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Streszczenie
Fizjologia wysiłku izycznego bazuje na diagnozowaniu, jak aktywnoś ć izyczna, wysiłek czy sport oddziałują na proporcje oraz czynnoś ć
ludzkiego organizmu. Program treningowy lub wysiłek przydzielony okreś lonej grupie na przykład chłopcom trenującym piłkę ręczną
podczas nauki w gimnazjum, moż e polegać na poprawie zdrowia i funkcjonowania organizmu oraz zwiększeniu sprawnoś ci sportowej.
Celem pracy była ocena zró żnicowania poziomu otłuszczenia osó b trenujących piłkę ręczną, w zależ noś ci od poziomu ich wytrenowania,
sprawnoś ci izycznej i wieku.
Badaniem została objęta grupa 83 chłopcó w I, II i III klasy gimnazjum. W badaniu posłuż ono się Międzynarodowym Testem Sprawnoś ci
Fizycznej. Niezbędne okazało się ró wnież uzyskanie pomiaró w ciała, koniecznych do obliczenia wskaź nikó w takich jak: Body Mass Index
(BMI), Wskaź nik Smukłoś ci (WS), Wskaź nik Rohrera (WR) oraz Waist Hip Ratio (WHR – Wskaź nik Dystrybucji Tłuszczu). Do oceny
otłuszczenia ciała badanych ucznió w wykorzystano pomiary fałdó w skó rno‑tłuszczowych.
Najlepsze wyniki wartoś ci wskaź nika BMI wykazali uczniowie klasy III – 85,71% badanych wykazało się prawidłową masą ciała.
W przypadku pomiaru obwodu pasa wś ró d najstarszych ucznió w odchylenie standardowe jest najniż sze, co stwierdza o mniejszej
ró żnorodnoś ci wynikó w chłopcó w klas I i II. Przy pomiarach fałd skó rno‑tłuszczowych zauważ ono, iż wraz z wiekiem uzyskane pomiary
mają tendencję wzrostową. Międzynarodowy Test Sprawnoś ci Fizycznej ukazał, ż e najstarsi chłopcy uzyskali ogó lny wynik lepszy od
młodszych kolegó w.
Wszyscy badani wykazali się poziomem sprawnoś ci wyż szym od przeciętnego. Poziom sprawnoś ci izycznej wzrasta wraz z wiekiem.
Jednakż e w celu otrzymania bardziej autorytatywnych wynikó w badań , należ y przebadać większą liczbę osó b.
Słowa kluczowe:
poziom otłuszczenia, piłka ręczna, ginazjum, sprawnoś ć izyczna
Abstract
The physiology of physical effort is based on diagnosing how physical activity, effort or sports affect the proportions or activity of a human
body. A training programme or effort of the given group, e.g. boys training handball while studying in a lower secondary school, may consist
in improving the health and functioning of a body and increasing the level of sports itness.
The objective of the study was to assess the level of body fat of people training handball, depending on their level of training, physical itness
and age.
The study covered a group of 83 boys studying in the 1st, 2nd and 3rd grades of lower secondary school. The study applied the International
Physical Fitness Test. It was also necessary to take body measurements necessary for calculating such indices as: Body Mass Index (BMI),
Slenderness Index (SI), Rohrer’s Index (RI) and the Waist Hip Ratio (WHR). The assessment of body fat of the students was based on the
measurements of skinfolds.
The best results in terms of BMI were demonstrated by 3rd grade students – 85.71% had correct body weight. In the measurement of waist
size of the eldest students, the standard deviation was lowest, which demonstrates lower diversity of results among the boys from the 1st
and 2nd grade. When measuring the skin folds, it was noted that the results were higher over age. The International Physical Fitness Test
demonstrated that the eldest boys had better general results than the younger ones.
All the tested boys demonstrated a higher than average level of itness. The level of physical itness improves with age. However, for the
purpose of obtaining more authoritative research results, more people should be tested.
Key words:
body fat, handball, junior secondary school, physical itness
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Introduction
“Physical fitness” affects human body in many ways, by
shaping the motoric, somatic properties as well as the
functions of internal organs which are manifested in the
character of increased capacity of the respiratory, excretion,
circulatory or thermoregulatory systems. It supports
physical development, physical fitness and capacity,
improves body endurance, shapes the motor skills useful
both in sports and in everyday life [1].
The physiology of physical effort is based on diagnosing
how physical activity, effort or sports affect the proportions
or activity of a human body. What is assessed is what kind
of movement leaves marks on body systems and cells. It
may be used to test the unequivocal impact of movement
on the longterm effects of systematic physical activity.
A training programme or effort of the given group, e.g.
boys training handball while studying in a lower secondary
school, may consist in improving the health and
functioning of a body and increasing the level of sports
fitness [1].
Physical fitness is not only dependent on the
musculoskeletal system, but on the condition of the whole
body [2].
The elements of playing handball are shaped in childhood,
because while playing, children develop running, jumping,
throwing and holding. These skills, acquired in early
childhood, are the components of that discipline. Handball
is available for all age categories. The flexibility of the
court, the number of players and even the rules of the
game, provide no obstacles if someone wants to polish
one's skills from early years. Therefore, it is obvious that
handball has educational, health and sports advantages, and
constitutes a permanent element of the physical education
system [3, 4].
Regular exercise leads to improved motor skills. It provides
the people who train with freedom of movement, and, as
a result, better use of muscle strength, which allows to
perform certain activities, but also reduces the propensity
to injuries or afflictions of the skeletonmuscular system [5,
6, 7]. Although in many Polish teams the health of handball
players is put aside [8].
The specification of body composition and of the
relationship between body fat content and health and the
resulting sports achievements, is present not only in
physical sports studies, but also in sports studies. Body
composition expressed as a percentage of bones, muscles,
fat and other tissues [5, 9]
The people who do sports on a regular basis are expected to
have minimum fat: men 1015%; women 1520%, and
more muscle (the standard value for an average man is 10
20%, for and average woman  2030%). In their cases,
obesity is prohibited, as it would result in serious
consequences [10, 11].
The largest deposits of fat tissue can be found under the
skin, which may help in calculating total body fat. Taking
into account the lack of stability of distribution of those
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reserves under the skin, the measurements must be made
with caution. Therefore, multiple formulas have been
developed for calculating the body fat percentage. The
most popular methods include:
• measurement of skinfolds,
• measurement of body circumferences,
• measurement of Body Mass Index,
• others.
Measurement of skinfolds is a recommended and rational
method of measuring fat tissue. That tissue is distributed
all over the body. Some of it surrounds muscles and
organs, and some is present under the skin (skinfolds).
A double skinfold is calculated with a caliper which
measures the given skin area with fixed pressure. One of the
presumptions on which that measurement is based is the
fact that there was demonstrated a correlation between the
amount of fat under the skin and the rest of lipid reserves,
even though it changes with age. That measurement is made
in different places of the body and depends on gender:
• in men:
◦ mammary fold – the measurement is made by marking the
spots above and to the right of a nipple (half of the nipple
length laterally), diagonally, based on the free flow of skin;
◦ abdominal fold – the measurement is made vertically or
horizontally, by marking on the right side of the navel
(2.5 cm);
◦ triceps fold – the measurement is made on the back of
the right arm, by making a mark in the middle between the
top of the elbow and the top of the shoulder;
◦ thigh fold – the measurement is made vertically on the front side of
the thigh, by making a mark halfway between the knee and the hip;
◦ ankle fold – the measurement is made vertically on the
internal side of the ankle, at the eight of its largest
circumference, when a leg is resting on a support so that
the knee is situated at an angle of 90 degrees.
• in women:
◦ fold of the iliac crest – the measurement is made by
making a diagonal mark on the frontal part of the iliac
crest along the free flow of skin?;
◦ abdominal fold – like in men;
◦ triceps fold – like in men;
◦ thigh fold – like in men;
◦ ankle fold – like in men.
The measurement of skinfolds in the same places in
training players will allow to compare these values with
the standards of each examined person [5, 12, 13].
Body circumferences are also helpful in measuring fat tis‐
sue. In this case, the following were used, among others:
height, body mass, waist circumference, hip circumference,
thigh circumference. However, they are not as reliable as the
method using a caliper. The disadvantage of that method is
the incorrect classification of the people with significant
muscle mass. Its advantage is that it is easy to perform wi‐
thout expensive equipment. Additionally, it work for obse‐
rvation of changes taking place in human body [5].
What is also useful is such information as body weight or
height, necessary for calculating the Body Mass Index
(BMI), without using specialist equipment, relatively
easily, without asking about the sex or age of the examined
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person. It is calculated as the body mass expressed in
kilograms divided by height squared in metres. With the
result, you may easily see whether the examined person is
overweight (25 – 29.9) or obese (over 30). That manner
does not demonstrate the percentage fat content, but it may
be used for determining body fat. When assessing the
composition of bodies of sportspeople and obese persons,
we must take into account the fact that short height and
significant muscle mass may inflate the results like in the
case of obesity, measured on the basis of fat [5, 14, 15].
Objective
The objective of the study was to assess the level of body
fat of people training handball, depending on their level of
training, physical fitness and age.
Materials and Research Methodology
Research Problems and Hypotheses
The following research problem was determined on the
basis of the study objective: Does the physical fitness of
the tested persons affect the level of their fat tissue?
For the purpose of obtaining reliable research results, there
was assessed the level of physical fitness, because it
determines the individual predispositions of the tested
persons, closely correlated to their physical activity.
The following detailed problems were specified:
1. How does the duration of the training affect the WHR?
2. Does Rohrer’s Index affect physical fitness?
3. What is the relationship between the bar hang and the
triceps fold?
4. Is there a relationship between the long jump result and
the thigh fold?
5. How does the abdominal fold affect the situp results?
6. Does the WHR affect endurance?
The main adopted hypothesis is that physical fitness affects
the level of fat tissue.
The detailed hypotheses are as follows:
1. The impact of the duration of the training on the WHR is
significant.
2. Rohrer’s Index affects physical fitness.
3. There is a relationship between the bar hang and the
triceps fold.
4. There is a relationship between the long jump result and
the thigh fold.
5. The impact of the abdominal fold on the situp is
significant.
6. The WHR affects endurance.
Subject of Research
The research was conducted in September 2015, in three
lower secondary school class. The first class with extended
curriculum in handball has 32 boys, the second class – 30
boys and 1 girl, and the third class – 28 boys.
The examined persons were informed of the anonymity of
the research conducted and on its use for scientific
purposes. After obtaining the consents, we started by
testing the morphological and functional predispositions in
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a sports hall in school, providing proper conditions and
atmosphere.
The study was performed by two persons – the tester and the
tested, it required direct contact for the purpose of obtaining
credible results of the tests conducted and measurements
made.
The following were measured for each student: body height,
body mass, waist circumference, hip circumference,
skinfolds, and there were ordered the tests of: suppleness,
endurance, strength, explosive strength and hand strength.
After the tests, the measurements were used for calculating
the BMI, slenderness index, Rohrer’s index as well as
WHR.
Research Methods, Techniques and Tools
For achieving the intended objective, there were applied
certain research methods, techniques and tools to allow to
obtain objective research results.
The research applied measurement and observation
techniques as well as some of the tests from the International
Physical Fitness Test (IPFT):
1. Body height – measurement made with a measuring rod
while standing barefoot, in the school nurse’s office.
2. Body weight – measurement made with medical scales in
a sports suit barefoot, in the school nurse’s office.
3. Skinfold thickness – measurement made with a caliper in
specific places, depending on the sex.
4. Quetelet II Index, i.e. BMI – to specify whether someone
is underweight, overweight or obese.
The following formula was used:
• BMI = body mass (in kilograms) / body height² (in metres)
5. Slenderness index – to determine the level of slenderness
of a body.
The following formula was used:
• SI = Body height (in centimetres) / ³√body weight (in
kilograms)
6. Rohrer’s Index – to specify the type of physique.
The following formula was used:
• RI = body mass (in grams) / body height³ (in centimetres) x
100
7. WHR  specifies fat distribution, assesses the level of
abdominal obesity and the risk of coronary diseases (the
higher the ratio, the higher the risk).
The following formula was used:
• WHR = waist circumference / hip circumference
The level of physical fitness was assessed in a sports hall on
the basis of 6 IPFT tests, over the course of 2 days.
1. Standing long jump – (leg) strength test.
2. Endurance run – endurance test (1000 m – distance
selected for the age of the tested persons).
3. Dynamometric measurement of hand strength.
4. Bar hang – test of hands and shoulder strength.
5. Situps – test of abdominal muscle strength.
6. Forward bend – suppleness.
The following statistical parameters were used for examining
the collected materials:
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Arithmetic mean

where:
Xi – respective elements
n – number of elements
Median

where:
n – number of elements
Standard deviation

where:
Xi – respective elements
x – arithmetic mean
n – number of elements
For the purpose of determining the relationships between the
tested properties, the chisquare independence test was
applied (Chi2).

where:
f – measured (empirical) value
F – theoretical (expected) value resulting from the
hypothesis, equal to the measured value,
N – number of measurements.
It was assumed the statistical significance was p≤0.05.
The degrees of freedom were calculated based on the
following formula:

where:
df – number of degrees of freedom
r,p – number of categories for the first and second variables

www.fizjoterapiapolska.pl

89

nr 4/2017 (17)

Pearson’s index
(rc) was used for determining the
relationship between the variables:

where:
n – number of persons tested
χ2 – Chi2
Table 1. Range of variability rc
Strength of the relationship

Range of variability rc

none
very low
low
average
high
very high
almost full
full

rc=0
0 < rc<0,1
0,1 ≤ rc<0,3
0,3 ≤ rc <0,5
0,5 ≤ rc<0,7
0,7 ≤ rc <0,9
0,9 ≤ rc <1,0
rc=1,0

Results
The students were asked how long they were training. They
could answer from 1 to 6 years.
Table 2. Training experience
Grade

1 year
n

I

5

II
III
Total

0
0
5

%

n

6.02
0
0
6.02

3
0
0
3

2 years
%

3.61
0
0
3.61

Training experience
3 years
4 years
n
n
%
%

7
8
1
16

8.43
9.64
1.20
19.28

12
4
1
17

14.46
4.82
1.20
20.48

n

5 years
%

1
10
11
22

1.20
12.05
13.25
26.51

n

6 years
%

0
5
15
20

0
6.02
18.07
24.10

Fig. 1. Training experience
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Most students have been training for 5 years – 11 (13.25%) third
graders, 10 (12.05%) secondgrader and 1 (1.20%) firstgrader,
and at least 2 years – 3 (3.61%) firstgraders. The most numerous
group of firstgraders (12 people) have been training for 4 years.
Most secondgraders (10 people) have been training for 5 years,
and most thirdgraders (15 people) – for 6 years. The WHR re‐
sults were between 0.78 and 0.96. The average results were 0.88
and 0.87. The median was as follows: 0.885; 0.86; 0.88. The
standard deviation was, respectively: 0.047; 0.041; 0.025.
Table 3. WHR
Grade

minimum value

I
II
III

0.78
0.8
0.83

maximum value

WHR
average

median

standard deviation

0.96
0.96
0.93

0.88
0.87
0.88

0.885
0.86
0.88

0.047
0.041
0.025

Fig. 2. WHR
The gynoid type was demonstrated by 68.68% of the boys
tested, while increased risk ratio – by 31.32%.
How does the duration of the training affect the WHR?

Table 4. The impact of the duration of training on the WHR
Grade

Duration
Training duration

Gynoid type

Increased risk ratio

Total

1
2
3
4
5
3
4
5
6
3
4
5
6
Razem / Total

4
1
5
7
0
7
2
6
4
1
1
9
10
57

1
2
2
5
1
1
2
4
1
0
0
2
5
26

5
3
7
12
1
8
4
10
5
1
1
11
15
83

I

II

III
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χ2 = 9,291411
df = 12
p = 0.678
statistically irrelevant
rc = 0.3172
average strength of the relationship

Fig. 3. The impact of the duration of training on the WHR
The Rohrer’s Index results were between 0.91 and 1.49. The
average results rose from 1.16 to 1.26. The median was as
follows: 1.20ł 1.16ł 1.26. The standard deviation was,
respectively: 0.123; 0.124; 0.116.
Table 5. Rohrer’s Index
WHR

Grade
minimum value

I
II
III

0.91
0.96
0.94

maximum value

average

median

standard deviation

1.48
1.49
1.48

1.20
1.16
1.26

1.20
1.16
1.24

0.123
0.124
0.116

Fig. 4. Rohrer’s Index
24.10% of the students demonstrated leptosomic type,
61.45%  athletic type and 14.45%  pyknic type.
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General results of the International Physical Fitness Test
It was assumed that the average results of all the tests are
350 points (50 points – average result of a single test). The
results of all the students were above average. The general
results of the International Physical Fitness Test was
between 317 and 426 points. The average result was between
366.50 and 381.64. The median was as follows: 362; 371;
384. The standard deviation was, respectively: 35.039;
39.271; 15.991.
Table 6. General results of the IPFT
Grade

minimum value

I
II
III

327
317
355

General results of the IPFT
average
maximum value

407
423
426

366.50
366.89
381.64

median

standard deviation

362
371
384

35.039
39.271
15.991

Fig. 5. IPFT points

6 firstgraders and 7 secondgraders achieved the level of
physical fitness above average. One firstgrader achieved an
average test result. All the thirdgraders achieved the level of
physical fitness above average. The first grade is
characterized by the lowest maximum test value, average
and median. In turn, the second grade is characterized by the
lowest minimum test value and the largest standard
deviation. The thirdgraders achieved the highest minimum
value, maximum value, average and median. Their standard
deviation is lowest.
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Does the WHR affect physical fitness?
Table 7. Impact of Rohrer’s Index on physical fitness
Grade

I

II
III

Physical fitness
Fitness level

Leptosomic type

Rohrer’s Index
Athletic type

Pyknic type

Total

2

7
2
8
1
20

3
1
12
5
11
19
51

1

2

1
8
12

6
1
21
7
20
28
83

below average
average
above average
below average
above average
below average
Total

χ2 = 15,7444
df = 10
p = 0,107
statistically irrelevant
rc = 0.3993
average strength of the relationship

Fig. 6. Impact of Rohrer’s Index on physical fitness
The results of the bar hang were between 35 s and 176 s. The
average result was between 87.57 s and 98 s. The median was
as follows: 84 s; 98 s; 94.5 s. The standard deviation was, re‐
spectively: 30.282 s; 34.272 s; 24.179 s.
Tab. 8. Czas zwisu na drążku
Table 8. Bar hang time
Bar hang (in seconds)

Grade
minimum value

I
II
III

94

327
317
355

maximum value

average

median

standard deviation

407
423
426

366.50
366.89
381.64

362
371
384

35.039
39.271
15.991
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Fig. 79. 1st, 2nd, 3rd grade. Tests of hand and arm strength
– points
The whole first grade achieved the maximum number of po‐
ints in the bar hang. Their results are characterized by the lo‐
west maximum value, average and median.
The second grade also achieved the maximum test results. The
boys from that grade achieved the lowest minimum value and
the highest maximum value, average and median.
The results of the 3rd graders are characterized by the highest
minimum value and the lowest standard deviation.
The results of measurements of the triceps fold were between
6 and 29. The average results in the 1st, 2nd and 3rd grade
were as follows: 14.55; 13.19; 13.21. The median was, respec‐
tively: 14; 11.5; 12.25. Standard deviation demonstrated a ri‐
sing tendency from 4.23 to 5.84.
Table 9. Measurement of the triceps fold
Triceps fold
Grade

minimum value

I
II
III

www.fizjoterapiapolska.pl

327
317
355

maximum value

average

median

standard deviation

407
423
426

366.50
366.89
381.64

362
371
384

35.039
39.271
15.991
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Fig. 1012. 1st, 2nd, 3rd grade triceps fold

The average result in the first grade was 14.55, and 11 boys
achieved a higher value. The measurements equal to the
minimum value, maximum value and median, were
demonstrated by 3 persons, one for each value.
Only 9 persons achieved a result above average. The results
for 5 persons were between 9.510.5. Standard deviation was
5.84.
Standard deviation was lowest among 3rd graders. The result
of 12 people was higher than average.
What is the relationship between the bar hang and the triceps fold?
Table 10. The relationship between the bar hang and the triceps fold
Bar hang
Fitness level

below average

above average
above average
above average
Total

17
18
16
51

Triceps fold
bove average

total

Grade

I
II
III

11
9
12
32

28
27
28
83

χ2 = 0,53582
df = 2
p = 0,765
statistically irrelevant
rc = 0.08009
very low strength of the relationshp

Fig. 13. The relationship between the bar
hang and the triceps fold
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The results of the standing long jump were between 146 and
225. The average result was between 179.25 cm and
196.18 cm. The median was as follows: 181.5; 199; 194.5.
The standard deviation was, respectively: 18.356; 14,321;
15,459.

Table 11. Long jump distance
Long jump distance (in cm)

Grade
minimum value

I
II
III

146
155
168

maximum value

average

median

standard deviation

208
224
225

179.25
196.07
196.18

181.5
199
194.5

18.356
14.321
15.459

Fig. 1416. 1st, 2nd, 3rd grade. Strength test (standing long
jump) – points

2 students achieved 50 points. 13 boys achieved the results
below average and 13 – above average. The students of that
grade demonstrated the lowest average and median and the
highest standard deviation.
In that grade, only 6 achieved the result below average. The
students from that group had the lowest median and the
lowest standard deviation.
In the 3rd grade, only 6 persons achieved the result above
average, even though they had the highest results of the
minimum and maximum value.
The results of measurements of the thigh fold were between
7.5 and 36.5. The average results were as follows: 19.02;
16.07; 16.43. The median was 18.5 and 14. The standard
deviation was between 6.22 and 7.47.
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Table 12. Thigh fold measurement
Thigh fold
Grade

I
II
III

minimum value

maximum value

average

median

standard deviation

34
33
36.5

19.02
16.07
16.43

18.5
14
14

6.33
6.22
7.47

11
8.5
7.5

Fig. 1719. 1st, 2nd, 3rd grade. Thigh fold
The average measurement value was 19.02. The results of 15
persons were lower than average. The result of one boy was
equal to the minimum value, and another one – to the maximum
value. The results of 2 people were equal to the median.
The results of the 2nd graders are lower in comparison with the
two other grades. Their standard deviation is lowest. Only 9
persons achieved a result above average.
The results of the 3rd grade are most diverse, as illustrated in
the chart above. This is also confirmed by the value of the stan‐
dard deviation which is higher than in the other two grades.
Is there a relationship between the long jump result and the thigh fold?
Table 13. Relationship between the long jump result and the thigh fold
Skok w dal / Long jump
Fitness level

below average

Thigh fold
above average

total

Grade

I
II
III

98

below average
above average
below average
above average
below average
above average
Total

9
3
9
4
8
10
43

6
10
4
10
7
3
40

15
13
13
14
15
13
83
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χ2 = 12,6077
df = 5
p = 0,027
statistically relevant
rc = 0.36314
average strength of the relationship

Fig. 20. Relationship between the long jump result
and the thigh fold
The results of measurements of the abdominal fold were
between 6 and 34. The average results were as follows:
18.59; 16.06; 19.21. The median amounted to, respectively:
18.75; 14; 20. The standard deviation was 7.18; 6.61; 7.005.
Table 14. Abdominal fold measurement
Abdominal fold
Grade

minimum value

I
II
III

7
6
8.5

maximum value

average

median

standard deviation

33.5
28
34

18.59
16.06
19.21

18.75
14
20

7.18
6.61
7.005

Fig. 2123. 1st, 2nd, 3rd grade. Abdominal fold
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In the 1st grade, the average measurement of the abdominal
fold was 18.59. The results of half of the students were higher
than average. The results of the students of that grade are cha‐
racterized by the highest standard deviation.The measurements
of 15 secondgraders were lower than average. The measure‐
ments equal to the minimum value, maximum value and me‐
dian, were demonstrated by 3 persons, one for each value.
The results of 3 people were equal to the median. The result
of one boy was equal to the minimum value, and another one
– to the maximum value. The measurements of 15 boys were
higher than average.
The situp results were between 23 and 36 repetitions. The
average results rose from 26.75 to 29.18. The median was 26
and 29 repetitions. The standard deviation was, respectively:
2.188; 2.778; 2.525.
Table 15. Abdominal muscle strength test results.
Grade

I
II
III

Liczba poprawnie wykonanych powtórzeń / Number of correct repetitions
minimum value

maximum value

average

median

23
23
23

31
33
36

26.75
28.22
29.18

26
29
29

standard deviation

2.188
2.778
2.525

Fig. 2426. 1st, 2nd, 3rd grade. Abdominal muscle strength
test (situps) – points
6 boys achieved the results below average. The 1st grade de‐
monstrated the lowest maximum value, average, median and
standard deviation.
5 boys achieved the results below average. The results of the
2nd graders are characterized by the highest standard devia‐
tion. The results of 7 persons were equal to the median.
The result of only one 3rd grader was below average. The third gra‐
de is characterized by the highest maximum value and average.
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How does the abdominal fold affect the situp results?
Table 16. The impact of the abdominal fold on the situp results
Situps

Abdominal fold
below average
above average

Result

Grade

I

below average
above average
below average
above average
below average
above average
Total

II
III

9
5
7
8
6
7
42

6
8
6
6
10
5
41

total

15
13
13
14
16
12
83

χ2 = 2,97666
df = 5
p = 0,704
statistically irrelevant
rc = 0.18607
low strength of the relationship.

Fig. 27. The impact of the abdominal fold on the situp results
The WHR results were between 0.78 and 0.96. The average
results were 0.88 and 0.87. The median was as follows:
0.885; 0.86; 0.88. The standard deviation was, respectively:
0.047; 0.041; 0.025.
Tab. 17. Wskaźnik WHR
Table 17. WHR
Grade

minimum value

maximum value

WHR
average

median

0.78
0.8
0.83

0.96
0.96
0.93

0.88
0.87
0.88

0.885
0.86
0.88

I
II
III
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Fig. 28. WHR
The gynoid type was demonstrated by 68.68% of the boys
tested, while increased risk ratio – by 31.32%.
The results of the endurance run were between 189 s and
275 s. The average result was between 223.29 s and
232.32 s. The median was as follows: 231, 229, 222. The
standard deviation was, respectively: 12.266; 17.158;
17.209.
Table 18. Test duration
Time to cover the distance (in seconds)
Grade

I
II
III

minimum value

7
6
8.5

maximum value

average

median

standard deviation

33.5
28
34

18.59
16.06
19.21

18.75
14
20

7.18
6.61
7.005

Fig. 2931. 1st, 2nd, 3rd grade. Endurance test – points
The results of all the students were above average. The first
grade is characterized by the lowest standard deviation and
the highest median.
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In that grade, only 4 students achieved the result below
average. The boys achieved the highest maximum value of
the test. 2 students achieved the result equal to the median,
and 12  above average.
Like in the 2nd grade, in that grade, only 4 students achieved
the result below average. That grade is characterized by the
highest standard deviation and the lowest minimum value.
Table 19. The impact of WHR on endurance
WHR
Grade

I
II
III

Result

gynoid type
increased risk ratio
gynoid type
increased risk ratio
gynoid type
increased risk ratio
Total

below average

9
6
10
5
11
3
44

Endurance run
above average

8
5
9
3
10
4
39

total

17
11
19
8
21
7
83

χ2 = 0,59379
df = 5
p = 0,988
statistically irrelevant
rc = 0.08428
low strength of the relationship.

Pic. 32. The impact of WHR on endurance
The above results made it necessary to compare this study
with other publications. Also, the results allowed to draw
proper conclusions.
Discussion
Physical fitness mainly results from daily activity, as well as
the own capabilities. It comprises all the motor skills, as well
as all of their relationships and correlations, and those
between them and the type or level of physical body
structure. The process of development of adaptation skills is
most frequently activated by motor activity. Fitness results
from training which causes different operation of the whole
body, as well as transformation of the nervous system
functions [16, 17].
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The most frequent method of assessing physical fitness (and the
most common one in literature) includes tests based on motor
skills, such as endurance, strength or suppleness. However, at
the beginning of the study, the basis comprises the measure‐
ments of body circumferences which are necessary for calcula‐
ting the indices, such as BMI or Rohrer’s Index. Asienkiewicz,
in his research conducted in the Lubuskie province in the years
20112012, demonstrated that the children who were training
demonstrated more portly physique, i.e. their height and weight
exceeded those of nontraining children. Taking into account the
results of fitness tests, children attending sports classes demon‐
strated much better results [18].
According to Górecka, the body circumferences of the children
aged 1014 who train swimming in the Kielce "Arka" club are
much higher than those of nontraining children. There was no‐
ted a tendency for bigger body height and weight, but also hi‐
gher levels of subcutaneous fat. Górecka emphasized that, in the
boys and girls that train swimming, the total result of the three
skinfolds decreased with age, i.e. with the improvement in their
sports level. Among the swimmers, it could result from the in‐
creased level of training or the maturationrelated growth spurt.
Numerous publications demonstrate the impact of regular tra‐
inings on reducing body fat content [13].
In the years 20102012, Kochanowicz et al. examined a group
of people aged 612 training gymnastics, and noted that the va‐
lue of Rohrer’s Index decreases with age, which demonstrates
significant body suppleness resulting from the process of tra‐
ining. The average BMI values in every age group occurred to
be correct. After examining the general physical fitness of chil‐
dren, those authors found positive results of all the indices te‐
sted [11].
Byzdra et al. demonstrated, in their research, that the results of
physical fitness tests of the boys aged 1315, who have been
training break dance regularly for 5 years, were between
“high” and "very good". In the group of boys who weren’t tra‐
ining or only demonstrated minimum physical activity at the
classes, the results were lower, and the most frequent marks
were “good”, “satisfactory” or even “minimum”. The research
confirms the fact that physical effort has a positive effect on
the commonly tested physical fitness and on the general func‐
tioning of the body [19].
It follows from own studies conducted that several years of
training handball by boys has an average relationship with fat
tissue distribution (WHR), so it has an average impact on the
type of body physique or type of obesity. However, it follows
from the calculations of Rohrer’s Index (specifying the type of
physique) that it has a moderate impact on physical fitness.
Most people studied, i.e. 61.45%, have athletic physique. The
calculated suppleness index indicates that as many as 72.3%
of the tested students have supple physique, the majority of
whom are third graders, i.e. the students who have been tra‐
ining for the longest time. The conclusions from own reflec‐
tions are that, for the purpose of obtaining more measurable
research results, the tests would have to be performed on
a larger group of people.
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Conclusions
1. Regular trainings have a positive effect on the level of
physical fitness which increases with the age of the tested
persons.
2. The level of body fat does not depend on the level of
training, physical fitness or age.
3. There is a statistically relevant correlation between the
strength test (leg strength) and the thigh fold measurements.
4. For the purpose of obtaining more authoritative research
results, more people should be tested.
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