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Correlation between direct and indirect
measurements in indoor soccer players
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ABSTRACT

The importance of the morphofunctional qualities to greater ef-
ficiency in sports has increased the interest on the improvement
on the physical fitness levels of athletes. However, not many stud-
ies on the physiological variables of indoor soccer are available in
the world scientific literature. Thus, the objective of this work was
to verify the existence of correlation between the direct and indi-
rect VO, measurement tests in indoor soccer players. Thirteen
indoor soccer players with age of 18.6 + 1.9 years, height of 177.1
+ 3.5 cm, weight of 68.5 + 9.5 kg and body mass index (BMI) of
21.7 + 2.3 kg/m? were analyzed. For the direct VO, measure-
ment, the computerized ergospirometric system was used (VO-
2000, Aerosport, Medgraphics, St. Paul, Minnesota) and for the
indirect VO, measurement, the 3,200 m field test was performed.
The statistical analysis was elaborated through the t-Student test
for paired samples and through the Pearson correlation coefficient.
The VO, values obtained in the direct measurement test pre-
sented no significant differences in relation to the indirect mea-
surement (62.8 + 10.1 vs. 58.5 + 8.5 ml/kg/min, respectively). When
the VO, values obtained in both tests were correlated, a strong
correlation (r = 0.72) was observed. In short, the indirect measure-
ment tests presented good acceptance among indoor soccer play-
ers due to the high correlation with the direct measurement tests,
the low cost and the attainment of important information that will
be helpful in the training prescription and follow-up.

INTRODUCTION

The importance of the morphofunctional qualities to greater ef-
ficiency in sports has increased the interest on the improvement
on the physical fitness levels of athletes. However, not many stud-
ies on the physiological variables of indoor soccer are available in
the world scientific literature.

Just like field soccer, the indoor soccer is also a sportive modal-
ity characterized by varied-extension and random-periodicity inter-
mittent efforts. The current indoor soccer requires high-intensity
and short-duration efforts, what distinguishes this sportive modal-
ity from other high-level ones®?. The agility of the events and ac-
tions during an indoor soccer game requires the athlete to be pre-
pared to react as fast and effective as possible to the most different
stimuli®,

The specific work on the energy supply aerobic system aims at
increasing the individual cardiovascular resistance, what is extreme-
ly important in the physical preparation of indoor soccer players.
The determination of this parameter is based on the calculation of
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the maximum oxygen intake (VOZmax) that, for professional soccer
players, ranges from 55 to 65 ml/kg/min®. The development of the
aerobic capacity is one of the factors that determine the perfor-
mance of these athletes during a game.

With regard to the VO, measurement, there are two meth-
ods that present advantages and disadvantages: the direct and in-
direct methods. The direct VO, measurement is performed by
submitting the individual to an ergometric test with progressive
loads and analyzing the exhaled oxygen and carbon dioxide frac-
tions during effort as well as the pulmonary ventilation. This mea-
surement provides a more reliable result; however, this method
presents high cost in relation to the indirect measurement and re-
quires sophisticated equipments and qualified labour to conduct
the tests; longer time spent with each appraised, and also requires
higher motivation from the individual, once it is generally performed
in laboratory environment®. With regard to the indirect VO,
measurement, the so-called field tests may be used, where the
calculation of this variable is performed through equations based
on preestablished time or distance. In this case, several individu-
als may be evaluated with low cost at once, and the test condi-
tions, in some cases, are the closest from situations of practice
and specificity of the sportive modality. However, its accuracy is
many times questioned, once many of these equations are specif-
ic for predetermined groups (ex.: white sedentary men, black ath-
lete women, etc)®.

Considering the different metabolic systems and energetic de-
mands required in the indoor soccer and the lack of data on the
physiology of this sport, the objective of the present study was to
correlate direct and indirect VO measurements in indoor soc-
cer players.
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MATERIAL AND METHODS

Sample

Thirteen male indoor soccer players with age of 18.6 + 1.9 years,
height of 177.1 £ 3.5 cm, weight of 68.5 + 9.5 kg and body mass
index (BMI) of 21.7 + 2.3 kg/m? participated in the present study.
After being informed of the objectives of the study and of its pos-
sible benefits and risks, the subjects signed a consent term (reso-
lution 196/96 of the National Health Council), previously approved
by the Agamenon Magalh&es Hospital Ethics Committee.

Experimental procedure

Direct VO, measurement

The experiments were conducted between 2:00 pm and 5:00
pm with room temperature kept between 22 and 24°C, barometric
pressure of 760 mmHg and air relative humidity of 55%. In the day
before the test, the participants were asked to remain at least 24 h
without performing any type of exhausting exercise.

Initially, with the individual on the treadmill (Inbramed Millenni-
um, model ATL, Porto Alegre, RS, Brazil), the blood pressure (BP)

was measured using the auscultatory method as well as the heart
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rate (HR), through electrodes (Micromed) placed at the manubri-
um, right and left iliac crest (derivation CM,). The electrodes were
connected to an electromyography equipment (Micromed®) and
the HR values were visualized through the Elite software (Micromed
Biotechnology, Brasilia, Brazil).

Later, the individual was connected to a metabolic gas analyzer
(VO-2000, Aerosport, Medgraphics, St. Paul, Minnesota) through
which the gas samples were collected and measured each 10 sec-
onds during the test. The participants were submitted to ramp pro-
tocol with initial velocity of 5.0 km/h (0% of inclination), progres-
sive increments, final velocity of 17 km/h (5% de inclination) and
duration equal to 10 minutes or until voluntary exhaustion.

The criteria considered for the VO, __ calculation were at least
two from those mentioned below:

v’ Establishment of a flat on the oxygen intake curve in relation
to the load;

v/ Gas exchange ratio = 1.0;

v’ Physical exhaustion.

Indirect VO, measurement
For the indirect VO, measurement, the 3,200 m field test was
used through the formula:

VO, (ml.kg.min) = 118.4-4.774 (T),
where: T = time in minutes and decimal fraction of 3,200 m.

The test was performed in a 1,000 m track between 4:00 pm
and 5:00 pm at different days and with minimum interval of two
days and maximum interval of five days after treadmill test. In the
day before tests, the athletes were oriented not to perform ex-
haustive physical activities, not to drink alcoholic beverages and
not to smoke.

The volunteers were divided into groups of five individuals and
the time obtained during the circuit was recorded through chro-
nometer.
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Statistical analysis

In order to verify the presence of correlation between direct and
indirect VO, measurement tests of indoor soccer athletes, the
Pearson (r) correlation coefficient was used, and to check the pres-
ence of significant differences between the VO, average values
in the direct and indirect measurements, the Student’s t test for
paired samples was used. The results were expressed as average
+ standard deviation (A + SD). The value p < 0.05 was considered
as statistical significance level.

RESULTS

Figure 1 shows a strong correlation (r = 0.72) between VO,
values obtained in the direct and indirect measurement tests of
indoor soccer athletes.
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Fig. 1 - Correlation between direct and indirect VO,
in indoor soccer players. N = 13; p < 0.05; r = 0.72

In figure 2, no significant differences were found between VO
values in the direct and indirect measurements.
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Fig. 2 Comparison between direct and indirect VO, measurement tests
in indoor soccer players. N = 13

DISCUSSION

The physical conditioning of indoor soccer players, as in other
sportive modalities, is one of the factors that influences the perfor-
mance and the results reached in competitions. According to Ek-
blom®), although the aerobic resistance is not a determinant ele-
ment, it strongly influences the performance and the team’s
competitive level. Some researchers believe that, the higher the
team’s cardiovascular capacity, the better the competitive perfor-
mance will be®1); however, there are controversies with this re-
gard. Faina et al.*? reported higher VO, values in Italian amateur
soccer players when compared to professional ones. It is impor-
tant emphasizing that when a VO, value above 70 mi/kg/min is
obtained, the velocity reached by the player may be impaired. This
may be explained by the fact that with high VO,,__ levels, the indi-
vidual works and develops preferentially fibers type | (slow fibers)
that act under aerobic metabolism®4.

According to our results, the values of the indirect VO, mea-
surement for indoor soccer athletes were of 58.5 + 8.5 ml/kg/min.
These data are similar to those found by Souza®, studying field
soccer players of the same age range. Despite the fact that these
modalities are performed in distinct environments, the metabolic
requirements are similar, what justifies these findings. With re-
gard to the direct VO, measurement, values of 62.8 + 10.1 ml/
kg/min were found in the present study and were similar to those
reported by Jones and Helmesi%, who studied soccer players with

ages ranging from 14 to 18 years and verified that the VO,,__ value
ranged from 55.1 to 61.1 ml/kg/min. .
When both tests were correlated to predict VO, . (figure 1), a

strong correlation was verified (r = 0.72), suggesting that the use
of 3,200 m field test may be valid to determine the maximum oxy-
gen intake in indoor soccer players. When both types of measure-
ment were compared, no significant differences were observed in
the VO, . measurements obtained in the 3,200 m test compared
to the ergospirometry (figure 2). When evaluating the field test
and laboratory procedures to determine the aerobic performance
in soccer players, Bangsbo and Lindquist®¥ reported strong corre-
lation indexes between field and laboratory tests for these ath-
letes. Grant et al.’% compared the VO,,__ results obtained through
the shuttle run progressive multi-stages Cooper test and through
the submaximal cycle ergometer direct measurement test in healthy
men, and verified higher accuracy in values provided by the Coo-
per test. The field tests showed to be more reliable in relation to
the submaximal laboratory test, fact that may be attributed to the
familiarity and motivation of individuals in places where field tests
were usually performed, once, despite not being athletes, all par-
ticipants performed regular physical exercises. The similarity of the
test with the activity the athlete practices should be considered in
the evaluation moment, once this fact may influence the results
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obtained. However, a laboratory test correctly conducted and with
the control of the variables involved will also provide reliable re-
sults. In this case, the loads will be increasingly administrated with
accuracy in order to reach the maximum oxygen intake(*9).

The main limitation of this study was the lack of an indirect VO,
measurement field test specific for indoor soccer that would re-
produce the sport’s specificity with higher accuracy. Thus, differ-
ences that, by chance, have not been detected, when the results
obtained in the 3,200 m test were compared with results obtained
through ergospirometry, could become evident.

CONCLUSION

The use of physiological variables has obtained prominence with
regard to the improvement and development of the performance
of athletes among the most different types of sport modalities,
although we have concluded that the factors that determine the
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sportive performance are complex and involve a series of biochem-
ical, physiological, genetic, anatomical-morphological and psycho-
logical factors.

According to results of the present work, we have concluded
that the indirect VO, measurement tests present strong correla-
tion with the direct measurement tests. Thus, one concludes that
the use of 3,200 m field tests may allow the determination of the
aerobic capacity of these athletes.

Furthermore, the indirect measurement is easy to be applied
and presents low cost in relation to the direct one, providing the
collection of practical data that consider the biological individuality
of the players, improving performance and increasing the team'’s
competitive level.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.

27p. Monografia [Conclusédo de Curso — Educagéo Fisica] - Universidade Federal
de Pernambuco, Recife, 2002.

10. Jones A, Helmes P. Cardiorespiratory fitness in young British soccer players. In:
Reilly T, Clarys J, Stibbe A, editors. Science and Football Il. London/New York: E.
& EN. Spon, 1993;298-303.

11. Santos JAR. Estudo comparativo fisioldgico, antropométrico e motor entre fute-
bolistas de diferente nivel competitivo. Rev Paul Educ Fis 1999;13:146-59.

12. Faina M, Gallozzi C, Lupo S, Colli R, Sassi R, Marini C. Definition of the physio-
logical profile of the soccer player. In: Reilly T, Lees A, David KS, Murphy WJ,
editors. Science and Football. London: E. & F.N. Spon, 1988;158-63.

13. Carter SL, Rennie CD, Hamilton SJ, Tarnopolsky. Changes in skeletal muscle in
males and females following endurance training. Can J Physiol Pharmacol 2001;
79:386-92.

14. Bangsbo J, Lindquist F. Comparison of various exercise tests with endurance per-
formance during soccer in professional players. Int J Sports Med 1992;13:125-32.

15. Grant S, Corbett K, Amjad AM, Wilson J, Aitchison T. A comparison of methods
of predicting maximum oxygen uptake. Br J Sports Med 1995;29:147-52.

16. Rosch D, Hodgson R, Peterson TL, Graf-Baumann T, Junge A, Chomiak J, Dvorak
J. Assessment and evaluation of football performance. Am J Sports Med 2000;
28:529-S39.

161e



