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Abstract. The purpose of this exploratory study was to assess the external jump-training load of different playing positionsin male
professional volleyball players during regular competitive microcycles. Fivemaleelitevolleyball players participated in thisstudy. The
sample was composed by five male elite volleyball players of ateam from Portugal’sfirst division.was composed of 8,532 jumpswere
analyzed during 12 practice sessions of four competitive microcycles of the regular season (three practices in each microcycle). A
descriptive design wasimplemented to analyze the number of jumps, jump heights, and rest time by players’ playing positions (middle
blockers, setter, and outside hitters), by training sessions, and by microcycles. The jump height and jump moment were recorded using
aninertial measurement device. The setter made asignificantly greater number of jumpsthan middie blockersand outside hitters. Middle
blockersand outside hitters accumul ate their jumpsin specific moments (frontcourt). No significant differenceswerefound in thejump
intensity with player positions and with different training days of the microcycle. Significant lower amount of jumpswere found on the
training day before the competition. Results show how the coach modified the jump-training load of the session in the day prior to the
competition.

K eywor ds: team sports, performance, monitoring, load, training.

Resumen. El propdsito de este estudio exploratorio fue evauar la carga externa de entrenamiento de salto de diferentes posiciones de
juego en jugadores de voleibol profesional es masculinos durante microciclos competitivos regulares. Cinco jugadores masculinos de
voleibol de dlite participaron en este estudio. La muestra estuvo compuesta por cinco jugadores de voleibol de élite masculinos de un
equipo de la primera division de Portugal. Se compuso de 8,532 saltos y se analizaron durante 12 sesiones de préctica de cuatro
microciclos competitivosde latemporadaregular (tres précticas en cadamicrociclo). Seimplementd un disefio descriptivo paraanalizar
lacantidad de sdltos, dturasde saltoy tiempo de descanso por | as posiciones dejuego delosjugadores (bloqueadores medios, col ocadores
y bateadores externos), por sesionesdeentrenamientoy por microciclos. Laaturadesatoy e momento desalto seregistraron utilizando
un dispositivo de medicion inercial. Setter hizo un nimero significativamente mayor de saltos que los bloqueadores medios y los
bateadores externos. L os bloqueadores mediosy |os bateadores externos acumul an sus sal tos en momentos especificosprimeralinea. No
se encontraron diferencias significativas en la intensidad del salto con las posiciones de los jugadores y con los diferentes dias de
entrenamiento del microciclo. Se encontré una cantidad de saltos significativamente menor en € dia de entrenamiento antes de la
competicién. Losresultados muestran como € entrenador modificd lacargade entrenamiento de salto delasesionen el diaanterior ala
competicion.

Palabras clave: deporte en equipo, rendimiento, seguimiento, carga, entrenamiento.

Introduction reason, it isrecommended theinclusion of preventiveactions
and protocols to avoid this type of injuries in training
Volleybdl is a collaborative competitive team sport, in sessions(Pastor, Ezechidli, Classen, Kieffer, & Miltner, 2015).
which anet dividesthe court. The height of the net and size Volleyball playersdo an average of 54-90jumps per mat-
of the court made players do short and explosive actions  ch gnd45-128 jumpsper hour of training (Bahr & Bahr, 2014;
(Sheppard, Gabbett, & Stanganelli, 2009). Theactionsdone  gheppard et al., 2009). However, the amount of jumps that
near the net require the execution of jumps (e.g., spikeand  pjayersdo dependson their role (Sheppard et ., 2009). The
block). Thejump ability isacritical motor skill involleybal 5 of these differencesisthat each player isresponsible
andalowsplayersto performbetter thegameactions. Flayers  for ifferent actions(set, spikeor block), that involvedifferent
of higher-level teams have higher jump abilities (Gabbett, types of jumps (e.g., different approach and arms swing).
Georgieff, & Domrow, 2007; Sattler, Had4c, DerviSevic, &  Therefore, in order to design and adjust thetraining to needs
Markovic, 2015). Thus, because jump ability isconsidered  of each player is critical to know the jump load of practice.
one of the most important action of the practice session, gt of the tudiesdoneregarding thejump training demands
coaches need to focus on its development (Ziv & Lidor, volleyball have used systematic observation. However,
2010). Althoughvolleyball hasalower risk of injury incidence  geto thetime consuming proceduresthat this methodol ogy
(2to4injuries per 1,000 athlete exposures) than other team  jyolves, it is not possible the implementation of this
sports (Hootman, Dick, & Agel, 2007), the most common  gnproach in practice (Bahr & Bahr, 2014). Theintroduction
injuriesareinthelower body (Doherty etal., 2014). Forthat  of recent technologies and validated devices that provide
automatic information about the jumps done by the players
et et 911015 Fecha e st 250519 can help to monitor the jump-training load of players in
Ricardo Franco Lima volleybdl (Charlton, Kenneally-Dabrowski, Sheppard, &
ricardo.lima@esdl.ipve.pt S:)raford, 2016)
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The changes in the training load can affect the
preparedness of the players to competition (Bosquet,
Montpetit, Arvisais, & Mujika, 2007) and their recovery.
Studies done in different team sports show that increases
higher than 15% in the weekly external loads, increased the
risk of injuries to players (Gabbett, 2016). The proper
modulation of thetraining load and itsmonitoringiscritical
to prepare properly the competition and to reducetherisk of
injuries. The use of the automatic devices, such asinertia
sensors, can aso provide information about jump intensity
and rest periods.

These knowledge, protocols and reference values can
help volleyball coaches, and strength and conditioning
coachesto know the external physical load that involvesthe
jumps and to design and monitor training load. The aim of
this exploratory study was to anayze the externa jump-
trainingload of different players positioninmaleprofessiond
volleyball playersduring regular competitive microcycles.

Methods

Participants

Fivemadeditevolleybdl playersof ateamfrom Portugd’s
first division participated in thisstudy (age 26.7 + 7.2 years
old, height 1.93m+ 0.08 m, weight 86.5+ 6.3kg, and5.14 +
5.35yearsof experienceinthefirst divison). Thesamplewas
composed of 8,532 jumps donein 12 practice days of four
competitive microcycles of the regular season of a
professiona team. Data were collected in three sessions of
each microcycle (1,083 minutes of practice). The playing
positions of the players analyzed weretwo middle blockers,
one setter, and two outside hitters. Informed consent was
obtained from al participants (players and coaches). An
adaptation process for the research protocols was carried
out before starting the data collection in practice (wearing
the data collection devices). The study followed the ethical
recommendationsof Declaration of Helsinki for thestudy in
humans.

Measures

A descriptive observational design wasimplementedin
thisexploratory study to analyze the number of jumps, jump
heights, jump intensity, and rest time by players playing
positions (middle blockers, setter, and outside hitters), by
session, and by microcycle. Datawere collected during four
weeksof themiddle of thecompetition season (March 2017).
The head coach and coaching staff planned &l training
sessions. Researchers did not influence at any level in the
training planning. Playersused aninertia measurement unit
to assess the amount (n), moment (s), and jump height (m)
during the entiretraining sessions. From thesevariables, the
jumpsper hour (n), ratio jump/time(s), averagerest time(s),
jump intensity (%), and arbitrary unitswere calculated. The
training sessions analyzed were: Tuesday, Thursday, and
Friday. The team played its matches on Saturday.

Design and Procedures

To determinate the jJump number and heights, each
participant wore an inertial measurement unit device with
three gyroscopes and three accelerometers (VERT Classic,
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Florida, United States). Thisdevicewasprevioudy validated
(r=0.83-0.97) by comparingit with athree-dimensiona motion
analysis (Charlton et d., 2016). The device hasasmall size
(4.9cminlength, 0.7 cminwidth, and 0.021 cmin height) and
islight (0.022 kg). The average standard error of the device
for assessing thejump heightis4 cm (Charlton et ., 2016).
The participants each wore abelt with the device on the hip.

Each inertial measurement unit was connected via
Bluetooth to a tablet application. Data of the warm-up and
cold down were not included in the study. The average
duration of the main part of the practices was two hourson
Tuesdays and Thursdays and one hour on Fridays. Players
worethedevicefromthegtart of thewarm-up until theend of
the cooldown. The devicetransmitted datato theappinreal
time. After each session, all data were exported to a
spreadsheet.

The data provided by the device was the jump height
and the time in which each jump was done. The percentage
of jump intensity (relative height) was cal culated using the
maximal jump done by each player. Thejump intensity was
expressed in percentage rel ated to the maximal height jump.
Thetime between jumpswas cd culated subtracting thetime
inwhich ajump was doneto the timein which the previous
jump was done. The time between jumps was expressed in
seconds. Jump frequency was standardized using the hour
astimeunit reference (X jumps per hour) and using theratio
of frequency (1 jump each X seconds). Thearbitrary unitsof
jump training load were cal culated by multiplying thejump
intensity by the number of jumps done.

Statigtical Analysis

A descriptive (mean, standard deviation, and
percentages) and aninferentia analysiswere performed using
SPSS statistical analysis software (SPSS version 23.0,
Chicago, USA). A MANOVA wasused totest theinteraction
between days of the week and playing positions. As the
following procedure, it was executed the one-way ANOVA
to analyze the variations of jumps frequency, jump height,
jump intensity and rest time between jump between days of
themicrocycle, and playing positions. The Tukey HSD Post
Hoc test was used to anayze the influence of the different
factors. The level of gtatistical significance was set at p d»
0.05.

The partia etasquared and the eta squared were used to
calculatethe effect sizesof thetests (n ?and n?). Ferguson's
classification for then? was used to analyze the effect sizes
(Ferguson, 2009): no effect (ES< 0.04); minimum effect (0.04
<ES<0.25); moderate effect (0.25 < ES< 0.64); and strong
effect (ES>0.64).

Results

Descriptive statistics of number of jumps, height jump,
relativejump height, rest time between jumps, and jump load
between playing position and training days can be found in
Table 1 and Figure 1, respectively. Setter did a significant
higher amount of jumpsthan middleblockers(p=0.001,d =
1.214, moderate effect) and outside hitters (p = 0.001, d =
1.943, moderate effect). Setter made significant lower jumps
than middleblockers (p=0.001, d = 1.614, moderate effect)
and outside hitters (p = 0.001, d = 2.032, moderate effect).
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Outside hitters made significant higher jumps than middlie
blockers(p =0.006, d=0.784, minimum ffect). No significant
differenceswerefoundintherdativeintendty (% of maximum
jump) of thejumpsdoneby the playersof different positions
(p = 0.080; n%= 0.070, minimum effect). No significant
differenceswerefound in number of jumps per hour between
playing position with day of the training (p = 0.736; an:
0.031, no effect) and jump height (p = 0.151; n *= 0.100,
minimum effect).

Tablel.
Characteristics of the male elite volleyball playersthat participated in the study.

Subject Adge (yr) Height (m) Weight (kg) Years of experience (yr)
Middle blocker #1 20 207 91 5
Middle blocker #2 36 1.93 90 20
Setter #1 29 187 74 16
Outside hitter #1 19 1.98 89 4
Outside hitter #2 34 1.94 82 22

Table 2.

Average amount of jumps, jump frequency, jump heights, jump intensity and arbitrary unitsin

practice for male volleybal players of different positions.
Middle blocker Setter

Outside hitter
Average Sb

Variable Average SD Average SD

Jumps (n) 1233 54.3 179.92P 64.0 141.7 63.1
Jumps per hour (n) 775 22.0 1180 10.8 90.7 234
Ratiojump/time(s)  1:53.0 27.8 1:30.7 2.8 1:423 11.8
Averageresttime(s) 234 7.8 279 2.6 20.7 53
Height (cm) 48.00¢ 44 41,12 25 51.0a¢ 4.0
Intensity (%) 51.6 438 57.8 35 546 4.0
Arbitrary Units 62.2 26.2 105.620 40.4 78.8 375

Legend: Ratio of jumps per time (1 jump each X seconds); @ Significant differenceswith
middle blockers (p< 05); ° Significant differences with outside hitters (p< 05); © Significant
differences with setter (p< 05).

A significant higher amount of jumpswerefound between
daysof theweek for all playerspositionsstudied (p=0.001;
1?=0.303, moderateeffect) (Figurel).

Significant fewer number of jumpswere done on Friday
than on Tuesday (p = 0.001, d = 1.352, moderate effect) or
Thursday (p=0.001, d=1.369, moderateeffect). Nosgnificant
differences were found in the jump height (p = 0.799; n%=
0.006, no effect) and jumprelativeintensity (p=0.481; 2=
0.021, no effect) between the different days of the week.

Figure 1. Average jumps frequency, jump heights, jump intensity, and arbitrary units of jump
load per practice for male volleyball players studied.

Discussion

The aim of the study was to analyze the jump-training
load of different players position in different sessions of
competitive microcycles. Theresults showed differencesin
thetotal of jumps done, their intensity and their frequency
for the different player positions per training session. The
settersdid ahigher amount of jumpsthan outside hittersand
middleblockers. However, theanalysisof theratiosof jump/
timeand therest time of each player position show different
digtributionsof thesejumpsfor each player during the practice
session. The reason for these differences may be caused by
therotation ruleand attack rule(rules 7.4, 7.6 and 14, FIVB,
2016). All playershavetorotatefor the different zones of the

- 456 -

court: frontcourt and backcourt. The players participation
changes when the players are in the frontcourt, due to they
can attack and block near to the net. Therefore, middle
blockersand outside hittersperform alower number of jumps
and had asmdller ratio jump/timebecausetheir participation
isaccumulated inthreerotations. However, their rest between
jumps is smaller, due to they have a higher frequency of
jumpsin theserotations. The distribution of thejumps done
by the setter is different. The setter can execute jumps to
setsinall therotations. When setter isinthefrontcourt, their
jumpload canincrease dueto he participatesin block actions
when the opponent’s attack is done by their side of the net.

These differences between players positions in the
number of jumps done have aso been found in previous
studies(Sattler et a., 2015). Theresultsfound show ahigher
amount of jumps done by the different player position in
practicethan previousstudies (Bahr & Bahr, 2014; Sheppard
et a., 2009). The causes of these differences can be due to
theleve of theteam, duetotraining involved more continuity
inthetask and exercises, moreintensity in thetask, or higher
usage of the use of jump set. Previous, studies focused on
the total amount of jumps performance for each position.
Thesefindingsrelated to jump distribution show that physical
training for each position should be design and analyzein a
different way. Thedistribution of thejumpsduring the practice
is an important aspect to consider in the design and
monitoring of training. Setters do alarge number of jumps,
spread during practice, and during al rotation and game
phases. However, middle blockers and outside hitters
accumulated their jumpsin specific periods of the practice.

After these periods, they have jump rest periods. This
aspect involves that in order to analyze properly the jump
training load for these players besides the total number of
jumps, and thejumps per hour (hormalize data), it should be
considered the rest periods between jumps and the rest
periodsbetween groups of jumps (frontcourt rotations). More
studies are needed to establish the specific jump demands
for these players and the best metrics to monitor these
athletesin practice and in competition.

The analysis of the jump height and the jump intensity
showed complementary information of the actions done by
the different players position. When we analyze the jump
height, outside hittersjumped higher than setter and middle
blocker, respectively. However, regarding to relative jump
height, when we andyzetheintensity of thejumpsthevalues
are similar. One of the reasons behind these results is the
manner of execution of the actions done by the players,
specifically the approach and the arms swing (Ziv & Lidor,
2010).

Other possible aspects that influence are the player’s
positions, anthropometry and the context of thetask and the
jumps. Most of the jumps done by the outside hitter are
spikes.

The spikeisexecuted with an approach and arms swing.
Most of the jJumps done by the middle blockers are blocks
and spikesbecause of their specificity inthe game. Theblock
is executed without approach or with alateral approach and
with a short arm swing. Mogt of the jumps done by the
setters are done to set, although they aso do blocks. The
goal of the jJump set is to increase the ball contact height
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without losing precisionin the pass. Thejump set isexecuted
without approach or with a control approach and without
arms swing. Theway of execution affects the jump height,
for that reason, itisrecommended to use the maximum height
jump valuesfor each type of jump of each player to calculate
the jumps intensity (%) in order to establish properly the
jump-training load.

Theuse of theinertial sensors providesthe jump height,
which enables us to calculate the jump intensity. This
information allows new insights into the analysis of jump-
training load. The combination of the volume and intensity
enablesthe cal culation of thearbitrary unitsof thejumpload
in practice. However, to avoid errors calculating the jump
intensity, it is necessary to complement the data collected
from the automatic devices with the information about the
context and the type of actionsthrough video analysis. This
aspect can affect the data collected and its analysis. Thisis
alimitation of the data obtained using the current devices
that quantify automatically the jumps.

Itisknown that activitiesthat improve playersdecision-
making abilities should berecommended during thetraining
session and the specificity of training must be expressed by
the proximity of the velocities of execution of the training
exercises (Asencio, Sanchez-Moreno, & Gonzaez-Badillo,
2016; Suarez, Rabaz, Férnandez-Echeverria, Gil-Arias, &
Moreno, 2017).

Unfortunately, in this study, the training sessions were
not recorded and it was not possible to know the type of
jumps done by the players. Future studies are needed to
establish the validity of these assessmentswith and without
considering the type of jump done. Future technological
devicesshould consider theplayers role, theaccel eration of
their actions, the type of displacement, etc. (e.g., approach
previoudly to thejump) to contextualize properly the jumps
done by the players and establish the jump intensity.

The information provided by these devices allows
coachesto analyze theway coaches adapt thejump-training
load the day previous to the competition. Data show how
Tuesday and Thursday practicesinvolved more jumpsthan
Friday, and the intensity of these jumps was similar in the
different sessionsanalyzed. These resultscan be considered
asanorma adaptation to team sportsof therecommendations
of theliterature related to tapering process: reduction of the
volume, maintaining the intensity the previous day to the
game (Bosquet et al., 2007). The use of this type of device
can provide information in real-time to coaches that alow
them to know when the desire jump volume is reached for
each player. These devices provide objective information
that can help coaches to adjust the length of training in the
tapering process. Strength and conditioning coaches and
sport performance researchers, using these devices, have
new possihilities to measure and analyze the externa load
during thetraining sessions (Charlton et al., 2016).

It must be considered that this paper is an exploratory
study and it has somelimitations. The number of participants
and data collected were smdll, what it does not allow to
generalize the results. However, the paper presents
information about the usage of different metricsto calculate
the jumps load. Future studies must assess the
spatiotemporal aspects of the jumps associate to repeated-
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jump series and its fatigue (e.g., frontcourt) and collect the
type of jumps done by the players in order to establish
properly their intensity.

Conclusions

This study shows the possibilities that the use of
automatic devices offers to monitor of volume, height,
intensity, and rest periods of thejumpsdoneintraining. This
information enablesusto anayze thejump-training load, the
tapering process, or the training specificity that the jumps
involve. Players role and type of actions are aspects that
should be considered in the analysis of jump training load.
The calculation of jump intensity must consider the type of
jump done by the player, due to the type of approach, and
the arms swing affect the jump. Results of this study show
total jumps, jJumpsper time, jumpintensity, rest time between
jumps and arbitrary jump units as possible metricsto usein
the analysis of thejump-training load.

Results show that setter made a significantly greater
number of jumps than middle blockers and outside hitters,
with similar intensity and distribute uniformly through the
training practice. However, middle blockers and outside
hitters accumulated their jumps in specific moments
(frontcourt). These results show that monitoring the jump-
training load of volleyball playersshould consider their role
and specific characteristics (jump capacity). This research
showed how the coach reduced thejump volumethe previous
day to the match with respect to previous training sessions
asaway to prepare the competition. Playersdid not change
theintensity of their jumps the previous session to the mat-
ch. More studies are needed to provide information about
jumptraining load involleyball players.
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