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Theeffectsof hort-termresstanceprogramon vertical jump abilityindite
malevalleyball player sduringthecompetition season

Efectosdeun entrenamientodefuer zadecor tadur acion sobrelacapacidad desaltovertical en
jugador esdevolebal deditedurantelatemporada

Migued Sanchez Moreno, CarlosGarciaAsencio, Juan Jost Gonzéd ez Badillo
Pablo de Olavide University

Absgtract: Theaim of this study wasto describe the effects of 6 weeks of combined strength and jump training which incorporated moderate |oads and
high intensity contractions on the vertica jump ability (VJ), loaded jumps and velocity of execution in full squat in a group of professond mae
volleybal players during the competition season. It was hypothesized that the VVJ improved by cross combined strength and jump training both
characterized by high velocity of execution (>1m/s). The participants in this study were twelve players who competed in the first nationd division of
the Spanish Nationa League during the 2011-2012 season. The neuromuscular performance was estimated by unloaded (CMJ) and loaded
countermovement jumps (CMJ_,.) height (cm); and by velocity of displacement in the concentric phase of full squat (FS) (mV/s). There was a
sgnificant increasein CMJand CMJ ., after 6-week of training (5%, p<0.01; and 5.7%, p<0.05; respectively). These changes were accompanied by
asmal and moderate value of Effect Size (0.47, and 0.67; repectively). No significant differences were observed for velocity of displacement in FS.
Thelinear correlation analysis showed asingle moderate correletion statistically significant between the changesin CMJ-CMJ_, ,and CMJ-FS (r=0.62
and r=0.59, p<0.05; respectively). Albeit speculaive, our results suggest that the use of moderate loads could be enough to improve the vertical jump
performance, sincein our study aload equivaent to 60% 1RM in the FS was not exceeded and jumping exercises were performed with light loads.
Keywords: Resstance training; Plyometric exercise; Vertica jump; Lower Extremity, Velocity, Strength.

Resumen: El objetivo de este estudio fue describir los efectos de 6 semanas de entrenamiento combinado de fuerzay sdto, € cua incorpora cargas
moderadaseintens dadesde contraccion dtas, sobrelacapacidad desdtovertica, sdtoscon cargasy lavel ocidad degjecucionend gerciciodesentadilla
en un grupo dejugadores profesionaes de voleibol durante latemporada de competicidn. Se establecid lahipdtessde que e sdto vertica mejoro por e
uso combinado de entrenamiento defuerzay sdto, ambos caracterizados por unaatave ocidad de g ecucion (>1mvs). El rendimiento neuromuscular fue
estimado por ladtura(cm) del salto sin cargas (CMJ), sdlto con cargas (CMJ ), Y por lavelocidad (nvs) de desplazamiento en lafase conceéntricaen
lasentadillacompleta (FS). Tuvo lugar unincremento significetivo en CMJy CMJ ., después de 6 semanas de entrenamientos (5%, p<0.01; y 5.7%,
p<0.05; respectivamente). Estos cambios fueron acompafiados por un valor de Tamafio del Efecto pequefio y moderado (0.47, and 0.67; respectiva
mente). No se observaron diferencias sgnificativas en la velocidad de desplazamiento en FS. El andisis de correlacion lineal mostré una correlacion
moderada estadisticamente significativa entre los cambios en CMJICMJ_, v CMJFS (r=0.62; y r=0.59, p<0.05; respectivamente). Aunque algo
especulativo, nuestros resultados sugieren que € uso de cargas moderadas podria ser suficiente paramejorar e rendimiento del sdto verticd, yagueen
nuestro estudio no se excedid una carga equivalente d 60% de 1RM en FSy los g ercicios de satos también fueron redizados con cargasligeras.
Palabras claves: Entrenamiento con resstencias, gercicios pliométricos, sdto vertica, extremidad inferior, velocidad, fuerza

Volek, Hakkinen & Kraemer, 2006; Séez-Saez DeVillarred, Izquierdo
& Gonzdez-Badillo, 2011) (with the load that produced maximal
mechanica power (MP) or loads close to this, 70 to 90% MP), or
Olympicmovements(Arabatzi, Kellis& Saez-Séez DeVillarred, 2010;
Channd & Barfidd, 2008; Tricoli, Lamas, Carnevde& Ugrinowitsch,
2005) (high relative loads>75% of 1RM); (c) plyometric training
programwith no added externd resistanceto thebody weight (Adams,
O Shea, O' Shea& Climgtein, 1992; Séez-Saez DeVillarred, | zquierdo
& Gonzdez-Badillo, 2011; Saez-Saez DeVillarred, Gonzdez-Badillo
& lzquierdo, 2008; Saez-Saez De Villarred, Requena, Arampazi &
Sdonikidis, 2010),and (d) by combining someof them (Adams O’ Shes,
O'Shea & Climgtein, 1992; Saez-Saez De Villarred, 1zquierdo &
Gonzdez-Badillo, 2011; Wilson, Newton, Murphy & Humphries,
1993). Same authors suggest thet the best way to improve vertical
jumpisthrough the combinetion of plyometrictrainingwithresistance
training (Perez-Gomez & Calbet, 2013). Thisimprovement inthever-
tical jump despitethedifferent strength training methodsused might be
attributed to the fact that the athletes in those studies were not highly
trained. Someauthorshaveshownthat athleteswith low level of strength
exhibit ggnificantimprovementinvertical jump, regardlessthetraining
stimulus (Adams, O’ Sheg, O’ Shea & Climstein, 1992; Saez-Séez De
Villarreal, Gonzdlez-Badillo & |zquierdo, 2008), while previoudy
strength-trained athletes may exhibit limited improvementsin vertica
jump (H&kkinen, Komi & Alén, 1985).

McLelan (2011) reported that themaxima unloaded verticd jump
isprimarily determined by Pesk Rate of Force Deve opment (PRFD),

Introduction

Volleyball isasport characterized by the requirement to perform
movements commonly consdered as explogves, such asjumps, am
hitting and short displacements. The atack and blocking are crucia
gameactionsfor ataining victory intop-level competition (Rodriguez-
Ruiz, Quiroga, Mirdles, Sarmiento, De Sea& GarciaManso, 2011).
Part of the successof theseactionsisdetermined by theheight at which
they areperformed (Voigt & Vetter, 2003), which areinfluenced by the
vertica jump ability of the players.

Some authors suggest that only skill-based conditioning program
could not beenoughfor theimprovement of vertical jump performance
in volleyball players and, the combingtion of it with strength training
could beabetter stimulusfor specificvolleyball conditioning (Trajkovic,
Milanovic, Sporis, Milic & Stankovic, 2012). The way to improve
vertica jump in physicaly active athletes is a topic thet has been
Studied many times. It hasbeen observedimprovement invertical jump
from training approaches that included (a) heavy-resistance-training
programusingthesouat exercise(Adams, O’ Sheg, O’ Shea& Climgtein,
1992; Newton, Rogers, Volek, Hékkinen & Kraemer, 2006; Saez-Séez
De Villarreal, Izquierdo & Gonzadez-Badillo, 2011) (relative
intensity>70% of 1 repetition maximum [1RM]); (b) power-training
program using exercises such asloaded squat jump (Newton, Rogers,
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suggesting that training methodsin order toimprove PRFD canlead to
improved unloaded vertical jump. Hakkinen et d. (1985) found thet
high velocity training with light-load movements appears to be an
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important aspect to consider for improving RFD in isometric actions.
Other authors(Saez-Saez DeVillarred, | zquierdo & Gonzdez-Badillo,
2011) suggest that training conducted &t low and high vel ocity hed the
sameeffect onvertica jump, whileBehmand Sale(1993) argued thet it
wastheintentiontomovetheload asquickly aspossiblewhichresulted
inafast v ocity-specific training effect.

Therearenot many sudieswhichhavecarried out adetalledandyss
of thestrength training program usedin professiona volleyball players
during thecompetition season. Weonly found two studiesaccomplished
with male volleybdl players (Marqués, Gonzédez-Badillo & Kluka,
2006; Stangandlli, Dourado, Oncken, Mangan & da Cogta, 2008) and
threestudieswithwomen (Newton, Rogers Volek, Hékkinen & Kraemer,
2006; Hakkinen, 1993; Marqués, Van Den Tillaar, Vescovi & Gonzdez-
Badillo, 2008). But these studies do not andyze the effect of the
gpplication of moderate loadsin both full squat and loaded jumpson
improving jumping ability in these athletes. Thus, the purpose of this
study wasto examine the effect of 6 weeks of combined strength and
jump training, both characterized by the use of moderateloads, onthe
unloaded vertica jump height, loaded vertica jump height and vel ocity
of execution in full squat in a group of professona mae volleybdl
players during the competition season. It was hypothesized thet the
vertica jumping ability improved by crosscombined strength and jump
training during the competitive season in professiona malevolleybal
playershighly trainedinthejumping exercise.

Material and Methods

Tweveprofessond volleybdl players(age[mean+ SD] =23.1+34
years, height=191.25+0.06 cm, body mass=83.3£9.1 kg) playing in
the firg nationd divison of the Spanish Nationd League during the
2011-2012 season participated in this study. All participants were
informed about the experimenta procedures and possible risks and
benefits associated with the study. Because the ethica considerations
discussed by Kraemer (2005) and the difficulties expressed by Mar-
queset d. (2008), it was not possibleto include acontrol group which
avoids training. The study was conducted in accordance with the
Declaration of Helsinki |1 and gpproved by the Ethics Committee of
PablodeOlavideUniversity, Seville, Spain.

Training protocols

Training took place 2-3 dewk* during 6 weeks (14 sessons), with
each season lagting approximately 50 minutes and consisting of the
following components: 10 minutes of standard warm-up (7 minutes
submaximal running, stretching exercisesfor 3minutes), 35 minutesof
spedificgrengthtraining; and 5minutesof cool downindudingstretching
exercises. All training sessonsweresupervised. Beforetheinitiation of
thetraining periods theathleteswereingructed astotheproper execution
of dl theexercisesto bedoneduring thetraining period. Theresistance
exerciseswerefull squat, haf squat, loaded jump and hang power clean,
executed in the same order as shown. Table 1 provides a detailed
description of the training routine. Three-minute rest intervals were
permitted between al sets and exercises. All resistance training was
completedinthemorning andwassupervisedfor oneof theinvestigators

Tedting Procedures

All athletes were eva uated on two occasions: September (test 1
first week) and October (test 2: eighth week), during thefirst Sx weeks
of competition. All tests were performed after a 48-hour period of
completerest after the last competition, at the sametime of day, inthe
sameorder and by thesameresearchers The participantswerecarefully
familiarized with the equipment and the test protocols using 2-3
submaximd atempts. We performed agenerd warm-up consisting of 5
minutes of continuous run followed by 5 sets of 30 metersrunning a
progressive vel ocity.

Unloaded Countermovement Jump (CMJ). The CMJ test was
performed using an Optojump photocell system (Microgate, Bolzano,
Italy) to meesureflight time. Jump height was determined using stan-
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dardflight-timeca culation. Threetrid swerecompleted with2 minutes
of rest between trids Theaverage of thethree vaueswas used for the
subsequent statistical andlysis. The intraclass correlation coefficient
(ICC) and coefficient of variation (CV) wereca culated for CMJheight
obtaining |CC vauesof 0.99 (0.98-0.99) andaCV of 1.84%.

L oaded Countermovement Jump (CMJ__, ). Thetest consists of
performing avertica jump with the barbell behind the head on thetop
of theback. Thebar weight of the machinetype Smith machine (17kg)
wasthen progressively increasedin 20, 10and 5 kgincrementsfor eech
repetition, until the athletes reached a height of about 20 cm. We
performed a 3 minute rest between each repetition. It was drictly
controlled that thebar did not separatefromneck at end of theconcentric
phase, thiscould provide messurement errors. Theheight of jumpwas
determined in the same manner asthetest CMJ.

Full squet (FS). FStest wasperformed onthe samemachineasthe
CMJ_,., Placing the barbell behind the head on the top of the back.
From this position, there was a deep flexion of the legs to exceed the
horizontal, and then therewasanimmediate extension of thelegstothe
fullest extent. Subjectswereingtructed to performacontrolled eccentric
phase and a concentric phase at the highest possible velocity. After
warm-up, the bar wasincreased in 20 or 10kgincrementsfor each s,
fromanaverageve ocity inthe propul sve phaseof movement (Medina
Sénchez, Pérez & Gonzdlez-Badillo, 2010) gpproximately of 1.4 m/s
until theaveragevel ocity about 1 m/s. Thesubjectsperformed between
1 and 4 attempts with each load. The best result accompanied by a
correct execution was used for the subsequent stetistica andyss. We
performed a3 minuterest among eachload. A dynamometer isoinercia
T-Force (T-Force System, Ergotech, Murcia, Spain) was used for
measuring the velocity of displacement (1.000 Hz).

Satidtical analyss

Differencesinvertica jump height and vel ocity of executioninfull
were compared using paired t-test. Because of the smdl sample size,
effect 5ze(ESs) wascd culated according to Hedgesand Ol kin's (1985).
The scale used for the interpretation was the one proposed by Rhea
(2004) for highly trained athletes. Pearson correlation coefficients (r)
were used to sudy the relaionship between changes in the different
exercises. Statigticd differencewasaccepted et dphaleve of pd<0.05.

Table 1. Resistancetraining program employed.

Exercises

Weeks sw FS HS CMJ it Power dean
1 2 3x6 (1m/s-15%) 3x6 100% 3x540% 3x6
2 2 3x8 (1m/s-15%) 3x6 100% 3x540% 3x6
3x8 (1m/s-15%) 3x6 3x6 100% 3x6
3 3 ((1 s7% )) 105% 3x550% 3x6
4 3 3x6 (1M/s-7%) 3x6 105% 3x550% 3x5
5 2 3x4 (ImV's) 35 110% 3x4 60% 3x5
6 2 3x4 (ImV's) 35 110% 3x4 60% 3x5
Training summary
Exedss Intensiti es Setsx reps§ % total rept
FsS 1m/s- 15% 108 47
im/s- ™% 72 32
im/s 48 21
HS 100%H20 54 39
105%H20 54 39
110%H20 30 22
M3 et 40%H20 30 26
50%H20 60 53
60%H20 24 21
Power clean - 198

ms = velocity of displacement of thebar during the propulsi ve concentric phase of the full squat (1 mis”
60%1RM); H20 = weight which ahl etes reached a height of about 20 cm in CM J e Hang power d ean;
3x6 =3 seriesx 6 repetitions with the maxi mum load that d lowsacorrect technica execution.

§Thetotd number of repetitions|ifted during thetraining cyd ewith each intensity.

‘TRercentage of total repetiti ons parformed with each intensity.

Teble 2. Effectsof 6wk resi stance traini ng on countermovement jump, loaded
count e'movement jump and full squat.

T1-T2

Exercises % p ESs

[eVN] 5 0.004 0.47
M3 et 57 0.044 0.67
Full Squat 45 0.07 0.62

%= percent change between test; p = p-vaue; ESs =effedt size

Table 3. Correlaion coeffi ci ent between changes produced between tests.
CMITMJ i CMJ-FS
r

CMJ e FS
r p r
0585 0046 0426

p p
T1-T2 0.619 0.032 0.168

r = Pearson corrdation coefficients

NUmero 26, 2014 (2° semestre)



Results

There was a sgnificant increase in CMJ and CMJ_, , &fter 6-
week of training (5%, p<0.01; and 5.7%, p<0.05; respectively). These
changeswereaccompanied by asmd| and moderatevd ueof Effect Size
(0.47 and 0.67; respectively). Nosgnificant differenceswereobserved
for velocity of displacement in FS (table 2). The linear correlation
analyss showed a single moderate correlaion statistically significant
betweenthechangesinCMJCMJ_, and CMJ-FS(r=0.62andr=0.59,
p<0.05; respectively) (table 3).

Discussion

Themain aim of our study was to evauate the effect of strength
training onjumping ability during the competition phesein professond
maevolleybdl players The results of our study showed asignificant
improvement &fter 6-wk training periodinCMJandCM,_ .

Wehavenot found smilar sudiesperformed with ditesenior mae
volleybal players, but we found a study carried out with women
volleybdll players(Newton, Rogers, Volek, Hakkinen & Kraemer, 2006).
Duringthefirst 7-wk of thisstudy lower limbwith «heavy |oads» were
trained, but unfortunatdly it is not indicated in the article what the real
value of these «heavy loads» or «traditiond resstancetraining»is. In
addition, duringthe4 remainingweeksthey weretrainedwitha«bdlistic
training», which should beinterpreted asaweight training lessthanin
thefirst 7-wk doneat high vel ocity and withloadsclosetothat a which
maximum power is reached. After the 7-wk training period vertica
jump performance decreased Significantly, and improvedinthelast 4-
wk significantly with respect to test 2 but not with respect to theinitial
test. These authors suggested that the decrease in the first 7-wk is
related to a depressed of the neuromuscular system due to the
combination of training, gameplay and skillspracticepred uding adequate
recovery. By contragt, in our study theimprovementswereatigtically
sgnificant after 6-wk and the training were aso performed together
with specific training and competitions. Results Smilar to ours were
observed by Marqueset d. (2008) after 12-wk resistancetraining with
trainingloadsranging from 50to 75%of 1RM, and by H&kkinen (1993)
after 10-wk training period (loads>75% 1RM), in competitive phase,
but with an improvements of 3.8% and 4.5%, respectively, compared
with 5% in our case. Other authors (Vodzke, Sutzig, Thorhauer &
Granacher, 2012) observed no changesin CMJ after 5-wk resistance
training (loads of 85% 1RM) in eight professond male volleyball
players in preseason. The comparison of the results of these studies
suggeststhat high loads do not produce better results on vertica jump
performance, sncein our study aload equivaent to 60% of the 1RM
inthe FSwasnot exceaded, andjumping exerciseswereperformedwith
lightloads, sotheve ocity of executioninboth exerciseswashigh. The
superiority of the effect of the CMJ__, with light loads (30% 1RM)
againg heavy loads(80% 1RM) hasa so been observedin other sudies
such asthat conducted by McBrideet d. (2002). Theseresults suggest
that the specificity of training, which in this case is expressed by the
proximity of the velocities of execution of thetraining exercisestothe
velocity of execution of thevertica jump, ssemsto be determinant for
the performance.

Inadditionto CMJexercise, our study dso measured the effect of
training on CMJ__, and FS. After the training period there were
sgnificantimprovementsinCMJ_, . (5.7%, p=0.04) and no-significant
improvementsin FS (4.5%, p=0.07) both with a moderate ESs (0.67
and 0.62, respectively). The improvements in both exercises can be
congderate important, although, due to the small number of athletes,
FSexercisedid not resch stetistical Sgnificance. Thisapparent lack of
improvement isoffset by the moderate ESsthat FShassubmitted. Itis
notable that FS exercise improved less than the CMJand CMJ_, .
Typicaly, theimprovement in strength with high loadsis bigger than
with light loads, because the maximum strength, manifested with high
|oads, hasawider room for improvement than the absol ute vel ocity of
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muscle shortening (velocity without loads). However, in our casethe
trend was the opposite. It islikely that the specificity of training had
more influence on the effects (vertica jump &bility) than improving
maximum strength at highloads. Therefore, conddering thet thepriority
am of the study wasto improve the jump without |oads, because this
is the pecific performance, the training loads applied in the present
study seem to be suitable for the purpose it was intended.

However, improvements in strength and jump do not appear to
have been independent, instead according to the degree of correlation
found among changesin thevariablesof CMJ,CMJ__ and FS(teble
3), it can be suggested that the improvement in the strength has dso
played animportant roleintheresultsof CMJ. Thevdueof corrdations
between changesinCMJCMJ_,  and CMJ-FSarecondderable, and
weunderstand thet theval ueof thesecorrdlationsisasurprisngfinding
of our sudy, sSince a correlations vaue of 0.62 and 0.59, respectively,
between changesin two variables suggeststhe existence of acommon
eement causing bothvarigbleschange. If therdationshipisdirect, asin
this case, these results suggest that to improve the CMJ it is dso
necessary to improve leg strength, when measured through a FS. Or
other words, the improvement in the FS explain gpproximately 34%
(0.59? x 100) of the improvement in the CMJ.

Grester improvementin CMJ_, , has been observed in the study
of Marqueset d. (2008) which can beexplained by thehigher maximum
intensity used in squet, approximately 75% of 1RM, which led to an
improvement of the strength in squat (13%), and by the intensity used
inCMJ_,., closeto 100% of the load a which the maximum power
was reached, resulting in an improvement in this test between 9 and
12%. A greater improvement &t low velocity, typical of a squat with
highloads, may further explaintheve ocity changeswith medium|oads
(CMJ_,.)» Since when greater load is moved, greeter variance of the
velocity is explained by maximum srength (Verkhoshansky, 1986).
However, thesehigher loadshad lesseffect onthe CMJ(3.9%) thanin
our study (5%), suggesting that a greater load does not necessarily
producebetter resultsonhigh-vel ocity action. Inaddition, therelationship
between the changesin CMJand FSwasof 0.24, whileoursstudy was
0.59. Theseresultshighlight the need to find the right balance between
srength and velocity and its relation to the specific velocity of the
exercisein which wewant toimprove.

Conclusions

Albeit speculative, our results suggest that the use of moderate
loadscould beenoughtoimprovethevertica jump performance, snce
inour study aload equivaent to 60% 1RM inthe FSwas not exceeded
and jumping exercises were performed with moderate loads. These
results suggest that the specificity of training, which in this case is
expressed by theproximity of thevelocitiesof execution of thetraining
exercisesto the velocity of execution of thevertical jump, seemsto be
determinant for the performance. The improvement in leg strength
when it is measured through the FS explains about 34% of the
improvement inthevertical jumpwhen both exercisesaretrained with
light load. The results of our study alow us to consider thet it is not
necessary to apply aheavy loadsphaseor «traditiond srengthtraining»
beforealight loadsphaseor «bdligtictraining, asit hasbeen proposed
traditionaly, in the case of highly trained athletes. Further Sudiesare
required to determine the gppropriate combination of loads and time
trainingtoalow further improvement and to sugtaintheseimprovements
throughout the competitive phase.
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