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ABSTRACT

The purpose of this study was to compare three methods of plyometric training on muscles power among female
students. Thirty three participants (age, 16.8 + 3.7 yrs; weight, 56.26 + 6.9; height, 155.96 + 7.2) selected for this
study. The subjects were randomize in three groups included over handle jump (N=11), drop jump (N=11) and high
jump groups (N=11). All of the groups performed plyometric training in separate protocols for 18 sessions, 3 times
per week and at least 30 minutes activity after warm up. The subjects measured in two sessions before and after
training sessions. The result of the study revealed that a significantly improvement in pretest and posttest in three
methods of groups. The finding of the study provided evidence that no significant difference between three methods
of plyometric (OJ, DJ and HJ groups) on muscles power is detected. Therefore, the plyometric training can use to
improvement in muscles power in female students.

Keywords: Plyometric Training, Muscles Power, Female Stuslent

INTRODUCTION

Given the nature of sport, athletes and sport cimmphave various needs, priorities, and prefereinmteerms of
physical fithess and mobility status. In other @grall sport courses hold individual requirementstrength,
endurance, power, flexibility, and speed, or a coaton of them; which vary from one sport to arestfl19].

Muscle power is an effective parameter to succ24k Power is defined an ability to do work pertusfi time. In

physical education, it refers to the maximal fotkat a muscle generates in the shortest possibke iti order to
confront the resistance, it is equal to musculacmr explosive power [2]. Increased power enafilascles to do
the same work in small time period, or high workumee within the same time. Peak muscle power isrdghed
by the ability to generate maximum strength andedpand represented as the highest power outpitgdar
specific movement [24]. The variable can be impdbtleough several exercises. Among them, plyometarcises
have been applied by athletes, especially runnedsjampers, over the past three decade [10]. Ticawdit and
classical techniques presented running and weiightinng. Such technical performances were useé fong time;
however, no significant effects were observed. Ejngrplyometric exercises have led to improvemémtgower

functions, particularly in jumps. [12, 34]. The wotplyometric" consists of two parts:"plio" meanihgore"; and
"metric" meaning "measure” [9]. In the mid-19660sssian scientists conducted fundamental researttis field.

Research indicates a huge potential for practipplieations of plyometrics [31]. Based on the fimgk of Miller

and Power (1981) for eccentric contractions, siienprinciples of drop jump training were develapeln

accordance with the theory of primary muscle strdia jump training is aimed to increase the uskirgdtic energy
[30].
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Plyometric practices involve specific muscles ircaatric-concentric movement cycles. Frequency afestic

(stretching) and concentric (shortening) actionsvigles higher power than of simple concentric acf{ib3, 25].

Elastic energy within the muscle can produce moreef [31, 38]. Increased power generation playsrgortant
role in improving sprint running times, which regpiihigh explosive power. Cavagna et al. (1971) watall the
amount of force generated during sprint runningpirstart to end points (9.4 m/s) and found thatptsak power
outputs were obtained by 5 m/s mean time duetierited contracted features of muscles and theaappee of
elastic energy before concentric movement [8]. L.ateveral studies have been confirmed the roldasftic energy
in human movements [15, 21]. Today, plyometricrirag is often used by coaches in many exerciserpnag [29].
As stated, because of the special features of sgadh as weight drop and sprint running, the pdaeor is of
great importance. Hence, it is useful to evaluggecomponents. The components of power are Forfaré
Velocity (V). Due to the presence of Force, mangeegchers believe that the use of overload canecause
irritation and maximal power output [16, 23]. Alatively, Larson (2003) showed that there is naifiant

difference in jump heights between groups with aiithout overload after performing plyometric exeei[27].

Plyometric exercises which can strength hip extensuscle, have been often considered to increaselmpower
values in runners and jumpers, although the rekefindings are inconsistent. Some research hasrtexp@n
improved performance by these exercises [6, 21ijevthere are conflicting results in this field [41].

When the focus is on feet extensor muscles, thogametric exercises which are performed based ap gump

from an initial height to on the land r on a hardi dlat surface, is usually considered [32]. Meaifwylsome studies
have concentrated on the initial jump height. Bameple, Asmussen and Bonde (1974) and Komi and {<78)

recommend a height ranging from 40 to 62 cm [3, 280, Bobbert et al. (1987) claim that the heigh0 and 40
cm can generate the maximum power outputs in kndeaakle joints, greater than a 60 height [7]. Hosve Lees
and Fahmi (1994) suggest height values less thariqus ones. The height of their interest was 1328h

According to previous studies, plyometric exercisas cause similar achievements with resistancetipes in
jumping performance [5]. Furthermore, no significdifference has been evident in findings of vasiglyometric
types [10]. Some recent research concludes thaiv@iric exercises may improve muscle power and mame
values in subjects [18]. Several studies also atdi¢hat combinations of resistance and plyometx&rcises may
improve the explosive power and speed values [B}, Robinson et al. (2004) found that aquatic plgtnic
exercises, like land plyometric exercises, may leEadnprovements in selected factors [35]. The sagsalt was
provided by John and Bert (2007) [22]. Furthermaregny studies report significant improvements imgu
performance jump, explosive power, and lower exiyepower output achieved after a plyometric tragniperiod
[20]. However, after 8 weeks of plyometric trainimdiller et al. (2002) observed no significant diffnce in muscle
power and peak torque values [31]. Also, no evidsnaf improvement as the result of training protecsere
provided by Aagard et al. (1993) and Trolle e{&293) [1, 37].

With a review on the literature, it is clear thabne research about plyometric exercises have beeducted on
drop jump, while the impact of high jump has beesslstudied. Given the lack of research aboutrtipadt of
plyometric training (over hurdle jump, high jumpog jump) on lower extremity muscle power, the papeaimed
to investigate the impact of plyometric trainingéo hurdle jump, high jump, drop jump) on lowerrextity muscle
power. Furthermore, since previous research hadlynesed the vertical jump measurements, the cursardy
seeks to examine the factors using standing lomgp ju

MATERIALS AND METHODS

Regarding the comparative effect of 6-week plyoretraining on muscle power and the use of randethiz
sampling, this is an experimental paper. Resealah gonsists of three casual-comparative groupth twio pre-
and post-test stages. The statistical populaticfudes 118 female high school students in Aliabadokl town
(Iran), from which 33 healthy students were randosalected and invited to participate in the stulye sampling
technique was targeted and available. Before stattie program, the students were fully acknowlddgih the
research objectives, and then registered to atesid. After signing the consent form, they congagtersonal and
medical information, and research training detditble 1 shows the subjects' profiles.

Table 1 Descriptive Characteristics of Subjects

Subject Status N| Age (Yea) Height (Cm) Wight (Kg)
Over hurdle jump| 11 16.9 #£.6| 156.2+7.4 56.548.1
High Jump 11| 17.1 831 156.046.5 56.815.7
Drop Jump 11| 16.5 £2.4| 155.7+#.7 55.546.9
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The subjects were randomly divided into three trgjrgroups of over hurdle jump, high jump, and djampp (each
with 11 people). For all three groups, height arelght measurements were recorded. Before implengerttie
protocol, all subjects were exposed to a sepanatest session. The pre-test included 5 timegstgriong jump
with 60 seconds rest between each effort. The fleesird obtained from 5 jumping was applied for tetistical
analysis [36]. Then, for 6 weeks, with 3 sessioesweek on Saturdays, Mondays and Wednesdays,graaps
practiced the protocol for 30 minutes, after 154ménwarming and running time. When 18 sessions were
completed, the post-test was conducted.

For all groups, the training program was as thiefahg:

- To repeat four of 5 continuous jumps with 30 sest between each period for over hurdle jump grou
- To repeat four of 5 continuous jumps with 30 sest between each period for high jump group.

- To repeat four of 5 continuous jumps with 30 sest between each period for drop jump group [34].

Note that the difference of long jump steps was#7]. The subjects were allowed to use wingingchand knee
flexion movements to jump out. Descriptive ancemshtial statistical methods were used to analggearch data.
To ensure normality, Kolmogorov—Smirnov test asliapp Furthermore, Levine test was used to meettmelition
of variance homogeneity for all three groups. Tégearch used the independent t-statistical apprmachbnfirm
that there is no significant difference in the prst session (R 0/05). The dependent t-statistical approach wes al
applied to examine the hypothesis{®/05). Subsequently, the ANOVA test was used tonase and compare the
effect and the average values of three indeperglenips. Statistical measurements were calculatedolputer-
aided software programs of SPSS 15 and Excel 2007.

RESULTS
Results of Kolmogorov—Smirnov test showed a noruahiatribution for all variables measured in two goeu
Moreover, Levine test ensured that the conditiorvafiance homogeneity for the pre-test was metllinhace
groups. Pre-test values obtained for researchhiarigere compared in three groups, and no sigmnifidé&ferences
were observed for base values in three groupseflowrdle, high and drop jumps.

Table 2. T-Statistics for Initial Tests and Final Tests in Three Groups

Mean & SD

Variable Test Status Pro-Test Post-Test Mean Difference t Sig

Over hurdle  148.09+11.67 154.73+8.33 6.64 -5.87.0001

standing long jump High 150.18+12.75 157.27+10.40 7.09 424 0.001
Drop 149.45+8.88 154.73+£7.93 5.28 -4.74  0.001

Correlation is significant at the 0.05 level.
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Figure 1. Changes in Mean + SD Values for Groups under study.

Table 2 represents long jump data (mean and stard#aration) before and after exercises implementethree
groups of over hurdle, high and drop. Comparingaihgiroup data using a paired t-test indicatesdiahree types
of plyometric exercises have significant effectlower extremity muscle power, and increase the fongp values
in the subjects #05/0) (Fig.1). A one-way analysis of variance (AN@Mest was used to determine inter-group
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differences. F-test result shows no significantedénce between the effect of various exerciselwar extremity
muscle power (P=0.23, F5, 60=1.43).

DISCUSSION AND CONCLUSION

As already stated, since plyometric exercise inewlgpecific muscles in stretch- shortening moverogales, it
provides more power benefits than of simple shamteaction [13, 25]. Eventually, elastic energyhwitthe muscle
can produce higher force outputs [31, 38]. Origfiradings of the current research revealed a digait difference
between the pre-test and post-test sessions iaverehurdle jump groups. Hence, one can concludeatt-week
program of over hurdle jump exercises has a sizanifiimpact on lower extremity muscle power. Thisonfirmed
by the findings of Sylvia et al. (2009). After tB6 sessions of plyometric exercises in the forrowvar hurdle jump
for 10 female soccer players (with average age=2281), they found a significant improvement inunter
movement and drop jump. Also, Robinson at al. (3G®hducted a comparative study on plyometric @gescin
the dry land as over hurdle jump and within theenaEvaluating 32 female athletes during 8 wediesy toncluded
that both such types could significantly improve gubjects' peak power; although the improvemesthigher in
the aquatic group. Furthermore, the amount of meusdreness and stiffness showed a statisticallyifisignt
decrease compared with the dry land group. Howdlatiner and Nobel (1979) reported inconsistestlts. After
the 8 week program of plyometric exercises in thvenfof Scout jump, no significant improvement i tsubjects'
muscle power was observed, inconsistent findings loa justified by differences of jump types and tpcol
implementation time. For high jump group, reseaesult showed a significant difference betweenptestest and
post-test groups. It can be, therefore, concludhedl & 6-week program of high jump exercises hagmifisant
impact on lower extremity muscle power. By implemirgg a plyometric training program as high jump awdut
jump exercises for 21 male athletes, John and @0A7) evaluated their vertical jump performanchkeit findings
indicated that both exercises caused a signifiGgaprovement in jump performance, and that no sigaift
difference was observed between two groups. I th@iweek study, Jones et al. (2001) obtained émeesresult
and concluded that high jumping exercises, suatbaater movement could cause significant improveameniong
jump and drop performances. While Finniet et al0@Obelieve that explosive concentric practices lead to
significant improvement in human functions. Duestwrtage of similar studies, however, the presatitoas could
not found inconsistent results. For drop jump grahe research showed a significant difference eetwthe pre-
test and post-test groups; hence, the conclusiertived a 6-week program of drop jump exercisesahsignificant
impact on lower extremity muscle power. In thielibaniel and Brent (2007) investigated the efédairop jump
on lower extremity muscle power in 28 male basKetithletes. The indicator of interest was measurgdong
jump and vertical jump. Their findings showed ttted 4-week drop jump training had a significaneeffon lower
extremity muscle power. Consistent with previouadiings, Hoffman et al. (2005) evaluated the athleti
performance of 16 college football players aftewBeks of plyometric training and observed a sigaifi
improvement in the subjects’ explosive power. Biatiand Nobel (1979), Miller and Power (1981), Balt§1990),
Less and Fahmi (1994), and Raj and Harish (200&) e¢ported the same conclusion as previous stulties
contrast, Makaruk et al. (2010) implemented a 6kwmglgometric training program for 44 men, and olsérno
significant improvement in long jump. However, Imapements in counter movement and drop was evident.
Plyometric exercises which can strength hip extenaascle, have been often considered to increaselmpower
values in runners and jumpers, although the rekefindings are inconsistent. Some research hasrtexp@n
improved performance by these exercises [6, 21jlewthere are conflicting results in this field [41]. Overall,
based on results of this study and previous rekedrcan be said that different types of plyonte#kercises (over
hurdle, high, drop jumps) may cause positive effeat lower extremity muscle power, and that thereno
significant difference between methods applied. elev, in regard to high jump and its impact, a viitje
research is available and to provide a distincingight requires further research to be condudRafarding the
research result and the importance of power athletiech as running and jumping types, it is recontted the
coaches encourage their athletes to plyometrinitrgiand use its different exercise in order taheaetter results.
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