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ABSTRACT

The aim of the study was to compare the effeceslohg warm-up and a short warm-up upon
repeated sprint performance in soccer players. male soccer players (age 21.9 + 1.9 yr,
body mass 77.7 £ 8.3 kg, body height 1.85 + 0.03omducted two types of warm-ups with
one week in between: a long warm-up (20 minutesupY\and a short warm-up (10 minutes:
SWup). Each warm-up was followed by a repeatedhspest consisting of 8 x 30 m sprints
with a new start every 80second. The best sprint time, total sprinting tame % decrease in
time together with heart rate, lactate and ratpesteived exertion (RPE) were measured. No
significant differences in performance were fouodthe repeated sprint test parameters (total
sprint time: 35.99 + 1.32 s [LWup] and 36.12 + 09EBWup]; best sprint time: 4.32 £ 0.13 s
[LWup] and 4.30 £ 0.10 s [SWup] and % sprint deseeat.16 + 2.15 % [LWup] and 5.02 +
2.07 % [SWup]). No differences in lactate conceraraafter the warm-up and after the
repeated sprint test were found. However, RPE aadit mate were significantly higher after
the long warm-up and the repeated sprint test cozdpwith the short warm-up. It was
concluded that a short warm-up is as effective asng warm-up for repeated sprints in
soccer. Therefore, in regular training less warmtioge is needed; the extra time could be

used for important soccer skill training.

Keywords: lactate, RPE, RSA



INTRODUCTION

In most sports, a warm-up is performed with an &mprepare the body for high level
performance and to prevent injuries when perfornaintgpat high level (16, 21). Many studies
have investigated the effect of warm-up upon a egisnt sporting performance by
manipulating the content, duration and intensityvafm-up combined with the recovery until

the main activity (6, 16).

In soccer, players regularly need to produce malxgpant efforts, also called repeated sprint
ability (13). This ability is often trained for anested with 6—18 sprints, varying between 20—
40 m, with recoveries of between 15-30 seconds. (I8)perform well on these sprints,
which can make a difference in ball contests, important that the players have warmed-up,
since including a warm-up has shown enhanced medioce compared with no warm-up
(23). Spencer et al. (27) suggested that thera is@easing aerobic contribution to repeated
sprints and that it can be characterized as ammeidiate performance (7). It is therefore
important that the warm-up Is of sufficient duratito elevate baseline \(Owhile causing
minimal fatigue (7). Earlier, it was found that &nrmum of 10 minutes warm-up is needed to
enhance performance, mainly as this increases mtesaiperature (26). Bergh and Ekblom
(3) found that increased muscle temperature hadsaiye effect upon maximal muscle
strength, jump and sprint performances. They showe average sprinting velocity

increased by 4.7 % for every degree increase irclmtsmperature.

It was also found that the intensity of warm-up had effect upon repeated sprint
performance (1, 28). Stewart and Sleivert (28) stbwhat warm-up at 60 % or 70 % of

VO,max had a positive effect upon time to exhaustiorepeated sprints, while a warm-up at



80% of VO,-max or no warm-up did not enhance performancehdpisBonetti and Dawson

(4) also showed that a 15 minutes of continuousnugp at anaerobic threshold resulted in
poorer performance than warm-up at aerobic threshdhis impaired performance was
associated with a greater metabolic acideamia aretlaction in the accumulated oxygen
deficit (5). However, Anderson et al. (1) foundttlawarm-up with-an intensity above the
anaerobic threshold for 10 minutes resulted inefasimes on repeated sprint performance
than a warm-up with lower intensity. In additionsBop, Bonetti and Spencer (5) showed that
an intermittent, high intensity warm-up had betgsults on intermediate performance than a
warm-up at 65 % Vemax. Zois et al. (30, 31) showed that high intgngiarm-ups (small-
sided games or 5-RM squatting) had a more posiffect on subsequent intermittent
exercise compared with a team sport warm-up. Howenest of these studies all began with
a general warm-up (mostly jogging for five minuteésnore) followed by a task-specific high
intensity warm-up relevant to the ensuing exer¢se29-31). This warm-up sequence is
motivated by injury prevention (15) and the prentisat it takes time to get warm enough to
perform at the highest level (6). It is possiblatteuch a warm-up (general, low intensity part
followed by high intensity exercises) is so long dafration that it causes increased pre-
competition fatigue and prematurely elevates cemperature (30), which could impair
repeated sprint performance. It is not clear ifhars warm-up (consisting of only high

intensity exercises) would get the same or bettsults.

Therefore, the aim of the present study was to esenfhe effects of a long (general and task-

specific part) warm-up with a shorter (only tasledfic, high intensity part) warm-up upon



repeated sprint performance in soccer players.al twpothesized that the short warm-up
would enhance repeated sprint performance more thanlong warm-up, because of
increased aerobic metabolism without significamibition of the anaerobic metabolism (5),
while a long warm-up causes increased pre-competiitigue and prematurely elevates core

temperature (30), which could impair repeated sg@mformance.

METHODS

Experimental approach to the problem

To compare the effects of the two warm-up protoagien repeated sprint performance a
repeated measurement design was conducted in wWiecsubjects performed both warm-ups
with one week in between. To avoid a learning éfflemn occasion to occasion a randomized
cross over design was used, which implicated th#tdf the subjects started with the short
warm-up, while the other half started with the lomgrm-up. The following week the order
was swapped. The independent variables were tleeafyywyarm-up (a short or a long one) and
the dependent variables were the repeated spnifdrpgance, heart rates, lactate and rate of

perceived exertion (RPE).

Subjects

Ten experienced soccer players playing in the itt division of the national league (age

21.9 £ 1.9 yr, body mass 77.7 + 8.3 kg, body heigBb + 0.03 m) participated in the study.
Before the start of the study, the subjects wellg faformed about the protocol. Informed

consent of all subjects was obtained prior to ngstwith the approval of the local ethics
committee and in accordance with the current ethstandards in sports and exercise
research. The experiment was conducted at thedtdte competition season, from March—

April. The tests were always conducted on the sdme and time of day, with the same



researchers at each performance test (19). Suljexts also instructed to avoid strenuous
training 24 hours prior, alcohol consumption atsted2 hours prior, and food consumption

two hours prior to each test.

Procedures

The subjects performed the two warm-up protocolevied by a repeated sprint test. The
long warm-up started with the first five minutestbé Yo-Yo IR 1 test (2). Next, subjects
walked for two minutes at 5.5 km/h on a treadnidllowed by five minutes running at 9
km/h. After this, dynamic flexibility exercises veeperformed (Figure 1) for four minutes,
then running on a treadmill at 12 km/h for two ntasy followed by one minute of running at
15 km/h. Lastly, subjects performed four runs of f@0at 80, 85, 90 and 95 % of self-
estimated maximal 30 m speed. After three minuteEtive recovery, the repeated sprint test
was conducted. This long warm-up was based upotraiméng warm-up of an elite soccer

team that has played in the Champions League amnently plays in the European League.

The short warm-up consisted of 8 x 50 m runs witdma minute rest in between. The first 50
m run was performed at a self-estimated intensitg %. Each following 50 m run was
performed with a 5 % increase in self-estimatedrisity, reaching 95 % on the final run. In
each rest period, one of the seven dynamic flaigtekercises for the shoulder, hip, knee and
ankle joints was conducted, starting with the stderd and working downwards (Figure 1).
The aim of these exercises was to increase theerahgnotion of the different joints. The
same exercises were used as in the long warm-upgofo After the last 50 m run, three

minutes of active recovery was taken before the setahe repeated sprint test.



The repeated sprint test consisted of 8 x 30 nmtspwiith a new start every 8@econd. In the
rest periods, the subjects jogged back to the Stag distance of 30 m was chosen because in
a regular soccer match the average duration of memes with high intensity are between 3.7
and 4.4 seconds (27), which is similar to the domabf a 30 m sprint. All testing was
conducted at an indoor sports hall on a pulastifase (Pulastic 2000 TP, Sika Descol B.V.,

Deventer, the Netherlands).

Each 30 m sprint was measured with two pairs oélegs photocells using Brower equipment
(Wireless Sprint System, USA). The subjects begéh wne foot before the other, 0.3 m
behind the first pair of photocells, which wereqad at a height of 0.3 m. The best and
average sprint times were calculated, together thghtotal sprint time of all eight sprints and
the fatigue index (20). This fatigue index was gklted by the formula, Fatigue = (100 x
[total sprint time - ideal sprint time] - 100), which the ideal sprint time was the best sprint

time multiplied by the number of sprints.

Heart rate was measured every fifth second witeaathrate belt (Polar RS 400, Polar Electro,
OY Kempele, Finland). Various heart rates were néed: heart rate during the warm-up after
each of the eight runs (short warm-up), heart sagght after each part of the long warm-up
(at seven points), average heart rate of the wivalen-up, heart rate straight after the warm-
up and the heart rate after each sprint of theateplesprint test. All these heart rates were
given further analysis. Blood lactate concentratieams taken from the index finger three
minutes after completion of the repeated sprint wath the portable Lactate Pro LT-1710
(Arkray, KDK Corporation, Shiga, Japan). The ree€livperception exertion (RPE) was
measured on a Borg scale of 6-20, in which 6 indccao exertion and 20 indicated maximal

perceived exertion (8). The RPE was reported sttaaffer each warm-up and the repeated



sprint test. The performance related physiological perceptual variables (heart rate, blood
lactate concentration and RPE) recorded before wgrafter warm-up, after the repeated

sprint test and three minutes after the repeatedtspst were used for further analysis.

Statistical analyses

The effects of the two warm-up protocols upon tbpeated sprint performance variables
(average sprint time, best sprint time, total gpgrme and fatigue index) was tested by a one-
way analysis of variance (ANOVA) with repeated meaments on each performance

variable.

To test performance related physiological and ez variables (heart rate, blood lactate
concentration and RPE) a 2 (warm-up protocol: leagshort) x 4 (time: before warm-up,
after warm-up, after repeated sprint test and thrgrites after repeated sprint test) repeated

ANOVA was used.

To assess the development of the sprint times aad hate during the repeated sprint test for
the two warm-up protocols, a 2 (warm-up protocohd vs. short) x 8 (sprint attempt: 1-8)
repeated ANOVA was used. When significant diffeesnen sprinting times were found, a
one-way ANOVA was conducted to locate eventual geanper protocol. Post hoc
comparisons with Holm-Bonferroni corrections wemnducted to locate differences. All
results are presented as mean = SD. Where spleddsumptions were violated,
Greenhouse-Geisser adjustments of prealues were reported. The criterion level for
significance was set pk0.05. Effect size was evaluated with(ETA partial squared), where

0.019)2<0.06 constitutes a small effect, 0.98<0.14 constitutes a medium effect and



n2>0.14 constitutes a large effect (12). Statistara@lysis was performed in SPSS, version

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

To test the reliability of the protocol, the eigrint times after each warm-up protocol were

used to calculate ICC by Crombachs’ Alpha.

RESULTS

The reliability of the repeated sprint measuremeaveas ICC=0.936. The average, best and
total sprint times and fatigue index after eachmnwap protocol is shown.in Table 1. No
significant difference between the two warm-up pcols was found for either of the
performance variables {B.15; p>0.176; n°=0.19; Table 1). However, the performance
related physiological and perceptual parameteravstodifferent results. Although the
average heart rate over the two protocols did ritgrasignificantly (145 £ 9 [short warm-up];
148 + 13 [long warm-up]p=0.29), RPE (F:10.94):O.016;n220.646) and heart rate (F=6.2;
p=0.027;1°=0.51) were significantly different between the tpwtocols (Figures 2 and 3)
and the blood lactate concentration was not sicaifily different (F=.476p=0.52:1?=0.07).
Post hoc comparison showed that RPE was significaigher for the long warm-up after the
warm-up, the repeated sprint test and three minates that. The heart rate was only
significantly higher straight after the long warmp-and after the following repeated sprint test

(Figure 2).

When analysing the development of the heart ratethe sprint times during the repeated
sprint test a significant increase in sprint tin{Es9.54; p<0.001; 1°=0.51) was observed
together with an increase in heart rate (F=3530.001;1°=0.96; Figure 4). No significant

effect was found between the two protocols forhiart rate (F=4.14=0.072:1°=0.32) and



sprint times (F:.197p:O.668;n2:O.02). However, an interaction effect was founddprint
times (F=4.14p=0.072:1°=0.32). One-way ANOVA showed that the sprint tinrethe short
warm-up significantly increased (F=1.9%0.175;1?=0.17), while no significant difference

in sprint times was found for the long warm-up (B=&R;p<0.001:1?=0.67).

Post hoc comparison showed that the sprint timegased significantly for the short warm-
up from sprint 1 to 2, from 2 to 4, from sprint@% and between sprint 5 and 7 (Figure 4).
The heart rate for both warm-up protocols showetbat the same development; it increased
significantly until after sprint 5 (short warm-u@nd before sprint 6 (long warm-up).
Furthermore, the heart rate increased significamtbye during the repeated sprint test for the
long warm-up protocol compared with the short wanenénteraction effect), as shown by the
significantly higher heart rates (Figure 4) fronfdye sprint 3 to after sprint 8 (except after

sprint 5 and 7 and before sprint 8).

DISCUSSION

The purpose of the present study was to compareftaets of a long (a typical team-sport
warm-up) and a short warm-up protocol upon repesgeiht performance in soccer players.
The main findings were that no significant diffeces in the repeated sprint performance
variables were found between the two warm-up prtpexcept for the RPE and heart rate,
which were higher after the long warm-up than therswarm-up. Furthermore, during the
repeated sprint test the sprint times increasenifgigntly with the short warm-up protocol,
while no difference occurred with the long warm-up.addition, during the repeated sprint
test the heart rate increased more with the lomgwag than with the short warm-up.

The sprint results of this study are comparablédn egrlier studies on soccer players (9-11,
14, 22). In a study of elite male soccer playeosnfiTunisia, Chaouachi et al. (11) found the

same average sprint times (4.46s), but a highguatindex (5.87), however they only ran 7
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x 30 m with a 25 second rest in between. On therdthnd, Buchheit and Mendez-Villanueva
(9) found a fatigue index of only 2.9 after a 1@& m sprint test, but the subjects had a 30
second rest between each run that may be enousiote a lower fatigue index. However,
they also ran slower (4.71s), which could be anotbason for this low fatigue index. In a
similar study, with 6 x 30 m sprints and a 30 secagst period, Muijka et al. (22) found a
fatigue index of 4.6 and an average time of 4.2913ds, which again is comparable with our

results.

No significant differences were found in performaraverage, best and total sprint times and
fatigue index) of the repeated sprint test (Tabléhat could be explained by the duration of
the warm-upBergh and Ekblom (3) showed that sprint performancesases when the muscle
temperature increases. They also showed that theclendemperature reaches a plateau 10
minutesafter starting an exercise and that it does noease after thes# minuteg3, 7). The
short warm-up was 10 minutes, which Is also thestmecessary to reach this plateau of
increased muscle temperature. Consequently, a wprof-longer than 10 minutes would not
be beneficialfor performance enhancement in terms of muscle ¢eatpre alone (7 The
intensity of the short warm-up was probably higlowgh to reach this increased muscle
temperature plateau. Unfortunately, it was not fdsso measure this possible increased

muscle temperature due to insufficient equipment.

Although no differences were found in overall rapdasprint performance after the two
warm-up protocols, the analysis showed that indi&idsprint times increased after the short
warm-up protocol, but did not change significarafter conducting the long warm-up (Figure
4). It seems that after the short warm-up prottleelsubjects were fatigued earlier than in the

long warm-up protocol. An explanation for this abudde that, since the short warm-up only
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consisted of eight sprints of 50 m, it was notisidht to elevate baseline \(Owhile causing

minimal fatigue (7). At the end of the warm-up, treart rate was higher after the long warm-
up (180 vs. 163 beats minFigure 2) than the short warm-up. These heagsratere around

90 % and 80 % of their maximal heart rate, whiclieygrobably around 80 % and 70 % of
their maximal oxygen uptake (25). This increasedrheate could be due to improved
perfusion of the working muscles (18), which couldrease oxygen kinetics (14). These
faster Q kinetics (18) increase the ability to resynthedtd®sphate Creatine (27), which
appears to be one of the major factors for maimtgiperformance during repeated sprints

(17, 19, 20).

Conversely, the opposite could be the case; thesisbmay have been more fatigued from
the long warm-up, as shown by the higher RPE ditagdter ending the warm-up. The
duration of the long warm-up was twice as longhas df the short warm-up and associated
with greater load units as shown by the higher thestes during periods of the warm-up
(Figure 3). This may be an indication of greatesideal fatigue and inhibition of central
and/or peripheral mechanisms responsible for musoletraction, which could impair
repeated sprint performance. (30). Thus, when ttayted the repeated sprint test they
unconsciously paced themselves (Figure 4). Thexefur significant decrease from sprint to
sprint was found; this was not in line with earlgtudies on repeated sprint tests (1, 11, 19).
However, in other sports, Neiva et al (24) foundt tswimming performance in the first half
of a 100m freestyle was better after a short wapmeampared to a long warm-up. In
addition, they found that also the RPE was loweéerad short warm-up compared with a
standard warm-up, while swimming performance ditideder.

Some limitations of the present study were thatdtiect of these warm-ups upon repeated

sprint performance was investigated but not theceffipon other motor abilities like maximal
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sprint or jumping performances, which are importemsoccer matches. In addition, more
sprint repetitions should be involved to investgat the difference in sprint time
development after the two warm-up protocols commwr not, which would give more
support to the two possible explanations. Furtheemoore temperature and oxygen uptake
during the protocols should be measured to gettarbenderstanding of what happens during
the different warm-ups, and to examine if the passexplanations are correct. Thus, future

studies should take note of these suggestions.

The main aim of the present study was to investigdtether a short, warm-up would get the
same or better results in repeated sprint perfocenas a long warm-up (typical team sport).
No significant differences in sprint performanceswaund, indicating that the short warm-up
is good enough and therefore more time could becdtt to important soccer training skills.
Longitudinal studies, in which short warm-ups amnsistently implemented, should be

conducted to investigate the effect of this upguarinoccurrence.

PRACTICAL APPLICATIONS

Our study showed that the short warm-up was asteféeas the long warm-up upon the
repeated sprint performance (average, best andsjotat time and fatigue index) of soccer
players. These results have important implicatimnsathletes, coaches and physical-training
staff. It gives athletes and trainers the oppotyuto engage in a shorter warm-up, without
loss of repeated sprint performance. Implementhig in regular training would result in

using less time to warm-up, thereby allowing mareetfor important soccer training skills.
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Table 1. Best, average and total sprint time together Wighfatigue index (95% confidence

limits), p-values and effect sizg?j over the eight 30 m sprintsith the short and long warm-

up.

Par ameter L ong war m-up Short war m-up p W
Best sprint time (s) 4.32 (4.23-4.41) 4.30 (4.23-4.37) 0.52 0.05
Average sprint time (s) 4.50 (4.38-4.62) 4.51 (4.43-4.60) 0.64 0.03

Total sprint time (s) 35.99 (35.05-36.93) 36.12 (35.43-36.80) 0.67 0.02

Fatigue index 4.16 (2.62-5.70)  5.02 (3.54-6.50) 0.18  0.19
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Figure Legends
Figure 1.

Different dynamic exercises to increase the rarigeation during the warm-ups.

Figure 2.
Heart rate, lactate concentration and RPE (Meab¥&fore and after the warm-up, after the
sprint test and three minutes after the sprintftestach warm-up protocol (short and long).

* indicates a significant differenc@<0.05) between the two warm-up protocols.

Figure 3.
Average heart rate after each run in the short wavrand straight after each part of the long

warm-up absolute and relative in time.

Figure4.

Heart rate before and after each sprint and spnas of the repeated sprint test (Mean + SD)
for each warm-up protocol (short and long).

* indicates a significant difference<0.05) between the two warm-up protocols.

— indicates a significant differencp<0.05) between this variable and all right from the
arrow.

T indicates a significant differencp<0.05) between these two variables for the shortmwa

up.
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