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Abstract 

Background: The purpose of this study was to determine changes in anaerobic capacity at 
100% physical effort intensity in the examined people. 

Material/Methods: 12 male students from the University of Physical Education in Warsaw were 
subject to these examinations. The average age was 23.6 years, mean body 
height 178.7 cm, and body mass 80.6 kg. The experiment was carried out 
from 7th January to 8th March 2008. The experiment (one group) was carried 
out in two stages. The first stage had 25 training units on a cycloergometer 
within 5 weeks. The second stage was connected with controlling the 
obtained results for 3 consecutive weeks after completing the training. An 
individual load consisted of 6 efforts (10s work, 60s rest) performed with 
intensity at 100% of the individual’s maximum power in consecutive test trials. 
All training and test trials were performed by means of the Monark 824E 
(Sweden) cycloergometer linked with a PC computer, MCE v.4.0 software. 

Results: The results revealed that effort stimuli made significant changes in 
mechanical work, maximum power, time of achieving maximum power after a 
four-week period of exercises on a cycloergometer. 

Conclusions: The used training loads significantly affected the improvement of the results in 
terms of mechanical work, maximum power, time of developing and 
maintaining it. 
The dynamics of changes of anaerobic capacity parameters, after completing 
the training, may be used as a factor of reliable steering the training loads in 
terms of intensity. 
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Introduction 
Athletes, coaches and scientists who deal with sport training more and more shift the limits of 

human adaptation to training loads in order to succeed in their sports. The problem is connected 

with decreasing training loads just prior to contest. In many sports, the best results are observed 

with decreasing the performed training loads a short time before the competition [1,2,3,4,5]. The 

period of decreasing loads is commonly called “taper”. Within “taper” the following variables are 

considered: duration of the training sessions, frequency and intensity. Intensity, in terms of 

anaerobic capacity, makes most problems in a coach’s work. The intensity of training loads is 

called a qualitative variable and mostly affects training results. Research on high intensity efforts 

which determine anaerobic capacity leads to optimisation of the training process. According to 

many scientists and coaches, interval training is the basic method of developing adaptation 

changes in anaerobic capacity [6,7,8,9,10,11]. 

The purpose of this work was to assess the results of mechanical work, maximum power, the 

time of maximum power and maintaining it in the consecutive effort trials at the intensity of 100 % 

of individual capacity within the examined group. 
 

 

Material and methods 
12 students (men) from the University of Physical Education in Warsaw were subject to these 

examinations. Their physical activities were limited to the obligatory practical classes. The average 

age was 23.6 years, mean body height 178.7 cm, and body mass 80.6 kg. The experiment was 

carried out from 7th January to 8th March 2008. An 8-week experiment was accepted by the 

Senate Commission of Ethics for Scientific Research at the University of Physical Education in 

Warsaw. The participants were advised on the purpose of the training, its methodics, and they 

submitted their written consent. 

An experiment (one group) was carried out in two stages. The first stage had 25 training units 

on a cycloergometer within 5 weeks. The second stage was connected with controlling the 

obtained results for 3 consecutive weeks after completing the training. An individual load consisted 

of 6 efforts (10s work, 60s rest) performed with intensity at 100% of the individual’s maximum 

power in consecutive test trials. Prior to the experiment and at the end of a consecutive week cycle 

(each 5th training) a test was carried out – 8 trials for 10s each with 60s intervals. The training was 

completed after 5 weeks, when no significant differences in the analyzed parameters were 

observed during two consecutive tests. All training and test trials were performed by means of the 

Monark 824E (Sweden) cycloergometer linked with a PC computer, MCE v.4.0 software which 

enabled setting up freely the performed work (J), time of effort [s] or the number of turns of the fly-

wheel (the turn detectors fixed to the cycloergometer fly-wheel). During one turn on pedals the fly-

wheel makes 3.7 turns which is equal to a distance of 6m (measurement error of one turn time = 

1ms). The cycloergometer load was 0.075 kp kg-1. 

The values of mechanic work (J/kg) were analyzed as well as the maximum power (W/kg) 

performed in each repetition of the test effort. The analyzed data has been presented as the mean 

values and the standard deviations (M±SD). Intrinsic differences between mean values were 

estimated by means of the ANOVA variant analysis with repeated measurements, and group 

variability was determined by the NIR test, assuming value levels p<0.05 as significant. All 

calculations were carried out by the STATISTICA™ (v. 5.5. Stat Soft. USA). 
 

 

Results 
Mechanical work  

The assessment of the mean values of mechanical work during effort tests at the beginning 

and after 5 weeks of the experiment revealed a statistically significant increase in the analyzed 

parameter. The changes in consecutive repetitions ranged from 11–22%, and from the fourth effort 
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increased up to the highest value (21.84%) at the last one (8th effort). Analyzing the dynamics of 

decrease in the values of mechanical work performed in consecutive effort tests, statistically 

significant differences were not observed, and a decrease in mean values of that parameter was at 

the level of 4–8%. Comparing mean values of mechanical work at the beginning of the experiment 

and after 3 weeks from completing the training, it was ascertained that at each repetition, mean 

values of that parameter were higher by 6–11% than the initial values (Table 1). 

 

Tab. 1. Differentiation of mean values of mechanical work [J/kg] in repetitions of the test effort before 

training, after 5 weeks of interval training and after 3 weeks without training 

Measurement 
periods 

n=12 1 effort 2 effort 3 effort 4 effort 5 effort 6 effort 7 effort 8 effort 

before interval 
training 

M 
SD 

96.33 
± 8.04 

95.31 
± 6.80 

89.67 
± 5.82 

86.26 
± 5.16 

83.77 
± 5.78 

81.63 
± 6.90 

79.89 
± 6.90 

77.51 
± 6.90 

after 5 weeks of 
training 

M 
SD 

111.03* 
± 6.66 

106.41* 
± 5.59 

102.30* 
± 5.54 

100.23* 
± 6.96 

99.44* 
± 7.32 

97.91* 
± 7.07 

95.90* 
± 7.07 

94.44* 
± 7.07 

difference** % + 15.25 + 11.64 + 14.08 + 16.19 +18.71 +19.95 +20.04 +21.84 

after 3 weeks 
without training 

M 
SD 

103.64 
± 3.98 

101.29 
± 3.76 

98.02* 
± 3.28 

94.48* 
± 4.13 

91.59* 
± 4.70 

98.57* 
± 4.85 

88.04* 
± 5.58 

87.07* 
± 6.27 

difference** % +7.05 +5.90 +8.52 +8.70 +8.54 +8.86 +9.26 +10.98 

difference*** % -6.65 -4.81 -4.18 -5.74 -7.89 -8.52 -8.20 -7.81 
* significant difference (p<0.05) in relation to the initial level 
** difference in relation to the initial level 
*** difference in relation to the maximal level 

 

Maximum power  

Comparing maximum power values developed in consecutive repetitions of the effort tests 

before and after 5 weeks of the training, there was a statistically significant increase in the values 

of the analyzed parameter. It ranged between 13–20% and was increasing in the consecutive 

repetitions up to 19.49% in the last (8th) test. Analyzing the mean values of maximum power 

developed in the consecutive repetitions after three weeks of the interval, no statically intrinsic 

differences were observed in comparison to the maximal values, and a decrease in the value of 

that parameter ranged from 6 to 9%. A comparison of the mean values of maximum power 

developed at the beginning of the experiment and after three weeks from the completion of the 

training revealed that at each repetition mean values of that parameter were statistically higher by 

6–11% than the initial values (Table 2). 

 

Tab. 2. Differentiation of mean values of the maximal power [W/kg] in repetitions of the best effort before 

training, after 5 weeks of interval training and after 3 weeks without training 

Measurement 
periods 

n=12 1 effort 2 effort 3 effort 4 effort 5 effort 6 effort 7 effort 8 effort 

before interval 
training 

M 
SD 

11.06 
± 1.03 

10.75 
± 0.63 

10.54 
±10.78 

10.14 
±0.54 

9.79 
±0.62 

9.61 
±0.73 

9.49 
±0.73 

9.08 
±0.73 

after 5 weeks of 
training 

M 
SD 

12.51 
±0.81 

12.39 
±0.57 

12.12* 
±0.56 

11.85* 
±0.56 

11.54* 
±0.62 

11.46* 
±0.68 

11.16* 
±0.68 

10.85* 
±0.68 

difference** % +13.11
 

+15.25 +15.01 +16.80 +17.80 +19.30 +17.59 +19.49 

after 3 weeks 
without training 

M 
SD 

11.79* 
±0.57 

11.60* 
±0.60 

11.25* 
±0.45 

10.94* 
±0.43 

10.69* 
±0.53 

10.47* 
±0.51 

10.29* 
±0.58 

10.21* 
±0.53 

difference** % +6.16 +7.33 +6.31 +7.31 +8.42 +8.21 +7.77 +11.07 

difference*** % -5.75 -6.37 -7.18 -7.68 -7.37 -8.64 -7.80 -5.90 
* significant difference (p<0.05) in relation to the initial level 
** difference in relation to the initial level 
*** difference in relation to the maximal level 
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Developing time of maximum power  

Comparing the mean time of developing maximum power during the same repetitions of the 

contest effort before the training and after five weeks of the experiment, a varied increase in the 

value of that parameter was observed (range 0–7%), but the differences were not statistically 

significant. The comparison of the maximum value of the parameter with the results obtained after 

three weeks from completing the experiment revealed that at each repetition the time needed for 

developing maximum power was prolonged. The range of changes at particular repetitions, was 

different by 14–30%. A similar situation was seen while comparing the mean values of the 

parameter in relation to the initial level because it was ascertained that after three weeks’ interval, 

the mean time of developing maximum power at particular repetitions of the effort was prolonged 

from 14 to 22% (Table 3). 

 

 

Tab. 3. Differentiation of mean values of developing time of the maximal power in repetitions of the test effort 

before training, after 5 weeks of interval training  and after 3 weeks without training 

Measurement 
periods 

n=12 1 effort 2 effort 3 effort 4 effort 5 effort 6 effort 7 effort 8 effort 

before interval 
training 

M 
SD 

4.18 
±0.53 

3.98 
±0.53 

3.56 
±0.37 

3.69 
±0.60 

3.48 
±0.45 

3.66 
±0.83 

3.66 
±0.83 

3.66 
±0.83 

after 5 weeks of 
training 

M 
SD 

3.88 
±0.3 

3.71 
±0.37 

3.49 
±0.56 

3.77 
±0.74 

3.43 
±0.66 

3.63 
±0.68 

3.63 
±0.68 

3.63 
±0.68 

difference** % -7.63 -4.49 -2.00 +2.31 -1.50 -0.90 -0.90 -0.90 

after 3 weeks 
without training 

M 
SD 

4.95 
±0.24 

4.40 
±0.40 

4.34 
±0.37 

4.27 
±0.41 

4.46 
±0.49 

4.22 
±0.52 

4.33 
±0.47 

4.56 
±0.80 

difference** % +15.56 +11.59 +17.97 +13.58 +21.97 +13.27 +15.47 +19.74 

difference*** % +27.58 +18.28 +24.36 +13.26 +30.03 +16.25 +19.28 +25.62 
* significant difference (p<0.05) in relation to the initial level 
** difference in relation to the initial level 
*** difference in relation to the maximal level 

 

 

Time of maintaining the maximum power  

Comparing the mean values of the time of maintaining the maximum power during the 

experiment, a statistically significant increase in the parameter was ascertained in the range 31–

53%. Analyzing the level of value of the parameter after 3 weeks’ interval it was ascertained that at 

each repetition the time of maintaining was reduced, and the range of changes was 16–30%. 

Comparing the initial level of the parameter with the results after 3 weeks’ interval one should 

emphasize that the mean time of maintaining the maximum power at particular repetitions was 

constantly longer and ranged from 3 to 6% (Table 4). 

 



H. Norkowski, A. Kuder, T. Huciński, S. Przybylski, Effects of Interval Training of Maximal Effort Intensity 

40 

Tab. 4. Differentiation of mean values of developing time of the maximal power in repetitions of the test effort 

before training, after 5 weeks of interval training and after 3 weeks without training 

Measurement 
periods 

n=12 1 effort 2 effort 3 effort 4 effort 5 effort 6 effort 7 effort 8 effort 

before interval 
training 

M 
SD 

2.36 
±0.64 

2.31 
±0.58 

1.89 
±0.48 

1.71 
±0.69 

1.66 
±0.67 

1.52 
±0.81 

1.52 
±0.81 

1.47 
±0.81 

after 5 weeks of 
training 

M 
SD 

3.10* 
±0.82 

3.06* 
±0.50 

2.81* 
±0.58 

2.58* 
±0.53 

2.42* 
±0.58 

2.32* 
±0.61 

2.05* 
±0.61 

2.19* 
±0.61 

difference** % +31.35 +32.29 +48.67 +50.88 +45.78 +52.63 +34.86 +48.97 

after 3 weeks 
without training 

M 
SD 

2.50 
±0.59 

2.25 
±0.60 

1.97 
±0.66 

1.98 
±0.58 

1.81 
±0.52 

1.80 
±0.39 

1.88 
±0.44 

1.68 
±0.45 

difference** % +5.60 -2.67 +4.06 +13.64 +8.29 +15.56 +19.15 +12.50 

difference*** % -19.35 -26.47 -29.87 -23.26 -25.21 -22.41 -16.10 -23.29 
* significant difference (p<0.05) in relation to the initial level 
** difference in relation to the initial level 
*** difference in relation to the maximal level 

 

 

Discussion 
A physiological response of the human system to physical effort depends on the increase in 

energetic demand related to that effort, and it differs individually. This difference is genetically 

determined and it is connected with adaptation efficiency of functional systems, organs, the 

biomechanical process as well as reserves of energetic substrates. 

As it has already been said, the experimental problem is connected with finding how to 

decrease the training loads prior to contest (tapering). In many sports the best results achieved 

during competitions are connected with decreasing the training loads just before competitions. 

Among the considered variables there are: the duration, the frequency and the intensity of training 

sessions. Intensity creates most problems for coaches. First, an athlete’s systems should acquire 

the optimal adaptational capacity and maintain it during the competition period, but without 

overtraining. Secondly, a proper balance between aerobic and anaerobic processes is required in 

particular sports. That balance should be acquired at the time of competitions. Knowledge, abilities 

and competence prove a coach’s professionalism. 

In this work, the authors have attempted to determine changes in anaerobic capacity, by 

means of assessing the effects of mechanical work, maximum power, time of maintaining the 

maximum power affected by effort at the intensity level of 100% of individual capacities within the 

examined group. 

The results of the experiment, as have been presented in this paper, enabled us to ascertain 

that the training loads for 5 weeks were effective training stimuli, which probably affected 

adaptational changes in terms of anaerobic capacity. We say: probably, due to the fact that 

adaptational changes were not controlled, but only the effects of those changes were considered. 

In the consecutive effort trials the analysis of the presented results indicates the statistically 

significant improvement of the effects in mechanical work, maximum power, time of developing and 

maintaining it as well. Considering the fact that those examined students do not practice sport at 

competition level, the scale of the observed effects should be emphasized. A significant increase 

was observed in all examined parameters. 

The views on the methods of shaping the adaptational changes in terms of anaerobic capacity 

differ in details. Many scientists and sport coaches believe that interval training is the basic method 

for shaping the mentioned changes [6,7,8,9,10,11]. Some authors recommended efforts performed 

in a series of 3, 6 or 10 efforts with intervals [6,12,13,14,15,16,17,18,19,20]. Some of them say that 

the time of maximum effort should not be longer than 10sec. [8, 21,22,23,24]. 
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Adaptational changes take place at the molecular level and they are connected with 

a synthesis of specific proteins for particular physical efforts [25,26,27]. Adaptational changes in 

anaerobic capacity manifest in increasing the activity and the quality of enzymes (ATPasis, 

myokinasis, creatine kinasis, glycolit) active in ATP resynthesis [23,28,29]. They also generate the 

quantity of energetic substrates in skeleton muscles cells.  

Thus the problems of working out the methods of shaping anaerobic capacity (in details) is still 

open and calls for much more controlled experiments.  

 

 

Conclusions 
The used training loads significantly affected the improvement of the results in terms of 

mechanical work, maximum power, time of developing and maintaining it. 

The dynamics of changes of anaerobic capacity parameters after completing the training may 

be used as a factor of reliable steering the training loads in terms of intensity.  
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