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ABSTRACT

Small-sided games (SSG) are played on a small pitch, often using modified rules and involving a smaller
number of players. This article aimed to critically analyse the literature to determine how small-sided
games affect the performance of football players in the short- and long term. Electronic databases were
searched for literature dating from January 2000 to July 2018. The methodological quality of the studies
was evaluated using the modified Downs and Black Quality Index (cross-sectional studies) and the
Physiotherapy Evidence Database (PEDro) scale (intervention studies). Fifty-three studies, 44 cross-
sectional and 9 intervention studies, met the inclusionary criteria for review. Most of the cross-sectional
studies focused on describing the differences between SSG protocols, whereas 4 studies focused on
making a comparison between “interval” and “continuous” SSG training regimes. On the other hand,
intervention studies focused on making a comparison between SSG-based protocols and high-intensity
intermittent training (HIIT)-based running protocols, in addition to determine the effect of a SSG-based
training programme alone. SSG-based football plans (2 to 4 SSG sessions per week) show athletic
performance improvements in football players by improving sprint, repeated sprint ability (RSA) and
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change of direction (COD) along with muscular and physiological adaptation.

1. Introduction

Football has an intermittent nature that encompasses brief
bouts of high-intensity running and longer periods of low-
intensity exercise (Rampinini, Coutts, Castagna, Sassi, &
Impellizzeri, 2007). Although aerobic energy production dom-
inates energy provision in football, elite senior players perform
up to 250 brief high-intensity actions during a match. This
indicates the high anaerobic demands during intense periods
of play (Bangsbo, 1994). In particular, for high match perfor-
mance, it is essential to increase players’ ability to maintain
intense levels of activity and to limit fatigue at the same time,
which means that players require well-developed aerobic
endurance (Kokli, Sert, Alemdaroglu, & Arslan, 2015). High-
intensity intermittent training (HIIT) allows the improvement
of aerobic capacity (Billat, Hamard, & Koralsztein, 2002) and
the ability to perform high-intensity actions and directional
changes (Dellal et al., 2010). In a previous study (Dellal,
Varliette, Owen, Chirico, & Pialoux, 2012), this method of train-
ing induced similar effects on the recovery capacity and on
the ability to repeat directional changes of 180° that small-
sided games (SSGs) demand. SSGs are therefore a HIIT method
that allows the improvement of specific physical capacities of
football, besides working with the ball, in a certain area of the
pitch with their teammates, including game conditions played
with fewer players in smaller field dimensions.

In high performance sports, it has been well documented
that the maximum benefits are achieved when the training

stimuli are similar to competitive demands (Bompa, 1983). The
principle of specificity justifies the use of these kinds of drills in
training (Reilly, Morris, & Whyte, 2009), so SSGs are thought to
be more suitable than traditional interval training for the
development of particular physical characteristics required
for matches as they involve the actual movement patterns
used in football (Impellizzeri et al, 2006; Kokli, Ersoz,
Alemdaroglu, Asc, & Ozkan, 2012). Considering the lack of
time for football coaching (especially at amateur level), SSGs
also seem to be a time-efficient strategy. Furthermore, coa-
ches can modify the intensity of SSGs according to the aims of
training (Aguiar, Botelho, Gongalves, & Sampaio, 2013) by
changing several variables such as the number of players
taking part (Brandes, Heitmann, & Miiller, 2012; Hill-Haas,
Dawson, Coutts, & Rowsell, 2009; Kokli, Asci, Kocak,
Alemdaroglu, & Diindar, 2011), dimensions of the playing
area (Aslan, 2013; Casamichana & Castellano, 2010; Kelly &
Drust, 2009), rules of the game (Hill-Haas, Coutts, Dawson, &
Rowsell, 2010), the use of “floater” players (Mallo & Navarro,
2008), the number of touches (Roman-Quintana et al., 2013),
the game format (Castellano, Casamichana, & Dellal, 2013) or
the number and duration of task repetitions (Casamichana,
Castellano, & Dellal, 2013; Fanchini et al., 2011; Hill-Haas,
Rowsell, Dawson, & Coutts, 2009). This type of exercise allows
the attainment of maximal heart rate (HRmax) in an equivalent
proportion to that observed during match play, that is, ran-
ging from 80 to 90% of HRmax (Stelen, Chamari, Castagna, &
Wislaff, 2005). However, some results suggested that when
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compared with large SSG formats or match play, small SSGs
(under certain conditions) do not simulate the high-intensity
efforts and repeated sprints that the full game demands
(Casamichana, Castellano, & Castagna, 2012).

In light of the above, it is necessary to have a global
understanding of the stimulus imposed on football players
during SSGs, in order to optimise the training adaptation. It
has been demonstrated that SSGs containing smaller num-
bers of players elicit greater HR, blood lactate accumulation
(BLa) and perceptual responses (Hill-Haas, Dawson,
Impellizzeri, & Coutts, 2011), that were also higher on med-
ium and large pitch sizes compared with small pitches (Hill-
Haas et al., 2011; Rampinini, Impellizzeri, et al., 2007). In this
regard, recent studies reported that the largest game format
is associated with a greater range of distances travelled at
high speeds (Casamichana & Castellano, 2010; Hill-Haas
et al, 2011). On the other side, the smaller game formats
increase the individual technical actions (Jones & Drust,
2007; Owen, Twist, & Ford, 2004). Likewise, it has been
found that SSGs without goals and with coaches’ encour-
agement increased the intensity of SSGs (Casamichana,
Castellano, Gonzalez-Moran, Garcia-Cueto, & Garcia-Lopez,
2011; Rampinini et al,, 2007). In addition, the total distance
covered at high speed was higher when the number of ball
contacts allowed was reduced (Dellal, Chamari, et al., 2011b).
Also, SSG football training is typically completed in the form
of intervals as opposed to continuous duration play, which is
more typical of actual game play (Aguiar, Botelho, Lago,
Magas, & Sampaio, 2012). There are several studies that
focused on the influence of interval or continuous SSG
training that show that neither training regimen appears to
offer any major advantage over the other, supporting the
use of both for football-specific training (Hill-Haas, Rowsell,
et al., 2009a; Kokld, 2012).

Modern elite football is characterised by the capacity of
players to play with fewer ball contacts per possession (Dellal,
2008). Sampaio et al. (2007) reported an increase in ratings of
perceived exertion (RPE) when a SSG was played in free-play
form versus a SSG played with a maximum of two touches per
possession with youth players. However, they observed no
change in the percentage of HRmax. Similarly, Aroso, Rebelo,
and Gomes-Pereira (2004) compared SSGs played in free play
and played with a maximum of three touches per possession
in amateur football players, and reported a significant increase
in BLa. Dellal et al. (2011) showed that modification of the
number of ball contacts allowed per individual possession
influenced the technical activities, physical demands, and phy-
siological responses of elite football players during SSGs.

Also, evidences have been provided about differences
between elite and amateur players concerning their physical,
physiological and technical profiles (Dellal, Hill-Haas, Lago-
Penas, & Chamari, 2011). SSGs might not be an ideal solution
for all playing standards and levels because Dellal, Owen, et
al., (2012) revealed that the physiological responses to SSGs
were skill and level dependent. There is a lack of studies
evaluating injury occurrence when modifying the variables
within SSGs. Moreover, the effects of SSGs on markers related
to risk of injury are still unknown, so further studies to associ-
ate the incidence of injury with SSGs are necessary.

To the best of the authors’ knowledge, 10 reviews have so
far been written about SSGs (Aguiar et al, 2012; Clemente,
Couceiro, Martins, & Mendes, 2012; Clemente, Lourenco
Martins, & Mendes, 2014; Clemente, Martins, & Mendes, 2014;
Halouani, Chtourou, Gabbett, Chaouachi, & Chamari, 2014;
Hammami, Gabbett, Slimani, & Bouhlel, 2017; Hill-Haas et al.,
2011; Little, 2009; Michailidis, 2013; Morgans, Orme, Anderson,
& Drust, 2014), of which only 3 (Halouani et al., 2014; Hammami
et al., 2017; Hill-Haas et al., 2011) were systematically performed
and included information about literature search strategies. Six
of these 10 studies focused on the effects of SSG formats on
physiological parameters (Clemente, Lourenco Martins, et al.,
2014; Clemente et al., 2014; Halouani et al., 2014; Hill-Haas
et al, 2011; Little, 2009; Morgans et al., 2014) whereas the
other 4 considered different SSG formats on physiological, kine-
matics and technical parameters (Aguiar et al., 2012; Clemente
et al.,, 2012; Hammami et al., 2017; Michailidis, 2013). As for the
type of population, all studies combined athletes of different
levels of game (did not focus on professional or amateur foot-
ball players). Altogether, it exists an abundance of SSG research
in the literature with new variables and training methodologies
used. Therefore, a systematic review that summarises findings
and new evidence about how SSGs affect football players from
a multidisciplinary perspective (physiological, external load,
technical/tactical and neuromuscular) in the short- and long-
term is needed, and this is the main purpose of the current
work. The insights gained from this review should assist the
prescription of SSG training sessions and programmes to
improve the performance of football players. Finally, it helps
to identify areas for future research, as well as it serves to
provide valuable information to coaches for the design and
promotion of the use of SSGs as part of a periodised condition-
ing programme for football players.

2. Material and methods
2.1 Search strategy

Electronic databases, including PubMed, ScienceDirect, Web of
Science, and SPORTDiscus, were searched for literature dating
from January 2000 to July 2018. The keywords used were
“small-sided games” or “small-sided football games” or
“small-sided soccer games” and “football players” or “soccer
players”. The search was limited based on publication date
(from January 2000 to July 2018), species (humans), language
(English), and age (=16 years). Duplicates between searches
were removed. Results of the search procedures are sum-
marised in Figure 1.

2.2 Selection criteria

Studies were included in the review if they met the following
criteria: (1) published in peer-reviewed journals; (2) included parti-
cipants 16 years or older; (3) involved amateur or professional
football players; (4) used methods of quantification perfectly vali-
dated (e.g. HR monitor, lactate analyser, Borg’s RPE scale, global
positioning system (GPS)); (5) used SSG-based testing sessions for
cross-sectional studies and, in the case of intervention studies,
SSG-based training programmes; and (6) all intervention lasted a
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8385 records identified through database searching

Web of Science = 3326
ScienceDirect = 1497
PubMed = 1484
SPORTDiscuss = 2278

Duplicate papers excluded

(n = 4583)

A

Potentially relevant papers
remaimning (xn = 4002)

Papers excluded on basis of

title and abstract (n = 3909)

Papers retrieved for more
detailed evaluation (= 93)

Papers excluded on basis of

=

eligibility criteria (7 = 40)

N

Y

=9

Included papers (32 = 33)

Intervention studies

Cross-sectional studies
G =44)

Figure 1. Flowchart illustrating the different phases of the search and selection of the studies.

minimum of 4 weeks (only intervention studies). Studies were
excluded if they (1) did not meet the minimum requirements of
an experimental study design (e.g. case reports), (2) did not meet
the minimum requirements regarding training design (e.g. lack of
information on volume, frequency, game format and/or training
methodology), (3) were not written in English, or (4) involved
untrained subjects (e.g. sports sciences undergraduate subjects),
team sports athletes other than football (e.g. basketball players,
rugby players), or non-male football players. Additionally, review
articles were not included in this systematic review. Based on the
inclusion and exclusion criteria, two independent reviewers (PBM
and FGP) screened the citations of potentially relevant publica-
tions. If the citation showed any potential relevance, it was
screened at the abstract level. When abstracts indicated potential
inclusion, full-text articles were reviewed. A third-party consensus
meeting was held with a third author (PALR) if the two reviewers
were not able to reach agreement on inclusion of an article.

2.3 Quality assessment

For cross-sectional studies (those focused on examining the acute
effects of SSG protocols on physiological, metabolic, and time-
motion measurements), quality was assessed using the modified
version of the Quality Index developed by Downs and Black
(Downs & Black, 1998). The original scale was reported to have
good test-retest (r = 0.88) and inter-rater (r = 0.75) reliability and
high internal consistency (Kuder-Richardson Formula 20 (KR-
20) = 0.89). Reliability of the subscales varied from good (bias) to
poor (external validity). The Quality Index correlated highly with an
existing, established instrument for assessing randomised studies
(r = 0.90). The modified version of the Downs and Black Quality
Index is scored from 1 to 14, with higher scores indicating higher-
quality studies.

For intervention studies (those focused on the impact of
SSG-based programmes on physiological and neuromuscu-
lar measurements), methodological quality was assessed
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using the Physiotherapy Evidence Database (PEDro) scale
(Maher, Sherrington, Herbert, Moseley, & Elkins, 2003), an
11-item scale that rates randomized controlled trials from 0
to 10, with 6 representing the cutoff score for high-quality
studies. One question was used to establish external validity
and was not included in the score. Only studies with PEDro
scores of 6 or higher were considered for the systematic
review (Maher et al., 2003). Maher et al. (2003) demon-
strated fair-to-good inter-rater reliability with an intraclass
correlation coefficient of 0.68 when using consensus ratings
generated by 2 or 3 raters. Nine studies met the inclusion
criteria (Bujalance-Moreno, Garcia-Pinillos, & Latorre-Roman,
2017; Dellal et al., 2008; Dellal, Varliette, et al., 2012; Faude,
Steffen, Kellmann, & Meyer, 2014; Impellizzeri et al., 2006;
Mohr & Krustrup, 2016; Owen, Wong, Paul, & Dellal, 2012;
Paul, Marques, & Nassis, 2018; Rodriguez-Fernandez,
Sédnchez, Rodriguez-Marroyo, Casamichana, & Villa, 2017).
Consensus was achieved on scores given to the 9 articles.

For both cross-sectional and intervention studies, 2 inde-
pendent reviewers (PBM and FGP) performed quality assess-
ments of the included studies, and disagreements were
resolved through a consensus meeting or a rating by a third
assessor (PALR).

3. Results

The results for cross-sectional and longitudinal studies are
presented separately. Table 1 (cross-sectional studies, n = 44)
and Table 2 (intervention studies, n = 9) summarize the essen-
tial parameters of the selected studies.

3.1 Cross-sectional studies

Results from Downs and Black scale are shown in Table 3.
Scores for the Downs and Black scale ranged from 7 to 9 of
a possible 14. Of particular note was that no study
described the main outcomes in the introduction or meth-
ods section (Iltem 2), included a sample size representative
of the entire population (Item 12) or considered confound-
ing factors (Item 25), and only in two studies the subjects
were randomised to intervention groups (ltem 23).
Regarding to the cross-sectional studies (Table 1, n = 44),
most articles focused on describing the differences between
SSG protocols (Aasgaard & Kilding, 2018; Aguiar et al.,, 2013;
Arslan et al, 2017; Bach Padilha, Guilherme, Serra-Olivares,
Roca, & Teoldo, 2017; Brandes & Elvers, 2017; Casamichana,
Suarez-Arrones, Castellano, & San Romdan-Quintana, 2014;
Casamichana & Castellano, 2015; Casamichana, Roman-
Quintana, Castellano, & Calleja-Gonzalez, 2015; Castellano
et al, 2013; Cihan, 2015; Clemente, Dellal, Wong, Lourenco
Martins, & Mendes, 2016; Clemente, Wong, Martins, & Mendes,
2014; Coutts, Rampinini, Marcora, Castagna, & Impellizzeri,
2009; Dellal et al., 2012; Dellal et al., 2011; Dellal, Jannault,
Lopez-Segovia, & Pialoux, 2011; Dellal, Lago-Penas, Wong, &
Chamari, 2011; Edis, Vural, & Vurgun, 2016; Fanchini et al,,
2011; Gaudino, Alberti, & laia, 2014; Giménez et al., 2018;
Hill-Haas, Dawson, et al., 2009c; Hodgson, Akenhead, &
Thomas, 2014; Hulka, Weisser, & Belka, 2016; Jastrzebski &
Radziminski, 2015; Kelly & Drust, 2009; Koklu et al, 2015,

2012; Mallo & Navarro, 2008; Ngo et al., 2012; Rampinini
et al,, 2007; Sampaio, Lago, Gongalves, Macas, & Leite, 2014;
Sanchez-Sanchez et al., 2017), some others focused on making
a comparison between the responses to SSG and running drill
protocols (Ade, Harley, & Bradley, 2014; Dellal et al., 2008;
Selmi et al.,, 2018), whereas others between the responses to
SSGs and friendly matches (Casamichana et al., 2012; Dellal et
al., 2012), between “interval” and “continuous” SSG training
regimes (SSG' and SSG®) (Casamichana et al,, 2013; Hill-Haas
et al,, 2009; Koklu, 2012; Koklu, Alemdaroglu, Cihan, & Wong,
2017; Sanchez-Sanchez et al., 2018), or even between the
physiological responses, and the technical and physical activ-
ities of amateur and professional players during various SSGs
(Dellal et al., 2011). In a study by Aguiar et al. (2013) partici-
pants completed different SSG formats, with the same dura-
tion of bouts (6 min), rest (1 min of active recovery), and the
same volume (20 min), moreover, formal goals and a goal-
keeper per team were used with unlimited touches. Similarly,
Casamichana and Castellano (2015) utilised SSG formats with
the same duration of bouts but only one set per SSG format
and different durations of rest periods (5 min of passive recov-
ery), varying the rules of the game (possession play, regular
goals and goalkeepers and small goals but not goalkeepers).
On the other hand, Casamichana et al. (2012) and Castellano
et al. (2013) focused on the manipulation of SSG format and
different design of the game but maintained work and rest
intervals, with area per player constant, whereas Casamichana
et al. (2014), Dellal et al. (2011), Dellal et al. (2012) and
Giménez et al. (2018) maintained the same SSG format and
constant work and rest intervals but modified the design of
the game (free play and two touches per possession; one
touch, two touches and free play; one touch, two touches
and free play; and one touch, two touches and free play
with four mini-goals, respectively). In the studies by
Casamichana et al. (2013) and Kokli et al. (2017) the same
SSG format was utilised with the same volume but different
set and durations of work periods, with area per player con-
stant, however Dellal et al. (2011), Dellal et al. (2011), Dellal
et al. (2012) and Fanchini et al. (2011) in addition to changing
the volume, set and durations of work and rest periods also
changed the SSG formats and the design of the game. For its
part, Arslan et al. (2017) utilised different SSG formats with the
same set but different work periods, varying the resting
regimes (passive or active rest). As well, Casamichana et al.
(2015), Cihan (2015), Ngo et al. (2012) and Aasgaard and
Kilding (2018) based their SSG protocols on the defensive
strategies (man-marking or no man-marking; free play, man-
marking or double-man pressure; man-marking with goal or
no goal and no man-marking with goal or no goal; and man-
marking or no man-marking with small goals and verbal
encouragement, respectively). Hodgson et al. (2014), Hulka
et al. (2016), Kelly and Drust (2009) and Rampinini,
Impellizzeri, et al. (2007) compared SSG protocols with iden-
tical volume and work-rest ratio but different pitch size.
Meanwhile, Bach Padilha et al. (2017) and Sanchez-Sanchez
et al. (2017) evaluated the influence of wildcard players on the
performance during SSGs. Finally, Brandes and Elvers (2017)
focused on the type of coach feedback, keeping the same SSG



JOURNAL OF SPORTS SCIENCES (&) 5

(panupuod)

5SS buunp >eqpaay oN -
(s9yonoy 9a4)) sweal yloq yum 21e19dood

‘(Ayun anisuayap) uauoddo 0} 99J) pUB SUOIIDR IAISUBYO AJUO :13)e0| -
9y3 Joj adeds ay) paywi| pue aseyd SAISUSYO 3|nJ 3PISYO 3y} oy 1dIdXD ‘s3NJ [edIYo Y] -
9y) buunp adeds buife|d jo asn dAdAYD W 9¢ X /7 971 Ydud -
diow apew siakejd ‘DSS ,sauldpIs IR0}, U] - '(DSS
‘(uonenys U99MI13( 1534 JO UIW G) UlW § Paise| DSS yoeg *, SouljapIs sialeoyy, Aq pamoj|oy
L AL 1) Aeyd jo aseyd anisuayo ayy oy SIDNRO 7 + YD + €A € + XD - ,}o siaieoy, 1siyy pakeld syuedpied ay) NM/SS € -
uoneslsuad pue aseyd sAIsuaep a3yl buunp MO+ EAE+YD- *(SI912O[} Y1UIM puB INOYLIM) si9feld Jnarewy -
uolnenuaduod jo sajdinuud ay) pawiopad 1VS-1n4 - :(,SaulPpIS SDSS JUIYIP ¢ pawiopad ueddiued ||y s1eak 950 F 1991 (£102) ‘|e 1®
Ajpusanbayy alow s1akejd 'Dss o sIieo}y, U - 2N0IADYAq [D1ID] SI9)EO}, PUB 4O SI9IRO},) SDSS JUBIAYIP OM] ‘sainseaw pajeaday salew 89| = U eyjiped yoeg
‘(4IH pue YIN uolissassod ||eq uiejulew pue yo o -
417 ‘M) suoz paads ino4 - w 9¢ X ¢
1S211SLAIDIDYD (1eDss pue 1dDss) UIW /UIW ¥ X ¢ i A -
uonjow-awi| w o€ X 8l IM/SS G -
dosS ¥ A ¢ (0z-4D) 3dd - (1eDSS pue JdDSS) Ul E/UIW € X i€ A € - siakeld yinoK aug -
uey} JensS ¢ A ¢ Ul | HIH e P3J19A0d dduelsiq - elg - Wy Xl ‘suoijipuod By 657 F 0v'79 g
"1eDSS ¢ A T Ueyl paisnod *eHYH% - (1eDSS pue JdDSS) Ul E/UIW T X ¥ T AT - 1eDSS pue 1dHsS By Japun Sjeuio) wd L€ F 69°9/1 WbIoH
3dueSIp |10} pue **WypHop 1 udDss 7 M 7 - HH - 2DI9M PasN s1ewloy Hss ay] “dn-wuem DSS 934y} pawloyad syuedpiyed |y sieak y€°0 F /891 (£102)
"Jenss 0} pasedwod elg pue 3dy | Jdoss ||y - :asuodsai [pa1bojoisAy4 ulw-Qz pazipiepuels e Jaye pakejd sem Dgs yoeg ‘painseaw pajeaday sdjew 9| = u ‘e 19 uesiy
peoj Apog -
913|yre/suunds -
(w) 9duaLadxd Jo siedk / < -
‘3pIs P3J3A0D dDURSIP |BI0] - NM/SS G -
-e-G 9y} Ul 1 pue apis-e-y ay) Ul peo| Apoq | - (w) sauoz paads 9- S3YdN0) paywiun- |eUOISS)0Id-
*| 9pIs-e-€ 9y} pue suuds T 1ewloy ApIs-e-7 - :2dpyoud Aady wea) 4ad J1adaayjeob e pue sjeob [ewlo4- 0'S F 6'€6L **“YH
's}ewoy 19Yylo (b pue € ‘z ‘L :s9u0z) YH - UOIDAIIP Ydene ay) pabueyd swesy uiw 9 IBYY- w 90'0 F 6/°L 3YbIdH
J|e Ul UBY} SPIS-B- BY} Ul T PAIBA0D dduelsiq - :asuodsai |pa1bojorsAyd *(A19A0231 BAIDR JO UIW-| YHUM SIN0q 's19fe|d apis-e-g 6% 99°S ¥ £'69 W9
"9pIs-B-Z Y3 18 | pue dpis-e-G 3yl 18 IdY T - IdY- UIW-9XE) uoleInp SaINUIW-0Z Yum (siafeid pue - ‘~€ ‘- :}ewlo} Dss  paid|dwod siedk /90 F 0'8L (£107)
'S]eWIO) 9pIs-e-¢€ pue -z ul YH % | - :UOILIAX PN  dPIS-B-G PUR - '-€ ‘~7) PIsN IaM S}eWIO} DSS § syuedpiued ||y "sainseaw pajeaday sajew QL = u ‘e 13 Jeinby
1p Bujuuni 3Adadsal Ay} 9dURISIP UOIIRIDIIIAP
UBY) 9DUB]SIP UOIRIS[II3P — PUE UOIIRIS[3IDR wnwixew pue ybiy -
-wnwixew 0} -ybiy | pasnpoid Hss IS - 9dUBISIP UOIIRID|IIIR
‘Judjeainba wnwixew pue ybiy -
0SS 3y} SNSIAA [Up Buluuni 3s buunp dduelsip unds -
Bunuuds pue ‘Buiuuni paads-ybiy-Lian duelsip
pue -ybiy ‘bujuuny |e30} Ul PaIaA0d dduesip | - bujuuns paads-ybiy-fiap -
'DSS dAIadsal ueyy [jUp Buluuni ¢35 buunp due)sIp sjeobiuiw yyum osg -
9duelsip junds pue bujuuni-paads-ybiy A1oa | - Bujuuns paads-ybiy - *A[aA1dadsal ‘soaweb s19feid |jeqiooy 1|3 -
‘|odoy01d PaJan0d> dURISIp [e1O] - U33aM1ag AISA0J3I S 09 Pue OZL YIM ‘S 09 6% 58 F €5/ W9
d3s ueyy eqg 1 Ing YH | ||Up Butuuns W3s - uonow-awy | pue o€ Jo saweb g Jo BunsISuod sHSS 7 A 7 (youd e uo) Apnis paseq-pRY v -
'sDSS 3dd - PuUB | A | P3AJOAUL S||UP ||eqlO00} INIS PUe d3S - ' w900 + 08'L
W3S ueyy 3dy pue eqg | g YH = SOSS 43S - :UOILIdXD PaNIIIA] *Aj9A1103dsal ‘sunt usamiag W3S OSS T AT WIS ° siedk | F /1
"DSS dANAdSa Y} uey) €19 pue yH - £13n0331 S 09 pue OZL YuM ‘s 09 pue og d3$ "9SS L A L d3S S|lUp ¢ parajdwod
34y pue e1g ‘4H | s|jHp Buluuni IS pue 43s :asuodsai [p21bojoIsAly4 104 Sun1 g PIAJOAUI S|P Buluuns N3S pue 43s - syuedpiued ||y ‘sainseaw pajeaday soew 9L = U (¥107) ‘|e 3@ Ipy
(31e3s 0LYD s,6109) 3dY -
eyl 0506 Z Juads dwi| -
“laquinu Jakeid (wnwixew
40 9AIDAdSaMI W Ul PRISA0D DURISIP [10) | - pue abesane) yH - Juswabeinodua [equan pue sjeob |jews - NM/SS €-C -
‘indino 34y 1 (Aluo WIN) :sasuodsal [p2160joIsAYd (W 07 X 0g) 3594 dAIssed Ul Z/ulW & X § ST A T - duaadxd
siaquinu JaAed ul saseanul seasdaym ‘WINN (sauoz (W Lz X 0€) 3594 dAISsed UlW Z/UlW & X 1€ A € - Jo siedak G Jo wnwiulp -
yum pasedwod WIN YUm | peoj [enydadiad -  paads) palanod aduelsiq - (w 9z youd sseib jesneu uQ - s1afejd 4add0s Inajewy -
‘siaquinu siakejd paseasnul yum **°yHo, ul 1 2epaads pue **>9paads - X GZ'€€) 1534 dAIssed UIW Z/UIW § X i A - WA Yum Jaylo pue 6% 0'8 F §°SZ g
e pajedIpul S}ewlo} WA Udamiaq uosuedwo) - alL- SuolIpUOd NN Pue WIAN Yim pauuouad WIAN YUM 3UO ‘(F Ay PUR‘EA € ‘TAT) wd 9'8 F £°G/1 WBIBH
WIN Yim pasedwod WIN PROPIO - 2I9M SDSS JO S1EWLIOS JUDIRYIP 934y “dn-wiem DSS Yoea adim) pauwnopad syuedpied |1y sieak €' F o'z (8107) buippy
UMM S1D9449 91eI9POW 0} [|ewS pasnpul > yHo, - :uonow--awil  pazipiepuels ulw-g| e Aq papadaid sem Hss yoe3 ‘ubISap 13A0SS0ID dINde Uy sdjew § = U pue pieebsey
s}nsay S9INSEIW dWO0dINQ 1020104d 3s1D19X3 ubisap Apnis uondudsap 123lgng (1eak) Apnis

's19ke|d ||eq1004 Jo dUBWIOMIM BY} UO SDSS JO S1D9Yd INde 3y} BUlUIWEXD (b = U) SAIPNIS *| 3|qe]



6 P. BUJALANCE-MORENO ET AL.

(panupuoD)

1d pue "®p "gMm -
sabuel A)suayul ul
SUOI1eI3[3I. JO JAqUINN -
sabues paads
Ul paIanod duesiq -
PaJ43A0d dURISIP [R10] -
:aiyoid [p2IsAY4
auoz
yoea uj Juads awn 9, -
(souoz Aysualul YH 9) YH -
:3jiyoid |po1bojoishyd

‘€ A€ 9yl yum pasedwod 9 A9 pue g A g
3yl ur **Wyy 9608 > ay3 1e Juads buieq swn | -
‘9 A9 pue € A€ 3yl ul pasn
SeM WIN USYm YM pue 14 ‘sauelsip |e1o] | -

sauoz paads
ul paIanod aduessiq -
PaJ43A0D dURISIP [R10] -

"LDSS ul uey) goss Ul | pouad anuiw z1-8
3y Buunp y/wy 6'ZL—/ 40 paads e Je paIanod

ddue)sip pue pouad dnuUIW 91-7| Y} Ul :3jyyoud [DoIsAY4
ey} pouad ainuiw y—0 dY3 Ul | Y/wy 671, 4H -
J0 paads e 1e paJan0d dULISIP :ZOSS - ispubwiap [p31bojorshyd

AIHY

19d suoyd Jo Jaquinu
wnwixew pue ueaw -
S3|HY Jo Jaquinu -
SIIHY
X9pul UOILIX] -
peopiom siafeld -

SW4 Ul S3IHY Jo Aduanbay | - dM -
s9|qeren uuds ul syuswanosdwl | SIS - :asuodsai [pIsAyd
"OSS ueyl N4 | (4/wy 6'7L-0L XU -

pue |z < ‘6'9-0°0) sauoz paads ui juads awi] -
'DSS UBY) N4 | y/wy L7 < Palanod sduelsiq -

W4 ueyl 5SS | y/wy 6CL
—0°/ Ul P2J9A0D DUBISIP PUBR PROPIOM [[RISAQ -

‘(ssuoz g) sauoz
paads ay3 Jo yoea ul
uads 19 pue g "“2qQ -

spubwiap ENEEQ

d -
Ssd
pue SH4 ‘SS@ ‘SHA ‘dl -
:ppooj bujuipiy [puiaIX3
3dd pue yH -
Ausuazul
JO s10102ipuy [pUIAIU|
‘(S pue d ‘s|jeq [esnau
Jo Jaquinu ‘sg ‘sgy
‘sgD) suolde [ed1e)] 9 -
:oupwIofiad awbo
M -
sjuuds jo Jaquiny -
sauoz paads ul duelsiq -

“(3dd Yum 8LZ'0 = 4 pue ueswyH

% YUM LEE0 = J) SI0}LDIpUI PRO| [ReUJSIUl
3y} Yum patejpuiod Kjpuedyiubis sem d -

"1dY pue uesWYHY% U3IMID]
(905°0 = J) UONEJRI0D d1eIaPOW JURdYIUBIS Y -

'dS-DSS Jopun

(§'z— ‘Aeyd Jo swnjoa *6°9) aduewiopad sweb al -
Ul 9Se3.109p B pue (§°0 +) IdY Ul aseanul 1211511210010y
ue pajelIsuowap S3 Ing ‘sdnsualdeIRYD uonow-awi|

uojow-awi} pue asuodsal [edibojoisAyd
9Y} O} PuUNO} DIIM SIDUIIIP ON -

3dY pue e7g ‘4H -
:sasuodsas |p21bojorshyd

(s|eob ou) uoissassod |jeq uieulep -
‘6 A6 PUB 9 A9 ‘c A g :s19keld Jo Jaquiny -
WWN 10 WW :bunjiew jo ad4] -
:uofjeINP UIW 9 JO DSS e AQ pamoj[o} ‘dn-wiem
plepuels Ujw-G| e yum uebaq suoissas yde3
(OL-zL
pue z1-8 ‘8-t ‘v—0) Siskjeue pouad nuIw-f -
suo|ssassod |jeq ulejuleyy -
ulw 91 X | 19SS -
K19A0231 dAISSed UIW [/UIW § X § HDSS -
K19n0231 dAIssed ujw Z/ulw 8 X T 17OSS -
:(s19daay|eob Inoyum) nss
G A G JO (S9IM JUIBYIP € Ul) suoissas Buluesy ¢

1531 dAISSed UIW Z/UIW ¢ X € -

(s19daay|eob ou 1nq sjeob |jews

Z Yyum pue ‘siadasyeob pue sjeob uonenbas
7 Yyum ‘sjeob Inoyum) ubisap ualRyiq -

(£ AL Pue’S AGIEAE)IBWIOL DSS € PIAJOAUI
uoIsas buuiel) yoe3 :suoissas buluures) 6 -
SIN4 SpIs-e-L| JuassyIp /—

s19dasy|eob jou Ing sjeob [lews -
s19daay|eob pue sjeob uone|nbay -
Keyd uoissassod -
(L AN/ puUe GAGENAE) I9M JeWIO) DSS 6
*K19A0231 aAIssed ulw g
/Ul 9 Bunse| DSS UIBYIP € Pamo||o} ‘dn
-Wiem plepuels Uulw-G| e yum uebaq uoisas yoej

W O X Ob 1321 Ydaud -

*9PISYO Inoyum pue sjeob sejnbai ‘sayonoy a3l -

1591 dAIssed ulW Z/UIW 4 X € ((IN-DSS) ¥ A ¥ -

3531 dAIssed ulw Z/ulW ¥ X € (dS-DSS) ¥ A ¥ -
2DI9M PIsN Jewloy Hss Ayl “dn-wiem

ulw-G| pazipiepuels e saye pakeid sem Dss yoeg

(6A6PURYAQIEAE)
0SS JO suolssas bujuresy z| pajs|dwod
juedpiyed ||y ‘sainsesw pajeaday

youd sseib eIy -

'DSS G A G B JO Jewloy
1UIBKIP € pa1d3|dwod juedpiyed |y
'sainseawl pajeaday

‘(suoissas 4ad 1ewloy sHss
€) suolissas bujules} 6 pue sy apis
-B-1 | JUIdIp £ pawlopad juedpiped |y

‘sainseaw pajeaday

youd sseib jepyMY -

(12103 Ul /T ‘sawin} 334y}

pakejd yoea) syewloy Hss 6 pad|dwiod
juedpiyed ||y ‘sainsesw pajeaday

‘youd ssesb |epiyye ue uQ -

“(IN-DSS Pue ¢S-9SS) s1ewio)
DSS JUIAPIP 7 pawsopad syuedpiyed |y
‘painseaw pajeaday

AM/SS € -

EBIETIETNE]
J0 sieak G'z| JO uesy -
si9feld unajewy -
B L'9 F ¥'v/ We
wd 96 F £'8/1 WBIRH
sieak Gy F €T
gL=u
AM/SS v—¢ -

EBIIETIETNE]
J0 s1edk G'Z| JO ued -
_mco_mmw.._ohau_r:mm -
6% 99 F 6'¢£ WbIBM
wd / F 081 WbIoH
siedk '€ F €17
solew QL = u

(S107) ‘e 19
eueydjwese)

(€107) "|e 19
mcmsu_Emmmu

EBIETIET)E]
JO s1edk G'Z| JO UBI-
|euolssaj0.diwas-
B 8% F ¥y Wblam
wd €6 F £/1 Wby

s1eak §'v F 87 (z107) e 19
s9ew /g = U eueydIwese)
AM/SS H—€ -
2ouaadxa
J0 s1edk G'z| JO ued -

|euoissajold-1was -
B 1'S F '€/ Wg
wd 0% F v/ Wby
sIedk €T F €17
solew ¢ = u

(S102)
oue||R1s)
pue eueypiwiese)

AM/SS ¢ -

siakeid yinok sy -
6 £'9 F §°'€£ We

wd €'/ F €781 WK
sieak /0 F T/L
sajew 9| = u

(£107) s1n3
pue sapueig

S}|nsay saJnseaw awod1NQ

_OuOuOLQ 9S12J9X3q

ubisap Apnis

uondudsap 133lgng (1e3A) Apnis

‘(panunuo)d) °| 3jqel



JOURNAL OF SPORTS SCIENCES (&) 7

(panupuod)

'3U0|e saInseaw
e7g 10 MY Hos JayYD Uey) 3dy 03 pateja
191194 S **%YHo4 pue e7g JO UoneUIqWOd 3Y] -

"paads pue 36eISN0D dUBISIP | ¥ A ¥ -
.ws_m\r ®>‘_0mw‘_m_l_§ AF m A M -

*S1eWIO} J9Y10 YUM
paledwod saxapul [ed13De3/|edIuYdd) | 7 A 7—

dweb papis-|lews K1an
ul 96e19A00 3dURISIP pue YH | Jakejd jenna| -

"dd pue Wi

01 pasedwod suoz Buiuuni Aysusiul-ybiy syl
u| saduelsSIp | patanod siakeid ‘dwa ayy buung -
"dd pUe WIN US3M1Sq S3DUIRYIP Juedyiubis -

‘WW pue d4 03} pasedwod
3dy-suolssas pue **“yHo ‘YH ‘€19 | dNQ -

's19fe|d Jo Jaquinu ay3 ul T B yum

1 spuewsap [ea1sAyd Ing YH Ul SIOUIIYIP
ou siakeld jo Jaquinu ay1 buibueyd :d-nss -
“Jewnoy aweb ayy buibueyd YyH =/ A / -

‘peoj |ea1bojoiskyd

Ajuo | siakeid jo saquinu 1 pue siafejd uo
spuewsap |edisAyd pue [edibojoisAyd | 4-Dss -

*44n5S Ul jou Ing ‘(UIw gL

-9) pouad puodas ayy buunp sauoz Ajsusiul
asipIaxa ybiy ui wuads awn ayy pue ¥H | Loss -

DSY

9522109p OU ‘(UIW 7| —9) pouad UIW-9 puodas
ayr ur siaraweded [edisyd jo Ausuaiul 1 dngs -

(31e3s-01 YD 5,6109) 3dY -
:UOIIaXa PNl
e1g pue ***%YH -
:sasuodsal [pa1bojoIsAyd
dvslL -

:aoupwiiogiad [p21)oD]
/D2IUY3] JO JUIWISSISSY
paads -
abeianod aduels|q -
:3jyoud [DoISAY4
(*M>*"4H%) HH -
:3jiyoid |p216ojoIsAyd

abeIan0d dduRISIg -
:3jyoud [D2ISAYd
(*M*5*%4H0%) HH -
:asuodsai [pa1bojoishiyd

3dd -

1UOILIdXd PN
sa110631ed paads ul

paIaA0d dURISIP pue (] -
1S211SHAIIDIDYD

uonow-awi|

e7g "4H -

:sasuodsas |p21bojoishyd

1d pue ym -

SUOIRID|IIIE JO JAqUINN -
sa10ba1ed paads

Ul PaJaA0d AdueSI] -

XME> -

PaJ3A0D dUEISIP [1O] -

:3j1joid [D21sAYd

(sauoz Aysuaiul ) YH -

:3jlyoid |p216ojoIsAyd

uoIeII|IIIL JO JAqUINN -
sauoz paads

Ul PaJaA0d AdueSIq -

-

qM -

Xxow
A

aik-
:uofow-awi|
(souoz
YH ¥ Ul Juads awn) YH -
:3jlyoid |p21bojoishyq

saydnoy
931} pue sjeob |jews buisn ‘siadaayjeob noyup -
9A9-
SAG-
v AY-
EAE-
:A19A0331 BAIIDR UIW E/UIW ¢ X € JO PIISISUOD DSS

£19A0231 aAIssed UlW €/UIW G X € -
siakeid [esnau g + ¢ A & HPIM pay] -
siake|d [esInau 7 + € A € H9IM PpU0DIS -
si9Ae|d [eaINdU 7 + 7 A 7 DHj9IM IS -
uolnelnp ulw § -
suonipuod
3SB} JUDIDYIP PAUOIIUSWIOR Y} YUM
(419Ae[d [RJIN3U INOYUM | A |) SUOISSIS pUOIIS
s19daay|eob noyum |eob |jews ‘g] -
|eob ou pue aujpud syuauoddo sson ‘7] -
|eob ou pue suoissassod |eq ‘I] -
:SUOI}IPUOD ¥Se} 334y}
yum (s19hejd [e1IN3U YUM | A |) SUOISSIS ISIl4
19daay|eob oy -
(d4) D
dnoip pue (dwa) g dnoio ‘(WW) v dnoup :¢ Aeq -
(WwW) D
dnoig pue (d4) g dnoio ‘(dna) v dnouo :z Aeq -
(dwa)
D dnoun pue (W) g dnoio ‘(d4) ¥ dnoip :| Aeq -
K19n0031
aAIssed UlW G/UIW X € € A € (dNA Pue WI
‘dd) sj020301d DSS € ‘dn-wiem piepueis uiw G|

(3|1 3apisyo 1dadxa) s9|NJ piepuels -
'sHSS jo
sadA) £ 9y} usamiaq A1an0das anissed uiw s Aq
pasedsiaul (6-5SS pue H-HsS ‘d-DSS) 1euno)
Qweb Juaseylp e yum uiw 9 bunse| (£ A /£
pue G A G ‘e A €) sDSS € A pamoj|o} ‘dn-wiem
piepuels ulw-G| e yum uebaq suoissas yoe3j

uoissassod uleuIR|,
(uoissassod Jad saydnoy omy)

s19d29)|eob INOYLUM 9 A 9 iy pUB T SUOISSIS -
(Ked 231y)

519d29)|eob INOYLUM 9 A 9 € puB | SUOISSIS -
‘(utw g1 Bunse| 9SS e Aq pamojoy

dn-wiem piepueis ujw-G|) suoissas buiues) §

7) Y29m om1 buunp yaam 1ad uol
9U0 Ul DSS € parv|dwod juedpiued |y

'SuoISsas bujuiely

-wea) /9 pawouad syuedpiyed ||y

‘Sainseawl _omumwn_wx

Jewo} yoes

10} paziwopues sem spoylaw Bupods € -

'DSS 6 pawiopad

juedpiyed ||y ‘sainsesaw pajeaday

Youd sseib (eI,
‘(]e101 DSS 9 pue SuoIssas
as

‘sainseawl Uwumwawm

“Japlo

paziwopuel e ul (AB3les1s dAISUSaP)
sj030301d HSS ¢ pawiopad juedpied |y

‘sainseawl _umumwawm

youd ssesb [epYIY -
*SUOISS3S

buiutesy ¢ pasjdwod juedpined |y

‘Sainseawl _owumwo_wx

youd sseib eIy -

"SKem JUSJSYIp OM] Ul DSS B PIAJOAUI
1By} suoIssas ¢ pala|dwod juedpiyed ||y

‘sainseawl _uwumwamm

AM/SS €= -
inajewy -
wd 7' ¥ 8'8/1 WBIeH
6% 0'6 ¥ 0°€L W4
sieak G F Sz
oc=u
AM/SS € -

9d13peud
Jo s1edk 7€ F '8 -
Inajewy -
BY L'L F TLL WbIIM
wd 'S F €6/ WBIRH
siedh €6 F 97
soew QL = u

921peud
J0 s1edk 7€ F 0'8 -
sinajewy -
6 L'z F L Wbm
wd 'S F 0°6/L WPIRH
sieak €6 F 4'9¢
saew QL = U

EBIETIETNE]
J0 s1eak 9 Jo ued|y -
anbes|
Awapede 3y |euoney -
wd 9% F €8/ WBIRH
6% SLF 6L WG
sieak G0 F 961
gL=u

AM/SS $—¢ -

EBIETIETNE]
J0 s1eak GZ| Jo uea -
|euoissajoldiwag -
BY 1S F ¥ WboMm
wd 0% F v/L WBIdH
siedh €T F €LT
soew L = U

EBIEIIETNE]
o] sieak G'Cl JO ues|y -
AM/ss y—¢ -
|euolssaj01d-1was -
BY €9 F 6L We
wd 6% F 51 WOIRH
sieak ¢y F /7T
salew 7L = U

(6002)
‘|e 19 S1IN0)

(¥102)
‘|e 19 dUBWID

(9102)
(EREENIENTET,Y

(5107) ueyn

(€100
‘|e 19 oueRise)

(¥107) "|e 19
eueydlwese)

S}nsoy

salnseaw awodINQ

|030104d 351249X3

ubisap Apnis

uondudsap 13[gns

(1eak) Apnis

‘(penunuo)d) °L 3|qel



8 P. BUJALANCE-MORENO ET AL.

(panupuod)

‘(s19Ae|d |euoneusslul
pue indjewe) yioq ul = >+>1yio, pue **yHop -
“dIH pue Bunuuds uj 3dUeISIP [P0} T PRIIAOD

pue suoissassod [|eq Jo unowe | 1s0| ‘e1g
pue 34y | ‘sassed |nyssaddns Jo 9, 1 SIN3jewy -

‘sawieb apis-e-y pue apis-e-¢ ayy 03 pasedwod
uaym aweb apis-e-g ay) 40} PanIIsqo

2I9M g pue | g WOy SdUIYIP Isa31ealb ay] -
'DSS Yoes ul ¥g 01 g woy
S3IJIAIIOR [DIUYDI} JO uonjeldle Juedyiubis

e pue ‘yH pue 3dYy ‘e1g | "HIHA Pue YH 1 -

MO Inoyyum saweb o0y pasedwod
Auusbowoy 1 pue *M>¥yHo, | YD 8 A G -

‘Buluuni JuSIWISIUI UOIIRINP-1IOYS UBY}
DGS Ul Snosusbowoy ss3| pjoj-g sem M5y poy -

'DSS 0L AOL

pue g A8y Av ‘L AL SYluRYl | OS[eINg Yd
0€-0€ Y1 Uyl | Yy 0€-0€ Sy} Ul >M*'yHop -

‘sunJ Aysusul
-ybiy pue bunuuds ur pasanod duesip
[e10} | pue ‘Idy pue eg | L1 yum pakerd oss -
‘v Ay pue £ A g puUB T AT ULISO|S[IEq
JO J3quinu | seasaym ‘11 yum pakejd oss ul
1 s|onp jo Jaqwinu pue sassed |nyssaddNs Jo 9, -

‘suolssassod

JO Jaquinu |e10} 3y} pue
uolssassod Jad sjjeq 1s0|

J0 Junowe 3y} ‘sassed
|NySSIINS JO 9% ‘s|enq -
:dubwioyiad [D1UYIS |

diH

Buunp pue buiuuds

ul 4yloq palaA0d 9duelsiq -

oupwiiogiad [DIISAYd

3dY -

1UOILIXS PN

e7g pue yH -
SJUaWRINSDAW

|po1bojoIsAyd
'suoissassod ||eq
|enpiAlpul JO Jaquinu
|e101 pue 150] S|jeq

J0 Jaqwinu [e30) ‘sassed

|NJssa30ns JO 9% .m_wsm_ -
Spubwiap [bdiuyra |

“HIHA

pue y|H ul paJaAod

SeduelsIp |e10] ay) pue
ﬁmhw>0u Qouejsip |elo] -
spupwiap [p21sAyd

"IdY pue e1g ‘(M yH
% pue **“'yH9) HH -
ispupwiap [p21bojoisAyd

mtmmmiIc\o _

:asuodsai [pa1bojoisAyd
‘buiuuns Aysuayul
-ybiy ui passnod
dueSIp |30} Ay}

pue bunuuds ul paIsnod

JdueIsIp [e101 BY)
‘PaJ3A0D dURISIP |R10] -
[spupbwiap [0IsAyq
IdY -
eg -
m>‘_mww‘_m_l_§ ﬁcm XMEII«Xv -
ispubwiap [p31bojorshyd

s19dasy|eob noyum -
]leq 9Y1 Jo uolssassod ulejulep -
(uoissassod urejutew) siakejd poddns ¢ -
KISAOJ3I UIW E/UIW & X ¥ A § -
KI9AOR1 UIW E/UIW € X €A € -
KISAOJ3I UIW /UMW T X ¥ T AT -
:pawopad
2I3M (d4 pue 1z ‘I1) sabueyd sajni yum soss

(uoissassod uiejuiew) siafejd poddns ¢ -
1z -

£19A0231 dAISSed UIW S/UIW & X & 7 A ¥ -
K19A0231 dAIssed ulW g/UIW € X & €A € -
K19A0231 dAISSed UIW §/UIW T X T A T -
9J9M S1eWIO0) SOHSS

‘dn-wiem pazipiepuels ulw 0g

lleg 9y1 ujelutew Jo ydyew e buikeld -
Ul G/uIW 07 X €9 0L A 0L -

ulw /Ul ¥ X ¥ 8 A8 -

UlW G/UIW OL X T YD 8 A 8-

Ul /U X XD ¥ A ¥ -

S OF ‘UIW 7/S 0E ‘UIW T X 9T AT -

S OF ‘UIW L/S OF ‘UIW | X & L AL -

0SS

(®WCON %0TL) S§ ‘U £ X | 07§ -
(®“COA %0LL) Ul £ X Z OL-0L -
(**“COA %001) ulw QL X T §L-GL -
(**“COA 9%00L) Ulw 0L X T YV 0£-0€ -
(**“ON %00L) UlW 0L X T Yd 0£-0€ -
:buluun) JUSNIWIIUI UOLRINP-HOYS

(uoissassod uiejuiew) siafejd uoddns ¢ -
KIBAORI UIW C/UIW & X i A § -
AI9A023) UIW E/UIW € X & €A € -
A19A023) UIW E/UIW T X & T AT -

:(Aeid 934 pue 1z ‘I 1) S1LIU0D |eq JO
JaquIinu pue (4 A § pue € A € ‘7 A 7) SIewloj Dss

UDIeW | + M/SS H—E,

wd 87 F 7'8/1 WbIeH

BY €5 F L1'LL W

sIedh 7’7 F €97

inajewe Qg = U

saydlew g—| + qM/ss /-G -
wd €7 F 9081 WBIBH

BY ¢¥ F T6L WG

youd sseib [einyey -
(7 A ¥ pue € A €T AT) Sieulo)

DSS IAYIP € pawopad siaked ||y sieak §'L F ¥'/¢ (1100)
'sainseaw pajeaday [euoneusslul 0 = U ‘e 19 |ej3@
S|euofjeuwau| -
B 7v F 76, WbIIM
wd €7 F 9'08L YBISH
SDSS JUIBYIP € Y1 pawopad sieah 7 F [T (z102)
juedpiyed ||y ‘sainsesw pajeaday s9jew oz = U ‘le 19 |ejlea
youd sseub jeuniep - RIER
SUOISS9S y/wy 80 F L'ZL ybiam
0SS pue bujuuni ja9m 4ad suolissas 6'S F #'18L ybisH
paiejai-Apnis 7 pawuouad jueddiued |y s1edk 67 F 09T (8002)
'sainseawl pajesadsay s3ew QL = U ‘e 19 |ej3@
Jeuopieud| -
700 F 18'L WbIoH
*Apnis ay1 Jo syaaMm 9 BY ¢v F T6L WG
3y} I9A0 S}ewlo) HSS ¢ pawlopad Sl FVvLC (LLo2)
syuedpiped ||y ‘sainseaw pajeaday oz=u ‘e 12 [ej_Ra

S}|ns9y

saJnseaw awod1NQ

_OuOuOLQ 9S12J9X7q

ubisap Apnis uondudsap 133lgng (1eaA) Apnis

‘(panunuo)d) °| 3jqel



JOURNAL OF SPORTS SCIENCES e 9

(panupuod)

‘soweb

L A | Ul pasn s3|gelea

|e21UYI3) By} O} pappe

2J9M 1sIsse pue "y

*d JO s9|qeuen ‘soweb
EAEPURB T ATIOS]-

‘'saweb

L AL Joj ]S pue °]S
‘m:m ~mm ﬁ:&g \mn_D ‘mjn_n ~m|_| -

EBIETIETNE]
40 s1eak 9 Jo wnwiulpy -
yolew | + YM/SS ¢ -
Jnalewy -
W £0°0 F ST9/LL WbIsH
BY £T°€L F £9°£9 WY
s1eah 7o'l F TLL

s9|nJ uonadwod [epPyQ -
(W OpX0g) A19A0231 UIW C/UIW € X & €A € -
(W pzxgl) A19A033) UIW Z/UIW T X T AT -
(W OLXS1) A19A0D3) UIW [/UlW | X & | A | -

‘suoiipuod buibueyd Ajusppns pue ainssaid
[_ALI JSpUN S|[D{S [e21UYIa] JO SduewIopad
3Y3 Ul $S920NS 133j4e Jey) sojqeliea juenoduwl

'DSS S1ewloy
JURIBYIP € pue 5|030304d 153} |0J3UOD
jeanysod e pars|dwod juedpiued |y

9Y1 buowe 3ie S|PAI| [043u0d [eamisod | - :S9|QDLIDA [D2IUYD3 | :(ssweb z| Jo |e101) DSS JO SIPWLIOS JUIDYIP € ‘sainseawl pajeaday 9L =u (9107) '[e @ sIp3
suolssassod
Jleq jo Jaquinu
|e101 pue S||eq 1s0|
JO Jaquinu |e10} ‘sassed
‘M4 Pue WM ‘WaD 10) BSS d4 dy buunp [NJ$s3INS J0 9% ‘s|enq - papnpxe
1 3dy pue ‘suonisod buiked |je 1o} DSS Ul | YH - AAuA1dD [p21UYII | 2I9M s1adday||eon -
*Aejd-yojew o3 pasedwod (17 "PRIBA0D dURISIP S =M
pue || yum Apejnonued) Dss ul 1 suolssassod dIH pue aduelsip pue / = WM ‘TL = WAD
]leq Jo Jaquinu pue sassed |nyssaddNs Jo 9, ‘e1g - juuds ‘@dueisip |eyo] - ‘8=9g4'8=QD -

‘suonisod
buield |je 1o} DsS ul | suojssassod |[eq 10
pue s[janp Jo sisquinu [e10) ‘sallIAfde bujuuni

1S211SLI21ODIDYD
uonow-awi|

3dd pue e1g ‘(*¥**yH

(uorinyysgns ou) saydlew A|pusliy apIs-e-| | om| -
(uoissassod uiejurew) siafejd poddns ¢ -
K19n0331 3AIssed Jo ulw /ulW § X ¢ -

(YoM 1)
saydlew A|pualiy apis-e-|| om} pue

|euoijeusanu| -
By L'y F €/ WG
wd €7 F 81 BISH

Ausuayui-ybry ‘Aeyd yo ainuiw 1ad pasanod % pue **“YHo) HH - (d4 pue 17 ‘LL) 9SS v A ¥ DSS ¥ A 1 JUIYIP 321y} pawiopad s1eah ¥'7 F €67 (T102)
aouelsip |e1o} ‘Aejd-yojew o} pasedwo) - :sasuodsal [po1bojoisAyd 3214y Aq pamoj|oy ‘dn-wiem pazipiepuels uiw Oz juedpiyed ||y ‘sainseaw pajeaday or=u ‘le 19 |ejje@
dIH Ul paJ1aA0d dduelsip
|e101 pue bunuuds ul
pPaJan0d dURISIP |10}
‘paIaA0d ddUEISIP [R10] -
oupwogiad pIIsAYd
suolssassod
‘UOIIR |BDJUYID) 1PAL0D  ||eq JO Jaquinu [)0) pue
e wJopad 03 Ayndup 210w pajuasald siafeid $9550]| ||eqg JO Jaquinu (11 :uorssassod urejurew) siaeid poddns 4 - papnpxa
Ing suonde Aysudul-ybly | || ul pakeld oss - ‘sassed |nyssaddns lleq 3y} Jo uoissassod ujeule - 2I9Mm s1adadyj|eon -
'SWIoj |7 pue || yum paledwod JO 9% ‘sjanp Jo Jaquuny - SDGS [|e 10} dwes 3y} S dzZIS Ydid - S|euofeuway| -
se g 01 |g WoJj S3SSO| [|eq 4O Jaquinu :22upWIoyad |DIIUYII | K19A0231 6% v F 76/ WY
pue sassed [nyssaddns ay} ul T pardaye HH pue anissed ulw €/(yg pue €9 ‘zg ‘19) UlW ¥ X ¢ - }IOM € B IO DSS § A 394y} wd €7 F 9081 WbIBH
pue ‘saduewopad Ausuaiul-ybly pue yuuds e7g ‘(3noq yoes ul) Idy - (d4 pue 1Z ‘11) OSS ¥ A ¢ Ajsnoaueynwis pawlopad uedpiued ||y s1edk §'|L F /T (LL0?2)
9y} JO Saseadap 1 ‘sjenp Jo Jaquunu | d4 dyj - :sasuodsal [po1bojoisAyd 331y Aq pamojjoy ‘dn-wiem pazipiepuels uiw Oz 'saInseaw pajeaday sajew Oz = U ERENLIE
(3s1p19xa-150d) e7g -
(A19n0d31
JeIpIR) IS|DIIXD
-150d jo Jojedipul) Hss
yoed Jo pud dy} Jaye 2duaiadxd
‘¥ A § pue z A g 01 pasedwod S 0€ painsesw 2Miypop - Jo siedk ST F 1'8 -
€ A €10} | KISA0D3I JO SQE Jaye M2yHop - PMISAYL 10 s3|nJ ,||eg-dos, yum pakeld ogs - yojew | + YM/ss g -
PMIIYY Jo %S6 PUe 06 ‘S8 ‘08 ‘SL Yd UIW Z/UIW & X ¥ 7 A § - youd ssesb jeinjey - a3 -
9% SIIMISUIIUI JUDIBYIP BY) dAOCE Judds Dy ‘0L ‘59 ‘09 dAoqe juads Hd S 0€ ‘Ul /UL € X 9 EAE - 'DSS JUBIdYIp ¢ 0} paniwgns b €8 F 6'79 WbdM
SUJO T AT PUBEAEURYIOWRJO % TV AY- 3w Jo g5 MY dd UIW L/UIW 7 X 8 T AT - 3I19M WY JO yZ Uyl pue (TYAINYA) wd §'S F §p/L WBIRH
‘DSS EAEPURZ AT Ol 9 UedW DSS Yl buung - :(Jeob ou “1adasyjeob ou) suonenys 159} SYW e pawuopad syuedpiued ||y s1edk 60 F §91 (LL0?2)
paJedwod A § buunp  >M%iyHo, uesw ay] - :sasuodsai [p2160joIsAyd DSS € Y} JO PaMo||04 ‘dn-wiem pazipiepuels uy 'saInseaw pajeaday [T=u ERENLIEL

S}nsay

saJnseaw awWod1NQ

j020104d 3s1D19X3

ubisap Apnis

uondudsap 133lgng

(1eaA) Apnis

‘(PanuRUO)) *L 3|qe



10 P. BUJALANCE-MORENO ET AL.

(panupuoD)

"DSS Ul uey) JDSS Ul | **“yHo pue 3dY [eqo|D -
;9SS Yum paseduwiod HSS yum
(y/wy 81 <) swuuds Jo Jaquinu [e10) | B pue
‘paads bujuunyt Jaybiy 1e dueISIp €10} | B
Y/w 6°L1L—0'EL 18 URISIP | B PIIAA0D SIdke|d -
‘paads ajesspow je
Bujuuni Jo ‘buibbol ‘burjjem ajIym pajjaely
3JUeJSIP 10} 1O PAIIA0D DURISIP €10} 10} DS
pue DS U3aMI3] SIOUBIBYIP JUBdYIUBIS ON -

‘|| pue ¢4 usamiaq

S/W ¥ < JO suoneIS[EIIE 10} S1I3YR JUEdYIUBIS -
"1 pue d4 usamiaq paads moj

pue 91eJapow 1e dwi} o) S1I3Y9 JuedIUbIS -
‘11 pue

d4 U29M1aq Bupjjem awil Joj 109443 JuedIUBIS -
"1 pue ¢4 usamiaq paads

MO| 1B P3IIA0D IDUBISIP J0J S1I3Yd JuedIubIS -

'd-9SS pue 5-HSS Yioq ul pasesidsp
suoisuswip youd ayy se | A0 ul
sabueyd jo Jaquinu [e103 Ayl pue ‘qN pue Y -
'd-DSS Ul ueyl H-Hss
Ul | UOIRII[II3P puUB UOIIRID[IIIE WNWIXew
pue A1DO[IA [eWIXeW 31N|OSge ‘SdURISIP
paads jewixew pue ybiy A19A ‘@dxuelsip [e10] -
(GAG<LAL<OLAOL)
9zIs Youd YHM | UOIeII[IIFP WNWIXew pue
uol1eI9[20e WNWIXRW ‘A1D0[9A Wnwixew
(Yy/wy ¥L <) paads ybiy 1e uni sadueIsIp ‘ql -
‘sassed
|NJSS3IONS 404 INOQ JO 1239 JuedIubIS v -
91nujw Jad suoide
|BJIUYD3) JO JaqWINU 104 UOIIRIND JO 1343 ON -
‘uoneInp
£q pa1aye Jou sem Ing sinoq ay3 buoje | 34y -
'DSS
ulw-f ueyl 1 Apuediubis Dss ulw-9 yum yH
1oy duedyiubIis 0} 9SO|D Sem uoneInp Jo 1PdYT -
'€ IN0Q pue 7 1n0q ueyl 1 | In0q JO YH -

(syupds)

Bujuuni paads Jaybiy
JO s3|qelieA uoow-aw| -

's9u0z paads

JN0J Ul palaA0d aduelsip

pue adueisip |e10] -
1$211SLI21IDIDYD

uonow-awi |

elg -

(31e3s s,6109 07-9) 3dY -

(sauoz

Aysuaul unoy ul Juads
awil 9% pue **“yHoe) YH -

:sasuodsal [pa1bojoIsAyd
"(w) spueq

UOI3RID[3IIR JUIRYIP
YUM PaJaA0d dduelsiq -

"(9%) SanIsuAUI

JuaJIaYIp e Juads awi) -

‘(W) sauoz

/SPIOYS1y} JUBIRYIP

18 palanod durlsIq -
()

Pa49A0> 2>uelsSIp [e10] -

“(s/w) paydeas
ApojaA wnwixew

pue xapul uoluexs “1d -

:asuodsal [oIsAyd
"2dURISIP
dW pue aduesip 43

‘dueISIp dH ‘dUueISIp d] -

g pue 13 -

Spupbwap 1joqblaN
‘uoljels|=239p
pue uoneis|arde
wnuwixew ‘pue

QH ‘AW ‘VH 'YW ‘(ON)
AwdofaA ul sabueyd |elo] -
‘S pue SHA ‘SH ‘sl ‘dl -

ISPUDWIP [DIIUDYIYY
196401
uo Jo0ys pue 300ys

‘buiqqup ‘uondadisul

‘uiny ‘1apeay ‘apydel
‘ssed |nyssadnnsun
‘ssed |njssaddns ‘sseq -

SUOIID [DIIUYI3]

(31835 s,6109 01-4D) IdY -

4H -
:asuodsai [p21bojoishiyd

jueysuod paulewsal Jakeld Jad azis youd aanedy -
1534 dnissed UlW §'L/ulW 9 X f 3 DSS -
[BAJ33UL 3534 OU/UIW $T ,DSS -

(9SS pue JOss) sawlibas bujuiesy Hss omy

ul pawuoyiad (9 A 9 pue ¢ A ¢ ‘Z A ) Siewloy
0SS € Aq pamoj|oy ‘dn-wiem pazipiepueis uiw-Q|

W $Z X 0€ :9zIs youd pue Y9 INOYUM -
s|eob-lujw Ino4 -
(dd) £19A0331 BAIIR UIW E/UIW § X € 7 A -
(17) A19A0331 3AIDR UIW C/UIW & X € iy A ¢ -
(LL) A19A0331 DA UIW €/UIW § X € 7 A -
2DI9M SDSS Y|
dweb Buissed d1y1>9ds-19330s
awies ay1 Aq pamojjo} ‘dn-wiem pazipiepuels
ulWw-Q7 dwes 3y} yum uebaq uolssas yoeq
|leq 9y} JO S3YIN0} OM} JO WNWIXE -
sawibai snonupuo) -
(d-DSS) ;W sl
pue (9-955) ,w ge| Jakeid 1ad ease ‘gL A 0L -
(d-959)
W 86 Pue (9-D55) W 86 1aked 1ad ease ‘£ A /£ -
(d-959)
WM €/ pue (9-Dss) W G/ 19Ae|d 1ad BRUR ‘G A G -
‘(pauonuawaloye)
JEWI0} DSS Yded o) SUOHRLIBA € -
"d-DSS pue H-HSS sjeulloj Hss
0M] 'SDSS 910j9q dn-wiem pazipiepuels ulw Oz

1 pue (spuey Ji3ys yum
Jleg 3y1 3xe1 01 pamoje 10u) s1adaax|eob YlM«
K190 3R UIW H/UIW 9 X € € A € -
K19A0221 BAIIIR UIW H/UIW 4 X € €A € -
KI9N0231 31D UIW /UIW 7 X € € A € -

DS 9pIs
-e-¢ e AQ pamoj|o ‘dn-wiem pazipiepuess uiw 07

“(SY99M 6) S1eWIO) DSS € PIAJOAUL

1eyy sawibal bujuiesy Hss ,snonunuod,

pue ,jeasaiul, yjoq pawliopad
juedpiyed ||y ‘sainsesw pajeaday

youd sseib |epye ue uQ -

‘(d4 pue 1z

‘L1) $3YdN01 [[eq JO UONBLIRA Y1IM SDSS
¥ A Jo sjeuy € pawlopad syuedpiued ||y
‘painseaw pajeaday

"JeWIO0) DSS UIed JO SUOLIBLRA € YlM
SDSS JO S1eWIO} JUIAYIP 7 pawiopad
juedpiyed ||y ‘sainseaw pajeaday

‘suoleinp

1N0Q JUIYIP 934y 1B ||Up SpIS-e-€
e JO sInoq 3.y} pajs|dwod uedpiued ||y
'sainseawl pajeadsy

EBIIETIETNE]
Jo sieak g Jo wnwiulp -
BY 5T F 059 W4
wd 1’7 F £€L1 WBIRH
s1eak 770 F 79l
s9lew 9 = u

(6002)
‘e 33 seeq-|iH

m‘_m>m_a |euolssajold -
B 69 F TEL WG
wd 9 F 8/1 WbIsH
sieak /T F TEL
s9ew L = U

(8107)
‘e 13 Zauwin

s19fe|d |euoisajoid -
BY S ¥ 6/ Wd

wd /£ F 78l WbIsH
siedk ¢ F ot

s9jew 97 = U

(¥L02)
‘le 19 oulpnen

(Sweal yloq) yM/ss / -
|euolsajoid pue Jnajewy -
wd § F 081 WbIvH

BY v F v/ We

sieak v F $7

s9lew 6| = U

(1102)
‘e 13 1uyduey

S}ns9y

salnsesaw awod1INQ

|030104d 351249X3

ubisap Apnis

uondudsap 123[gns (1eak) Apnis

‘(penunuo)d) °L 3|qel



JOURNAL OF SPORTS SCIENCES 1

(panunuod)

'SHSS ulyim

PaAIasqo SsyuaWilInbal ed1uyda} Jo Ayiofew
3y} Jo YH 193e Jou op 3zis youd ui sabuey) -

*SUOI}IPUOD US9MI] Judiayip Apuedyiubis
2I9M S)JOYS pue S3Ie} Jo Jaquinu Y] -

"(€DSS pue 9SS ‘19SS)

SUOIIIPUOD U9IMI( JudJayIp Ajuedyiubis
10U 249M saweb 331y} 3y} o} YH "d’S F UBS -

‘saweb

G A G 3y} buunp paianod jeyy ueyy | saweb
¥ A ¥ 3y} buunp paianod aduelsip [e30} dY] -

'S/W G9'0 F 97’8 sem paads ***g ay) pue s
/W 91°0 F 8¢ sem Jakeld ay3 Jo /A ueaw ay] -

‘youd [jews ay1 uo pakejd
way3} Inoyum uey} siadasyjjeob yum soss
G A G buunp siakejd Aq paianod dueISIp | -
Youd jjews
9y} uo duoz ajes Ueay dead Y} JOo %59 >
pue suoz 31eJ 1eay yead ay) Jo %5859
Ul Juads dwil AY1 Ul SDUIYIP JuedubIS -
‘youd [jews e uo Wyl yum ueyy siadasyjeob
noyum soss G A G ul siafeid Jo Yy | -

‘saydud

obue| pue wnipsw 01 pasedwod (sapjdey

pue sjoys ‘sassed) siafejd uo spuewsap
1ed1uyaal | saydud jjews uo pakeld soss -

‘sali0bared

JUSWSAOW |[B Ul P3ISA0D DUBISIP |

yum ‘saydud jjews uo ueyy puewsp [edisAyd
1 sayoud abue| pue wnipaw uo paked soss -

‘ssweb
9 A 9 yum pasedwod ¢ A ¢ Ul pue ‘ssweb 9
AQPUB A Ul UBYY Z A Z Ul T dI9M Y /W 8|
anoge saduelsip Juuds [ewixew abeiany -
‘ssweb
T A T 0} pasedwiod A ¢ Y3 ul y/wy /-0
J0 spaads 1e aduelsip 1 pajjeAesy siakeid sy -
'ssweb 9 A 9 pue ¢ A 1 0] pasedwod
sasuodsas 34y pue yYH ‘e1g | ssweb g Az 3yl -

'ssed 19b.e}
pue joys ‘uondadiaul
‘el ‘IopeaH ‘s|qqup
‘uiny ‘aA19ddY ‘sseq -
SpUDWIpP [DIIUYIA |
HH -
:sasuodsal [po1bojoIsAyd

HH -

:sasuodsal [pa1bojoIsAyd
“(Alenpiaipu
papIAIp) sauoz paads

pue paJanod aduesi( -

spupwiap [DIsA4

(31eds s,6109 0L-4D) IdY -
(sauoz
HH pue **2%YHoe) YH -
'spubwap [p21bojoisAyd
paJan0d duelsiq -
ppoj [DUIIXT
'sJoys pue
Bulqqup ‘uondadiayul
‘uiny ‘1apeay ‘apjde) ‘sseq -
SISAIbuD [p2IUYII |
4H -
:sasuodsal [p21bojoIsAyd
‘palanod
9dUBISIP UOIIRID|DIAP
pue uolesd|dde [e1o] -
‘sabues uopeIdI3p
pue uoreia[axe
yb1y pue s1ei19pow ‘Mmoj
Buunp palanod aduessiq -
"adS buunp pue ysH 1e
PaJaA0d dURISIP pue ] -
sisAipup uonow-awil|
(syunds)
Bujuuni paads 1aybiy
JO S3|qeleA uonow-awl] -
'sauoz paads
1IN0y Ul PaJSA0D dURISIP
pue s>ueisip |e10] -
1S211SLAIIDIDYD
uonow-awi|
(sauoz
Ausus1ul unoy ul juads
AWl % pue **“yHoe) YH -
elg -
(31ess s,6109 07-9) 3dY -
:sasuodsas |p1bojoishyd

pasiian aiam ss|ni ON -
(je103 ulw
-$Z Paise| DSS) AI9A0II dAIE UIW Z/UIW ¢ X ¥ -
W 0o X 0§ :€9SS -
W 0€ X 0F 79SS -
w 07 X 0€ :19SS -
:(s19daaxjjeob 7 + G A G)
DSS JO S1ewlo) € uay) ‘dn-wiem pasipiepuels
ulw-0z e Aq papaadoid aiam saweb ||y
KI9A031 BAIIR UIW Z/UIW ¢ X ¢ -
s19dasy|eon -
Pud w ge X gf
B UO (S A G) SDSS ¥ :(}99M PU0IIS) SUOISSS T -
YPoud w og X o
B UO (¥ A t) SDSS ¥ :(99M 1S114) SUOISSIS | -
‘pawiopad 319M SHSS JS)e pue ‘sjleq yum
S3S1249X3 diweukp Aq pamoj|o} dn-wuem uiw-Q|
(w g x €) sjeob piepuels -
KI9A031 SAIPR UIW E/UlW ¢ X € -
(W pgxgy) O -
(W ogxey) M -
(W GEXGT) O -
(W gexgr) M -
(w ozxgY) oS -
(w 0zxgy) s -
:youd obue|
1o wnipaw ‘|lews uo Jadaayjeob e Jnoyum
10 yum (S A §) DS e Aq pamojjoy ‘dn-tiiepm

aweb
yoea 210§3q dn-wiem pasipjepuels ujw-g| -
£19A0D31 UIW E/UIW ¢ X ¢ -
(w 0px0S) 9z1s youd abiej uo G A G -
(WOEXOY) 321 YdNd WNIPaW U0 G A G -
(w ogx0€) 9z1s Youd |jews uo G A G -
:9z1s youd Juaseyip
ul (s19daaxjeob buipnpul) § A G JO SUOISSIS DSS €

sjeob-juiy -

3|NJ 3PISYO ou ‘saydN0Y pajwIjuf -

s19daavj|eob oy -

SUOISSDS UdMID] Y 8 “faam Jad X 7 -

jueysuod Jafeyd Jad easy -

UOIRINP SNONUIIUOD UIW 7 d1am saweb ||y -
9rgpueyay

‘T A7) s1ewloy 9SS Aq pamoj|o) ‘dn-wiem uiw-g|

s19fejd |euoissajold -
wdg 6 F ¥0Z **“4H
6% 79 F €€/ We

w L0 ¥ 08'L WBIRH
sieak | F 81

sdjew § = U

youd sseib |esnyeu ue uQ -
(s9SS
JO S1RWIOJ JURIBYIP € dI9M § pue € ‘7
SUOISSaS) SUOIssas bulisay ¢ pawlopad
juedpiyed ||y ‘sainsesw pajeaday

YoreW | + M/sS /[~ -
m‘_w>m_o_ |euolssajoid -
By 79 F T/L We

wd 7'§ F 5781 WbIeH
TS F UL

cL=u

youd sseub jeuniep -
'saweb 1ybis |je pa1s|dwod
siake|d g1 AluQ sainsesw pajesaday

s19feid |jeqiooy Jowuny -
wdq L§'Z F €5°661 ***%YH
LW/BY 85T F ¥0'LT Wg
s1eak L€'l F L8l

youd sseib |epiyiue ue uQ -
SDSS JO SuOo|ssas adneid
9 pue (%) | IYIAA PeIa|dwod

syuedpiued ||y ‘sainseaw pajeaday 6C=u
M
/ynew | 2 + YM/ss g 2 -
EBIIETIETVE]
40 s1eak g Jo wnwiulpy -
6% £ ¥ 52 Wg
‘skep £ Aq paresedas s99m dAIINIASUOD w $0'0 F 18'L WybIdH
UO SUOISSaS [eyUdWILIAAXD € pald|dwiod sieaf | F 0T
juedpiyed ||y ‘sainseaw pajeaday g=Uu
EBIIETIETNE]

uonisoddo swes
Jsulebe swea) awes uo pad|as siakeld -
-91ed1idnp ui pake|d
($)99M 6) SIRWIO) DSS dIY) pawiopad
juedpiyed ||y ‘sainsesw pajeaday

40 s1eak g Jo wnwiulp -
6% 8'6 F 0'59 g

w 800 F t£'L WbiaH
sieak 90 F €91

sdjew 9| = u

(6007)
1snIQq pue |9y

(5107)
pisuiIzpey
pue pysqdziser

(9100
|e 19 eynH

(¥102)
‘le 32 uosbpoH

(6007)
‘e 39 seeH-||IH

s)nsay

sainseaw awodlnQ

1030304d 9s1249X3

ubisap Apnis uondudsap 13(gng

(1eak) Apn1g

‘(panunuo)d) °| 3jqel



12 P. BUJALANCE-MORENO ET AL.

(panunuod)

'sjeob uo sjoys pue
(wg| >) sassed aduelsIp
Hoys ‘|leq ay1 yam

“CUYH %98 Buipaadxa
salyAIe 1 s1adaayeob yum oss ayl
sealdaym ‘sjeob Inoyum sweb ayy ur 1 **HyH $1OPJUOD JO JBquINU [e10] -
0558—9/ U93M1( S3lsulul Je Juads awl] - SISAIbup [p21UYI3 |
*S9IUAIIIR AUSUSIUI-MO| | pue (sauoz
Butuuni Aysusiul-ybiy 1 pawopad siakeid se *eUyHop pue **“ypHos) YH -
aweb ay) Jo odwial ay) 1 s1adosy|eob yum oss - :sasuodsal |p21bojoisAyd
*s19daay||eoh SIIUDO[IA JUIIIPIP
INOYUM S||UP 3Y3 Ul | YH pue paJanod aduelsiq - 1e buirow uads swij -
'saydrew aAniRdwod buunp padusauadxs sauoz paads -
3y} UeYyl | DSS Jo ANsudlul ||eIdn0 dY] - ssisAipbup d1pwaury
SauU0Z
jeo] -
Ip [B30] -
1S211SHAIIDIDYD
uonow-awi|
‘¥ Ay pUB ‘€ A € ‘T A Z 3y} bulnp H-ngs (0L-4D) 3dd -
3y} Yyum pasedwod duelSIp 210} pue Y|H elg -
"IN “dI7 Ul paJanod adueIsIp | ‘IdYy pue ‘el (**“YH%) YH -
xeUypog | pamoys Jaked ¢-ss ayy buung - :sasuodsal [po1bojoIsAyd

sJewloy |e Ul NOD pue ags

uey 34y pue eg 1 padnpoid Jewsos ag1 3yl - “(4IH pue dIw
'S1ewloy ||e ur NOD pue ggi o) paiedwod ‘Y7 ‘M) Sauoz paads Ino4 -
paianod duelsip [e103 | Apuedyiubis 1$211SLIB1IDIDYD
‘Se ||oMm Se ‘Y| Ul PaJIaA0d saduelsIp uonow-awi|
| PUB A\ Ul P3I3A0D SIDUEISIP J3UO0YS (01-4D) 3dY -

Appuedyiubis pamoys osje 1ewioy ags ayl - elg -

'S1ew.o) |le Ul NOD pue XeUlyop -
agi o3 pasedwod *®HyHos 1 pAdIR AgS Yl - :sasuodsai |02160joisAyd
$3U0zZ

paads e ddueisip [e10] -
ddueISIp [€10] -
'SWea) G| UeY) DUEISIP [e10) | Swedl dy - 1$213511910DIDYD
‘G 01 buipiodde pawoy uonjow-awi|
swiea) ueyy auoz Huiuuni Aysuazul-ybry ayy ui (3125 s,6109 01-4D) IdY -
dUBISIP | PaIdA0d pue (*°*“YH 906 <) t duozZ elg -
ur awn | uads o) pue dy Agq ussoyd swea] - (sauoz
‘D) pue ¢y 03 Buipiodde YH pue **“YHo%) YH -
u3soYd swied} 1oy | IdY pue elg **WUyHos - :sasuodsal [pa1bojoIsAyd

'sasuodsal eg
aweb g A 7 404 1dadxa sasuodsal |edibojoisAyd
JO SwuId) ul Jejiwis dJe JHSS pue Hss -
'sadA) Dss Jaylo 03 pasedwod elg
1 9SS pue BSS T A 7 BY) sealaym “CUyHo, eg -
pue yH Jo swid) ul ssweb ¢ A pue z A Z 3y} XeUyHo, pue YH -
Uey} | SJUSWAINSBIW JDSS PUB BSS € A € Y] - :sasuodsas |p21bojoisAyd

KI9A0D31 dAIIR UIW QL/UIW G X € -
W 0T X €€ 9ZIs Y2Ud -
S3|NJ ||eq1004
Kreuiplo pue (z + € A €) si9daayjjeob yum :€q -
(I1eq ayy ssed ued
1ey) siakejd J9IN0 7 YuM) ||eq Sy} uleUleW Z( -
lleq 9y ulejulew :1q -
(€ A €) DSS JO Slewlo) Iy}
£q pamoj|o4 ‘dn-wiem Aep-ydlew pazipiepueis y

W Q0L :ueISUOd paulewsas 3zis Youd anneRy -
(w z€ X G7) A19A0d31 dAIssed Z/UIW ¢ X 4 if A -
(w o€
X 0g) A19A0231 aAIssed UIW Z/UIW € X € A € -
(w T X SL)
K1910231 aAIssed UIW Z/ulW 7 X ¢ :sdweb g A 7 -
DSS
JO s1ewloy 9aiy] “dn-wuem pazipiepuels e uiw-0g
Juswabeinodus [equa -
uolIssassod |jeq ulelulew pue yo o -
1594 aAIssed ulw z/ulw 9 X 7 :ag1 -
1591 dAIssed ulw z/uIW ¢ X € ‘a9 -
1594 aAIssed ulw z/ulw 7 X 9 :ags -
ulw ZL X | :NOD -
:uolRINP INOQ JUBIBYIP
UMM (W 7€ X S7) ¥ A ¥ PUe ‘(W 0€ X 07) €
A€ (W SZX9L) T AT M SDHSS ay] “dn-wiem
pazipJiepuels ulw-0g e Jaye pakeid sem Dss yoeg

sjeob |jews pasn pue Jadaayeob e Inoyum -
pash a1am sajnJ d1dds o -
W 7 X 9¢ 9ZIs Ydid -
K13n0331 dAISsed UIW Z/UlW ¢ X { -
‘D) pue gy ‘Sl ‘3D 19m 9SS ‘dn
-WJBM UJW-0Z B J3)e pawiopad sem ¢ A § ydeg
juswabeinodua Yyoeo) -
s13dasyjeob noyuM -
pazijian a1am sanJ dYdds oy -
ulw 71 45ss
ulw ¢ X ¢ BSS 7 Ay -
ulw 6 ,5SS
ulw ¢ X ¢ BSS:e A€ -
ulw 9 5SS
ulw g X ¢ BSSC AT -
1SDGS SIUIYIP 93Uy L
‘dn-wiem ulw-Qg e 1aye pakejd sem Hss yoeg

youd sseib |epyie ue uQ -
‘(€ A €) DSS JO Slewloy € pawlopad
juedpiyed ||y ‘sainsesaw pajeaday

youd ssesb [epyiue e uQ -

*(s19d33yjjeob 1noyum 1o yum) nss

JO S1eWIO) € pUR |1HIAA Y} paid|dwod
juedpiyed ||y ‘sainsesw pajeaday

ssedb jepyie ue uQ -

"uollRINP INOQ JUBIYIP
YUM (7 A 7 PUB ‘E A € ‘T A T) SUOISSIS
Bulutes) nss 7| pawlopad swuedpiued ||y

"painseaw pajeaday

youd ssesb jepyie e uQ -

‘(93 pue

dY ‘SL ‘ID) spoyiaw uasayip ¥ buisn
pa3eald a1am Jeyl SHSS A + pawlopad
juedpiyed ||y ‘sainsesw pajeaday

youd sseib |epyiue e uQ -
‘(pouad Apnis yaam-7) sHss
¥ Ap pue € A € ‘7 A SNONUUOD pue
JUSLIWLIAIUL puB |1YHIAA Y} pa3ajdwod
juedpiyed ||y ‘sainseaw pajeaday

Yo1ew | + YM/sS -
siafeyd ay|3 -

sieahk 'L F €6
92130eid abelany -
BY 'L F L. NG
wd 1§ F '8/L WBIRH
s1edk 90 F ¥'81
saew QL = U

AM/SS G -

sieak €L F €9
wucw_\_maxw mc_c_c\_._. -
6 69 F 0°€9 W4
w3 7§ F §°5/1 WBIeH
sieak G'| F 69|

(8007) odiereN
pue ojje

9L =u (S107) [e 19 NPOY

AM/SS G -

siakeid yinok ayg -
BY L F 979 We

wd 7L F S7LL WOIRH
sieak | F /1

s9jew GL = U (£107) "2 39 PO

AM/SS G -

sieak 07 F 79
abe bujuiesy abesany -
wdq £'S F 1861 **“4H
BY ££ F L'v9 We
wd 1’9 F 671 WOIRH
sieak /'0 F 791

e = U (Z107) "B 32 NPieX

EBIIETIETNE]
4O SI1edk G wnwiul -
wdq £'9 F /61 **“4H
6% 95 ¥ 6'59 g
wd 9y F 79/L WbIRH
sieak G0 F 991
oc=u

(¢107) npioy

S}|nsay salnsesw awod1NQ

1030304d 951249X3

ubisap Apnis

uondudsap 13(gng

(1e3K) Apnis

‘(p3nunuo)d) °L 3|qel



(panunuod)

"ON-M3IZ +MIZ + ¥ A ¥ Yum pasedwod ON-¥
A  BulInp paplodai a1am suorienys bulgaup | -

MO-MIIT +MIT + ¥

A UBY1 }O-p A ¥ BuLnp pue ‘ON-M3IT +

K19n0331 AIssed ulW Z/ulW & X 4 -
(3In4 3pisyo
asned awen - 3y} 1dadX3) S3|NJ-|[_GI00) [BIDIYO pue YdNO) 331 -

Uo1ew | + YM/SS G -
siafe|d ynok a3 -
[HELEEN[L]Y)

JOURNAL OF SPORTS SCIENCES 13

MIZ + ¥ A yum pasedwod ON-MIZ + ¥ $S922NS JAIIII)|0) - W op X 0€ :9z1s Ydid -
A ¥ pue ON-7 A 7 Ul paplodal sem 3dy | - Buiqquq - AD-M3IIT +
MO-v Ay Yim SSed - MIC+ ¥ A pue ON -MIAIT +MIZT + ¥ A ¥ M3 T -
paiedwod € dUOZ Ul 1 puB| UOZ Ul PAPI0I3I ISUOIID [DIIIDI-DIIUYID] MO +MIZ + ¥ A ¥ PUB ON-MIZ + ¥ A ¥ XMI T -
Sem awl | ‘N9-M3IZ +MIZ + ¥ A ¥ Buung - (01-4D) 3dY - D pue ON 1D -
‘ON-MIZ + ¥ A ¥ pue SaUOZ-A}SUdUl YH - :SUOI}IPU0D
ON-¥ A ¥ yum pasedwod | auoz ul papiodal YH - JUSIBYIP Ul & A { B 319M SDSS By "palvjdwiod
sem awn | ON-M3IZ +MIZ + ¥ A + buung - :asuodsai [pa1bojoisAyd sem dn-wiem UlW-G| PIZIpIepuR)S B ‘DSS 210499
W oy X 09 :32IS Ydud -
‘saweb usamiaq
1591 anissed ulw ¢/pouad ulw G snonupuod) -
(Buiso]) Ayioudu| G X ¥ -
(Butuim) Auoudyul § X 4 -
(Buiso) Aousdns ¢ X G -
(Buium) Ayouadns ¢ X G -
1SDSS ¢ bulurewsals ayy
aded jsej e GAG -

pue spiedpim
se pajedpiyed siafed
9) DSS Jo saskjeue ayy
ui pajedpiued siakeid 9| -
By 6's ¥ 899 WG
wd 'S F €571 WbIH
s1ek 60 F T/LL (£107) "o 19
S3jeW 7z = U Zaydues-zaydues

sseib |epyie ue uQ -

‘suolenlis Hss 9 pals|dwiod
Kjwopuel siahe|d ||eq100) 9| JO |RIO} Y
‘painsesw pajeaday

'SUOIIPU0d
Awiouadns uj Buluuim uaym ssanjea
J3yBIy YyHM ‘ploJIUId Wead) 0} SSaUWOopUel
pue 31uelSIp ‘Y/W 6’9 MO||9q PIIIA0D
9dUB)SIp 3I9M S3|gelieA Jopipaid Isabuons ay] -
y/wy| €| 9A0Qe PaJaA0D SDUBISIP Y1 pue

plojjuad wes] -
:IN0IADYaQq |12

(sdu0Z *®WyHos ul Juads
awn pue **"“yHo%) YH -
:sasuodsas |p21bojoisAyd

siedk €L F TS

youd sseib [eimyey - 9ouauadxa buikeld -

101U Wead) 0} URISIP Ul SSAUWOPURI Y} (sauoz 9%ed MO|S 1B G A G - *(s19da3y||e0b 0C Ft'6 WG
219m buided jo sajqenien j0d1paid Jsbuons ay) - paads) palsnod duelsiq - 9oed |ewlou 1B GAG - 1noj yum) sweal pasuejeq Ino4 €9 F 7'€/L WOIBH
‘saweb paded mo|s pue |ewsou Agq pamoj|oy paads - :saweb ¢ 1S4y 9Y] "uoIssas buiysal 'SDSS JUIBYIP / pawopad siedk 0'L F 80T #102)

‘anjea paads ueaw | saweb paded isej ay] - :uofjow-awiy| e Aq pamoj|o} dn-wiem pazipiepuels uiw-0g ‘le 12 oledwes
's3YdNo}

9944 pue sjeob |jews ‘siadasyjeob Inoyum -

KI9M0331 SAIDR UIW €/UIWEXE-
'suolsuswip (W 8yx9g) abie

pue (W OpXQE) WNIPaW ‘(W ZEXYT) [[BWS 19 A 9 -
‘suolsuswIp (W zyXog) abue

pue (W GEXST) WNIpaw ‘(W 8ZXO7) |[BWS G A G -
‘suolsuawWIp (W 9exy) abue

pue (W 0£X07) WNIPaW ‘(W $ZX9L) |[BWS 7 A ¥ -
‘suolsuswiIp (w ogxgl) abue

juedpiyed ||y ‘sainseaw pajeaday S9jeW yz = U

T, Sem 3dY 9y} pue
‘l/loww G| F 9 sem eg **“YH Jo % F L6
sem A1ISualul 3sIDIaxd ‘Juswabelnodud

yoeod yum youd Jabiej e uo € A € -
‘87 Sem 3dY 9y} pue
‘l/loww 'L F ¥'€ sem eg **“YH Jo %S F ¥8
sem A)suaiul 3spIxe ‘Juswabeinodus

Yd1ew | + YM/SS €- -
s19fe|d unajewy -

s1edk G F G| dduauadx] -
6% 98 F 1'eL NG

(31825 014D S,b10g) 3dY - “JUBWAHRINODUS YDROd INOYIM pue

yoe0d Inoyum ydud |ewS B UOQ A Q - e7g - pue (W GZXGL) WNIpawW (W 0ZXZL) |[BWS i€ A € - Yum pue seale buikeid pazis Ajpualayip W 500 F 641 ybIsH
“JUBWIBRINOOUS UDROD pue ‘SUOISUBWIP UH - 'SDSS "UOISSIS € UO DSS JO S}ewoy y pawlopad sieak |y F Spe (£002)
pIaY ‘@dA) 3SI1D19XD J0) PUNOY DISM 10343 UIR - :saInspawl |0160joisAyd Buiuresy Dss e Ag pamoj|oy ‘dn-wiem ujw-og juedpiyed |y ‘sainseaw paieaday oz=U ‘e uudwey

W 67 X gl :32IS Ydud -
K19A0231 aAIssed UlW p/UIW ¢ X € -
[eo6 ou yum WIAN -

'sjeob Inoyum WINN pue N Usamiaq
PAAISO SeM JdY Ul DDUIBYIP OU SeRIdym

IWWN 03 paiedwiod 34y | S|eob yum W - |eob yum WIN - youd ssesb |epyie ue uQ - NM/SS T -
s|eob jo [eob ou yum W - “(01my wdq 9 F 507 **“yH

95UIsqe 40 dudsaAd dY) Jo dAdIASIUL ‘WINN jeob yum W - S1ewloj DSS Yl Jo ydes paid|dwiod w /0°0 F 0/°L 3YbIdH
0} pasedwod M=y Hog | HSS Buunp W - (3]eds s,6109 0L-YD) IdY - (€A juediiued yoes) syPam 9 ulyUMm B ¥'9 F £'5S Wd
FSTTET] (PM52H0p) YH - €) SDSS JO SIPWIO) JUBIBYIP  'SUOISSIS Bululely SUoISSas DSS € A € bIR pawiopsd siedk /0 F 79l

UO 13949 Juediiubls pey ajns dAISUYRQ - :sasuodsas |pa1bojoisAyd DSS 2109 dn-wiem pazipiepuels e uiw-Q| juedpiyed ||y ‘sainsesw pajeaday ZL=Uu (7107 ‘|e 3@ obN

s)nsay $3JNSE3W 3W0dINQ0 1030304d 9s1249X3 ubisap Apnis uondudsap 13(gng (1eak) Apn1g

“(PanuRUO)) *L 3|qeL



P. BUJALANCE-MORENO ET AL.

<
-

'918]S POoWw JO 3|0id = SO ‘SasIaxa buiuuns yum bujuiesy aasusiul-ybiy = J|H ‘adueisip Aususiul-ybiy = q|H ‘@duelsip aAne[al = [21Q ‘AI9A0D3I J|qRLBA Y)M UOISSIS
9Y1 JO pud 3y} 18 = AJ ‘AI9A0D3J PIXI) YIIM UOISSIS dY) JO pud 3yl 18 = 43 ‘AI9A0I3I 3|geLIBA UYIIM UOISSIS 9y} Jo Buluuibaq ayi 1e = Ag ‘AI19A0291 paxiy YIIM uoIssas ay3 Jo buluuibaq syl 1e = 4g ‘siakejd piedpjim |eusalxs pue
Jewsalul = \3| ‘s19kejd paedpjim jeussiul = Ay “19daay|eob Inoyum paiods sjeob = QN ‘siakeld piedpjim Inoyum pakeid = Y1 ‘e [JUP = €3 ‘Z |IMP = Zd ‘L ||MP = L ‘uoneInp 1nog snonuiuod = NOD ‘uoneinp noq buo| = g1
‘uoizeINp IN0g WNIPaW = Qg ‘uoneInp Inog Uoys = ggs 2403s [ed1uyYda} A paljdiinw **HZop = §) XBWIOA = dy !S210DS [BIIUYID) = S| ‘UOIIBN|RAD JAIIQNS SaYdeod = 3 ‘paads Hujuuni [ewixew = XeWg (£ydojan
Bujuuni pjoysaiyy arerde| = |7/A “4adaayeob e inoyum youd abie| ayy uo sngsg = NOUMY adaayieob e yum youd abie| ayl uo soss = M Ladaayeob e Inoyum youd wnipaw ayl uo soss = NOBMy fiadasyjeob e yum
yo>ud wnipaw 3y} uo sngs = M Ladasy|eob e Inoyum youd [jews Yyl uo snss = M°HIMG Hi3daay|eob e yum youd jjews ayy uo snss = MG {| 1591 AI9A0D3J JUSNIWIDIUI OA-OA = LIYIAA ‘@INuiw 4ad syeaq = wdq ‘bununds
Buunp paianod aduelslp = Qds ‘paads ybiy 1e paIanod Dduelsp = YSH ‘dwibai snonunuod saweb papis-jlews = JHSS BwiBal JudlIwIRIUl saweb papis-jews = DSS Uamod [ewIXew = d| Jamod pajens|d = 43 amod
ybiy = dH “4amod ybiy |01 = 41 ‘4omod dijoqersw = ¥4y 3501 ABIsusd = 3 ‘suoness|dap ybiy = QH ‘suonels|adap dlesspow = QN ‘suoliessjdde ybly = yH ‘suonels|adde slesspow = YA ‘paads [ewixew = S|\ ‘paads
ybiy A1an = SHA ‘paads ybiy = SH ‘Butuuni paads ybiy [e103 = G ‘ssed |nyssaddnsun = "y ‘ssed |nyssaINS = 54 ‘JPPE} Bulpl|s [NyssaddNsun = | S ‘Bppdey bulplls [NYSSaINS = 51§ ‘J0ys [nyssaddnsun = g 1oys |nyssaddns = °g
‘3sed Bulqqup [nyssaddnsun = S"gqg ‘sed bulqqup |ngssaNdNs = Sgg ‘PPel [nyssaddnsun = M| FpPe) |Nyssaddns = 5| ‘spiemio) = M4 ‘SISPBUPIW IPIM = M ‘SISP[RUPIW DAISUSIP [BIUD = WAD ‘SYPeq-|Iny = g4
!SI9puURYap [e1IUD = @D ‘159) buluuni d1goIae snonunuod = TYAJWVA ‘Paads diqosse [ewixew = Sy ‘Duo noqg = |g ‘butuuni Ausuaiui-ybiy A1sn = YHA ‘uondwnsuod uabAxo wnwixew = **WZop (A19n0331 dAIDE = Yy
!£19A0331 dAIssed = Yd {Ydn0) 7 = 17 {Ydn03) | = ]| ‘dInpadoid Judawssasse 1ods weal = dyS] ‘1.l Leay ISl Jo abejuadiad = 2MSRiyHo, (9103S 01 Sem Wik 3y} pue ul| pud S,wedl 3yl uo pade|d sem [eob |jews e = ¢|
‘|leob ou sem aJay} pue |jeq Y3 Jo uoissassod ay3 Yyum auipua syusauoddo ssoud 03 payse a1om siakejd = z] {jeob ou sem 313y} pue awiy uoissassod [jeq ay3 dziwixew = || ‘dinssaid uew-ajgnop = dQ Aejd 331 = 44 ‘sjeob
Jlews yum saweb papis-jlews = 6-Hss ‘siadaax|eob yum saweb papis-jjlews = 9-0ss ‘Aejd uoissassod Buiajoaur saweb papis-jjlews = 4-Dss ‘uolssassod |enpiaipul 1ad sayonol omi Jo saweb papis-jlews = 2ogg Aeid aauy
yum saweb papis-jlews = JIngs ‘dwi Jo abeluadiad = awng, ‘suoys Alsualul-ybly pareadas = sI|HY ‘Ol I1SaIBoM = Y ‘paads wnwixew = XA ‘swiy Jo abejuadiad = |9, tinoy Jad palanod aduelsip = 4Hg Lnuiw sad
PaJaA0d DURISIP = W ‘saydlew A|pusily = S\ ‘Wnwixew [enpIAIpUL 9Y) 03 199dsaJ YlM el Leay uesw = ueaWyH% ‘peo| Jakejd = 14 (Y/wy Lz <) Hwi| Inoyum paads juuds 1e 1oya Jo Aouanbaiy = §S4 (y/wy g1 <) Hwi|
noyum paads ybiy 1e 1oyd Jo Aousnbaiy = SH4 {(Y/wy Lz <) Hwi| Inoyum paads Juids 1e paIsnod adueIsIp =SS {(Y/wy gL <) Hwi| Inoyum paads ybiy 1e pasanod aduelsIp = SHQ ‘[eob uo S}0Ys |nJssaddNs Jo Jaquinu = §
‘sassed Jo Jaquinu = ¢ !s||eq Is0| JO JSqWINU = Sg ‘s||eq PaAIIIAI JO JISqUINU = sgYy ‘s||eq pa1anbuod Jo Jaquinu = sg) ‘z1s 1934 = S Hdeqpasy aAIsnigoun ‘pliw Ajuo yum saweb papis-|lews = \-DSS ‘Juswabeinodus yoeod
paysnd AjBuoiis e yum saweb papis-jlews = 4S-DSS 193305 Ul JUSWISSISSY [e11DR] JO WRISAS = yS-1N4 ‘Butuuni Ausuaiul-ybiy = YiH ‘butuuni Aususiul-ajesspow = Yj\ ‘Butuuns Asusaui-mol = Y7 ‘bunjjem = pp ‘d1el ueay
wnwixew jo abejuadiad = **HyHo, ‘siadaay|eob Jo duasald = Yo ‘1521 aaIssed yum saweb papis-|lews = 1dDss 153l dAIDR YUM saweb papis-|[ews = Jengs ‘9.l Ueay wnwixew = XUy ‘uone|nwnide 3elde| poojq = elg
‘S|P SdURUSUIEW-IOURINPUI-PIAdS = WIS S|[UP UoIdINPOoId-2dueINpUS-paads = 43§ ‘a1el eay abeiane Jo abeiuadiad = >"°yHo, ‘UOILIXS PaAIRdIRd 4O d1e) = 34y ‘a1el Leay yead Jo abeiuadiad = 1°%y o, ‘a1e) ey = YH
‘paads abesane = "°paads ‘paads wnwixew = 1*9paads ‘pasanod aduelsip [e10) = L ‘Bupew-uew ou = WAN ‘Bupjiew-uew = Wiy ‘Dweb papis-|lews = DS Haam Jad SUOISSIS = YM/SS ‘ssew Apoq = g :SUoleIARIqQY

‘Al91ewixoidde ~ ‘anjea Jamoj| e uielqo o3 4o Jiedwi 01 1 ‘anjea Jaybiy e ujeiqo 0} 10 Iseasdul 0} | SAION

(uw gz
pa3se|) usamiag-ul 190331 anissed s G| ESIIETIETNE]

/pa3ds 210I9e |[PWIXRW 040 | 38 SunJ s G| :[|H - J0 s1eak G| JO wnWIUl -

SWOd - uolssassod |leq UleIUIB/W SE X 5T :9zZIS Ydld AM/SS [=9 -

:s2inspaw [p21bojoysAsq (ulw gz paise|) s19feid |euoissajold -

‘9due|eq PoOW PaINSud e1g - AI9A0d31 daIssed UIW S/UIW ¢ X 7 i(f A ) DSS - nnadwo) - by 98'8 F £0°€/ WbBIdIM

DSS [IYM ddURqINISIP poow e padnpodd JIH - 34y - :suonipuod bujuies} ayl pue ‘(LIH pue 5ss) sjodo10.d w 90'0 ¥ 08'L 3ybIdH

‘(e7g pue 3dY ‘YH) sasuodsal [edibojoiskyd dH - AI9A0d31 JO ulw € JBYY "dn-wiem pazipiepuels oM} 9y} pawlopad juedpiued ||y sieak 60 F T
Je|IWIS PaJnpul SUOISSas HSS pue ||H yrog - :sasuodsai [po1bojoIsAyd e Aq papadaid sem Buluiesy jo wioy yoe3 ‘painseaw pajeaday sajew 9| = U (8107) ‘| 19 W3S

(D pue sjeob ‘w o€ X Of)
pJedp[IM [euslxa a3yl se buide ‘paisal 1ey) wesj
Ag Se awes ay) AT -

43 ueyy A3 sy3 49 Se swes 9y} 143 -
1e pue 4g ueyl Ag 9yl 1e | y/wy 8| < adueisiq - XeWp - (sjeob ou i uiw z 03 dn Jo |eob e jnun buifeid UoJew | + YM/SS € -
‘Al dlH - 1day s219|yie) pasn sem usaned awes ay] :Ag - s19fe|d |jeqiooy Jowunf -
ueyy Ad ay1 e | (y/wy gL < pue y/wy gl-€lL 1940 - (uw g sseib [edyie ue uQ - B /1L F L8'V9 WY
'9°1) sabuel paads snoLiea 1e duesiq - gL- Jojpaked)gAaypueyAdDIAGGAY g - 'SDSS wd §°0 F 7/l WOIBH
*(59z1S 129)J9 d1eI9POW 0] ||PWS) AF pue 1$213511912DIDYD [S9YdleW § X 40 sadf1  pawiopad sjuedpiued |y sieak y4'0 F T/LL (8102) |e ¥®
43 03 pasedwod Ag pue 4g dy1 ul | [3ig pue | - uonow-awi[ Yum (D pue g ‘y swea]) sss ¢ A ¢ Jo sadAy uno4 ‘saInseaw pajeaday S9eW 7| = U ZdYdues-zaydues
s}nsay $2JNSeaW aWo0dInQ 1020304d 3s1D19X3 ubisap Apnis uondudsap 123lgng (1eak) Apnis

“(Panupuod) °L 3|qeL



JOURNAL OF SPORTS SCIENCES 15

(panunuo)d)

"(%C'6 +) UOIIRIIUSDUOD BIIN 1O} PUNO SEM ISBIIDU] UR pue
“(950°G—) A19A0D31 €10} 10} PUNO) SeM 3SEIIAP JuedIUbIS v -

'sanjeA [eryul ybiy yum asoyy ueyl syuswanoidwi Iaiealb
PAIMOYS (%€ +) SaN|eA V| duljdseq Mo| Yum siakeld -

'sdnoJb uaamiaqg uondeIul

WedIUBIS 0U YUM “(%ET-) TND Pue ‘(9%8'1—) **>%yH
“(9€°L +) LV| 10} PIAISSCO 3I9M SID9YD WY JUedIUBIS -

‘D) 0} pasedwod pouad bujuiesy yaam-9 ayy buunp
1591 0M] 33 ul aduewlopad J1dyl ul | = sdnoib Hss pue ||H -
‘D) 3y}
Jo aduewuopad ayy ul abueyd jou seassym ‘(AjpAndadsas
‘%8'S pue |'g) sgod yum g —og ay1 pue (AlpAndadsas
‘%9'9 pue |'G) 153} [eAsweA ul | sdnoib oss pue |IH -

MO Inoyum
saweb 03 pasedwod uaym Ayzusabowoy adnpas pue

MM Ho% Ul | %L1 ~ ue padnpul Y9 dy3 ‘g A g dy Buung -
‘Buiuuni JUINIWIAIU] UoRIND

-1OYS Ul UeYyl SHSS ul snosusbowoy 1 sem 2MSypop -
'SDSSOLAQLPUR'BA8 T AY 'L ALY

Uey) | os[e Inq ‘Yd 0€-0€ UBY) | ¥V 0€-0E Y Ul **>"yHop -

‘9beianeysy pue X*WA ayy anosdwi pue
159} ANjIqe @OD ul d>uewlopad | uonuaAiRiul bujules oss -

Mods-DIS3Y YL -
KEIETIN
104 2Jipuuol1san)
$sa11§-A1aA022Y 3y |
douewnopad qO) -
bunuuds ybrens - s1adaayjeob yum -
ra- AI9A0331 UIW H/UIW $ X 4 (W 0E X OF) ¥ A ¥ -
MWD - A13n0331 UlW p/ulW ¥ X & (W GT X GE) €A € -
:sasuodsal pjnIsnuwoinaN :SUOISSIS DSS -
1V - "1V 4O 9%0%L 1B 1S SeM SunJ 3y} Joj AJISUSIU| "SILISS UIIMI( 1S3
dseury auneas) - ulw OL/(L:L = Ol3ed UNJ-01-1531) SUNJ S G|/GL-ZLXT SUOISSas ||H — :burupi] -
ealfn - 'SUOISSIS | |H puUB SDSS JUIYIP 3y} ||e pawopad 1a(qns ||y :sdnoio -
Aeadyyy 'pa1sal a1om siakeld e spouad bBujuiesy
eg - 9y} JdYe puUR 310jdg "SUOISSAS ||H PuUe DSS M Jad pajuswajdwi a1am
:sasuodsal [p316ojoisAyd SUOISSS 9IURINPUD OM| *(UOSBIS-UI) SY9IM § B 104 :poliad UoiuarIduf -
aAIssed Y| UIW §//XT XT (H'S1-0EA%S6) SOL-SOL -
anIssed Y| ulw /8xg XZ (H'S1-0€A%001) SSL-SSL -
aAIssed Y| ulw 9/01XZ XZ (H4'S1-0€A%S6) SOE-SOE -
:(S9INYS W-Qf J9A0 paunioyad suolssas 6) |1H
‘I3l sseab d139Yjuks e uo pue (suoissassod |jeq uleiulew) Yo e INOYIM
(w oL x G1) 1900331 S O€ ‘UIWI |/S OF ‘UIW | X G L A | -
(w 07 X 07) A19A0J31 UIW 7/S O€ ‘UIW T X G T AT -
:(SUOISSas 6) DSS :butuIi] -
(31e3s 01-¥D b10g) 3dY - (9 = u) 9D pue (8 = U) LIH ‘(8 = ) sOSS :sdnoio -
(3Me%9yHop) HH - *(SuoIssas Bulurel y9am-9 ay) Jd)e pue 210§3q BulIsa) JO SYPBM 7 X
:sasuodsau [pa1bojoisAy4 pue pouad Buiuiesd 3am-9 e Buipnjpul) sy9am Q| e 104 :pouad uonuardluf -
(4d) ulw g/ulw 0T X € (W S¥ X 06) XD + 0L A OL -
(4d) Ul g/ulw ¢ X & (W G X 09) 8 A 8 -
(4d) Ulw G/uIW QL X T (W Gy X 09) ¥D + 8 A8 -
(4d) Ul g/ulW # X T (W STX0E) WD + v A -
(dd) S O€ ‘UlWI Z/s 0€ ‘UIW T X 9 (W 0T X0T) TAT-
(4d) S O€ ‘Ulwi /s O€ ‘UW L X ¢ (W OLXOL) LAL-
1$J11S191IRIRYD SDSS
S G U £ X | (**“CON %0Z1) 4d 0Z-S -
(4d) Ul 9 Yj/uiw £ X 7 (*““OA %0L1) ¥d 0L-0L -
(4d) unw g yj/uiw oL x 7 (°““OA %001) ¥d SL-SL -
(4d) Wl 0L Yl/uw oL X T (“°*““OA %001) HY 0€-0€ -
(4d) uiw oL Yl/uiw oL X Z (20N %00L) Yd 0£-0€ -
:buiuunt JuaWIRIUI UoLRINP-LIOYS buuII] -
*SUOISSas Bujuunt JualHWIRUL
uol1eINp UO0YS Y} pue SHSS JUIRYIP Y3 |[e pawlopad 133(qns ||y :sdnoio -
(PMo%21yHoe) YH - "DSS L pue buiuuni JusWIRlUl UoieINp-LOoYS | 3am Jad pajuswsajdwi
:asuodsai [paibojorshyd 9J9M SUOISSDS OM] *(UOSEDS) SYIIM / B 104 :poliad UOIUAIAIUY -
payipow sem azis ysud ayj -
91035/5|e0b 10 YO INOYUM -
Kejd uoissassoq -
palwiI|l S9Y2N0} JO JAquIny -
(A19A0J31 UIW Z/UIW ZXG) T A T 19-G SHIIM -
(A19A0D31 UIW Z/UIW €XS) ¥ A  H—E SHHPIM -
wuds - (A19A0D31 UIW Z/UIW PXY) ¥ A  :Z—L SHH9IM -
:9su0dsal Ipjnosnwoinap 1DSS “(399Mm Jad
ssew Apog - 32IM}) $)I3M 9 3y} Bulnp pawIouad 319M SUOISSIS PaAseq-DSS 7| :buluipiy -
WbIeH - ‘(1L = u) D) pue (zL = u) sOSS :sdnoiy -
:JUdWISSASSD *(3593-150d pue 1s33-a1d) Hede s}9M 9 ‘SUOISSDS
|p2ujowodoiyiuy  z Buunp palsal aiam s1akeld ||y *(UOSES) SHIIM 9 B 104 :poLiad UoUIAIIU -

159} 9|MNyYsS ySY -
191 Ayjige @od -

Yd3ew | + YM/SS G~ -
siakeld [euoissajold -
6% 96 ¥ £'0L Wg

W 900 F 6£°1 WbIH
siedk 80 F §91

sajew gL = U

papn|dXa alam Mo -
yorew | + YM/ss y—¢ -
m\_w\Am_Q ||eqio0} Jnajewy -
wd ¢ F 081 ybIsH

6% 9 F L'6/ WY

sieak /'y F €9¢

solew gz = u

siakeld [jeqrooy ayg -
B vy F €8 W8

wd 6'S F ¥'181 bIH
sieak 6'7 F 09C
sajew QL = U

Yojew | + YM/ss € -
siaked
In3djewe pue Awapede

||eq100} |eUOISSDJOId-1WSS -

AW/BY 0T F 97T Wg
siedf 'y F 6°0C
s9ew €7 = U

(¥102)
‘e 19 apneq

(¢1027)
‘219 [ejleq

(8007)
‘e 19 |ejed

(£100)

‘le 19 ouslio

-9ouejelng

synsay

$9JNSEeaW dW0dINQ0 (sdnoub [0J3u0d pue Juswiealy) swwesbosd Bujuiel|

uondudsap 13(gng

(1eak) Apnig

's19he|d ||eq1o04 Jo dduUBWIOMAd 3Y) UO SDSS JO SII93 dIUOIYd 3y} Buluiwexs (6 = u) S3IpNIS *Z 3|qel



16 P. BUJALANCE-MORENO ET AL.

(panunuod)

:oupwiopiad 21gosay
(emaqg
% Pue 1S1 ‘1Sd) VSY -

‘(y/wy y1 pue ‘1| ‘6 paads Buuuni JUaWssassy [DIIsAYd

18 YH pue Z0A Apuedyubls padnpal) 3y ul snosdwi s9SS - ploJunys -
“(2139Q% pue 151 ‘1S4) ¥SY Ul JuswaAoidwil JUBLISSASSD

edIubls padNpuUl UOIIUBAIBIUL BUlUlRl} DSS H9aM H—- |poL3BWodoyiuy

(Y/wy 1°0 F ¥'6 SA HH -

:asuodsai |p21bojorshiyd
PaJ3A0D DUEISIP [e10] -
paads Bujuuni abessny -

Y/unf L0 F §'SL PUR €0 F T6L SA €0 F S'7¢) W3S ul ueyy
d3s ul Jaybiy asom Bujuiesy buunp paads sbesane pue yesd -
"Aluo 43S Ul (%S0 F '€ 03 80 F ¥') paseaiap

xapul anbiie} ySy 3yl 3jiym ‘Ajpaidadsal ‘|W3s pue 43s paads yeaq -

Ul %40 F €1 pue %¢°0 F L' Aq parosdwi aduewiopad ysy - :uonow-awi|
KEN VSY -

ur Juswanosdwi Ja1ealb yum ‘Ajpandadsal ‘WIs pue 43s CTHIAA -

Ul %S F 97 pPue %8 F 05 Aq paseasdul aduewopad ZYIAA - :asuodsal Ip[nasnwoinay

‘paads

Buiuuni Aysusiu-ybry

pue -moj 1e pue ‘buryjjem
‘buipuels uads swi] -
dueIsIp [e10] -

Ausuazul
pup asupwiiopad Y230
NI S, WO|OH{g -
:22UDINpUd JYY123ads [[pqi004

*1591 d1y12ads ||eqiooy buipnpul ssjqelea
painseaw 3y} Jo Aue ur punoy a1am bujuiely [eAldiul diqolae
J13U3b pue d1ads UIIMIDQ SIDURIIYIP JuedLIUbIS ON -

‘(Buturen oe|L1e 3y -
uoseas-aid Jo SPam {1511y dY3 03 asuodsal ul Ajjeads) (e]1) ploysaiy3 aiepeT -
siake|d [jleq100y Jo sdnoib yioq ul duewopad ydjew XRUZOA -

pue ssauyy d1qosae Ui syuswanoiduwi Juedubls 19m a3y - 1$S2UY 2IQOIAY

SUOIIPUOd |ed130e) DIdAdS O,
W GZ X 0€ 9ZIS YdUdy
K19A0231 3AIssed ujw Z/uiw € X || i/ SDSS -
A19n0331 dAIssed UW Z/UIW € X 0L 9 SDSS -
A19A0231 aAIssed UlW Z/UlW € X 6 G SDSS -
K19n0331 dAIssed UIW Z/UIW € X 8 i SDSS -
K19A0231 3AIssed ulwW Z/ulW € X / € SDSS -
K190 dAIssed UIW Z/UIW € X 9 :Z SOSS -
K19A0231 dAIssed UlW Z/ulW € X G :| SDSS -
:(Ssuolssas Bujuiesy Hss /) IpIS ydes uo yo
| + s19fe|d pjayIN0 € yum 1ewnio) € A € e ul pake|d a1am soss ||y :buiumi] -
(5L = u) sss :sdnoio -
‘pouad 333M 1 e 104 :pouiad uonUNIIUY -
1591 dAIssed S Gi/S G X 0L H99M ¥ -
1591 aAIssed S Gi/S G X 8 NOIM € -
1591 9AIssed S Gi/S G X 8 NOIM T -
1591 9AIssed S Gi/S G X 8 NOIM | -
"L11 ronel 15240 (W 07 X 07) WD + T A T JO SDSS papnpul {N3S
1591 anIssed S OGL/S 0E X 0L M99M ¥ -
1591 aAIssed S OGL/S 0E X 8 P9I € -
1591 dAIssed S OGL/S 0 X 8 NOM T -
1591 dAIssed S OGL/S 0E X 8 MOIM L -
(G:L :011BJ ISRI-IOM) S|[eq YUM S||LIP [enpl
‘W3S 10 d3S 19yud JO (SHa9M ¢
© 10} 93M B 3DIM}) SUOISSas g pawiopad dnolb Buutesy yoe3 :buuwiy -
‘(6 = U) W3S pue (6 = u) d36 :sdnoso -
‘pawopad a1am 1591
150d pue ald "(WIS) ddueuIUIRW ddURINPUS Paads 10 (43S) uondnpoid
9dueInpud paads :pajuswajdwi 1M Bujules} dueinpus paads diqolaeue
40 s9dA) Jualaylp om] “(porad Uoseas) sYIIM { e 104 poliad UoRUINIIU -
(3P1e 33S) GA G pUR H A f -
(321 93S) GA G pUB § A ¢ -
(3148 33S) GA G pUB H A Y -
$3YaNo3-Jleq /(W 0S X OY) XD + v A7 -
S9Ydnol-jjeq €-7/(W SEX ST WD + €A € -
12J9M PI1IJIIS SDSS :SNISHUBDRIRYD D]S
XeUH O 9%56-06 JO ANSUdlUl Ue Je suny -
1$13s19RIRYD DD
“(®“YH 40 %0.-09)
KI9A0231 SAIIE UIW € YUM ulw { Bunise| 9s219xa JO SINOQ f JO 1SISU0D
1ey) Bujuiesy [eAIdlUl D1OIR JO 3Iam Jad suolssas Bululesy g :buiuipiy -
(Pl = U) OIS pue (5L = u) D1 :sdnoi -
*(3591-350d) Buisay oy
sy2am g Aq pamoj|oy bululely JO SY39M g 19yuiny ‘(1531-Pi) 1591 JO SHIIM ¢
‘butules} uoseas-aid Jo SIIM  ‘(3591-24d) 1531 JO SYIOM 7 JO PIISISUOD
pue (19qwadag 01 I1snbny woly) SY39M g| e 104 :pouad uonuarIdlu| -

(SuR)
s19fe|d |jeq1o0y |euolissajold -
BY L9 F £'8L We
w> 8/’ F 1’181 WbIaH
s1eak Sy'E F SHe
S9jew G| = U

si9keid ayjd-gng -
ERVEIIET)E]

JO s1eak g Jo ued|y -

yolew gz + YM/ss 7 -

BY v'v ¥ v'6L WG

W 900 F 6£°1 b

siedk | F 61

saew g = U

s19Kejd soun( |euoissajoud -
ERVEIIETNE]

JO s1edk G'|L F 96 JO UBI -

wd 85 F 1'8/L WbIeH

By £y F 1'69 Wd

sieak 80 F T'/L

s9jew 67 = U

(¢107)
4_m 1°© UamQ

(9102)
dnasniy

pue Jyop

(9002)
‘e 19 uazzy||edw|

s}nsay S3INSeaW AWodINQ

(sdnoub [013u0d pue uswiealy) sawwesbosd Bujuiel|

uondudsap 13(gng

(1eak) Apn1g

“(panuRU0)) °Z 3|qe



JOURNAL OF SPORTS SCIENCES 17

‘dnoib s1afe|d 1siom = oy ‘dwnf Jenbs = s 115331 yoeal-pue-3Is = YyS ‘UOIIRIDOSSE [|eGI00) JO [RUOIIRUIIUI UOIIRIIPIS = V4|4
‘uonjesiuebio buiuten seinbas = o3y ‘s1es Aiojesdsas = Yy ‘ones sbueydxa Alojendsar = Y3y ‘aeidn usbAxo = QA ‘2103s JuswaIdAP dbejuddIRd = 21299 ‘Pwinl Juuds |10 = S| ‘dwil Juuds 1s91se) = |G4 ‘a1el
1eay = YH ‘1591 7 [9A3] AI9A031 JUINIWIAIUI OA-OA = TYIAA ‘9dUBUSIUIRW ddURINPUD Paads = IS ‘uondnpoid adueInpuad paads = 435 ‘Awouoda Bujuuni = 3y ‘pjoysaly} dlelde] = de|| ‘dle Ueay wnuwixew = **Wyy ‘dnoib
Buutes) dyads = 5 ‘dnoib Bujulely DURUSH = DD ‘S13|YIY 104 DIIRUUOISINY SSAIIS-AI9A0I3Y = Wods-D1sTY ‘dwnf dosp = (q ‘dwn( JUsWSAOWIRIUNOD = [ ‘S1el Leay yead = 1%y ‘uoneinwindde a)elde| poolq = e1g
‘plOYSaIy} dIqoieUR [BNPIAIPUL = || ‘3593 DIQOIIR SNONUIIUOD = 159} [BASWEA ‘UOIMIAXd PAAIdIad JO 31kl = JdY ‘151 SSaUML JUSIMWIRUI GL-0€ I8 AWDOJRA = HIg|-0eA ‘sasid1axa buluuns yum buutesy aapisuaiul-ybiy = JH
‘3181 1eaY BAI9s3) JO abeluadIad = My Hoy ‘axerdn usbAxo [ewixew = **WTOA ‘A1an0D31 S3UBSISIUL = Y| ‘A19A0331 BAIssed = Hd ‘A19A0331 3R = Yy ‘Aujiqe Junds pajeadal jo paads abelane = 26%ycy fydojan Buluuni
JewIxXew 3y} yoeas 03 awyl = **Ay IAyjige juuds pajeadas = ySY ‘uondalip jo abueyd = go) ‘4adasyjeob = Yo ‘dnoib |ou0d = D) soweb papis-jlews = SHSS HoaM Iad SUOISSIS = YM/SS ‘ssew Apoq = |\g SUOIIRIARIQQY
‘Aj91ewixoidde ~ ‘anjea Jamoj e uielqo o3 Jo Jiedw 03 1 ‘anjea Jaybly e ulelqo 01 J0 3sealdul 0} | :SAION

'¥SY 3y1 buunp awn
[e303 9y) pue juuds 159158} 419y} Appuedyiubls parosdwi D -
1591 dwn( [e21uaA Y3 buunp syuswaroidwi Juediubis oN -
9duewopad AjIqIxal4 pue sy | (uoseas-aid) buluiesy soss -

'sdnoib yjoq ur pabueydun alem god pue WD -
(Y/wy 9L F gl 3sod ‘€L F 67/L
:21d) dnoib D3y ay3 1o} DUBIIYIP OU YuM (Y/wy 8°0 F #'8L
0} L'L F 0°/ZL Wou) 1|H '8 DSS 3y oy panosdwi 14| SL-0€ -
"DIY dY) 10} %E/
SA 1IH % DSS 9Y1 10} 95E€Q 2I9M YH WinwiXew Jo o, abesany -

VSY -
fWD pue fs -

qvs -
:asuodsai Ib|nasnwoinap

4H -

:asuodsai |pa1bojorshiyd
(1591

@0D uni 7 payipow) 40D -

MWD -

141 S1-0€ ¥yl -

:sasuodsal IpJnsSNWoInap

payipow sem azis ysud ayj -
(U ZLXLXZ) WD + ¥ A 7 :G H99IM -
(K1I9A0231 UIW | /UIW PXPXT) ¥ A ¥ b NOIM -
(A19n0D31 UIW /Ul ZIXp) YD + 9 A 9 i€ I -
(A19A0331 UIW €/UIW OZXE) 9 A 9 1T M -
(K19n0331 UIW €/UIW OZXE) 8 A 8 | MM -
1SDGS *(UOISSAS
|BJ110B)-[eDIUYIDY | + SUOISSAS SDSS ) Y99M/suolssas Buluiesy § :bujuipij -
(¥T = u) s9sS :sdnoio -
“(4v'S pue dWNr ‘vsH) pus ayi pue Buluuibag sy je
pawopad 2I9M 153} 324y "(U0Seds-aid) SH9IM G e 104 poLiad UoIUANIIUY -
“9am J4ad uoIssas (+11 y4[4) uonuanaid
Ainfup | pue ‘uoissas Ayjibe pue paads | ‘suoissas Jamod pue yibusans ¢ -
"adueuliopad 1531 14| §1-0€ %0LL
18 (S G1/0€) Ulw 9 X 7 pue (uoissassod [jeq uleluiew Ajuo pue |eob ou)
£13A0231 dAISSed UIW | /Ulw X 4 H93m Jad UoISSaS ||H B DSS paulquiod | -
DIy
*(539S UIIMIQ
S 06 40 poliad 1sa1) dueWIOpAd | 4] GL-0€ JO %0TL e (S SL/GL) Ul ¢ X T
pue dduewiopad 1531 14| SL-0€ 4O %OLL 3e (S GL/0E) UIW 9 X T :LIH -
W GZ X 0€ O eale ydid
(¥ A ¥) 1970231 dAISSed UIW L/UIW § X { 1DSS -
:1IH % 9SS butupiy -
‘(£ = u) 53y pue ‘(gL = u) LIH %8 9SS :sdnoio -
‘AloAadsal ‘Ayjibe pue paads
pue Jamod/yibuails Jo Bulules} se ||9m Se SuoIssas ||H pue Dss (|e10l) |
:uonesiuebio bujuiesy Jejnbas J19Y) PaNURUOD (HIY) Weal J9Ylo Y] *(|eIo}
Ul SUOISS3S G) )93M J3d UOISSIS ||H SUO PUue SUOISSIS HSS N0y pawopad
(LIH '8 DSS) Weal auQ *(U0Seas-Ul) SY99M { e 104 poliad uonuaArIdIU| -

ERVEIIETNE]

JO s1edk 0°7 F 19 JO UBI -
siake|d inajewy -
6% §'8 ¥ £'99 W9
wd> 7’9 F 95/LWbIH  (£107) ‘e 19
sieak L'l F /L8l Zgpueula
solew g = u .Nw:m_\_ﬁox

siake|d [euoissajold -
yolew | + YM/ss g -
By 7' F 645 Wd
wd S/ F T'LLL W6ISH
sieak /'0 F ¥'91
‘¢ wes] -
B 9/ F 78S W4
wd £/ F 8'0LL W6ISH
sieak g'0 F 791
‘L wes] -

sdlew 6L = U (8L0T) '|e 33 |ned

s)nsay

Ssalnsesaw awod1nQ

(sdnoib [013u0d pue jJuswieasy) swwesbosd Bujuiel|

uondudsap 13(gng

(1eak) Apn1g

‘(p3nunuo)d) ‘T ?|qel



18 P. BUJALANCE-MORENO ET AL.

Table 3. Modified downs and black scale.

ltem Item ltem Item Item Item
Study 1 2 3 6 7 10

Item
12 15 16 18 20 22 23 25

ltem Item Item Item Item Item Item

Total score (out of 14)

Aasgaard and Kilding (2018) 1
Ade et al. (2014) 1
Aguiar et al. (2013) 1
Arslan et al. (2017) 1
Bach Padilha et al. (2017) 1
Brandes and Elvers (2017) 1
Casamichana et al. (2015) 1
Casamichana et al. (2012) 1
Casamichana et al. (2013) 1
Casamichana et al. (2015) 1
Casamichana et al. (2014) 1
Castellano et al. (2013) 1
Cihan (2015) 1
Clemente et al. (2016) 1
Clemente et al (2014) 1
Coutts et al. (2009) 1
Dellal et al. ( 1
Dellal et al. ( 1
Dellal et al. ( 1
Dellal et al. (2011) 1
Dellal et al. ( 1
Dellal et al. ( 1
Dellal et al. (2012) 1
Edis et al. (2016) 1
Fanchini et al. (2011) 1
Gaudino et al. (2014) 1
Giménez et al. (2018) 1
Hill-Haas et al. (2009) 1
Hill-Haas et al. (2009) 1
Hodgson et al. (2014) 1
Hulka et al. (2016) 1
Jastrzebski and Radziminski (2015) 1
Kelly and Drust (2009) 1
Kokli (2012) 1
Koklu et al. (2012) 1
Koklu et al. (2017) 1
Kokli et al. (2015) 1
Mallo and Navarro (2008) 1
Ngo et al. (2012) 1
Rampinini et al. (2007) 1
Sampaio et al. (2014) 1
Sanchez-Sanchez et al. (2017) 1
Sanchez-Sanchez et al. (2018) 1
Selmi et al. (2018) 1
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Notes: 0 = no; 1 = yes; U = unable to determine. Item 1: clear aim/hypothesis; Item 2: outcome measures clearly described; Item 3: patient characteristics clearly
described; ltem 6: main findings clearly described; Item 7: measures of random variability provided; Item 10: actual probability values reported; Item 12:
participants prepared to participate representative of entire population; Item 15: blinding of outcome measures; Item 16: analysis completed was planned; Item 18:
appropriate statistics; ltem 20: valid and reliable outcome measures; ltem 22: participants recruited over same period; Item 23: randomised; Item 25: adjustment

made for confounding variables.

format and constant work and rest intervals, as well as, the
rules of the game.

Most studies used HR, BLa, RPE and GPS to control the
exhaustion level reached, to monitor the physical profile
and to monitor the physiological and metabolic response
to SSGs. Technical and tactical variables (such as pass,
receive, turn, header, shoot, etc) were controlled in some
of the aforementioned work (Bach Padilha et al., 2017;
Brandes & Elvers, 2017; Clemente et al., 2014; Dellal et al.,
2012; Dellal et al., 2012; Dellal et al., 2011; Dellal et al.,
2011; Edis et al., 2016; Fanchini et al., 2011; Hill-Haas et al.,
2009; Hodgson et al., 2014; Kelly & Drust, 2009; Mallo &
Navarro, 2008; Sampaio et al., 2014; Sanchez-Sanchez et al.,
2017).

3.1.1 Physiological parameters
A different training response, in terms of RPE and %HRmax,
was found after three SSG formats performed in two SSG

training regimes: SSG- (24 min without rest interval) and
SSG' (4 x 6 min with 1.5 min passive rest), with an increase
of RPE value and %HRmax after SSG¢ compared with SSG'.
Moreover, there were no significant differences between SSG!'
and SSG© in the BLa response (Hill-Haas et al., 2009). Kokli
(2012) found that the 3-a-side SSG' and SSG- measurements
were higher than the 2-a-side and 4-a-side games in terms of
HR and %HRmax, whereas the 2-a-side SSG' and SSG©
obtained higher BLa compared to other SSG types.
Concerning the conditions of game a study by
Casamichana et al. (2015) reported a physiological impact
when man-marking was used, as %HRmean was significantly
higher. These results are supported by the study of Aasgaard
and Kilding (2018). Likewise, in the study of Castellano et al.
(2013) it was concluded that HR responses were higher in
SSGs involving possession play than in SSGs with goalkeepers
and SSGs with small goals (3 vs. 3, 5 vs. 5, and 7 vs. 7). When
the resting regimes were evaluated, it was found that all SSGs



with passive recovery elicited higher physiological responses
in terms of the RPE and BLa compared to SSGs with active
recovery (Arslan et al., 2017). Furthermore, the type of feed-
back provided during SSG does not impact the physiological
response (HR and BLa) but this does affect RPE (negatively
when a strongly pushed feedback are provided) (Brandes &
Elvers, 2017).

3.1.2 External load

When comparing SSG¢ and SSG' we found that Casamichana
et al. (2012) and Dellal et al. (2012) obtained that the high-
intensity profile during friendly matches was higher than in
SSGs, nevertheless, the global indicators of workload (work-
rest ratio, player workload, and exertion index) were higher for
SSGs than for friendly matches, as was the distance covered
per minute.

Regarding to game formats, Aguiar et al. (2013) found
that the distance covered in the smallest format (2 vs. 2)
was lower than in all other formats (3-,4- and 5-a-side),
moreover, this format presented the lowest number of
sprints. Casamichana et al. (2015), Cihan (2015) and
Aasgaard and Kilding (2018) investigated the effects of
defensive strategies on the external load and demonstrated
that adopting tactical rules such as man-marking and dou-
ble-man pressure in SSG protocols significantly increases
total distance and distance covered in the high-intensity
running zone by the players. Moreover, Castellano et al.
(2013) found that 3 indicators of external load (total dis-
tance covered, player load, and the work-rest ratio)
decreased when goals/goalkeepers were included, but the
number of accelerations was higher in games involving
goals/goalkeepers. Arslan et al. (2017) found that the dis-
tance covered at the high-intensity running was higher in
SSGs with active rest compared to the same SSGs with
passive rest. Furthermore, when the type of feedback
coach was compared no differences were found for the
time-motion characteristics (Brandes & Elvers, 2017). On
the other hand, Giménez et al. (2018) analysed the number
of ball contacts and observed that during SSGs played with
one touch the players performed their highest intensity of
exercise (acceleration of >4 m/s?) and time walking.

Table 4. Physiotherapy evidence database scale (PEDro).
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3.1.3 Technical-tactical parameters

It is well known that SSGs played on small pitches produce
greater technical demands on players (passes, shots and
tackles) compared to medium and large pitches (Hodgson
et al., 2014; Kelly & Drust, 2009). Dellal et al. (2012) compared
the technical-tactical demands of SSGs and friendly matches
and observed that total numbers of duels and lost ball posses-
sion were higher in SSGs for all playing positions than match
play, but percentage of successful passes and number of ball
possessions were lower in SSGs (particularly with one touch
and two touches) compared to match play.

When the number of ball contacts is modified, the percen-
tage of successful passes and number of duels are altered,
being fewer in SSGs played with one touch (Dellal et al., 2011).

Bach Padilha et al. (2017) examined players’ tactical beha-
viours during SSGs with and without wildcard players and
observed that players showed different tactical behaviours
depending on the SSGs format and playing phase. Moreover,
when comparing SSGs without wildcard players (4-a-side) and
SSGs with internal and external wildcard players (4-a-side +2
internal +2 external), a greater number of dribbling situations
were observed during SSGs without wildcard players
(Sanchez-Sanchez et al., 2017). Regarding the type of feedback
provided by the coach, Brandes and Elvers (2017) found that a
strongly pushed feedback provided a decrease in game per-
formance (i.e. volume of play).

3.2 Intervention studies

PEDro score for the 9 selected articles ranged from 6 to 7 out
of a maximum of 11 (Table 4). No articles were excluded
because of the score obtained. Concealment of allocation is
not entirely relevant in studies of this nature; given the nature
of football training and the sample selection methods used, it
is difficult for researchers to keep themselves and participants
unaware of the treatment and groups involved. Blinding of
subjects and therapists (i.e. trainers) was also not applicable in
this case.

From the 9 articles included in Table 2, 5 studies
included a SSG-based intervention group (Bujalance-
Moreno et al., 2017; Impellizzeri et al, 2006; Mohr &
Krustrup, 2016; Owen et al., 2012; Rodriguez-Fernandez

Item Item Item Item Item Item Item Item Item Item Item
Study 1 2 3 4 5 6 7 8 9 10 1 Total score (out of 11)
Bujalance-Moreno et al. (2017) 0 1 0 1 0 0 0 1 1 1 1 6
Dellal et al. (2008) 1 0 0 1 0 0 0 1 1 1 1 6
Dellal et al. (2012) 0 1 0 1 0 0 0 1 1 1 1 6
Faude et al. (2014) 1 0 0 1 0 0 0 1 1 1 1 6
Impellizzeri et al. (2006) 1 0 0 1 0 0 0 1 1 1 1 6
Mohr and Krustrup (2016) 1 1 0 1 0 0 0 1 1 1 1 7
Owen et al. (2012) 1 0 0 1 0 0 0 1 1 1 1 6
Paul et al. (2018) 1 1 0 1 0 0 0 1 1 1 1 7
Rodriguez-Fernandez et al. (2017) 1 0 0 1 0 0 0 1 1 1 1 6

Notes: 0 = item was not satisfied; 1 = item was satisfied. Item 1: eligibility criteria were specified; Item 2: subjects were randomly allocated to groups; Item 3:
allocation was concealed; Item 4: the groups were similar at baseline regarding the most important prognostic indicators; Item 5: there was blinding of all subjects;
Item 6: there was blinding of all therapists who administered the therapy; Item 7: there was blinding of all assessors who measured at least one key outcome; ltem
8: measurements of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; Item 9: all subjects for whom
outcome measuments were available received the treatment or control condition as allocated, or where this was not the case, data for at least one key outcome
were analyzed by “intention to treat”; Item 10: the results of between groups statistical comparisons are reported for at least one key outcome; Item 11: the study
prevides bothpoint measurements and measurements of variability for at least one key outcome.
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et al., 2017) with one of them (Bujalance-Moreno et al.,
2017) including a control group (whereas intervention
group performed SSGs, control group kept performing tra-
ditional physical training as programmed by coaches). The
comparison between SSG' and SSGC in the long-term was
not taken into account in any of the studies analysed. All
these studies lasted a minimum of 4 weeks, with 18 weeks
being the longest intervention period (Impellizzeri et al.,
2006) and included up to 1 (Dellal et al., 2008; Dellal
et al., 2012; Paul et al., 2018), 2 (Bujalance-Moreno et al.,
2017; Dellal et al., 2012; Impellizzeri et al., 2006; Mohr &
Krustrup, 2016; Faude, Steffen, Kellmann & Meyer., 2014;
Owen et al, 2012) or 4 (Paul et al, 2018; Rodriguez-
Fernandez et al., 2017) SSG sessions per week. Only 3 of
these studies (Bujalance-Moreno et al., 2017; Owen et al,,
2012; Rodriguez-Fernandez et al., 2017) solely performed
SSG sessions for intervention groups, with most of these
studies performing SSG and HIIT (based on running exer-
cises) sessions (Dellal et al., 2008; Dellal et al., 2012; Faude
et al., 2014; Impellizzeri et al., 2006; Mohr & Krustrup, 2016;
Paul et al., 2018) (all the studies, at least 1 sessions per
week). To check the effectiveness of training programmes,
all these studies included different tests to assess the effects
of the intervention, such as: repeated sprint ability (RSA)
test (Bujalance-Moreno et al., 2017; Mohr & Krustrup, 2016;
Owen et al., 2012; Rodriguez-Fernédndez et al., 2017) (neuro-
muscular adaptation); recovery-stress questionnaire for ath-
letes (Faude et al., 2014) (physiology adaptation); sit-and-
reach test (Rodriguez-Fernandez et al,, 2017) (neuromuscular
adaptation); jump test (Faude et al., 2014; Paul et al., 2018;
Rodriguez-Fernandez et al., 2017) (neuromuscular adapta-
tion); continuous aerobic running test (Vameval) (Dellal
et al., 2008; Dellal et al., 2012) (physiological adaptation);
30-15 intermittent fitness test (30-15,1) (Dellal et al., 2012;
Paul et al, 2018) (physiological adaptation); submaximal
treadmill test (Impellizzeri et al., 2006; Owen et al., 2012)
(physiological adaptation); anthropometrical assessment
(Owen et al., 2012) (physiological adaptation); sprint test
(Bujalance-Moreno et al., 2017; Faude et al., 2014) (neuro-
muscular adaptation); endurance test (Faude et al., 2014)
(physiological adaptation); Yo-Yo intermittent recovery
level 2 test (Mohr & Krustrup, 2016) (physiological adapta-
tion); football specific endurance (Impellizzeri et al., 2006)
(neuromuscular adaptation); and change of direction (COD)
ability test (Bujalance-Moreno et al., 2017; Faude et al., 2014;
Paul et al., 2018) (neuromuscular adaptation). Additionally,
HR, RPE and BLa were used to determine acute responses to
training programmes in several studies (Dellal et al., 2008;
Dellal et al., 2012; Faude et al., 2014; Impellizzeri et al., 2006;
Mohr & Krustrup, 2016; Owen et al., 2012; Paul et al,, 2018).
Moreover, most of the studies (Bujalance-Moreno et al.,
2017; Dellal et al.,, 2012; Faude et al., 2014; Impellizzeri
et al., 2006; Mohr & Krustrup, 2016; Owen et al., 2012;
Paul et al.,, 2018; Rodriguez-Fernandez et al., 2017) focused
on assessment the athletic performance of participants.

3.2.1 Neuromuscular adaptations
When comparing HIIT (based on running exercises) and SSG,
both training methods improved the performance in football

players. SSG increased performance more than HIIT (Dellal
et al,, 2012). In a study by Owen et al. (2012) 4 weeks SSG
training intervention induced significant improvements in RSA
parameters. Likewise, Rodriguez-Fernandez et al. (2017)
showed that SSGs improved RSA and flexibility performance
after 5 weeks of training intervention. In a longer intervention
(6 weeks), Bujalance-Moreno et al. (2017) found SSG training
increased the performance in COD, acceleration and RSA. On
the other hand, Faude et al. (2014) showed that additional
endurance training (twice a week) conducted either as run-
ning intervals or as SSGs led to a decrease in countermove-
ment jump (CMJ) height (-2.3%). Mohr and Krustrup (2016)
found that anaerobic speed endurance production (individual
drills with balls) induced a greater effect on Yo-Yo intermittent
recovery level 2 test, RSA and peak sprinting performance in
moderately trained football players, compared to anaerobic
speed endurance maintenance training (SSGs). Furthermore,
Paul et al. (2018) demonstrated that an increase in the fre-
quency of SSG training per week resulted in an improvement
in the 30-15 intermittent fitness test but not in the CMJ
and COD.

3.2.2 Physiological parameters

A different training response, in terms of % reserve heart rate
(%HRres) was found after an intervention period, with an
increase of %HRres in the short-duration intermittent running
with active recovery compared with the short-duration inter-
mittent running with passive recovery and all SSG formats. The
%HRres was lower homogeneous (the physical effect was
variable according to the game; a sided game change in
characteristics implies a change in physiological impact) in
SSGs than in short-duration intermittent running (Dellal
et al., 2008). Owen et al. (2012) showed that a SSG intervention
period (4 weeks) improved running economy (RE), which
translates into a reduction of oxygen uptake (VO,) and HR at
running speeds of 9, 11, and 14 km/h. In a study by Faude
et al. (2014) running intervals or SSGs slightly increased indi-
vidual anaerobic threshold velocity (+1.3%), moreover the
peak heart rate decreased during the training periods
(=1.8%), and an increase was found for urea concentration
(+9.2%). Impellizzeri et al. (2006) showed that football-specific
aerobic training using SSGs or interval running was just as
effective in enhancing both aerobic power and capacity after
the pre-season training period. During the competitive season,
additional aerobic training only resulted in a moderate
increase in running velocity at lactate threshold (~5%).
Finally, Paul et al. (2018) showed that a concentrated period
of SSG and HIIT is an effective training method to improve
average %HRmax in youth football players.

3.2.3 External load

In the study of Impellizzeri et al. (2006) variables related of
match performance improved after the pre-season period
using generic and specific aerobic training (running interval
training and SSGs). The time spent during low- and high-
intensity activities increased by 14 and 18%, while walking
time decreased by 10%. Furthermore, the total distance cov-
ered during match play increased by 6%. Mohr and Krustrup
(2016) reported that speed endurance production training



organized as individual football drills produced markedly
higher peak and average running speed than speed endur-
ance maintenance training conducted as 2 vs. 2 SSGs, while
there was no difference in distance covered between the two
training regimes.

4. Discussion

The purpose to this systematic review was to critically analyse
the literature to determine how SSGs affect football players
from a multidisciplinary perspective (physiological, external
load, technical/tactical and neuromuscular) in the short- and
long-term. The main findings from the cross-sectional studies
included in this review are: (1) at a physiological level, the
main difference was that players obtained higher %HR, BLa
and RPE when played in a smaller format compared to other
higher format SSGs; (2) at external load level, physical
demands were higher (distance covered, acceleration, decel-
eration, sprints) in SSGs played on medium and large pitches
than on small pitches, for both amateur and professional level
players; and (3) at a technical level, 2 vs. 2 format obtained
higher technical/tactical indexes (passes, shots, etc.) compared
with other formats, and besides, amateur players present
lower percentage of successful technical action compared
with professional players. On the other hand, the major out-
comes from intervention studies included in this review are:
(1) SSG-based training programmes are effective in improving
specific performance in amateur or professional football
players; (2) it is possible to use some SSG-based programmes
for physically integrated training, since these obtain similar
values (relative to the intensity) to those found in the players
during short-duration intermittent running training; and (3)
SSG could be an effective method to improve the performance
in football specific actions as RSA, sprint and COD for amateur
and elite football players. However, caution should be exer-
cised when interpreting these findings, owing to the hetero-
geneity that exists among study protocols. In the next section,
acute responses to SSGs (including cross-sectional studies) and
long-term adaptations to SSG interventions (including SSG-
based training programmes) are discussed separately.

4.1 Acute responses to ssg-based protocols

Understanding the effect of varying external factors on both
exercise intensity and technical scores would allow a better
integration of SSGs within the whole football training process
that includes both physical and technical training. These fac-
tors include pitch area, player number, coach encouragement,
training regimen (continuous or interval, including work-rest
manipulations), rule modifications, and the use of goals and/or
goalkeepers, among others (Jeffreys & Nitka, 2004; Little,
2009). The large number of variables that can be manipulated
to prescribe different SSG sessions and influence game inten-
sity contributes to the fact that only accurate game monitor-
ing can guarantee the effective improvement of player
physical fitness. When more than one variable is manipulated
simultaneously, responses are more difficult to predict
because of the different nature and inter-relation of the
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stimulus. In this way, the key is the knowledge of each of
the effects caused by the different training stimulus by the
trainer.

4.1.1 Acute effect of ssg-based protocols on physiological
parameters

In the comparison between SSG' and SSGE (this aspect was not
considered in the intervention studies), there are some doubts
about the effect that these training regimes produce at a
physiological level (Hill-Haas et al., 2009; Kokli, 2012). In pre-
vious studies equivocal findings regarding acute responses
(RPE and %HRmax) between SSGS and SSG' have been
reported (Hill-Haas et al., 2009). A possible explanation for
this is that the additional rest period between the work
bouts during SSG' enables the players to start subsequent
work bouts with a lower %HRmax, resulting in an overall
lower %HRmax for SSG'. In a study by K&kli (2012) when
comparing the two training regimes, it was observed that
SSG' and SSG® were similar in terms of physiological
responses. On the other hand, a study of Dellal et al. (2012)
that compared the results of three different 4 vs. 4 SSGs (S5G')
and two 11-a-side friendly matches (SSG%) found that the BlLa
recorded in all the three SSGs were significantly lower in
comparison to friendly matches; the RPE results presented
similar values between match play and SSGs; and, in general,
the HR responses were greater during all the SSGs in compar-
ison to those found during friendly matches.

Another aspect that should be analysed is the different
bout duration. First, it has been demonstrated that SSG for-
mats with short bout duration elicited lower %HRmax com-
pared to those with long and continuous bout duration.
Second, SSG formats with long bout duration produced
lower BLa and RPE than SSG formats with short and contin-
uous bout duration (Kokli et al., 2017). Taken together, both
the SSG' and SSGC training regimes could be used during the
season to provide a conditioning stimulus similar to match
intensity, moreover SSG' also seems to elicit more activation of
anaerobic lactic metabolism, which may be useful for devel-
oping fitness requiring repeated sprint efforts with short
recovery.

Differences in physiological responses to SSG- and SSG'
might be expected, but what about between different SSG
formats? Some studies found differences in the physiological
response to the compared protocols (Aguiar et al., 2013;
Arslan et al, 2017; Brandes & Elvers, 2017; Casamichana
et al, 2015; Castellano et al., 2013; Clemente et al., 2014;
Dellal et al, 2012; Dellal et al, 2011; Dellal et al., 2011; Hill-
Haas et al., 2009; Kokli et al., 2015; Rampinini et al., 2007). The
validity of comparing different formats of SSGs is an arduous
and difficult task, since it depends on multiple factors such as
number of touches, goals, types of marking, among others
(Casamichana et al., 2015; Clemente et al., 2014; Dellal et al.,
2011; Dellal et al., 2011; Dellal et al., 2011). So, we must be
careful to draw definitive conclusions and make an overall
assessment.

It seems clear that when changing the game formats (main-
taining duration of work and rest periods, pitch size and
conditions and rules of game), the formats with fewer players
elicit greater %HR, RPE and BLa than in all other formats (2 vs.
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2 and 3 vs. 3) (Aguiar et al., 2013; Hill-Haas et al., 2009).
Likewise, SSGs played on a larger pitch were more intense
than the same drills played on smaller pitches (Rampinini
et al., 2007). But what happens when changing the conditions
or rules of game? The results showed that the type of marking
influenced the physiological demands of players (Aasgaard &
Kilding, 2018; Casamichana et al., 2015). In the same way,
when possession play was used in SSGs, the intensity was
greater than in SSGs with goalkeepers or small goals
(Castellano et al., 2013). These findings are similar to those
found in the study of Kokli et al. (2015) that reported an
increased in %HR, BLa and RPE during SSGs without goal-
keepers compared with the SSGs with goalkeepers.
Regarding a study that examined the effect of formats and
scoring methods on football players’ HR responses, it was
reported that the 3 vs. 3 format induced higher HR responses
and that the use of one central goal increased this too, above
the other formats and scoring methods (Clemente et al., 2014).
In a study by Dellal et al. (2011) it was observed that the SSGs
played with one touch induced increase in BLa and RPE com-
pared with two touches or free play (HR responses were
unchanged by the modification of the rules (except for 4 vs.
4)). As for the incorporation of wildcard players during SSGs, it
has been reported that the inclusion of internal and external
wildcard players reduces HR and RPE values compared with
the control condition (Sanchez-Sanchez et al., 2017). In con-
clusion, these results demonstrate that exercise intensity in
SSGs can be manipulated through modifying multiple vari-
ables, so it is vital for coaches to improve their knowledge
about the effect of variables manipulations on the athletic
performance.

4.1.2 Acute effect of ssg-based protocols on external load
The available evidence about external load within SSG-based
programmes is large. However, in the current review, only 4 of
the reviewed manuscripts (Casamichana et al., 2012; Dellal
et al., 2012; Hill-Haas et al., 2009; Koklu et al., 2017) examined
the external load in the comparison between SSG° and SSG' in
football players. Casamichana et al. (2012) and Dellal et al.
(2012) examined the impact of developing SSG training ses-
sions compared to conducting friendly matches, and the
results would seem to indicate that SSGs are played at a
higher intensity than are friendly matches. About that, Hill-
Haas et al. (2009) compared two SSG training regimes (SSG'
and SSG°) and observed that the players covered a greater
distance at 13.0-17.9 km/h, a greater total distance at higher
running speed, and a greater total number of sprints with SSG'
compared with SSGS, moreover, no significant differences
between SSG© and SSG' for total distance covered or for dis-
tance travelled while walking, jogging, or running at moderate
speed. On the other hand, Kokli et al. (2017) analysed differ-
ent bout duration (interval and continuous durations) during
different SSGs (2-, 3- and 4-a-side) and reported that the short
bout duration format showed significantly shorter distances
covered in walking and greater distances covered in moder-
ate-intensity running, as well as, significantly greater total
distance covered compared to long bout duration and con-
tinuous duration in all formats. The greater frequency of sprint
activity during SSG' might be due to the additional passive

rest period between each interval bout, which may have
allowed for greater physiological recovery.

On the other hand, there are a lot of studies in the current
review that examined the effect of game formats and other
variables on the external load. In general, modification of the
number of players and the balance of the opposition has been
shown to alter the total distance covered (Aasgaard & Kilding,
2018; Aguiar et al, 2013; Casamichana et al, 2015; Cihan,
2015), as well as high-intensity running and sprinting perfor-
mances (Hill-Haas et al., 2010, 2009; Jastrzebski & Radziminski,
2015). The number of ball contacts per possession is a variable
that also induced differences in external load demands. In this
sense, Dellal et al. (2011), Dellal et al. (2011) and Giménez et al.
(2018) found that SSGs played with one touch increased total
distance covered by sprinting and high-intensity runs, in addi-
tion to performing more high intensity exercise (acceleration
of >4 m/s?) and walking. Moreover, a study by Dellal et al.
(2011) examined the relationship between the playing level in
football and external load demands observing that amateur
players covered less total distance with respect to sprinting
and high-intensity running than professional players. The abil-
ity to complete repeated sprints may represent the best phy-
sical factor differentiating the playing level (Rampinini et al.,
2009).

Regarding changes in the game format (possession play vs.
regulation goals and goalkeepers vs. small goals only), it is
known that indicators of external load decrease when SSGs
are played with goals/goalkeepers (Castellano et al., 2013).
This is in line with the findings reported by Mallo and
Navarro (2008) and Kokl et al. (2015) Conversely, Gaudino
et al. (2014) discovered that total distance, very high (19.8-
25.2 km/h) and maximal (>25.2 km/h) speed distances, abso-
lute maximal velocity and maximum acceleration and decel-
eration were higher in SSGs played with regular goals and
goalkeepers than in possession play. Finally, whereas Hodgson
et al. (2014) reported that SSGs (5 vs. 5 including goalkeepers)
played on medium and large pitches had a greater external
load than on small pitches, Hulka et al. (2016) obtained a
greater distance covered by players during 5 vs. 5 SSGs with
goalkeepers than without them played on the small pitch.
These results indicate that the pitch size is a very important
variable that influences the player's work load and that the
inclusion of the goalkeeper decreases the work load of the
player on a small pitch, but not on a medium or large pitch.

Additionally, further information is needed about two rele-
vant points in the design of SSGs: resting regimes and the order
of presentation of SSGs within the session. Regarding the rest-
ing regimes, Arslan et al. (2017) indicated that 2-a-side SSG with
passive rest induced lower total distance covered than 2-a-side
SSG with active rest (running at certain intensity), moreover the
distance covered at high-intensity running was higher in 4-a-
side SSG with active rest than 4-a-side SSG with passive rest.
This might be due to active rest periods in SSGs allow to
remove a part of BLa produced and phosphocreatine resynth-
esis, contributing to anaerobic system engagement during the
following effort (Dupont, Moalla, Guinhouya, Ahmaidi, &
Berthoin, 2004). Finally, Sanchez-Sanchez et al. (2018) reported
that the moment of SSG application is important, since greater
physical demands (i.e. high-intensity distance, total distance)



were observed during SSG played at the beginning of training
sessions (especially when a fixed recovery period was used)
compared to SSG played at the end of training sessions.

4.1.3 Acute effect of ssg-based protocols on technical-
tactical parameters

The effect of SSGs on technical-tactical performance has been
widely studied (Brandes & Elvers, 2017; Clemente et al., 2014;
Dellal et al., 2012; Dellal et al., 2011; Dellal et al., 2012; Dellal
et al., 2011; Dellal et al., 2011; Edis et al., 2016; Fanchini et al.,
2011; Hodgson et al., 2014; Kelly & Drust, 2009; Mallo &
Navarro, 2008; Sampaio et al., 2014). When generalising the
results of studies we must be cautious and take into account
other variables that may affect the technical-tactical
parameters.

In turn, the influence of modifying the number of ball
contacts allowed per individual possession is an important
variable because modern elite football is characterised by
the capacity of players to play with fewer ball contacts per
possession (Dellal et al., 2008). In this sense, Dellal et al. (2011)
found that percentage of successful passes and number of
duels was fewer in SSGs played with one touch. In a later
study, the free-play rule showed a greater number of duels
and resulted in less technical actions (successful passes and
number of ball losses) as compared with the SSG played in
one touch and two touch format (Dellal et al., 2011). Another
important aspect is comparing the difference of the level of
play that exists during SSGs and if the modification of this rule
induces the same technical load between amateurs and pro-
fessionals during SSGs. In their study, Dellal et al. (2011)
reported that amateurs had a lower percentage of successful
passes and lost a greater amount of ball possessions per
possession than their professional counterparts. Therefore,
the technical pattern is also considered as one of the key
factors that differentiate amateur and professional playing
levels.

In addition to the aforementioned results, Clemente et al.
(2014) examined the effects of the number of players and
scoring method on technical performance, observing a higher
number of individual indicators in smaller formats, and effi-
ciency index, performance score, and attacks with the ball
higher in opponent’s endline (scoring method). The ability of
the players to successfully complete technical actions
decreases from the first period to the last period of SSGs,
and this difference is also influenced by the numbers of
players and the game formats (Dellal et al., 2012). Thus, the
examination of the effect of bout duration on technical actions
is important too. In the study by Fanchini et al. (2011) techni-
cal actions were not influenced by duration, and only a few
technical abilities tended to decrease across bouts (passes,
successful passes, and interceptions).

The incorporation of wildcard players also influences the
technical-tactical parameters. In a study by Sanchez-Sanchez
et al. (2017), was observed that the incorporation of internal
and external wildcard players during SSGs reduced the num-
ber of dribbling actions. Regarding tactical behaviour, Bach
Padilha et al. (2017) observed that in SSG without wildcard,
players more frequently performed the tactical principles of
concentration during defensive phase and penetration for the
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offensive phase (1 vs. 1 situation); and in SSG with wildcard,
players made more effective use of playing space during the
offensive phase and limited the space for the opponent by
compacting the defence (defensive unity).

At last, postural adaptation and balance are important
features for football players to set their body positions quickly,
maintain them completely and perform perfectly their techni-
cal skills under challenging conditions such as sudden direc-
tional changes of the ball and distractions (slippery field, wind,
etc.) (Evangelos et al., 2012). For that, the purpose of the study
by Edis et al. (2016) was to determine the relationship
between postural control variables and football-specific tech-
nical variables, reporting that greater postural control levels
are among the important variables that affect success in the
performance of technical skills under rival pressure and sud-
denly changing conditions.

These results demonstrate that modifying the number of
ball contacts allowed per individual possession, number of
players (wildcard) and length of pitch can influence techni-
cal-tactical demands on players and exercise intensity in SSGs,
being greater when lower numbers of ball contacts are
allowed, SSGs are played on small pitches and without wild-
card players. However, the frequency of technical actions
(passes/shots/dribbles) is not the only indicative measure of
technical efficiency and benefit but some technical actions
defined by distance, pace and techniques adopted in elite
11 vs. 11 competitions are in fact absent from SSGs (clipping,
crossing, heading). Therefore, further research is needed to
clarify the complex nature of technical-tactical specificity.

4.2 Long-term adaptations to ssg-based football
programmes

4.2.1 Neuromuscular adaptations

Despite differences in training programmes conducted by the
selected studies (Bujalance-Moreno et al., 2017; Dellal et al.,
2008; Dellal et al., 2012; Faude et al., 2014; Impellizzeri et al.,
2006; Mohr & Krustrup, 2016; Owen et al., 2012; Paul et al,,
2018; Rodriguez-Fernandez et al., 2017), all agree that athletic
performance improve after SSG intervention. Dellal et al.
(2012) performed one of the longest interventions included
in this review (10 weeks) by combining usual football training
(technical and tactical) with HIIT (30 s runs at 95%V30-15,
15 s runs at 100%V30-15, and 10 s runs at 95%V30-157) or
SSG (2 vs. 2 and 1 vs. 1) for 2 sessions/week maximum. This
work concluded that performance in Vameval (continuous
aerobic running test) increased by 5.1% and 6.6% (HIIT and
SSG groups, respectively) and the 30-15F with CODs
increased by 5.1% and 5.8% (HIIT and SSG groups, respec-
tively). For its part, Jastrzebski et al. (2014) found that HIIT
(based on running exercises) and SSGs have limited effects on
running speed in young football players. Similarly, Hill-Haas
et al. (2009) performed studies regarding the effectiveness of
generic training (running exercises) and SSG training, and
observed that the time measured during the 5 m and 20 m
runs did not change significantly. On the other hand, Mohr
and Krustrup (2016) observed that individual drills with balls
obtained a greater effect on RSA and peak sprinting perfor-
mance in football players, compared to SSGs training.
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In contrast, Chaouachi, Chtara, Hammami, and Chtara
(2014) examined the effects of a multidirectional sprint (COD
training) and SSG training on performance in elite-level young
male football players. The SSG group showed improvements
in sprint (+1.5%) and COD (+5.1%) but this was lower than
those in the COD group (4 and 6.7%, respectively). The SSG
group had a superior effect on agility performance (+6.2%)
compared with COD group (+4.2%), considered as the ability
to provide a proper COD according to an unpredicted external
stimulus (Sheppard & Young, 2006). Furthermore, Paul et al.
(2018) analysed the effects of combining SSG and HIIT sessions
in a higher frequency of training per week (4 SSG sessions and
1 HIIT) versus a regular training organisation (1 SSG and HIIT
sessions as well as training of strength/power and speed and
agility, respectively) after 4 weeks of intervention in profes-
sional players. The results showed an improvement in the
30-15 intermittent fitness test for the groups with higher SSG
training frequency (from 17.0 = 1.1 to 18.4 + 0.8 km/h) with no
difference for the control group (17.9 £ 1.3 to 18.2 £ 1.6 km/h).
The CMJ and COD performance were unchanged in both
groups.

From the selected studies, five compared HIIT sessions
(based on running exercises) with SSG-based workouts, but
other authors went further and prescribed football plans
exclusively using SSGs. Rodriguez-Ferndndez et al. (2017)
replaced the regular endurance training programme (HIIT
with short-duration intermittent running) with a SSG-based
plan (different formats) 4 times per week and observed
significant improvements in flexibility and RSA performance
(P < 0.05), after 5 weeks of intervention. On the other hand,
Bujalance-Moreno et al. (2017) reported improvements in
acceleration, RSA, and COD ability test after 6 weeks of
SSG training programme (2 sessions/week) during the sea-
son. Even during a shorter intervention (Owen et al., 2012),
the use of SSG sessions (2 per week) over 4 weeks has
shown improvements in RSA. Based on these results, the
presence of at least 2 sessions of SSG workouts in a football
plan allows amateur football players to improve their ath-
letic performance.

In spite of the results obtained in the different studies,
coaches should take into consideration that SSGs need to
have specific conditions to improve positively the players’
physical fitness (Rampinini et al., 2007). It has been
reported that football players with worst initial RSA per-
formance improved more significantly their fastest sprint
(~2.5%) and the total time (~3.0%) during the RSA than
players with best initial RSA performance, after a SSG-
based training programme (Rodriguez-Fernandez et al,
2017). In line with the previous results, Faude et al.
(2014) demonstrated that players with low baseline values
achieved relevant adaptations in endurance capacity, inde-
pendent of the training method (running interval training
or SSGs). Perhaps, the exercise intensity performed during
SSGs were different according to the level of the players,
and this could affect the results obtained. It seems clear
that the same training performed did not cause the same
effect for all players.

One of the best physical factors differentiating the playing
level may be the ability to complete repeated sprints (or what

is the same RSA) (Rampinini et al., 2009). Therefore, the players
with best level need to increase their work with other types of
training (i.e. interval training, weight training) or to find other
more suitable combinations of the different variables that
characterize SSGs (i.e. pitch dimension, number of players,
rules, work-rest ratio, goals).

It is also important to examine the format and the duration
of work intervals during SSG. Some of these studies included
SSG large formats (6 vs. 6, 8 vs. 8 and 10 vs. 10) with work
periods ranging from 4 to 20 min (Dellal et al., 2008;
Rodriguez-Ferndndez et al, 2017), and others (Bujalance-
Moreno et al,, 2017; Dellal et al., 2008; Dellal et al., 2012;
Faude et al., 2014; Impellizzeri et al., 2006; Mohr & Krustrup,
2016; Owen et al., 2012; Paul et al., 2018; Rodriguez-Fernandez
et al,, 2017) SSG small formats (1 vs. 1, 2 vs. 2, 3 vs. 3, 4 vs. 4
and 5 vs. 5) with shorter work intervals (ranging from 45 s to
4 min). Based on these findings, the authors suggest that SSG
must be a part of training plans for football players, combining
this type of training with interval and weight training, but
training periodization should take the progressive overload
principle into consideration. For example, during a traditional
periodization (increasing intensities and decreasing volumes),
SSG should move from large formats to small formats and
more intense.

None of the selected studies has directly measured or
monitored injury risk factors during SSG intervention. There
is a lack of researches that implicate the SSG to the injury risk
in football players. Therefore, it seems that consensus exists
about the benefits of SSG interventions for football players,
although more longitudinal studies covering the effects of
SSG-based training programmes on injury risk factors for foot-
ball players are needed.

4.2.2 Physiological adaptations

Related to maximal oxygen uptake (VO,nax) is the concept of
running economy, the energetic cost of running at a given
speed (Saunders, Pyne, Telford, & Hawley, 2004). Only one of
the selected studies (Owen et al. (2012) assessed RE after 4-
week SSG training intervention and observed that this train-
ing method improved RE and HR (reduced significantly VO,
and HR at running speed 9, 11, and 14 km/h). Moreover, the
results of the studies by Jastrzebski et al. (2014) and
Radziminski, Rompa, Barnat, Dargiewicz, and Jastrzebski
(2013) recommended the use of SSG, compared with interval
running, for improving VO;,ax after SSG-based training pro-
gramme (both 8 weeks). The benefits of an improvement of
VO,max found in youth football players has shown to culmi-
nate in greater involvement with the ball, total distance
covered, and a 100% increase in the number os sprints
performed during match play (Radziminski et al, 2013).
Therefore, RE can be considered a influencing factor on
both the anaerobic and aerobic system in football players
and that the periodized SSG training intervention could have
a positive effect on that.

Concerning the HR responses, a study by Dellal et al. (2008)
with a duration of 7 weeks combining short-duration inter-
mittent running and a SSG session (2 sessions per week)
reported %HR reserve was higher in the 30-30 (working
time-recovery time in seconds) with active recovery than in



30-30 with passive recovery (9.1%), but also higher than in all
SSGs. The greater intensity of the 30-30 (active recovery) can
be due to the lack of additional passive rest period between
each of the intraseries bouts, which could have allowed for
greater physiological recovery. Moreover, in that study was
found that %HRres was less homogeneous during the differ-
ent SSGs compared to intermittent running (intersubject coef-
ficient of variation = 11.8% versus 5.9%, respectively); that fact
can be explained because the activity of the football players
was not totally controlled by the staff because the moves of
football players were different depending on their experience,
their position during the competition game, the movements
of the opponents, and/or their motivation (Spalding, Lyon,
Steel, & Hatfield, 2004; Stglen et al, 2005). Finally, in the
study of Paul et al. (2018) was observed that the average %
HRmax were 83% for the group with higher SSG training
frequency versus 73% for the group with smaller frequency
(only 1 SSG training session per week).

In the comparison of SSG and generic interval training
(running interval training) there is a consensus that both
training methods improve the aerobic and recovery capacity
of football players. There are a lot of studies (Dellal et al., 2008;
Dellal et al., 2012; Hill-Haas et al., 2009; Impellizzeri et al., 2006;
Los Arcos et al, 2015; Faude et al, 2014; Radziminski et al.,
2013) that have shown that specific and generic interval train-
ing are equally effective in development and maintaining
physical capacity in amateur or elite football players. Besides
that, Hill-Haas et al. (2009) observed that the generic training
group was perceived to be more intense than SSG group in
elite youth players, during a 7 week of intervention. On the
other hand, Jastrzebski et al. (2014) found the performance
intensity of young football players during interval training was
higher in SSGs than in the running form. This fact can be due
to game rivalry, and resulted in a significant VO,,,,x increase in
the SSG group after the 8-week regime. Thus, Radziminski
et al. (2013) suggests SSGs are more highly recommended
training drills than interval running, as the simultaneous devel-
opment of physical capacity and the technical-tactical skills is
important as well as the motivation generated by this type of
training. This method of training is very similar to the condi-
tions of a football match, and that is why the authors suggest
its use as part of training periodization.

4.2.3 External load

Only 2 of the selected studies analysed variables related to
match performance (Impellizzeri et al., 2006; Mohr & Krustrup,
2016). In the study of Impellizzeri et al. (2006) after the pre-
season training period significant changes were found in the
objective measures of match performance such as: time spent
during low- and high-intensity activities (increased by 14 and
18%) and total distance covered during match-play (increased
by 6%). However, no further changes were found after training
during the competitive period. The total distance covered
during a match is considered a weak indicator of football
performance as it does not reflect how much players tax
their maximal aerobic power (Van Gool, Van Gerven, &
Boumans, 1988). On the other hand, the high-intensity activity
was suggested to be a better measure of physical perfor-
mance during a football game (Bangsbo, Ngrregaard, &
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Thorsg, 1991; Krustrup et al, 2003; Mohr, Krustrup, &
Bangsbo, 2003). Meanwhile, Mohr and Krustrup (2016) demon-
strated that the speed endurance production players (indivi-
dual drills with balls) reached markedly higher peak and
average running speeds in comparison to the speed endur-
ance maintenance players (SSGs).

There are several studies that have shown the effects of
speed endurance production training on fatigue resistance
during high-intensity exercise and manifested greater
improvement compared with speed training (Mohr et al.,
2007), endurance training (laia et al, 2008) and short-term
tapering (Thomassen, Christensen, Gunnarsson, Nybo, &
Bangsbo, 2010). So, a very high and constant exercise intensity
during speed endurance production training and concomitant
long recovery intervals may be speculated to be a stimuli for a
wide range of adaptations in muscular systems that are impor-
tant for improving fatigue resistance during intense intermit-
tent exercise (Mohr & Krustrup, 2016).

4.3 Amateur and professional players

The differences between amateur and professional football
players might limit the adaptations and physical results of
SSGs. The RSA, with limited rest, is a major physical determi-
nant of success in modern football, and it may represent the
best physical factor differentiating the playing level (Rampinini
et al, 2009). A study by Dellal et al. (2011), demonstrated a
significant difference between amateur and professional
players for the total distance covered in sprinting and high-
intensity running, in addition to the relative physiological
responses, including BlLa concentration and perceptual
responses, being higher for amateur perhaps because of
their lower fitness level. Additionally, the technical pattern is
also considered as one of the key factors that differentiate
amateur and professional playing levels. In the aforemen-
tioned study, amateur seemed to be less technically proficient
than professional as showed by a greater amount of lost balls
per possession and a greater number of skill errors, with the
greatest difference being most apparent in the small formats
(i.e. 2- and 3-a-side) and when the SSG was played using the
one touch rule. Therefore, the authors suggest that SSG format
must be adapted according to the characteristics of the
players, objectives and programmed adaptations.

5. Conclusion

In conclusion, the main goal of this review was to critically
analyse the literature to determine how SSGs affect football
players from a multidisciplinary perspective (physiological,
external load, technical/tactical and neuromuscular) in the
short- and long term. Across the presented studies, we con-
cluded that SSG training is effective in improving specific
performance in football players. In particular, cross-sectional
studies included in this review showed that players obtained
higher %HR, BLa, RPE and technical/tactical indexes (passes,
shots, etc.) when played in smaller format as well as increased
higher external load demands in SSGs played on medium and
large pitches. Likewise, both SSG' and SSGC training regimes
have the potential to improve the players’ endurance
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(maximal oxygen consumption and delayed fatigue) in addi-
tion to improving technical and tactical skills, so the authors
support the idea that both must be part of training pro-
grammes for football players to maximise adaptations to train-
ing. On the other hand, intervention studies have shown SSG-
based programmes are an effective method to improve the
performance in football specific actions as RSA, sprint and
COD for amateur and elite football players. Therefore, the
authors suggest that SSGs are an efficient option for football
players to simulate real match play situations and a proper
tool in order to improve the physical fitness of players.

6. Practical applications

The main practical relevance of this review is that SSG training
improves specific physical capacities on the football players.
The design of SSG depends of training objective, moment of
the season and the playing level of football players. The
knowledge about methodological aspects plays a key role in
the design of SSG protocols. From a practical point of view,
the authors suggest that the inclusion of 2 to 4 SSG sessions in
a football plan, accumulating work periods longer than 12 min
and working at lactate threshold or at VO,., per session, lets
football players improve their aerobic and anaerobic perfor-
mance. Regarding the type of SSG, a good practice for football
players would include SSG protocols involving 3-a-side or 4-a-
side with short work periods (3-6 min) with 4 to 8 repetitions,
and with work-rest ratios of approximately 0.5:1 to 1:1, per-
formed at close to all-out intensities.

In summary, the authors present a series of key points that
can be very useful for the reader when designing SSG proto-
cols. The main key points of SSGs are: (1) the order of pre-
sentation might be at beginning of a training session if the
objective is improving the performance of football players (i.e.
total distance); (2) SSG training interventions lasting at least
4 weeks improve RE and HR (reduced significantly VO,); (3)
increase the SSG training frequency per week (4 times per
week) resulted in improvements of specific endurance in foot-
ball (%HRmax); (4) progressive overload principle, SSG should
move from large formats to small formats and more intense
(increasing intensity and decreasing volumes) during a tradi-
tional season; (5) players with worst initial RSA (factor differ-
entiating the playing level) performance improve more
significantly their fastest sprint and total time during the RSA
than players with best initial RSA performance, after a SSG-
based training programme; (6) players with the best level of
RSA need to increase their work load with other type of
training (i.e. plyometric training, weight training) or to find
the necessary stimulus within an appropriate SSG in order to
improve their performance; (7) SSGs with active rest obtained
higher performance in high-intensity actions, moreover a
lower load in terms of the RPE and BLa; and (8) strong feed-
back by the coach can negatively affect the RPE and game
performance, so mild feedback is advised since it will improve
the tolerance of high training loads and training frequency.
However, caution should be exercised when interpreting these
key points, since it is necessary to understand how the mod-
ification of all the variables affects the responses to the SSG.

Future studies are required to increase the understanding
of the interaction between the technical-tactical, external load
and physiological demands of SSGs, as well as to investigate
how these can be manipulated through modifying or altering
factors influencing the game (i.e. player number, ball contact,
pitch size, the use of goalkeepers, etc.) to improve the perfor-
mance of football players. Furthermore, to increase the impact
upon the subject area, future research might investigate: (1)
positional differences within SSGs; (2) effect upon 11 vs. 11
competition, comparison of internal and external measures;
and (3) elite vs. non elite. At the end, the SSG-based protocols
will vary according to training periodisation (as in any sport),
which must be based on the specificity and progressive over-
load principle.
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