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ABSTRACT

The purpose of the present research was a comparatudy of the effect of whole-body vibration atréngth
training on dynamic balance in students. From treerstudents of IAU, Abhar Branch, 90 students naltly
participated in the research. The participants welieided into three groups of 30 subjects— vibratioaining,
strength training, and control. Star Excursion Bada Test was used to estimate the dynamic baldrtbe subjects
in the pretest and posttest. Accordingly, the redddtance of the subjects in the eight directiohsSEBT was
measured in cm, divided by leg length and multiply 100, yielding subjects' reach distance as hitita to
maintain balance. Muscle endurance was estimatesithyps, agility by36-meter run, and speed by &lemrun.
After obtaining the pretest data, the vibrationitiag group undertook WBV exercises for six weehkd the
strength training group performed strength exersige a similar period. During this period the sutie in the
control group continued their normal daily actie$. Descriptive statistics, one-way analysis ofiarare, and
Tukey's post hoc test were applied for data anslgsithe 0.05 significance level. The results af-aay ANOVA
showed that in the pretest there was no significhfierence between the subjects of the three gramglynamic
balance P > 0.05), yet this difference was significant in the pestt® = 0.001). Given the findings of the
research, it can be recommended to physical fitiesgers and sport planners to make use of stiermtd
vibration training for improving dynamic balance different stages of general preparation, espegiaBV
training due to having greater effectiveness araligng the risks of injury.
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INTRODUCTION

Training is defined as any organized and systenetircise that is meant to improve the performarfcathletes
[1], and it is divided into different types withspgect to the specific functional needs of athlefase of the types of
training used by athletes for improving various dtions are strength and plyometric training, thitelabeing a
special type of strength training for convertingeagth into power. Using strength training has Bemnial history,
but during the past 20 years and with the strifeashe strength athletes it has turned into a npgjdrof the training
program of most athletes. Historically, strengthirting was performed to increase strength and rauside.
Recently, however, it has been also used for irsanggpower, increasing muscle stiffness and topibielping with
rehabilitation, preventing injures, and helpingmaintain muscle function in the decliningyears [RIso over the
last decade vibration training has received speatiahtion. Whole-body vibration (WBV) is a traigimethod in
which people stand on a vibration platform thatatbs, creating vertical displacement, and the rg¢eeé waves are
transmitted to the body from the point where thdybmeets the platform [3].Research has shown tHaY\Wiay be
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another training method for those who are lessinvglto participate in sport classes and/or haveblpra with
traditional training methods due to injury or redddROM in certain body joints [4]. Since WBV exaee$ are done
while the individual is standing on the vibratiolagiorm, there is less possibility of the occurreme development
of exercise-induced injuries such as falls or strigacturesand WBV can be introduced as an effedfiaining
method. The studies carried out on vibration tragriave reported post-exercise improvement in gueamuscular
system [5].

Balance is one of the essential elements of almlbstaily and personal activities and a determinanéxamining
the functional ability of athletes [6]. Gambettada@ray (2001) consider balance as the most impbghiiity

involved in different types of activity of the aglié [7]. Balance is divided into static, semi-dymarand dynamic
[7] and all the three forms, in particular dynarbadance, are needed in sports. Dynamic balant¢eialility of the
individual to maintain balance from the dynamicstatic state [7]. Dynamic balance provides an iamabtection
against injury in such sports as volleyball, balsébt or skiing that require quick reactions [8]ssAiming and
maintaining balance in the static state or durixgr@se requires enough power generated by muaal@®xertion
of the power on the bones. This entails a compiéaraction between musculoskeletal and nervougsgstThe
neural components needed for maintaining baland@enstatic state consist of motor processes (mewsoular
synergies), sensory processes (the visual, veatibahd sensorimotor systems), and higher neucalegses [9],
while mainly somatosensory processes are neededdmtaining dynamic balance [9].

Given the prevalence of ankle and knee injuries tdugimping and cutting movements in sports likdlexdall,
basketball, and skiing [10], and the role of lowestremity muscles in putting the body in a balanceddition,
many training programshave been studied by reseesc}iO]. Further, due to the need ofathletes f@aipr
improvement in some physical fitness factors inrtparhere they are more applicable, and the intffecess of
some training methods under certain conditiong—irjury or overweight — identification of the efits of different
training methods on physical fitness factors thatedfective for preventing sport injuries is orfale prerequisites
of designing training programs.

A review of the literature reveals that there aomtradictory results regarding the effect of vasidmaining
programs on balance. For instance, Torvinen e{(24l02) studied the effect of four-month WBV traigion
performance and balance and came to the concltisadrihere is no significant difference betweendbstrol and
experimental group in static and dynamic balanter & months of vibration training [11]. In contrak/anet al.
(2005) studied the effect of a 6-week vibrationrtireg period on muscular function, balance, and ititgtin elderly
nursesand showed that the performance of the empatal group in the balance test was significabéiter than
the control group [12]. In another research, Matkaet al. (1997) studied the effect of a six-weélength and
proprioception training program on dynamic balaimcthree subjects with lateral ankle sprains apdred that the
interventions did not bring about any obvious imgmment in the balance of the subjects [13].However,
Kollmitzeret al. (2000) studied the effect of baektensor strength trainingversus balance trainingoostural
control in 26 young, healthy subjects and showed Hoth strength and balance training improve lzaan the
subjects [14].Nonetheless, no research was fourtthve studied the effect of strength and vibratiaming on
static and dynamic balance. Thus, the presentmdsearries out a comparative study of the efféavioole-body
vibration and strength training on dynamic balaimceniversity students.

MATERIALSAND METHODS

The researchers sought to study and compare thet &ff whole-body vibration and strength training dynamic
balance in university students. Thus, the presesgarch is quasi-experimental with a pretest-pststiesign with
two training intervention groups and a control grolihe male students of IAU, Abhar Branch, who aatblled in
the first semester of the Physical Education pnogirathe period 2010-2011 formed the populatiothefresearch
of whom 90 students with no record of injury in Emextremities and CNSover the last year and withiegular
exercise during the research period voluntariltipgated in the research. The subjects were dividé¢o three
groups of 30— (1) vibration training, (2) strengithining, and (3) control.

Star Excursion Balance Test (SEBT) was used famasing the dynamic balance of the subjects inptegest ad
the posttest. Considering the standard protocthisftest, 8 directions, spaced by 45°, are drawthe ground in
the shape of a star and the subject has to reaehcim of these directions. For normalizing the ddt@ reaching
distance in each direction is measured, dividethbyleg length — i.e. the distance between antedperior iliac
spine and interior ankle in centimeters — and rpliétd by 100 to yield the normalized reaching dise of the
subject in each direction [15]. After providing thecessary explanations regarding the procedurdsdgst, each
subject practiced the test six times. In additibefore beginning the test the preferred leg of dhbjects was
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determined so that if the preferred leg is thetrigh, the test would be performed counterclockveisd if the left
leg is the preferred one, the test would be peréariciockwise. The mean reaching distance in aldilections of
the test (in cm) was taken as the ability of thigisct to maintain balance [15].

Muscle endurance was estimated by sit-ups tedityany 36-meter run, and speed by 60-meter rutieAfollecting
the pretest data, the subjects in the experimgntaipperformed the following exercises for 6 weeks:
Vibration training

The subjects in the vibration training group perfed whole-body vibration training for six weeksyf@essions per
week, and 40 minutes per session. This involveddstg for 90 s on the device with a frequency oftB0and
amplitude of 10 mm in three position: (1) singlg-lequat on the preferred leg, (2) single-leg squmathe non-
preferred leg, and (3) double-leg squat with 4Ghkrflexion. After a 90-second rest, the next stageald start [16].
Strength training

The strength training program was also conductedifoweeks, four sessions per week, and 40 mirpeesession.
The program involved: (1) squats, (2)split squé®), leg press, (4) Hug move (a move for reinforcetmef
guadriceps and gluteus muscles), and (5) splits ditmbbells.For all the exercises, the trainingtsthwith eight
repetitions and 60% V{max and then the subjects performed 3 sequendés afioves with 6 repetitions and 80%
VO, max.The training program of both the vibration atrééngth training groups started with5 minutesvafming
up and ended with 5 minutes of cooling down [17].

Descriptive statistics were used for describingptesonal characteristics of the subjects and tates Tukey's post
hoc test were applied at the 0.05 significancell&redetermining the significance of the data tetato SEBT and
single-leg standing between the three groups.

RESULTS

Table 1 present the personal characteristics otigects of the research by groups. The resulistebt showed
that there is no significant difference betweenttiree groups in the factors that affect the bagAc> 0.05; table
1).

Table 1: Personal characteristics of the subjects

Variable Group Mean F P
(SD)
Vibration | 24.07 (1.14)
Age (Years)| Strength | 22.80 (2.32) 0.87 | 0.67
Control 23.87 (3.17)
Vibration | 174.2 (1.57)
Height (cm) | Strength | 171.53 (4.91) 0.44 | 1.07
Control 176.73 (2.43
Vibration | 70.37 (4.31)
Weight (kg) | Strength 71.93 (2.31) 0.59| 0.47
Control 69.60 (1.13)

Moreover, no significant difference was observetiieen the pretest and posttest data of the grougsdurance of
abdominal muscles, agility, and spe®@dX 0.05; table 2).

Table 2: Certain physical fitnessfactors of 3 groupsin preand post test

Index Vibration Training| Strength Trainin Control| F P
Muscle Endurance (Rep 64.2145.27 70.21+4.36 6& Bt

Pretest | Agility (s) 9.41+0.9 9.09+0.8 8.21+0.6| 0.201 | 3.56
Time of 60-Meter Run (s 7.4610.3 7.53+0.4 7.54+0[2
Muscle Endurance (Rep 69.21+46.23 71.2144.72 6B A6

Posttest| Agility (s) 9.32+1.4 9.21+0.4 9.51+0.3| 0.329 | 4.45
Time of 60-Meter Run (s 7.49+0.2 7.73+0.5 8.0141.0

The results of F-test revealed that in the preteste is no significant difference between theetgeoups in mean
balance scoreP(> 0.05). But, after the training intervention for the exjpnental groups, analysis of variance
revealed a significant difference between the dathe groups. The data are presented in table 3.
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Table 3: Dynamic balance of subjects

Time Index Dyr_lamic_ Balanc_e F =
Group (Reaching Distance in cm

Vibration Training 72.2145.4

Pre test | Strength Training 76.34+6.2
Control 70.9+3.3 2.09 ) 0.652
Vibration Training 90.2+3.7

Post test| Strength Training 85.8+2.9 23.9 0.000
Control 71.1445.2 )

The results of Tukey's post hoc test revealed ttietdifference between the control and vibrati@ning groups
(F =4.287,P =0.018) and between the control and strength trainingugs¢’ = 6.021, P = 0.038) was
significant, but no significant difference was obh®s& between the data of the vibration and stretrgihing groups
(P > 0.05).Comparing the percentage of increase in the afathe vibration and strength training groupwhishai
more precise index of the exercise-induced chamgesaled that the subjects in the vibration trgjngroup
experienced greater increase in dynamic balancetttgasubjects in the strength training group (V8% 1%).

DISCUSSION

The purpose of the present research was to studycampare the effect of whole-body vibration tragiand
strength training on static and dynamic balancstudients. The results indicated increased abifith® subjects to
maintain static and dynamic balance after the raeti interventions. No significant difference wdserved
between the effects of the two training programsweler, Comparing the percentage of increase inlae of the
vibration and strength training group as a morecipeeindex of the exercise-induced changes revealadthe
subjects in the vibration training group experighcgeater increase in dynamic balance than thesstshjn the
strength training group.

The results of the present research are consisiemiprevious findings that reported an improvemianstatic and
dynamic balance after a period of strength trair(gig. Kollmitzer et al. [14]) and vibration trang (e.g. Ivanet
al.[12]). However, the results were inconsisterthwhe research of Mattacola et al. [13] and Tawiet al. [11].In
addition, the results of the present research stdhat whole-body vibration training has a greatect on the
ability to maintain balance than strength trainemgl this was not examined in previous researchs,Thbat follows
is a discussion regarding the possible reasonthéodifferent effect of these two types of trainimg balance and
the possible mechanisms for such effects.

The effect of whole-body vibration training on bata

One of the most important systems involved in aatégito vibration training is the neuromusculartegs and the
coordination between the activity of motor unitydlved in movement and muscle spindles and Golgdaa
organs. Due to its nature, vibration training witlostly lead to the activation of muscle spindlesnwedver,
neuromuscular response to vibration involves atitmeof the muscle spindles, mediation of the nksignals by la
afferents, and finally, activation of muscle fibaiiga large a-motoneurons [11].But theoretically the concept of
WBY is based on activation of muscle spindles. Mrspindlesprovide feedback of the position anemesibn of
muscles to gammamotoneuronsyimotoneurons, this response leads to stimulatiahiraereased firing rate of the
la fibers through the gamma loop, and this is kn@snalpha-gamma coactivation [12]. Vibration aptitiethe
tendons and muscles results in intense stimul@iwhactivation of muscle spindles. Activation ofsule spindles
leads to tonic vibrationreflex (tonic contractioim) the stretch reflex arcand this has been obsedegithg the
application of vibration to muscles [4]. The respiitactivation of muscle spindles is stimulation gwdparation of
muscles for contraction and increased sensitivitynfscle spindles,and the latter can improve neuscoiar
responses [4].

Force generation is a function of various factarshsas muscle size, the number of activated matits,Land joint

angle [5].Since the initial exercise-induced sttbngain is mainly neural and it can increase withawstructural

change in the size and volume of the muscle [1&3gmeural adaptations mainly suggest more recunitof motor

units; the more motor units are recruited, the nwaiteincrease the power [4]. Another factor in dergeneration is
the level of actin-myosin cross-bridges interactima it can be asserted that more interactionslestwess-bridges
will lead to increase in strength. Increased intéoa between actin and myosin cross-bridges aodiitenent and

activation of more motoneurons as a result of ¥ibratraining has been observed in various resestuflies and
can be another reason for improvement in performfbg].
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Considering the activation of sensory receptorsugh vibration, it is clear that the vibration dpglto various
body parts can directly affect the brain [12]. Ttiisory indicates that mobilization of motoneurams functional
group of muscles and joints for performing a movemand adapting it with the environment and inceeas
coordination and integration of motor units, coaatiion ofagonist muscles, and increased inhibibbantagonist
muscles [12] which will finally lead to neuromusautesponses through which it can improve athfetiformance.
SEBT requires neuromuscular control for the appab@rmposition of joints and strength of the musturka around
that joint during the test [15]. Olmsted et al. @D found that during the test the stance leg reguankle
dorsiflexion, knee flexion, and hip flexion. Thube lower extremities require proper range of nmtistrength,
activity of proprioceptors, and neuromuscular coin{il8]. Hamstring-quadriceps co-contraction occwuile
reaching in all the direction of SEBT [15].The quadps has the greatest activity in anterior, aié¢eral, and
posteromedial directions. Since in these anteri@ctions the person has to lean backwards and #teetrunk in
extension so as tomaintain their balance, the ttémnal force acting on the upper trunk lead tghhknee flexion
torque that must be controlled by the extensioquer(eccentric contraction) generated by the quegs. The
activity of vastus lateralis muscle is greatesthia medial and posteromedial directions. This ishges due to
muscle stability against the muscle forces thataative in reaching for these directions. Accordiaghe findings,
it can be concluded that increased strength anenégc control of the quadriceps can improve batacontrol in
these directions and show improvement of injurgliierent stages [15].

Given the above issues, it is clear that strengtthe muscles surrounding and acting on the jond their co-
contraction is of foremost importance in stabilgzifower extremity joints, proper range of motiomda
neuromuscular control for maintaining balance whilaching and achieving the greatest distance.

Vibration increases the stimulation threshold ofldgsdéendon receptors and they will transmit fewehibitory

impulses to the CNS and as a result autogenicitisribdecreases [18]. Also vibration leads to thiedng of

myosin and actin cross-bridges and recruitment afenmotor units in a certain activity [3]. All theeffects lead to
increased strength and as a result the suppodingrlextremity muscles can better stabilize theabess moreover,
increased muscle strength can counteract the tergarerated while reaching and the subject carhriather

without making an error. For instance, increasadngth of the hamstrings after vibration trainingncmore
effectively control the torque generated due tmkrfiexion that occurs while reaching in posterdirections,

leading to greater reaching distance. Similarlgréased strength in all lower extremity muscles pesbably

control the torques generated during each of tleursions of SEBT and thus balance improves afteration

training [15].

The effect of strength training on balance

As mentioned before, SEBT requires neuromusculatraebfor proper position of the joint and strengihthe

musculature around that joint during the test [T8je strength of the muscles surrounding and aamghe joint

and their co-contraction is of foremost importaircstabilizing lower extremity joints, proper rangemotion, and

neuromuscular control for maintaining balance whiaching and achieving the greatest distance., Tdnesof the

possible reasons for improved of balance as atreéstrength training can be associated with iaseel strength of

the lower extremity muscles of the subjects aftatipipating in the strength training protocol. Tinain reason for

strength gain in the first few weeks of strengthirting is adaptation in the nervous system. Itssuaned that

changes observed in first 6-8 weeks is due to hediaptation, but there is no general consenstisisregard [2].

Adaptation in the nervous system leads to increagedgth in the following ways:

1.Large, fast-twitch motor units are activated onlyen large forces are required. It has been sughésa during
maximum voluntary contractions, some of these uaits not at all activated in untrained individualws,
training can be considered as a way for faciligatime activation of these large, fast-twitch matoits.

2.Changes may occur in the electrical stimulatioriggatof motor units, or in the frequency of stintida, and/or
in the synchronous activation of motor units, theeling to increased strength.

3.The process of removing autogenic inhibition: naflyr internal feedback mechanisms (e.g. Golgi tendrgans)
inhibit the body in generating large tensions. Biien the body is exposed to high degrees of tertbiaugh
strength training, sensitivity of these organs ndagrease via the process of removal of autogetibition,
allowing the individual to approach the capacitygeherating absolute maximum force.

4.With the mastering of the nervous system througietitfon, muscle coordination increases and thidlifates
performance. Meanwhile, the strength training ie firesent research may have increased balancehthoug
applying stress on the neuromuscular systems [14.&1

Considering the findings of the present researcltan be recommended to physical fithess trainads sport
programmers to make use of strength and vibratramihg for improving dynamic balance at the gehera

1992

Scholars Research Library



Seied Sajjad Hosseini et al Annals of Biological Research, 2012, 3 (4):1988-1993

preparation levels, especially whole-body vibrattasining due to having greater effectiveness alicing the
possibility of injuries.

REFERENCES

[1] Matthew, J., R. Jordan., R. Stephen and J. DdvBtrength Cond Re2005. 19(2), p. 459-66.
[2] Delecluse, C., M.Roelants and S.Verschuekberg Sci Sports Ex2003.12, p. 1033-41.

[3] Cormie, P., R.Deane., N. Triplett and J. McBridi&trength Cond Rg006. 20(2), p. 257-61.
[4] Bosco, C., M.Cardinale and0.Tsarpchyr J applphysigll999.79, 306-311

[5] Cardinal, M andJ.Rittweged, British Menopause Socig2006. 12(1), 12-16.

[6] Blackburn, T., M. Guskiewicz and M. Petschali§port Rehahjl2000. 9:315-328.

[7] Hosseini, SSMiddle East journal of scientific researcP011. 9 (5), p. 296-302.

[8] Gribble, P,Ther Today2003. 8(2), p. 46-47.

[9] Gribble, P., J.Hertel., C. Denegar andW.Bucklepthl Train2004.39(4), p. 321-329.
[10]Guskiewicz, K and D.Perritgport Rehabjl996.5, p. 45-63.

[11]Torvinen, S., P.kannus.,H.Sievanen.,A.Tero., M.Rasa L.Teppo., P.Oja and J.Vuoked Sci Sports Exe
2002.34(9), p. 1523-1528.

[12]Van, N., A. Geurts and H.Hendrick&dm J Phys Med Rehaf2i004.83,p. 867-873.
[13]Mattacola. CG and JW.Lioyd, Athl Train1997.32(2), p. 127-135.

[14]Jeffery. S., N.DavidandVO.StevehGeront Serie#,2001. 56, p. 281-286.

[15]Earl. JE andJ.Herte), Sport Rehabj2001.10, p. 93-104.

[16]McNamara, L and K.Morargports Me¢005.32(3), p. 67-74.

[17]1Docherty. LC andJH.Mopré Athl Train1998.33(4), p. 315-14.

[18]OIlmsted. L and J.Herte), Sport Rehabi2004.13, p. 54-66.

1993

Scholars Research Library



