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ABSTRACT

Proprioceptive Neuromuscular Facilitation (PNF) inégng (Contraction - Relaxation method), in comphte the
other methods of static and dynamic stretching @ges; has higher and safer effects on enhanceafdrgmstring
muscle's flexibility, strength and endurance. Acimg the optimal combination of contraction ancesthing phases
in PNF training that can increase these factors pifysical fitness is controversial. Therefore, tljsasi-
experimental study was conducted to determine amtpare of the effects of combined phases of 10arid,20
seconds of maximum voluntary isometric contraciind 15 seconds of passive stretching (up to paestold) in
PNF training (Contraction - Relaxation method) dexthility, strength, and endurance of hamstringseia in non-
athlete women. Sixty women were selected from rgatidete volunteer women of 20-30 years old elgibhe
participants were divided into 4 groups, each wliiwomen. The training was performed three timesek for 8
weeks, and each session lasted one hour accordirtbet progressive overload principle. Muscle sttbngas
measured by using One Repetition Maximum (1RM) ksscle endurance was measured by using number of
repetitions with 70% of 1RM (70%*1RM) of hamstrimgscle. Flexibility of hamstring muscle was meagwwéh
modified SRT (Sit & Reach Test). Within group's mamson were done with two tailed paired samplegtt
Between groups comparison were done with one-wa@\WNand Tukey Post Hock test. All tests signifidanél
was set at R0.05. Between group's differences of muscle stneagti endurance were significant in post-tes&(P
0.001*). Within group's difference of muscle stitngere significant in 10 sec (0.001*), 15 sec (K 0.001%),
and 20 sec groups (R 0.001*). Within group's difference of muscle erathge was significant in 15 sec P
0.001*) and 20 sec groups §0.001*). Between group's differences of flexipilitas not significant in post-test (P
= 0.172). Within group's difference of flexibilityere significant in 10 sec (0.001*), 15 sec (K 0.001*), and 20
sec groups (X< 0.001*). Therefore, this training can increase flexibility, strength, and endurance of hamstring
muscle in non-athlete women.

Key Words: Strength, Endurance, Flexibility, PNF Training.

INTRODUCTION

Proprioceptive Neuromuscular Facilitation (PNF)irtidg can enhance muscular strength and endurarite w
developing flexibility of joints and range of matiacdue to combining phases of Maximum Voluntary lstim
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Contraction (MVIC) and Passive Stretching (PS).r€hare various methods of contracting and stregchitercises
in PNF training with different sequences, frequeacyl times of stretching, contraction, and relaasgls [1, 2].
Results of the previous studies have shown thdbpeing PNF training (Contraction - Relaxation nudl, in

compared to the other methods of static and dynastrietching exercises; has higher and safer effeots
enhancement of hamstring muscle's flexibility [3-6tfength and endurance [8-10]. Results of theipus studies
about introducing the best method of combinatiorcarfitraction and stretching phases in PNF trainireg can

increase different factors of physical fithess soattered and controversial.

Nelson and Cornelius (1991) showed that the effettmaximum voluntary isometric contraction for&,and 10
sec. in PNF training on range of motion were néfedént, although all the MVIC durations increasbd range of
motion significantly [11]. Schmitt et al. (1999)dicated that the effects of static maximum voluptsometric
contraction for 6 and 12 sec. on flexibility of hstnng muscle were not different, although all M¥IC durations
increased the flexibility significantly [12]. Rowld et al. (2003) found that the effects of 6-wedlRraining with
5 and 10 sec. of maximum voluntary isometric cariom on range of motion of hip joint were sign#ittly
different and the range of motion in the experiraégtoup with 10 sec. of contraction was signifitamore than 5
sec. of contraction [13]. Results of Feland and iM#2004) showed that all different intensities \afluntary
isometric contraction in PNF training (ContractienRelaxation method) were effective on the flexipilof
hamstring muscle, but no differences observed leiviltensities [3]. Bonnar et al. (2004) showed thaximum
voluntary isometric contraction for 3, 6, and 1@.9a PNF training had positive effect on flexibjliof hamstring
muscle; however, there was no difference betweénhal MVIC duration's [14]. Therefore, differentrigs of
maximum voluntary isometric contraction in PNF iag have increased flexibility of the experimengabups,
although no differences have been observed betdiffenent MVIC durations. Moreover, most of the dies have
examined flexibility and have paid less attentiorthe effect of different times of maximum volurtasometric
contraction in PNF training on strength and endceanf hamstring muscle. Regarding the results efpievious
studies, introduction of the best method for corabon of contraction and stretching phases thatefficiently
increase flexibility, strength, and endurance Wélrequired of more studies. Therefore, this study conducted to
determine and compare of the effects of combinedsgh of 10, 15, and 20 seconds of maximum voluntary
isometric contraction and 15 seconds of passivetcsting (up to pain threshold) on flexibility, stggh, and
endurance of hamstring muscle in non-athlete women.

MATERIALS AND METHODS

This quasi-experimental study was conducted tordebe and compare of the effects of combined phat&$, 15,
and 20 seconds of maximum voluntary isometric @mtion and 15 seconds of passive stretching (upato
threshold) in PNF training (Contraction - Relaxatimethod) on flexibility, strength, and enduranééhamstring
muscle of non-athlete women. 60 women were selefctad 75 non-athlete volunteer women of 20-30 yedds
eligible for the experiment using simple random ghlimg. The participants were divided into 4 groupach with 15
women. The independent variable was execution we8k PNF training using Contraction - Relaxationthod
according to the progressive overload principlee Tiaining was performed three times a week foregks, and
each session lasted one hour. In the first andnska@eks, two sessions were run in three repeditjar3) without
relaxation; in the third, fourth, and fifth weekbree sessions were run in three repetitions (3%8) one min
relaxation between sets; and in the sixth, sevemti,eight weeks, three sessions were run in Epsgtitions (3*4)
with one minute relaxation between sets. Musclensith was measured by using One Repetition MaxifitRM)
test [15]. Muscle endurance was measured by usimgber of repetitions with 70% of 1RM (70%*1RM) of
hamstring muscle [15]. Flexibility of hamstring neles was measured with modified Sit & Reach Tesf.[The
normality of the distribution and homogeneity ofigaces in variables was examined using Kolmoger8mirnov
and Levene statistical tests. Within group's comspar were done with two tailed paired sample t-tBsttween
groups comparison were done with one-way ANOVA &uokey Post Hock test. All tests significant levelsiset at
P<0.05.

RESULTS AND DISCUSSION

Between group's differences of age were not sicaniti [F (3, 56) = 0.76, P = 0.442]. Between grodjjferences of
body mass index were not significant in pre-tesF56) = 2.15, P = 0.087] and post-test [F (3, &.19, P =
0.091]. Within group's difference of body mass desre not significant in 10 sec [t (14) = 0.86:B.373], 15 sec
[t (14) =0.22, P = 0.815], 20 sec [t (14) = -1.857 0.105], and control groups [t (14) = 0.83, B.£16]. Between
group's differences of body mass were not signifiéa pre-test [F (3, 56) = 2.15, P = 0.083]. Hoee\wbetween
group's differences of body mass were significanpast-test [F (3, 56) = 3.91, P = 0.021*]. Meaffadence of
body mass was significant between 10 sec and darwaps (P = 0.017*). Within group's differencebafdy mass
were not significant in 10 sec [t (14) = -0.95, P.358], 15 sec [t (14) = 0.480, P = 0.550], 20[¢ét4) = -1.45, P
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= 0.143], and control groups [t (14) = -0.47, P.643]. Between group's differences of body fat petavere not
significant in pre-test [F (3, 56) = 2.43, P = @ MHowever, between group's differences of bodyp&cent were
significant in post-test [F (3, 56) = 4.17, P =11€]. Mean difference of body fat percent was digant between
10 sec and control groups (P = 0.015*) and 10 selc2® sec groups (P = 0.023*). Within group's défee of
body fat percent were not significant in 10 sedft) = -2.95, P = 0.063], 15 sec [t (14) = -1.84 0.091], 20 sec [t
(14) =-1.52, P =0.110], and control groups [t)(2£.91, P = 0.255].

Between group's differences of flexibility were mignificant in pre-test [F (3, 56) = 0.28, P =8D8and post-test
[F (3, 56) = 1.63, P = 0.172]. Within group's diface of flexibility were significant in 10 sec(ft4) = 5.18, X
0.001*, 15 sec [t (14) = 5.01,£0.001%*], and 20 sec groups [t (14) = 7.155 B.001*]. However, within group's
difference of flexibility was not significant in otrol group [t (14) = 0.72, P = 0.544].

Between group's differences of muscle strength weatesignificant in pre-test [F (3, 56) = 1.75, P0A94].
However, between group's differences of musclengthewere significant in post-test [F (3, 56) =8.P< 0.001*].
Mean difference of muscle strength was signifidaetiveen 10 sec and control groups (P = 0.001*sek5group
and control groups (P = 0.001*), and 20 sec andrabgroups (P = 0.004*). Within group's differeneEmuscle
strength were significant in 10 sec [t (14) = 7.B4; 0.001*], 15 sec [t (14) = 6.18,#0.001*], and 20 sec groups
[t (14) = 6.44, P< 0.001*]. However, within group's difference of roles strength was not significant in control
group [t (14) =0.78, P = 0.511].

Between group's differences of muscle endurance wet significant in pre-test [F (3, 56) = 2.21~F0.216].
However, between group's differences of muscle emhe were significant in post-test [F (3, 56) £76.P =
0.001*]. Mean difference of muscle endurance wgaiicant between 10 sec and control groups (PO3%), 15
sec and control groups (P = 0.008*), and 20 seccanttol groups (P=0.001*). Within group's diffecenof muscle
endurance was not significant in 10 sec [t (14).851P = 0.084], and control groups [t (14) =-1.B5F 0.283].
However, within group's difference of muscle endweeawas significant in 15 sec [t (14) = 6.65 B.001*] and 20
sec groups [t (14) = 11.92,€70.001%].

Eight week PNF training (Contraction - Relaxatiorethod) combined phases of 10, 15, and 20 seconds of
maximum voluntary isometric contraction and 15 selsoof passive stretching (up to pain thresholdpeding to

the progressive overload principle did not makefer@nces in values of body mass, body fat percantd body
mass index in non-athlete women of experimentaljggso

This training increased flexibility of hamstring sule in non-athlete women of experimental groupgsai of
muscle flexibility in 10 sec, 15 sec, and 20 semugs were increased 25.15%, 22.93%, and 25.40%ectgely;
but no differences was observed between groupshémanore, a muscle flexibility change in controbgp was
1.57%. It is obvious that, these results are dudng¢operformance of the 15 seconds passive stngtalp to pain
threshold in PNF training in all experimental greufhese results support the results of Schmidal.et1999),
Feland, et al (2001), Spernoga, et al. (2001), mblat al. (2003), Schuback, et al. (2004), Bonataal. (2004),
Feland, et al. (2004), and Marek, et al. (2005).

This training increased strength of hamstring neigtinon-athlete women of experimental groups. Me&famuscle
strength in 10 sec, 15 sec, and 20 sec groupsasede24.20%, 31.60%, and 26.15%, respectively; niout
differences was observed between groups. Furtherraanuscle strength change in control group wé@98. Itis
obvious that, these results are due to the perfocemaf the maximum voluntary isometric contractimthe basis
of progressive overload principle in PNF traininthese results support the results of Nelson, e{(1&91),
Kokkonen, et al (1995), Schmitt, et al. (1999),dRel, et al. (2004), Bonnar, et al. (2004), Kofatobt al. (2006),
and Corbin, et al. (2010).

This training increased endurance of hamstring teust non-athlete women of experimental groups. Meé
muscle endurance in 10 sec, 15 sec, and 20 sepgoereased 28.10%, 55.40%, and 85.90%, respigtive no
differences was observed between groups. Furthernaomuscle endurance change in control group #285%.
It is obvious that, these results are due to thiéopeance of the maximum voluntary isometric coctiien on the
basis of progressive overload principle in PNFnirad. These results support the results of Kokkoeeal. (1995),
Kofotolis, et al. (2006), and Corbin, et al. (2010)

It seems that the maximum voluntary isometric caetton must be done in a longer time (20 sec is $hidy) in
order to achieve greater muscular endurance, and Hbetter to perform the maximum voluntary isoreetr
contraction for 15 sec (based on the results ofptlkesent study) if the purpose is to increase masatrength. In
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this respect, the maximum voluntary isometric caction must be performed for 20 sec to increaseculas

strength and endurance simultaneously.

CONCLUSION

Therefore, according to this study, PNF trainingri€action - Relaxation method) are recommendednwthe

training programs designed to increase flexibil#tyength, and endurance of muscles; but moreestwate required
to clarify the optimal effects of PNF training atiet best method in PNF training with different tsref maximum
voluntary isometric contraction, different timespafssive stretching, and different combinationthefe phases.
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