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Abstract

The 24h responses to small-sided games (SSG) sdcaming were characterized.
Professional soccer playens=(16) performed SSG’s (4vs4 + goalkeepers; 6x7-1&min
inter-set recovery) with performance (peak-powertpoyy PPO; jump height, JH),
physiological (blood creatine kinase: CK, lactaativary testosterone, cortisol), and mood
measures collected before (baseline), and aftem@dnately; Oh, +2h, +24h). For PPO and
JH, possibly small-moderate reductions occurred®hat(-1.1W-kg; +0.9W-kg', -3.2cm;
+1.9cm, respectively), before returning to baseker2h (trivial) and declining thereafter
(small-moderate effect) at +24h (-0.9W-'kgt0.8W-kg', -2.5cm; #1.2cm, respectively).
Lactate increased at Oh (likely-large; +1.3mmdt- £0.5mmol- %), reduced at +2h (likely-
small; -0.5mmol-I}; +0.2mmol-[Y), and returned to baseline at 24h (trivial). Ayskely
small increase in CK occurred at Oh (+97{: 28u- LY, persisting for 424h (very-likely
small; +94u-[*; +49u- L'Y). Possibly-small increases in testosterone (+2@pg-+29pg- mt')
occurred at Oh, before likely-moderate declines2it (-61pg- mt; £21pg- mt') returning to
baseline at +24h (trivial). For cortisol, possilsipall decreases occurred at Oh (-0.09ug-dl
+0.16ug-dl"), before likely-large decreases at +2h (-0.39uy-dt0.12ug-df), which
persisted for 24h (likely-small; -0.12ugdk0.11ug-dl). Mood was disturbed by SSG’s at
Oh (likely-moderate; +13.6AU, #5.6AU) and +2h (likesmall; +7.9AU; £5.0AU), before
returning to baseline at +24h (trivial). The movemeéemands of SSG’s result in a bimodal
recovery pattern of neuromuscular function andysbdtions in physiological responses and
mood for up to 24h. Accordingly, when programmir@ceer training, SSG’s should be

periodized throughout the competitive week withraakimal technical/tactical activities.

Key Words: Fatigue, recovery, football, muscle dgejanonitoring.
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INTRODUCTION

Soccer is an intermittent sport which involves peési of high-intensity activity, interspersed
with lower intensity actions, as well as technieald tactical components (3). Due to the
complex multifaceted game demands, soccer playerseguired to train multiple physical

gualities, including but not limited to: strengthpwer, speed, agility, aerobic capacity,
repeated sprint ability, as well as technical aactital training. As there is often limited

training time between fixtures, a time efficient thad of simultaneously developing these
physical, technical and tactical qualities is dasie. This usually results in concurrent
training methods, with multiple sessions often utaden on the same day and within 24
hours of one and other. For the players to pos$jtimdapt to training, the stimulus should be
applied in an order or a spacing that allows reppte a point where they are able to meet
the demands of the following training session (bherefore practitioners require an

understanding of the physiological and psycholdgesponses to each training stimulus.

Small sided games (SSG) are a popular training odetitilized by coaches to optimize
training time, as they are thought of as being &bleplicate the demands of competition (7,
9, 21). Therefore, SSG’s are used extensively frave and maintain physical fitness, along
with technical and tactical performance in profesal soccer players. Previous attempts to
characterize the internal and external loading 8638 has been achieved via collection of
heart rate, movement demands (i.e., global posmipsaystem; GPS data), blood lactate, and
rating of perceived exertion (RPE) responses (2While studies have shown that
manipulating variables such as the playing arembau of players, and the rules of the game
can influence the acute physiological response9(721), it is not well understood what
impact SSG’s may have in the hours and days tHawoA greater understanding of this
would be of interest to those responsible for tegigh of soccer training programs, given the
possible influence that this may have on additidreihing sessions performed within the

week.

Previous research has examined the acute postisgxeesponses induced by strength (6, 19),
speed (24), and endurance (15, 34) training. \Wwal known that any repeated eccentric or
stretch shortening cycle actions, such as thosd imssoccer, are likely to induce muscle
damage (16), muscle soreness (8) and reduce nesecalau performance (33). Therefore,

measures of neurmuscular function and markers achaudamage are often used to assess
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fatigue and recovery from soccer specific exerc{8&). In addition, the hormones
testosterone and cortisol have previously been shtov respond to metabolic stress
associated with these types of exercise (40, 4®yeMpecifically, testosterone and cortisol
have been shown to respond in opposite directiongsponse to metabolic stress, and the
ratio between the two hormones has been reportacbatance of anabolic/ catabolic activy.
Despite some authors suggesting these hormonalgebacan effect acute performance,
protein signalling and muscle glycogen synthes® (8), the endocrine response to SSG
activity has not been previously reported. In additto objective markers, subjective
cognitive measures such as athlete mood, subjectisxle soreness, stress and motivation
are also widely used to assess fatigue and recamesgorts (26). The brief assessment of
mood states questionnaire has been shown to bé&ahlee valid and simple method of
examining the dose-response relationship betweercise and fatigue (26, 39).

To date, there are no data on the magnitude ajuatand the recovery time-course of any
variable from SSG training sessions in soccer. Gitlee popularity of SSG’s and that

multiple training sessions are often programmedconsecutive days in soccer, a greater
understanding of the response to SSG’s may bet@feist to those responsible for designing
soccer training programs. Therefore, the aim ofk tetudy was to characterize the

neuromuscular, endocrine, metabolic and mood resptma SSG session over 24 hours.

METHODS

Experimental Approach to the Problem

This observational study assessed the neuromusenaocrine, biochemical and mood
responses to a SSG training session. The study ftzme at the end of the 2015 — 2016
competitive season with players being given two glete rest days before test involvement.
Players were instructed to refrain from physicdivity in the rest days and in their time
away from the training ground. Countermovement jsni@MJ; peak power output, PPO,
and jump height, JH), bloods (creatine kinase; @Kgd lactate concentrations), saliva
(testosterone and cortisol concentrations), andief bssessment of mood (BAM+) were
collected before (baseline), and after (immediatély, 2 hours; +2h, 24 hours; +24h) the
session. Objective training loads from the SSG’sevessessed using 10 Hz GPS devices and
subjective RPE’s were collected using Borg’'s CRddles
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Subjects

Data are presented from 16 male professional sqiagers (age: 21 + 2 years, mass: 74.8 £
5 kg, height: 1.81 + 0.06 m) who represent a Pretmeague under-23 soccer team. Despite
the involvement of goalkeepers in the SSG protoaoly outfield players were included in
the current study and they represented a rangelaying positions. All players were
considered healthy and injury-free at the timehs study and were in full-time training.
Players were in the maintenance phase of theinitgiseason, undertaking resistance
training programs, team-based conditioning sessemd technical and tactical training. On a
typical microcycle which consisted of 1 game peekyeplayers were completing five on-
field training sessions and two resistance trairsagsions. Ethical approval was granted by
the ethics advisory board of Swansea Universitgry&s were also informed of the risks and
benefits and provided written informed consent ptooparticipation in the study.

Main Trial Procedures

On arrival at the training ground and before brask{~08:45 h), baseline salivary samples
and BAM+ mood questionnaire scores were obtainkyels were then instructed to follow
their normal breakfast routines and eat the foadl @mk prepared for them at the training
facilities. After breakfast (~09:30 h), a capillabjood sample was taken and CMJ’s were
performed on a portable force platform. Prior to Ltdsting, players completed a 5-minute
standardized warm up consisting of jogging and dynastretching. The SSG training
session began at 10:30 h and individual player l@ackwas monitored using GPS and RPE.
Follow up measures (saliva, BAM+, blood & CMJ’s) reecollected at Oh, +2h and +24h
post-training. Players consumed a nutritionallyabakd lunch and drank water as normally
provided at the training ground.

Small-Sided Games (SSG)

After a five-minute warm-up, which consisted of dymc stretching and short sprints,

players were split into four teams of five by coaghstaff. The teams were organized such
that playing positions were balanced within eaadmége.g., one goalkeeper, one defender,
one winger, one midfielder, and one striker) andne were perceived to be of equal
standard. The sport surface was a modern thirdrggoe artificial grass pitch and players

wore their normal soccer boots during the SSG’ayéts were instructed to play against
another team for seven blocks of six minutes (dverark = 42 minutes) with two minutes

between each game being allowed to drink watempasdively rest before the next repetition.
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Pitch size was 24 x 29 meters (width x length) &ndsized goals with goalkeepers were
used. Further, players were allowed unlimited tescbf the ball and the aim was to score as
many goals as possible. This SSG format complerdethie player’s training regimes and
was similar to previous literature (11, 27). Theakdime the participants were on the field,

from the beginning of the warm-up to the end of §#8G’s, was 59 minutes.

Countermovement Jump (CMJ) Testing

A portable force platform (Type 92866AA, Kistlerag/ used to measure performance of the
lower body. This required CMJ’s to be performedraximum effort, with arms akimbo to
isolate the lower body musculature. Two CMJ’s wesepleted after a standardized warm-
up at each time-point. The vertical ground reacfarnes from the jumps were used to assess
PPO from previously reported methods (32). Thisadafs converted into relative peak
power (W-kg) by dividing PPO by the player's body weight iokjrams. Additionally, JH
was calculated by multiplying the velocity at eaampling point by the time (0.005 s). It
was then defined as the difference between vertisgilacement at take-off and maximal
vertical displacement. Test-retest reliability adlass correlation coefficient) for PPO, and
JH were 0.89 and 0.84, respectively. The coefficadrvariation (CV) for PPO and JH were
2.3% and 3.2%, respectively.

Salivary Testosterone (T) and Cortisol (C) Assesssne

At all time-points, 2 ml of saliva was collected pgssive drool into sterile containers. Saliva
samples were stored at -20 °C for seven days assidy. After thawing and centrifugation
(2000 rpm x 10 minutes), the saliva samples weeadyaad in duplicate for testosterone and
cortisol concentrations using commercial kits (®elrics LLC, USA). The minimum
detection limit for the testosterone assay wasg.inl with an inter-assay CV of 5.8%. The

cortisol assay had a detection limit of 0.12 nguith inter-assay CV of 5.5%

Blood Creatine Kinase (CK) and Lactate Testing

After immersing the subjects hand in warm waterpltblood was collected via fingertip
puncture using a spring-loaded disposable lancafe{$-Pro Plus, Accu-Chek, Roche
Diagnostics GmBH, Germany). First, aub-sample of whole blood was taken for the
immediate determination of lactate (Lactate Pr&krdy, Japan). Next, a 3Q0- sample was
collected in a capillary tube and immediately cémgged (Labofuge 400R, Kendro
Laboratories, Germany) at 3000 revolutions-tiar 10 min for the extraction of plasma,

which was subsequently stored at -20 °C.
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The plasma samples were left to thaw beford 6vas used in the analysis of CK using a
semi-automated analyser (ABX Pentra 400; ABX Diagizs, Northampton, UK). Sample
testing was carried out in duplicate and the medridf CK assays was 1.6%.

Mood Assessment

Mood state was assessed using a modified versiothefbrief assessment of mood
guestionnaire (BAM+). This 10-item questionnairebmssed on the Profile of Mood State
assessment, and consists of a scale where playgksan a 100-millimetre scale how they
feel at that moment in time. Scale anchors rangerth f'not at all’ to ‘extremely’. The
guestions assess the following mood adjectives:erangonfusion, depression, fatigue,
tension, alertness, confidence, muscle sorenessivation. and sleep quality. Players
completed the questionnaires in isolation of teatemand it took approximately 2 minutes
complete. The BAM+ guestionnaire has been shovsetan effective tool for monitoring the
fatigue and recovery cycles in elite athletes ($@pres range from 0 — 100, with 0 indicating

the best mood and 100 indicating the worst:

Ratings of Perceived Exertion (RPE)

Using Borg's CR10 scale, players were asked to giveRPE on a scale of 1 — 10. This
guestion was asked verbally and in isolation fraimep team mates. These measures were
obtained 10 minutes after the end of the SSG trgisession. RPE has been shown to have
high correlationsr(= 0.75-0.90) with heart rate based methods ofiitrgiload (12), with

this association being shown across various teamiss(l, 11).

Time-motion Analysis

Time-motion analysis data was collected via 10 HZSQunits embedded with 100 Hz tri-
axial accelerometers (OptimEye X4, Catapult Innoves, Melbourne, Australia), which
have shown to hold an acceptable level of religbiéind validity when tracking player
movements (25). Each unit was attached to the uppek of players using a specifically
designed vest garment. The data was downloadegrandssed automatically using Catapult
Sports software (Openfield, Catapult Innovationglidurne, Australia). The high speed
running threshold was defined as the total distdnmdecovered at a velocity >5.5 rit;sand
was set in line with previous work in soccer timetimn analysis (38, 41). Player load

[Playerload] is defined as the sum of gravitational forcestba accelerometer in each

Copyright © National Strength and Conditioning Association



184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

individual axial plane (anteroposterior, mediolateand vertical), and has been shown to

predict changes in CMJ performance and hormonésafivlg elite soccer match play (37).

Statistical Analysis

Data are reported as mean + SD. Visual inspectfotne residual plots revealed no clear
evidence of heteroscedasticity, therefore we peréarall analyses on the raw untransformed
data. Separate mixed linear mixed models (SPSS »2donk, NY: IBM Corp) were used

to examine the effect of SSG on our physical véemlftotal distance, high-speed running,
and player load) and also on our fatigue markgrareses (mood score, creatine kinase, peak
power output, jump height, testosterone, cortiant] blood lactate). For these models, SSG
(1-6) and time point (baseline, 0, +2, and +24 Bpwespectively were entered as the fixed
effect. In both models, players were included aaralom effect with random intercept to
account for the hierarchical nature of our desigg.(repeated measurements from the same
players). Following this, a custom-made spreads{&3twas used to determine magnitude
based inferences for all differences, with infeembased on standardized thresholds for
small, moderate and large differences of 0.2, @& &.2 of the pooled between-subject
standard deviations (23). The chance of the difiezebeing substantial or trivial was
interpreted using the following scale: 25—-75%, pugs 75-95%, likely; 95-99.5%, very
likely; >99.5%, most likely (4). The uncertainty iour estimates is expressed as 90%
confidence limits (CL). We classified the magnituafeeffects mechanistically, whereby if
the 90% confidence limits overlapped the threshtddshe smallest worthwhile positive and

negative effects the effect was deemed unclear (23)

RESULTS

Physical demands of SSG’s

The GPS data for each SSG repetition, the differdretween repetitions and the sum of all
repetitions are presented in Table 1. The mean thstance covered during the SSG’s
(excluding rest periods) was 4388 + 231 m. Thereewvmoderate or large reductions in total
distance in all SSG’s in comparison to SSG 1. Alleo changes in total distance between
SSG’s were small or trivial. The total high speedning distance accumulated during the
SSG’s was 41 + 30 m. Similar to total distancerehgere moderate or large reductions in
high speed running in all SSG’s in comparison t&SIS All other changes in high speed

running between SSG’s were small or trivial.
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The total player load [Playerlo8¥] accumulated over the SSG’s was 483 + 38 AU. Whils
no large between-SSG differences in Playeriadiere observed, there were moderate
reductions in all SSG’s in comparison to SSG 1.dHer changes in Playerloddbetween

SSG’s were small or trivial. The mean RPE repoftedhe 42 minutes of SSG’s was 7.1 +

1.3 arbitrary units (AU), which is classified agty hard’ on the scale used.

sexxeecees INSERT TABLE 1 NEAR HERE #rxxxccees

Impact of SSG’s on Fatigue Markers

Mood Questionnaires

The absolute changes in mood scores across eaehptimt are presented in Table 2.
Relative to baseline, there was an immediate diatuze in mood at Oh (likely moderate
increase; +47.2%) which persisted at +2h (likelyakm+27.4%) but not +24h where mood
had returned to near baseline-values (trivial; %8.7

Biochemical Response

The time-course changes'in blood lactate and CKeammnations are presented in Table 2.
There was an immediate increase in lactate coratearis at Oh (likely large; +100.2%). In
comparison to baseline a decrease was observezhatikely small; -34.2%). Values were
similar to baseline at +24h (trivial; +5.9%). Thevas an immediate elevation in CK at Oh
(very likely small; +40.6%), which persisted at +gtossibly moderate; +49.2%), and at
+24h (very likely small; +39.2%).

Neuromuscular Function

Average force platform data for PPO and JH areemtes in Table 2. We observed a
bimodal recovery pattern for both PPO and JH. Thas an immediate decrease in PPO at
Oh (possibly small; -2.1%), which returned to nbaseline values at +2h (trivial; +1.3%),
before further impairment at +24h (possibly smdll7%). Similarly, JH was decreased at Oh
(possibly moderate; -8.6%), which returned to neseline values at +2h (trivial; +0.2%),
before further impairment at +24h (likely small;8%o).

Copyright © National Strength and Conditioning Association
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Hormonal Response

The average time-course changes in testosteronecantidol are presented in Table 2.
Testosterone was increased immediately at Oh (pgssnall; +11.1%), before a reduction at
+2h (likely moderate; -33.9%) and returning to néaseline at +24h (trivial; +1.2%).

Cortisol was decreased at Oh (possibly small; 15.5%h a further reduction at +2h (likely

large; -71.8%), which remained below baseline ah+gikely small; -21.3%).

s INSERT TABLE 2 NEAR HERE #oreeces
DISCUSSION

The primary aim of this study was to characterimerieuromuscular, biochemical, endocrine
and mood response of professional soccer playdiewiog a SSG training session.

Immediate disturbances in mood, JH, PPO and CK roeduollowing 42 min of SSG'’s,

which in the case of JH and PPO had returned teexeecise values following a 2-hour

passive recovery period. On the following morning24h), there was a secondary
impairment in CMJ performance (PPO & JH), whilsétdrbances in CK persisted but mood
scores had returned to baseline values. This ifirStestudy that profiles the 24h response to
SSG training; findings that will be of interest those responsible for designing and
monitoring soccer specific training, especially epivthe possible influence that such acute
changes have on subsequent training design andemcgtrategies used throughout the

training week.

The demands of the SSG training session were dasignreplicate the workload players are
exposed to during a typical training session. Tleamtotal distance players completed over
the six SSG’s was 4388 + 231 m, at an averagesityeaf 104 + 5 m-mif. This playing
intensity is similar most other previous studie} (espite the total distance being greater,
which likely reflects the longer amount of time the field (1). These demands resulted in
the players subjectively rating the session asyVerrd’ (RPE 7.1 + 1.3 AU). Although a
likely large increase in blood lactate immediatafter completion of the SSG’s was observed
(Table 2), the magnitude of the lactate increabsgiwed here are low in comparison to other
SSG specific studies (11, 27). This difference omxl despite pitch size and game rules
being similar (i.e 4 vs 4 plus goalkeepers), howevis hard to compare the external load of
the present study to the previous studies mentica®they occurred before the introduction

Copyright © National Strength and Conditioning Association
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of GPS technology. This could be a result of ddferes in session volume and intensity,
player training status or skill level as we presdata from professional in-season soccer
players who are more accustomed to this type afitrg. Notably, previous studies have

reported data from younger elite players (<18 yeltsand recreational athletes.

Whilst PPO (possibly small; -2.1%) and JH (possitvigderate; -8.6%) were immediately
impaired, these markers had returned to baseliheevafter 2 hours of passive recovery.
Mood scores in the current study presented a gipatern, however were still higher (likely
small; +27.4%) than baseline values at +2h. Thisld/guggest that if multiple sessions are
programmed in the same day (e.g., resistance rnigaiand SSG’s) as is often the case in
professional soccer, then they should be sepanaidat least 2 hours recovery time if
additive effects of depressed mood and fatigue wdste ameliorated. Furthermore, the
likely large reduction in cortisol at +2h may be shaoteworthy here given its modulating
effect on testosterone (14). Whilst large impairteem CMJ performance have been
consistently reported for more than 48 hours poster matches (31), the responses to
SSG’s in the current study saw small and moderateeases in PPO and JH respectively.
This may highlight the greater detrimental effdwtivolume of work has in comparison to
intensity on neuromuscular function; SSG playinguate was 42 min vs match-play (> 90
min). Despite recovery of these variables at +Perd was another impairment in PPO
(possibly small; -1.7%) and JH (likely small; -6.88 +24h; perhaps suggesting that stretch-
shortening cycle derived fatigue follows a bimodsdovery pattern as described by previous
authors (16, 24). A likely explanation for the iaitimpairment in PPO and JH at Oh is a
reduced functioning of the muscle fibre contracti®echanisms in the presence of
metabolites (hydrogen ions, adenosine diphosphairganic phosphate) accumulated during
exercise (24). More specifically, this theory prees that there is a decreased calcium ion
release from the sarcoplasmic reticulum, resuitinigss calcium ion binding to troponin and

a negative influence on actin-myosin interactionsrdy cross-bridge cycling (24).

It seems curious that PPO and JH had recovere®haiwhilst CK and mood scores were still
above baseline values. It may be that the recovesgrved at +2h may have occurred before
the inflammatory process had started, and wasyli#ee the removal of the metabolites that
were initially present. Taking this time-frame insxcount, it is hypothesized that the
recovery in PPO and JH observed at +2h occurrexnt firithe initiation of the inflammatory

response, and was most likely due to the removahefmetabolic by-products that had

Copyright © National Strength and Conditioning Association
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initially built up immediately after the SSG’s (16Addtionally, the secondary drop in PPO
and JH observed at +24h may be related to themmflatory process which is likely to be in
process at this time point; supported by previdgsdture in soccer that suggests CK peaks
between 24 — 48 h post match play (31).

The declines in PPO and JH at +24h may also hapdications for training design. The
current study supports previous research whichshas/n both jump and sprint performance
to be depressed when muscle damage and sorenebgdrasnduced by training 24 hours
prior (20). Given this, it may be advised to plasglosive/maximal effort training relatively
close together and practitioners may consider mragring their training in an order that
takes advantage of maintained neuromuscular peaiocen However, as there is no data on
the implications of multiple training sessions penied on the same day in soccer players,
further research is required into the effect ofgening additional training in this window on
muscle damage, neuromuscular fatigue, mood and/eegdime. It is also suggested that
performance in submaximal activities would appeabé unaffected at +24 h. Therefore, a
strategy of alternating high intensity explosivairiig days containing multiple sessions
with days emphasising submaximal technical/ tacticaivities may take advantage of the

observed pattern of neuromuscular performance.

The SSG’s used in the current study may have esbult possible small increases in
testosterone and decreases in cortisol at Oh. Whiks is the first study to report endocrine
responses to SSG training, the lack of immediaparse we present at Oh contrasts previous
work in sprinting (35) and resistance training (18% previous work has highlighted that
metabolic accumulation is linked to post-exercigevaions of testosterone (29, 42) and
cortisol (40), it may be that the comparitable loviactate levels immediately post the
training protocol in the current study may expltrs. While testosterone and cortisol were
both found to be likely largely reduced from baselvalues when measured at +2h, these
depressions are similar to the normal circadiamtians previously reported in the literature
(28). The hormonal changes observed in the cusardy may be explained by natural
changes in the player’s circadian rhythm, wher¢og#srone and cortisol in men has been
shown to peak in the early morning followed by pesgive reduction (30-40 %) throughout
the day (30). Therefore, it seems unlikely thaséhdeclines were a direct response to the
training stimulus. However, the lack of non-exesat®ntrol data in the current study means

that this cannot be confirmed.
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Although we aknowledge that the current findingsymetlect the charicteristics of the SSG
format used, this is the first study to report teeponses to this type of training over a 24
hour period. Additionally there are a number ofitations within this study, which should be
noted. Firstly, the natural day to day variatiorthe fatigue markers we have used was not
measured prior to conducting our study. Thereforeannot be ruled out that some of the
changes in markers were driven by this naturalatiamn, as opposed to the SSG’s. In
addition, no heart rate data was collected durlrey $SG’s to give a marker of internal
training load, in combination with the external dogGPS variables). This data would also
have been interesting to compare to previous reBekmally, it would have been interesting
to compare the responses to this specific typeSg $rmat (4 vs 4 + goalkeepers) to other
formats (i.e 2 vs 2, 6 vs 6, 8 vs 8 etc), and wsmanipulate the playing area size. This could

be an area for future research.

PRACTICAL APPLICATIONS

This study shows that 42 minutes of SSG’s resultedmmediate small to moderate
disturbances in muscle damage, neuromuscular peafuze, and mood. As soccer players
are often required to concurrently train multipleygical qualities in the same day (i.e.
strength and soccer), coaches and sports sciesitigtsdd try to allow adequate recovery (> 2
hours) between physically demanding sessions. Aadailly, consideration of the 24-hour
fatigue response accumulated from SSG’s shouldbhsidered when programming into the
training week. It is suggested that performancsubmaximal activities would appear to be
unaffected at 24 hours post. Therefore, a stratdgglternating high intensity explosive
training days containing multiple sessions with sl@mphasising submaximal technical/
tactical activities may be beneficial. In additionjs advised that those responsible for the
design of soccer training programs should allowqadée recovery time (> 24 hours)

between SSG’s and competitive matches.

ACKNOWLEDGEMENTS
The author would like to acknowledge the reseaseimtand the participants who were
involved with the conduct of the experiment. Theutes of the present study do not

constitute endorsement of the products used bguteors or the NSCA.

Copyright © National Strength and Conditioning Association
12



REFERENCES

1. Alexiou, H, and Coutts, AJ. A comparison of methoded for quantifying internal training
load in women soccer players. Int J Sports Phyasoform 3: 320-33®008.

2. Armstrong, RB. Initial events in exercise-inducedseular injury. Med Sci Sports Exerc 22;
429-435, 1990.

3. Bangsbo, J. Energy demands in competitive socc&@podts Sci 12: 5-12, 1994.

4. Batterham, AM, and Hopkins, W. Int J Sports PhyBietform 1: 50-57, 2006.

5. Bishop, PA, Jones, E, and Woods, AK. Recovery ftaaming: a brief review: brief review.

J Strength Cond Res 22: 1015-1024, 2008.

6. Bosco, C, Colli, R, Bonomi, R, von Duvillard, SPdaViru, A. Monitoring strength training:
neuromuscular and hormonal profile. Med Sci Sprsrc 32: 202-208, 2000.

7. Brandes, M, Heitmann, A, and Mdller, L. Physicatpenses of different small-sided game
formats in elite youth soccer players. J StrengihdCRes 26: 1353—-1360, 2012.

8. Burt, DG, Lamb, K, Nicholas, C, and Twist, C. Effeof exercise-induced muscle damage
on resting metabolic rate, sub-maximal running post-exercise oxygen consumption. Eur J
Sport Sci 14: 337-344, 2014.

9. Casamichana, D, Castellano, J, and Castagna, Cp&myg the physical demands of friendly
matches and small-sided games in semi-professemtaler playersl] Strength Cond Re26:
837-843, 2012.

10.Cook, CJ, Kilduff, LP, Crewther, BT, Beaven, M, ai¢est, DJ. Morning based strength
training improves afternoon physical performanceugby union players. J Sci Med Sport
17: 317-321, 2014.

11.Coutts, AJ, Rampinini, E, Marcora, SM, Castagnaa] Imperllizzeri, FM. Heart rate and
blood lactate correlates of perceived exertion rdpsgmall-sided soccer games. J Sci Med
Sport 12: 79-84, 2009.

12.Coutts, AJ, Reaburn, P, Murphy, A, Pine, M, andéihpzeri, F. Validity of the session-RPE
method for determining training load in team sthietes. J Sci Med Sport 6: 525, 2003.

13.Crewther, BT, Carruthers, J, Kilduff, LP, Sanctyar@E, and Cook, CJ. Temporal
associations between individual changes in hormotrasing motivation and physical
performance in elite and non-elite trained menl Bjoort 33: 215-221, 2016.

14.Crewther, BT, Thomas, AG, Stewart-Williams, S, Kitfj LP, and Cook, CJ. Is salivary
cortisol moderating the relationship between sajitastosterone and hand-grip strength in
healthy men? Eur J Sport Sci 17: 188-194, 2017.

15.Daly, W, Seegers, CA, Rubin, DA, Dobridge, JD, &tatkney, AC. Relationship between
stress hormones and testosterone with prolongedramce exercise. Eur J Appl Physiol 93:
375-380, 2005.

16.Dousset, E, Avela, J, Ishikawa, M, Kallio, J, Kui&n, S, Kyrolainen, H, and Komi, PV.
Bimodal recovery pattern in human skeletal musatkiced by exhaustive stretch shortening
cycle exercise. Med Sci Sports Exerc 39: 453-460,2

17.Foster, C, Florhaug, J, Franklin, J, GottschallHtgvatin, L, and Parker, SA. New Approach
to Monitoring Exercise Training. J Strength CondRé&: 109-115, 2001.

18. Gaviglio, CM, Crewther, BT, Kilduff, LP, Stokes, KAand Cook, CJ. Relationship between
pre-game free testosterone concentrations and metdo rugby union. Int J Sports Physiol
Perform 9: 324-331, 2014.

19.Hakkinen, K. Neuromuscular responses in male amdalie athletes to two successive
strength training sessions in one day. J Sports Rfa@ Fitness 32: 234-242, 1992.

20.Highton, JM, Twist, C, and Eston, RG. The Effedt€rercise-Induced Muscle Damage on
Agility and Sprint Running Performance. J Exerc Hti7: 24-30, 2009.

Copyright © National Strength and Conditioning Association
13



21.Hill-Haas, SV, Dawson, B, Impellizzeri, FM, and Gy AJ. Physiology of small-sided
games training in football: a systematic reviewoipMed 41: 199-220, 2011.

22.Hopkins WG. A spreadsheet for deriving a confidemterval, mechanistic inference and
clinical inference from a p value. Sportscience1I8-20. 2007.

23.Hopkins, W, Marshall SW, and Batterham, AM. Progres statistics for studies in sports
medicine and exercise science. Med Sci Sports EKer8-13. 2009.

24.Johnston MJ, Cook, CJ, Crewther, BT, Drake, D, d&aftluff LP. Neuromuscular,
physiological and endocrine responses to a maxspeed training session in elite games
players. Eur J Sports Sci 15: 550-556, 2015.

25.Johnston, RJ, Watsford, ML, Kelly, SJ, Pine, MJd &purs, RW. Validity and inter-unit
reliability of 10 Hz and 15 Hz GPS units for asseg®thlete movement demandssStiength
Cond Res 28: 1648-1655, 2014.

26.Kellmann, M, and Gunther, KD. Changes in stress sgubvery in elite rowers during
preparation for the Olympic Games. Med Sci Spoxsr&32: 676-683, 2000.

27.Koklu, Y, Asci, A, Kocak, FU, and Alemdaroglu, U.o@parison of the physiological
responses to different small-sided games in elieng soccer players. J Strength Cond Res
25: 1522-1528, 2011.

28.Kraemer, WJ, Loebel, CC, Volek, JS, Ratamess, Néwildn, RU, Wickham, RB, Gotshalk,
LA, Duncan, ND, Mazzetti, SA, Gomes, AL, Rubin; MRindl, BC, and Hakkinen, K. The
effect of heavy resistance exercise on the circadigthm of salivary testosterone in men.
Eur J Appl Physiol 84: 13-18, 2001.

29.Lu, SS, Lau, CP, Tung, YF, Huang, SW, Chen, YHhSHIC, Tsai, SC, Lu, CC, Wang,
SW, Chen, JJ, Chien, EJ, Chien, CH, and Wang, @8ate and the effects of exercise on
testosterone secretion: evidence for the involvéméma cAMP-mediated mechanism. Med
Sci Sports Exerc 29: 1048-1054, 1997.

30.McLellan, CP, Lovell, DI, and Gass, GC. Creatinm&Se and Endocrine Responses of Elite
Players Pre, During and Post Rugby League Match-BleStrength Cond Res 24: 2908-
2919, 2010.

31.Nédélec, M, McCall, A, Carling, C, Legall, F, Besth, S, and Dupont, G. Recovery in
Soccer: Part | — Post-Maich Fatigue and Time CoofsRecovery. Sports Med 42: 997-
1015, 2012.

32.0wen, NJ, Watkins, J, Kilduff, LP, Bevan, HR, andriBett, M. Development of a criterion
method to determine peak mechanical power outpateountermovement jump. J Strength
Cond Res 28: 1552-1558, 2014.

33.Nicol, C, Avela, J, and Kami, PV. The stretch-skaihg cycle : a model to study naturally
occurring neuromuscular fatigue. Sports Med 36-999, 2006.

34.Petersen, K, Hansen, CB, Aagaard, P, and Madsellukcle mechanical characteristics in
fatigue and recovery from a marathon race in higtdined runners. Eur J Appl Physiol 101:
385-396, 2007.

35.Pullinen, T, MacDonald, E, Pakarinen, A, Komi, Rvad Mero, A. Hormonal responses and
muscle fatigue in maximal repetitive sprinting. drilMovement Stud 48: 91-107, 2005.

36.Randers, MB, Nielsen, JJ, Bangsbo, J, and KrunsRuphysiological response and activity
profile in recreational small-sided football: ndesft of the number of players. Scand J Med
Sci Sports 1: 130-137, 2014.

Copyright © National Strength and Conditioning Association
14



37.Rowell, AE, Aughey, RJ, Hopkins, WG, Stewart, AMhdaCormac, SJ. Identification of
Sensitive Measures of Recovery Following Externadd. From Football Match Play. Int J
Sports Physiol Perform 14: 1-25, 2016.

38.Russell, M, Sparkes, W, Northeast, J, Cook, CJclna, RM, and Kilduff, LP. Relationships
between match activities and peak power output &mdatine Kinase responses to
professional reserve team soccer match-play. Huwelbent Sci 45: 96-101, 2016.

39.Shearer, DA, Sparkes, W, Northeast, J, Cunningh@d, Cook, C, and Kilduff, LP.
Measuring Recovery: An Adapted Brief AssessmentMwziod (BAM+) Compared to
Biochemical and Power Output Alterations. J Sci Nbgart 20: 512-517, 2016.

40.Spiering, BA, Kraemer, WJ, Anderson, JM, Armstrohd;, Nindl, BC, Volek, JS, and
Maresh, CM. Effects of elevated circulating horn®rmm resistance exercise-induced Akt
signaling. Med Sci Sports Exerc 40: 1039-1048, 2008

41.Thorpe, R, and Sunderland, C. Muscle damage, eimg@oand immune marker response to a
soccer match. J Strength Cond Res 26: 2783-279@2, 20

42.Walker, S, Ahtiainen, JP, and Hakkinen, K. Acuteineenuscular and hormonal responses
during contrast loading: effect of 11 weeks of casit training. Scand J Med Sci Sports 20:
226-234, 2010.

Copyright © National Strength and Conditioning Association
15



Table 1. Mean (= SD) physical variables across each SS@gltine training session, along with qualitativée
between game number comparisons.

Game Number

Variable 1 2 3 4 5 6 Total Qualitative inferences for ef
Large: 1v4**(-92; £29), 1v6** (
Moderate: 1v5***(-67; +31), 1v.
Small: 2v4** (-31; £37), 2v6** |
797 736 714 705 730 704 4388 + +34), 2v3* (-22; £30), 3v5* (+1
Total Distance (m) + 36 +48 +42 +73 + 60 +48 231 Trivial: 2v5 (-6; £38), 3v4 (+9;
Large: 1v2* (-11; £5), 1v6* (-1
Moderate: 1v3** (-10; +6), 1v4’
Small: 2v4** (+3; +4), 2v3* (+1
High Speed Running 15 4 5 7 6 4 41 15), 4v6* (-3; £5), 5v6* (-2; 4
(m) +10 4 +6 +9 +9 5 +30 Trivial: 2v6 (0; +5), 3v5 (+1; +!
Moderate: 1v6*** (-9; +3), 1v4*
(-6; +4),

Small: 2v6** (-4; £5), 3v6** (-3

86 81 80 79 80 77 483 14), 5v6* (-3; £4)
Player Load (AU) +6 +9 +6 +8 +10 7 + 38 Trivial: 2v3 (-1; £5), 2v5 (-1; +

SD, standard deviation; SSG, small-sided game;90% confidence limits; AU, arbitrary units;

*25-75 %, possibly; **75-95 %, likely; **95-99.5 %very likely.
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Table 2. Mean (+ SD) fatigue marker responses across @aehpoint, along with mean differences and c
magnitude for differences from baseline values.

Time-point
Mean difference Mean difference
Variable Baseline Oh from baseline; Ql +2h from baseline; Ql
+90% CL +90% CL
Mood Score (AU) 288+14 4241165 +13.6; 5.6 M**  36.7+12.8 +7.9;450 S
Creatine Kinasey( L'l) 239+ 174 336 £ 214 +97; +28 Sex* 357 £195 +118; +24 M*
Rﬁ‘?‘l‘:gﬁ)ower Ouput 531448 520+42 11,409 S . 538449 107,408 T
Jump Height (cm) 37.1+£44 33.9+£6.5 -3.2;£1.9 M* 37.2+4.6 +0.1; 0.9 T
Testosterone (pg- M) 181 £ 64 201 +71 +20; +29 S 119 +41 -61; £21 M**
Cortisol (ug-d[l) 0.54+£0.28 0.45x0.29 -0.09; £0.16 S 0.15+£0.06 -0.39; £0.12 L**
Blood Lactate (mmol-L 4 5, o5 26+1.1 +1.3:#05  L**  0.8+0.2 0502 S+

)

SD, standard deviation; CL, 90% confidence lin#b}, arbitrary units.

Qualitative Inference€Ql): Trivial (T); Small(S); Moderateg(M); Large,(L).

*25-75 %, possibly; **75-95 %, likely; ***95-99.5 %overy likely.
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