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 Abstract 
Background: The purpose of the study was to present components of fitness and body composition 

and to determine the correlation between parameters of biological development in 
a group of schoolchildren. 

Material/Methods: Analysis of somatic features of 12-year-old children, of both sexes, from the Pomera-
nian province in Poland (99 boys and 96 girls) included basic parameters of the respi-
ratory system, body fat, height and body weight. Functional indicators, i.e. compo-
nents of motor abilities, have been tested. 

Results: Boys had significantly better results of endurance and jumping ability, and girls domi-
nated in flexibility and somatic components like height, weight and skinfold thickness 
and additionally in Forced Vital Capacity and Forced Expiratory Volume in One Sec-
ond. In the group of boys the Maximal Mid Expiratory Flow25/75 was significantly corre-
lated with shoulders strength. In the group of girls Forced Expiratory Volume in One 
Second and its relationship to Forced Vital Capacity was correlated with shoulders 
strength. The Peak Expiratory Flow rate was significantly correlated with abdominal 
strength and flexibility. Forced Vital Capacity was correlated with flexibility and Forced 
Expiratory Volume in One Second – with flexibility too. The biggest intensity of corre-
lation was observed in the case of boys skinfold thickness with speed, jumping ability, 
shoulder strength, agility and endurance. The group of girls has weight correlated with 
speed and jumping ability and skinfold thickness correlated with the same parame-
ters. Boys’ endurance of was significantly correlated with weight and skinfold thick-
ness and girls’ endurance additionally with height.  

Conclusions: Significant differences between males and females have been identified with regard 
to body type and fitness. In the group of girls more correlations between parameters 
of the respiratory system and basic components of fitness were observed. However, 
the opposite situation appeared in the case of relationships between the remaining 
somatic indicators (height, weight and skinfold thickness) and general components of 
fitness, where more correlations in the group of boys have been reported. 
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Introduction 
The issue of somatic conditioning of physical fitness has been a topic of numerous 

dissertations in the scope of biomedical studies. Polish authors [1,2] analysed the influence of 
height and body weight on power and speed. Similar problems were investigated by foreign 
authors [3,4,5,6,7]. That regularly practiced physical exercises are beneficial for morphofunctional 
parameters of the organism is a frequently and repeatedly confirmed conclusion.However, an 
opposite phenomenon also seems to be logical. Thus it is possible to recognize the fitness level as 
the outcome of the selected features of body build. Most important are, without any doubt, height 
and body weight as well as thickness of the fatty tissue and ventilation parameters of the 
respiratory system. With reference to the latter the relationship between the somatic and motor 
development and functions of the respiratory system is much less recognized [8,9,10,11]. How-
ever, it is difficult to decide which direction of these relations is stronger because physical activity 
influences a reduction in the fatty tissue and an increase in vital capacity to a similar degree 
[12,13,14,15] as the features of the body composition determining the level of physical fitness and 
becoming a basis in sports selection [16]. 

The primary purpose of this study was to present components of fitness, somatic features and 
ventilation parameters and to determinethe correlation between selected somatic and functional 
components and motor skills in the group of 12-year-old children of both sexes.  

 
Material and methods 

One hundred ninety-five adolescents finishing the 5th grade of primary school were subject to 
the research. Mean age for boys was 12.06; SD = 0.26 years and for girls 12.04; SD = 0.29 years. 
A total of 99 boys from the Pomeranian province attended two schools in the urban area (Gdynia) 
and two in the rural one (Choczewo, Luzino). The same schools were represented by 96 girls. 

Basic anthropometric measurements were applied in the research: body height and weight as 
well as skinfold estimation methods based on Lohmann [17] skinfold measurement, whereby 
a pinch of skin is precisely measured by callipers at two standardized points on the body to 
determine the subcutaneous skinfold thickness (triceps and gastrocnemius in mm). Medical scales, 
type WL-150 with stadiometer, Accu-Measure Fitness 3000 Personal Body Fat Tester were applied 
to measure the development of somatic features. 

Selected parameters of the respiratory system: FVC (Forced Vital Capacity) and FEV1 (Forced 
Expiratory Volume in One Second), the ratio of FEV1 to FVC (the Tiffeneau index), MMEF25/75 
(Maximal Mid Expiratory Flow between 75 and 25% of FVC) and the Peak Expiratory Flow – PEF 
were characterized as per protocol of execution.The multifunctional KoKo Pneumotach Spirometer 
was applied to measure these ventilation parameters. Measurement of physical fitness concerned 
basic motor abilities: speed (50-meter sprint measured correct to 0.1 sec.), jumping ability 
(standing long jump measured correct to 1 cm), shoulders strength (pull-ups), agility (10-meter 
shuttle run measured correct to 0.1 sec.), abdominal strength (30-second sit-up measured correct 
to 0.1 sec.), flexibility (trunk flexion measured correct to 1 cm), tested with the International 
Physical Fitness Test and endurance (measured with the Cooper test correct to 10 m) [18]. All 
results have been converted into points according to the Polish proposal for International Physical 
Fitness Test [19], with exception of the endurance test. 

For statistical analysis (Person correlation coefficient, arithmetic mean standard deviation) the 
Statistica 9 software was applied. For all analyses, significance was accepted at p ≤ 0.05. 
Examinations were carried out in spring of 2008. 

 
Results  

Basic results characterizing the subjects’ fitness, somatic features and ventilation parameters 
are presented in Table 1. 
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Table 1. Elementary indicators of biological development in the groups of boys and girls 

Boys Girls Significance of 
difference Parameter 

x  SD max min x  SD max min t p 

50-meter sprint (points) 44.3 14.3 68 0 45.7 11.4 66 0 -0.70 0.48 
Standing long jump (points) 42.7 10.3 71 1 37.1 14.6 65 0 3.09 0.00 
Pull-up (points) 42.9 12.5 79 0 45.5 7.6 73 0 -1.76 0.08 
10-meter shuttle run (points) 52.9 8.1 67 31 54.8 8.8 77 26 -1.56 0.12 
30-second sit-up (points) 54.9 9.7 95 32 53.1 11.0 98 12 1.17 0.24 
Trunk flexion (points) 45.4 11.5 69 1 50.4 12.4 74 6 -2.89 0.00 
Cooper test (m) 1980 339 2620 1230 1766 268 2240 1200 4.87 0.00 
Height (cm) 151.0 8.4 178 134 157.0 8.1 175 125 -5.03 0.00 
Weight (kg) 43.0 9.9 83 29 50.4 12.7 88 29 -4.54 0.00 
Sum of triceps and gastrocne-
mius skinfold thickness (mm) 29.2 12.3 67 12 34.0 13.6 68 12 -2.57 0.01 

FVC (l) 2.93 0.46 4.30 1.98 3.13 0.57 5.08 2.04 -2.83 0.00 
FEV1 (l) 2.60 0.39 4.06 1.83 2.80 0.49 4.40 1.35 -3.25 0.00 
FEV1/FVC 0.89 0.05 1.04 0.73 0.90 0.06 1.00 0.65 -1.17 0.24 
MMEF25/75 (l) 3.05 0.65 4.88 1.64 3.36 0.76 5.77 1.08 -3.19 0.00 
PEF (l) 4.65 0.98 6.88 2.33 4.86 1.15 7.34 2.38 -1.46 0.14 
Factors that are significantly different (p ≤ 0.05) between the two groups are in bold. 

 
Results of tests of speed, jumping ability, shoulders strength, agility, abdominal strength, 

flexibility and endurance showed the advantage of boys in standing long jump and the Cooper test 
(p ≤ 0.05) and a high level of girls’ trunk flexion (p ≤ 0.05). Elementary developmental parameters 
(height, weight and skinfold thickness) of girls are higher (p≤0.05). Another group of parameters in 
biological development that was measured were breathing indicators of lungs. The spirometric test 
indicated essential differences with dominance of girls (p ≤ 0.05). Lack of difference in the 
Tiffeneau index and in PEF between both sexes is an exception. 

The analysis of correlation between individual parameters of motor development and 
respiratory indicators did not show many essential relationships (Table 2). The links refer to 
MMEF25/75 with reference to shoulders strength. In this case correlation has a positive value. 

 
Table 2. The correlation coefficient between parameters of motor development and selected respiratory indi-
cators in the group of boys 

Feature Speed Jumping 
ability 

Shoulder 
strength Agility Abdominal 

strength Flexibility Endur-
ance 

FVC -0.05 0.07 0.08 0.08 0.01 0.12 0.02 
FEV1 -0.01 0.07 0.17 0.06 0.11 0.11 0.05 
FEV1/FVC 0.06 0.00 0.12 -0.03 0.14 -0.01 0.04 
MMEF25/75 0.12 0.15 0.21 0.06 0.19 -0.04 0.07 
PEF 0.13 0.19 0.19 0.10 0.14 0.18 0.08 

Values in bold are significant at 5% level 

Considerably more relationships were discovered while examining other, besides the 
respiratory system, elements of body build (Table 3). Body height was negatively correlated with 
speed, shoulders strength and abdominal strength. More correlations were revealed with reference 
to body weight negatively correlated with speed, jumping ability, shoulders strength, abdominal 
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strength and with endurance. However, the skinfold thickness is linked with speed, jumping ability, 
shoulders strength, agility and also with endurance. In all cases correlations were negatively 
correlated as well. 

 
Table 3. The correlation coefficient between parameters of motor development and selected somatic 
features in the group of boys  

Feature Speed Jumping 
ability 

Shoulder 
strength Agility Abdominal 

strength Flexibility Endur-
ance 

Height 0.86 -0.12 -0.27 -0.04 -0.25 -0.45 -0.08 
Weight -0.22 -0.32 -0.38 -0.11 -0.22 0.00 -0.45 
Skinfol 
thickness -0.40 -0.40 -0.42 -0.21 -0.20 -0.13 -0.53 

Values in bold are significant at 5% level 

In the group of girls different correlations were observed: more links between respiratory 
parameters and motor features, and a smaller number in the scope of the remaining morphological 
features referring to motor elements (Table 4). All correlations of motor features with respiratory 
indicators are positive. The FVC indicator is correlated with flexibility similarly to the FEV1 indicator 
which, additionally, is correlated with shoulders strength. Apart from that, shoulders strength is also 
correlated with the Tiffeneau index. PEF indicator is correlated with abdominal strength and 
suppleness. 

 
Table 4. The correlation coefficient between parameters of motor developmentand selected respiratory indi-
cators in the group of girls 

Feature Speed Jumping 
ability 

Shoulder 
strength Agility Abdominal 

strength Flexibility Endur-
ance 

FVC 0.16 -0.07 0.14 0.07 0.13 0.21 -0.02 
FEV1 0.14 -0.03 0.23 0.05 0.20 0.21 0.00 
FEV1/FVC -0.04 0.07 0.24 -0.04 0.12 0.02 0.02 
MMEF25/75 0.00 0.02 0.15 -0.04 0.14 0.13 -0.07 
PEF 0.18 0.17 0.15 -0.05 0.22 0.26 -0.09 

Values in bold are significant at 5% level 

Correlations of motor indicators with the remaining somatic features taken into consideration in 
the research refer only to speed and jumping abilities, which are significantly connected with 
weight and skinfold thickness (Table 5). 

 
Table 5. The correlation coefficient between parameters of motor development and selected somatic 
features in the group of girls  

Feature Speed Jumping 
ability 

Shoulder 
strength Agility Abdominal 

strength Flexibility Endur-
ance 

Height -0.07 0.00 -0.12 -0.10 -0.05 0.10 -0.21 
Weight  -0.25 -0.21 -0.17 -0.05 -0.07 0.17 -0.29 
Skinfold 
thickness -0.34 -0.38 -0.17 -0.20 -0.01 0.12 -0.40 

Values in bold are significant at 5% level 

The last column of Tables 2–5 referred to endurance measured by the Cooper test and its con-
nections with the body build. In this case negative correlation of weight and skinfold with enduran-
ce was found in boys. In girls, however, apart from these two parameters, also body height is ne-
gatively correlated with physical capacity.  
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Discussion 
Sex differences in the height, weight and skinfold thickness showed higher values in girls, simi-

larly as in Ambroży’s [20] report for youths in this same age. Hormones produced by gonads stimu-
lated gender differences in morphological development. In girls they are activated several months 
earlier than in boys. Age for female subjects allows observing these processes, specially faster 
bone in-growth and body mass, related with fat deposition. Characteristic among boys hormonally 
controlled development of skeleton and muscles has not been observed yet. The results seem to 
support Szopa’s [21] and Żak’s [22] analysis of obesity status among 12-year-old adolescents. 
Mean height (150 cm for boys and 157 cm for girls) and weight (43 kg for boys and 50 kg for girls) 
are similar to Rożek’s [23] results: 150 cm for boys and 157 cm for girls, 43 kg for boys and 50 kg 
for girls.  

Considering research on the relation between maximum ventilation of lungs and fitness [24,25], 
one should expect the existence of these relationships. The analysis of the material confirms gen-
erally known regularities that body composition (weight, fatty tissue) considerably influences the 
results of fitness tests [3,4,5]. Successes of competitors in endurance events (Cooper test), ho-
wever, do not solely depend on a high value of oxygen limit and maximum ventilation. The authors’ 
own research findings led to the same conclusion. 

Forced vital capacity (2.93 l for boys and 3.13 l for girls) was slightly higher compared with Ro-
żek’s data [23] – 2.70 l for boys and girls. The FEV1/FVC ratio, also called the Tiffeneau index, 
was 89% for boys and 90% for girls confirming earlier values by Rożek [23] – 85% for boys and 
87% for girls, Lis [26] – 85%, Kemper et al. [27] and Klimek et al. [28] – 88%. 

Selected and analysed parameters of the respiratory system are only partially correlated with 
chosen components of physical fitness. However, there is no correlation of these parameters with 
endurance both in boys and in girls. Although the Cooper test is an indirect method determining the 
peak oxygen uptake, close correlation of ventilation of lungs with VO2max was not found in the re-
search group. Since reports on connections between parameters of the respiratory system and 
physical fitness have not been explicitly explained so far, and they most often concerned training 
persons [12], it was hard to expect detecting such connections in a research group of young peo-
ple, when the majority of them do not have any contact with physical activity in the training cycle. 
Shephard and Lavallée [9] considered a regular physical education curriculum (five hours of addi-
tional physical education per week) can enhance lung volumes in a group of 12-year-old adoles-
cents. But Rożek’s [23] analysis showed no correlation between selected lung parameters and 
jumping ability and shoulder strength. 

Connections between individual motor abilities as well as physical capacity itself and the rema-
ining somatic features are definitely closer, which with respect to physical capacity concerns both 
sexes, and in the case of physical fitness particularly refers to the male group. Thus these results 
confirm earlier information about essential links between body build and its fitness. Although many 
works claim weak correlation between the BMI level and such measures of positive health as 
physical capacity and motor skill, one should assume that relationships between fat deposition and 
physical fitness in the majority of cases are significant and are negatively correlated [29,30]. 

 
Conclusions  

Collected research findings led to some final conclusions.  
1. Biological and motor measurements did not indicate essential differences of fitness compo-

nents measured in points in thecase of speed, shoulders strength, agility and abdominal 
strength. Advantage of girls’ flexibility and boys’ jumping ability and endurance are observed. 
Girls’ biological dominance is seen and this includes in particular skinfold thickness, but height 
and weight too. 

2. In the matter of ventilation parameters no relations with physical capacity in both sexes was 
proved, probably because the tested group of subjects was examined with respect to PE 
classes and the majority of them did not have any contact with systematic training. It seems 
that in the case of young persons realizing physical activity only within compulsory school clas-
ses, the respiratory system and its parameters are a less important feature shaping physical 
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capacity than e.g. body height and particularly body weight and often strongly connected with 
body weight thickness of fatty tissue. With reference to motor abilities connected with overall 
efficiency, few correlations with selected parameters of the respiratory system were found, yet 
more numerous amongst girls.  

3. While numerous connections were determined with height, body weight and thickness of fatty 
tissue with reference to the same motor abilities in boys, lack of any correlations with these 
somatic features was noted only in suppleness. Amongst girls only speed and jumping ability 
were correlated with body weight and skinfold thickness. Although numerous reports show that 
physical capacity is an important determinant of physical fitness, respiratory parameters in 
a view of other features of the body build are more closely correlated with fitness components 
than with physical capacity.  
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