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Acute Effects of Stretching Type on Lower Extremity Strength and
Performance in Middle School Soccer Players
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TEH 2 dye AERE {0 ME ot 7 M350l of| 28 Al HEMAY 0jXls S¥=ite ASBIIX
Cf A7 CiRlSTolo] SSE Soii 57 M4 1082 (YR, 132 0142 Wash-out 7Zts £ BH A=2(d
9), S5 2EH(DS), DR+ HFZ STPNAS 42 HESIAULE ok 2T, =2=) 3 27|34 a4z Uy
4, 2ERIE #8 SE)0 OX|= 59 20kS SARIQICL Zat 2 20| Zuks ChETh 2ok ZUW, K| 22 1 23
=L, ATEIEI0m, 20m), 78 SE0A ssatr DS7k RSPl &2 S 2R{CHp<05). SHf, AEL IHE ssert
PNF7F 98P &2 ZTHE LIEICHp<05) ZE DS 1R 22 U HEAA iAo P‘*OIDI PNF= 218 0]
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ABSTRACT

PURPOSE The purpose of this study was to investigate the acute effects of different stretching types (static stretching, dynamic
stretching, and proprioceptive neuromuscular facilitation) on lower extremity strength and performance factors in middle
school soccer players, providing practical insights into pre-competition stretching protocols. METHOD This study involved 10
middle school soccer players(mean age: 15.8+0.6 years) registered with the Korea Football Association. Static stretching(SS),
dynamic stretching(DS), and proprioceptive neuromuscular facilitation(PNF) were applied with a 1-week washout period. Acute
effects on lower extremity strength(extension, flexion) and performance factors(power, agility, sprint speed, shooting speed)
were analyzed. RESULT The results of this study were as follows. First, DS showed significantly higher lower extremity
strength(extension, flexion), agility, sprint speed(10m, 20m), and shooting speed compared to SS(p<.05). Second, agility was
significantly higher in the PNF group than in the SS group(p<.05). CONCLUSION These findings suggest that DS is more
effective than SS in improving lower extremity strength and performance factors in soccer players. PNF may be beneficial
for enhancing agility. Future research should explore the long-term effects of these stretching types and their applications
in various athletic populations.

KEYWORD Static Stretching, Dynamic Stretching, Proprioceptive Neuromuscular Facilitation, Lower Extremity Stength,

Perfomance
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1. M2
F7(Soccer) = THER 71%(Skil)T 7 ME3 BEHel $HAe 2THe, 19K 1%
*‘%1 A%H o2 BHAAY B DA% s SFolFAE, 4FD, A 3} 47

5
, 2023; Cometti Maffiuletti, Pousson, Chatard, & Maffulli, 2001). oA+ A &

hmb strength), *I}¥](Muscle power), A 72(Muscle endurance), 3 (Balance), >t~

(Aerobic) & F-AFAA(Anarobic) 58 % TS AE QAhEo] FasthEd, 714, ¢
T, QA &5, 2024). A 9AES A7ES FAEA Ve 2 AESs Ao
FHoz 27 Ev(0]&3, 2021; Ekblom, 1986), A& F50] HSF= I
et A A71Es Y 5 ke AT A wet ArEs fsixE Agz
17170 &, 2012; A9, 715, 2022; Gabbett, 2016). 3, A|E 2 4%
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Chaabene, Behm, Negra®} Granacher(2019)-> #EE]%] A I Rk
o}, W3 Secer9} Kaya(2021), Yildiz®F Mehmet(2024)2> ~E =3 &

3 AE 5 FARAR] ZANE AT F dvka Haskglr) ofzlg

EdRS Fr=c 84
(Static), & %}(Dynamic), I7-5-84 417+ 7 (Proprioceptive Neuromuscular Facilitation, PNF)
5 gk ~EfA 7Hol Aok A3 AE# A (Static Stretching, SS)& E4 £4L 15-60%
SR frAlste] 25 HolE SR, FR FAY FI FE dlel 24s e
(Behm et al., 2016). ¥, 57 *Ealﬂ(Dynannc Stretching, DS)< WHEA1Q1 F-491& Saff <
H8 AFAFHA FAo] Aukrol 28 AEAlA A7) A gudoen HIslrh
(Faigenbaum et al., 2005). PNF& <453} %‘r% Agste] AAE 715S EFX8a 7HE HY

o]
2 Z/M7)E gow, wae] B8g ol Saals 497} Brl(Zaidi e al, 2023). o]
& 224 F9 479 B4 Bt vee, 57 4718 e nAE P e
HEE 4 SIS, SRS ol A9 10 B9 4 58S s Ao
el Qom, e B, A Wek, Teln A4S EdE 7Y 5 e, 17
2020; Bishop, 2003; McGowan, Pyne, Thompson, & Rattray, 2015; Ollano, 2023; Patti et al., 2022).
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A, 2EUAS A 8 SR8 I7A 259 A4S A7l @71tk
ke 5o 25 ¥ 5945 Rk 24, AL aH SEE ST dAE Wst
st &E el Bad oA TS Ao Ik iAo, AT AlsEe] &
43te FXste] weAld AY dpdE o] Ao AgS HAHssd, 843 s}

5
hea
(Post-Activation Potentiation, PAP)E &3l &9 +52& IPIAITGIHA, A4E, 2020;
Bishop, 2003; McGowan et al., 2015; Ollano, 2023; Patti et al., 2022).
olxE AEHAL ROM, T4 ot @ 3o FAF el JFS mxn, & GAFoE &
aolehi BaLwaL gtk ST S ROM A 2 4 el Fabsol A, 2 A%
a9 NP AsE 2 5 Qvks 27} okBehm, Bambury, Stiff, & Coratella, 2004),
o B BHE, A A, BUF URE § UG a5 gAE f2s) nhielga
H 3 tHAvela, Kyréldinen, Komi, 1999; Ayala & Sain de Baranda, 2010; Taleb-Beydokhti,
2014). Wb, DS k9] el @adpHolAnt, AZME SF Jfddle AdH et

(Turki-Belkhiria et al., 2014). ©]&3 AF5& ~2EHA 3o ule} a7} Ao)ehs AALEHA]
ok 53], T3 HF AFES U R o 2EHA 3 X <Y 9 A71Y wiste] #
o A7 FEait) webA] 2 AT 542 2EdA §3 e o] AAA SAE A

=
AAEIon, A& ~Ez 3 (Static Stretching, SS), T4 =
J(Dynamic  Stretching, DS), L5587 417 ZZl(Proprioceptive Neuromuscular Facilitation,
PNF)& sttt 3, & Aol tial S8 oleioh Al SO wekow], Bzt
Sl Fol FAXE AwoR wokth diidate] AAA 54L& < 1>} 2k

e
43
!
o
!

A WA} A (Acute Crossover Trial)Z AT 4 wak A+ A7}
TN oo T4 Zzamo] sk ACRE Y 7F Wash Out 717HS Fof ol /i)
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T= SS DS PNF
o 15.8+0.6 15.8+0.6 15.8+0.6
AE 172.7+7.2 172.7+7.2 172.7+7.2
& 60.36.7 60.36.7 60.3£6.7
HxLE 20.240.9 20.2+0.9 20.2+0.9

FEES Haslele AT Aoty EHE didAe s Iwo® AA(Static), 54
1% ©]%F2] Wash Out 7]

tlo
P
2
i
>,
_orL
32
&
=
2
=
g
N
(S
ot
rO
=
ox
>
rlr
o,
ot |
r
o
o rlo
X
_Or_‘
1,

s T == SASAY £, AEGH A

3. S gy

B AlgE A7 2 57 AEHAL Chaouachi et al. (2010)2] A7-ollA A&
LRIPE ARt Folel, EARED, BAEH, o 3 e £om 2EHYE A
goioich A 2EHA Wi ow Foly S di Aol SutE A AAeA A 7gRt
oA BEAE U, s 48 A1 Ao s SRS AAE
QEAFFE 2 Ee ddAe 9E A 78S 7L dHedA 2 F EoE WS f

I gHe] ¥Ee ] vgka AAsith

PAEHL o2 AAGA F & dels Ha g gt e 2o suAe g
3o, sElE fol AAE Fom V1% 5% A FARES A v oz 1)
e dARs tels 7hed WA 2R AHeld @A tE oz ATE o)FAlY]
WA BES PREa tEE B2 A BEe T & W FAses AAEin

A 2EUY gHeR FolEle I S vwiteld 5o &8 FES 9ds ¥
TopRle FHEAA W fo] %S FotF Aegith. EAREE dde @
2EYS R BE A4S w8 EAEATE g0l gES AAEgit FAEY
& FEE A AN 9] ERTE SRV o] WdE wE vt & 4L
2 2YHES AT E2E RS 7R A 9ol FaaE £EA7I o
gol g F3 HAYATL HAA ke ns AAEgh v Ee R YAZe 7)Fg
Fa FE 7dH, s dedes a2 sdAA Adid wol X5 AAslt:
2EUAE 302 B9t FHsen, 7 2EUA Atoldl 1029] FH ARk il 1@}
Sk
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AFFEA AT F2LE Holdrelax 71HS AREShe] Hof A4 HYolA 102 52HA
& 5 10% olghs AEste] 3AE JPsiglet PNF= A4 B T4 2B 22
S ERERE Folgd, NEANTE, F2EH, B B UHS £o2 Hdgsglon, |

#e ge RARAY EgS wol 294 AZd geh sEdy A9e AAL

%7121 7 tHOliveira et al., 2018).

1) SHX| Z2(Low limb strength)

kAl 229 H7ke Fule FHA(K-Push, KINVENT, Montpellier, France)E A&-3le] =
ARk AFAE QAbel grold B2 900 w3 A7) AAlelA FE B (Knee Joint)2]
217 (Extension), %i(Flexion)PJ A 29S SASSIY. 289 542 52 ¢ 745}

=
5 dglen], % 35 WEIAE ANele] AURS AT
2) I{ZMHA (Performance)

(1) =t Power)
o] Hrks WEIE HX7|(TKK 5106, TAKEL Japan)E AR&-sted Z4s19it) tiAd=t

v AZINE FEol vz S35 0ol XF dejelA Fnleh, AHrEA 2 2~9S 3t
WA gk kg o]gate] HuUd HA HxE stes AAEIth 4 ¥ 23], AAg
Aom, A Atolo] 30z FA& AASATE AFE 0.lem THE 7]5IA M, HA%

(2) VY (Agilicy)

W4 BRE Tt AHgale] Stk omold A4 1om, HE FEHOE sm
& A9n Adsgon, T4 Zoel 2xg Hstel AFAN BAEA) Gow 9l
BN CARAA Aole 29 FAom A, tha) DAR7A Alol= 289€ A}
BAAZA AlelE 28 £498 & F BAGAA A1 A= Bes A2 343

ok % 29 243 A%EE 001

R Ao Ty

32

(3) AZ2IE(Sprint)

239 20] H7bE 10m, 20m AZHUES ZAA|HS-30W, Casio, Japan)2 Al-g-dte] =451
AL 0m, 10m, 20m A& Z& A2 hdAE om AHNA e = Q= A
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4) 78 &£=(Shooting Speed)
778 999 Hrhe A=A (Velocity Speedgun, Bushnell, USA)S AHE-3to]l FholAd 11m
goll B& Far AfolAl SR A BeA 78S AAse] S5

5. Xf2X2| g

2 A7 AE5E £43817] 8] Window8 SPSS/PC(Version 23.0, Chiocago, Illinois, USA)
ZeIORE AREEte] EAsglon, e Ead BEdxkE JEhsith 2EdAE

tolg 37 9131 One-way ANOVAE AABISTE AR5 Scheffe WS A3

Ao, SES S8 YRt BAA 7o S =052 ARSI

ol

B oo Ants #43517] 98] One-way ANOVAS A3 A¥} apx] 2(F-5 A4 &
E] 2]
6 |

=) 2e 427 ‘_‘:ngi) ol ‘11_1_1}]}\(5'1131-1?3 U;](j/\‘] }\E?]_E,

zko]7h pERRLTE
1. SHX| 2= (Lower Limb Strength)

1) 2E MM 22 (Knee Extension Strength)

One-way ANOVAE A A3} apA] <d& H7ksh 75 Al 9o s a2 o &
R JehgE frolgh 2fol7h LB THp=.043, p=034). AFSHE A A 2 o sk B
T sS Futru} DS Hebo] ZHzE 1596%, 13.43% 2 8HAl #=9ktkp=.050, p=.039). SS¢} PNF
S AT 23 ss funn iyl o 2welM 27} 471%, 421% w2 SHES HIAE,
Fo)gk 2pol= UEREA dthp=749, p=702). DS} PNFZ 418+ A3} PNF gdeto] )
DS Fwo] ok @ o Bk W Z}7h 10.74%, 885% ¥ TUES HAATL R% Ao
© YERA UTHp=208, p=197). o]’ AHE FF HW SS9 PNFHU} DS7F %2
FHES Uehd AS s 4 glglon], DSy FE AA 2o gl A Fo1d
T AT T F AFEY] 2EYA FFd wE A <Y ARE <i >9F 2k



2) 2E == 22 (Knee Flexion Strength)
One-way ANOVAE A3 A3} s1#] 88 Hriet £2 23 2eos o 2 o
LIERAE S L e v/lﬁ Zpo]7F YERtHp=011, p=007). AFF=-AS Ay} F5 =3 8
3 2l SS fctol ua) DS HAeto] 18.17%, 15.64% F2lsHAl =THp=012,
p=010). SS¢} PNFé BA% Ay} s§ Aeko] Bls PNF fdto] ¢dk 2 o 2wk wiz 6479,
FTHES BUAE Foek Apole UERA] 9h9kthp=.522, p=716). DS} PNF&
of Hla] DS ko] ¢k g QB W 47} 10.99%, 12.46% H&
HES HAAN, Fofe Apole UERA 9Ekthp=.133, p=060). °]3<] AAE T3
W SS9} PNFEETE DS7} & SHES YEbd 21& 31 & gllen, DS/t 5 =3
<ol A g RIS F Uk FEa F AFEY] 2EHA f3el tﬂrﬁ a4
=3 ]

A= <% 2>9F #tl

o L

2. I{EMA(Performance)

1) =& Power)

One-way ANOVAE AAIgH A3 &beoll A kgt o3k xfo]7F Vebetth(p=.024). A
% A543 ss Aot DS Joto] 13.18% oAl EUTHp=025). SS¢F PNF= E“ﬁ&
A¥ SS HETh PNF Fwo] 511% %2 SHES HIAYW, fod 2pole YehtH]
UTHp=.538). DSS} PNFS #4138 A3} PNF et} DS Fwho] 7.68% & SUHES B

o, fofgt Aol YERA Sttt o] ARE F3E] B SS9 PNFEU DS7F H&
HES UEH 2 1 gile ol a7l AL AT F AUk
s} <

= 2 E
W E7 Aege) ~EdA f9d e % 35 2o

32 &0

A=
2) PIEE(Agility)

One-way ANOVAE AAgH A3 WAl A ekt foJ 3k xfo]7}F vebatth(p=.024). At

AS A3 SS HAHHT PNF Jdwto] 6.15% F25H 2448 thp=.027). SS¢F DSE #4
A3 8S FoErk DS Fdo]l 391% FASPAT, fFofdt Apole e ekt

(p=216). DS} PNFE £A3 A3 DS Hehioh PNF fwho] 233% #4sS BIAR &

ojg X}OIL LFERHA] ‘Eé%v}(wzzz) ol el A= F¢a ww ss¢k DSEUF PNF7F U

o 4 dglen, PNF7F WIEAde] aaAel A 1 5

3T = Rul = 11 =
UATE FoHa 7 AEe] 2EUA f9 me ey Ak <% 33 P

et —pr
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3) AIEIE(Sprint)

One-way ANOVAE AAIe A7 2ZAE(10m, 20m)ellA] Fek-3F felgk zfo]7h Velst:
Chp=.001, p=002). At>71Z A3} 10me} 20moll A SS F ettt DS ko] 9.77%, 9.35%
EHAl Aaskd THp=.002, p=.003). SS¢} PNFE #2413t A3} 10me} 20molA] SS HetHo)
PNF Ho] 047%, 1.39% W& 7283 YA f9o3k 2ol YelubA] &9tk p=937,
p=739). DS9} PNFZ 243 A3} 10me} 20moll4 PNF Hetut} DS Fwho] 9.35%, 6.50%
FrofstAl skl thp=.003, p=.019). °o]’Fe] A3E F3sl B SS9k PNFET DS7F Hf

7}

H
& AES e A& 1T F dlen], DS7F A2ZAE(10m, 20m)dl] EFHHL A
< F9E F Yot T F9 A5Ee] 2B fdd wE oY 2de <k 3>
3 2t

4) 778 £ (Shooting Speed)

One-way ANOVAE AR 23t 78 Sueld guqk fo3 Aol7h Lhebgtrhp=00)
AEAZ A ss Jr DS Wwe] 1141% 523 Z71FAthp=002). SS9 PNFE ¥
A A3} ss Frhieh PNF Peol 559% ¥ SUES R, f3 Aol vehd
#] ¥ thp=.178). DSS} PNFE #4]8 A3} PNF Jotith DS feho] 551% %o SUHES
HA, elg Aol eI 2kThp156). o)Al Anke Fs) uw sssh PNFH
o D 7} H xe SHES U A Slom, DS7F 778 Sl @zl

3

il

2 e 5 9 %
A FAT 5 JoTE T FF AFEY] 2EdA F3d e oy Ade < 3>
5 g
# 2 O 29
Ss? DS PNF* p Post-hoc

Ext L 345.38+55.95  400.50+40.69 361.66+44.79 .043 a<b

Ext R 360.11+41.84  408.48+41.00 375.26+36.96 .034 a<b

Flex L 251.96+£30.82  297.73+35.14 268.26+28.43 011 a<b

Flex R 266.92+31.25  308.66+25.48 274.45+27.60 .006 a<b

SS: Static stretching, DS: Dynamic stretching PNF: Proprioceptive Neuromuscular Facilitation, Ext: Extension, Flex: Flexion,
L: Left, R: Right



B3 HEHA
SS* DS PNF° P Post-hoc
Power 48.71£3.63 55.13+£5.87 51.20+5.05 .024 a<b
Agility 10.73+0.35 10.31+0.48 10.07+0.66 .025 a<c
10m 2.15+0.13 1.9440.11 2.14£0.13 .001 a,c<b
20m 3.59+0.19 3.31+0.16 3.54+0.15 .002 a,c<b
Shooting speed 89.40+6.15 99.60+6.22 94.40+5.02 .002 a<b

SS: Static stretching, DS: Dynamic stretching PNF: Proprioceptive Neuromuscular Facilitation

B oA 2Edd f¥0] Foa H7 A5 s 28 L wEuseane, wii,
. = gl Fo 232 Avrd, ps7h ss 2
PNFRE S 2, £, T <EE(0m, 20m) o] H Ve A5 55105, PNF
= ossHh WA frolmd S neth X A7) ANE Bz v o] =03}
A} gt

S BEe &7 A AU P A%, B2, 4% Y, 9w Ax S 2
54 252 £33 944 254 ;

E

¢l 9.2-0]tk(Beato, Young, Stiff, & Coratella, 2021). 5=
I Y 250 gRAe] Fkete] Ras et 5

o

o yo o

2
CH(Jullien et al., 2008). ©] EE Frkeigion, B A AEHA {3
of we sx IHS AR A3 sS Hdt DS k-3l fref g Apolzh yEkstth kAR
DS kot PNF e-3tolli= Fo]3h zfe]7}F yephubA] edglth. o]l ek A= Sekir, ArabaCl,
Akova$} Kadagan(2010), Mlyahara, Naito, Ogura, Katamoto®} Aoki(2013)9] 15 Zz}e} dx|s}
H, DSV} &5 2% eI AAE 7E 7]]7*4g 53l Post-Activation Potentiation(PAP) &35
w3 Ao A E) Bishop(2003)S DS & 2§ 2% Ao e 283 B A
Pk, A7 2809 MR F7h 9 A4 AT A 25 27 945 B Wal, 1en

270 $olo) 65 Bal 2 TelUA ok RS Bl 2] Aol FAA
:l

= 4] 9% l
oL siSith & vhE w7l E2 PAPOItL PAPE UMY ¢5 &5 F 5o P& A6



196 1 2=#8 S0 2 F8n 57 450 ofx| 22 X HEUA0) 0jxjE FY=

T &8Nl T7kshs Blo® Aotk DS & ZEo] e A 75 o Qb
LSk, o] DS7F PAP B7E QLS ATkl Balakglth(Miyahara et al,, 2013). ¥ A
TFoNE 25 255 AR SAA AAAT DS F A 2 SAHL o) AT Alks
S, £ F7F TE PAPE e &5 W9l 243 kR Q8] TASASS AAke
th WA, 2 AT A= SS F oA FEo k. o]% Sekir et al.(2010), Nakamura et
al(2022)2] Ao} Ux|ge} T3 Nelson et al(2001)<> SS7}F 2lo] ¥ =& A4S o

2 e fERTE RS ot sl 47 A 88 B 2dg nad 3
AR Aoz FHHh $5 F 4 Dol AT olfi sst DYF WAL Ph% $F ¥

et al, 2001). B3k, Fowles et al.(2000)> ~E#A 02 3k A4 18 AAhe &8 i
YRRBS A3t 519} o] 2 RWASHE AR Sekir et al(2010)2 SS ¥ TS
248 A} F-on)3k 7hart Jegth o) §S F ko) wizhes) ashEa 2
A 4 GE ke Aty HEFHOR A T aR 8 o] fhAadtia sisith
olg3t Ay S§7F FE b oS 93 9y W) o w7 Al (Behm et al., 2016), 7
718 Aol ATHY F S-S AALETE B3 Miyahara et al,(2013) SS€F PNF 3 Hth
A £35S 2AFEE AT} PNFOlA SS9F A ZHAS Bauslgit) B A% DS Ae
BT} PNF Heto] 314 o] 7hAsdA, ssofl v #adt %7t W A8 38 4
A} o= PNFE SSHH ZAA 7|HolA A= A7t JA|9} 45 JA1= B s
TEE AoJsle Yuk-F 7Hl Fo| TEAY #AE Bl AR Ssoll HlEiA Fha
Sk %7 W o]f= PNF Fol AAEE SFH0= 3 SSiibe 2 59 24 &5
S A 7] wEolgkal B a8k THMiyahara et al., 2013). ©]213 A3} DS7F &4A] &
2ol A JgS v, SS9} PNFE 8 7H4a9 ddo] &S AAlsit, B A9

A G 10902 8 2717k Aol Axkel Qubse] o] glor], Lzl
4714 Bne WA R Ao B F Qe o e tane 3 Zzage) 4014

2) EHA

2 AT E HAEHAE Hrkely] g owd, NIAHA, AvE, aga 8 £5E
atolth 1 Ad e 78 SRolA sS e DS Jek-ghel o8 2to]7h vEbwton
T = SS T} PNF Fek-7hel| ol Apol7} vebstt). gk, 29 =o)X DS Jo
3 SS PNF uh-gbell frolgh Apol7} vpebwtth. o]e{g 3= Hough, Ross®t Howatson
(2009), Kabesova, Kabesova, Trantova, Heidler?} Cerna(2019)2] <1+ A¥le} dX|sh=d SS9}
PNF & 288 7HaA7] il s 7HaA7ivka Hauskein) vhd, DS $ s=uhe o] gkAbe Al

A 7es A FA MskE et o) Wt AT Vel &5 9 d4%E

il
[
o

o g
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F337] 98 23E 5 99 24 w7 7 SHSS B selen, PAPE st
3} tHHough et al., 2000). T3 S7HE o] 78 &
t}, o]& SWAEE 2AE Young¥ Rath(2011) 814
Haustglom, shx] ZEe] S e ] WApy] dAloA 2
A3 78 T S B33 th(Manolopulos, Katis, Manolopoulos,
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