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Abstract

Objective. To compare the kinematic demands on interna-
tional women field hockey players during official competi-
tion matches. Materials and methods. Sixteen women players
(age: 24.7 +2.8; weight: 57.9 4+ 5.9 kg; height: 165.2 +4.9
cm) belonging to the Spanish national team were monitored
during 5 matches of the European Championship using glob-
al positioning systems (GPS). The analyses were carried out
according to the players’ positions (defenders, midfielders
and forwards), the quarters in the game (Q1, Q2, Q3, Q4),
and the number of minutes played. The data analysed in-
cluded distances, accelerations and decelerations in different
intensity ranges. Results. The defenders showed less high-in-
tensity activity (speeds, accelerations and decelerations)
than midfielders and forwards (9.4 +2.4%; ES: 0.78 with
the midfielders and 33.1 +7.2%; ES: 2.1, with the defend-
ers). The analysis by quarters showed that in Q4 activity
was the highest for all positions. In terms of the number of
minutes played, the cluster analysis grouped the players into
3 groups according to the number of minutes played (<32,
32-45 and >45 minutes). The athletes who played <32 cov-
ered the greatest distance at a sprint (>21 km/h) and high-in-
tensity distance (> 15 km/h) per minute of play compared
to the group who played >45 minutes. Conclusions. The
results of this study show that the physical demands on élite
women hockey players depend on their position on the field,
and that there is more activity in the last quarter and less
relative high-intensity kinematic activity among the players
who play more minutes during the match.

Keywords: GPS, team sports, movement analysis, com-
petition analysis
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Resum

Objectiu. Comparar les demandes cinematiques de jugadores
internacionals d’hoquei sobre herba durant partits de com-
petici6 oficial. Material i metodes. Setze jugadores (edat:
24.7 +£2.8 anys; pes: 57.9 +5.9 kg; altura: 165.2 +4.9 cm)
pertanyents a la selecci6 absoluta espanyola van ser monitora-
des mitjancant sistemes de posicionament global (GPS) durant
5 partits del Campionat d’Europa. Les analisis van ser dutes a
terme en funcié de la demarcaci6 de les jugadores (defenses,
migcampistes i davanteres), dels quarts de joc (Q1, Q2, Q3,
Q4), i sobre la base dels minuts jugats. Les dades analitza-
des van incloure distancies, acceleracions i desacceleracions
en diferents rangs d’intensitat. Resultats. Les defenses van
presentar menor activitat a alta intensitat (velocitats, acce-
leracions i desacceleracions) que migcampistes i davanteres
(9.44+2.4%; ME: 0.78 amb les migcampistes i 33.1 +7.2%;
ME: 2.1, amb les defenses). L’analisi per quarts va mostrar
que en el Q4 D’activitat va ser major per a totes les demar-
cacions. Quant a minuts jugats, I’analisi clister va agrupar
les jugadores en 3 grups en funci6 dels minuts jugats (<32,
32-45 i >45 minuts). Les esportistes que van jugar <32
van cobrir major distancia a esprint (>21 km/h) i distancia
a alta intensitat (> 15 km/h) per minut de joc en comparacié
amb el grup de >45 minuts jugats. Conclusions. Els resultats
d’aquest estudi mostren que les demandes fisiques en jugado-
res d’elit d’hoquei depenen de la demarcaci6 en el camp, amb
major activitat en I’Gltim quart i amb menor activitat cinema-
tica d’alta intensitat relativa en les jugadores que acumulen
més minuts durant el partit.

Paraules clau: GPS, esports col-lectius, analisis del movi-
ment, analisi de la competicid
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Demandes cinematiques de competicié internacional en 'hoquei sobre herba femeni

Kinematic Demands of International Competition in Women’s Field Hockey

Introduction

Field hockey is an Olympic sport with 11 players
per team who are usually categorised according to
the position they occupy on the playing field into
goalkeeper, defenders, midfielders and forwards.
Just as in other team sports, it is characterised by
variable intensity which repeatedly alternates periods
of effort and recovery with a high offensive and de-
fensive technical-tactical emphasis in which players
require certain physical qualities (aerobic-anaerobic
capacity and power, sprinting, acceleration, decel-
eration and changes in direction, to cite just a few)
in order to perform successfully (Elferink-Gemser,
Starkes, Medic, Lemmink, & Visscher 2011; Gab-
bett, 2010).

Due to the increase in the use of global positioning
systems (GPS) to analyse and quantify outdoor sports
loads (Cummins, Orr, O’Connor, & West, 2013;
Sweeting, Cormack, Morgan, & Aughey, 2017),
knowledge of the competitive physical demands in
this sport has been increasing in recent years (Mc-
Guinness, Malone, Petrakos, & Collins, 2017). The
study of the demands of competition provides refer-
ences to help optimise athletes’ preparation. This in-
formation is a starting point when managing the work-
loads, designing tasks in training situations (Gabbett,
2010; Holmes, Robinson, & Peters, 2006; Johnston,
Sproule, McMorris, & Maile, 2004) and returning to
play (Blanch & Gabbett, 2016) to mention just several
practical applications (McGuinness, et al., 2017; Ves-
covi & Frayne, 2015).

The main results of previous studies showed
that the number of minutes played (MP) was re-
flected in certain kinematic variables, such as
the total distance run or the distance run at high
speeds (the higher the MP, the higher the values
for both variables), to cite just some of the most
popular ones (Vescovi & Frayne, 2015). In addi-
tion, different demands were also found accord-
ing to playing positions (technical-tactical role),
which is traditionally classified into goalkeepers,
defenders, midfielders and forwards, with the
goalkeepers excluded from the majority of stud-
ies performed on the demands of competition. In
this sense, Macutkiewicz and Sunderland (2011)
were the first to observe that forwards spend more
time making high-intensity movements (8% of to-
tal time) than midfielders and defenders (6% and

Introduccio

L’hoquei sobre herba és un esport olimpic en el qual
participen 11 jugadors per equip normalment categorit-
zats en funcié de la demarcacié ocupada en el terreny
de joc en porter, defenses, migcampistes i davanters.
Com altres esports d’equip, es caracteritza per una in-
tensitat variable en la qual s’alternen periodes d’esfor¢
i de recuperaci6é de forma iterativa, amb un alt com-
ponent tecnicotactic ofensiu i defensiu i en el qual les
jugadores requereixen de certes qualitats fisiques (ca-
pacitat i potencia aerdbic-anaerdbica, d’esprint, acce-
leraci6, desacceleraci6, canvis de direccié, per esmen-
tar algunes) per a rendir amb exit (Elferink-Gemser,
Starkes, Medic, Lemmink i Visscher 2011; Gabbett,
2010).

A causa de I’increment en la utilitzacié de sistemes
de posicionament global (GPS) per a I’analisi i la quanti-
ficacié de carregues en esports outdoor (Cummins, Orr,
O’Connor i West, 2013; Sweeting, Cormack, Morgan i
Aughey, 2017), el coneixement de les demandes fisiques
competitives en aquest esport esta augmentant en els
ultims anys (McGuinness, Malone, Petrakos i Collins,
2017). L’estudi de les demandes de la competicié per-
met tenir referéncies per a ajudar a optimitzar I’estat de
preparaci6 dels esportistes. Aquesta informacid serveix
de punt de partida a 1’hora de gestionar les carregues
de treball, el disseny de tasques en situacions d’entrena-
ment (Gabbett, 2010; Holmes, Robinson i Peters, 2006;
Johnston, Sproule, McMorris i Maile, 2004), o en el
procés de return to play (Blanch i Gabbett, 2016), per
esmentar algunes de les aplicacions practiques (McGuin-
ness, et al., 2017; Vescovi i Frayne, 2015).

Els principals resultats d’estudis previs mostra-
ven que els minuts jugats (MJ) es veien reflectits en
certes variables cinematiques, com el total de la dis-
tancia recorreguda o la distancia recorreguda a alta
velocitat (totes dues variables amb valors superiors a
més MJ), per citar alguns dels més populars (Vescovi
i Frayne, 2015). D’altra banda, també s’observaven
demandes diferents en funcié de les demarcacions de
joc (rol tecnicotactic), que tradicionalment es classi-
fiquen en porteres, defenses, migcampistes i davan-
teres, excloent les porteres en la majoria dels estu-
dis realitzats sobre les demandes de la competici6.
En aquest sentit, Macutkiewicz i Sunderland (2011)
van ser els primers a observar que les davanteres pas-
sen més temps realitzant moviments d’alta intensitat
(8% respecte al temps total) en comparacié amb les
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5%, respectively). More recently and after the
latest change in the regulations, in their analysis
with professional women players McGuinness et
al. (2017) found that regardless of the position,
the athletes played an average of 44 min, which
meant =60% of the total, in which they ran an
average of 5540 + 521 m in total. The distance
at high speed was 11% of the total and 2% was
at a sprint (>20 km/h). The defenders were the
ones that ran the highest total distances com-
pared to forwards and midfielders (5696 + 530 m,
5369 + 578 m and 5555 + 456 m, respectively).
However, forwards ran a greater relative distance
(number of minutes played) compared to defenders and
midfielders (70 - 131 m/min, 79 - 114 m/min, 79 -
129 m/min, respectively) (Gabbett, 2010; Macut-
kiewicz & Sunderland, 2011; McGuinness et al.,
2017; Vescovi & Frayne, 2015).

Nevertheless, the evolution of the sport has
been associated in all senses (technical-tactical and
physical) with changes in the regulations, includ-
ing the number of interchanges allowed (which
is now unlimited), the introduction of the self-
pass and changes in game times (Gabbett, 2010;
Macutkiewicz & Sunderland, 2011; McGuinness,
Malone, Hughes, & Collins, 2018; White & Mac-
Farlane, 2013). The latest update from the Inter-
national Federation stipulates that an official in-
ternational competitive match has gone from being
organised into two 35-minute periods to 4 quarters
of 15 minutes each (FIH, 2014). Only a few stud-
ies have been performed since the latest change
in the regulation, but they do shed some light on
the physical demands of this sport on internation-
al women players. In this sense, McGuinness et
al. (2018) are the only ones to date to analyse the
kinematic demand of competition when the time
is divided into quarters. On average, the women
players ran 4847 + 583 m (127.6 + 15.6 m/min),
12% at high speeds (> 16 km/h). Differences were
found according to the players’ position similar to
previous studies, and a drop was found in the dis-
tance run at high speeds throughout all the quar-
ters, with a concomitant increase in the distance
run at moderate speeds (8.0-15.9 km/h).

Given these demands, research in sports of this
kind is evolving to increasingly precise analysis thanks
to technological development, which leads it to include
accelerations and decelerations at different intensity

migcampistes i defenses (6% i 5%, respectivament).
Més recentment, i després de 1’ultim canvi de regla-
ment, McGuinness et al. (2017) van mostrar en la
seva analisi amb jugadores professionals que, inde-
pendentment de la demarcaci6, les esportistes juga-
ven una mitjana de 44 min, la qual cosa suposava un
=~60% del total, en el qual van recérrer una mitjana
de 5540 + 521 m totals. La distancia a alta velocitat
va suposar 1’11% del total, i un 2% va ser recorre-
gut a esprint (>20 km/h). Les defenses van ser les
que majors distancies totals van recérrer en compa-
raci6 amb davanteres i migcampistes (5696 + 530 m,
5369 + 578 m i 5555 + 456 m, respectivament). No
obstant aix0, les davanteres van recOrrer més distan-
cia relativa (minuts jugats), quan es va comparar amb
defenses i migcampistes (70 - 131 m/min, 79 - 114 m/
min, 79 - 129 m/min, respectivament) (Gabbett,
2010; Macutkiewicz i Sunderland, 2011; McGuinness
et al., 2017; Vescovi i Frayne, 2015).

No obstant aix0, 1’evolucié de 1’esport ha estat 1li-
gada en tots els sentits (tecnicotactica i fisica) als canvis
en el reglament, entre els quals destaquen el nombre de
canvis permesos (evolucionant fins a ser il-limitats), la
introduccié de I’autopassada i els canvis en els temps de
joc (Gabbett, 2010; Macutkiewicz i Sunderland, 2011;
McGuinness, Malone, Hughes, i Collins, 2018; White
i MacFarlane, 2013). L altima actualitzacié de la Fede-
racié Internacional va establir que un partit competitiu
oficial internacional passava d’una estructura de 2 temps
de 35 min a 4 quarts de 15 min de durada cadascun
d’ells (FIH, 2014). Els estudis realitzats des de 1’altim
canvi de reglament sdn escassos, perd permeten apro-
ximar-se al coneixement sobre les exigeéncies fisiques
d’aquest esport en jugadores de nivell internacional.
En aquest sentit, McGuinness et al. (2018), han estat
els unics fins avui a analitzar la demanda cinematica de
competicié en el format de temps distribuit en quarts.
De mitjana, les jugadores van recOrrer 48474583 m
(127.64+15.6 m/min), sent un 12% completat a alta ve-
locitat (> 16 km/h). Es van obtenir diferéncies en fun-
ci6 de la demarcacié ocupada per les jugadores en la
linia dels estudis previs, i una disminucié de la distancia
recorreguda a alta velocitat al llarg dels quarts concomi-
tant a un increment de la distancia a velocitat moderada
(8.0-15.9 km/h).

Entre aquestes demandes, la recerca en esports
d’aquest tipus evoluciona cap a una analisi cada vega-
da més precisa gracies també al desenvolupament de
la propia tecnologia, la qual cosa comporta incloure

58

Apunts. Educaci6 Fisica i Esports. 2019, num. 137. 3r trimestre (juliol-setembre), pag. 56-70. ISSN-0214-8757



Demandes cinematiques de competicié internacional en 'hoquei sobre herba femeni

Kinematic Demands of International Competition in Women’s Field Hockey

ranges as a variable which shows the relationship
with the impact caused on the athlete’s body. Spe-
cifically, the activity of creating kinase, the percep-
tion of muscle pain and neuromuscular performance
and fatigue in sports like football (Akenhead, Har-
ley, & Tweddle, 2016; Akenhead, Hayes, Thomp-
son, & French, 2013; Varley, Lewin, Needham,
Thorpe, & Burbeary, 2017) seem to be responses
that are sensitive to this kind of activity. In wom-
en’s field hockey, to date there has been no analysis
which considers these variables, perhaps because of
the lower number of studies which can be found and
the technology used.

Despite the fact that Spain is number 11 in the
world rankings (FIH, 2017), women’s hockey is still
mainly amateur in Spain, so this technology is not al-
ways accessible to all teams and clubs. Therefore, the
objective of this study was to compare the kinemat-
ic demands of competition in international women’s
field hockey, bearing in mind the players’ positions,
the quarters in the match and the number of minutes
played in competition.

Methodology
Participants

Sixteen women players belonging to Spain’s na-
tional field hockey team participated in the study
(body weight 57.9 +5.9 kg; height 165.2 +4.9 cm;
age 24.8 +2.8, 108.3 +56.4 caps). All the players
were notified of the design, requirements, benefits
and risks of the study and they all provided their in-
formed consent. The data used in this study emerged
from monitoring the players during competition;
therefore, authorisation from the ethics committee
was not required (Winter & Maughan, 2009). The
study meets the recommendations of the Declaration
of Helsinki.

Procedure

The players were monitored for 5 matches in the
2017 European championship held in Holland
(n=50 cases); of them, three matches were in the
group phase and two were in the 5" to 8* place play-
offs. For the analysis by position, the players were
grouped into defenders (n =4, 10 cases), midfield-
ers (n =06, 19 cases) and forwards (n =6, 21 cases);

acceleracions i desacceleracions a diferents rangs d’in-
tensitat com una variable que mostra relacié amb I’im-
pacte generat en ’organisme de 1’esportista. De forma
concreta, I’activitat de la creatinacinasa, la percepci6 de
dolor muscular i de rendiment neuromuscular i fatiga
en esports com el futbol (Akenhead, Harley i Tweddle,
2016; Akenhead, Hayes, Thompson i French., 2013;
Varley, Lewin, Needham, Thorpe i Burbeary, 2017)
semblen ser respostes sensibles a aquest tipus d’acti-
vitat. En hoquei sobre herba femeni, possiblement pel
menor nombre d’estudis que es poden trobar i la tecno-
logia usada, no es troben fins avui analisis que contem-
plin aquestes variables.

Malgrat que Espanya és Top 11 en el ranquing mun-
dial (FIH, 2017), ’hoquei femeni hi continua sent ma-
joritariament amateur a Espanya, per la qual cosa ’ac-
cés a aquesta tecnologia no sempre esta a I’abast de tots
els equips o clubs. Per tant, I’objectiu de I’estudi va ser
comparar les demandes cinematiques de la competicié
en hoquei sobre herba femeni de nivell internacional,
atesa la demarcaci6 de les jugadores, als quarts del partit
i als minuts jugats en competicio.

Metodologia
Participants

Setze jugadores integrants de la seleccié nacional d’ho-
quei sobre herba d’Espanya van participar en ’estudi
(pes corporal 57.9 +5.9 kg; talla 165.2 +4.9 cm; edat
24.8 +2.8, internacionalitats 108.3 +56.4). Totes les ju-
gadores van ser notificades del disseny de recerca i dels
seus requeriments, beneficis i riscos, aportant totes les
participants el consentiment informat. Les dades utilit-
zades en aquest treball van sorgir del monitoratge de les
jugadores durant la competicié. Per tant, no es va reque-
rir autoritzacié del comite d’etica (Winter i Maughan,
2009). L’estudi es va ajustar a les recomanacions de la
Declaraci6é d’Helsinki.

Procediment

Les jugadores van ser monitorades durant 5 partits del
Campionat Europeu de 2017 celebrat a Holanda (n = 50
casos), d’aquests, tres partits corresponien a la fase de
grups i dos a la disputa per als llocs entre el 5¢ i el 8e.
Per a I’analisi per demarcacions es van agrupar les juga-
dores en defenses (n =4, 10 casos), migcampistes (n = 6,
19 casos) i davanteres (n =6, 21 casos); es va utilitzar el
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the total match time (60 min) and the time of each
of the 15-minute quarters in the match (Q1, Q2,
Q3 and Q4) were used. The players’ activity on the
field (active playing time) was analysed, excluding
rest periods between quarters or when the players
were on the bench due to either a technical deci-
sion or temporary suspension cards. The matches
were played with breaks of 24-48 hours between
them.

The kinematic monitoring was performed using
GPS devices (GPS, SPI ELITE, GPSport, Fysh-
wick, Australia) which operate with a sampling fre-
quency of 10 Hz and come with an accelerometer at
100 Hz. The reliability and validity of this device
has previously been studied (Scott, Scott, & Kelly,
2016). Each athlete wore a vest with a pocket in the
upper back where the GPS was placed. The data on
each unit were later downloaded onto a laptop us-
ing Team AMS software (v.R1.215.3) and the firm-
ware from the download table v2.03B. The number
of connected satellites was 10.6 + 1.2 during the
matches.

The variables recorded to be analysed later
were the following: the number of minutes played
(min; MP), total distance (m; TD), peak speed
reached (km/h), high-intensity distance run (HID:
>15 km/h), distance run and number of sprints
(>21 km/h), number of accelerations (Acc) and
decelerations (Dec), classified into 3 categories
of intensity: i) low (Z1: 1-1.9 m/s?), ii) moder-
ate (Z2: 2-2.9 m/s?), and iii) high (Z3: >3 m/s?).
All the variables, with the exception of peak
speed, were expressed both absolutely and relative
to the minutes played (m/min or n/min). Further-
more, the work:rest ratio (W:R) was determined
by dividing the distance run >6 km/h / distance
<6 km/h.

Data Analysis

Descriptive analysis of all the data was performed,
presented as means and standard deviation (4SD)
with a 95% confidence interval (CI) and effect size
(ES). The differences by position and by quarter were
analysed via a two-way analysis of variance (ANO-
VA) (positions x quarters). Cluster analysis was per-
formed to establish groups according to the variable
of the number of minutes played. The thresholds for
the ESs were < 0.2; 0.2-0.6 (trivial), 0.6-1.2 (small),

temps total del partit (60 min) i de cadascun dels quarts
del partit (Q1, Q2, Q3 i Q4) de 15 min de durada ca-
dascun. Es va analitzar 1’activitat de les jugadores en
camp (temps actiu de joc), excloent els periodes de des-
cans entre quarts o quan les jugadores es trobaven a la
banqueta, ja fos per decisid tecnica o per targetes d’ex-
pulsi6 temporal. Els partits es van jugar amb periodes
de descans de 24-48 h entre partits.

El monitoratge cinematic es va realitzar mitjancant
I’Gs de dispositius GPS (GPS, SPI ELITE, GPSport,
Fyshwick, Australia) que operen amb una freqiiencia de
mostreig de 10 Hz i que incorporen un accelerometre
a 100 Hz. La fiabilitat i validesa d’aquest dispositiu ha
estat estudiada préviament (Scott, Scott i Kelly, 2016).
Cada esportista va portar una armilla amb una butxa-
ca col-locada en la part superior de I’esquena on es va
situar el GPS. Les dades de cada unitat van ser poste-
riorment descarregades a un ordinador portatil mitjan-
cant el programari Team AMS programari (v.R1.215.3)
i microprogramari de la taula de descarrega v2.03B. El
nombre de satel-lits connectats va ser de 10.6 + 1.2 du-
rant la celebracid dels partits.

Les variables registrades per a la seva posterior ana-
lisi van ser les segiients: els minuts jugats (min; MJ),
la distancia total (m; DT), la velocitat pic aconseguida
(km/h), la distancia recorreguda a alta intensitat (DAI:
> 15 km/h), la distancia recorreguda i el nombre d’es-
prints (>21 km/h), el nombre d’acceleracions (Acce) i
desacceleracions (Des), classificats en 3 categories d’in-
tensitat: i) baixa (Z1: 1-1.9 m/s?), ii) moderada (Z2:
2-2.9 m/s?), i iii) alta intensitat (Z3: >3 m/s?). Totes les
variables, a excepcié de la velocitat pic, van ser expres-
sades de forma absoluta i de forma relativa als minuts
de joc (m/min o n/min). A més, es va establir la ratio
treball: descans (T:D), dividint la distancia recorreguda
>6 km/h / distancia <6 km/h.

Analisi de les dades

Es va realitzar una analisi descriptiva de tot el conjunt
de dades, presentades com a mitjanes i desviacions es-
tandard (+DE), amb el 95% d’interval de confianca
(IC) i la mida de I’efecte (ME). L’analisi de les diferen-
cies per demarcacions i per quarts es va realitzar mitjan-
cant una analisi de la variancia (ANOVA) de doble via
(demarcacions x quarts). Es va dur a terme una analisi
de conglomerats (cluster analysis) per a establir grups
segons la variable de minuts jugats. Els llindars per als
ME van ser < 0.2; 0.2-0.6 (trivial), 0.6-1.2 (petit),
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1.2-2.0 (moderate), 2.0- 4.0 (large) and 2.0-4.0 (very
large) (Hopkins, 2002). All the statistical analyses
were performed using the SPSS 18.0 statistical pack-
age for i0S. The level of significance allowed was
p <.05.

Results

The total distance run was 8.8% higher for for-
wards than for midfielders (ES: 0.7) and 18.9%
higher than defenders (ES: 0.9). The high-intensity
distance (> 15 km/h) was also higher for forwards
than for midfielders (9.4 +2.4%; ES: 0.78) and
defenders (33.1 +7.2%; ES: 2.1), while the dis-
tance at a sprint (>21 km/h) shows higher values
in forwards than in defenders (41.19 +21.4%; ES:
1.05) (Fig. 1). The variables representing neuro-
muscular effort (Acc, Dec) related to amount of
playing time were also higher for forwards than
midfielders (23.9 + 12.2%; ES: 0.8) and defend-
ers (50.4 +24.4 %; ES: 0.99-1.6), especially those
that occur in Z2 (Fig. 2). The W:R ratio was also
higher for forwards and midfielders compared to
defenders (36.4 +5.3; ES:1.4 and 35.4 +4.9; ES:
0.7, respectively).

In terms of the analysis by quarters, all the posi-
tions showed a higher distance relative to the amount
of time played in Q4 (21.7-27.3%) than in the other
quarters (ES: 0.7-1.2). High-intensity distance run-
ning was also higher in Q4 than in Q2 and Q3 (ES:
0.6-1.25), although not compared to Q1 (ES: 0.1-0.4)
(Fig. 1). The number of sprints completed was higher
in Q4 than in the other quarters (25 4+ 13.7 %), al-
though only for midfielders (ES: 0.7-0.9). The num-
ber of Dec/min completed in Z1 was higher in Q4
than in the other quarters for both midfielders (ES:
0.9) and forwards (ES: 0.6-0.7), although not for de-
fenders (Fig. 2).

Finally, cluster analysis was performed in
which the players were grouped according to MP.
This resulted in 3 groups: i) < 32 min (mean:
30.4 +1.7), ii) between 32 and 45 min (mean:
38.6 +4.2), and iii) > 45 min (mean: 50.1 +5.2).
The players in groups 1 and 2 covered a greater
distance at a sprint (ES: 1.9 and 1.2) and HID/min
(ES: 2.1 and 1.1) compared to group 3. The rela-
tive distance was higher for group 1 than groups
2 and 3 (Table 1), with 13.1 + 6.7 % more than
group 2 and 19.9 +8.9 % more than group 3.

1.2-2.0 (moderat), 2.0- 4.0 (gran) i 2.0-4.0 (molt gran)
(Hopkins, 2002). Totes les analisis estadistiques van ser
realitzades utilitzant el paquet estadistic SPSS 18.0 per a
i0S. El nivell de significacié admes va ser de p < .05.

Resultats

La distancia total recorreguda va ser un 8.8% superior
per a les davanteres respecte a les migcampistes (ME:
0.7) i un 18.9% més alt respecte a les defenses (ME:
0.9). La distancia a alta intensitat (> 15 km/h) també va
ser major per a les davanteres que per a les migcampistes
(9.44+2.4%; ME: 0.78) i defenses (33.1 +7.2%; ME:
2.1), mentre que la distancia a esprint (>21 km/h) mos-
tra valors majors en les davanteres respecte a les defen-
ses 41.19 +21.4%; ME: 1.05) (figura 1). Les variables
representatives d’esfor¢os neuromusculars (Acce, Des)
relatives al temps de joc també van ser majors per a les
davanteres respecte a les migcampistes (23.9 + 12.2%;
ME: 0.8) i defenses (50.4 +24.4%; ME: 0.99-1.6)
sobretot les que ocorren en la Z2 (figura 2). La ratio
T:D també va ser major per a davanteres i migcampis-
tes en comparacio a les defenses (36.4 +5.3; ME: 1.4 i
35.4+ 4.9; ME: 0.7, respectivament).

Quant a I’analisi per quarts, totes les demarcacions
van mostrar una distancia relativa al temps jugat més alt
en el Q4 (21.7-27.3%) que en la resta dels quarts (ME:
0.7-1.2). La distancia recorreguda a alta intensitat també
va ser superior en el Q4 respecte al Q2 i Q3 (ME: 0.6-
1.25), encara que no respecte al Q1 (ME: 0.1-0.4) (fi-
gura 1). El nombre d’esprints completats va ser superior
en el Q4, respecte a la resta de quarts (25 + 13.7%), en-
cara que només per a les migcampistes (ME: 0.7-0.9).
El nombre de Des/min completades en la Z1 van ser
majors en Q4 que en la resta dels quarts, tant per a les
migcampistes (ME: 0.9) com per a les davanteres (ME:
0.6-0.7), encara que no va ser aixi en el cas de les de-
fenses (figura 2).

Finalment, es va realitzar una analisi cldster en el
qual es van agrupar les jugadores en funci dels MJ.
Com a resultat, es van obtenir 3 grups: i) < 32 min
(mitjana: 30.4 + 1.7), ii) entre 32 i 45 min (mitjana:
38.6 +4.2), iiii) > 45 min (mitjana: 50.1 +5.2). Les
jugadores pertanyents als grups 1 i 2 van cobrir major
distancia a esprint (ME: 1.91 1.2) i DAI/min (ME: 2.1 i
1.1) en comparacié amb el grup 3. La distancia relativa
va ser superior per al grup 1, en comparacié amb els
grups 2 i 3 (taula 1). Mostrant un 13.1 4+ 6.7% més res-
pecte al grup 2 i un 19.9 + 8.9% més respecte al grup 3.
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Figure 1. Kinematic variables by quarters.

Figura 1. Variables cinematiques per quarts.
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Figure 2. Analysis of accelerations and decelerations by quarter.
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Figura 2. Analisis de les acceleracions i desacceleracions per quarts.
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Table 1 Taula 1
Comparison of the kinematic variables according to the number Comparacio de les variables cinematiques en funcio dels minuts
of minutes played jugats
MP N ES 95% ClI
MJ N ME 95% IC
m/min (total) m/min (totals) < 32min 15 64.91 + 6.17 61.49 68.33
>32<45 25 73.12 + 8.27 108 69.70 76.53
> 45 10 82.48 + 9.50 2:3#1.08 75.68 89.28
Distance at a sprint/min  Distancia a esprint/min < 32min 29.12 + 8.03 24.68 33.57
>32 <45 23.08 + 6.46 ‘085 20.41 25.74
> 45 15.71 = 4.14 1.97#1.24 12.75 18.67
m/min (plays) m/min (jugats) < 32min < 32min + 23.56 158.42 184.51
>32 <45 >32 <45 + 18.01 R 141.52 156.39
> 45 137.28 + 17.46 7 0.60 124.79 149.77
HID/min DAI/min < 32min < 32min = 6.97 27.61 35.33
>32 <45 >32<45 + 7.24 094 21.18 27.16
> 45 16.84 + 6.67 2134111 12.07 21.61
HID DAI < 32min 920.09 + 231.17 792.08 1048.11
>32 <45 912.28 + 246.11 0.03 810.69 1013.87
> 45 845.93 + 311.84 0.28//0.25 622.86 1069.01
Total distance Distancia total < 32min 5036.22 + 706.93 4644.73  5427.70
>32 <45 5609.45 + 566.61 092 5375.56  5843.33
> 45 6856.91 + 761.18 25420 6312.39  7401.42
Acc/min Z1 Acce/min Z1 < 32min 9.98 + 2.88 8.38 11.57
>32 <45 10.80 + 2.83 0.28 9.64 11.97
> 45 11.60 + 2.42 0.6/0.3 9.86 13.33
Acc/min Z2 Acce/min Z2 < 32min 293 + 1.16 2.29 3.58
>32 <45 2.76 + 1.06 015 2.32 3.20
> 45 2.03 + 0.85 0.85//0.72 1.42 2.64
Acc/min Z3 Acce/min Z3 < 32min 0.39 + 0.42 0.16 0.62
>32 <45 0.27 + 0.29 035 0.15 0.39
> 45 0.19 + 0.22 0.56//0.3 0.04 0.35
Dec/min Z1 Des/min Z1 < 32min 7.90 + 2.73 6.39 9.41
>32 <45 8.35 + 2.60 0417 7.28 9.43
> 45 8.36 + 2.30 0.17//0.00 6.71 10.01
Dec/min Z2 Des/min Z2 < 32min 2.09 + 0.66 1.73 2.46
>32 <45 1.73 + 0.79 0.48 1.41 2.06
> 45 1.36 + 0.46 e 0.52 1.03 1.68
Dec/min Z3 Des/min Z3 < 32min 0.28 + 0.22 0.16 0.41
>32 <45 0.20 + 0.24 0.34 0.10 0.30
> 45 0.20 + 0.23 0.35//0.00 0.04 0.37
W:R T:D < 32min 2.91 + 0.41 2.69 3.14
>32 <45 2.58 + 0.63 0.59 2.32 2.84
> 45 2.30 + 0.58 .26 0.45 1.88 2.71
Acc Z1 Acce Z1 < 32min 125.93 + 22.34 113.56 138.30
>32 <45 135.80 + 21.93 0.44 126.75 144.85
> 45 163.30 + 23.81 163 #1.22 146.26 180.34

* Significant differences with <32; # Significant differences with >32<45. Acc:
accelerations; Dec: decelerations. MP: number of minutes played; ES: effect size
for significant and non-significant values (bold font); Cl: confidence intervals;
W:R: work:rest ratio; HID: high-intensity distance.

* Diferencies significatives amb <32; # Diferéncies significatives amb >32<45.
Acce: acceleracions; Des: desacceleracions. MJ: minuts jugats; ME: mida de
I'efecte. per a valors significatius i no significatius (negreta); IC: intervals de con-
fianga; T:D: ratio treball: descans; DAI: distancia alta intensitat
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Table 1 Taula 1
(Continuation) (Continuacio)
MP N ES 95% Cl
MJ N ME 95% IC

Acc Z2 Acce Z2 < 32min 36.80 + 9.69 31.43 4217
>32 <45 38.72 + 10.91 018 34.22 43.22
> 45 29.90 + 9.56 0.71//0.83 23.06 36.74

Acc Z3 Acce Z3 < 32min 4.93 + 3.53 2.98 6.89
>32 <45 3.80 + 3.21 034 2.47 5.13
> 45 2.90 + 1.97 0.67//0.31 1.49 4.31

Dec 71 Des 71 < 32min 98.53 = 16.93 89.16 107.91
>32 <45 108.08 + 19.29 051 100.12 116.04
> 45 120.30 + 24.94 “1.06 058 102.46 138.14

Dec 22 Des Z2 < 32min 26.93 + 6.37 23.40 30.46
>32 <45 24.88 + 6.92 030 22.02 27.74
> 45 20.90 + 4.07 1.08//0.63 17.99 23.81

Dec Z3 Des Z3 < 32min 427 + 1.87 3.23 5.30
>32 <45 2.84 + 2.44 063 1.83 3.85
> 45 3.30 + 2.21 0.48//0.19 1.72 4.88

Distance at a sprint Distancia a esprint < 32min 873.83 + 245.91 737.65 1010.01
>32 <45 874.61 + 221.91 0.00 783.01 966.21
> 45 795.61 + 213.80 0.33//0.36 642.66 948.56

No. of sprints Nre. esprints < 32min 64.20 = 17.59 54.46 73.94
>32 <45 64.80 = 64.80 001 58.23 71.37
> 45 64.80 + 64.80 0.01//0.00 55.34 74.26

* Significant differences with <32; # Significant differences with >32<45. Acc:
accelerations; Dec: decelerations. MP: number of minutes played; ES: effect size
for significant and non-significant values (bold font); Cl: confidence intervals;
W:R: work:rest ratio; HID: high-intensity distance.

In terms of the neuromuscular variables, the Dec/
min in Z2 were lower for group 3 (1.36 + 0.46;
ES: 1.23), as were the absolute accelerations
(163.34+£23.81; ES: 1.63 and 1.22) and decelerations
(120.2 + 24.94; ES: 1.06) in Z1. The W:R ratio
showed the same behaviour (2.3 + 0.58; ES: 1.26).
No differences were found in the other variables.

Discussion

The main objective of this study was to compare the
kinematic demands of competition in international
women’s field hockey bearing in mind the players’
position, the quarters in the match and the number
of minutes played in competition. The main find-
ings of this study were that (a) differences between
positions were found for all the variables analysed;
(b) the distance run per minute in Q4 is higher than in
the preceding quarters regardless of the player’s posi-
tion; and (c) the players in the group with the lowest

* Diferencies significatives amb <32; # Diferéncies significatives amb >32<45.
Acce: acceleracions; Des: desacceleracions. MJ: minuts jugats; ME: mida de
I'efecte. per a valors significatius i no significatius (negreta); IC: intervals de con-
fianga; T:D: ratio treball: descans; DAI: distancia alta intensitat

Quant a les variables neuromusculars, les Des/min en
72 van mostrar ser menors per al grup 3 (1.36 + 0.46;
ME: 1.23), aixi com les acceleracions (163.3 4+ 23.81;
ME: 1.63 i 1.22) i desacceleracions (120.2 + 24.94; ME:
1.06) absolutes en Z1. La ratio T:D també va mostrar el
mateix comportament (2.3 + 0.58; ME: 1.26). No es van
observar diferéncies en la resta de les variables.

Discussio

El principal objectiu del treball va ser comparar les de-
mandes cinematiques de la competicié en hoquei sobre
herba femeni de nivell internacional, atesa la demarcacid
de les jugadores, als quarts del partit i als minuts jugats
en competicié. Les principals troballes d’aquest estudi
han estat que (a) per a totes les variables analitzades
s’observen diferéncies entre demarcacions; (b) la distan-
cia recorreguda per minut en el Q4, independentment de
la demarcaci6 de joc, és superior que en els quarts pre-
cedents i (c) les jugadores agrupades en menor nombre
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number of MP performed more kinematic activity per
minute of play.

Despite the fact that comparing with other stud-
ies published in the literature is complicated due to
different techniques used to analyse travel (Randers
et al., 2010) or different GPS devices used (Buch-
heit et al., 2014), the values found in this study are
higher than those reported in the literature to date.
Thus, the distance run per minute of practise is 15-
20% higher than was reported by McGuinness et al.
(2017) and 35-50% higher than the figures found by
Vescovi and Frayne (2015). In addition to the differ-
ences due to the different tools used, the match for-
mat (4 quarters vs. 2 halves) and the athletes’ level
could also explain these differences.

With regard to positional demands, it is worth
highlighting that the kinematic demands of the de-
fenders are significantly lower than the midfielders
and forwards, which concurs with previous studies
(McGuinness et al., 2017; Vescovi & Frayne, 2015).
The relative distance run was around 20% higher in
forwards than in defenders in the first, second and
third quarters, and also around 13% higher in mid-
fielders than in defenders in the second quarter. The
most current studies also report that forwards and
midfielders showed 13% more distance run per min-
ute of play than defenders (McGuinness et al., 2018).
In this study the differences between forwards and
defenders are even more accentuated, up to 35% in
relative distance run.

HID and sprint also seem to be position-depen-
dent. In this study, defenders showed significantly
lower values for the majority of variables studied
compared to midfielders and especially forwards,
the latter being the players with the highest values in
these variables. These results seem to support pre-
vious findings, with a lower number of high-speed
movements and sprints in defenders regardless of the
athletes’ gender (Vescovi & Frayne, 2015). Howev-
er, these differences in high-speed travel and sprint-
ing actions were not reported in all studies (McGuin-
ness et al., 2017). Therefore, perhaps it is necessary
to express the demands according to the amount of
time on the field in order to study players’ activity
on the field; not doing so could explain the absence
of differences between the demands om women play-
ers in different positions in previous studies (Mc-
Guinness et al., 2018). Furthermore, it is important
to bear in mind that comparisons with other studies

de MJ realitzen més activitat cinematica relativa al mi-
nut de joc.

Tot i que la comparacié amb altres treballs publi-
cats en la literatura és complicada, a causa de diferents
tecniques d’analisis dels desplacaments (Randers et al.,
2010) o diferents dispositius GPS utilitzats (Buchheit et
al., 2014), els valors oposats en aquest treball sén més
elevats que els reportats per la literatura fins avui. Aixi,
la distancia recorreguda per minut de practica és un 15-
20% superior respecte a ’aportada per McGuinness et al.
(2017) 1 un 35-50% superior respecte a les dades aporta-
des per Vescovi i Frayne (2015). A més de les possibles
diferéncies existents degudes a les diferents eines utilitza-
des, el format del partit (4 quarts vs. 2 parts) o el nivell
de les esportistes podrien justificar aquestes diferencies.

Respecte a les demandes posicionals cal destacar que
les demandes cinematiques mostrades per les defenses
son significativament inferiors respecte a les jugadores
migcampistes i davanteres, la qual cosa coincideix amb
anteriors treballs (McGuinness et al., 2017; Vescovi i
Frayne, 2015). La distancia recorreguda relativa va ser
al voltant d’un 20% superior en davanteres respecte a
defenses en el primer, segon i tercer quart i també al
voltant d’un 13% major en migcampistes en comparacio
a les defenses en el segon quart. Els estudis més actuals
van reportar també que les davanteres i migcampistes
mostraven un 13% més de distancia recorreguda relativa
al minut de practica respecte a les defenses (McGuinness
et al., 2018). En el present estudio les diferéncies entre
davanteres i defenses s’accentuen més, fins a un 35% en
la distancia recorreguda relativa.

Les DAI i esprint també semblen ser demarcacions
dependents. En aquest treball, les defenses presenten
valors significativament més baixos per a la majoria de
les variables estudiades respecte a les migcampistes i
especialment respecte a les davanteres, sent aquestes Ul-
times les que presenten els valors més elevats en aques-
tes variables. Aquests resultats semblen donar suport a
les troballes previes, amb menor quantitat de despla-
caments a alta velocitat i esprint en defenses, indepen-
dentment del genere dels esportistes (Vescovi i Frayne,
2015). No obstant aix0, aquestes diferencies en accions
realitzades a alta velocitat de desplacament i esprint no
apareixen en tots els treballs (McGuinness et al., 2017).
En aquest sentit, possiblement per a estudiar 1’acti-
vitat que les jugadores realitzen en el camp és ne-
cessari expressar les demandes en funcid del temps
de joc en camp, i no fer-ho d’aquesta manera pot
justificar I’absencia de diferéncies entre 1’exigéncia

66

Apunts. Educaci6 Fisica i Esports. 2019, num. 137. 3r trimestre (juliol-setembre), pag. 56-70. ISSN-0214-8757



Demandes cinematiques de competicié internacional en 'hoquei sobre herba femeni

Kinematic Demands of International Competition in Women’s Field Hockey

are difficult due to differences in the speed thresh-
olds that categorise the movements (Cummins et al.,
2013), the lack of individualisation of these ranges
according to the participants’ individual characteris-
tics (Sweeting et al., 2017) and the different mea-
suring devices and time criteria used to monitor the
athletes’ displacements (Malone, Solan, Hughes, &
Collins, 2017).

The amount of time played may be a variable
which influences the intensity of play (Carling, Es-
pié, Le Gall, Bloomfield, & Jullien, 2010; Dellal,
Lago-Penas, Wong, & Chamari, 2011; Malone et
al., 2017; Russell, Sparkes, Northeast, & Kilduff,
2015). Similar to what was found in previous stud-
ies (McGuinness, et al., 2017; Vescovi & Frayne,
2015), the number of minutes that the players who
occupy defensive positions played was significant-
ly higher than midfielders and forwards, the latter
being the ones who played the lowest number of
minutes (Vescovi & Frayne, 2015). Studies in oth-
er sports like football show a lower intensity in the
match when there is overtime (Russell et al., 2015)
in addition to a decrease in intensity in small sided
games situations when the duration of the repeti-
tion is lengthened (Carling et al., 2010). Recent-
ly it has also been reported that the intensity of
the most demanding periods in competition drops
as the length of the analysis time in different team
sports increases (Delaney, Thornton, Burgess,
Dascombe, & Duthie, 2017; Delaney, Thornton,
Rowell et al., 2017). Therefore, it is held that this
difference in the number of minutes according to
the position occupied by the players in this study
directly influences the intensity of the game, thus
making it a key factor in preparing athletes for
competition.

With regard to the comparison between the
quarters, it is worth noting that no decrease in the
activity of the players was noticed as the match
wore on. In fact, for the majority of variables
the tendency was the opposite, with higher values
found in the last quarter compared to the previous
ones. Specifically, in the last quarter the forwards
played significantly longer than in the other peri-
ods, with the highest values of distance and HID
per minute of play. However, previous studies
found between a 4% (McGuinness, et al., 2017)
and a 7-9% (Vescovi & Frayne. 2015) decrease in
players’ activity in the second half, or a decrease

a jugadores de diferents demarcacions en treballs an-
teriors (McGuinness et al., 2018). A més, és important
tenir en compte que la comparaci6 amb altres treballs és
dificil a causa de les diferencies existents en els llindars
de velocitat que categoritzen els desplacaments (Cum-
mins et al., 2013), la no individualitzaci6 d’aquests
rangs en funci6 de les caracteristiques individuals de les
participants (Sweeting et al., 2017) i els diversos dispo-
sitius de mesura i criteris temporals utilitzats en el mo-
nitoratge dels desplacaments de les esportistes (Malone,
Solan, Hughes i Collins, 2017).

El temps jugat pot ser una variable que influeixi en
la intensitat del joc (Carling, Espié, LeGall, Bloomfield
i Jullien, 2010; Dellal, Lago-Penas, Wong i Chamari,
2011; Malone et al., 2017; Russell, Sparkes, Northeast
i Kilduff, 2015). De forma similar a I’oposat en treballs
previs (McGuinness, et al., 2017; Vescovi i Frayne,
2015) el nombre de minuts de joc per a les jugadores
que ocupen la demarcaci6é de defensa va ser significati-
vament superior respecte a les migcampistes i davante-
res, sent aquestes dltimes les que en menor quantitat de
minuts participen (Vescovi i Frayne. 2015). Estudis en
altres esports com el futbol mostren menor intensitat en
partit quan existeixen prorrogues (Russell et al., 2015),
a més del descens de la intensitat en situacions de jocs
reduits quan s’allarga la durada de la repeticié (Carling
et al., 2010). Recentment també s’ha reportat com la in-
tensitat dels periodes més demandants de la competicid
disminueix a mesura que augmenta la durada temporal
de l’analisi en diferents esports col-lectius (Delaney,
Thornton, Burgess, Dascombe i Duthie, 2017; Dela-
ney, Thornton, Rowell et al., 2017). S’entén, per tant,
que aquesta diferéncia en el nombre de minuts oposat en
funci6 de la posicié ocupada per les jugadores influeix
directament en la intensitat de joc, resultant per tant un
aspecte clau en la preparaci6 de les esportistes per a la
competicio.

Respecte a la comparacié entre diferents quarts cal
destacar que no s’ha observat una disminucié en 1’ac-
tivitat de les jugadores a mesura que avanca el partit.
De fet, per a la majoria de les variables la tendencia és
la contraria, amb majors valors oposats en I’altim quart
respecte als anteriors. De forma concreta, les davanteres
en el darrer quart juguen un periode de temps significa-
tivament major respecte a la resta de periodes, obtenint
els valors de superior distancia i DAI per minut de joc.
No obstant aix0, altres estudis van trobar una disminu-
ci6 en I’activitat desenvolupada per les jugadores durant
la segona part de el 4% (McGuinness, et al., 2017) i el
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in HID as opposed to an increase in the distance
run at a moderate intensity throughout the quarters
(McGuinness et al., 2018).

One explanation for these results could be the high
performance level of the participants (international
players). Perhaps better physical conditioning enables
the players to meet the demands of the game with-
out the activity causing unmanageable fatigue. There-
fore, these results should be applied to other compet-
itive contexts with caution, given that the time trend
in kinematic activity may be different. The increase
in activity found in Q4 may be affected by the score
(Spencer et al., 2005). Perhaps due to the fact that
the scores were close, kinematic activity increased
towards the end of the match in an effort to win it.
However, this hypothesis should be further explored
in future studies.

When bearing in mind the number of minutes
played via the cluster analysis, it was found that
there were significant differences for the variables
related to distance at a sprint, total distance and
HID, with the highest intensity found in the group
with the fewest minutes played. Furthermore, the
highest intensity values (m/min) in the group with
the minutes played showed significant differences.
Conversely, in the load values the players with the
most minutes played showed higher values, per-
haps due to the higher volume. It is worth noting
that there were no forwards who accumulated more
than 45 min per match or defenders with less than
32 min. Therefore, it seems that defenders’ longer
length of play is not what explains the decrease in
the intensity of play, with average participation of
15 minutes more than forwards.

Some of the main limitations of this study are
related to the number of matches studied and the
absence of information on the internal and techni-
cal-tactical load. Being aware of the repercussions
of the players’ activity on their bodies would make
it possible to calculate cardiovascular efficiency
rates, which would in turn enable study of their
evolution throughout the match and make compari-
sons among positions. Furthermore, information on
the number of times each player participates in the
game, as well as the length of each participation
and downtime between participations, could pro-
vide more information on the density of the efforts
they make while playing international women’s
field hockey.

7-9% (Vescovi i Frayne. 2015), o una disminuci6 de la
DAI davant d’un augment de la distancia recorreguda a
intensitat moderada al llarg dels quarts (McGuinness et
al., 2018).

Una explicaci6é a aquests resultats podria ser 1’alt
nivell de rendiment de les participants (jugadores in-
ternacionals). Potser majors nivells de condici6 fisica
permetrien a les jugadores satisfer les demandes del
joc sense que l’activitat realitzada suposi una fatiga
que no siguin capaces de gestionar. Per tant, I’aplica-
ci6 d’aquests resultats a altres contextos competitius ha
de ser cautelosa, ja que la tendéncia temporal en 1’ac-
tivitat cinematica pot ser diferent. L’augment en I’acti-
vitat trobat en el Q4 es pot veure afectat pel marcador
(Spencer et al., 2005). Potser pel fet que els marcadors
van ser proxims, 1’activitat cinematica es va augmentar
cap al final del partit de cara a aconseguir la victoria.
No obstant aix0, aquesta hipotesi s’ha de desenvolupar
en futurs treballs.

Quan es tenen en compte els minuts jugats a través
de I’analisi claster s’observa que existeixen diferen-
cies significatives per a les variables relatives de dis-
tancia a esprint, distancia total i DAI, mostrant major
intensitat el grup de menor nombre de minuts jugats.
A més, els majors valors d’intensitat (m/min) en el
grup de menor quantitat de minuts jugats mostren di-
feréncies significatives. Al contrari, en els valors de
carrega les jugadores que acumulen més minuts jugats
presenten valors més elevats, degut possiblement al
major volum. Cal destacar que no existeixen davante-
res que acumulin més de 45 min de partit, ni defenses
amb menys de 32 min. Sembla, per tant, que no és
una major durada de joc per part de les defenses la
que explica els descensos en la intensitat de joc, amb
participacions de mitjana de 15 min més respecte a les
davanteres.

Algunes de les principals limitacions d’aquest estu-
di es refereixen al nombre de partits estudiats i a 1’ab-
séncia d’informacié de carrega interna i tecnicotactica.
Coneixer la repercussié en I’organisme de 1’activitat de-
senvolupada per les jugadores permetria el calcul d’in-
dexs d’eficiencia cardiovascular, podent estudiar la seva
evolucid al llarg del partit i realitzar comparacions en-
tre demarcacions. A més, informacié sobre el nombre
d’ocasions en les quals cada jugadora participa en camp,
aixi com de la durada de cada participacid i entre-parti-
cipacions, podrien aportar més dades sobre la densitat
dels esforcos que es duen a terme durant la practica de
I’hoquei femeni internacional.
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Practical Applications

Coaches need to be aware that there are clear differ-
ences between positions which should be borne in
mind when designing tasks, both technical-tactical and
conditioning, in the training process. Furthermore,
differences in the number of minutes and cumulative
load during matches should guide the management of
training loads. It is also important to consider that the
strategies used in rotations may influence the external
load, and in the case of an international tournament
with consecutive matches this information should be
taken into account when planning the system. A re-
cent study seems to indicate that the higher the oppo-
nent’s level, the greater the kinematic demands in the
domestic league, so information on rotations could
also be taken into account when applying it (Vinson,
Gerrett, & James, 2018).

The quarter system recently implemented in field
hockey also seems to have had an effect on the high
intensity maintained until the end of the game (last
quarter), which means that appropriate recovery strat-
egies must be designed to help the athlete keep up
their performance (hydration, supplements, etc.).

Conclusions

The results of this study show that the physical de-
mands on elite women field hockey players depend
on their position on the pitch, and that there is more
activity in the last quarter and less kinematic activity
per minute of play among the players who played the
most minutes during the match.
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Aplicacions practiques

Els técnics han de tenir present que existeixen clares
diferéncies entre demarcacions que han de tenir-se en
compte a I’hora de dissenyar les tasques, tant tecni-
cotactiques com de caracter condicional en el procés
d’entrenament. A més, diferéncies en el volum de
minuts i carrega acumulada durant els partits haurien
d’orientar en la gestid de carregues d’entrenament.
D’altra banda, és important considerar que les estra-
tegies utilitzades en les rotacions poden influir en la
carrega externa, en cas d’un torneig a nivell interna-
cional amb partits consecutius aquesta informaci6 pot
ser tinguda en compte per a planificar el sistema. Un
estudi recent sembla indicar que, a nivell més alt del
rival, les demandes cinematiques sén superiors en els
casos de en lliga domestica, per la qual cosa la infor-
macid sobre les rotacions podria valorar-se també per a
la seva aplicacidé (Vinson, Gerrett i James, 2018).

El sistema de quarts implantat recentment en 1’ho-
quei sobre herba sembla tenir efecte també en 1’alta in-
tensitat mantinguda fins al final (Gltim quart), la qual
cosa obliga a dissenyar estrateégies de recuperacié ade-
quades per a ajudar 1’esportista a mantenir el rendiment
(hidrataci6, suplementacio, etc.).

Conclusions

Els resultats d’aquest estudi mostren que les demandes fi-
siques en jugadores d’elit d’hoquei depenen de la demar-
caci6 en el camp, amb major activitat en I’altim quart i
amb menor activitat cinematica per minut de joc en les
jugadores que acumulen més minuts durant el partit.
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