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Srengthand vertical jJump performancechangesin ditemalevolleyball player sduringtheseason
Cambios en d rendimiento en fuerza y salto vertical en jugadores de dite masculinos de volebaol durante

latemporada
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Absgtract. This study aimed to analyze the effect of strength training on physical performance in elite male volleyball players during the competitive
season. Athletes were assessed at the start of season (SS), midpoint of the competitive season (MS), and at the end of the season (ES). Significant
increases were observed in verticd jump height (CMJ), jump squat height (JS) and mean propulsive velocity (MPV) from SSto ES (P < 0.05). Likely
beneficia increases were observed on CMJ from SS to MS, on JS from SS to MS and from MS to ES. In addition, likely beneficia effect was found on
MPV from MSto ES. Over the full season (SSto ES), very likely beneficia effect was observed on CMJ, MPV and JS. In conclusion, increase in strength
of lower limb and vertical jump can be achieved in professona volleyball players over a full playing season.

Keywords: resistance training, vertical jump, lower limb, velocity based training.

Resumen. El objetivo del estudio fue andizar los efectos de un programa de entrenamiento de fuerza sobre e rendimiento en la fuerza del miembro
inferior y la capacidad de sdto vertica en jugadores de voleibol masculinos durante la temporada de competicion. Los atletas fueron evaluados d inicio
(S9), alamitad (MS) y d find de latemporada (ES). Se observaron aumentos significativos en la dtura de sdto verticd (CMJ), dd sdto con cargas (JS)
y en la velocidad media propulsiva (MPV) dcanzada con las cargas comunes en @ gercicio de sentadillas entre SSy ES (P < 0.05). El andliss basado en
lamagnitud del cambio revel6 un aumento probable en CMJde SSaMS, y en ISde SSaMSy de MS a ES. Ademas, un incremento probable se encontrd
en MPV de MS a ES. Durante la temporada completa (SS a ES), se obsarvé un aumento muy probable en CMJ, en MPV y JS. En conclusion, se puede
lograr un aumento en la fuerza de la extremidad inferior y € sdto vertical en jugadores profesionaes de voleibol durante una temporada de juego

completa.

Palabras claves: Entrenamiento de fuerza, salto vertical, extremidad inferior, entrenamiento basado en la velocidad.

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
vertical jump ability of the players. Thejumping abilitiesareoneof the
key dementsin successful volleybal practice. Thereported differences
in vertical jump height between volleyball players of different
competitionleve highlight theimportanceof thisability tothevolleybdl
performance(Forthomme, Croisier, Ciccarone, Cridaard & Cloes, 2005).

Some authors suggest that only skill-based conditioning program
could not beenough for theimprovement of vertica jump performance
involleybdl playersand, the combination of it with resistancetraining
(RT) could be a better stimulus for specific volleybal conditioning
(Trgkovic, Milanoviee Sporis, Milise& Stankovieg 2012). Previous
sudiesconducted withfemaevolleyba playershave used heavy-load
RT (Hékkinen, 1993), or a combination of heavy-load RT and
plyometrics (Marques, van den Tillaar, Vescovi & Gonzdez-Badillo,
2008) to improve strength and power characteristics. These
investigations have demondirated the pogitive effects thet result from
thegpplication of thesemethods, reporting Significant increasesin ver-
tica jump height. On the other hand, studies conducted with mae
volleybdl playershaveobserved improvementsinthevertica jumping
ability after performing ashort-term (Sanchez-Moreno, GarciaAsencio
& Gonzadez-Badillo, 2014) and long-term (Garcia-Asencio, Sénchez-
Moreno & Gonzdez-Badillo, 2016) RT program with moderate loads
andlow number of repetitions. Therefore, littleinformationisavailable
intheliteratureconcerning srengthtraining programusedin professond
maevoalleybdl players during the competition season.

RT performed with heavy loadsseemstobeassociated withahigh
fatiguedegree (Sanchez-Medina& Gonzdez-Badillo, 2011), which,in
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team sport may difficult the practice during subsequent technical-tacticd
training (Apriantono, Nunome, lkegami & Sano, 2006). Severd authors
have suggested thet it is not necessary to cause excessve fatigue to
improve strength performance (Pargja-Blanco et a. 2017) and RT
programwith moderateloadsand alow number ssemsto beenoughto
improvethephysical performanceinyoung soccer players(Gonzaez-
Badillo, Pargia-Blanco, Rodriguez-Rosdll, Abad-Herencia, dd Ojo-
Lépez & Shnchez-Meding, 2015). Inaddition, liftingtheload at maximal
velocity ssemsto be akey factor to optimize the adaptationsinduced
by RT (Parga-Blanco, Rodriguez-Rosdll, Sanchez-Medina& Gonzéez-
Badillo, 2014). Thus, theaim of thisstudy wasto messurethe effect of
seasond RT, using lift velocity s areferenceto prescribe thetraining
load, characterized by moderate |oads and low number of repetitions
per st combined withjumpsonlower limbmusdestrength, andjumping
ability among professond mae volleybdl players during the entire
seeson. Wehypothesizethat thistypeof strengthtrainingwould enhance
muscular srengthwith no concomitant interferenceontechnical-tecticel
volleybd| training.

Methods

Subjects

Eleven professond mae volleybdl players playing in the first
national divison of the Spanish Nationd Lesgue participated in this
Sudy (mean+ s age22.9+ 3.0years height 189,5+ 5.4 cm, body mass
834 +9.7kg., %fat 11.4 + 2.0). All participants were informed about
the experimenta proceduresand possiblerisksand benefitsassociated
with the study. They provided written consent before participation in
this study, which was approved by the Research Ethics Committee of
Pablo de Olavide University.

Experimental Design

RT wasimplemented by the club’s coaching saff, and thetraining
season was divided into two training phases consisting of Sx weeks
each of early season, and late season. Testing sessions occurred &t the
transition between training phases: & the start of season (SS); & the
midpoint of the season (MS); and &t the end of the season (ES).

Body Composition Measurements
Body weight wasdetermined using acdibrated digitd scale(Tanita,
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BC-543, Tokyo, Jgpan) with the subjects wearing only underwesr.
Skinfolds thicknesses were measured with aHoltain LTD lipocaliper
(Crymych, United Kingdom) (range 0-40 cm; resolution 0.2mm. et a
pressure of 10 g-mm2 across the full opening range). The skinfolds
measured werethetricipital, subscapular, abdomind, suprailiac, ante-
rior thigh, andmidleg. Theexact postioning of eech skinfold meesurement
was in accordance with the procedure described previoudy (Norton,
Whittingham, Carter, Kerr, Gore & Marfell-Jones, 1996). All
measurementswere madein duplicate by the sametrained operator. If
the differences between thetwo va ueswerelessthan 5%, the average
vaueof both measurementswasused for analyss Whenthedifferences
exceeded 5% weperformed athird measureand theaverageva ueof the
three measurements was used. Percent Fat was estimated using the
Faulkner equation (Faulkner, 1968) [Percent Fat (%) = (tricipital+
subscapular + suprailiac + abdomina skinfoldsx 0.153) +5.783].

Jump Measurements(CMJ and JS)

TheCMJand JSwereperformed onaninfrared platform Optojump
(Microgate, Bolzano, Italy) that calculated jump height (h) through
flight time (t) and theaccel eration dueto gravity (g) asfollows h= t2x
¢/8. The CMJ was performed with both hands on the waist, while
making a downward movement gpproximately to 90°-knee flexion
followed by avertica jump of maximum effort. The participantswere
required to do threetrids separated by 1 min. rest, mean height being
recorded. Just after the CMJ test, the JS test was performed with
progressive loads ranging from 20 kg. up to the load dlowing the
participant to jump up no more than 20 cm. high. The JS test was
performed using a Smith machine (Multipower Fitness Line, Peroga,
Murcia, Spain), which dlowsasmooth vertical displacement of thebar
adong afixed pathway. The athletes performed two JS separated by 2
min. rest with eachload. The mean heightsof thetwo jumpsof each of
the common loads performed in the three tests were used for the
subsequent datistical analyss.

Full Squat Test (FS)

FStest was performed on the same machine asthe JS, placing the
barbell behind the head on thetop of theback. From thisposition, there
was adeep flexion of thelegsto exceed the horizonta, and then there
was an immediate extension of the legsto the fullest extent. Subjects
wereingructed to performacontrolled eccentric phaseand aconcentric
phese at the highest possible velocity. After warm-up, initid load was
setat 20kg. for dl participantsand wasgradudly increasedin 10 or 5kg.
incrementsuntil theattained mean propulsvevel ocity (Sinchez-Meding,
Pérez & Gonzdez-Badillo, 2010) was <«1 m-s* (<«60% 1RM for
full back squat exercise, Sanchez-Medina, Pallarés, Pérez, Moran-Na-
varro & Gonzédez-Badillo, 2017). This velocity was considered a
sufficient load to eval uate lower limb strength because thelowest load
employed during the RT was displaced gpproximately to 1 m-s™. The
subjectsperformed between oneand four atemptswith eachload. The
best result accompanied by a correct execution was used for the
subsequent statigtica andysis. Weperformed a3 min. rest among each
load. Bar velocity was measured using alinear vel ocity transducer (T-
Force System, Ergotech, Murcia, Spain) sampling at 1000 Hz. The
mean propulsive velocity (MPV) dtained againg dl absolute loads
commonto SS, MSand ESwere used for analyss.

Resigancetrainingprogram

The RT program consisted of two times per week, on non-
consecutive days, for two periods of six weeks, with each season
lagting approximately 50 minutes and congsting of the following
components. 10 minutes of standard warm-up (7 min. submaximal
running, sretching exercises for 3 min.), 35 min. of pecific strength
training; and 5 min. of cool down including stretching exercises. The
training seasonswereredizedinthemorning (10:00am.), whereasthe
volleybdl training seesons were redlized in the afternoon (6:00 p.m.).
The main exercises of the training program were full squats, squat
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jumpsand unloaded jump. Table 1 showsindetail thecharacterigticsof
the RT program.

Satidtical Analysis

All thedataarereported asmean vaue + standard deviation (SD).
Thenormd digtribution of the datawas verified with the Shapiro-Wilk
test. Stetidtica andysesfor changesthroughout the season wereassessed
using one-way repeated meesuresanalysisof variance (ANOVA) with
Bonferroni adjustment. A related sample-test was used to andyze the
changes between SSand ESfor the different body composition varia
bles. Significancewasaccepted at thep d» .05 level . All analyseswere
performed using SPSSsoftwareverson 17.0 (SPSS, Chicago, 1L, USA).
Inadditiontothisnull hypothesi stesting, detawereassessedfor clinical
sgnificance using an approach based on the magnitudes of change
(Hopkins Marshdl, Batterham, & Hanin, 2009; Batterham & Hopkins,
2006). Effect sizes(Es) were cd culated using Hedge' sg on the pooled
SD. Probahilities were aso cdculated to establish whether the true
(unknown) differenceswere lower, Smilar or higher than the smallest
worthwhile difference or change (0.2 x between-subject SD) (Cohen
1988). Quantitative chances of better or worse effects were assessed
quditatively asfollows <1%, dmost certainly not; 1-5%, very unlikely;
5-25%, unlikely; 25-75%, possibly; 75-95%, likely; 95-99%, very
likely; and >99%, mogt likely. If the chances of obtaining beneficia/
better or detrimental/worse were both >5%, the true difference was
assessed asundlear (Hopkins, et d. 2009; Batterham & Hopkins, 2006).
Inferential tatisticsbased on theinterpretation of magnitude of effects
were caculated using a purpose-built spreadsheet for the andysis of
controlled trids (Hopkins, 2006).

Results

Body composition

No sgnificant differenceswereobservedinany body composition
varigbleevauated (table2). Practicaly worthwhiledifferencesshowed
possibly beneficid effectsof RT on six skinfolds (74/25/0) and percent
fet (64/36/0) from SSto ES(figure 1).

Table 1.
Resistance training program
Resistance training program employed during  Resi stance training program empl oyed during
early season late season
Exercises Exercises
FS  JS(%load- : FS JS (%load-
(WVILOAD) 20cm) V9 Weekssesions o1 5ap) 20em)

Weeks sesions VI

1 1 2x6 (70%) 2x540% 3x3 7 13 2x6 (90%) 3x450% 4x3
2 3x6 (70%) 3x540% 3x3 14 3x6(90%)  4x450% 4x3
P 3 3x6 (70%) 3x540% 3x3 8 15 3x6(90%) 3x460% 4x3
4 2x6 (80%) 2x560% 3x3 16 2x4 (100%) 4x460% 4x3
3 5 3x6 (80%) 3x560% 3x3 9 17 3x4 (100%) 4x370% 4x3
6 3x6 (80%) 3x560% 3x3 18 2x5(100%) 5x370% 4x3
4 7 3x4 (90%) 3x470% 3x3 10 19 3x5(100%) 6x370% 4x3
8 3x5(90%) 3x470% 3x3 20 3x3(105%) 4x280% 4x3
5 9 3x6 (90%) 3x570% 3x3 1 21 3x4 (105%) 5x280% 4x3
10 3x4 (100%) 3x480% 3x3 22 4x4(105%) 5x280% 4x3
6 un 3x4 (100%) 3x480% 3x3 12 23 3x4 (105%) 5x280% 4x3
12 3x4 (100%) 3x480% 3x3 24 3x4 (100%) 4x370% 4x3

Training summary Training summary
Exercises Intensities Setsx reps§ % total rept Exercises Intensities Sets x reps§ % total rept
FS 70% 48 21,7 FS 90% 48 31,2

80% 48 21,7 100% 57 37,0
90% 41 23,7 105% 49 318
100% 36 20,8

RS 40% 40 25,8 RS 50% 28 185
60% 40 25,8 60% 28 185
0% 39 25,2 % 57 37,7
80% 36 23,2 80% 38 252

VJ - 108 - VAl 144

FS = squat; SJ=jump squat; VJ= unloaded vertical jump; %V 1LOAD = percentage of the load
that elicited ~ 1 m/s in the squat test; %load-20 cm. = percent of the load with which the players
jumped ~ 20 cm. in the squat jump test

§The total number of repetitions ifted during the training cyclewith each intensity

‘TPercentage of total repetitions performed with each intensity

Unloaded vertical jump (CM.J)

Sgnificantincreaseswereobsarvedinverticd jumpheight from SS
to ES (p < .05; teble 2). RT presented likely and very likely beneficid
effectson CM.Jfrom SSto M S (82/17/0) and from SSto ES (95/5/0),
respectively (figure 1).
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Table 2.
Changesin selected neuromuscular performance variables.

SStoMS MStoES SStoES
s Ms ES dif 2 (%)  Es(90%Cl) dif 2 (%) ES(90%Cl) dif 2 (%) Es (90%Cl)
CM.J(cm) 461+54  480+55  488+7.3* 19+25 41 032(0.09 055 08+34 16  0.13(-0.18 0.45) 27+28 58  046(0.20;0.71)
Js(cm.) 252420  259+19  267+25¢ 07+10 27 0.32(0.06 058 08+14 31  0.38(0.03 073 15+12 60  0.70(0.38 1.01)
MPV (m-s?) 124+006 126+008 129+006* 002+005 1.3 025(-0.16;0.66) 003+003 22  043(0.16,070) 004+005 36  068(0.26;1.10)
Body weight (kg)) 834+97 841+101 851%102 07+19 09 007(-003;017) 11+16 13  0.10(001 0.19) 18+28 21  017(0.020.32)
2 6 skinfold 541+152 500+ 132 48+76 90  029(0.04; 0.55)
Percent fat (%) 11.4+20 120+ 19 - 05+10 48  0.25(0.00; 0.50)

Data are mean + SD; SS: star season; MD: midpoint season; ES: end season; dif: differences between test; ?: percent change; Es: effects size; Cl: Confidence Interval; CM.J countermovement jump; JS: jump

squat; MPV: mean propulsive velocity attained against all loads common. * p < .05 (respect to SS)

Jump Sguat (JS)

Sgnificantincreaseswereobservedinjump squat height from SSto
ES(p<.05; table2). Inadditions, RT presented likely beneficid effects
onJSfrom SStoMS(79/20/0) andfromM Sto ES(89/19/1), repectively.
Findly, verylikdybeneficid effectsfrom SSto ES(99/1/0) wereobserved

(figurel).
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Figure 1. Differences (90% confidence intervals) in CM.J and JS height, MPV in FS, body
weight, S 6 skinfold and percent fat between different measures. Shaded areas represent
trivial differences. See methods for the descriptions of the qualitative outcomes

Full squat (FS)

SgnificantincreaseswereobservedinMPV from SStoES(p<.05;
teble2). Practically worthwhiledifferencesshowed very likdy beneficid
effectson MPV from MSto ES (92/8/0) and from SSto ES (97/3/0;
figurel).
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Figure 2. Changes on unloaded vertical jump height (CM.J; A), jump squat height (JS; A), and
mean propulsive velocity attained against all loads common in FS (MPV; B) between star season
(SS), midpoint season (MS) and end season (ES). The data are expressed as mean + standard
deviation. Significant interaction for the percentages of changes between measures: * p <.05

Discussion

Themainfinding of thisstudy wasthat aRT with moderateloads
and low volume combined with jumps exercises, in addition to the
normal volleybd training, induced enhencementsinvertica jumpability
and lower limb strengthin professional maevolleybdl playersduring
the entire season.

Previoudy, Hakkinen (1993) reported SgnificantincreasesinCM.J
(32.8+1.6t034.3+ 1.3cm., 4.6%; p <.05) inninecompetitivefemae
volleybadl players after 10 weeks of RT with loads > 75% 1RM.
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Similar resultswereobserved by Marqueset d. (2008) in 10 professond
femde volleybdl players after 12 weeks of RT with training loads
ranging from50to 80% of 1RM (34.2+5.9t035.6+ 6.3cm., 3.8%; p
<.05). In the current study, an increment of 4.1% occurred in CM.J
after 6 weeks(46.1+5.4t048.0+ 5.5), and anincrement of 5.8% after
12weeks(46.1+5.4t048.8+7.3; figure2A). Theseresultsagreewith
those observed by ourslves in 2014 and 2016 where there was an
increase in vertica jump height of 5 and 7%, respectively (Sanchez-
Morenoet d. 2014; GarciaAsencio e d. 2016). In addition, SSheight
increment 2,7% after Sx weeks, and 6.0% after 12 weeks (figure 2A).
Similarimprovementswereobservedintheheight of the JSinthe 2014
and 2016 studies (5,7% and 9,7%, repectively) wheress lower body
strength was observed to beincrement by 3.6% after 12 weeks (figure
2B) only in the actud study. The comparison of the results of these
studiessuggest that high loads do not produce better resultson vertical
jump performance, sincein our Sudy aload equivaent to 60% of the
1RM (~1m:-s?) intheFSwasnot exceeded, andjumping exerciseswere
performed with light loads.

Our findings are consistent with those observed by Gonzdez-
Badillo et d. (2015) and Gorostiaga, |zquierdo, Ruesta, Iribarren,
Gonzdez-Badillo& 1béfiez (2004) inwhichwereobsarvedincreasssin
vertica jump height and lower body strength after performatraditionally
called «explosive strength training» characterized it by high-velocity
contractionswithlow | oadsinyoung soccer players. It hasbeen proposed
that heavy RT improveshigh-force portionsof theforce-velocity curve,
wheress|light and moderateloads RT improves high-vel ocity portions
of theforce-vel ocity curve (Moss, Refsnes, Abildgaerd, Nicolaysen &
Jensen, 1997). Theuseof heavier loadswill dragtically reducemovement
velocity, which may have anegativeimpact on grossmotor skillsthat
requireahigh degreeof movement vel ocity such asjumping. Recently
has been proposed that the magnitude of velocity of movement
experienced during RT appears to influence functiona and structurdl
muscle adaptations, observed that low velocity may be detrimentd for
improving explosive strength (Pargia-Blanco et d. 2016). This is
particularly relevant for many athletesfor whom resstancetraining is
focused onimproving dynamic performanceinthemost efficient way.
Ours results seem to indicate that RT with moderate loads and high-
velocity contractions may be enough to improve lower body strength
whenitisevaluated at low and moderate | oads (up to theload thet was
displaced a avel ocity of 1 m-s?, approximetely 60% of 1RM inthefull
back squat exercise) and verticd jumpheight. Inaddition, theathletesin
the current study, contrary to those used by Gonzaez-Badillo et d.
(2016) and Gorogtiaga et . (2004), were previoudy exposed to RT,
and unloaded jumps are performed regularly during practice and
competitionthereforehad lowest potential for adaptability. Nevertheless,
even in wel-trained eite male volleybal players, there was a 6%
improvement in the unloaded CM.J. This result suggests that an
gopropriatetrainingload wasused with thecurrent sampleof volleyball
players.

Thus, severd critica implicationsfor coachesmay bederived from
thisinvestigation to optimize thetraining processin professond mae
volleyball players. Firgt, RT with moderateloadsand lifting theload at
maximal voluntary velocity involves an intense simulus within the
normd volleybdl training program that produces improvements in
taskscriticd tovolleyball performance Findly, sncethestrengthtraining
applied in this study has a short duration and produces low fatigue
levels, it can beeasly integrated twiceaweek inthemorning beforethe
normal technical-tactical fied volleybal training.
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Conclusions

Our resultssuggest thet the use of moderateloadscould beenough
to improve the vertica jump performance, since in our study aload
equivalent to 60% of 1RM in the FS was not exceeded and jumping
exercisss were performed with moderate loads. These results suggest
thet the pecificity of training, which in this case is expressed by the
proximity of thevelocities of execution of thetraining exercisestothe
velocity of execution of thevertica jump, seemsto be determinant for
the performance. Further studies are required to determine the
gopropriate combination of loads and time training to dlow further
improvement and to sustain these improvements throughout the

competitive phase.
References

Apriantono, T., Nunome, H., Ikegami, Y., & Sano, Y. (2006). Theeffect
of muscle fatigue on instep kicking kinetics and kinematics in
asociation football. Journal of Sports Sciences, 24(9), 951-960

Batterham, A., M., & Hopkins, W., G (2006). Making meaningful
inferences about magnitudes. International Journal of Sports
Physiology and Performance(1), 50-57

GarciaAsencio, C., Snchez-Moreno, M., & Gonzdez-Badillo, J. J.
(2016). Entrenamiento combinado defuerzay gerciciosde salto,
efectossobred rendimientoend sdtoverticd enungrupodedto
nivel dejugadoresdevoleibol duranteunatemporadacompletade
competicion. Retos. Nuevas tendencias en Educacion Fisica, De-
portey Recreacion, 29, 140-143

CohenJ. (1998). Stetistical power andysisfor thebehaviora sciences.
Hillsdale, MI: Lawrence Erlbaum

Faulkner, J. A. (1968). Physiology of swimming and diving. Exercise
physiology, 415-446

Forthomme, B., Croiser, J.L., Ciccarone, C., Cridaard, J. M., & Cloes,
M. (2005). Factors correlaed with volleybdl spike velocity. The
Americanjournal of sportsmedicine, 33(10), 1513-1519

Gonzdez-Badillo, J. J,, Parga-Blanco, F, Rodriguez-Rosdll, D., Abad-
Herencig, J.L., del Ojo-L6pez, J. J, & Sanchez-Medina, L. (2015).
Effects of Velocity-Based Resistance Training on Young Soccer
Payersof DifferentAges. TheJournal of Srength & Conditioning
Research, 29(5), 1329-1338

Gorogtiaga, E. M., Izquierdo, M., Ruesta, M., Iribarren, J.,, Gonzdlez-
Badillo, J.J. & Ibéfiez, J. (2004). Srength training effectson physica
performance and serum hormones in young soccer players.
European Journal of Applied Physiology, 91(5-6), 698-707

Héakkinen, K. (1993). Changes in physicd fitness profile in femae
volleybal players during the competitive season. The Journal of
sportsmedicine and physical fithess, 33(3), 223-232

Hopkins W., Marshdl, S, Batterham, A, & Hanin, J. (2009). Progressive
gatigticsfor sudiesin sportsmedicineand exercise science. Medi-
cineand Sciencein Sportsand Exercise, 41(1), 3

Hopkins, W. (2006). Spreadsheetsfor analyssof controlled trids, with
adjustment for asubject characterigtic. Sportscience, 10, 46-50

- 294 -

Marques, M.C.,vandenTillaar, R., Vescovi, J. D., & Gonzdez-Badillo,
J. J. (2008). Changes in strength and power performancein ite
senior femaleprofessiond volleybal playersduring thein-season:
acase dudy. The Journal of Srength & Conditioning Research,
22(4), 1147-1155

Moss, B. M., Refsnes, R E., Abildgaard, A., Nicolaysen, K., & Jensen,
J.(1997). Effectsof maximal effort strength training with different
loads on dynamic strength, cross-sectiond area, |oad-power and
load-vel ocity rdlationships. Europeanjournal of applied physiology
and occupational physiology, 75(3), 193-199

Norton, K., Whittingham, N., Carter, L., Kerr, D., Gore, C., & Marfell-
Jones, M. (1996). Messurement techniques in anthropometry.
Anthropometrica, 1, 25-75

Hedges, L. V., & Olkin, I (1985). Satistica methodsfor metarandysis.
AcademicPress

Pargja-Blanco, F., Rodriguez-Rosdll, D., Sanchez-Medina, L. &
Gonzédez-Badillo, J. J. (2014). Effect of movement vel ocity during
resistance training on neuromuscular performance. International
Journal of SportsMedicine, 35(11), 916-924

Parga-Blanco, F, Rodriguez-RosAl, D., S&nhchez-Medina, L., Sanchis-
Moys, J,, Dorado, C., Mora-Cugtodio, R., Y &fiez-Garcia, J. M.,
Mordes-Alamo, D., Pérez-Suarez, 1., Cdbet, J A. L., Gonzdez-
Badillo, J.J.(2016). Effectsof velodity lossduringres stancetraining
on athletic performance, strength gains and muscle adaptations.
Scandinavian Journal of Medicine& Sciencein Sports, 27(7), 724-
735

Rodriguez-Ruiz, D., Quiroga, M. E., Mirdles J. A., Samiento, S, De
Saa, Y., & GarciaManso, J. M. (2011). Study of thetechnica and
tactica variablesdetermining setwinor lossintop-level European
men'svoalleybal. Journal of Quantitative Analyssin Sports, 7, 113

Sanchez-Medina, L., & Gonzdez-Badillo, J. J. (2011). Vel ocity lossas
an indicator of neuromuscular fatigue during resistance training.
Medicineand Sciencein Sportsand Exercise, 43(9), 1725-1734

Sanchez-Meding, L., Pérez, C., & Gonzdez-Badillo, J. J. (2010).
Importance of the propulsive phase in strength assessment.
Internationd Journal of SportsMedicine, 31, 123-129

Sanchez-Meding, L., Pdlarés, J. G, Pérez, C., Moran-Navarro, R, &
Gonzdez-Badillo J. J. (2017). Estimation of Relative Load From
Bar Ve ocity in the Full Back Squat Exercise. Soorts Medicine
International Open, 1, 1-9

Sanchez-Moreno, M., GarciaAsencio, C., & Gonzdez-Badillo, J. J.
(2014). The effects of short-term resistance program on vertica
jumpahility indlitemaevolleybdl playersduring thecompetition
season. Retos. Nuevastendenciasen Educacion Fisica, Deportey
Recreacion, 26, 153-156

Trakovic, N., Milanovieg Z., Sporis, G, Miliag V., & Sankoviee R.
(2012). Theeffectsof 6 weeksof preseason skill-based conditioning
onphyscd performanceinmaevolleybdl players TheJournal of
Srength & Conditioning Research, 26(6), 1475-1480

Voigt, H., & Vetter, K. (2003). Thevaueof srength-diagnostic for the
sructureof jumptraininginvolleyball. European Journd of Sport
Science 3,1-10

Retos, nimero 34, 2018 (2° semestre)



