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Umbral de velocidad individualizado para analizar en jugador es de futbol mediante tecnologia GPS las
exigencias de sus desplazamientos en competicion
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Arrones
*Universidad CatélicaSanAntonio deMurcia (Espafia), ** Universidad Pablo de Olavide (Espaiia)

Abgtract. The am of the study was to compare the relative running demands (m-min?), among different soccer players positions, coded by an absolute
threshold vs. an individuaized threshold based on splits of 10% of pesk velocity, during friendly games, with the same tactica system and monitoring
with a GPS. To this end he had 20 players on a semiprofessona soccer team. All players were monitored with a unit GPS (15 hz SPI-pro W2b, GPSport,
Canberra, Audrdia). They are measured pesk velocity with a sprint of 40 m, and its activity in 4 friendly matches. The player’s activities were coded
into five absolute speed thresholds and ten individuaized speed thresholds. The absolute speed thresholds were: Very low intensity running (VLIR: O-
7 km-h%), Low intensity running (LIR: 7-13 km:h?), medium intensity running (MIR: 13-18 km-h%), high intensity running (HIR: 18-21 km-h'%), and
very high intensity running (VHIR: >21 km-h). The individualized thresholds were from <10%, 10-20 %, 20-30%, 30-40%, 40-50%, 50-60%, 60-
70%, 70-80%, 80-90%, and >90% of pesk velocity (PV). Variables are presented as the mean (= SD), and the estimated precision is indicated with 90%
confidence limits (CL). In addition to the analyses for statistical significance (i.e,, paired t-tests), possible differences between players position was
andysed (pairwise comparisons) for practical significance using magnitude-based inferences. The 30% of players get 80-90% of its peak velocity in
match and 2.5% reaches 90-100% of its peak velocity.

Key words: Peak velocity, threshold speed, soccer.

Resumen. El objetivo del estudio fue andizar las demandas de carrera en jugadores de fltbol con diferentes roles empleando tecnologia GPS, andizando
y comparando sus desplazamientos durante partidos amistosos en base a un umbra absoluto, frente a un umbra individudizado d perfil locomotor del
jugador. Para elo se les valord su pico méaximo de velocidad realizando un sprint de 40 m, asi como su actividad locomotora en 4 partidos amistosos.
L os desplazamientos de los jugadores se codificaron en cinco umbrales de velocidad absolutos y diez umbrales de velocidad individuaizados. Los umbrales
de velocidad absolutos fueron: carrera de muy baja intensdad (VLIR: 0-7 km:h?), carrera de bagja intensdad (LIR: 7-13 km-h), carrera de intensdad
media (MIR: 13-18 km-h?), carrera de dta intensidad (HIR: 18-21 km-h?), y carrera de muy dta intensidad (VHIR: >21 km-h). Los umbrales
individuaizados en base a su pico de velocidad méxima (PV) fueron: <10%, 10-20 %, 20-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-90%,
and >90% del PV. El 30% de los jugadores consiguen € 80-90% de su pico de velocidad en partidosy € 2.5 % acanza e 90-100 % de su pico de velocidad.

Palabras claves: Pico de velocidad, umbraes de velocidad, fatbol.

Introduction

Soccer isatacticd game, thereforethe playersbehavior onthefield
is often constrained by tactical tasks (Mendez-Villanueva, Buchheit,
Simpson, Pdtola, & Bourdon, 2011; Buchheit, Simpson, & Mendez-
Villanueva, 2013). Recently, the globa position systems (GPS) have
been used to describe the physical profile of the soccer player during
the tactical tasks resolution in friendly (Casamichana, Cagtelano, &
Cadtagna, 2012; Dwyer, & Gabbett, 2012; Buchheit, Allen, Poon,
Mondonutti, Gregson, & Di Sdvo, 2014; Varley, Gabbett, & Aughey,
2014; Mdlo, Mena, Nevado, & Paredes, 2015) and in officid games
(Suarez-Arrones, Torreno, Requena, Seez de Villarreal, Casamichang,
Barbero-Alvarez, et d., 2015). Coaches and researchers using GPS
indicatethat thelocomotor profile can bedifferent asaresult of theage
(Buchheit, Mendez-Villanueva, Smpson, & Bourdon, 2010), playing
position (Suarez et d., 2015; Mdlo et d., 2015; Buchheit et d., 2010,
2013; Mendez-Villanueva et d., 2012), or the fatigue development
during the match (Randers, Mujika, Hewitt, Santisteban, Bischoff,
Solano, et d., 2010; Lovell, Barrett, Portas, & Weston, 2013).

Theactivity profileiscategorizingin different peed zonesranging
from 0 to 36 km-h*and no standardized speed zones are observed
(Cummins, Orr, O’ Connor, & West, 2013). Delasarra, Gao, & Ransdell
(2014) report thet lack of auniversal definition leadsto confusion over
the threshold levels speed, and can lead to false conclusions that are
made based on wherethe speed thresholdisfixed. Usudly theplayers
activities are coded in five absolute spead thresholds: Walking (0-7
km-h%), running at low speed (7-13km:ht), at medium speed (13-18
km-h?), a high speed (18-21 kmh?), and at sprint (>21 km-h?)
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(Cesamichanaet d., 2012, Suarez-Arroneset d., 2015). Thedifference
infield position and gpeed characterigtics preventsthe devel opment of
arbitrary sprint zone dassfication (Waldrom, Highton, Worsolf, &
Danids, 2011). The studies have not provided ajudtification for their
use of an absolute speed threshold, therefore could have a potentia
error inthemeasurement of player activity and generating theneed for
individudized thegpeed threshold (Abt & Lovell, 2009). Anindividua
threshold have used for determining sprint activities of young soccer
playersusing a61% of 10-m split of 40-m sprint (Buchheit, Mendez-
Villanueva, Smpson, & Bourdon, 2010, 2013; Mendez-Villanueva,
Buchheit, Smpson, Peltola, & Bourdon, 2013), flying 10msprinttime
(Harley, Barnes, Portas, Lovell, Barrett, Paul, et d., 2010), and the
distancerunat high-intengity runningusing VT2 (Abt & Lovell, 2009).
Recently, Sparks, Coetzee, & Gabbett, (2016) havereported anandysis
of university-level soccer players with GPS technology using an
individud thresholdto categorize hisrunning demandsduringameatch.
These authors, following to Dwyer, & Gabbett, (2012), showed that
thelow, moderateand high intensity velocity zone are <34%, between
34% and 61%, and > 61% of players maximum velocity in 30-40 m
split of 40m sprint test, respectively, and compared the time spent in
these individudized intendity zones with the time spent in different
internd loads zone (heart rate, HR) during matches (Sparks et d.,
2016). Until now, no study hasreported onthe physica profileof adult
soccer player with GPS technology, using an individud threshold to
categorizehisrunning demandsduring ameatch, and differentiating the
relaive running demandsby playing position

Theam of thestudy wasto comparetherunning demandsamong
different soccer players positions, coded by an absolute threshold vs.
an individualized threshold based on splits of 10% of pesk velocity,
during friendly games, with the sametactical system and monitoring
with aGPStechnology.
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Methods

Participants

Time-motion analysis activity was collected from 20
semiprofessond soccer playersof Spanish soccer leegue (age26.6+4.1
years, height 178.5+5.8 cm.; body mass 74.4+5.6 kg.). The players
wereassgnedto 1 of 5positiona groups: Full Backs(FB, n=4), Central
Backs (CB, n=4), Centrd Midfielders (CM, n=4), Wide Midfielder
(WM, n=4), and Forwards (F, n=4) (Mallo et d., 2015). All players
participated on average 14 hourscombining soccer-specifictraining and
1-2 grengthtraining sessonsper week. Datawereobtained fromroutine
monitoring of work-rate in friendly games during the preseason with
opponents of the same level. Therefore, usua appropriate ethics
committee was not required clearance (Winter & Maughan, 2009).
Team and players confidentidity were granted and the study followed
the Code of Ethics of the World Medicd Assocition (Declaration of
Helsinki). The University Human Research EthicsCommitteegranted
the ethics gpprovd for al of the experimental procedures.

Activity Pattern Measurements

Players were required to wear a GPS unit (15 hz SPI-pro W2b,
GPSport, Canberra, Australig) fitted to the upper back of each player
using a neoprene harness, during sprint test and in four matches. The
number of satellitesfor GPS was satisfactory during sprint test and all
matches: ranged 4-11, average 7.8+2. GPS data were andyzed with
Team AMS-R1-2012.9 software. The use GPS technology for
monitoring a meth play provides ardigble and vaid measure of the
physica profile of the players (Coutts & Duffield, 2010; Varley,
Fairwesther &, Aughey, 2012), and pesk vel ocity (Buchheit, Haddad,
Simpson, Palazzi, Bourdon, Di Salvo, & Mendez-Villanueva, 2014).

Experimental Procedures

All playersundertook a40 m maximal running speed to determine
his peek velocity (PV). Thistest was performed outdoor natural grass
field. Playersworesoccer bootsduring thetest. Playerscommenced the
sprint from astanding start with their front foot 0.5 m behind the sart
line and were ingructed to sprint as fast as possble over the 40 m
digtance (Mendez-Villanueva et d., 2011). The test was preceded by
sandardized 20 minwarm-up, consigtingin5 min of mohility, stretches
inactivetension, 7minof jogging, 2 running progressionsof 40m, and
a maximum acceleration of 10 m. Each subject performed 2 trias
separated by at least 3 min of ret, the highest GPS peek velocity was
recorded.

Match analyseswereperformed 4timesindl playersduring atotd
of 4 friendly matches played over aperiod of four weeks. All matches
wereplayed onthe same 100 x 70 m outdoor naturd grassfield, which
no dismissd occurred. Tecticaly, dl players used 4-4-2 system.

Match running demands analyss
Therdative totd distance covered (RTD, mmin?) of dl players
who participated in entire firgt haf were collected (Cummins et d.,

2013). Player’sactivitieswerecoded into fiveabsol ute speed threshol ds
and tenindividualized speed threshol ds. The absol ute speed threshol ds
were: Very low intengty running (VLIR: 0-7 km-h%), Low intensity
running (LIR: 7-13 km-h%), medium intensity running (MIR: 13-18
km-h1), high intengty running (HIR: 18-21 km-h?), and very high
intengity running (VHIR: >21.km-h") (Casamichana, et d., 2012; Suarez-
Arrones, et d., 2015). Theindividudized thresholdswerefrom <10%,
10-20 %, 20-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-
90%, and >90% of peek velocity (PV).

Satigtical Analysis

Variables are presented as the mean (+ SD), and the estimated
precison isindicated with 90% confidence limits (CL). In addition to
the andyses for datisticd significance (i.e, pared t-tests), possible
differences between players’ position was analysed (pairwise
comperisons) for practica Significanceusing magnitude-besed inferences
(Hopkins, 2006). The data were log-transformed prior to the analysis
toreducenon-uniformity of error. Thestandardised differencesor effect
Szes(90% confidenceinterval) between the scoresand interval times
were caculaed. The threshold values for the Cohen effect Sze (ES)
gatigicswere trivia (0.0-0.19), smal (0.2-0.59), moderate (0.6-1.1),
large (1.2-1.9) and very large (>2.0) (Batterham & Hopkins, 2006;
Hopkins, Marshdl, Batterham, & Hanin, 2009). Probabilities were
aso caculaed to establish whether the true (unknown) differences
werelower, smilar or higher than the smadlest worthwhile difference
(0.2 multiplied by the between-subject standard deviation, based on
Cohen's effect gze principle). The quantitative chances of higher or
lower differenceswereevauated quditetively asfollows <1%, dmost
certainly not; <5%, very unlikely; <25%, unlikely/probably not; 25—
75%, possibly/possibly not; >75%, likely/probably; >95%, very likely;
>99%, dmogt certainly (Batterham & Hopkins, 2006; Hopkins et d.
2009). A substantid effect wasestablished as>75%. I thelikelihood of
higher or lower differenceswas>75%, thetruedifferencewasassessed
as clear (subgtantid) (Aughey, 2011; Jennings, Cormack, Coutts, &
Aughey, 2012).

Resaults

PV, RTD, and RTD covered into five absolute speed thresholds
and ten individudized speed thresholds are present for eech playing
postionin Table 1. Mean RTD and PV were 104.5+11.8 mmin? and
31.6+1.4km-h repectively. Thesocoer playersnormally used between
0-80% of their PV during thematch. Only 30% of the playersreached
80-90% of their PV and only 2.5% got to get va ues> 90% of their PV
. Playing position, absolute and individua threshold have impacted
substantialy on distance covered. CM showed a PV substantialy
lower PV thandll groups, but therewereno substantid differenceswith
respect to FB (Very large ESfor CB and WM ; moderate ESfor F). FB
showed asubgtantialy lower pegk vel ocity than CB and WM (moderate
ES). CM andWM covered asubgtantialy higher RTD thandl groups,
but therewereno substantial differenceswith respectto F(al moderate

Tablel.
Match running profilein semiprofessional soccer players (only first half). Dataare mean+ SD.
Variables CB (n=16) FB (n=16) CM (n=16) WM (n=16) F (n=16)
PV (km-h?) 31,43+0,56" 3043+1,18 29,45+1,15~ 31,45+0,87° 32,50+2,40
RTD (m-mim-t) 98,99+ 6,250 102,93+7,26% 109,56+ 16,46% 109,15+ 11,22% 104,89+1291
Absolute Threshold (m-mim?)
VLIRO-7 km-hr 3846+ 5% 41,49+367 39,21-+4,49> 38+533% 41,4+147
LIR7-13 km-ht 39,53+5,54 38,74+4,48 45,05+7,91%de 40,95+ 8,81 36,46+7,11
MIR 13-18 km-hrt 14,90+4,10 15,60+344 19,69+ 6,46% 20,26+4,42%e 17,42+5,042
HIR 18-21 km-h't 3,46+1,30 396+122 3,62+2,06 5,54+1,95%¢ 4,98+ 0,68%¢
VHIR>21 km-hrt 2,64+131 314+134 189154 4,40+2,45%¢ 4,6341,08 %
Individual Threshold
(m-mim-t)
<10% PV 5,050,510 453+0,53 3,83+0,74% 4,39+0,65 4,8940,71 bed
10-20% PV 30,65+3.48 32,69+2,16a 31,39+347 31,30+4,01 33,39:£1,44%4
20-30% PV 20,14+3,35 21,3142 44 19,61+353 20,1+3,64 19,11+3.05
30-40% PV 20,01+3,26 20,25+3,11 25,75+5,37de 21,841+492 20,24+4,48
40-50% PV 136+2,6 1351+293 18,18+ 4,99%e 17,28+3,26%e 13,71+3.81
50-60% PV 7,05+2,45 7517 8,84327% 9,99+2,62% 8,89-£2,53%
60-70% PV 1,09+0,75> 151+0,72 0,99+0,76" 2,02+0,94 % 2,27+0,172¢
70-80% PV (12,5%)1,37£0.79 1,35+£0,71 (18,7%)0,99+ 0,624 1,84+1,350 2,11+0,82%¢
80-90% PV (25%)0,28+0.25 (31,296)0,41+0,31 (62,5%)0,27+0,19 (25%)0,55+ 0,562 (25%)0,38+0,17
>90% PV (100%)0,0--0,0 (100%)0,0+0,0 (100%)0,0+0,0 (100%)0,0+0,0 (100%)0,0+0,0

a Substantial difference with CB; b. Substantial difference with FB; c. Substantial difference with CM; d. Substantial difference with W; e. Substantial difference with F; (%) Percentage of players who do not reach this velocity
during the matches. RTD relative total distance, PV peak velocity, VLIR very low intensity running, LIR low intensity running, MIR medium intensity running, HIR high intensity running, and VHIR very high intensity running.
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ESbut CM vs. FB smdl ES). CB covered asubgtantialy lower RTD
thanal groups.

WM and F covered asubstantialy higher rdativedistancethan all
groups>18km-h* (largeand moderate ES). Alsoamong thevaues 60-
70% of their PV the difference in reldive distance was subgtantialy
higher thantheother groups(very large, largeand moderate ES). At the
threshold of 70-80% of their PV, only the Fs obtained substantia
differenceswith respect to other groups (large and moderate ES). The
12.5% CB and 18.7% CM did not achieveaPV of 70-80%.

CM and WM covered a substantialy higher relative distance
between 13 and 18 km-h* (moderate ES, but WM vs. Fsmdl ES, and
CM vs. Ftrivid ES) and between 40-50% PV (moderate ES), between
50-60% S covered asubstantialy higher relative distance than others
groupstoo (moderate ES).

CM covered asubstantidly higher relativedistance between 7 and
13 km-h* (Moderate ES, but CM vs. W small ES) and between 30-
40%PV (Largeand moderateES).

FB and F covered a substantidly higher distance < 7km-h?
(Moderate ES, but FB vs. CM smadll ES), but FB have covered ahigher
digance (Moderate ES, but FB vs. CM smdl ES, and FB vs. WM, CB
trivid ES). CB and F covered ahigher distancethan dl groupsbetween
0-10% (Largeand moderate ES, but Fvs. FB amall ES).

Discussion

Theam of the present sudy wasto comparethere aive demands
of racesbetween different soccer players' positions, coded by anabsolute
thresholdvs. anindividuaized threshold based on 10% maximum speed
intervals, during friendly matches, with the same system Tecticd and
monitored with GPS technology. The main findings of the present
study were: @ An individuaized threshold based on player’s pesk
velocity offers running demands among different playing positions
with a specific tactica system (4-4-2), dightly more specifics than
absolute threshold, at very high, high, medium and very low intensity
running, b) F covered the highest distance between 60-80% PV and
between >10%, with substantia differencesrespect dl groupsbetween
70-80%PV, ¢) WM covered the highest distance between 50-70 %PV,
€) CM hascovered thehighest distancebetween 30-50%0 PV, f) tFB and
CD covered thelowest distance between 70-80% PV and between 30-
60%PV.

RTD in the present study (104 m-min?) was similar than 104
mmin? obtained by Varley et d., (2014) during friendly matches,
lower than 119 m-min-1 obtained by Suarez-Arrones et d., (2015) in
officia games, andlower than 119 & 113m-minobtained by Mdloet
d., (2015) and Cesamichana et d., (2012), respectively, in friendly
matches. Theabsolutethreshold showed Smilar distributionthan others
sudieswhere WM and CM have covered the highest rdlative distance
and CB hascovered thelowest rdl ative distance during amatch (Malo
etd., 2015; Suarez et d., 2015,).

A recent systematic review showed that the mgjority of research
concentrate upon the distance covered at high-intensity efforts
(Cummins et d., 2013), and severd authors assert that high intengity
run is seen as the best measure (Abt & Love 2009). In our study, the
RTD covered>18km-htissmilar that theobtainedin friendly matches
(Varley etd., 2014) and lower than obtained in officid games(Suarez-
Arrones, et d., 2015). Suarez-Arrones et d., (2015), affirm that WM
and second striker covered ahigher distancethandl groupsbetween 18-
21 km-h?, and only WM hascovered ahigher distancethan others>21
km:hrt. Our results showed that with using an absolute threshold WM
and F havecovered ahigher RTD thanal groups>18km:-h. Butwhen
we use an individud threshold, WM and F have covered a highest
distancebetween 60-70% PV, whileisF cover ahigher disancebetween
70-80%, but without substantial differenceswithWM. Wecanexplain
this difference with Suarez-Arrones et d., (2015), because are used
different tectical roles(4-4-1-1vs. 4-4-2). Thetectical rolegpacefor our
Fin4-4-2 is smilar than second striker in 4-4-1-1. Thetacticd role
spacefor our WM ismorereduced than for awide-midfieder (4-4-1-1),
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and their participation is exclusively in offengve phase of the game,
while wide-midfielders have an equa responghbility in offensive and
defensve phase. Thistacticd have produced that in our sysem WM
cover a Smilar digtance than F and in 4-4-1-1 wide-midfielder hes
covered a higher distance than al groups > 21 kmh*. Mdlo et d.,
(2015) and Suarez-Arroneset d., (2015) showed that CB obtained the
lowest vaues of distance covered at high-speed. We obtained similar
result whenweused individud threshold 60-70 %PV, but therewasno
difference with CM. No found substantia different between CB and
FB with absolute threshold and between 70-80% PV. These results
showed that only individua threshold obtained different physicd per-
formance >18 km-h*among different soccer players postions. The
tactical roleof WM and F haveahigh running demandsaround 60-70%
PV, but only F haveavery high running demandsaround 70-80%, that
theabsolutethreshold >18 km-hicannot discriminate, for theseplayers
and thistacticd system.

The absolute threshold between 13-18 kmh'is smilar a range
between 40-60% PV. The running demands with absolute threshold
showed that CM and WM covered a higher distance than dl groups.
According with this, results CM and WM covered a higher distance
then &l groups between 40-60% PV too. Contrary in part with our
results, Suarez-Arrones et d., (2015) showsthat the second striker has
covered asubstantialy higher distancethet al groupsat theseve ocities,
and Mdlo et d., (2015) showsthat CM has covered ahigher distance
than FB and CD. In our results F covered ahigher distance than other
groupswhen distance covered was obtained with individud threshold
(50-60% PV). These results showed that absolute and individua
threshold no discriminate physical performance between 13-18 km-hr
1in the same way among different soccer players podtions. In this
interval, thetactica roleof CM havehigh running demandsaround 40-
50% PV, while WM has between 40-60%, and F has around 50-60%,
that the absolute threshold 13-18 km-hricannot discriminate, for these
players and this tactical system.

Low intendty running is determined by an absolute threshold
between 7-13 km-hand between 30-40% PV. Our results show thet
CM coversahigher distancethandl groupswithout differencesbetween
absolute and individud threshold. According in part with our results,
Suarez et d., (2015) showed that CM has covered the highest distance
but they nofound differencesbetween centrd midfiel der, wide-midfielder
and second striker at these velocities. However, Mdlo et d., obtained
differencesbetween CM and FB and F. An absol utethreshold between
0-7km:hrtand between >30% PV determinesvery low intengity running.
Othersstudiesshow that full back, centra midfielder andwide-midfielder
have covered alower distance than all groups (Suarez-Arroneset d.,
2015). Nevertheless our results show that FB, and F have covered a
higher distance than other groups <7 km-h%. FB has covered a higher
digtance than al groups a 20-30% PV, and CB and F a >10% PV.
Accordingly, thisindividualized threshold no will provide an absolute
differentiation of low and very low intendity running.

Thefindings presented herearelimited by the detawere collected
fromafriendly matchesand fromal playerswho participatedinentire
firgt half. Due to the impossibility of using the GPS during officid
matches, at the time of measurement, forced us to teke the data of
friendly matches. Thesefriendly matchesare playedto agreater extent
inthe preseason period. During the preseason, in the second hdlf of the
match, there are many player changes, so the andysis of only thefirst
half dlows usto register the player during dl the minutes played and
under the same conditions.

We are according with Buchheit et d., (2013, p.40) when affirm
«Gametacticd and strategic requirements are likely to modulate on-
field players’ activity patterns independently (at least partialy) of
players’ physical capacities», but wehaveto know theplayers’ activity
patternsin atactical system and the physica capacities of the players
who play in the different positions of thistactical system for planning
properly his training. The use of absolute speed threshold with
irrespectiveof physical capacitiesof the playersisused to comparethe
absoluterunning demandsof aan game/gamesin professiond’splayers
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(Mdloetd., 2015; Suarez, et d ., 2015; Casamichanaet d., 2010) and to
assessthe progression of the young playersover the developing years
(Buchheit et d, 2013). But the absolute threshold could underestimate
or overestimate the intensity of the effort of playing postion during a
meatch. We could conclude that an individudized threshold based on
pesk velocity of the player offers gpecific demands of running among
different roles of the semi-professiond’s playersin atectica system,
reducing the error to assess physica performanceof theplayers, and it
isadapted at any physologicd test, to differentiate the intengity of the
effort for each player.
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