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| Abstract |

PURPOSE: The purpose of this study was to determine the
effectiveness of three PNF stretching techniques for
improving hamstring flexibility and to compare the
effectiveness of three PNF stretching techniques(direct and
indirect and mix(direct&indirect) of hold-relax technique).
METHODS: The subjects were randomly assigned into
three groups: groupl-direct-hold-relax technique(n=10);
group2-indirect-hold-relax technique(n=3);
group3-mix(direct&indirect)-hold-relax technique(n=10).
For each group, stretch was performed three times a week for
aperiod of three weeks. Hamstring flexibility for each group
was measured using the ASLR and PSLR.

RESULTS: The results showed significant improvement
in hamstring flexibility for all subjects of three groups.
However, were not significantly different between the three
groups.

CONCLUSION: In conclusion, three PNF stretching
techniques are confirmed to be useful for improving
hamstring flexibility. The choice for a qualified technique has

to be made individually according to patient and therapist.

tCorresponding Author : oilpali@hanmail.net
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Kim} Hwang(2012) & &30 HAbol g uh &3
o] B 50 S aLes, LsShelA At
o2 o§AA Z7EE A SalTomA A3
o) F03 olom 4gai B Aolen sy
31, 0h9} Choi(2012)% ST T §of uj2 Q53
Ao et 554 $49 2 PAIA ST B0
H] Soly QR0 $A9lo] WL ul3

sk ek vl TS| R}
4 Aole] g9l 9 Aol T2 AHH
27 Eaheletstol = x}Toﬂ wgﬂ S
ula] opslr] e

L 93t A7} BQadt A o]l:](Kwon-HL Jung,
2} Jung, 2006).

T 28 olelel ZlYol A%IHT 5
W, Fo] g T (Lee@} Jung, 2007), 24 2] £(Oh,
2011) 5o] glow, Ao
H(proprioceptive neuromuscular facilitation; PNF)OI o]
o]-§EaL Qle}. PNFO] 2 oj¢t 7| oz 5-0]¢t 7]
H(contract-relax; CR)I -F-%]-0]¢ 7] H(hold-relax;
HR) 18|11 430|743t 4227 H(contract-relax
antagonist-contract; CRAC)©] 2 A-g-% m(Feland 5,
2001), 53], FA-olt 71He AapAel L ojow
SH4 2% A Ao AL e 28 ARow
sk qlom) 2ot B5ata 4 34 5 oo
AR BAS o8 AHSET ckAder S, 2008)
Kim(2009)&: HSSHA L o2 Aoz A
3 fA-olgh 7ol B5 W ARl wAE BTE
ero} X ¢kl Davis 5(2005)1} Sady 54(1982)2 AFk=]
AL A2 A AF, g4 Al (ballistic stretch)T} PNF A1%F
7ol &3 FAdoll nlAl= ATE Hla, A-skal
th. Nagarwal 5(2010) f+-A4]-0| ¢k 7|83} 4=5-0] ¢
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AZ71H bl adkE Hashe A, thE AR
e Blasto] fAl-o|¢k 7ol ¥ AnpAoleh=
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1) A ZAol|lA 3lE]E $Oo=E HFS o el TR
TS 2AekGaL, &8 57 AHhamstring
contracture test)o| A A (positive)iH-5-& LEFH
ZH(Magee, 2008)(Fig 1).

2) AR owst A w2t AEA 9 7|E} REE H-8a)
QA o A

3) & Aol HX|eF =Aol| et AEE S AP
o7 A Frojo Fogt &

9 Afgro]l A3t g 30E o R Aol B2
‘de SBlIA FARIE 2 1084 A Hdes SEs)
, A (groupl) +-A]-0] ¢k 71 o] 234
2(group2)<= FAJ-0] 2k 7] 9] Z_}ﬁ@ i,
3(group3)-> A1 A Rt - A =
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positive negative
Fig 1. Hamstring contracture test
Table 1. General characteristics of subjects
Groups HR(direct) HR(indirect) HR(direct&indirect)
Characteristics (n=10) (n=8) (n=10)
age(yrs) 21.6£1.35 21.75+1.67 22.6+2.32
height(cm) 170+£7.06 168.13+7.85 168.70+5.52
weight(kg) 67.4£10.37 62.13£7.75 65.80+8.63
_ right 7(70%) 4(50%) 5(50%)
non-dominant leg left 3(30%) 4(50%) 5(50%)
HR: hold-relax, Mean+SD, %
2. A7 +¥S AR A7X E 3. =T Y EHuY
B ol A7 EUS BN SYHYU AT ST FAHE A7) A A7) o) Brks
A ERel AN ASL AR A4 Aulg MY 3, 34 7] 04" FY A Dualer 1Q Digital
sha 222 @stao] A5t 591 99e) o2 oju]  Inclinometer, J-Tech”, | ol g3l Ark AAA ] &
TU= WA Aol 71 o] B3 Age HHst g A= 2l 3H(lateral malleolus)©] H]Z(fibula) S}cHo]
gou Bk Ae AT SAES Ro]7] SIFHA AEGwap) R DTG OH, RS s A
Y I 22 o] B AL AuseiRck 38 @ Aeold nabdel FRzEs S4asithKim,
Zo] 182 gx)-0]9k 7]¥ o] Al&Atz et SHA 1999; Azevedo 5, 2013). 24> FH 3159 70|
T 45 gEs] 98 YRR Aote] TASRAT, 127} Hof 1 WU9IR FANS ZHstgon, 19
182 374 Ao Zagh 344 £912 siolon, ue 4 Fofl 527t FAE shaL A AT & 388
A 182 54 Aol 7153 didzke] P ARAIR-A] st Fatgks 715t en, SHART AR s
3 DAL 93 HAAR Wagch g A 7E dohry] SIs) A Mol BYe A ooz
of S FalA TR 7IeS FSOIGITaL # 3o SAAE 2% & 2A% 23 55 sHA
TS 0 7t 2o ATIYAITS YA 34H  AANPHASLRIS 962, SF 5HA) X AHPSLR)S
292 wjxste] AT AYslch 9779 & F70 ) ARASE el 9ok ASLR3}
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A TtHKim, 1999).

1) 5% 3}#] A AAM(active straight leg raising;
ASLR)

‘:H-q——] -r/\ﬂ I‘/]'E](dommant leg) S u}
s 2o ol v e Sglel g

3 ol oA 22

o] L‘W:]X]L X];So u"i Ji?ﬂo]- | 3F9 3, AAR=
AN AP FRAEE ZYSHAkFig 2).

Fig 2. ASLR
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Fig 3. PSLR

4, §X|-0|2 7|=H(hold-relax; HR)
FAlol 71 3 33] 2527 AAJskal e, 13]9]
Az o= 69 ghEsto] AAehelar, M3

4 g 39, 244 B Sele Axss

1) 2142 = (direct)
2 Aol sk A A R ch
Y1 HAE o A7} Rk ke = A9}
= Aolth A= HEE 7 Aol &3
Ao s HYE BeA teE A 5AY
| 9tk 520 g &2 dE deFE
N TWEE WEA) BRT S fA8HL
£o WE BE N RS AHs) HuA
Pl 52 Lol AR ST AT
o 52 Ll AHolA thHe] S0l 45
£ e s g Sude] 238 AN
FAo] ARAE B FHE 2L Lo e Fat
W2 S ATl A 20l AHE 127
FATL 23 Tl 527 0|2k 3 TFS, AR A
olE olga A= FSE WA e sTaL
AR, FA R 9 2-33] 62 A
F oleie BHL wasiglon], RS o B
AAye] ks 94 thele] s Q9 Bzl
O3] A=K Adler 5, 2008; Nagarwal 5, 2010)
(Fig 4).
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Fig 4. HR(direct)

3) AWA W 2%

A e E9Hmix of

direct & indirect)

5. Xtz &4
$3% ApRE= SPSS/PCH(Ver 12,002 0|85k the
I o] Akl Aol gAe] Ak S4dak A%

B 23120 2920 I‘HFJA}% o szx2 9
Ay wE ks HET EXoRe:
A7} Hhoj Hrako 2 Aake = Aolch 74 HpY At WEa T P M2 EEHAHSD)E AFESHA
i ouf, W Y og Ao soleh M 7o)
& A2 W e Aol ARk el i =
; . AY A Wl Zfolof diefA = dYEAEA]
Hquadriceps)©] =5 E| & SA L] AHE AAIG o A o o ol o
AIA] B [e} =4 O~ 0
O BAe] ARAl UEE e cow e g MY ANOVAIS AABIRE, RS HATEE
= kol
B ARE AFel SN wae Ag e 00T T
U RATE, -5 ol 2L oI9S T T, A=A
NE o] &3] A2 F=EH W7 AHs| SB1S
Al 0*15’“?} FrA S flel 2~33] 35S AR '
F olei3t BHS whEslglon, ARE sk B of
Ag d-20 2 2 o 3
Ao Bt o4 chelo] i AR wage) - =8 U202 Zlooup)®] ASLR Wk
. A A - Foll Al 2] ASLR #ato] dhet 4 Azt
o8] 1A= rkAdler S, 2008)(Fig 5).
L oheat ZeKTable 2). A Hho AL g A
59.46+9.490 4 Ad Z 73.73+£8,042 =7}t
Rb} (<0001 T L 4B A 578200004 4
= 3 68.05+747%2 Z715FATHp<0.01). 12]al 242 uf
W g S B A e AodE A
A 57.88£8.630 4 AE & 7255£12.71 2 {514 =
& 715} eHp<0.001),
Fig 5. HR(indirect)
Table 2. Comparison of ASLR among the groups of pre and post-test (unit; °)
ASLR test t-test t
Groups pre-tes post-tes! p
HR(direct)(n=10) 59.46+9.49 73.73+8,04 -5.756 .000™
HR(indirect)(n=8) 57.82+10.00 68.05+7.47 -3.837 .006™
HR(direct&indirect)(n=10) 57.88+8.63 72.55+12.71 -5.980 .000™

date are Mean+SD, ™ : p<0.01, ™ : p<0.001
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2. A8l M- 50| 2 F(group)Ql PSLR H&}
Alg o] Al <] PSLR WHzlof| tffgh H4

I]

o - At
L ohea ZtiTable 3). -2 Whyol A9, A% A
61.54+8.030 4] AE T 80.79+5.99=2 F7}5l% L
(p<0.001), 72 W2 MY A 5574182804 A
T 712010322 2718 tHp<0.001). 12]31 =
I 29 S E3stel 443t F9olE A
A 58324777004 AE & 78.90+12.752 Fo5HA &
715} A TH(p<0.01).

3.4 ®-=of 2t FE(group) 7ol H3HEF X0

A A - Soll Al i 7ol ASLR¥} PSLR | o},
Aolg B4 AT A T 2EF frolat Fol7t giich
(Table 4)
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63]9] 9-x]-0] gk 7]B1S 25} THChaitow, 2001).
317) 7k} T sto] Spernoga 5(2001) 309 9] AZSH
T AEE QAR 159 fA-0|¢ 7]HE 243}
= EH £ Aol FlsHA 57\]54 ctaL st
TollM= 25 F F 6359 FA-olg

2 32 rfﬂ' ru*

H
ST A S78hs W 2= SLR(straight leg
raise) A}, SA(sacral angle) 7 AL, SR(sit and reach) A}

2 w(Davis 5, 2008), & ol A= S5] AREH
+ SLR A o)A ASLR¥} PSLRE ©]-§-3}0f 45}
ATKKim, 1999) 1 23}, ASLRT} PSLR ZA o4 24
4 s 42 ek 49 s 0
e =

mechanism)o] &]3f] = o]2to] UojudrtHAdler 5, 2008, (agonist)od %3’4—}% 44 —r%’é}oﬂ] £ 7HA|
Chaitow, 2001). Heyward(1991)= >5-01¢k 71& ©] 7= Ao, A RS s3] Al diEA
Table 3. Comparison of PSLR among the groups of pre and post-test (unit: °)
PSLR re-test t-test t
Groups pre-tes post-tes p
HR(direct)(n=10) 61.54+8.03 80.79+5.99 -8.805 .000"*
HR(indirect)(n=8) 55.74+8.28 71.20+£10.32 -7.287 .000™*
HR(direct&indirect)(n=10) 58.32+7.77 78.90+12.75 -5.256 .001™
date are Mean+SD, ™ : p<0.01, ™ : p<0.001
Table 4. Comparison of variation differences of ASLR and PSLR (unit: °)
HR(direct) HR(indirect) HR(direct&indirect) F
(n=10) (n=8) (n=10) P
ASLR 14.27+7.84 10.22+7.54 14.67+£7.76 .869 432
PSLR 19.25+6.91 15.46+£6.00 18.64+8.99 740 487

date are Mean+SD
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