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Abstract 
_________________________________________________________________________________________________ 

Nowadays, the achievement of a good sporting performance depends on a good 
development of physical capacities from a young age while respecting the different 
stages of growth. In spite of this, some football coaches and trainers have no mastery 
of the principles of training. They subject children to physical effort that does not 
correspond to the child's developmental stages. In order to evaluate the respiratory 
function and maximum oxygen consumption of children trained in football, series of 
test matches were organised by age group under a temperature of 38°C and a 
humidity of 60%. The results of the study show an increase in maximum oxygen 
consumption according to age with extremes of   ,    ml min kg and   ,    
ml min kg  The classification of the values of V  O max according to the spirometry 
values shows a representativeness of 13-14 year old children in the class of low 
spirometry values (CV, FEV1 and DEP) and a strong representativeness of 16-17 
year old children in the class of high spirometry values (CV, FEV1 and DEP). A 
correlation exists between maximum oxygen consumption, spirometry equations 
and anthropometric parameters during the growth of children playing football.   
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INTRODUCTION 

Lung volumes and peak expiratory flow rates are related to 
the morphology of the individual. These measures are widely 
used in epidemiology and clinical studies. They allow the 
early detection of certain ventilatory deficits1. For this 
reason, the interpretation of measurements requires 
knowledge of reference values that depend on gender, height 
and age. In addition, several factors influence respiratory 
parameters in children, namely ethnicity, age, environment 
and level of physical activity. The study by Harik-Khan et al2 
showed that respiratory parameters vary according to ethnic 
and racial groups2. Similarly, that of Packa-Tchissambou et 
al3,showed that the respiratory parameters of Congolese 
children were lower than those of white children but 
identical to those in West Africa. Differences are also 
observed between children of the same ethnicity, sex and age 
group. The study by Bazaba et al4, showed that female 
children in rural areas have more developed respiratory 
parameters than those in urban areas due to certain daily 
physical survival activities. In addition, puberty is a very 
important stage in a child's life. It is a dynamic period of 
development marked by rapid changes in body size, shape 
and composition5. It is characterised, on the one hand, by 
sexual maturation, which includes the development of 
secondary sexual characteristics and the acquisition of 
reproductive function, and, on the other hand, by a growth 

spurt and morphological changes6. The age of onset of 
morphological changes and the speed of growth vary from 
child to child, depending on gender, race, ethnicity, 
environment and nutrition2.  Similarly, during this period, 
chest proportions change continuously7,8. 

In Congo (Brazzaville), a Central African country, the life of 
the population is characterised by constant impoverishment, 
the result of a combination of several factors: economic due 
to the poor distribution of oil revenues and the poor 
management of the national heritage. To this end, spirometry 
values would be indispensable for children practising 
physical activity to explore lung function and to make an 
orientation on the volume and intensity of training taking 
into account the usual standards of spirometry values for a 
given population9,10.  

In the Republic of Congo, as in most developing countries, 
football coach-educators have no mastery of training 
principles due to lack of qualifications. Most of the time, they 
subject children to physical effort that does not correspond 
to their stage of development. It is essential to evaluate the 
respiratory parameters of the Congolese children being 
trained, based on a local experiment that integrates the 
various confounding factors mentioned above. The few 
functional respiratory exploration units operational in 
Brazzaville are those of the Euro péan respiratory society1. 
The lack of Congolese data justified the initiative of this 
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preliminary survey, whose main objective is to help 
determine spirometry equations based on certain physical 
parameters in the healthy Brazzaville population of children 
playing football. 

MATERIALS AND METHODS 

Topic 

A centre for training children in football was chosen by the 
non-probabilistic method for this study. The Gothia 
Brazzaville centre is a socio-educational school that receives 
children from different backgrounds, socio-economic and 
ethnic backgrounds. Apart from football, other physical and 
sports activities are practised, including volleyball, 
gymnastics, judo, karate and taekwondo.  This school has a 
high number of children thanks to the favourable conditions 
of access for all. An agreement with ASudh (Action by Relief 
and Human Development), the Swedish non-governmental 
organisation (NGO) responsible for the school, allowed us to 
collect the data.  

In order to participate in the study, child footballers should 
meet the following criteria: be enrolled at the Gothia 
Brazzaville centre, be regularly attending training sessions 
over a period of at least 4 months, be between 13 and 17 
years old and have parental consent. After an interview with 
the centre's administration, children who had not reached 4 
months of training, those under 13 and over 17 years of age 
and those presenting a trauma on the day of the test were 
excluded from the sample. It should be remembered that this 
centre is located in three districts of the city of Brazzaville 
with a staff of 1,350 children aged between 8 and 20 years. 
Ultimately 575 children aged 15 ± 1.58 years were selected 
to participate in the study.  

Methods 

A series of pre-experimental matches allowed the subjects to 
familiarise themselves with the measuring devices during 
the training sessions. Experimental football matches by age 
category were then organised for the measurement of 
respiratory and physical parameters. The test matches were 
played as official matches in two periods between two teams 
of the same age group. The duration of the matches and the 
dimensions of the pitches were fixed by the law of the game 
at 9 and 11. 

However, in the event of injury to a player selected for the 
test, substitute players not included in the sample completed 
the squad to allow for a balance of power between the two 
teams. The test matches took place in the south of the 
Republic of Congo (Brazzaville), during the great rainy 
season at a temperature of 38°C and a relative humidity of 
60%. On the day of the experiment, two hours before the 
match, a meal rich in carbohydrates and proteins was 
provided to the players.  

Anthropometric measurements (height, weight) were taken 
according to the technique recommended by Lohman11. 
Respiratory parameters (FVC, FEV1, FEV1, PEV1) were 
measured using a portable spirometer of the Autospiro PAL 
type (Minato, Japan), in seated subjects. Maximum oxygen 
consumption  V  O max  was obtained using the yoyo IR  
test. All data were collected once by the research team in 
accordance with the protocols of the American Thoracic 
Society, ATS8. The study was approved by the scientific 
committee of Marien Ngouabi University (Congo Brazzaville), 
in accordance with the code of ethics of the International 
Journal of Sports and Medicine. 

Statistical analysis 

Averages are expressed ± SEM. The statistical processing of 
the results was carried out using statistical software (SPSS 
Statistics v 22 IBM corporation, USA). 

The Wilcoxon test was used to compare parameters 
according to age. A two-factor analysis of variance 
(Friedman) (class vs. measures) was used to compare values 
as a function of age. When the Friedman analysis was 
significant, the Wilcoxon test was used for a two-by-two 
comparison. Pearson correlation analysis was used to 
determine the relationships between the study variables. 
The level of significance of the statistical tests was set at p ˂ 
0.05. 

RESULTS 

The values for maximum oxygen consumption  V  O max  
increase considerably with age with extremes of 36.54 l/min, 
55.99 l/min. Observation of the values for distance travelled 
in the yoyoIR1 test according to age shows that children aged 
13-14 have low V  O max values, children aged   -   have 
average V  O max values, on the other hand, children aged    
have good V  O max values  

For the V  O max as a function of peak expiratory flow there 
is a disparity of values across age groups, but there is a high 
representativeness of 15-17 year old children in the class 
with high PEF values (n=240). 

 The classification of V  O max values according to vital 
capacity shows a representativeness of 13-14 year old 
children in the class of low vital capacity values, i.e. 100/140 
subjects. However, children aged 15-17 years are 
representative in the high vital capacity class. As for 
maximum oxygen consumption as a function of maximum 
expiratory volume per second, all children aged 13-17 years 
are represented in the medium FEV1 class (13 years, 50 
subjects), (14 years, 40 subjects), (15 years, 60 subjects), (16 
years, 50 subjects), (17 years, 40 subjects) whereas in the 
high FEV1 class only children aged 16-17 years are strongly 
represented, i.e. (16 years, 95 subjects) and (17 years, 80 
subjects).

 

Table 1: Anthropometric characteristics 

Age 13 ans(n=140)                  14 ans(n=120)              15ans(n=110)              16ans(n=105)         17ans(n=100)                            p 

TD 1,43±0,06 1,56±0,06          1,62±0,08                  1,66±0,07        1,69±0,07          ˂ 0,05 

P 36,3±5,95      47,5±7,7            50,1±7,55                  52,9±7,23          57,7±4,96         ˂ 0,05 

IMC 16,06±1,39     18,87±2,15 18,81±1,48              18,93±1,61     20,21±1,68        ˂ 0,05 

ICO 52,42±2,18 50,78±1,89 51,72±1,59 51,38±2,10         50,57±1,9     ˂ 0,05 

AT 4 ,30±1,33 4,20±1,75         3,66±1,04               3,40±1,25        3,10±1,34 ˂ 0,05 

TD(m): Standing height, P: Weight, BMI (Kg/m2): Body Mass Index, BMI (cm): Body Mass Index, BMI (cm): Cormic Index, BMI 
(cm): Chest Magnification 
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Table 2: Maximum oxygen consumption by age and vital capacity 

 CV1 CV2                             CV3 p 

13 ans    42,06±5,87 (n=55)                       44,81±0, ( n=40 40,34±1,58 (n=45)            ˂ 0,05 

14 ans    38,46±4,69  (n=40)                                  36,54±0,00( n=35)                                                   43,11±6,61(n=45) ˂ 0,05 

15 ans    46,8±8,02(n=40)                      44,7±0,79 ( n=20)                                                    47,94±5,53 (n=50)                            ˂ 0,05 

16 ans   48,62±8,02(n=20) 53,39±4,86    ( n=35)                                                  50,66±6,18(n=50)               ˂ 0,05 

17 ans           - 55,99±2,66 ( n=30)                                                         52,15±4,54 (n=70)            ˂ 0,05    

  CV1: vital capacity class 1, CV2: vital capacity class 2, CV3: vital capacity class 3 

 

Table 3: Maximum oxygen consumption by age and maximum expiratory volume per second 

 FEV1 FEV2 FEV3 p 

13 ans                 42,79±6,33 (n=70)                                           41,19±3,74  ( n=70)                        - ˂ 0,05 

14 ans                  41,14±5,31 (n=20)                                           37,61±3,63 ( n=50)                             43,30±7,61  (n=50)     ˂ 0,05 

15 ans                                    - 48,53±6,27 ( n=70)                                    47,80±6,83  (n=40)                      ˂ 0,05 

16 ans                                 - 50,68±5,27 (n=45)                                 50,65±6,18  (n=60)      ˂ 0,05 

17 ans                                  - 52,22±4,83 ( n=20)                                     52,61±4,58  (n=80)   ˂ 0,05 

FEV1: class 1 of the maximum expiratory volume per second, FEV2: class 2 of the maximum expiratory volume per second, 
FEV3: class 3 of the maximum expiratory volume per second. 

 

Table 4: Maximum oxygen consumption by age and peak expiratory flow rate 

 PEF1 PEF2 PEF3 p 

13 ans       44,28±4,98(n=80)                              37,21±2,84( n=30)                                        39,89±2,21( n=30)                                                        ˂ 0,05                           

14 ans       36,37±5,31(n=60)                                  44,06±9,14 ( n=30)                                            42,75±1,61  (n=30)          ˂ 0,05 

15 ans         47,04±8,52  (n=60)                               45,81±0,78  ( n=30)                                          48,33±5,83 (n=20)                           ˂ 0,05 

16 ans       50,52±5,22  (n=25)                             48,08±1,03( n=10)                                             51,05±6,40 (n=70)                   ˂  0,05 

17 ans      53,37±1,04 (n=10)                              51,67±07  ( n=10)                                               52,53±4,98(n=80)                                         ˂ 0,05    

   PEF 1: peak expiratory flow class 1, PEF 2: peak expiratory flow class 2, PEF 3: peak expiratory flow class 3 

 

DISCUSSION  

The present study on the respiratory function of trained 
Congolese children showed a correlation between 
anthropometric and respiratory parameters on the one hand, 
and between respiratory parameters and maximum oxygen 
consumption during growth on the other. The main results 
show an increase in maximum consumption according to age 
and by class as a function of respiratory parameters (CV, 
FEV1 and PEF). 

However, it is important to note some limitations of this 
work, notably the restriction of the sample of child 
sportsmen and women to the population of Brazzaville and 
the failure to take into account the female gender.    

Very often, when developing a spirometry equation, the 
results are compared with reference values established in 
"normal" or "healthy" subjects. They must have identical 
anthropometric characteristics to the subject of the study 
and belong to the same ethnic group12. However, most of the 
equations, using references, were established in European 
populations with limited age ranges, resulting in significant 
discontinuities in the transition from one age group to 
another13. 

Our results concerning maximum oxygen consumption as a 
function of respiratory parameters in child athletes are in 
line with those of other authors, particularly for children 
over 17 years of age14,15. This observation is probably related 
to the intensity of training. It is justified for all respiratory 
parameters. 

We can also assimilate our results to the study by Nourry16, 
who observed exercise-induced hypoxemia in pre-pubertal 
children. The practice of intensive physical activity in pre-
pubescent children leads to respiratory stress which can 
have repercussions on the child's respiratory system. Taking 
into account the physiological principles of training, training 
at this age should not be based on intensity but rather on 
play.  The child enjoys playing with the ball, which at the 
same time promotes the harmonious development of 
physical abilities during growth. 

Furthermore, the spirometry equations evaluated in this 
study are also related to anthropometric and age parameters. 
This can be explained by several factors such as training, 
socio-economic and environmental factors17. Similarly, 
certain physical parameters such as VO2max also depend on 
respiratory parameters (CV, FEV1, PEV1), age and the level 
of sports practice of the subjects. Our results corroborate 
those of Bacquart et al18, who classified the V  O max values 
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from mediocre to excellent in European trained subjects  A 
high V  O max in an athlete corresponds to    ml min kg, an 
average VO2max for a trained and non-performing athlete 
depending on the sporting discipline is    to    ml min kg 
and a V  O max in a sedentary individual is    ml min kg18. 

In untrained subjects, the diaphragm does not move much 
and the respiratory rate is 18 to 20 cycles/min. In contrast, 
in trained subjects, the diaphragm is lowered further and the 
respiratory rate increases from 6 to 8 cycles/min at rest. The 
trained subject breathes more economically than untrained 
subjects for the same working power, he needs less air 
because he can use a greater proportion of oxygen volume19. 

Our study carried out on pre-pubescent and pubescent 
children showed an increase in spirometry and V  O max 
values according to age and level of sports practice. These 
results corroborate with those obtained by Johnson et al20, 
on male and female adult subjects practising high level sport. 

In this study, we demonstrated that there is a relationship 
between the spirometry equations and maximum oxygen 
consumption in trained children. The classification showed 
that children with a low vital capacity, low peak expiratory 
volume also had a low V  O max and those with a medium 
vital capacity also had a medium V  O max  These results are 
consistent with the hypothesis that cardiorespiratory values 
are a function of age, anthropometric values and level of 
sport participation. 

CONCLUSION 

The main objective of this work was to assess the 
cardiorespiratory profile of young Congolese footballers 
aged 13-17 years in order to strengthen our understanding 
of the influence of training on respiratory function. A close 
relationship was found between the spirometry equations, 
anthropometric parameters and maximum oxygen 
consumption in children playing sports. Moreover, these 
equations are strongly correlated with anthropometric 
characteristics (Cormic Index, thoracic amplification). 
Therefore, not all differences observed can be explained by 
differences in chest dimensions, anthropometric 
characteristics, the possibility of chest dilatation and lung 
extensibility.  
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