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ABstRACt
The Wingate Anaerobic Test (WAnT) is the most commonly used test for the assessment of anaerobic 

power and anaerobic capacity of athletes. The well known parameters recorded during the WAnT rou-
tine procedure in our opinion could be subjected to additional analysis generating substantial additional 
physiological data. The aim of this study was to develop a new, easy to set up method estimating the re-
lationship between the contribution of the anaerobic and aerobic energy systems in athletes performing 
WAnT. A parallel registration of WAnT parameters and the oxygen consumption breath by breath was 
done. Thus, the indicators for the activity of the aerobic and anaerobic systems, ensuring the physical ef-
fort in each segment (in seconds) of the test, were calculated.  The proposed method was introduced and 
applied to twelve soccer players, 14 years of age; height 164,7±8,0 cm; body weight 50,7±9,2 kg; maxi-
mal heart rate 195,7±7,0 bpm; maximal oxygen uptake 58,1±9,9 ml.kg-1. Participants were tested twice, 
before and after 5 months specialized training program focussed on the improvement of speed/power 
and endurance. Statistically significant progress was found in: Total power output by 16,4%; O2 deficit 
by 32,4%; O2 deficit/O2 excess by 80,3% in favor of the deficit. It was established that the differences in 
the calculated physiological parameters during the performance of the WAnT before and after  the five-
month training program are more pronounced compared to the ergometric ones, especially with regard 
to the participation of each system in energy processes. The results indicate that the proposed physi-
ological parameters are of high sensitivity and reflect strong associations with the metabolic changes 
in response to the training modalities.  The method is easy to implement, allowing quick analysis of the 
individual results and its application in exercise physiology laboratories and the sports practice could 
be beneficial. 
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IntRoDUCtIon
The Wingate Anaerobic Test (WAnT) is 

the most commonly used test for the direct 
assessment of anaerobic power and an indi-
rect assessment of the anaerobic capacity of 
athletes. Anaerobic capacity is an important 
parameter that determines fitness and the per-
formance of the athletes not only in short-term 
high-intensity sprint/power sports (100 m, 200 
m ) but also in sports requiring multiple sprints 
( soccer, basketball, volleyball),  as well as in 
sports disciplines of longer duration. Deter-

mining the amount of anaerobic energy sup-
ply during physical efforts is difficult from 
a methodological point of view. The most 
commonly used method for determination 
of the anaerobic capacity is the MaximalAc-
cumulated Oxygen Deficit Method (MAOD) 
(Medbo,1988; Medbo,Tabata,1989,1993). 
Green (1995) defined МAOD as an estima-
tion of the total amount of ATP resynthesised 
via anaerobic metabolism by the whole body 
during short duration high-intensity exer-
cise. In the original protocol used by Medbо 
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et al, (1988) a linear relationship between 
power output (PO) and oxygen consumption 
VO2 (Medbo, Tabata,1989;1993) is estab-
lished for each individual. This relationship is 
extrapolated to supramaximal exercise inten-
sities and the VO2 demand corresponding to 
supramaximal workloads is predicted. When 
this VO2 demand is multiplied by the duration 
of the exercise bout, the accumulated VO2 de-
mand is estimated. The MAOD is calculated 
by subtracting the accumulated VO2, measured 
during the exercise bout, from the estimated 
accumulated VO2 demand (Noordhof, 2010). 
The main barrier to the wide use of maximal 
accumulated  oxygen deficit is the considera-
ble time required to complete several sub- and 
supra-maximal exercise sessions (Zagatto, 
2016). The method required the participant to 
perform a VO2 maximal test, several (the best 
10) submaximal pre-tests of 4 minutes dura-
tion and a supramaximal exercise test.

The researchers‘ efforts were focussed on 
finding ways to reduce these time-consuming 
procedures (Zagatto, 2016; Bertuzzi et al, 
2010).

Few studies pointed out that deficiency of 
the method is that MAOD power are capac-
ity values which do not provide information 
about the distribution of anaerobic energy dur-
ing exercise (Noordhof et al, 2013; Seresse et 
al, (1988).

Beneke R et al, (2002) explored for the 
first time the energy requirements of WAnT 
based on all energy contributors such as high 
energy phosphates, glycolysis, and oxidative 
metabolism. For this purpose, they  measured 
VO2 data during the test and 30 minutes after 
its termination, blood lactate concentration at 
short intervals during the recovery period and 
the ergometric parameters from WAnT. The 
results supported the finding that WAnT me-
tabolism is highly anaerobic, showing that 
80% of the energy turnover during WAnT is 
derived from anaerobic alactic and lactic acid 
metabolism (predominantly by glycolysis).

When using computerized Wingate test 
procedure, the key parameters are automati-
cally recorded: Peak Power in Wats; Relative 
Peak Power per body weight; Average power, 
defined as Anaerobic Capacity; Anaerobic Fa-
tigue index.

These parameters are well known and 
used for the analysis of the Wingate test per-
formance. However, in our opinion the data 
obtained could be subjected to additional 
analysis resulting in the generation of new 
substantial physiological data set. On the ba-
sis of these new physiological information the 
assessment of the athletes‘ potential in suc-
cessfully competing in a particular sport and 
the athletes‘ response to the training protocols 
would be more precise. 

The aim of this study was to develop a 
new, easy to set up method estimating the re-
lationship between the contribution of the an-
aerobic and aerobic energy systems in athletes 
performing Wingate anaerobic test. 

We hypothesized that using this method, 
the potentially beneficial changes in the re-
lationship between anaerobic and the aerobic 
capacity in response to sport training could be 
identified and assessed objectively.

MetHoDoLoGY
Description of the method
In order to develop a new testing method 

for analysis of the Wingate test results we had 
to apply a specific methodological approach 
which consists of a parallel registration of 
WAnT parameters and the oxygen consump-
tion breath by breath of the participants during 
the performance of the test. 

 We have to emphasize that the new meth-
od requires the registration of the data for the 
power output (W. s-1) and oxygen consumption 
(VO2ml.s-1) for each second during the period 
of thirty seconds when performing the WAnT. 
The registered results and the subsequent cal-
culations of one participant as an example are 
presented in Table 1 as an example.



52

table 1. Ergometic and respiratory indices co-registered and calculated when performing Wingate test

s W

VO2

uptake

)ml.s-1)

VO2 de-

mand 

)ml.s-1)

O2

deficit

)ml.s-1)

s W

VO2

uptake

)ml.s-1)

VO2 de-

mand 

)ml.s-1)

O2

deficit/

excess

)ml.s-1)

s W

VO2

uptake

)ml.s-1)

-VO2 de

mand 

)ml.s-1)

 O2excess

ml.s-))1

1 594,8 17,7 37,1 -19,4 11 540,9 21,4 34,6 -13,2 21 441,7 38,2 29,8 8,4
2 629,3 19,2 38,8 -19,6 12 555,7 18,8 35,3 -16,5 22 429,3 36,0 29,2 6,8
3 631,6 19,2 38,9 -19,7 13 529,3 29,9 34,0 -4,1 23 426,3 36,0 29,1 7,0
4 645,4 21,5 39,6 -18,0 14 522,8 30,7 33,7 -3,0 24 396,0 37,7 27,6 10,1
5 607,2 18,3 37,7 -19,5 15 508,6 30,7 33,0 -2,4 25 398,1 44,1 27,7 16,4
6 628,5 18,3 38,7 -20,5 16 518,0 28,8 33,5 -4,6 26 384,0 38,6 27,1 11,5
7 609,9 21,2 37,9 -16,6 17 478,4 33,3 31,6 1,8 27 375,2 35,5 26,6 8,9
8 592,5 18,9 37,0 -18,1 18 484,7 34,1 31,9 2,2 28 379,8 35,5 26,9 8,6
9 560,6 18,9 35,5 -16,6 19 458,1 34,1 30,6 3,5 29 371,4 37,6 26,5 11,1

10 583,9 21,4 36,6 -15,2 20 433,7 35,9 29,4 6,5 30 364,4 42,4 26,1 16,3
Sum 15080,1 873,9 981,8

W and VO2 uptake are registered by computers

VO2 demand = ((W*0,239)/5)+VO2ml.s-1from last 5s of acceleration phase (here 8,7); 

VO2 deficit or VO2 excess = VO2 uptake-VO2 demand 

From the obtained data, the oxygen de-
mand for the performance at the given load 
has to be calculated.This requires the determi-
nation of the oxygen equivalent of the respec-
tive watts values, converted  into calories (e.g. 
1W = 0,239 cal.s-1).

It is known that during a supramaximal 
exercise, besides limited muscle creatine 
phosphate reserves, only carbohydrates (glu-
cose, mainly derived from muscle glycogen 
reserves) deliver energy, so that 1 ml O2.s

-

1 consumed during WAnT releases energy 
equal to 5,047 cal.s-1 or energy of 1cal.s-1 is 
produced approximately by 0,2 ml O2.s

-1. In 
addition to the obtained values, the mean val-
ues of VO2ml.s-1 from the 5 seconds accelera-

tion phase of each individual (e.g. = 8,7 ml.s-1) 
has been included in the calculations shown 
in Table 1.  Obviously, the outcome from the 
subtraction the VO2 demand from the actual 
measured VO2 consumption represents the 
O2 deficit (see the results presented with a mi-
nus sign in Table 1). From the example pre-
sented in Table 1, we observed that the first 12 
seconds of the test are highly anaerobic.  The 
results indicated that the anaerobic component 
lasts up to 16 seconds, but from 12th to 16th 
seconds it is much less pronounced. It should 
be pointed out that in the second half of the 
test oxidative metabolism component has 
shown noticeable increase (Figure 1).

Fig. 1. Oxygen uptake (ml.s-1) and Oxygen demand (ml.s-1) during WAnT
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Table 2. Physiological parameters calculated on the basis of the results 
presented in Table 1.

Calculated parameters value
)Total power output )W30 s 15080,1
)Total O2 uptake )ml/ 30 s 873,9
)O2 deficit )ml/30 s 226,9
) O2 excess )ml/30 s 119,0
)%) O2 deficit/O2 excess 190,7
Watts performed anaerobic 4746,9
)%) W anerobic/TotalW 31,5

Participants
Twelve young soccer players  (14 years 

of age; height 164,7±8,0 cm; body 
weight 50,7±9,2 kg; maximal heart 
rate 195,7±7,0 bpm; maximal oxygen up-
take 2893,9±654,9 ml.min-1; 58,1±9,9 ml.
kg-1), who were familiar with exhaustive 
exercises, volunteered to participate in this 
study. The subjects were fully informed about 
the details and discomfort associated with 
the experiments before the participants and 
their parents gave their informed consent to 
volunteer.

Exercise testing procedures
The participants were tested twice at the 

beginning (Testing I) and after 5 months of 
training period (Testing II). Testing I consist-
ed of two separate sessions with an interval of 
48 hours between sessions. In the first session 
the participants performed a maximal incre-
mental exercise test to measure the maximal 
oxygen uptake (VO2max test). In the second 
session the 30second Wingate Anaerobic test 
(WAnT) was performed. Testing II included 

only the WAnT performance.
Maximal incremental exercise test
The maximal incremental exercise test for 

the determination of VO2max was carried out 
on an treadmill H/P/Cosmos, (Nussdorf-Tran-
stein, Germany) under a modified ramping 
protocol “Balke for children ”, with constant 
speed 8.4 km/h, step duration of 30 seconds, 
initial slope of 0% and an increase in the slope 
of each step by 0,6% up to exhaustion. In or-
der to attain maximal values participants re-
ceived verbal encouragement to continue for 
as long as possible. Oxygen uptake (VO2) was 
measured breath-by-breath throughout the test 
using a portable gas analyzer MetaMax 3B-R2 
(Leipzig, Germany) and was subsequently av-
eraged over 30 s intervals.The VO2max was 
recorded as the oxygen uptake measured dur-
ing the last 30 s of the test.

30-Wingate Anaerobic Test
The 30-WAnT was performed on a me-

chanically braked cycle ergometer (Monark, 
894 E, Stockholm, Sweden) as described by 
Inbar et al. (Inbar O,1996).

Using the above-mentioned data, addi-
tional information can be obtained about the 
relationship between aerobic and anaerobic 
energy supply of physical effort in WAnT by 
calculating the parameters presented in Table 
2. Since the test aims to determine the an-
aerobic ability of the person, it is of particu-
lar importance to determine the relationship 
between oxygen deficit (as a marker for an-
aerobic power) and the excess amount oxy-

gen needed during the test performance to pay 
off the deficit. It is expected that as a result of 
speed and power training, the O2 deficit will 
increase and its payout during the test will be-
gin later. The data of the Watts values obtained 
when performing the anaerobic component 
and the percentage contribution to the Total 
power output (W30 s) can also be added to the 
Wingate ergometric data.



54

In addition, the subjects were connected 
to the portable gas analyzer MetaMax 3B-R2 
(Germany) to allow the respiratory parameters 
to be recorded simultaneously with the power 
output realized during the test.  

The test started with a standardized warm-
ing up of 5 min cycling at 60 W and 60 revo-
lution/min including two sprints, each lasting 
3 s, performed at the end of the 3rd and the 
5th min. The seat height and handle were in-
dividually adjusted for the subject’s comfort, 
with the legs being nearly fully extended dur-
ing each pedal revolution. After 5-min rest 
the subjects were instructed to pedal as fast 
as possible for 30 s. A resistance correspond-
ing to 7.5% of the body mass was applied after 
an acceleration phase lasting 5s. Verbal feed-
back to the time remaining was provided at 
15, 10, and 5 s of remaining time while verbal 
encouragement was given. The subjects con-
tinued pedaling after completion of the test 
with no load for several minutes to cool down. 

Statistics
Results are expressed as mean ±SD. In 

view of the relatively small sample size, the 
statistical significance of the study was cal-
culated with the X2-criterion of Pearson (Chi 
Test - Excel). Statistical significance was ac-
cepted at the P<0.001 level. In spite of its 
qualities, the Chi Test  does not indicate which 
of the indicators used has the advantage over 
others, nor which athlete has shown the best 
results as  an outcome of the conducted train-
ing program.  For this purpose, we used the 
percentage differences in each individual be-
tween the testings, and the average values for 
the entire team were calculated with the for-
mula:  

∑ (TII/TI – 1)*100/n, or average ∑ (TII/TI – 
1)*100/n

where TII (Testing II) and TI (Testing I) are 
the data for every parameter of an individual, 
divided by the sample size (n).

Research design  
The young soccer player performed the 

WAnT twice – at the beginning of the prepara-
tory period of training (Test I) and at the be-
ginning of the competitive period (Test II).

Experimental training protocols for im-
provement the speed/power and  endurance of 
the recruited  soccer  players  were developed 
and applied. Additional intensive workloads 
were performed in the main part of some train-
ing activities, when marked  fatigue was accu-
mulated.  This approach was considered to be 
appropriate for developing speed endurance in 
groups of young athletes (Peev, 2017).

It is expected that as a result of speed and 
power training, the O2 deficit will increase 
and its payout during the test will begin later. 
The data of the Watts values obtained when 
performing the anaerobic component and the 
percentage contribution to the Total power 
output (W30 s) can also be added to the Win-
gate ergometric data.

The proposed method was introduced and 
applied to soccer players subjected to testing 
procedures at the high-performance exercise 
physiology laboratory at the Center for Scien-
tific and Applied Rsearch in Sport at National 
Sports Academy, Sofia, in order to assess the 
impact of the 5 months training program on 
young soccer players. 

ResULts
 The mean values of the parameters report-

ed during the routine performance of the 30 
second Wingate anaerobic Test are shown in 
Table 3 and those obtained by examining the 
physiological parameters characterizing the 
type of energy supply for this type of  physical 
effort are presented  in Table 4.
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The 14 years old soccer players are dis-
tinguished by their high accomplishment in 
performing of the WAnT.  Peak Power (PP), 
Anaerobic Power (AP) and Power Drop % 
(PD%) were significantly close to adult scores. 
The data in Table 3 showed a statistically sig-
nificant improvement in power output after 
the five months training program compared 
to those obtained before the beginning of the 
training, with the only exception the fatigue 
index (α <0,548). However, it is noteworthy 

that the percentage differences found in this 
study and used to assess the effect of the train-
ing are in fact in a very narrow range (between 
11,3% and 15,1%). Therefore, it is not possi-
ble to give priority to any one of the parame-
ters in order to evaluate the results objectively.

Figure 2 illustrates the activity of the res-
piratory system during the 30-second supraxi-
mal load, where O2 uptake is still present from 
it‘s beginning and continues to grow to the 
end.

Fig. 2. O2 uptake (ml.s-1) of young soccer players during Wingate Anaerobic Test.

Table 3. PeakPower output, Average power and Fatigue index (PD%) in response to Wingate Test 
before (Test I) and after (Test II) five months of speed/ power and endurance training in young 

soccer players (mean values ±SD).

Parameter test   Mean sD % Dif  II-I Chi test

(PP (W
I

II

742,2

817,9

152,3

148,8
11,5 α<0,001

(AP (W
I

II

540,7

620,4

103,4

115,6
15,1 α<0,001

% PD
I

II

50,0

50,3

10,0

10,2
1,3 α<0,548

PP – Peak power in watts; AP – Average power in watts; PD % - Power drop %
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A high Chi Test difference was observed 
(Table 4) between the two investigations in all 
of the introduced physiological parameters, 
reflecting the impact of the fulfilled specific 
training program. Furthermore, the differenc-
es vary within a very wide range - from 6,9% 
to 80,3%. In Test II total power output was 

increased by 16.4% compared to Test I,  but  
the increase in O2 uptake was more than twice 
lower  – 6.9%. The O2 deficit is 32.4% higher 
after the performance of the 5-month training 
which reflects in the very small O2 excess (9.1 
%) at Test II. 

Table 4. Physiological parameters for assessment of the anaerobic and aerobic energy contribu-
tion during Wingate test (mean values±SD) and the difference between Test I and Test II (II-I %) 

in response to five weeks of speed/power and endurance training.

Calculated parameters Test Mean)n12) SD % II-I Chi Test

Total power output )W 30s) I 15667,6 2911,7

16,4 α<0,001II 18194,8 3348,8

Total O2 uptake )30 s) I 959,0 193,9

6,9 α<0,001II 1004,4 149,5

Oxygen deficit )ml) I 280,1 78,2

32,4 α<0,001II 370,8 124,2

Oxygen excess )ml) I 126,5 49,8

9,1 α<0,001II 118,1 72,3

O2 deficit/O2 excess )%) I 251,4 105,9

80,3 α<0,001II 419,7 243,8

W performed anaerobic I 5860,4 1635,0

32,4 α<0,001II 7757,7 2599,3
W anaerobic/Total W  )%)

I 37,1 6,1 14,6 α<0,001

The relationships between anaerobic and 
aerobic participation in the test are illustrated 
in Figures 3 and 4. At the start of Test II, en-
ergy needs are satisfied with the provision of 
significantly more anaerobic energy, which 
continues until the 19th second.  In compari-
son, when performing Test I where the O2 de-
ficiency is lower anaerobic work is terminated 

at the 15th second (Figure 3). The observed 
80,3% increase  between Test I and II in O2 
deficit /O2 excess (%) is in favor of the deficit. 
The impact of the  training is also reflected in 
the 32.4% increase in anaerobic power output 
during Test II. The ratio of the anaerobically 
produced watts to the total power output is in-
creased by 14.5%.
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Fig. 4. Payment of the O2 deficit through the excess of O2 before (Test I) and after (Test II) five 
month training period of young soccer players

Note: The payment of O2-deficit during Test II begins later and O2-excess is with a smaller volume.

Fig. 3. Differences between the O2 deficit before (Test I) and after (Test II) five months 
training program in young soccer players.

Note: Test II  was performed with a larger and longer accumulation of O2 deficit, in comparison 
with Test I.
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DIsCUssIon
 This study investigated the relations be-

tween anaerobic and aerobic performance of 
pubertal (age 14) male soccer player  and the 
method that we offered  for calculation of the 
physiological parameters  has shown consid-
erable potential for assessing  the anaerobic 
ability of athletes, as well as the changes in 
this ability as a result of training.

Anaerobic fitness, during growth and de-
velopment of athletes, has not received the 
same attention from researchers as aerobic 
fitness. This is surprising given the level of 
anaerobic energy used daily during child-
hood and adolescence (Sargeant, 1989). Dur-
ing physical activity and sport, the child is 
spontaneously more attracted to short-burst 
movements than to long-term activities. Many 
authors suggest that the pediatric  population 
spends most of its time in play and recreation 
activities  that require short bursts of activ-
ity followed by rest. It relies more heavily 
on a supply of energy from anaerobic means 
than aerobic means than aerobic means (Van 
Praagh, 2000; 2007; Van Praagh, Dole, 2002). 
Short-term high intensity tests are good tests 
for assessment of the functional capacity in 
children because they are similar to their ha-
bitual physical activity patterns in duration 
and intensity (Sargeant,1989). According to 
Amstrong et al, 2001, a small number of lon-
gitudinal studies examine the anaerobic per-
formance of children using the Wingate An-
aerobic Test. 

The results of current study of young soc-
cer players show that peak power and average 
power are similar to those found in elite soc-
cer players (Al-Hazzaa et al, 2001; Gharbi Z 
et al, 2005; Smith, Hill,1991) or slightly lower 
(Ponorac et al, 2007; Popadic,2009).  This 
contradicts the opinion of Van Praagh (2007) 
about the lesser ability of children to gener-
ate mechanical energy from chemical energy 
sources during short-term high-intensity work 
or exercise. Тhe training protocol applied in 

our study had positive effects on athletes’ 
performance, with peak power and average 
power results showing relatively close im-
provements, while the fatigue index (PD %) 
remained unchanged. 

The opinions of the experts about which 
of the parameters considered in the WAnT are 
the best for the assessment of the anaerobic 
ability of athletes are not uniform. According 
to Driss, Vandewalle (2013) the fatigue index 
is the least reliable of the three Wingate test 
indices, and its validity was questioned as it 
largely depends on the aerobic performance. 
Consequently, peak power and mean power 
output were the main topics considered and 
discussed in most of the  studies (Vandevalle 
et al,1985; Armstrong et al, 2001; Peev,2017).  
Nonetheless, the validity of mean power as an 
index of anaerobic capacity is as questionable 
as the validity of the fatigue index. Therefore, 
peak power during  Wingate test is probably 
the only index that merits to be measured 
(Driss,Vandewalle, 2013). This supports our 
view that expanding the physiological pa-
rameters measured and evaluated during the 
WAnT, would be necessary and useful for fur-
ther implementations in laboratory protocols 
and sports practice.

The differences in calculated physiologi-
cal parameters during the performance of 
the WAnT before (Test I) and after (Test II) 
following at the end of five months training 
period are more pronounced compared to the 
ergometric parameters, especially with regard 
to their contribution and participation  in the 
anaerobic energy processes. It should be noted 
that energy for exercise is not merely the re-
sult of a series of energy systems switching on 
but rather the smooth blending and overlap of 
the body‘s three energy systems (alactic, lac-
tic and aerobic). Therefore, we use the terms 
“anaerobic” and “aerobic” to mainly indicate 
the predominance of one or the other type of 
metabolic process.

The Wingate test allows power output and 
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oxygen uptake to be investigated during vari-
ous segments of the duration of the test.  

Our measurements showed that at the be-
ginning of the test, in the very first second, 
oxygen consumption is already available. Our 
results also indicate that as the pedalling time 
progresses VO2 rises, reaching the highest val-
ues 3-5 seconds before the completion of the 
test. At the end of the test, oxygen consump-
tion reaches an average 86% of VO2 max. It 
has been estimated that even less than 1 sec-
ond may be required to reach peak ATP turno-
ver from ATP-PC stores (Smith, Hill 1991). It 
has been accepted that ATP-PC contribution is 
100% until peak power was achieved. Nord-
hof et al, (2010), Serresse et al (1988) consid-
ered that these metabolic changes are happen-
ing at the 2,5 s point during the test. Sargeant 
and Dolan (1987) reported that the peak power 
occured 1-4 s into the exercise. Our data about 
the time to reach PP obtained from the Win-
gate test software is shorter (2,082 ± 0,868 s) 
and is unaffected by the training done during 
the period of 5 months.     

The method that we offer can only pro-
vide important guidance on the relationship 
between the metabolic processes related to 
the involvement sequence of  energy systems 
when athletes are  performing the Wingate 
test. It has been already noted that our goal 
was to look for the possible specific interac-
tions in these relationships, which in turn re-
flect the changes in the anaerobic ability of the 
athletes in response to the training.

The conclusions for the amount of anaero-
bic energy supply during the performance of 
the WAnT could be made on the magnitude of 
the oxygen deficit, based on the differences in 
the mean values obtained before and after 5 
months of training. 

At the beginning of the Wingate test the 
energy for the initial exercise load is mainly 
provided by the anaerobic mechanisms and 
gradually the aerobic participation takes on 
an increasing share. The relationship between 

anaerobic and aerobic estimates of the partici-
pation of the energy systems shows a striking 
difference when comparing the data obtained  
before and after 5 months of training period. 
In our study the test results in response to the 
applied speed/power and endurance training 
protocol indicated a substantial improvement 
in the anaerobic abilities of the soccer players  
as follows: the oxygen deficit  was higher by 
32.4% (α <0.001) and  the participants were 
pedaling  four seconds longer under the condi-
tions of O2 deficit. An increase in the anaero-
bic capacity under the influence of anaerobic 
training was observed also by Medbo (1991). 
Medbo and Burgers (1990) reported a 10% in-
crease in accumulated oxygen deficit after six 
weeks of anaerobic training in a group of five 
male and seven female athletes. 

 The payoff of the O2 deficit accumulated 
during the first part of the test was done by 
the O2 excess overload measured during the 
Wingate exercise. During the Wingate test 
performed before the training the payoff starts 
from the 16th second forwards and after the 
training it starts four seconds later. Also, a sig-
nificantly higher O2 excess volume, by 9.1%, 
was established during the Wingate test after 
the training.  The plausible explanation of this 
finding might be that less energy consumption 
is required for the restoration of homeostasis 
and this potentially could improve the options 
for a subsequent exercise. In the current study 
the smaller percentage increase in the VO2 
uptake by 6,9% compared to the increase in 
the total power output by 16,4% could support  
the assumption that a greater metabolic effi-
ciency is one of the plausible outcomes of the 
training.  

The positive changes in the activation of 
the energy systems during the 30-second su-
pramaximal test could markedly alter the per-
centage of the participation of each system, as 
it was increased in favor of O2 deficiency by 
80.3% (α <0.001). According to our calcula-
tions the  watts in % performed by the young 
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soccer players on the basis of the anaerobic 
energy supply augmented  from 37,1±11,8 % 
of  the total power output during the first Win-
gate test examination  to 42,2±10,5% of the 
total power output  after the 5-month training. 
Therefore, in this study the magnitude of the 
aerobic contribution to the 30-s high power 
Wingate exercise task has been estimated to 
be near 60%. 

Most of the researchers in the field of ac-
cumulated oxygen debt (AOD)  reported sig-
nificantly lower magnitude of the aerobic con-
tribution in the Wingate test by 40%  (Medbø, 
Tabata, 1985), by 28% (Boulai et al, 1985), 
by 20% (Beneke et al, 2002), by 16% (Smith, 
Hill, 1991). According to Granier, Mercier 
(1995) the participation of aerobic processes 
is very significant and depends on the speci-
ficity of the particular sports investigated and 
might vary from 28% in sprinters to 45% in 
endurance sports. Gastin, 2001 provided the 
explanation that the possibility of a greater 
contribution from aerobic energy sources 
might occur in individuals who have a high 
VO2 max, faster O2 uptake kinetics, and low 
anaerobic powers. These characteristics are 
most likely to be found in well-trained endur-
ance athletes. 

Meldrum (2004) reported an anaerobic 
contribution of 28% to supramaximal exercise 
bout in groups of pubertal boys. Inbar O, Bar-
Or O (1986) suggested that the biochemical 
correlates of such low anaerobic performance 
in children could be related to their lower 
maximal lactate concentration in muscle and 
blood, lower rate of anaerobic glycolysis and 
lower levels of acidosis during  maximal exer-
cise. It is noteworthy that the mechanisms of 
relatively deficient anaerobic characteristics 
in children are not quite clear.

The limitations of the present study are 
the small sample size, the limited number of 
young soccer teams in the country and the dif-
ficulty in obtaining informed consent forms 
from the parents. 

ConCLUsIons
The proposed method is focussed on in-

vestigating   the relationship between the ener-
gy systems contributing to the performance of 
athletes during Wingate Test.  The method is 
based on a certain number of easy to execute 
and obtain measurements, has clear practical 
value, but does not allow in-depth theoretical 
analysis. The physiological indicators can be 
defined on the basis of simultaneous registra-
tion the ergometric and oxygen uptake data of 
the Wingate test, allowing precise assessment 
of the relative participation of the energy sys-
tems when performing supramaximal exercise 
load. The results indicate that the physiologi-
cal parameters are of high sensitivity and re-
flect strong associations with the metabolic 
changes in response to the training modalities.  
The method is easy to implement. It allows a 
quick analysis of the individual results and its 
application in exercise physiology laborato-
ries and the sports practice could be beneficial.   
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