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ABSTRACT

This study examinedhe change incountermovement jump (CMJ) performanaeross a
microcycle of training in professional soccer players during treeason period\ine elite
youth soccer players performedCMJtest pre and posfour consecutive soccer training
sessions of an imeason weekly microcycle. Training load was quantified using global
positioning systems (GPS), heart rate (HR) and rating of perceivettbax@PE). Absolute
change(pre to postraining) in CMJheightacross each training session veaslysedusing
oneway repeated measures analysis of variance (ANOVA). Magnitude of effexds
reported with the effect size (ES) statistic. Correlation ysesl assessed the relationships
between training load measures and the absolute change inh€NtX Training load
remained similar on all training days apart from a significant decrease imgrémad (all
variables except high speed distance) on dlse training sessiorP(< 0.05). No significant
difference was found for CMJ heig® € 0.23) across the training microcycle (Ehge-

0.04 to-0.22. No correlations were found between training load variables and absolute
change in CMheight(range: r=-0.21 to 0.22P > 0.05). This study revealed no significant
change in CMJ performance across thesaasonmicrocycle. This suggests that soccer

players are able to maintain CMJ performance acrosssgason training microcycle.
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INTRODUCTION

The assessment of neuromuscular status following intense exercise isamhpoorderto
understand thephysiological impact of a given training stimulus. Measures of
neuromuscular status team sports in the applied settingve previously included various
vertical jump such asthe countermovement jump (CMJ) aritle squat jump (S3 3 4
Previous studies using such protocbése reported impairegimp performanceollowing
competitive matciplay in Australian footbafl °, rugbyleagué and soccer® . Although it is
important to quantify jump performandellowing an acute bout of activitysuch as a
competitive match)it is also of interest to investigate the response to multipléshudu
exercise(such as training regimendjnpairments inump performancenay developwhen
fatiguing or damagingexercise is repeatetbnsecutivelyover several days compared to an
acuteactivity bout. Understanding the response to such patterns magibgortantasone-
off evaluatiors due to thes@rotocolsbeingmorerepresentative of thactivity completed by

athletegduring weekly blocks ofraining.

In professional soccer, theigrocycle is crucial for training load management in
soccer teamduring the inseason period, soccer teams will typically employ microcycles
that emphasise@ecovery due to external fies related tothe demands of competitiqe.qg.
fixture scheduling. If such microcycles are repeated longitudinally across a competitive
season then the physiological stimulus may be insufficient and lead to ntatani@p
Maladaptation may also occur if training loads are consistently above thosesetlasie to be
tolerated by individuals within a group of players within a given tédms situation may be
more problematic than low intensity training programmes as it may lead to injurynand a

inability to take part in competitive fixtured. detailedquantiication of the impact othe



training loads associated witkoccer trainingcan thereforeprovide useful information
relating to the loading pattethat is used bygoccer teams in preparation for a competitive
match.If such physiological responses are well untberdit is more likely that players will
go into training andnatchesbetter prepared to endure the demands of exererexious
research has examined the change in CMJ perfornamoss differentraining microcycle

in professional rugby leagtfen an attempt to provide r@presentationf individual player’s
readiness to perform during training and competititimat data in this study demonstrated
that jump performance was significantly reduced during 4 days of the training notEocy
This highlights the potential use of CMJ flamp performance assessmeiutring training
microcycles. Currently such datxe not available froma weekly microcycle of soccer

training in professional soccer players.

Therefore the purpose of this study waexamine the change in CMJ performance
across a microcycle dfaining in professional soccer players during theaason periodn
addition, training load variables across the microcycle were quantified andnexkmi
relation to the change in CMJ pesfmance. We hypothesized that there would be no
significant change in CMJ performance duethe low training loads typically employed

during an in-season microcycle period.

METHODS

Experimental Approach to the Problem

This study was designed to exami@dlJ performanceacross multiple training sessions

within a typical weekly training cycle in professional soccer. A CMJIwest selected as the



measurement tool due to its functional nature and-bakkd capability. Thabsolutechange

in CMJ performance from pi®-post sessionwas determined for four consecutive soccer
training sessions structured in a weekly microcycle in preparation for a ttwepmatch.

Each training session was classified in relation to the epumibdays prior to the competitive
match (i.e. match day minus, MPD Thus, the four training sessions were broken down into:
MD-4 (4 days prior to match), MDB (3 days prior to match), M2 (2 days prior to match),

and MD1 (1 day prior to match). Thisedign was employed to measure any paén
changes in CMJ performanes a consequence of each training session and across the entire

training microcycle.

A single training microcycle in March was selected for data collection durimg th
20122013 inseasn competitive periodThe microcycle represented the'™@eek of the
annual competitive cycle, which occurred with 7 weeks remaining in the cyclehenbfit
season phasé&n outline of the study design is represented in Figure 1. All players were
familiarised to perform a CMJ without arm swipgor to data collection. Familiarisation was
attained when a plateau (i.e. no significant change) in jimeight was observedn
consecutive trials. The coefficient of variation (CV%) was calculated from i&iisgition
data for each individual player, with a plateau determined when the CV% of the data was
below 5%. The number of sessions required for jump familiarisation was 3 £ 1. The content
of each training session was determined bystierercoach and fithess coach of the team in
line with the physical, tactical and technical objectives for each giverosedsie session
content was not in any way influenced by the researchers. Training sessiodsdmnahysical,
technical and tactical practices. Trainingd was quantified using global positioning systems
(GPS), heart rate (HR) and rating of perceived exertion (RPE). All soagengy and testing

was carried out at the soccer club’s academy training facilities.



Figure 1 about here

Subjects

Nine elite professional male youth soccer players were recruited to particip#te istudy.
All players were part of an U18 soccer team within an elite soccer academy. Oflélyese p
7 have represented their respectivairdoies at international level cassng of common
playing positions (three central defenders, three central midfielders amd thide
midfielders). The physical characteristics of the players (mean = SD) were as foboes
16.4+ 0.5yr (rangel6 —17 yr), height 1.8 0.6 m; body mas31 + 9 kg; YoYo Intermittent
Recovery Test Level 2 Score 29 + 5 |leWalritten informed consent was given by each
player, with the study being approved by the university ethics comnftéeental/guardian

consent was given in line with the soccer tegoalcies

Procedures

Countermovement jump performance

CMJ performance was performed both pre and post each individual training sessgm a
the microcycleThe CMJ test was carried out according to previously descritettods!
using a portable photoelectric cell system (Optojump, Microgate, BolZgadg). This
equipmentis both reliable and val for vertical jump assessmént®. Resultsfrom these
studies reveale@V% of < 6% and a standard error of the estimate (SEE)I8f<ompared

to a biomechanical force platdump height was calculated using the cell system software



(Optojump Next v1.7.9, Microgate, Bolzano, Italyand used for CMJ performance
assessment.HE highest jump was selected from the 3 repetitions complet=tintrial for
analysis.Players completedhe CMJ testing in an indoor gym facilithat provided a
consistent stable flooring in order minimise the influence of external factors (e.g. weather,
foot-surface interaction)All players perfomed pretesting approximately 460 minutes

prior to the outdoor training session. All players performed a standardised warm up
consisting of dynamic stretching and three submaximal CMJ efféagplayers completed

any activity that could influence the outcome of the CMJ assessment betweesttdst and

the start of the training sessioRosttesting was carried out approximately 5 minutes

following the completion of each training session.

Training load quantification

For all training sessions, eackayer worea 10Hz GPS device (Viper, Statsporteeland)
inside a custom made vest supplied by the manufachggitioned on the upper back
Similar devices have previously demonstrated improved validity and reliability compared t
earlier devices (i.e. 5Hz devic&s}:. For example, the reliability data revealed a lower CV%
of <5% for low velocity movements in 10Hz devices compared to 5Hz devices. The number
of satellites connected wa® + 1duringall outdoor training data collectioithe antennas of
each unit were exposed to allow clear satellite recetidncustom built GPS receiver and
software application (Viper, Statsports, Ireland) wasduso timecode each individual
training session to determine training duration. The investigator manuallycchckatton of

the software to ‘stamp’ the GPS data streaming at the beginning and end dfag@iag
sessiorto obtain training duratiorPlayer training data was subsequently downloaded using

the manufacturer’s software package and analysed for the followiraphes: total distance



covered, average speed (distance covered divided by training duration) andpdéegh s
distance (distance cover@bove 5.5 m/s). A technical fault with the GPS devices on one
session resulted in the failure to collect data from 4 subjects. These swgestexcluded

from the analysis of training load and jump performance for this session.

Players were also instructed to wear a portable HR belt (Polar T31, PolaoElect
Kempele, Finland)The percentage of maximum heart rate (% HRmax) was calcdtated
eachplayer acrosseach entiraendividual training sessionFollowing each training sess
players werealsoasked to report their RPE score usa@reviosly established numerical
scalé®. All players had regularly used this scale in the 6 moptasedinghe data collection
period. The RPE score was collected within 15 minutes of thefez&th training session for

all players.

Statistical Analysis

The primary research questian this study wasto examine if thechange in CMJ
performance (i.e. from p#®-posttraining) is affectedby the training loadcompleted by
playersacross amicrocycle of training With this in mind, a onevay repeated measures
ANOVA was selected to determine any differences in the change in CMJ performance (i.
pre-to-post) across the training microcycéMJ jump height was selected as the dependent
variablke, with training day (M4, MD-3, MD-2 and MD1) set as the independent variable.
In order to determine the differences for each training load variablati@urtotal distance,
average speed, high speed distaf6ElRmaxand RPE) across the microcyclepmaeway
repeated measures analysis of variance (ANOVA) alss employed.Each training load

variable was set as the dependent variable, with training day set as trendetgprariable.



In the event of a significant-Fatio value being revealed, a Borrfani post hodest was used

to determine thesignificance between level3he relationship between the training load
variables and change in pi@post CMJ jump height was analysed for all training sessions
using Pearson produntoment correlation coefficient (r)The effect size (ES) statistic was
calculated to determine the magnitude of effacis wasassessed using the following criteria:
< 0.2 =trivial, 0.20.6 = small effect, 0-4.2 = moderate effect, 220 = large effectand >

2.0 = very larg¥. The 90% confidence intervals (Gierealso calculatedising a stastical
spreadsheet calculatith The normality of distribution of the data was checked using the
ShapiroWilk test. Statistical significance was setRat< 0.05 for all tests used. da are
represented as mean + SDnalyses were performed using SPSS for Windows version 18

(SPSS Inc., Chicago, IL, USA).

RESULTS

Training load quantification

The training load during the weekly microcycle is presented in Table 1. There were
significantly higher values observed for duration on-¥BRompared to ME2 (Cl = 19.7 £

33.9 mins; ES = 4.47, very large;= 0.005) and MB1 (Cl = 29.1 + 38.1; ES = 8.85¢ery
large;P = 0.001). Significant differences were also found for total distance values eh MD
compared to both M (Cl = 1207 = 2302 m; ES = 3.77, very lar§es= 0.008) and MB3

(Cl =999 £+ 2049 m; ES = 3.77, very large;= 0.008). Significantly higar values were
observed for average speed on Mn comparison to both VM@ (Cl = 7.0 £ 17.8 m/min;

ES = 2.68, very largd®? = 0.001) and MD-1 (Cl = 6.8 £ 17.0 m/min; ES = 2.77, very laRye;



= 0.004). Similar observations were found also for RPE valéh, MD-3 significantly
higher in comparison to M2 (Cl = 0.6 + 1.8 au; ES = 2.40, very larges 0.023) and MD

1 (Cl=12=*24 au; ES = 3.29, very lardge;= 0.005). There were significantly higher
values found for % HRmax on MB compared with MEL (Cl =5 + 11 %; ES = 3.58, very
large; P = 0.027). There were no differences observed between training sessions for high

speed distancd(> 0.05).

Table 1 about here

CMJ performance

The differencesn CMJ jump height from pre to post each individual training session are
represented in Figure Zhere was no significant difference between pre and post jump
height values on MBX (Cl =-4.0 = 3.6 cm; ES =0.04, trivial), MD-3 (Cl =-4.9 £ 2.9 cm;
ES =-0.21, small), MB2 (Cl =-6.5 + 3.7 cm; ES =0.22,small) and MD1 (CI =-3.7 £ 4.7

cm; ES =0.10, trivial) (alP > 0.05).

Figure 2 about here

CMJ performance and training load relationship
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The relationship between the absolute change irtggpest CMJ jump height and each
training load variable igletailed in Table 2. There was no significant correlations found

between absolute change in jump height and any of the training load varkabl@s0b).

Table 2 about here

DISCUSSION

The aim of this study was examine the change in CMJ performance across a microcycle of
training in professional soccer players during thegason period. In addition, training load
variables across the microcycle were quantified and examined in relatioa thahge in

CMJ perfemance. We hypothesized that there would be no observed change in CMJ
performance due tthe focus of training during the-season phase on the maintenance of
players physical capacitie®ur results are in agreement with the original hypothesis, with no
significant differences observed in CMJ performance across the trainangcydle. There

were significant differences observed in training load variables satihesmicrocycle, with
MD-1 reporting lower values for duration, total distance, average spd#idmax and RPE

in comparison to MB4 and MD3. There was also no relationship found between training
load and CMJ performance. This would suggest that the training load employed did not
influence the change in CMJ performanaeross the training microcycléur results
suggests that CMJ performance remains unaffected during -aeason microcycle in

professional soccer, possibly due to the training load patterns employed bycreceaches.
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An analysis of the representativeness of the training loads completed by #rs piay
the present study is importanthd participants in the study were elite youth academy players,
and as such it is acknowledged that the training carried out mdiff &ent to that completed
by other soccer playing pomtions.Such limitationanay influence the ability to generalise
the findings from this research to other socplkayers.The overall training schedule and
training session duratian our research wasnsilar to those observed in Danish, Korean and
English professional soccer teamuring the irseason periods 292122 |n terms of external
load measures, the average speed vatutee present study averaggé8.6 m/min across the
microcycle. Such values were 12% lower than those reported in an elite serisih Eagcer
team, with average values of 66.6 m/min across tseason peridd. The amount of high
speed distance covered was also 46% lower in the present study (mean 64.3m) irscompari
to elite senior English soccer players (mean 11&8using the same velocity bandinig
terms of internal load measures, the weekly combined RPE based load (RPEan)dura
the present study wak041 au which was 39% lower than those reported in elite senior
Korean soccer players (mean 1703?aujhe mean %HRmax across the microcycle in the
present study was 71%, which was 13% lower than the values reported in etitekeeaan
players (mean 58%) When taken togetheit appears that the training loads employed in
elite youth soccer is significantly lower than that of elite senior soccer t8dnssmay be
due to the emphasis on coaching points which result in multiple stoppages during &raching
reduce the overallrdining intensity. Therefore the findings of the present study may be
limited to elite youth soccer populations, with further da¢engrequired to quantify such

training loads.

There was no observed change€iMJ performancacross the microcycle of training

analysed in the current investigatiorhe mean difference in jump height between pre and
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post values across the training microcycle was only 0.5cm, which equated to a 2etichffe

in values.One key factor that maydetemine the change in CMJ performance soccer
players is thespecific training prescription used to develop the session completed by the
players.During the inseason period, thghysicalfocus of training will predominantly relate

to the maintenance oftfiess levels as well as ensuring that players are fully recovered in
between competitive matcHesoccer coachetherefore appeabo typically employtraining
loads that preserve fitnesgi.e. external training load that maximises recovery whilst
maintains current physiological staty)sand have a tactical focuas opposed tdesigning
training stresssthat attempt tghysiologically overload the players for fitness improvement

It could be argued, therefore, th@MJ performancevas not altered in this study as the
playerswere accustomed tthe completion of such loadingatternsthrough the repeated
exposure tosimilar patternsof volume and intensity throughout the-gaason phasdf
repetitive loading patterns are repeatedgitudinally during the kseason phase then the
chance of training monotony and subsequent risk of injury/maladaptatiynncrease
Therefore it is important that soccer practitioners quantify training load lomgatlydwhilst

also monitoring the physiological performance response across each indivaeal pl

The lack of changan CMJ performance across the trainingcrocycle caild
alternatively bea consequence dle inability of the methodology usedb track small, yet
potentially important, changes in the foigenerating capabilities of muscle. This may be a
direct consequence of the “noise” associated with suihfEsedassessment strategiés.
experimental designa which the external loading is higher than that observed isdbeer
training analysed in the current manuscript, i.e. a soccer match, CMJ perfornsance
significantly reducetl” 24, Such reductions in CMJ jump heigirearound 8.2% from pre to

postassessment&@ reduction in peak power around -15.5%)CMJ jump heightin the
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present studywas only reducedon MD-1 by -1.4%. Such smalldifferencesin CMJ
performanceare below the tese-testvalues of such procedures in our laboratGump
flight time = 3.2 CV%,; jump height = 5.6 CV%]Jhis makes it very difficult to accurately
determine if such changes are meaningfuhtperformance of an athlefghis information
suggests that althoughha CMJ test is able to detect significant alterationsCiJ
performancdollowing a soccer match, theubtle alterations in physiological status observed
with soccer training may remain undetecfEdis suggestthat future research shouldeahpt

to devdop protocols that are able to establish the meaningfulness bfssoall changes in

performancen the field

When interpreting the findings of the present study, several limitations exigt thee
applied nature of the research study. Firstly, only a small sample siz8) (was used for the
present study which may affect the statistical significance for sdrtee findings. This was
due to a lack of availability of elite level subjects for testing, something whickgularly
encountered in applied research projects. Secondly, only one weekly microcyckdegtes
for data collection and analysis, limititige findings to one particular week duringt@ week
in-season period. This research design was selected as it deemed that it egpee'sgoical’
in-season weekly microcycle. However future work should look to examine the d¢réoaih
and CMJ performance response over a longer period characterised by different levels of
training load in order to understand the physiological response in more detail. Fudarehres
could also look to establish the differences between players whotgday in competitive
matches (i.e. noestarters) compared to players who regularly play (i.e. starters.widuld
provide further detail regarding the individual training load management of play@rtha

subsequent physiological response.
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PRACTICAL APPLICATIONS

The findings of the present study may have several practical implicébiotiee planning of
training structure in soccer team#e lack of change iI@MJ performancacross théraining
microcycle suggested that the soccer playees not phgiological taxed by the training
sessions delivered withité in-season periadlhis may indicate that coaches are aware of
the potential problems of delivering repeated bouts of intense training whemirmpyefoa
competitive fixturesand subsequently employ maintenahgee loading Another possible
implication from the preserfindings is the inability é field based jumping protocol®
detect meaningful alterations @MJ performancen response to soccer traininbhis may
have implications for the strategies used within the applied environment to monitor the
readinessof players to complete either training sessions or competitatehas.For the
strength and conditioning professional, it is important to use todke field that adequately
monitor training load and the subsequent physiological response in order to resadimhése

potential.
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Figuresand Tables L egends

Figure 1.Outline of the experiment desighhe weekly microcycle consisted of 4 individual
training sessions structured in respect to the number of days prior to a comgeties
match. CMJ was assessed both pre and post each individual training session. Trig Traini
day; G = Team gym session; MGompetitive match; O = Day off; MD = 8ch day; X =

CMJ assessment

Table 1.Training load data for individual soccer training sessions observed during acplanne
microcycle. Dataare presented in relation to the distance of the session from the next
competitive match* denotes sig. difference between MP and MD -4; # denotes sig.
difference between MB1 and MD-4; $ denotes sig. difference between MDand MD-3;

£ denotes sig. fference between MB4 and MD -3.

Figure 2.The differences in CMJ jump height during a microcycle represented byngraini

sessions days prior to a competitive match.

Table 2.Relationship between training load variables and absolute change in postto

values of jump parameters during a planned microcycle of soccer training.
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