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Abstract 
Oxygen uptake (VO2 peak) has been very important in functional assessment of cardiorespiratory 
fitness. The Ergospirometry is a noninvasive procedure used to evaluate physical performance or 
ability of an individual, through the analysis of the gases with the respiratory variables. In sports, 
this method of evaluation is crucial, because it brings a significant contribution to the verification 
of aerobic fitness, such as, the maximal oxygen uptake (VO2 max.), and anaerobic threshold. The 
present study aims to evaluate the power and aerobic capacity in professional and under-20 soc-
cer players, handball athletes, and women footballers, using the technique of gas analysis. For the 
study, 48 athletes, who participated voluntarily, were divided into 4 groups of 12 athletes. The VO2 
peak, the average speed and heart rate at anaerobic threshold, as well as respiratory exchange ra-
tio were analyzed. We found that the values were always greater for the group of professional 
football players, with the exception of the average consumption of maximum O2, where the differ-
ence of the footballers in the under-20 category was not significant. Additional values that were 
analyzed indicated that there were some physical similarities between the other groups that 
should be noted. The respiratory exchange ratio was significantly lower for the group of women 
footballers. Based on this data, it was concluded that the specificity of sport as dimensions of the 
pitch, duration, and tactical system, morphology and sex of the athlete, directly influences the 
values of the VO2 peak, lactate threshold and respiratory exchange ratio for athletes of different 
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sports at the same stage of periodization of fitness. 
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1. Introduction 
The maximum oxygen uptake (VO2 max.) can be defined as the maximum volume of oxygen per unit time that 
an individual captures, breathing a gas mixture of atmospheric air during exercise. It is achieved when reaching 
maximum values of cardiac output and peripheral oxygen extraction and is not exceeded even with increase in 
load of muscle work (Leal, Souza, Martins, Magini, & Martins, 2006; Grieco, Cortes, Greska, Lucci, & Onate, 
2011; Dittrich, Da Silva, Castagna, De Lucas, & Guglielmo, 2011). The VO2 max. is the highest value of con-
sumption achieved during the exercise test; this has been considered an important parameter as a predictor of 
performance, because the human capacity to perform exercises of long and medium term depends primarily on 
the aerobic metabolism and thus, an index is used to rank very cardiorespiratory functional capacity, especially 
in athletes (Basset & Howley, 2000; Leal, Souza, Magini, & Martins, 2006; Grieco, Cortes, Greska, Lucci, & 
Onate, 2011; Dittrich, Da Silva, Castagna, De Lucas, & Guglielmo, 2011). The maximum oxygen consumption 
has long been the most important and most used means of physiological indicator for the assessment of aerobic 
fitness, but some studies have demonstrated that this index is not sufficiently able to discriminate performance in 
aerobic events (Da Silva, Dittrich, & Guglielmo, 2011). And the constant search for better methods of training 
and reliable means of assessing the aerobic fitness becomes relevant (Leal, Souza, Magini, & Martins, 2006; 
Nicolao, Pedrinelli, Zogaib, Orbetelli, & Neto, 2010). The anaerobic threshold is the point where the transition 
from aerobic to anaerobic occurs and is also an index that adequately reflects the physical fitness, being used in 
clinical practice in the evaluation and training of athletes (Leal, Souza, Magini, & Martins, 2006; Da Silva, Dit-
trich, & Guglielmo, 2011). When characterized exclusively from the gas exchange, anaerobic threshold to re-
ceive the designation of “ventilatory threshold” can be defined as the exercise intensity above which lactic acid 
production exceeds its removal, and hyperventilation as a consequence (Barros & Guerra, 2004; Almeida, 
2009). 

The Ergospirometry, a noninvasive and useful procedure in the evaluation of physical performance or func-
tional capacity of an individual reconciles the analysis of the inspired gases, oximetry and respiratory variables 
(Tillaar & Cabri, 2012; Da Silva, Castagna, Carminatti, Foza, Guglielmo, & De Oliveira, 2010). This method is 
able to determine predictive factors linked to performance indicators, such as exercising intolerance and identi-
fying metabolic transition beyond facilitate the prescription of exercise intensity (Leal, Souza, Martins, Magini, 
& Martins, 2006; Grieco, Cortes, Greska, Lucci, & Onate, 2011; Dittrich, Da Silva, Castagna, De Lucas, & 
Guglielmo, 2011). 

The football (soccer) is characterized by frequent changes of intensity, short breaks recovery, sudden stops 
and changes of direction, i.e., athletes experience intermittent nature of efforts during training and competitions. 
Despite these characteristics, the production of energy used by the players is coming mainly from aerobic me-
tabolism, which is related to the athlete’s ability to maintain the intensity of effort during the game by means of 
recovery between high-intensity stimuli (Da Silva, Dittrich, & Guglielmo, 2011). 

The handball is a sport that requires a high level of general and specific conditioning, the effective time of a 
match comprises 40 minutes, with consecutive attacks and defenses played at high intensity and different com-
ponents such as acceleration, change of direction and jumps, diversity effort requires a thorough preparation in 
terms of strength, speed and strength (Boraczyński & Urniaż, 2008). 

2. Methodology 
48 athletes were divided into 4 groups of 12 athletes. The first group consists of 12 young people who act as 
soccer players in the under-20 (FMJ), with a mean age of 17 (±0.5) years and mean weight of 67.8 (±4.5) kg. 
The second group consisted of 12 professional soccer players (FMP), with a mean age of 23 (±1.6) years and 
mean weight of 73.1 (±4.7) kg, the third group was formed by players female (FF), the mean age was 21 (±1.3) 
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and mean weight of 57.6 (±3.1) kg, and finally the fourth group consisted of handball athletes (HM) aged aver-
age of 19 (±1.3) and average weight of 83.8 (±7) kg. The study was approved by the University of Vale do 
Paraíba—UNIVAP Ethics Committee (CEP). Subjects were informed of this study and was applied consent. 

Micromed a digital electrocardiograph for recording and analysis of electrocardiogram (ECG) during stress 
was used for the study; a treadmill brand Inbrasport, Super ATL; VO2000 analyzer gases MedGraphics brand, 
coupled to a microcomputer equipped with the Elite software produced by Micromed; nose clip; disposable 
electrodes; disposable razors; disposable sandpaper; alcohol 70. 

The tests were performed in the pre-season, more precisely in the pre-competition period of four groups of 
athletes studied in laboratory of evaluation—LAEF, Faculty of Health Sciences, University of Vale do Paraíba 
—UNIVAP. The tests took place in a controlled environment with an ambient temperature of 24˚C, and relative 
humidity of 60% air environment. The evaluation protocol used was progressive effort with constant slope of  
2% and initial velocity of 4.0 km/h. An increment in velocity of 1.0 km/h every minute test until the fourth min-
ute; after the fourth minute the speed increment was also 1.0 km/h, but occurring every two minutes test. The 
duration of the tests was determined by the athlete’s exhaust, which when reached signaled to the evaluator, who 
then started with the initial recovery phase velocity of 5.0 km/h, with a decrement of 1.0 km/h after the first 
minute continued until the end of recovery, determined by the stabilization of the heart rate of the athlete. 

For statistical analysis, the test of variance one-way ANOVA, considering a significance level of 5% (p < 
0.05) was used. 

3. Results 
The results obtained with physiological assessments by four (4) groups were separated and analyzed by means 
of the table and graphs for a more detailed comparison. Below are listed the values of means and standard devia-
tions (SD) of the groups assessed. 

Table 1 shows the mean and SD of anthropometric values (weight and age) and analyzed parameters (VO2 
and VE) for different athletes. The first group consisted of 12 young people who acted as soccer players in the 
under-20 category (FMJ), with a mean age of 17 (±0.5) years, and mean weight of 67.8 (±4.5) kg. The second 
group (FMP) was made up of 12 professional soccer players with a mean age of 23 (±1.6) years, and mean 
weight of 73.1 (±4.7) kg. The third group consisted of female soccer players (FF), with a mean age was 21 (±1.3) 
and mean weight of 57.6 (±3.1) kg. Finally, the fourth group (HM) consisted of handball players with a mean 
age of 19 (±1.3) and average weight of 83.8 (±7) kg. 

In Figure 1, we can see as a parameter the VO2 peak graphic expressed in (ml/kg∙min) in different sports, but 
its important to mention that allow them are in a same condition, all of them was in a pre-season. It means that 
there are no physical condition advantages between the groups. The understanding and correct interpretation of 
these parameters may assist coaches in their respective modalities to improve their methods, fitness and tactical 
practices, the function in the game can be adjust with their ability, enabling better results and performance and 
helping prevent injuries (Robbins, Goodale, Kuzmits, & Adams, 2013). 

In Figure 2, The Lactate threshold speed (km/h) is used as parameter to compare an aerobic performance be-
tween the groups. In professional soccer players group (FMP) the running speed is higher than athletes from 
others sports (FF and HM) even when compared with young soccer players (FMJ). However the young soccer 
players have higher values comparing to handball and female soccer, this parameter is very useful for physical 
coaches. 

Generally the total time of training session corresponds to the same amount of the official game, where pro-  
 
Table 1. Mean and SD of anthropometric values and analyzed parameters. 

Group Age Weight (kg) VE (l/min) VO2 peak 
(ml/kg∙min) 

Lactate threshold 
(km/h) 

Lactate HR  
(bpm) 

FMJ 17.7 ± 0.58 67.82 ± 4.54 96.83 ± 6.86 56.48 ± 3.08 13.64 ± 0.45 159.17 ± 3.66 

FMP 23.25 ± 1.66 73.15 ± 4.72 111.59 ± 12.64 58.15 ± 4.48 14.24 ± 0.37 163.42 ± 4.21 

FF 21.7 ± 1.34 57.67 ± 3.14 85.89 ± 4.21 46.04 ± 2.90 13.18 ± 0.59 156.17 ± 2.76 

HM 19.00 ± 1.28 83.83 ± 7.02 98.79 ± 10.24 51.70 ± 3.42 13.30 ± 0.34 157.91 ± 3.51 
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Figure 1. VO2 peak athletes in different sports. 
FMP versus FF p = 0.000 (#); FMP versus HM 
p = 2.92E−4 (ψ); FMJ versus FF = 0.000 p (θ); 
FMJ versus HM p = 0.009 (δ); HM FF versus p 
= 0.001 (Ф). 

 

 
Figure 2. Lactate Threshold, running speed in 
different sports. FMP versus FMJ p = 0.013 (*); 
FMP versus FF p = 7.71E−6 (#); FMP versus 
HM p = 5.88E−5 (ψ). 

 
fessional soccer game are longer than the others sports. In other words the professional soccer players tend to 
practice during more time; it makes a volume rise, improving their endurance. 

Another important way to compare the differences between the different sports is using a heart rate HR an-
aerobic threshold date, during the test the group FMP who is composed by professional soccer players had a re-
sponse of HR higher when compared with another groups of athletes, in other words they could keep running 
even when in a high values of HR and higher intensity, the others groups was not able to support that conditions 
and interrupted the test before that values. The lactate threshold (LT) is an important method to improve high 
intensity performance in endurance sports, and it is widely used as an indicator of aerobic fitness in athletes 
(Figure 3). 
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Figure 3. FC anaerobic threshold athletes in dif-
ferent sports. FMP versus FMJ p = 0.026 (*); 
FMP FF versus p = 5.15E−5 (#); FMP versus 
HM p = 0.002 (ψ). 

4. Discussion 
The FMP group showed significant results in VO2 peak when compared to results from the same physiological 
parameters obtained in groups FF and H. However, when compared the FMP VO2 and VO2 of FMJ, there are no 
significant difference in their results. This has been discussed in several researchs such as Grieco, Cortes, Gre-
ska, Lucci, & Onate (2011); Dittrich, Da Silva, Castagna, De Lucas, & Guglielmo (2011), who studied the per-
formance of athletes and footballers showed morphological similarity in physical composition of players, having 
the muscle mass as the main factor of balance between the two categories, as analyzed in this study. The meth-
odology employed in the technical and physical training in the form of football resembles in both categories 
with regard to intensity and training volume (Kelly, Burnett, & Newton, 2008). 

Still on the VO2 peak groups FF and H had significantly lower values for the groups of soccer (FMP and 
FMJ). The result should be related to factors such as the difference in lean body mass (free fat body massin fe-
male athletes). In relation to the handball, researchers like Da Silva, Castagna, Carminatti, Foza, Guglielmo, & 
De Oliveira, 2010 in their studies shows the occurrence of physical adaptations of different values caused by the 
specificity of the spaces where they develop practices and games. Modalities practiced in larger environments 
allow better conditions of aerobic power (Grieco, Cortes, Greska, Lucci, & Onate, 2011; Dittrich, Da Silva, 
Castagna, De Lucas, & Guglielmo, 2011; Cunha, Lorenzi, Sapata, Lopes, Gaya, & Oliveira, 2011; Tillaar & 
Cabri, 2012). 

As in aerobic power, the values in speed (km/h) and heart rate (bpm) of the anaerobic threshold, FMP group 
were significantly higher than the other groups, except the HR threshold for FF. There was no significant dif-
ference between both groups compared. 

These results may be related not only to the environment where the sport is practiced, but also as a conse-
quence of a good aerobic power, which directly influences the values obtained in aerobic capacity (Grieco, Cor-
tes, Greska, Lucci, & Onate, 2011; Dittrich, Da Silva, Castagna, De Lucas, & Guglielmo, 2011). 

Another consideration to be made is the muscular efficiency, because professional soccer players have train-
ing methodology very similar to the category of junior footballers, however, the results obtained, it can be con-
sidered more efficient muscles required of professional soccer players corroborating with the following authors 
(Da Silva, Castagna, Carminatti, Foza, Guglielmo, & De Oliveira, 2010). 

About ventilation, the FMP group also has higher mean value compared to the others. The female group has 
lower average value in relation to other groups, which is connected to the morphological difference between 
women, especially with regard to the respiratory system and its capabilities. 



R. C. A. Ferreira et al. 
 

 
207 

5. Conclusion 
The results showed that the specificity of the environment where they practice, and training characteristics of the 
evaluated methods, interfere directly in values of power and aerobic capacity in high yield. 
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