SR Folgh Zpol7F YEbuAl e kA
Ttz 25 (Pred 54.9044.49 vs Post: 60.94+2.87) 215+ SAHo=E
fFrostA S7tstt. doE Fad e 55 F5k(Pre 3.8 +0.09 vs Post:
3.9 +0.06), ¥t F8H(Pre: 3.64£0.09 vs Post: 3.81+0.06) ZFANAE &
Aoz Folgk Aol7} YEA] ¥RkAINE iz 15 (Pret 3.64+0.09 vs
Post: 3.84+0.06) L&A FostA S7keksitt. SHE71+S 55 Fof
(Pre: 39.97£252 vs Post: 46.11£2.08), ¥td|= F-3&F(Pre: 39.79+252 vs
Post: 45.68+2.08), th% L% (Pre: 37.0612.52 vs Post: 46.21+2.08) E5o
A EAA R fFootAl FIFeFA T AR AbA el Aol fte Vo R Hrt
=, dudFad s, SAE7 Bl gd 3 SAH R #9

g zpol= FRIEA XATHEF=0.02, p=.980, F=1.03, p=598, F=1.33,
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¥ 8 EHZEIOY HMEo g SYHN Z2Y Xol(FHE SHAH)
(cF<]: 1bf)
iq Between
. Withi
Isometric MMT " - group Intervention
- group
Group . comparison effect
comparison
Pre Post £p) (post-pre) F(p)
p F(p)
IPS -1.46 0.42
59.14+4.49 64.19+2.87 Group
(n=12) (1 (.659)
RF CON 55.19+4.49  60.65+2.87 LIS 0.02 Ti 739
A I9T4, DOT L. me
(n=12) (.275) (980) (.010)
NON -3.85 0.02
54.90+4.49  60.94+2.87 G*T
(n=12) (.003) (.980)
IPS -1.26 1.10
3.80+0.09 - 3.90+0.06 Group
(n=12) (234) w0 (.344)
BF " CON 3.64+0.09  3.81+0.06 L6 W03 Ti 12.26
04TV, O1TU. me
(n=12) (.106) (5% (.001)
NON -3.83 0.46
3.64+0.09  3.84+0.06 G*T
(n=12) (.003) (.636)
IPS -5.96 0.12
39.97+252  46.11£2.08 Group
(n=12) (<00 -~ (.891)
CON . -3.67 1.33 ) 60.02
Gmed 39.79+252  45.68+2.08 Time
(n=12) (.004) (278 (<.001)
NON -4.67 1.33
37.06+2.52  46.21+2.08 *
(n=12) (<.001) (.278)

estimated mean = standard error

MMT: Manual muscle testing

RF: Rectus femoris BF: Biceps femoris

IPS: Loaded on the same side as the front leg

Gmed: Gluteus medius

CON: Loaded on the opposite side as the front leg
NON: Non external load

* . based on log—-transformed data
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RF MMT

64.5
62
59.5
57
54.5
Pre Post
L s Con Nor
BF MMT

Pre Post
=5 #=Con Non
Gmed MMT
47
445
42
39.5
37
Pre Post
- Con Non

RF: Rectus femoris BF: Biceps femoris Gmed: Glutues medius

MMT: Manual Muscle Testing: Ipsilateral Con: Contralateral Non: Control

0% 16 TH=ZE0Y M0 ©E SHM 2 xo|(FHE SYAH)
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st& EA e Adolth Jud AR P AEAES A A
of oA FAHOE FostA ZUTHF=0.10, p=.903, F=1.39, p=.264,
F=029, p=750). J& Wl APA-ALS vl A3 AAH ZA] Ao T A
A AT 2HAAYY COP= 35 HokHPre: -0.62+0.07 vs Post:
-0.74+0.06), Hto]S H-3F(Pre: -0.59+0.07 vs Post: -0.71+0.06) L&A=
T3 S A W, & L (Pre: —0.46+0.07 vs Post: -0.56+0.06) —L
FollA AR fFo3k zbol7E YEtbA] Xtk AA ZpAl Ao F A
Zb AR Ad oA e] COP+= &5 F3kH(Pre: 1.23+0.08 vs Post:
1.09+0.08), "t = F-3H(Pre: 1.39+0.08 vs Post: 1.18+0.08), = i (Pre:
1.46+0.08 vs Post: 1.34+0.08)¢] B & IFoAl FAASE FolstA F7t
stAth &2 ZA Ao A L] COPE &= F-3H(Pre: 0.41+0.02 vs Post:
0.36£0.01), "= F-&F(Pre: 0.41+£0.02 vs Post: 0.35+0.01), = & (Pre:
0.42£0.02 vs Post: 0.37£0.01) E-FollAl EAA o= FolatA 78kt
APF-AR O] Apolgts Vo R AAH H T4 AA Alo] BFolA Hd
B FAASE Fog Aol FRAEA FRATHEF=0.15, p=.860, F=1.39,
p=.264, F=0.29, p=.750).
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E9 FHZ2IY MZo 02 ZESY Aol
(429 m)
il Between
Withi
Center of pressure n - group Intervention
- group
GI'Ollp . comparison effect
comparison
Pre Post A1) (post-pre) F(p)
P F(p)
IPS 3.14 2.22
-0.62+0.07 -0.74+0.06 Group
(n=12) (010 (.125)
o . CON 0504007  ~0.7140.08 2.26 0.15 T 16.80
Pen  (p=12) S (.046) (8600 o0
NON . . . 1.99 0.10
-0.46£0.07 -0.56+0.06 G*T
(n=12) (.073) (.903)
IPS 4.85 2.61
1.23+0.08 1.09+0.08 Group
(n=12) (<o001) ~ (0.89)
CON 4.96 1.39 ) 43.08
Close 1.39+0.08 1.18+0.08 . Time
(n=12) (<.001) (264 (<.001)
NON 2.44 1.39
1.46+0.08 1.34+0.08 G*T
(n=12) (.033) (.264)
IPS 474 0.45
0.41+0.02 0.36+0.01 Group
(n=12) (< 0000) S T (.639)
Drop CON 3.88 0.29 ) 46.51
. 0.41+0.02 0.35+0.01 i Time
Landing (n=12) (.003) (o) (<.001)
NON 3.49 0.29
0.42+0.02 0.37+0.01 GxT
(n=12) (.005) (.750)

estimated mean *_ standard error

Open: Eyes open static single-leg postural control

Close: Eyes close static single-leg postural control

Drop Landing: Single leg Drop Landing dynamic postural control

IPS: Loaded on the same side as the front leg
CON: Loaded on the opposite side as the front leg
NON: Non external load

* . based on log—transformed data
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o

04

06

-0.7

-0.8

Open

e Con Non

Post

/

Pre Past

L 5 pu= Con

0.405

Drop Landing

Pre Post

L s Con Non

17.

Open: Eyes open Close: Eyes Close

Ips: Ipsilateral

Con: Contralateral
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= Hj
>
P
>
fo
)

o84 U x =042, p=.810, x=052, p=.772). #
A AF AL FF F3H(Pred 0.35£0.01 vs Post: 0.39+0.02), HHoj
= B3} (Pre: 0.36+£0.02 vs Post: 0.39+0.02), thx I (Pre: 0.32£0.01 vs
Post: 0.35+0.01) RE5FellA SAAC = FolaA F7hstdh. &3, Eol=
5 §oh(Prer 1534%1.23 vs Postt 1871£147), {HiiS  F3H(Pre:
15.78t1.46 vs Post: 18.68+1.51), Wz 1H(Pre: 12.66+1.11 vs Post:
1498£1.13) E5FollA SAA SR FolstAl T7Fetith AFF-Abd e Aol
#e 7leo®, 8 vbs HEL Aw AE E o] EFA FAFSE
ol st zbol= FAF A EATHE=040, p=671, F=1.73, p=.422).

F Wbs HzZe Al AIZFE Eolol A FHubdk AZF IF AEAEe B
T SAASR fFostA U (F=0.29, p=.749, F=0.30, p=.744). HF U
, AE AP TS5 FH(Pre: -0.66+0.03 vs Post:
-0.61+0.03), ®WF& H-3H(Pre: -0.65+0.03 vs Post: -0.59+0.03), & 1%
(Pre: -0.73+0.03 vs Post: -0.66+0.03) EFol A FA A= FolatA F7F
A th T3l ol = F 3} (Pre: 3.48+0.07 vs Post: 3.60+0.07), vt =
F-3H(Pre: 3.51+0.07 vs Post: 3.631£0.07), & I+ (Pre: 3.35+0.07 vs Post:
348+0.07) EFoNA TAH R FoetA FrFetA Tk AFF-Abd o] Aol 7k
& Ve E, G dbs Fzo AT A B go] REOA Hd 1 FA

How o3k Apol= FJAH A G UTHF=0.09, p=913, F=0.01, p=.992).

_48_



5]
o
ok
e
5

EI3 Mo g =2y xo

Countermovement  Within Between

- group Intervention

jump - group
Group . comparison effect
comparison 2
Pre Post £)/2(p) (post-pre) F(p)/x4p)
pDIrZp F(p)
IPS -3.06 5.01
0.35+0.01 0.39+0.02
(n=12) (.002)
Time" CON -3.06 0.40
0.36£0.02 0.39+0.02
(sec) (n=12) (.002) (.671)
NON o001 0350001 >
SCM]J (n=12) e (.004)
IPS -3.06
15.3441.23 18.71+1.47
(n=12) (.002)
Height’ CON -3.06 1.73
15/78+1.46 18.68+1.51
(cm) (n=12) (.002) (.422)
NON -2.82
12.66+1.11 14.98+1.13
(n=12) (.005)
IPS B ~4.78
~0.66£0.03 ~0.61+0.03
(n=12) (<.001)
Time CON Ly W ~6.44 0.09
(sec) (n=12) = 1 (<.001) (913)
NON - 7300030662008 08
CMJ (n=12) 7 (<.001)
IPS -4.79
3.48+0.07 3.60+0.07
 (n=12) (<.001)
Height© CON -6.46 0.01
351£0.07 3.630.07
(cm) (n=12) (<.001) (.992)
NON -6.56
3.35+0.07 3.48+0.07
(n=12) (<.001)

estimated mean * standard error

IPS: Loaded on the same side as the front leg
CON: Loaded on the opposite side as the front leg
NON: Non external load

SCM]J: Single leg countermovement jump

CMJ: Countermovement jump

*: based on log-transformed data ¥ : non-parametric statistics

_49_



SCMJ Time SCMJ Height
04 20
0.375 13
*
035 16 e
0.325 14
03 12
Pre Post Pre Post
(e Lo Nan 5 =) Non
CMJ Time CMJ Height
-0.55 37
-0.6 : 3
-
-0.65 ¥ 35 L
-0.7 34
-0.75 33
Pre Post Pre Post
- T Nert oy Non

SCM]J: Single leg countermovement jump CM]: Countermovement jump

Ips: Ipsilateral Con: Contralateral Non: Control

0 18 EMZEOY M8 oE =2 ol
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4. TEZ=20Y HEo mE FH Q 4= zH]

7% WstE E4% Aol Juaa A 7 A AL SAHSE &
o)akA]l L UTHEF=159, p=.219). J& W APA-ALS vl A¥ T35 §3)
(Pre: -7.49+4.38 vs Post: -9.46+2.98), W= F-&}(Pre: -7.51t4.38 vs
Post: -5.12+2.98), W& I+ (Pre: -8.00£4.38 vs Post: -2.38+2.98) R0l
A FAASRE FOgk Aol7E vEhbA Fokth AR AR S Aol s 7

S
z
Foz, B% WUz Pash gr ag wFAA 49 7 AN fo

E 1. 28d=Z=20Y XM w2 S8 Q Zx xlo|

(9] dgree)

iq - Between
A Within .
Dynamic Q angle - group Intervention
- group
Group . comparison effect
comparison
Pre Post £p) (post-pre) F(p)
2 F(p)
IPS 0.71 0.24
=7.49+4.38 -9.46+2.98 Group
(n=12) (49 (.790)
CON TELA% 5194908 -1.04 1.59 - 1.34
—(.01T4, —o.14T2. 1me
(n=12) (.321) (2199 (.256)
NON -1.48 1.59
-8.00+4.38  -2.38+2.98 G*T
(n=12) (166) (219)

estimated mean * standard error

Dynamic Q angle: difference between Event 1(start position) and Event 2(maximum knee flexion)
IPS: Loaded on the same side as the front leg

CON: Loaded on the opposite side as the front leg

NON: Non external load
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Dynamic Q angle

L

Pre Post

- »Con Non

Ips: Ipsilateral Con: Contralateral Non: Control

02 19, £=Z20Y M8 e X Q ZE Aol

<FE 12>} <19 20> 453 BSS £AZE Y A g 2 A
=9 ®WsE S 249 I AR 7 A8 S AR FoshA
B UTHEF=-1.65, p=128). H W AH-ALS Hlw A3} WS 5§38 F
S ¥R EI7F fYsA ST A vH(Pre: 53.30+1.07 vs Post:
54.42+1.09), 55 F3F 1w (Pre: 53.97£1.07 vs Post: 54.68+1.09), |z 1
= (Pre: 54.25+1.07 vs Post: 54.89+1.09)olA+= SAAS=E Fgk Zfo]7}
LAl Skt AR AR o] Aol kS Vo R, s53 WS Hsh o
iz 25 EFAdA 25 P SAALE Fo% Aole lEA FUTt

(F=2.67, p=.263)
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# 12 EFH=Z23Y HEo Mg sHx =l xol
(9] cm)
iy Between
. . Withi
Thigh Circumference i grour; - group Intervention
Group ) comparison effect
comparison
Pre Post #p) (post-pre) F(p)
p F(p)
IPS -1.98 -1.98
53.97+1.07 54.68+1.09 Group
(n=12) o (.074)
CON -3.58 2.67 . -3.58
53.30+1.07 54.42+1.09 Time
(n=12) (.004) (263 (.004)
NON -1.65 -1.65
54.25+1.07 54.89+1.09 G=T
(n=12) (.128) (.128)

estimated mean +_ standard error
IPS: Loaded on the same side as the front leg
CON: Loaded on the opposite side as the front leg

NON: Non external load

Thigh Circumference

54.5

Ips: Ipsilateral Con: Contralateral Non: Control

a7 20 sHZ=OY Mo g SHX = Aol
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WZza9 4o B dogd L2 JAH 54 Fol

S
o

<E 13> <8 21> 4537 BSS FEzaad A8 wE Yoy

oo 289 /1AM B4 WsE BAE dvolth 2UYE, FAE, @

259+0.03 vs Post: 261+0.03), ™z I (Pre: 254%t0.03 vs Post:
258+0.03) EFolA SAHo® feolgk Aol7b YEhbA etk A ==
= X3l (Pre: 257.42+11.96 vs Post: 276.42+13.96), W= X3} (Pre:
250.08+11.96 vs Post: 249.50+13.96), tix= 1&(Pre: 235.75+11.96 vs Post:
27458+13.96) EFA FAXLE Fok Aol7F LpERLUFA ekstth €A
= 5= F3(Pre: 0.34+0.05 vs Post: 041+0.06), Hrth= R34 (Pre:

!

0.34+0.05 vs Post:  0.37£0.06), Wx I (Pre: 0.19£0.05 vs Post:
0.30+0.06) E 7oA TAASZE FJgh Aol 7F YERYA] & UTE AFF-AL
Aol 2o VFo®E HNAE AAE B8R BT H 7 B

Hog Fo3t Aoli= FALA EJTHE=059, p=560, F=147, p=.246,

F=0.24, p=7192).
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E 13 2eZ20d Mo mE golal222 JIAY S4 Ao
s Between
. . Withi
Mechanical properties of RF i grounp -group Intervention
Group . comparison effect
comparison
Pre Post ) (post-pre) F(p)
P F(p)
IPS -1.40
2.60+0.03 2.64+0.03
(n=12) (.190)
°  CON -0.61 0.59
F 2.59+0.03 2.61+0.03
(Hz) (n=12) (.552) (.560)
NON -1.94
2.54+0.03 2.58+0.03
(n=12) (.078)
IPS -1.69
257.42+11.96  276.42+13.96
(n=12) (.120)
S CON 0.03 1.47
250.08+11.96  249.50+13.96
(N/m) (n=12) (.974) (.246)
NON -2.06
235.75+11.96  274.58+13.96
(n=12) (.064)
IPS ~1.34
0.34+0.05 0.41+£0.06
(n=12) (.209)
. CON -0.55 0.24
0.34+0.05 0.37+0.06
(n=12) (.596) (.792)
NON -1.38
0.19+0.05 0.30+0.06 .
(n=12) (.196)

estimated mean +_ standard error

RF: Rectus femoris F: Frequency S: Stiffness D: Decrement
IPS: Loaded on the same side as the front leg

CON: Loaded on the opposite side as the front leg

NON: Non external load

* . based on log—transformed data
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3) FAZRIY A& BE Yo F2AZ 7IAA 54 Hol

<E 14>¢ <Y 22> 457 BSS FHZE O A g wE o

Ay, ZHAEE 5= Fe(Prer 14191059 vs Post: 14.60+0.79), w2
F3H(Pre: 14.3840.49 vs Post: 14.22+0.53), Wz 1+ (Pre: 13.3310.46 vs
Post: 13.31£0.37) E5FollA A o= 723 Afol7} vpepbbA] ske. 4
AT 55 Hsh(Prer 2525841748 vs Post: 279.67+26.17), wWhdlS -3}
(Pre: 274.33+16.41 vs Post: 266.17+1851), tlZx 15 (Pre: 232.50+£16.84 vs
Post: 220.92+1345) RFolA FAH 0= {93k Xfol7l yEtubA] ekttt
BHEE 55 H3H(Pre: 1.24£0.05 vs Post: 1.29+0.06), ®Ht= -3} (Pre:
1.34£0.05 vs Post: 1.27+0.06), WHEx 15 (Pre: 123+0.05 vs Post:
1.2120.06) EFolA EAIH o= Fofgt Zpol7k YERUA] X dTh. AFF-AL
Ao Aolgs VFow, S8R, FAE S BT JdE 1+ EA

Hog Fo3t Aoli= FA WA EJTHEF=057, p=.751, F=2.68, p=.262,
=171, p=.196).

_57_



¥ 14, sd=Z=20H HZo| o goie|FZa 2 7|4y §A %ol
. . o Between
Mechanical properties of BF  Within .
-group Intervention
- group
GI'Ollp Comparison Comparison effect
Pre Post {p)/ 20) (post-pre) F(p)/x&p)
pyZp F(p)
IPS -1.29
14.19+0.59 14.60+0.79
(n=12) (.197)
Ft  CoN -0.47 057
14.38+0.49 14.22+0.53
(Hz) (n=12) (.638) (.751)
NON -0.16
13.33+0.46 13.31+0.37
(n=12) (.875)
IPS -1.57
252.68+17.48  279.67+26.17
(n=12) (117)
st con -0.55 2.68
274.33+16.41 266.17£18.51
(N/m) (n=12) (.583) (.262)
NON - -0.54
232.50+16.84  229.92+13.45
(n=12) (.593)
IPS -0.83
1.24+0.05 1.29+0.06
(n=12) (.425)
CON 1.80 1.71
1.34+0.05 1.27+0.06 .
(n=12) (.099) (.196)
NON 0.63
1.23+0.05 1.21+0.06
(n=12) (.542)

estimated mean +_ standard error

BF: Biceps femoris F: Frequency S: Stiffness  D: Decrement
IPS: Loaded on the same side as the front leg

CON: Loaded on the opposite side as the front leg

NON: Non external load

* : non-parametric statistics
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FUZ20Y N0l W2 Go2FZHE JIAN 54 xo|

_59_



AZ2ay g 2 FRHEVNZ NNAF 54 Hol

o

4)

0
A
B
[K

it
N

)
a2
ofo
=2
=
il
ofy
L
iz

<E 15>9F <19 23> 457F BS
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A3t AzE 7 BEAEe BAHCR oSty EIT8), p=<.00l,
F=482, p=015). A9 U ARA-AF # A%, TUFEE B3 P8 Pre
12.99£0.27 vs Post: 15.40%0.42) ZFolA = SAA SR FostA S7HstA

A gk Qb= Fsh(Prer 12.34+0.99 vs Post: 13.99£0.52), tix & (Pre:

y

12.59£0.37 vs Post: 12.96+0.25) LgolAl+ FAIHSZ o)k Akol7t
EbubA] @t AAE= 5 Fsk(Prer  20317+12.01 vs  Post:
27483+1475)  AwelAM= FelstAl  SrbskARE wbtS Fsh(Pre:
210.17+12.01 vs Post: 227.33+14.75), d1& 155 (Pre: 177.42+12.01 vs Post:
192.58+14.75) AFeA = SAHSE fFolgt Aol7h yERFA ettt &
Aee 5 FokPre: 091+0.07 vs Post: 0.90+0.07), Wiz 15 (Pre:
0.88+0.07 vs Post: 0.89£0.07) LwolX< SAA LR o3 Zol7} vE
A gk gk v = B8k (Pre: 0.88£0.07 vs Post: 069+0.07) L&A+
TAHoE FoeA FUFeATH ARS=AL Y] Aolgte VIEo R, 0%
T, AARAdA FAAHSE {3 Aolrt SJAEJATHEF=9.71, p=.008,
=482, p=015). Ab$-2A A3}, 2305+ dx 15750 55 F3F 1w
o = vEseH, A e i S Reket i 1

ok =4 yEut siAT g R s SAH R FoF Aol= &<

B A &Sk (F=1.30, p=.286).
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# 15, EHEZE2O0H Mo wE SUHE7|2 7[AH E4H Xto]
Mechanical properties of Within Between
Gmed  group -group Intervention
Group . comparison effect
comparison
Pre Post £p)/#(p) (post-pre) F(p)/xXp)
p/zp F(p)
IPS -3.06 11.73
12.99+0.27 15.40+0.42 Group
(n=12) (002) o (003)
Ft  CON -1.49 ' , 13.14
12.34+0.99 13.99+0.52 (.008) Time
(Hz) (n=12) (135) e (<.001)
NON -1.06 a-e 17.89
12.59+0.37 12.96+0.25 G*T
(n=12) (.288) (<.001)
IPS -5.00 ) 5.83
203.17£12.01  274.83£14.75 Group
(n=12) (<.001) P (007)
S CON -1.11 ' . 16.89
210.17£12.01 227.33£14.75 (.015) Time
(N/m) (n=12) (202) e (<.001)
NON -1.09 e 482
177.42+12.01 192.58+14.75 G*T
(n=12) (.300) (.015)
IPS 0.31 ) 1.58
0.91£0.07 0.90+0.07 | Group
(n=12) (ie8) oo o (222)
* CON 0.8840.07 0,6940.07 2.39 1.30 . 1.80
(n=12) - | (036) (286) T (189)
NON -0.15 1.48
0.88+0.07 0.89+0.07 G*T
(n=12) (.884) (.243)

estimated mean +_ standard error

Gmed: Gluteus medius F: Frequency S: Stiffness  D: Decrement
IPS: Loaded on the same side as the front leg

CON: Loaded on the opposite side as the front leg

NON: Non external load

*: based on log-transformed data ¥ : non-parametric statistics
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Stiffness
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214
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170
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- = Con N
Decrement
0.9 &=
0.8
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=5 Con Non

Ips: Ipsilateral Con: Contralateral Non: Control
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o2 Yegtorn AHE Bt ¢ A FEo WIS HYtH(Mackey et a
1, 2021; "o} 5, 2025). 53], ¥ A Ao 60°s sAA FHoA &

o2M HEe 3ol F7stal(Mo et al, 2023), ool we} EE3} F
gko] Qb sl ko] Frbeldl7] Wi o ®E AZtH o2 s 5% H 3
A FE ALES] B Fgo] f=

= ok 2deA AddEs, 21 v 2
fo 2 &4 w7t S7FA(Lopez-de-Celis et al, 2023; ¥} 5, 2025),
LR
-

S Ao Ajg fl& AASF FHETVILY] AT sk v (Bolgl

o
c

a hl, 2005; Aguilera-Castells et al., 2019; Castells et al., 2019). T3}
AT AioA dogFaetd e s34 48 9 ¥R
F gl S Hef 254 7MY =2 S7HES Bt oElA BSS Al

WolE Helr) ahx el dwdel i BE kgslel avAd oF A

]

_65_



_Zrl

o] gle.

=
[}

7}

(Mo et al., 202

S,

=173
]

T2 3

A

0

)

A3t

B Ao Al

=

_(?4

~

0

qr
g8

)

= gz gl A% 3

o] WEEtT BSS

.

_Lmo

Jo

~
fi%e)

o] 9Jth(Liao et al., 2022; Liao et al., 2

T
Rt

o
O

|

-~

o7
1o
u3fal
K
)
M

—
fi%e)

Aqr

A,

ZECEER

SR

147 fEos Az A=

3|

bt 7

9

—
10

o
T

o

il

ol
of
i

o
N

Ju—

<52 % (Jamaludin et al, 2024), 94 &A=

X

¥

ARe}
Mwo
B
b
=

o

60°/

ol M=

=
=
=]

T (Delp et al, 1999). Wk, &= F3F 1

4

n

N

fi%e)

-

Nr
1o

-,
o

A
or

ARt o] g F 77k B0l ]

o

24 €]

=2 O
A

_

_Lmo

ol

A

-
R

747k ek ow ol

of e =

<
T

I, thFE ZFolA AR diH] AL

2

Jo

el

|
—

N
No

_66_



Fo}(Carroll et al.,, 2001).

oA A AA Ao T Al

e A

PN
T

=
—

>=
[€)

ol A<=,

e
N
W

BRI A

7}

o ] COP W37}

[

=]
5

EE

ol
=

A

=13
15 -

)
)

i
10

rh ¥

0%
ok

JER}A

e

t}(Zech et al, 2010). W&}t

ox
~

N
o8

AL
00

o
—_

;OE
=)

]

el

TR

o

]

rvael

X

oA AH A Ao} F A

X

A Ao r

I3

olsA 27}

&

P W 3}o
2 ebut

3} 5 (Kluzik et al., 2005; Sasaki et

=1
=

'l

ol

Al

al., 2024), o|l+

a1 o}

ot BSS+

I$1
pul

Al A}

Hx4 spEsE 7t

al

]

75410

= olth(Proske & Gandevia, 2012). &, ¥H&

Kol
=

ol

Q1 A=

a

X

rvze)

o

b

s

Azt 4R glol

ol

_67_



Al I

-

t}(Taube e

1

0]
yul

A A A o] oA

. _
YRS @

=

i3

HH oz Ao
COP % 3}e]

=

=

Al

_Lmo

el oA

ol-sA =7t

Aoz yehsith BSSeF &

=

kas

[e)

g HagEtHlLee & Kim, 2022; Wang et al., 202

il

ap

|

—~
o

il

=
& S7HA

(2015)¢] Aol

o=y
[}

= BSS 7]
A ZrH o}, McCurdy

1

L i

1}
p3S

Z717) e}

}

k<)
pul

_cjl

o

W+

H)
&H
_é r
50

B ¥ H(Drouzas et al., 202

™
fob

3l a1 (Plotkin et al., 20

o
T

° o
o =

a

VS
A

o)
=o] o] F7FE ol th(Lamas et al., 2

|

A A
, A7 ©= F7](Stretch-shortening cycle)
- 68 -

ey

012).



HtH(Bishop et al.,, 2017; Drouzas et al., 202

AT AFolA VA THI Avy

il

180°/sol A1 ©]

1
T

=

0).

tslew BSS &

t}. Andrews

°©

°of Al 1w EF St

(2019)

(2016) & Gonzalo-Skok %

p=2
o

fa gl

B
I

o
of

p—

0

—_
10

H

3
o
ol
of

N
o

B

SR

ol

ol

AHEea

JEREA ekgrth

-

o E%°] ¥ (Rhee et al, 2012; Jamaludin et al., 2022), o]=Z <l3|

Aol

1

9
yul

o

—~
1o

pi]
IH
]
oh

i

.—O\_

]

i), webd R

S

7}

=

[¢)

o

id

EEREE

o

[e]

S koLt

[e)

Fholle mapsolet Azt

=

JER}A
SEI

-

T

= 7].
=)
=

[€)
473

o)

fi%e)
o]
il

—_

0

o
o
T

rvze)

)

I
et
py

—

o
N
Ko

—~
o

p A

3t} (Refalo et al.,

A A}

!
mK
rJ

™
e

XM

e

of A o] A
- 69 -

]_



k

o
il
AJr
=
K

el

o)
jle

oy

SEL T

7}

X

‘uAlO
o
o}

MJ
I

~
fi%e)

oj
o
Br

or
"
=<n
B

aze
rvze)
o
XM
o
JU|O
MO

Fom, o=

7}&

=
[}

T
M
TR
T
i
o~

T
M
TH
i)
XV
Hl

B

umo
4r
Plo

Att.

ol A o

-
R

i
olr
rJ

T
N
o

mK

(19

p==
[}

). Krotkiewski

—_

.WL

o

79) Aol wEw

FAC F7HF & (Type 11

—~
o

o

el

| 2l¥H(Haun et al., 20

gho

F71el = A

E

A

o

bo gl 2y

A5

=
=

GIRis

At GA 3

o) ®eHA

p=2
¢}

A
&y

% Zesht AR 2

ma

MyotonPRO #-H] =

5 (2012)=

Aird

M

7

HH

F A=N/m)= A sk,

<

A]

Eis

ol o

=]
-

mK

_Zrl

—_—

file}
il

—_
0

oj
ol
Br

p—

0
N

—

Nfo
o

<0
o
~

No

_70_



N
o)

i

i
B

B

—_
fiTe)

4

A

~
fi%e)

3

H

s

B
o

o]
AT

k<]
R4

?151_

sfofl A
A

}

=]
gl

=

=

Il %
A

A

[e)

T

}= BMISH 2
T o (Usgu et al, 2021; Pérez et al., 2024),

o
BB

1o
=

H
=

=} O
iy

%

w7} G, 457k

‘04

)

1

i

]

7} o 2 MyotonPROE

=
2 tH(Garcia-Bernal et al., 2021). &3+, 7|2 MyotonPRO

—_L
=

=
-

o] B A A7 o

-Bernal et al., 2022), 17+

o))
il

_7']_

1a

z

o (Hu et al., 2021; Garc

=y

RN



Y

EK

i}

1.

g
job
)
s
{|

S
0]

)

B

)

-

=

A

12), Wty

(n=

3 1%

= H
= T

LRSI

9]

o
<
Lol

job

—_
file)

-

12002 U

IFm=12)% HxE 2%0n

2

7}

18 Aok g

3}o
=

el A

]

29 A8 o

=3} 180°/s9]

B-IHE FHX

2]

A

o

ol
)t
700
=0

jan

file)

il

G
S

>
[}

e

ok

o=
ag

i

Al

No
o

1 o] #]

=
=

7B7F yEbg A ekoktt

ox

0

ok

E Fdzaal A& u

A
180°/s9] w4

gl 2~

B

2=

1oJ
=
atil
el

,_._mo
=0

fite)

il

es)
s

=
=

ol A Al ZL

=
=

ol
=

60°/s

job
n

W

—~
file)

il
N

1 o] %]

=
=

o
A
oR

E Fdzzaq] A& w

=
=SS
=

B

30°/s9]

2l

2=

,_._mo

d, 60°/s2] A

o

_72_



b 15, 60°/s0 s A= W

<]

=
=

Aol

;OL
o)
oF

~

g

I

233 Agel

g ~FE FTHZ

i
£

o

Th
gl
,_._mo
=0

fite)

il

—_—

e3)

Ll

IS

T

=y
MJ
o)
o

vt
o)
W
.
0
0
Ho
o
fvze)

N

W

%
1

e
22

il

fob

B
<]

o

7
!

"
Lo

!

vzl

AJr

T
1o

ajo
jo

.

= Eo‘l

, > E7) A

=

(0!
NS

=
=]

TaY LA g 1

el
<]

o

7
hy

359> AA AA Al T Al

S

It

.

u}

_73_

et 1E Wk, A ZAL Ao

S

gy

}

H
Qs



ol

o
N
Ko

!

kTt

0

Aol 7k EhA

Fol & vpEhdA) ekskt.

2l
<]

o7

7
bl

iob

25 A gl

B S B

B
<]
oy
T
g
700

=0

fite)

il

e
v

)

Holz grokt}

=
=

o]

Hjn
4

o

7
mhy

o
B

ol

]

XS
)

o,

L
ok

A
oR

2l

_74_



N

=)

o
il

e
e

4
job

X

0
o

e

o

_Lmo

23!

—_
10

29 AsAE A

R

|

2hAM, =7hee &
2. AlA

—_
fite)

At wEbA, 2 AT

5o,

2

i
=

™

el
°

5+

°

] %_

=

o2& Akl Al

| Q. wepa, Rl

to
o

k<]
R4

Al

-

T

_75_

AR oz 2§87l

Z]
Al

T7F 8 E T

A okl



1%, 0|, 34, g4, d=9d, & dF&. (2025). =722 £

SR L E A Bot F0| Aget §¢ 01849 of27|s0 0]x|= B

Abulhasan, J. F., Rumble, Y. L., Morgan, E. R., Slatter, W. H., & Grey,
M. J. (2016). Peripheral electrical and magnetic stimulation to
augment resistance training. Journal of Functional Morphology
and Kinesiology, 1(3), 328-342.

Aguilera-Castells, J., Busca, B., Morales, J., Solana-Tramunt, M,
Fort-Vanmeerhaeghe, A., Rey-Abella, F., ... & Peda, J. (2019).
Muscle activity of Bulgarian squat. Effects of additional vibration,
suspension and unstable surface. PloS one, 14(8), e0221710.

Ahmed, M. M., Zaino, M., Moustafa, M., Alajam, R. A., Alameer, A. H,
Morsy, W. E., ... & Amin, W. M. (2024). Kinesio Taping Increases
Peak Torque of  Quadriceps Muscle After Arthroscopic
Meniscectomy, Double-Blinded RCT. International Journal of
General Medicine, 1897-1908.

Aird, L., Samuel, D., & Stokes, M. (2012). Quadriceps muscle tone,
elasticity and stiffness in older males: reliability and symmetry
using the MyotonPRO. Archives of gerontology and geriatrics,
55(2), e31-e39.

Alfuth, M., Ebert, M., Klemp, J., & Knicker, A. (2021). Biomechanical
analysis of single-leg stance using a textured balance board

compared to a smooth balance board and the floor: A

_76_



cross-sectional study. Gait & posture, 84, 215-220.

Alvares, J. B. D. A. R, Rodrigues, R., de Azevedo Franke, R., da Silva,
B. G. C, Pinto, R. S, Vaz, M. A, & Baroni, B. M. (2015).
Inter-machine reliability of the Biodex and Cybex isokinetic
dynamometers for knee flexor/extensor isometric, concentric and
eccentric tests. Physical Therapy in Sport, 16(1), 59-65.

Andrews, S. K., Horodyski, J. M., MaclLeod, D. A., Whitten, J., & Behm,
D. G. (2016). The interaction of fatigue and potentiation following
an acute bout of unilateral squats. Journal of sports science &
medicine, 15(4), 625.

Appleby, B. B., Cormack, S. J., & Newton, R. U. (2019). Specificity and
transfer of lower-body strength: influence of bilateral or unilateral
lower-body resistance training. The Journal of Strength &
Conditioning Research, 33(2), 318-326.

Araujo, A. J. S. D., & Silva, W. M. D. (2014). The Q angle analysis,
during resistance = training, on open kinematics chain and
intermidiate closed kinematics chain, through photogrametry.
Revista Brasileira de Ciéncias do Esporte, 36(2), 327-339.

Aspe, R. R.,, & Swinton, P. A. (2014). Electromyographic and kinetic
comparison of the back squat and overhead squat. The Journal
of Strength & Conditioning Research, 28(10), 2827-2836.

Atkins, L. T., James, C. R., Yang, H. S., Sizer Jr, P. S., Brismée, J. M.,
Sawyer, S. F., & Powers, C. M. (2021). Immediate improvements
in patellofemoral pain are associated with sagittal plane

movement training to improve use of gluteus maximus muscle

_77_



during single limb landing. Physical Therapy, 101(10), pzab165.

Bakker, L. B., Nandi, T., Lamoth, C. J., & Hortobagyi, T. (2021). Task
specificity and neural adaptations after balance learning in young
adults. Human Movement Science, 78, 102833.

Bettariga, F., Maestroni, L., Martorelli, L., Jarvis, P., Turner, A., &
Bishop, C. (2023). The effects of a unilateral strength and power
training intervention on inter-limb asymmetry and physical
performance in male amateur soccer players. Journal of Science
in Sport and Exercise, 5(4), 328-339.

Beutler, A. I, Cooper, L. W, Kirkendall, D. T. & Garrett Jr, W. E.
(2002). Electromyographic analysis of single-leg, closed chain
exercises: implications for rehabilitation after anterior cruciate
ligament reconstruction. Journal of athletic training, 37(1), 13.

Bishop, C. J., Tarrant, J., Jarvis, P. T., & Turner, A. N. (2017). Using the
split  squat to  potentiate  bilateral ~and  unilateral jump
performance. The Journal of Strength & Conditioning Research,
31(8), 2216-2222.

Blazevich, A. J.,, Gill, N., & Newton, R. U. (2002). Reliability and validity
of two isometric squat tests. The Journal of Strength &
Conditioning Research, 16(2), 298-304.

Bolgla, L. A, & Uhl, T. L. (2005). Electromyographic analysis of hip
rehabilitation exercises in a group of healthy subjects. Journal of
Orthopaedic & Sports Physical Therapy, 35(8), 487-494.

Botton, C. E., Radaelli, R., Wilhelm, E. N., Rech, A, Brown, L. E, &

Pinto, R. S. (2016). Neuromuscular adaptations to unilateral vs.

_78_



bilateral strength training in women. The Journal of Strength &
Conditioning Research, 30(7), 1924-1932.

Carroll, T. J., Riek, S., & Carson, R. G. (2001). Neural adaptations to
resistance training: implications for movement control.Sports
medicine, 31, 829-840.

Chaabene, H., Lesinski, M., Behm, D. G. & Granacher, U. (2020).
Performance-and health-related benefits of youth resistance
training. Sports Orthopaedics and Traumatology, 36(3), 231-240.

Chen, B., Liu, P., Xiao, F., Liu, Z., & Wang, Y. (2021). Review of the
upright balance assessment based on the force plate.
International journal of environmental research and public health,
18(5), 2696.

Claiborne, T. L., Timmons, M. K., & Pincivero, D. M. (2009). Test-retest
reliability of cardinal plane isokinetic hip torque and EMG. Journal
of Electromyography and Kinesiology, 19(5), e345-e352.

Collins, K. S., Klawitter, L. A., Waldera, R. W. Mahoney, S. J., &
Christensen, B. K.(2021). Differences in muscle activity and
kinetics between the goblet squat and landmine squat in men
and women. The Journal of Strength & Conditioning Research,
35(10), 2661-2668.

Colomar, J., Baiget, E., & Corbi, F. (2020). Influence of strength, power,
and muscular stiffness on stroke velocity in junior tennis players.
Frontiers in Physiology, 11, 196.

Comfort, P., Haigh, A., & Matthews, M. J. (2012). Are changes in

maximal squat strength during preseason training reflected in

_79_



changes in sprint performance in rugby league players?. The
Journal of Strength & Conditioning Research, 26(3), 772-776.

Dauty, M., Potiron-Josse, M., & Rochcongar, P. (2003). Identification of
previous hamstring muscle injury by isokinetic concentric and
eccentric torque measurement in elite soccer player. Isokinetics
and exercise science, 11(3), 139-144.

Dawson, S. J., & Herrington, L. (2015). Improving single-legged-squat
performance: Comparing 2 training methods with potential
implications for injury prevention. Journal of athletic training,
50(9), 921-929.

de Marche Baldon, R., Nakagawa, T. H., Muniz, T. B.,, Amorim, C. F,,
Maciel, C. D, & Serrdo, F. V. (2009). Eccentric hip muscle
function in females with and without patellofemoral pain
syndrome. Journal of athletic training, 44(5), 490-496.

Delp, S. L., Hess, W. E., Hungerford, D. S., & Jones, L. C. (1999).
Variation of rotation moment arms with hip flexion. Journal of
biomechanics, 32(5), 493-501.

Dingenen, B., Malfait, B., Nijs, S., Peers, K. H. Vereecken, S.,
Verschueren, S. M., ... & Staes, F. F. (2016). Postural stability
during single-leg stance: A preliminary evaluation of noncontact
lower extremity injury risk. journal of orthopaedic & sports
physical therapy, 46(8), 650-657.

Drouin, J. M., Valovich-mcLeod, T. C., Shultz, S. J., Gansneder, B. M., &
Perrin, D. H. (2004). Reliability and validity of the Biodex system 3

pro isokinetic dynamometer velocity, torque and position

_80_



measurements. European journal of applied physiology, 91, 22-29.

Drouzas, V., Katsikas, C., Zafeiridis, A., Jamurtas, A. Z., & Bogdanis, G.
C. (2020). Unilateral plyometric training is superior to
volume-matched bilateral training for improving strength, speed
and power of lower limbs in preadolescent soccer athletes.
Journal of human kinetics, 74, 161.

Effects of a back squat training program on leg power, jump, and
sprint performances in junior soccer players. The Journal of
Strength & Conditioning Research, 23(8), 2241-2249.

Escamilla, R. F., Fleisig, G. S., Zheng, N. I. G. E. L., Barrentine, S. W.,
Wilk, K. E., & Andrews, J. R. (1998). Biomechanics of the knee
during closed kinetic chain and open kinetic chain exercises.
Medicine and science in sports and exercise, 30(4), 556-569.

Findley, B. W., Brown, L. E., Whitehurst, M., Keating, T., Murray, D. P,
& Gardner, L. M. (2006). The influence of body position on load
range during isokinetic knee extension/flexion. Journal of sports
science & medicine, 5(3), 400.

Fisher, J., & Wallin, M. (2014). Unilateral versus bilateral lower-body
resistance and plyometric training for change of direction speed.
J Athl Enhanc, 6, 2.

Fleming, B. C., Oksendahl, H. & Beynnon, B. D. (2005). Open-or
closed-kinetic chain exercises after anterior cruciate ligament
reconstruction?. Exercise and sport sciences reviews, 33(3),
134-140.

Fousekis, K., Tsepis, E., Poulmedis, P., Athanasopoulos, S., & Vagenas,

_8']_



G. (2011). Intrinsic risk factors of non-contact quadriceps and
hamstring strains in soccer: a prospective study of 100
professional players. British journal of sports medicine, 45(9),
709-714.

Fuchs, K., Krauskopf, T., Lauck, T. B., Klein, L., Mueller, M., Herget, G.
W., ... & Pasluosta, C. (2021). Influence of augmented visual
feedback on balance control in unilateral transfemoral amputees.
Frontiers in neuroscience, 15, 727527.

Fukuda, D. H., Stout, J. R, Moon, J. R, Smith-Ryan, A. E., Kendall, K.
L., & Hoffman, J. R. (2016). Effects of resistance training on
classic and specific bioelectrical impedance vector analysis in
elderly women. Experimental gerontology, 74, 9-12.

Gabriel, D. A, Kamen, G., & Frost, G. (2006). Neural adaptations to
resistive exercise: mechanisms and recommendations for training
practices.Sports medicine,36, 133-149.

Gao, L., Lu, Z., Liang, M., Baker, J. S., & Gu, Y. (2022). Influence of
different load conditions on lower extremity biomechanics during
the lunge squat in novice men. Bioengineering, 9(7), 272.

Garcia-Bernal, M. 1, Gonzalez-Garcia, P., Casuso-Holgado, M. J,
Cortés-Vega, M. D., & Heredia-Rizo, A. M. (2022). Measuring
mechanical properties of spastic muscles after stroke. Does
muscle position during assessment really matter?. Archives of
Physical Medicine and Rehabilitation, 103(12), 2368-2374.

Garcia-Bernal, M. 1., Heredia-Rizo, A. M., Gonzalez-Garcia, P

.7

Cortés-Vega, M. D., & Casuso-Holgado, M. J. (2021). Validity and

_82_



reliability of myotonometry for assessing muscle viscoelastic
properties in patients with stroke: a systematic review and
meta-analysis. Scientific reports, 11(1), 5062.

Genner, K. M. & Weston, M. (2014). A comparison of workload
qguantification methods in relation to physiological responses to
resistance exercise. The Journal of Strength & Conditioning
Research, 28(9), 2621-2627.

Gervasi, M., Sisti, D., Benelli, P., Ferndndez-Peia, E., Calcabrini, C.,
Rocchi, M. B., ... & Sestili, P. (2017). The effect of topical
thiocolchicoside in preventing and reducing the increase of
muscle tone, stiffness, and soreness: A real-life study on
top-level road cyclists during stage competition. Medicine, 96(30),
e7659.

Gonzalo-Skok, 0., Moreno-Azze, A., Arjol-Serrano, J. L., Tous-Fajardo,
J., & Bishop, C. (2019). A comparison of 3 different unilateral
strength training strategies to enhance jumping performance and
decrease interlimb asymmetries in soccer players. International
journal of sports physiology and performance, 14(%), 1256-1264.

Granacher, U., Gollhofer, A., & Kriemler, S. (2010). Effects of balance
training on postural sway, leg extensor strength, and jumping
height in adolescents. Research quarterly for exercise and sport,
81(3), 245-251.

Gribble, P. A, Tucker, W. S, & White, P. A. (2007). Time-of-day
influences on static and dynamic postural control. Journal of

athletic training, 42(1), 35.

_83_



Gruber, M., Gruber, S. B., Taube, W., Schubert, M, Beck, S. C., &
Gollhofer, A. (2007). Differential effects of ballistic versus
sensorimotor training on rate of force development and neural
activation in humans. The Journal of Strength & Conditioning
Research, 21(1), 274-282.

Gwynne, C. R., & Curran, S. A. (2014). Quantifying frontal plane knee
motion during single limb squats: Reliability and validity of 2-
dimensional measures. International journal of sports physical
therapy, 9(7), 898.

Gwynne, C. R.,, & Curran, S. A. (2018). Two-dimensional frontal plane
projection angle can identify subgroups of patellofemoral pain
patients 'who ~ demonstrate dynamic knee  valgus. Clinical
Biomechanics, 58, 44-48.

Hagen, M., Van Rossom, S., Catelli D. S. Verschueren, S. &
Vanrenterghem, J. (2023). External weight mass and carrying
position influence peak patellar tendon force and patellofemoral
joint contact force independently during forward lunge. Clinical
Biomechanics, 110, 106127.

Harris-Hayes, M., Steger-May, K., Koh, C., Royer, N. K., Graci, V., &
Salsich, G. B. (2014). Classification of lower extremity movement
patterns based on visual assessment: reliability and correlation
with 2-dimensional video analysis. Journal of athletic training,
49(3), 304-310.

Haun, C. T., Vann, C. G, Roberts, B. M., Vigotsky, A. D., Schoenfeld, B.
J., & Roberts, M. D. (2019). A critical evaluation of the biological

_84_



construct skeletal muscle hypertrophy: size matters but so does
the measurement. Frontiers in physiology, 10, 247.

Hermens, H. J., Freriks, B., Disselhorst-Klug, C., & Rau, G. (2000).
Development of recommendations for SEMG sensors and sensor
placement procedures. Journal of electromyography and
Kinesiology, 10(5), 361-374.

Herrera, M. C.,, Amasay, T., & Egret, C. (2021). Lack of correlation
between natural pelvic tilt angle with hip range of motion, and
hip muscle Torque ratio. International journal of exercise science,
14(1), 594.

Herrington, L. (2013). Does the change in Q angle magnitude in
unilateral stance differ when comparing asymptomatic individuals
to those with patellofemoral pain?. Physical Therapy in Sport,
14(2), 94-97.

Hogberg, J., Bergentoft, E., Piussi, R., Wernbom, M., Beischer, S,
Simonson, R., ... & Senorski, E. H. (2022). Persistent knee flexor
strength deficits identified through the NordBord eccentric test
not seen with “gold standard” isokinetic concentric testing during
the first year after anterior cruciate ligament reconstruction with
a hamstring tendon autograft. Physical therapy in sport, 55,
119-124.

Hrysomallis, C. (2011). Balance ability and athletic performance. Sports
medicine, 41, 221-232.

Hu, H., Chen, Y., Wang, X, Lo, W. L. A,, & Li, L. (2021). Quantifying the

changes of mechanical and electrical properties of paralyzed

_85_



muscle in survivors with cervical spinal cord injury. Frontiers in
Neurology, 12, 720901.

Hwang, C. L., Chen, S. H.,, Chou, C. H., Grigoriadis, G., Liao, T. C,
Fancher, I. S., .. & Phillips, S. A. (2022). The physiological
benefits of sitting less and moving more: opportunities for future
research. Progress in cardiovascular diseases, 73, 61-66.

Impellizzeri, F. M., Bizzini, M., Rampinini, E., Cereda, F., & Maffiuletti,
N. A. (2008). Reliability of isokinetic strength imbalance ratios
measured using the Cybex NORM dynamometer. Clinical
physiology and functional imaging, 28(2), 113-119.

Irish, S. E., Millward, A. J., Wride, J., Haas, B. M., & Shum, G. L. (2010).
The effect of closed-kinetic chain exercises and open-kinetic
chain exercise on the muscle activity of vastus medialis oblique
and vastus lateralis. The Journal of Strength & Conditioning
Research, 24(b), 1256-1262.

Jamaludin, N. I., Sahabuddin, F. N. A., Rasudin, N. S., & Shaharudin, S.
(2022). The concurrent validity and reliability of single leg squat
among physically active females with and without dynamic knee
valgus. International Journal of Sports Physical Therapy, 17(4),
574.

Jamaludin, N. I, Sahabuddin, F. N. A., Hanafi, H., & Shaharudin, S.
(2024). The relationship of hip strength and dynamic knee valgus
during single leg squat in physically active females. Journal of
Bodywork and Movement Therapies, 40, 1238-1242.

Jenner, B., Nottle, C., Walters, J. L., Saunders, S. W., Leicht, A. S., &

_86_



Crowther, R. G. (2024). Reliability of lower limb strength
assessment in female team sport athletes. Physical Therapy in
Sport, 68, 71-79.

Jones, M. T., Ambegaonkar, J. P., Nindl, B. C., Smith, J. A., & Headley,
S. A. (2012). Effects of unilateral and bilateral lower-body heavy
resistance exercise on muscle activity and testosterone
responses. The Journal of Strength & Conditioning Research,
26(4), 1094-1100.

Kannus, P. (1994). Isokinetic evaluation of muscular performance.
International journal of sports medicine, 15(S 1), S11-5S18.

Kawaguchi, K., Taketomi, S., Mizutani, Y., Inui, H.,, Yamagami, R., Kono,
K., ... & Tanaka, S. (2022). Dynamic postural stability is decreased
during the single-leg drop landing task in male collegiate soccer
players with chronic ankle instability. Orthopaedic Journal of
Sports Medicine, 10(7), 23259671221107343.

Kilroy, E. A., Crabtree, O. M., Crosby, B., Parker, A., & Barfield, W. R.
(2016). The effect of single-leg stance on dancer and control
group static balance. International journal of exercise science,
9(2), 110.

Kim, D., Unger, J., Lanovaz, J. L., & Oates, A. R. (2016). The
relationship of anticipatory gluteus medius activity to pelvic and
knee stability in the transition to single-leg stance. Pm&r, 8(2),
138-144.

Kluzik, J., Horak, F. B., & Peterka, R. J. (2005). Differences in preferred

reference frames for postural orientation shown by after-effects

_87_



of stance on an inclined surface. Experimental brain research,
162, 474-489.

Kouvelioti, V., Kellis, E., Kofotolis, N., & Amiridis, I. (2015). Reliability of
single-leg and double-leg balance tests in subjects with anterior
cruciate ligament reconstruction and controls. Research in Sports
Medicine, 23(2), 151-166.

Krotkiewski, M., Aniansson, A., Grimby, G., Bjérntorp, P., & Sjostrom, L.
(1979). The effect of unilateral isokinetic strength training on local
adipose and muscle tissue morphology, thickness, and enzymes.
European journal of applied physiology and occupational
physiology, 42, 271-281.

Lamas, L., Ugrinowitsch, C., Rodacki, A., Pereira, G., Mattos, E. C,
Kohn, A. F., & Tricoli, V. (2012). Effects of strength and power
training on neuromuscular adaptations and jumping movement
pattern and performance. The Journal of Strength & Conditioning
Research, 26(12), 3335-3344.

Lee, J., & Kim, J. (2022). Effects of an 8-week lunge exercise on an
unstable support surface on lower-extremity muscle function and
balance in middle-aged women. Physical Activity and Nutrition,
26(4), 14.

Lehance, C., Binet, J., Bury, T. & Croisier, J. L. (2009). Muscular
strength, functional performances and injury risk in professional
and junior elite soccer players. Scandinavian journal of medicine
& science in sports, 19(2), 243-251.

Liao, K. F., Nassis, G., Bishop, C., Yang, W., Bian, C., & Li, Y. M. (2022).

_88_



Effects of unilateral vs. bilateral resistance training interventions
on measures of strength, jump, linear and change of direction
speed: a systematic review and meta-analysis. Biology of Sport,
39(3), 485-497.

Liao, K., Bian, C., Chen, Z., Yuan, Z., Bishop, C.,, Han, M., ... & Zheng, Y.
(2023). Repetition velocity as a measure of loading intensity in
the free weight and Smith machine Bulgarian split squat. PeerJ,
11, e15863.

Lopez-de-Celis, C., Labata-Lezaun, N., Romani-Sanchez, S.,
Gasso-Villarejo, S., Garcia-Ribell, E., Rodriguez-Sanz, J., &
Pérez-Bellmunt, A. (2023, March). Effect of load distribution on
trunk muscle activity with lunge exercises in amateur athletes:
cross-sectional study. In Healthcare (Vol. 11, No. 6, p. 916). MDPI.

Mackey, E. R.,, & Riemann, B. L. (2021). Biomechanical differences
between the Bulgarian split-squat and back squat. International
journal of exercise science, 14(1), 533.

Maffiuletti, N. A., Aagaard, P., Blazevich, A. J., Folland, J., Tillin, N., &
Duchateau, J. (2016). Rate of force development: physiological and
methodological considerations. European journal of applied
physiology, 116, 1091-1116.

Marchetti, P. H., Jarbas da Silva, J., Jon Schoenfeld, B., Nardi, P. S. M,
Pecoraro, S. L, D’Andréa Greve, J. M. & Hartigan, E. (2016).
Muscle activation differs between three different knee joint-angle
positions during a maximal isometric back squat exercise. Journal

of Sports Medicine, 2016(1), 3846123.

_89_



Martinez, F., Abian, P., Jiménez, F., & Abian-Vicén, J. (2021). Effects of
cross-education after 6 weeks of eccentric single-leg decline
squats performed with different execution times: a randomized
controlled trial. Sports Health, 13(6), 594-605.

Mauntel, T. C., Cameron, K. L., Pietrosimone, B., Marshall, S. W.,
Hackney, A. C. & Padua, D. A. (2021). Validation of a
commercially available markerless motion-capture system for
trunk and lower extremity kinematics during a jump-landing
assessment. Journal of athletic training, 56(2), 177-190.

Mausehund, L., Skard, A. E., & Krosshaug, T. (2019). Muscle activation
in unilateral barbell exercises: Implications for strength training
and rehabilitation. The Journal of Strength. & Conditioning
Research, 33, $85-594.

McCurdy, K., Langford, G. A., Cline, A. L., Doscher, M. & Hoff, R.
(2004). The reliability of 1-and 3RM tests of unilateral strength in
trained and untrained men and women. Journal of sports science
& medicine, 3(3), 190.

McCurdy, K. W., Langford, G. A., Doscher, M. W. Wiley, L. P, &
Mallard, K. G. (2005). The effects of short-term unilateral and
bilateral lower-body resistance training on measures of strength
and power. The Journal of Strength & Conditioning Research,
19(1), 9-15.

McCurdy, K., O'Kelley, E., Kutz, M., Langford, G., Ernest, J., & Torres, M.
(2010). Comparison of lower extremity EMG between the 2-leg

squat and modified single-leg squat in female athletes. Journal of

_90_



sport rehabilitation, 19(1), 57-70.

McCurdy, K., Walker, J., & Yuen, D.(2018). Gluteus maximus and
hamstring activation during selected weight-bearing resistance
exercises. The Journal of Strength & Conditioning Research, 32(3),
594-601.

McCurdy, K., Walker, J., Kelly, C., & Polinski, M. (2021). Hip and Knee
Extensor Activation During the Hip Thrust and Rear-Foot-Elevated
Split Squat in Trained Females. The Journal of Strength &
Conditioning Research, 35(5), 1201-1207.

Mcleod, J. C., Currier, B. S., Lowisz, C. V., & Phillips, S. M. (2024). The
influence of resistance exercise training prescription variables on
skeletal muscle mass, strength, and physical function in healthy
adults: An umbrella review. Journal of sport and health science,
13(1), 47-60.

Meyer, C., Corten, K., Wesseling, M., Peers, K., Simon, J. P., Jonkers, I.,
& Desloovere, K. (2013). Test-retest reliability of innovated
strength tests for hip muscles. PloS one, 8(11), e81149.

Mo, R. C. Y., Ngai, D. C. W, Ng, C. C. M, Sin, K. H. S, Luk, J. T. C, &
Ho, I. M. K. (2023). Effects of loading positions on the activation
of trunk and hip muscles during flywheel and dumbbell single-leg
Romanian deadlift exercises. Frontiers in Physiology, 14, 1264604.

Moran, J., Ramirez-Campillo, R., & Granacher, U. (2018). Effects of
jumping exercise on muscular power in older adults: a
meta-analysis. Sports Medicine, 48, 2843-2857.

Morgan, A. M., & O'Connor, K. M. (2019). Evaluation of an

_9']_



accelerometer to assess knee mechanics during a drop landing.
Journal of biomechanics, 86, 125-131.

Moss, R. I, DeVita, P, & Dawson, M. L. (1992). A biomechanical
analysis of patellofemoral stress syndrome. Journal of Athletic
Training, 27(1), 64.

Muehlbauer, T., Gollhofer, A., & Granacher, U. (2015). Associations
between measures of balance and lower-extremity muscle
strength/power in healthy individuals across the lifespan: a
systematic review and meta-analysis. Sports medicine, 45,
1671-1692.

Muyor, J. M., Martin-Fuentes, I, Rodriguez-Ridao, D, &
Antequera-Vique, J. A. (2020). Electromyographic activity in the
gluteus medius, gluteus maximus, biceps femoris, vastus lateralis,
vastus medialis and rectus femoris during the Monopodal Squat,
Forward Lunge and Lateral Step-Up exercises. PLoS one, 15(4),
e0230841.

Neil, S. E., Myring, A., Peeters, M. J., Pirie, 1., Jacobs, R., Hunt, M. A,

& Campbell, K. L. (2013). Reliability and validity of the
Performance Recorder 1 for measuring isometric knee flexor and
extensor strength. Physiotherapy theory and practice, 29(8),
639-647.

Newton, R. U., & Kraemer, W. J. (1994). Developing explosive muscular
power: Implications for a mixed methods training strategy.
Strength & Conditioning Journal, 16(5), 20-31.

Okkonen, 0., & Hakkinen, K. (2013). Biomechanical comparison between

_92_



sprint start, sled pulling, and selected squat-type exercises. The
Journal of Strength & Conditioning Research, 27(10), 2662-2673.

Paillard, T. (2012). Effects of general and local fatigue on postural
control: a review. Neuroscience & Biobehavioral Reviews, 36(1),
162-176.

Paillard, T., & Noé, F. (2015). Techniques and methods for testing the
postural function in healthy and pathological subjects. BioMed
research international, 2015(1), 891390.

Pantano, K. J., White, S. C., Gilchrist, L. A, & Leddy, J. (2005).
Differences in peak knee valgus angles between individuals with
high and low Q-angles during a single limb squat. Clinical
Biomechanics, 20(9), 966-972.

Pérez, M. A., Urrejola-Contreras, G. Alvarez, B., Steilen, C., Latorre, A,
& Torres-Banduc, M. A. (2024). Exploring the interplay between
body mass index and passive muscle properties in relation to grip
strength and jump performance in female university students.
PeerJ, 12, 18430.

Peterson, M. D., Alvar, B. A., & Rhea, M. R. (2006). The contribution of
maximal force production to explosive movement among young
collegiate athletes. The Journal of Strength & Conditioning
Research, 20(4), 867-873.

Prior, S., Mitchell, T., Whiteley, R., O'Sullivan, P., Williams, B. K.,
Racinais, S., & Farooqg, A. (2014). The influence of changes in
trunk and pelvic posture during single leg standing on hip and

thigh muscle activation in a pain free population. BMC Sports

_93_



Science, Medicine and Rehabilitation, 6, 1-9.

Plotkin, D., Coleman, M., Van Every, D., Maldonado, J., Oberlin, D.,
Israetel, M., ... & Schoenfeld, B. J. (2022). Progressive overload
without progressing load? The effects of load or repetition
progression on muscular adaptations. PeerJ, 10, e14142.

Pompeo, K. D., da Rocha, E. S., Melo, M. A., de Oliveira, N. T., Oliveira,
D. F, Sonda, F. C., ... & Vaz, M. A. (2024). Lower limb muscles’
thicknesses are weakly associated with dynamic knee valgus
during single-leg squat in women with patellofemoral pain.
Journal of Bodywork and Movement Therapies, 39, 423-430.

Proske, U.,, & Gandevia, S. C. (2012). The proprioceptive senses: their
roles in signaling body shape, body position and movement, and
muscle force. Physiological reviews.

Quijoux, F., Nicolai, A., Chairi, 1., Bargiotas, I., Ricard, D., Yelnik, A., ...
& Audiffren, J. (2021). A review of center of pressure (COP)
variables to quantify standing balance in elderly people:
Algorithms and open-access code. Physiological reports, 9(22),
e15067.

Refalo, M. C., Helms, E. R., Robinson, Z. P., Hamilton, D. L., & Fyfe, J.
J. (2024). Similar muscle hypertrophy following eight weeks of
resistance training to momentary muscular failure or with
repetitions-in-reserve in resistance-trained individuals. Journal of
sports sciences, 42(1), 85-101.

Remmert, J. F., Laurson, K. R, & Zourdos, M. C. (2023). Accuracy of

predicted intraset repetitions in reserve (RIR) in single-and

_94_



multi-joint resistance exercises among trained and untrained men
and women. Perceptual and motor skills, 130(3), 1239-1254.

Rhee, S. J., Pavlou, G. Oakley, J., Barlow, D., & Haddad, F. (2012).
Modern management of patellar instability. International
orthopaedics, 36, 2447-2456.

Risberg, M. A., Steffen, K., Nilstad, A., Myklebust, G., Kristianslund, E.,
Moltubakk, M. M., & Krosshaug, T. (2018). Normative quadriceps
and hamstring muscle strength values for female, healthy, elite
handball and football players. The Journal of Strength &
Conditioning Research, 32(8), 2314-2323.

Ritzmann, R., Kramer, A., Bernhardt, S., & Gollhofer, A. (2014). Whole
body vibration training-improving balance control and muscle
endurance. PloS one, 9(2), e89905.

Sasaki, A., Nagae, H., Furusaka, Y. Yasukawa, K., Shigetoh, H,
Kodama, T., & Miyazaki, J. (2024). Visual Deprivation’s Impact on
Dynamic Posture Control of Trunk:i A Comprehensive Sensing
Information Analysis of Neurophysiological Mechanisms. Sensors,
24(17), 5849.

Schmitz, R. J., Kulas, A. S., Perrin, D. H., Riemann, B. L., & Shultz, S.
J. (2007). Sex differences in lower extremity biomechanics during
single leg landings. Clinical biomechanics, 22(6), 681-688.

Silva, F. M., Duarte-Mendes, P., Rusenhack, M. C., Furmann, M., Nobre,
P. R., Fachada, M. A, .. & Ferreira, J. P. (2020). Objectively
measured sedentary behavior and physical fitness in adults: a

systematic review and meta-analysis. International journal of

_95_



environmental research and public health, 17(22), 8660.

Silva, R. S., & Serrdo, F. V. (2014). Sex differences in trunk, pelvis, hip
and knee kinematics and eccentric hip torque in adolescents.
Clinical biomechanics, 29(9), 1063-1069.

Skouras, A. Z., Kanellopoulos, A. K. Stasi, S., Triantafyllou, A,
Koulouvaris, P., Papagiannis, G., ... & HKanellopoulos, A. (2022).
Clinical significance of the static and dynamic Q-angle. Cureus,
14(5).

Speirs, D. E., Bennett, M. A, Finn, C. V., & Turner, A. P. (2016).
Unilateral vs. bilateral squat training for strength, sprints, and
agility in academy rugby players. The Journal of Strength &
Conditioning Research, 30(2), 386-392.

Stastny, P., Lehnert, M., Zaatar, A. M. Svoboda, Z., & Xaverova, Z.
(2015). Does the dumbbell-carrying position change the muscle
activity in split ~squats and walking lunges?. The Journal of
Strength & Conditioning Research, 29(11), 3177-3187.

Stricker, P. R., Faigenbaum, A. D., McCambridge, T. M., Council on
Sports Medicine and Fitness, LaBella, C. R., Brooks, M. A
Peterson, A. R. (2020). Resistance training for children and
adolescents. Pediatrics, 145(6), e20201011.

Suchomel, T. J., Nimphius, S., & Stone, M. H. (2016). The importance of
muscular strength in athletic performance. Sports medicine, 46,
1419-1449.

Taube, W., Gruber, M., & Gollhofer, A. (2008). Spinal and supraspinal

adaptations associated with balance training and their functional

_96_



relevance. Acta physiologica, 193(2), 101-116.

The Q angle analysis, during resistance training, on open kinematics
chain and intermidiate closed kinematics chain, through
photogrametry. Revista Brasileira de Ciéncias do Esporte, 36(2),
327-339.

Thomas, J. M. & Kollock, R. 0. (2022). The Reliability of
Three-Dimensional Inertial Measurement Units in Capturing
Lower-Body Joint Kinematics during Single-Leg Landing Tasks.
International Journal of Exercise Science, 15(1), 1306.

Tsuzuku, S., Kajioka, T., Endo, H., Abbott, R. D., Curb, J. D., & Yano, K.
(2007). Favorable effects of non-instrumental resistance training
on fat distribution and metabolic profiles in healthy elderly
people. European journal of applied physiology, 99, 549-555.

Turner, A. N., & Jeffreys, 1. (2010). The stretch-shortening cycle:
Proposed mechanisms and methods for enhancement. Strength &
Conditioning Journal, 32(4), 87-99.

Usgu, S., Ramazanoglu, E., & Yakut, Y. (2021). The relation of body
mass index to muscular viscoelastic properties in normal and
overweight individuals. Medicina, 57(10), 1022.

Villanueva-Guerrero, 0., Gadea-Uribarri, H., Villavicencio Alvarez, V. E.,
Calero-Morales, S., & Mainer-Pardos, E. (2024). Relationship
between interlimb asymmetries and performance variables in
adolescent tennis players. Life, 14(8), 959.

Wang, H. K., Chen, C. H., Shiang, T. Y., Jan, M. H., & Lin, K. H. (2006).

Risk-factor analysis of high school basketball-player ankle

_97_



injuries: A prospective controlled cohort study evaluating postural
sway, ankle strength, and flexibility. Archives of physical medicine
and rehabilitation, 87(6), 821-825.

Wang, J., Qin, Z.,, Zhang, Q., & Wang, J. (2025). Lower limb dynamic
balance, strength, explosive power, agility, and injuries in
volleyball players. Journal of Orthopaedic Surgery and Research,
20(1), 211,

Wang, P., Liu, Y., & Chen, C. (2024). Effects of neuromuscular training
on dynamic balance ability in athletes: A systematic review and
meta-analysis. Heliyon.

Weeks, B. K., Carty, C. P., & Horan, S. A. (2012). Kinematic predictors
of single-leg squat performance: a comparison of experienced
physiotherapists and student physiotherapists. BMC
musculoskeletal disorders, 13, 1-7.

Wikstrom, E. A., Tillman, M. D., Smith, A. N., & Borsa, P. A. (2005). A
new force-plate technology measure of dynamic postural stability:
the dynamic postural stability index. Journal of athletic training,
40(4), 305.

Yavuz, H. U., Erdag, D., Amca, A. M., & Aritan, S. (2015). Kinematic and
EMG activities during front and back squat variations in maximum
loads. Journal of sports sciences, 33(10), 1058-1066.

Zanguie, H., Sheikhhoseini, R., Yousefi, M. & Hides, J. A. (2024).
Mechanical energy flow analysis in athletes with and without
anterior cruciate ligament reconstruction during single-leg drop

landing. Scientific Reports, 14(1), 1321.

_98_



Zech, A., Hubscher, M., Vogt, L., Banzer, W., Hansel, F., & Pfeifer, K.
(2010). Balance training for neuromuscular control and
performance enhancement: a systematic review. Journal of
athletic training, 45(4), 392-403.

Zhang, W., Chen, X., Xu, K., Xie, H., Chen, J., Zhu, Z.,, ... & Sun, J.
(2024). The potential of a targeted unilateral compound training
program to reduce lower limb strength asymmetry and increase
performance: a proof-of-concept in basketball. Frontiers in
Physiology, 15, 1361719.

Zheng, T., Kong, R., Liang, X., Huang, Z., Luo, X., Zhang, X., & Xiao, Y.
(2025). Effects of plyometric training on jump, sprint, and change
of direction performance in adolescent soccer player: A

systematic review with meta-analysis. PloS one, 20(4), e0319548.

_99_



	목차
	Ⅰ. 서론 1
	1. 연구의 필요성 1
	2. 연구의 목적 4
	3. 연구의 문제 5
	4. 연구의 제한점 6
	5. 용어의 정의 7

	Ⅱ. 이론적 배경 9
	1. 불가리안 스플릿 스쿼트의 특성과 운동 효과 9
	2. 하지기능 요소 간 관계 및 중요성 10

	Ⅲ. 연구 방법 12
	1. 연구 절차 12
	2. 연구 대상 13
	3. 측정 도구 및 측정 방법 14
	4. 훈련프로그램 26
	5. 자료 분석 28

	Ⅳ. 연구 결과 29
	1. 훈련프로그램 적용에 따른 근력 차이 29
	1) 훈련프로그램 적용에 따른 등속성 무릎 폄근 차이 29
	2) 훈련프로그램 적용에 따른 등속성 무릎 굽힘근 차이 33
	3) 훈련프로그램 적용에 따른 등속성 엉덩관절 벌림근 차이 36
	4) 훈련프로그램 적용에 따른 등척성 근력 차이(표면 근전도) 39
	5) 훈련프로그램 적용에 따른 등척성 근력 차이(휴대용 동력계) · 42

	2. 훈련프로그램 적용에 따른 균형능력 차이 45
	3. 훈련프로그램 적용에 따른 순발력 차이 48
	4. 훈련프로그램 적용에 따른 동적 Q 각도 차이 51
	5. 훈련프로그램 적용에 따른 근육의 특성 차이 52
	1) 훈련프로그램 적용에 따른 허벅지 둘레 차이 52
	2) 훈련프로그램 적용에 따른 넙다리곧은근 기계적 특성 차이 54
	3) 훈련프로그램 적용에 따른 넙다리두갈래근 기계적 특성 차이 57
	3) 훈련프로그램 적용에 따른 중간볼기근 기계적 특성 차이 60


	Ⅴ. 논의 63
	Ⅵ. 결론 및 제언 72
	참고문헌 76


