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Physological work areasin professonal beach volleyball: A casestudy
Zonas de trabajo en jugadores profesonales de voley playa: Un esudio de caso
JostManue Jmenez-Olmedo, Basilio Pueo, Alfonso Penichet-Tomés, Juan José Chinchilla-Mira, JoséAntonio Perez-Turpin
Universidad deAlicante (Espafia)

Abstract: In this paper, physiologica aress of professona beach volleyball players are identified by combining notational analys's tools together with
in-sync heart rate capture for specific time periods in competition games. The aim is to identify workload areas depending on the player’s position as
well as the changes these areas undergo during real competitions. To this end, a case Sudy is quantitatively analyzed and based on the Spanish Nationd
Team during the First Internationa Training Tournament «Sixto Jimenez» played in Tenerife (Spain). Workload ranges differ between blocker player
(from 77.71% to 89.13%) and defensive player (from 66.16% to 77.77%), both vaues are related to their individual HRmax. Furthermore, median
HRmax values indicate that blocker player must support an increased workload of 84.78% compared to 71.71% of the defending player. Therefore,
the specific position of the defenders established significant differences in their physiologica responses.

Keywords: Beach volleyball, performance anadysis, Sportcode, heart rate, Polar Team.

Resumen: En este articulo, se identifican las zonas de trabgjo fisioldgicas de los jugadores profesionaes de voley playa mediante la combinacion de
herramientas de andlisis notaciond junto con la captura sincronizada de la frecuencia cardiaca durante periodos de tiempo especificos en partidos de
competicion. El objetivo es identificar las areas de trabgjo en funcion de la posicion del jugador, asi como los cambios que experimentan durante las
competiciones redes. Para elo, se andiza un caso de estudio cuantitativamente del equipo espafiol durante € | Torneo Internaciona de Entrenamiento
Sixto Jménez, disputado en Tenerife (Espafia). Los rangos de carga de trabgjo difieren entre € jugador bloqueador con 77,71% a 89,13% y € jugador
defensor con 66,16% a 77,77%, ambos valores relacionados con su FCmax. Por otra parte, los vaores medios de FCméx indican que e jugador
blogqueador debe soportar una mayor carga de trabgjo del 84,78% con respecto a 71,71% dd jugador defensor. Por lo tanto, la posicion especifica del

jugador defensor establecio diferencias significativas en sus respuestas fisiolégicas.
Palabras clave: Vdley playa, andisis dd rendimiento, Sportcode, frecuencia cardiaca, Polar Team.

Introduction

The sudy of physiologica areas has been an important part of
knowledgethat helpstolearn about thespecial characteristicsof awide
variety of gports. In this way, it is necessary to digtinguish the redl
physiologicd work aress to be able to develop correct and specific
sport training. For thisreason, not only in beach volleybdl, but dsoin
other sports, like boxing (Alvarez Berta, Cachdn Zagdaz, Brahim, &
Mateos Padorno, 2014) badminton (Alvarez, Campos, Portes, Rey, &
Martin, 2016) triathlon (Zapico, Benito, Diaz, Ruiz, & Calderdn, 2014),
and football (soccer) (Casamichana, San Roméan-Quintana, Castellano,
& CdlgaGonzdez, 2012; Nikdladis Ziv,Arnon, & Lidor, 2015; Pascud
Verd(, OrbeaPdacios, Carbonell, Algandro, & Toss, 2015) , thereare
Sudies that establish work aress.

On the one hand, there is evidence thet internal load petternsin
different gports are related to the quantity of volumes and intengties
found during training or actual game Situations and that they improve
the performance of players (Gonzdez Fimbres, Griego Amaya, Cue-
vas Cadtro, & Hernandez Cruz, 2016).

Ontheother hand, thereareafew sudiesreaedtothephysiological
responsein beach volleybal players. Dueto theinterest of reseerchers
workinginthesearessdifferent sudieshavebeen conducted toestablish
physiologica responses(Davies, 2000; Lorenz, Rall, Wiebke, & Jeschke,
2002). A study on the impact andysis and neuromuscular real beach
volleybal games in the recovery of players has dso been published
(Magahees, Inacio, Olivera, Ribeiro, & Ascensap, 2011).

These physiologica responses have a direct relationship with
different factorssuch astherulesof the game (Giatsis, 2003), thefield,
thenumber of playersand theenvironmenta conditions(Paao, Vaadés,
Manzanares, & Ortega, 2014). Of dl theseconditionsmentioned sofar,
themost studied one hasbeen the playing surface. Thesand hindersthe
movement of players (Smith, 2006), but thanks to this fact, players
have developed specific patterns of movement for beach volleyball
(Cortdl-Tormo, Perez-Turpin, Chinchilla-Mira, Cgueda & Suarez, 2011,
Perez-Turpin, Cortdll-Tormo, Suarez-Llorca, ChinchillaMira, & Ce-
juda-Anta, 2009). The playing field forces players to perform more
work tominimizetheeffect of forceabsorption by sand (Busca, Alique,
Sdas, Hileno, & Pefig, 2015). Thisres stance complicatesmovements
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such asjumping (Bishop, 2003), since vertica jump height onsandis
lower than those made on rigid surfaces (Giatsis, Kollias,
Panoutsakopoulos, & Pgpaiakovou, 2004).

Also, thesmall number of playersincreasesthe number of actions
doneby each oneincontragt toditributing al technical actionsnecessary
to develop the game (Koch & Tilp, 2009b) aong different tactical
complex (Koch & Tilp, 2009a).

Another factor influencing the physiological responseistherole
thet the player adopts and thet sets the pettern of the tactical game
(Sewerynigk, Mroczek, & Lukasik, 2013). In order to have a wide
coveragein the net, blockers show higher values of weight and height
than the defenders. For this reason, anthropometric and physical
characteridtics are crucid to play the role of a blocker or a defender
(Pdao, Gutiérrez, & Frideres, 2008).

Findly, another condition thet influencesthe physiologica response
of beach volleybdl playersistemperature. The high temperaturesin
which sometimes they must play (Bahr & Reeser, 2012) affect and
modify the heart rete of players (Coyle, 2004).

However, thereislittleknowledgeabout the physiologica response
of professiona beach volleybdl playersinred games. Inthisstudy, a
detailed andyssof heart rateva uesduring areal gameonaprofessona
beach volleybdl teamisconducted asacase study. Themaingod isto
getingghtintotheactua physicd demandsontheseplayersto provide
information about the requirements of performance and subject

physologica response.
Methodology

Materialsand Methods

The case sudy focuses on a two-man Spanish beach volleyball
team (Teble1), playing themostimportant beech volleyball competition,
the FI'\VB World Tour.

Data collection was performed after playerswere informed about
the aimsand objectives of the study, giving their consent according to
the guiddines of the Ethics Committee of the University of Alicante.

Tablel
Player'sdata

Age Height (cm) Weight (kg)
Player 1 29 1935 87.70
Player 2 24 194.6 92.05

Note: Both playersare universal players, non-specific role

Two games of the Firgt Internationa Training Tournament «Sixto
Jmenez»wereandyzed, carried out inthehigh performancecenter T3
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Tenerifeinthe Canary Idandsonthe 13, 2 and 3“ of April, 2011. The
gamesdiscussed correspond with quartersand semifindsplayedinthe
afternoon. Thistournament brought some of the best European teams.

Videotape was made with a semi-professond mini-DV video
camera, whichwaslocatedinthefronta planeto capturethefull field at
adiganceof 5.5mfromtheendlineonagep. Inorder toobtainavdid
picture for further analys's, the camerais sabilized on atripod with a
lensat 3.5moff theground. Thisposition of thecameraalowstheuser
toseedlearly dl theactionscarried out during therecording of thegame
in both Sdesof thefied (Callgon, 2006)

On the one hand, the heart rate vaues from both players were
registered in red time using the monitoring system Polar Team 11. On
the other hand, video analysis was performed using the software
SportCode Prov. 85.2.

Proceduredesign

Visudization and analys s of video recordingswere carried out by
two experienced observers(Koch & Tilp, 2009b). Toensurerdiability
of observation during the study, two intra-operator views were
performed. For each of thevideosand varigblesanalyzed, error ratewas
computed based on the following mathematical expression (Hughes,
2004): Error (%) = (X (mod[V1-V2])/Vmean) * 100whereV1andV2
are the frequencies of the first and second operator observation,
respectively, Vmeanisthemeanvaueof thetwo registered observation
frequencies and mod is the modulus. The intra-observer analysis
reliability gave a margin of error of less than 5% (James, Taylor, &
Sanley, 2007) which fals within acceptable margins of error in the
visudization and andysis.

Playersweremonitored with Polar Team Pro |1 Each player used
thisdevicewnhileplaying, and & thesametime, thegameswererecorded
to andlyze the active time (AT) in relaion to heart rate vaues.

Heart ratevadueswereandyzedinred gameby synchronizingthe
gamevideo with the heart ratevideo. Thisalowsreseerchersto obtain
real vauesof heart ratein eech moment at apace of oneHR reading per
second and player. Activetime(AT) andrest timeper player inpassive

time (PT) wered so regigtered (Table 2).
Table2
Dataanalysis
Description
AT Time since the first contact in serve since the ball touch the sand.
PT Time since ball touched the sand at the previous point since the

player that are doing the service touch the ball at the first push.
Note: AT: Active Time; PT: Passive time

Each period wasregistered with heart rate val ues displayed on the
screen of polar team application. Therefore, the different heart rate
values that depended on the duration of the game were considered
(Figure 1). All heert rete frequencies were codified using the software
SportCode Prov 85.2.

In order to classfy heart rate vauesin time gpans of interest, the
following four periodswere defined:

- Sa 1 Actionsduring thefirst set

- Sat 2 Actionsduring the second set

Also, al techniquesfor each of the players' actionswere counted
within these periods,. The following techniques were recorded (Koch
& Tilp, 2009h):

- Block.

- Reception.

- Defense

- Sdting.

- Attack.

- Save

Therefore, the andysis procedure is summarized asfollows:

- Recordinganddigitization of images.

- Synchronization of video recordings to be merged into one
video.

- Definitionof codearrayscontaining the proper d ementstobe
andyzed.

- Coding of imageswith each of thedefined codes.
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Figure 1: Synchronized game and data screen of polar team

- Combination of codes to retrieve the exact moment of the
regigteredfrequencies.

- Collection of datathrough protocol observer using Sportcode
pro.
Findly, in order to know the working ranges of players, each
player’s maximum heart rate was needed. For this reason, the team
underwent amaxima exercise stress test. The protocol developed on
the tresdmill began with a steedy run a 8 kmvh with an increase of
0.25kmvh every 15 swith afixed dopeof 1%. During the devel opment
of thetest, heart ratemonitorsand aJaeger gasanalyzer model Oxycon
Prowere used.

Data analyss

Daawereandyzed usng SPSSv.22to performdescriptivegatigtics.
After Kaolmogorov-Smirnov normal test, the Statistical test gpplied
was a non-parametric test U Mann-Whitney to compare both means
between players and between different and established time periods.

Results

The vdues obtained as a result of the implementation of the
methodology and research design are presented. Firdt, a stresstest of
each of the players was carried out to obtain the maximum heart rate
vaue and to, then, caculate the working arees during the real game

(Table3).
Table3
Results of the test effort performed layers
Maximum Time Final BP HRmax Resp. rate VO, VO,max
parameters  (min) (mmHg) (ppm) (bpm (/min)  (ml/kg/min)
Player 1 9.05 175/70 184 59 4.140 47.21

Player 2 1114 200/60 198 53 5.196 56.48
Note: Fina BP = Final blood pressure; HRmax = Maximum heart rate; Resp. rate =
Respiratory rate;VO,= Oxygen consumption; VO,max = Maximal oxygen uptake
The andlysis of the active time in which heart rate values were
recorded establishes working ranges for each player. For Player 1
(blocker), aminimum of 90 bpm and a maximum of 180 bpm were
recorded, with aworking range between 143 bpm and 164 bpm. These

Variability of HR values for players
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Figure 1: Variability of HR values per player
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valuesreved aworkload between 77.71% and 89.13% of hismaximum
heart rate (HRmax), while the median of the pulserateisat 156 + 21
bpm, which is 84.78% of his HRmax. Similarly, Player 2 (defender)
showed aminimum heart rateof 108 bpm and amaximum of 188bpm,
with aworking range between 131 bpm and 154 bpm. In this case,
workload remainsbetween 66.16% and 77.77% of hismaximum heart
rate. For thisplayer, themedian of thepulserateisset to 142 + 23 bpm,
71.71% of hisHRmax, asit canbeseenin Figure 1.

On the one hand, workload ranges are different between players
duetoagreater or lesser leve of individud intervention asthe number
and typeof actionsisdifferent for ablocker and adefender.

On the other hand, the analysis of variation in heart rate as a
function of settimereved savariaionwhich, again, isdifferent for eech
of the players, asdepicted in Table 4. Player 1 (blocker) hasaHRmax
median vaue of 152.33+17.52 bpm (82.60% HRmax) for Set 1and a
dightly higher vaueof 153.23+14.64 bpm (83.15% HR max) for St 2.
Furthermore, comparison of heart rate records between each group did
not showed significant differences (p=0.648), indicating thet therewas
not asignificant variability of the heart rate for each period.

Regarding Player 2 defender, a HRmax median value of
154.28+14.99 bpm (77.91% HR max) for Set 1 and adight decreasein
Sat 2t0139.73+14.51 bpm (72.39% HRmax). Again, comparing heert
raterecordsbetween groupsshowed significant differences (p=0.001).
Therefore, these data show that participation and work load delivered
by Player 1 havebeen moreintenseasaresult of agreater emphasison
the attack of the opposing team.

To explain the physiological responsg, it isimportant to describe
the numbers of actionsfor each period (Table5).

Table4
HR Vaues

Min Max Q1 Median Q3
Player1 om)  (bpm)  (pm)  (bpm)  (opm) '
Setl 0 180 142 155 166 24
Set 2 110 174 150 157 163 13
Player 2 Min Max Q1 Median Q3 IQR
Setl 113 176 132 148 156 24
Set 2¢ 108 188 131 139 150 19

Note: Min = Minimum; Max = Maximum; Q1 = 25th percentile; Q3 = 75th percentile; IQR
= interquartile range. * = p value significative comparing set 1 with set 2.

Teble5
_Frequency of actions

Player 1 Serve  Reception  Setting Attack Block Defense
Set 1 20 23 18 35 28 29
Set 2 18 20 13 24 25 15

Player 2 Serve  Reception  Setting Attack Block Defense
Set 1 26 13 28 20 23 35
Set 2 22 13 24 15 12 26

Note: All val ues shown arein action times

Thetotd actionscarried out by Player 1 (blocker) was 268, divided
in 153 play actionsinset 1 and 115in et 2. Specidly, ontheonehand,
the more repetitive action was the attack (n=59) and block (n =53),
followed in decreasing order by defense (n =44), reception (n=43),
serve (n=38) and setting (n =31). On the other hand, Player 2 (defen-
der) performed 257 actions, splitin 145 actionsinset 1 and 112 in set
2. Themorecommon actionsweredefense (n=61) followed to settings
(n =52). The rest of frequencies registered was in decreased order:
services (n=48), attack (n =35), block (n=35) and finally reception (n
=26). In addition, no sgnificant differences were established in the
number of actionsfor each player (p=0.093)

Discussion

Theestablishment of theworking areasduring actud gamehepsto
determine the actud performance of playersin red game Stuations
(Gonzdlez Fimbres et d., 2016), in contrast to laboratory tedts, that
differ from the actud game situaions in which the sport is played.
Different aspects like field dimensions, quality of sand, weather
conditionsand number of players(Tili & Giatds, 2011) determinethe
physical demandsof players Therefore, thesedetermining factorsshould
be consideredinbeachvolleyba| aswell, asthey causeaphysiologica
response that influences heart rete.

- 06 -

There are afew sudiesthat dedl with the physiological varigbles
caried in mae beach volleybdl players. The study of the heart rate
monitoring during three-set gamesin Portuguese playerscan bepointed
out (Magdheeset d., 2011). Despitenot digtinguishing between playing
positions, results showed an average heart rate of 75% of HRmax,
smilar to those obtained in the present study with aworkload between
77.71%-89.13% (HRmax) for Player 1 (blocker) and 66.16%-77.77%
(HRmax) for Player 2 (defender). In the study of Magalhaes, no
sgnificant differences between andyzed sets were obtained, both for
heartrateva uesand bloodlactatevaues takenduringgames. However,
this study recorded heart rate vdues  with statigtically significant
differencesfor each set timeonly in Player 2 (defender).

This physiological response is rdated to different agpects of the
beachvolleybdl game. Infact, thenumber of actionstaken by aplayer
or another is conditioned to the Strategy of game used by the opposing
team (Jmenez Olmedo, Penichet Tomas, Saiz Colomina, Martinez
Carbondll, & JoveToss, 2012). Playersmus undertakeagrester number
of game actions because each player must support the offensiveload.
Specificaly, inthesamplestudied, Player 1 wasthe player who served
and recelved the longest games (n=43) when compared to his partner
(n=26). Thismeant thet a greater 0ad was gpplied to this player who
had to perform more actions to develop the attack.

In addition, athough there are different tactical eementsin beach
volleybal (Koch & Tilp, 2009b), not dl of them havethesamephysica
demands for the player. It is important to know that actions like
blockadesand attacks|ead to an accumul ation of fatiguewhich causesa
jump logt up to 25% (Edwards, Stede, & McGheg, 2010). For this
reason, thelossof 14% jumpin ssnd with respect toland (Giatsiset d .,
2004), would helpto explainthe higher heart rateva uesin playerswho
perform more attacks and blockades than those doing defenses and
settings. Besides, astudy on actionstaken in beach volleybal players
(Pdlao, L opez-Martinez, Vaadés, & Ortega, 2015) statesthat blocker
playerstake on average more jumps than defending players and even
than playerswho exchangeblocker and defender roles.

However, not only thenumber of sharesor theplayer who performs
determines the physiologica response, but aso the playing surface
hindersthedisplacement (Smith, 2006) and theexecution of movement
patterns which are primarily offensive hued frontal displacements
(Perez-Turpin, Cortdll-Tormo, Suarez-Llorca, et d., 2009) giving priority
to the congtruction of the attacks and block actions.

On the other hand, another element to consider is the high
temperaturesthat can bereachedin ared beach volleybal game (Bahr
& Reeser, 2012), which determine the cardiac response. In these
environmenta conditions, the cardiac reponse dso playsarole since
thelossof 1% of body weight dueto dehydration drives an increase of
5-8 bests per minute (Coyle, 2004). This factor must be taken into
account Sncethel ossof fluidsduring abeech valleybal gameisbetween
1039-1996 mi/h, which involves adehydration leve of between 0.8%
and 1.14% (Zetou, Giats's, Mountaki & Komninakidou, 2008).

Furthermore, in order to understand the physiologica response of
players, the influence of the number of actions, both defensive and
offengve, must be consdered. Thiswould explain the higher median
valueof HRmax recorded by Player 1 (blocker) againgt Player 2 (defen-
der). Player 1 (blocker) performed more block and atack actionsand
moreglobd actionsthan histeammate.

Finally, working time dots play arolein the cardiac response, as
playershavelargetime periodsbetween pointsto undertakeappropriate
recovery. In this regard, previous studies established the tempora
patternsof beech volleybdl, but amorerecent sudy establishesaratio
of 1:4.57 work time (Perez-Turpin, Cortdl-Tormo, Chinchilla-Mira,
CqudaAnta& Suarez-Llorca, 2009) sating that playerswould have
ample periods to ensure a proper recovery between points.

Conclusions

Inthispaper, optimal working areasand recovery of playersfor set
timeperiodshavebeen established throughthecombination of andysis
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methodol ogy and registration of associated heart rete.

Thespecificwork of each player, asaresult of their playing position,
hasegtablished differencesintheir physologica reponses For example,
the blocker (Player 1) has showed amedian HRmax vaue of 84.78%
compared to 71.71% of the defending player (Player 2). Not only
medianvaues differed, but dsotheir optimum working areas showed
adifference. For theblocker, thet areaisestablished between 77.71%to
89.13%of HR max, whilethedefender isworking onalessdemanding
areaof between 66.66 to 77.77%.

Both players share the number of played actions, but Player 1
blocker) carried out moredemanding actionsof atacksand blocksthan
Player 2 (defender) who performed more defensiveactionsand settings.
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