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Abstract — The aims of the study were: 1) to analyze the exercise intensity in several
phases (six phases of 15 min) of soccer matches; 2) to compare the match time spent
above anaerobic threshold (AT) between different age groups (U-17 and U-20); and 3)
to compare the match time spent above AT between players’ positions (backs, midfield-
ers, forwards and wingabcks). Forty-four male soccer players were analyzed. To express
players’ effort, the heart rate (HR) was continuously monitored in 29 official matches.
Further, HR corresponding to the intensity at the onset of blood lactate accumulation
(OBLA) was obtained in a field test. The highest exercise intensity during match was
observed in the 15-30 min period of the first half (p< 0.05). Match time spent above
AT was not different between players from U-17 and U-20. In the comparison among
players’ positions, wingbacks showed lower time above AT (p< 0.05) than players of other
positions. The intensity of effort is higher in the 15 to 30 minutes of play (intermediate
phase), probably because the players are more rested in the beginning and wearing out is
progressive throughout the game. It is also noteworthy that the intensity of exercise (HR
and time above AT') of wingbacks was lower, probably because they usually are required
to run a larger number of sprints and need more time below the AT to recover.
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Resumo — Os principais objetivos do presente estudo foram: 1) comparar a intensidade de
exercicio em diversas fases (seis fases de 15 min) de partidas de futebol; 2) comparar o tempo de
partida acima do limiar anaercbio (LAN) entre diferentes categorias (sub-17 e sub-20); e 3)
comparar o tempo de partida acima do LAN entre jogadores de diferentes posicies (zagueiros,
meio campistas, atacantes e laterais). Quarenta e quatro jogadores foram analisados. A in-
tensidade de esforco como frequéncia cardiaca (FC) foi monitorada em 29 jogos oficiais. A FC
correspondente & intensidade do OBLA (onset of blood lactate accumulation) foi obtida em um
teste de campo. A maior intensidade de exercicio foi observada no periodo 15-30 min do primeiro
tempo (p< 0,05). O tempo de partida gasto acima do LAN nio foi diferente entre jogadores das
categorias sub-17 e sub-20. Os laterais apresentaram menor tempo acima do LAN (p< 0,05).
Pode concluir-se que a intensidade do esforco foi maior em 15 a 30 min (fase intermedidria),
provavelmente porque os jogadores estio mais descansados no inicio e o desgaste é progressivo
ao longo do jogo. A intensidade de exercicio (FC e tempo acima LAN) dos laterais foi menor,
pro'va’uelmente porque eles executam um maior niimero de sprints e necessitam de mais tempo

abaixo do LAN para se recuperar.
Palavras-chave: Frequéncia cardiaca; Futebol; Limiar anaerdbio; Teste de esforgo.
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Exercise intensity in soccer

INTRODUCTION

Soccer match is characterized by actions relying strength and power, such as
jumps, sprints and direct dispute of ball possession®?. By being conducted in
no less than 90 min soccer is also considered as an endurance activity and,
in official games, the athletes typically cover around 10 km of distance®*.

'These available data in the literature reinforce the high physical demand
imposed in soccer, which is more evident in the competitive level’. Ad-
ditionally, contemporary studies have indicated the evolution of physical
parameters throughout the last decades ® and especially during the last
soccer seasons’.

In this context, the analysis of aspects as heart rate (HR), blood lac-
tate concentration (BLC) and anaerobic threshold (AT) have been well
accepted in the sportive field’!. After all, these factors are very important
to understand the energy metabolism and the exercise physiology involved
in the game as whole®'25.

Considering that these kind of scientific approach is decisive to coach-
ing team in order to improve quality of training prescription and athletes’
performance, the major aims of the present study were: 1) to analyze the
exercise intensity in diverse phases (six phases of 15 min) of soccer matches;
2) to compare the match time spent above AT between different age groups
(U-17 and U-20); and 3) to compare the match time spent above AT
between players’ positions (backs, midfielders, forwards and wingabcks)

METHODOLOGICAL PROCEDURES

Participants
Forty-four male soccer players from U-17 and U-20 year-old categories
took part in this study (Table 1). Subjects had regular training sessions
and competed in official events of the Brazilian Soccer Federation. Six of
these players were in the national team during the year in which the study
was conducted.

Athletes maintained normal routine and followed recommendations
about food and fluids ingestion in accordance with the club nutritional
department. They used soccer cleats in all tests, which were performed in
natural grass fields. The tests were managed in the morning and about 36
hours after the last training session to ensure that fatigue does not interfere
on the performance.

This study was approved by the local Research Ethics Committee
(COEDP) of the Federal University of Minas Gerais (ETIC-291/09) and
complied with all the standards set by the National Health Council (Res.
466/12) involving research with human beings.

Anthropometric measurements
'The body fat percentage was calculated from skinfold measurements' using
a manual skinfold calliper (Lange®). The subjects were weighed in kilo-
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grams (to the nearest 0.1 kg) on a calibrated scale (Filizola®). The subjects’
height was measured using a standard stadiometer connected to the scale.

Table 1. Physiological characteristics of the male soccer players, 2011.

Age VO,,.. Height Body Mass Body Fat
LG (Years)  (mLkg™min?) (cm) (Kg) (%)
E:ﬁza 16.38+050 56.09+198 17514681 6812+419 957 +2.26
Ef& 18244066 5920:2.80 17834852 70344489  8.86+139

Values are presented as mean + standard deviation. U-17: under 17 years old; U-20: under 20 years
old; VO, _ : maximal oxygen consumption.

2max

Games heart rate determination

HR was registered in 29 official matches during the season and using appro-
priate equipment without wrist monitor (Polar Electro Oy®, Team System”,
Finland). The HR was continuously monitored with a sample recorded
every 5s. The data was later transferred to a computer and analyzed with
specific software (Polar Electro Oy”, Polar Precision Performance SW 3.0,
Finland). The intensity of the games was analyzed in six different phases:
0-15 min, 15-30 min and 30-45 min of the first and of the second half.
Figure 1 presents an example of the HR monitoring throughout a match.

HR (bpm) HR (bpm)
200 1 200
180 1 180
160 - -160
140 - -140
120 A -120
100 -100
80 1 -
166 bpm 174 bpm 174 bpm 172 bpm 170 bpm 170 bpm
0 e e B B S S B e s m e e e s s s m s s 1 N0 ]
0-15 15-30 30-45 0-15 15-30 30-45

Figure 1. Heart Rate (HR) monitoring from a soccer player throughout an official match. HR average
(for each phase of 15 min) is also presented.

Heart rate and Anaerobic threshold

HR corresponding to the intensity at the onset of blood lactate accumu-
lation (OBLA) was obtained in a field test. The test consisted of 2 to 5
runs of 1000 m in a constant pace that was controlled by verbal stimulus.
Between 60 and 90 seconds after each run a blood sample was collected
(25 pL) to analyze the BLC using a blood lactate analyzer (Accusport”). If
the BLC reached or surpassed the value of 4mM, the test was interrupted.
Otherwise, the volunteer ran one more time at a faster 1 km/h speed. Each
race takes place with a minimum of three minutes among themselves. The
average speed of the first run was 10 km/h. The values of HR and BLC

were analyzed using worksheet software (Microsoft Excel®) to determine
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Exercise intensity in soccer

by linear interpolation the HR corresponding to OBLA. The HR corre-
sponding to OBLA was used to determine the percentage of the match
time that was spent above the intensity of AT.

Maximal oxygen consumption test

Maximal oxygen consumption (VO,__)was estimated using the field test pro-
posed by Margaria et al.”, which consisted of running 2400 m at the highest
individual running speed. This test was applied two days after the OBLA test.

Maximum heart rate
HR values during tests were analyzed to determine the maximum heart
rate (HR__ ) of each athlete. Thus, HR _ was found during one of the
official matches or during one of the field tests (OBLA or VO,_ ).

The percentage of the maximum heart rate (WHR_ ) and absolute
values of HR during the games were used to express the players’ effort.

Statistical analysis

One-way ANOVA and Tukey’s post-hoc test were used to compare the
exercise intensity among six 15-min-phases and the percentage of the match
time spent above ATT. The level of significance was set at 0.05.

RESULTS

All periods in the first half were more intense (HR) in comparison with
the respective phases in the second half (p< 0.05). The highest exercise
intensity during match was observed in the 15-30 min period of the first
half (p< 0.05). Similar results are shown in the % HR  analysis (Figure 2).
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Figure 2. 2A - Intensity in the different phases of game presented as absolute heart rate (HR) (bpm). # Higher than the corresponding
phase in the second half (p<0.05). * Higher than 0-15 and 30-45 period in the same half time (p<0.05). T Higher than 0-15 period in the
same half time (p<0.05). Data presented as mean + standard deviation. 2B - Intensity in the different phases of the game presented
as relative maximum heart rate (%HR). # Higher than the corresponding phase in the second half (p<0.05). * Higher than 30-45 in
the same half time (p<0.05). 1 Higher than 0-15 phase in the same half time (p<0.05). Data presented as mean + standard deviation.

Anaerobic threshold, presented as the intensity at OBLA, was 86.20
+3.90 of %HR  and 87.01 + 5.10 of %HR __, for U-17 and U-20, re-
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spectively. Athletes spent more time above AT in the first half (p< 0.05).
Match time spent above AT was no statistically different between players
from U-17 and U-20 (Figure 3).
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Figure 3. Match time spent above anaerobic threshold (AT). *Different from the first half (p< 0.05).
Data presented like mean + standard deviation.

In the comparison among players’ positions, the wingbacks showed

lower time above AT (p< 0.05) (Figure 4).
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Figure 4. Match time percentage spent above the anaerobic threshold (AT) among different players’
positions. *Difference between the first and second half in the same position. # Higher than
wingbacks at the same half-time. 1 Higher than wing-backs at the same half time. Data presented
as mean + standard deviation.

DISCUSSION

Our findings revealed that the exercise intensity was highest in the first
than in the second half of official soccer matches. Furthermore, it was
noted a higher exercise intensity in the 15-30 min period of the first half.
'The comparison of the match time spent above AT did not show statisti-
cally significant differences between U-17 and U-20 athletes but revealed
considerable variances among players’ positions (wingbacks showed lower

time above AT).
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Exercise intensity in soccer

Interestingly, recent studies have proven an increase of physical demand
in soccer in the last times®®. An advancement in the total number of passes
have been accompanied by significantly increments in sprint distance, high
intensity running and number of sprints®. It represents an evolution in
structural and tactical viewpoint of soccer and, consequently, a challenge
for coaches and sport scientists to attended new physical requests.

Others researches that used HR to quantify the exercise intensity
also showed that players spent less time in high intensity levels during the
second half®®2°. However, analysis of short intervals (15 min), as we did
in the current paper, was not conducted in those studies. These previous
data did not mention in details when the intensity shifts took place, but
quantified only the time spent by players in each intensity zone over the
entire match and at each half-game?"#.

Although the VO, is undoubtedly an important element, AT might
be a better indicator of aerobic endurance performance?”?. We confirm the
difficulty of the athletes from both categories (U-17 and U-20) to maintain
a high level of intensity throughout the whole game, since a less time spent
above AT was observed during the second half. Previous studies indicates
that reductions in exercise intensity during the second half are especially

72425 “and also

involved with muscle glycogen depletion and dehydration
with hyperthermia?®.

Curiously, in this study it was not found a “uniform” decline through-
out game, since 30-45 min period was more intense than 0-15 min period
in both first and second half. An explanation for this difference may be
the necessary time to the athletes catch up the pace of the game and the

lack of activity during interval'®?’

, resulting in lower muscle temperatures
in the initial phase of the second half?*. Therefore, an interesting way to
improve performance should be a well-structured warm up and keeping
in activity during interval®’.

'The analysis of players’ position brought us another important aspect
to be considered in soccer. The wingbacks showed lower time above AT
compared to backs, midfielders and forwards. Surprisingly, this result was
contrary with previous data in the literature, since wingbacks constantly
participate in both offensive and defensive action, and are typically involved
in high intensity activities®. Therefore, our finding can be related with a
particular tactical system adopted by the team. Rather than participate
actively in constant actions around the whole field, it is possible that the
wingbacks have had a more specific role in the defense.

About the exercise physiology involved in soccer, it is noteworthy the
importance of a well-developed aerobic system due the predominance of
actions in low intensity zones (positioning maneuvers, stop periods - free
kicks and ball out of play, etc.)®. On the other hand, the anaerobic system is
determinant for game results by being direct related with the decisive actions
(fast transitions from defense to attack and vice versa, kicks, jumps, sprints,
etc.)>?8. Thus, several factors must be considered when designing soccer
physical training, in order to encompass all these aspects and demands?®.
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Considering that exercise intensity is one of the key components of the
training load, the present results might be used by coaching staft in order
to organize conditioning programs. With this information is also possible
predict changes in attack or defense strategies, replacement players or even
suggest technical breaks when possible. Further, it can contribute with the
analysis of expected physical performance to the team.

With regard to the limitations of the study, it should be pointed out
that the HR can be influenced by several aspects, such as temperature,
hydration state and emotional factors. The VO, and OBLA were de-
termined in field tests and not in the laboratory. The field tests are more
specific, while the accuracy of laboratory tests is higher.

CONCLUSION

We concluded that the intensity of exercise was higher in the first half
than in the second half time and that it was highest from 15 to 30 minutes
into the first half of matches, probably because the players are more rested
in the beginning and wearing out is progressive throughout the match.
It is also noteworthy to say that the intensity of exercise (HR and time
above AT) of backs, forwards, midfielders and wingbacks was not differ-
ent between categories (age groups) or playing positions. However, the
wingbacks remained less time above the AT probably because they usually
are required to run a larger number of longer sprints and need more time
below the AT to recover.

'The findings of the present study highlight the intermittent nature of
soccer and the different patterns of physical efforts among players’ posi-
tions from a detailed analysis (short periods of 15 min) of official matches.
This scientific knowledge might prove valuable for the coaching staff in
tactical decisions during matches, analysis of physical performance and
organization of conditioning programs.

Acknowledgements
The authors are grateful to CNPq, FAPEMIG, CAPES, FINEP and
Brazilian Ministry of Sport for financial support.

REFERENCES

1. Varley MC, Aughey RJ. Acceleration profiles in elite Australian soccer. Int ] Sports
Med 2013;34(1):34-9.

2. Barnes C, Archer DT, Hogg B, Bush M, Bradley PS. The evolution of physical
and technical performance parameters in the English Premier League. Int ] Sports
Med 2014;35(13):1095-100.

3. Rienzi E, Drust B, Reilly T, Carter JE, Martin A. Investigation of anthropometric
and work-rate profiles of elite South American international soccer players. ] Sports
Med Phys Fitness 2000;40(2):162-9.

4. Bangsbo J, Norregaard L, Thorso F. Activity profile of competition soccer. Can ]
Sport Sci 1991;16(2):110-6.

5. Clemente FM, Couceiro MS, Martins FM, Ivanova MO, Mendes R. Activity
profiles of soccer players during the 2010 world cup. ] Hum Kinet 2013;38:201-11.

Rev Bras Cineantropom Desempenho Hum 2016, 18(6):621-628

627



Exercise intensity in soccer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Stolen T, Chamari K, Castagna C, Wisloff U. Physiology of soccer: an update.
Sports Med 2005;35(6):501-36.

Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard soccer play-
ers with special reference to development of fatigue. ] Sports Sci 2003;21(7):519-28.
Wallace JL, Norton KI. Evolution of World Cup soccer final games 1966-2010:
game structure, speed and play patterns. ] Sci Med Sport 2014;17(2):223-8.
Dellal A, Chamari K, Pintus A, Girard O, Cotte T, Keller D. Heart rate responses
during small-sided games and short intermittent running training in elite soccer
players: a comparative study. ] Strength Cond Res 2008;22(5):1449-57.
Alexandre D, da Silva CD, Hill-Haas S, Wong del P, Natali AJ, De Lima JR, etal.
Heart rate monitoring in soccer: interest and limits during competitive match play
and training, practical application. ] Strength Cond Res 2012;26(10):2890-906.
Owen AL, Forsyth JJ, Wong del P, Dellal A, Connelly SP, Chamari K. Heart
rate-based training intensity and its impact on injury incidence among elite-level
professional soccer players. ] Strength Cond Res 2015;29(6):1705-12.

Sarmento H, Marcelino R, Anguera MT, Campanico J, Matos N, Leitao JC.
Match analysis in football: a systematic review. ] Sports Sci 2014;32(20):1831-43.
Carling C. Analysis of physical activity profiles when running with the ball in a
professional soccer team. ] Sports Sci 2010;28(3):319-26.

Carling C, Gall FL, Reilly TP. Effects of physical efforts on injury in elite soccer.
Int]J Sports Med 2010;31(3):180-5.

le Gall F, Carling C, Williams M, Reilly T. Anthropometric and fitness charac-
teristics of international, professional and amateur male graduate soccer players
from an elite youth academy. J Sci Med Sport 2010;13(1):90-5.

Jackson AS, Pollock ML. Generalized equations for predicting body density of
men. Br ] Nutr 1978;40(3):497-504.

Margaria R, Aghemo P, Pinera Limas F. A simple relation between performance
in running and maximal aerobic power. ] Appl Physiol 1975;38(2):351-2.

Mohr M, Krustrup P, Nybo L, Nielsen JJ, Bangsbo J. Muscle temperature and
sprint performance during soccer matches--beneficial effect of re-warm-up at
half-time. Scand ] Med Sci Sports 2004;14(3):156-62.

Bangsbo J. The physiology of soccer--with special reference to intense intermittent
exercise. Acta Physiol Scand Suppl 1994;619:1-155.

Helgerud J, Engen LC, Wisloff U, Hoff J. Aerobic endurance training improves
soccer performance. Med Sci Sports Exerc 2001;33(11):1925-31.

Coelho DB, Coelho LGM, Morandi RF, Ferreira Junior JB, Marins JCB, Prado
LS, etal. Effect of player substitutions on the intensity of second-half soccer match
play. Rev Bras Cineantropom Desempenho Hum 2012;14(2):183-91.

Mortimer L, Condessa L, Rodrigues V, Coelho D, Soares D, Silami-Garcia
E. Comparagio entre a intensidade do esforgo realizada por jovens futebolistas
no primeiro e no segundo tempo do jogo de Futebol. Rev Port de Cien Desp
2006;6(2):154-9.

Edwards AM, Clark N, Macfadyen AM. Lactate and Ventilatory Thresholds Re-
flect the Training Status of Professional Soccer Players Where Maximum Aerobic
Power is Unchanged. J Sports Sci Med 2003;2(1):23-9.

Mohr M, Krustrup P, Bangsbo J. Fatigue in soccer: a brief review. Journal of Sports
Science 2005;23(6):593-99.

Reilly T. Energetics of high-intensity exercise (soccer) with particular reference to
fatigue. ] Sports Sci 1997;15(3):257-63.

Nybo L, Nielsen B. Hyperthermia and central fatigue during prolongued exercise
in humans. ] Appl Physiol (1985) 2001;91(3):1055-60.

Edholm P, Krustrup P, Randers MB. Half-time re-warm up increases performance
capacity in male elite soccer players. Scand ] Med Sci Sports 2015;25(1):40-9.
Faude O, Koch T, Meyer T. Straight sprinting is the most frequent action in goal
situations in professional football. ] Sports Sci 2012;30(7):625-31.

Hoft], Wisloft U, Engen LC, Kemi OJ, Helgerud J. Soccer specific aerobic endur-
ance training. BrJ Sports Med 2002;36(3):218-21.

CORRESPONDING AUTHOR

Daniel B. Coelho

Rua Frei Orlando, 1035/302,
Caicara,

CEP: 30770-570. Belo Horizonte,
MG. Brasil.

E-mail: danielcoelhoc@gmail.com

628



