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Purpose: explore the dichotomy of the physical development of men who are engaged in triathlon and long-distance running 
on the highway. 

Material & Methods: under the conditions of the exercise test with a hip strength of 94 physically active men, the reaction 
of the cardio-respiratory system to physical activity was investigated. Body composition was determined using the bioelectric 
impedance method. For paired signs, the asymmetry coefficient was calculated. (C

АS
). 

Results: largest groups of work at the level of maximum oxygen consumption were allocated groups assess the level of fit-
ness of athletes. With an increase in the level of physical performance, individual indicators of the maximum response of the 
cardiorespiratory system to stress have a multidirectional tendency. The development of the muscles of the lower extremi-
ties is characterized by right-sided asymmetry for all groups of athletes. At the same time, the value of C

АS
 increases with the 

increase in the level of physical performance from the 1st to the 4th group. In amateur with a high level of preparedness, a 
decrease in this coefficient is observed. 

Conclusion: most amateur athletes who practice triathlon or long-distance runner on the highway have an asymmetry in their 
lower limbs. The most pronounced asymmetry has athletes with a performance at the level of maximum oxygen consumption 
of 4,0–4,5 W∙kg–1. In the first to fourth groups, an increase in the asymmetry of the lower extremities is observed, whereas in 
the group with high performance (4,6–5,5 W∙kg–1), the asymmetry decreases, which may be a necessary condition for achiev-
ing high results.
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Introduction

The problem of studying the functional properties of an or-
ganism is one of having not only theoretical, but also practical 
significance in various areas of scientific knowledge – medi-
cine, biology, psychology, as well as in the field of physical 
education and sports. It is known that the functional asymme-
try of the muscles of the human body is one of the indicators 
of physical development, health, as well as coordination and 
coordination of movements, guided by the central nervous 
system. At the same time, the principle of optimal function-
ing and proper coordination of movements is considered one 
of the main ones in the process of vital activity, since it is an 
expression of harmony, orderliness and organization of living 
systems. The implementation of sports activities is closely re-
lated to the increased requirements for the functional state of 
the musculoskeletal system, since the latter is essential for 
achieving sports results and preventing possible injuries [12; 
13; 17]. It was shown that functional muscular asymmetry can 
negatively affect the athlete’s neuromuscular system, dis-
rupting proprioception and regulation of movements, which 
can worsen not only the technique of their execution, but also 
lead to injury or diseases of the musculoskeletal system [1; 
11; 20]. In addition, the data sources of the literature show 
that functional asymmetry can adversely affect athletic per-
formance in various sports. In particular, basketball players 
have established differences in indicators of unproductive 
techniques in the performance of the last leading and non- 

leading hands [2]. The jumpers in the water show the nega-
tive effect of the asymmetry of the lower extremities on the 
technique of performing the jump, which is manifested in the 
early separation of one leg from the support and the asym-
metric lift [3]. It has also been established that football players 
who have more than 3 years of sports experience have a large 
mass of tibia, a total lumbar section and voltage indices of 
one of the limbs, which is a consequence of constant impact-
resistant gravitational loads on the supporting leg [16]. There-
fore, taking into account and stabilizing the individual profile 
of asymmetry-symmetry of an athlete is a significant reserve 
in improving the efficiency of the training process and finding 
ways to improve the sports result [5; 12]. 

Purpose of the study: explore the dichotomy of the physi-
cal development of men who are engaged in triathlon and 
long-distance running on the highway.

Material and Methods of the research

When conducting complex biological surveys with the par-
ticipation of amateur athletes, they adhered to the Helsinki 
Declaration of the World Medical Association on the ethical 
principles of medical research with human participation as the 
object of study  [6]. The content of the maximum test loads 
and procedures for measuring physiological parameters 
complied with international rules and requirements for bio-
medical research involving human subjects. Testing was con-
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ducted after a day of rest with a standardized food and drink-
ing regime. Persons tested were familiarized with the content 
of tests, measurement procedures and agreed to conduct 
them. 94 practically healthy (according to the data of dispen-
sary examinations) physically active men who are planning to 
engage in triathlon and longer run on the highway took part 
in the testing. The study of body composition was carried out 
using bioelectric impedance analysis (analyzer Tanita-BC-
418MA, Japan)  [14], the results of which correlate with the 
results of reference measurements using dual-energy x-ray 
absorptiometry  [21]. The response of the cardiorespiratory 
system of the body to the physical stresses of the aerobic and 
anaerobic nature of energy supply was studied under stan-
dard laboratory conditions using the LE200C treadmill and 
the Oxoscopo Ergospirometric Complex (Viasys Healthcare, 
USA-Germany). Considering that measurements were made 
in an open system, the external breathing parameters were 
brought to BTPS conditions, and gas exchange  – to STPD 
conditions. To assess physical performance, we used a test 
with a stepwise increasing load from an initial speed of 8 km 
h–1 every 2 minutes the speed (by 0,5 km h–1) and the track 
inclination angle (by 0,2%) increased. Testing was carried 
out until the moment of "volitional fatigue" (arbitrary refusal 
of the subject to continue working) or to the impossibility 
of maintaining a given speed of movement within ±5%. Ac-
cording to the test results, the level of maximum oxygen con-
sumption (VO2max), absolute and relative power of work (W, 
W kg–1) [4] were determined. Heart rate (HR, beats min–1) was 
recorded by radiotelemetric pulsometry (Sport Tester Polar-
810i, Finland). Statistical processing of the results was per-
formed using an application package Statistica 6.0. The data 

were checked for normal distribution using the Shapiro-Wilk 
test. Since the data had an abnormal distribution, non-para-
metric methods were used. To establish differences between 
groups, the Kruskal-Wallace test was used  [10]. The asym-
metry coefficient (C

AS
) for paired signs was calculated by the 

formula: C
AS

=100%(XY)/X, where X is the value of the larger of 
the symmetric indicators, Y is the value of the smaller of the 
symmetric indicators. 

Results of the research

Earlier, we showed that the level of physical performance of 
amateur athletes depends on the length of sports training and 
the age at which amateurs began to systematically train, and 
also groups for assessing the level of fitness according to the 
"critical" power of work were distinguished  [9]. In addition, 
an interrelation was established between the main indica-
tors of physical performance and component composition of 
the body, as well as individual hematological parameters [7; 
8]. We found that amateur athletes exhibit a sufficient level 
of aerobic capacity, overall working capacity, cardiac cycle 
efficiency, and the ability of skeletal muscles to absorb oxy-
gen [7].

The results of these studies have shown that with relative 
power of work at the level of maximum oxygen consumption, 
all the isolated groups have significant differences among 
themselves (Table 1). 

At the same time, with an increase in the level of physical per-
formance, individual indicators of the maximum response of 

Table 1 
Indicators of physical performance in amateur athletes of different groups (Ме [25%; 75%]) 

Indicators

Groups by relative power of critical load, W kg –1

2,4–2,7 2,8–3,3 3,4–3,9 4,0–4,5 4,6–5,5

1-st (n=8) 2-nd (n=22) 3-rd (n=35) 4-th (n=23) 5-th (n=6)

Work power, W
226 

[201; 238]

265 
[250; 278] 

**

290 
[272; 311] 
▲▲▲■■■

328 
[282; 358] 
□□□ǂǂǂ♦♦

370 
[357; 392] 
◊◊●●●♯♯

Maximum level of pulmonary 
ventilation, l min–1

114,5 
[98,5; 131,5]

130,5 
[117,0; 142,0]

136,0 
[118,0; 144,0] 

144,0 
[130,0; 153,0] 

□

153,5 
[144,0; 166,0] 

◊◊●●♯

Maximum level of oxygen 
consumption, ml min–1

3172 
[2878; 3747]

3763 
[3265; 4030]

3890 
[3568; 4237] 

▲▲

3907 
[37334; 4433] 

□□ǂ

4256 
[3974; 4341] 

◊◊●

Maximum level of oxygen 
consumption, ml min–1∙kg–1

38,4 
[36,6; 41,6] 

43,6 
[40,7; 45,7] 

*

47,7 
[46,0; 52,7] 
▲▲▲■■■

51,3 
[49,2; 55,5] 
□□□ǂǂǂ♦♦

53,4 
[47,0;59,5] 

◊◊●●

Heart rate, beats min–1 188 
[176; 194]

183 
[177; 186]

187 
[177; 195]

185 
[178; 189]

182 
[180; 185]

О
2
/HR, ml∙beats–1 18,9 

[15,6; 21,8]
21,5 

[18,6; 23,5]

21,9 
[20,0; 26,6] 

▲

24,3 
[21,1; 26,7] 

□□ǂ

23,4 
[22,2; 24,0] 

◊
Remark: 
* – р<0,05, ** – р<0,01 – group 2 regarding to group 1;
▲▲ – р<0,01, ▲▲▲ – р<0,001 – group 3 regarding to group 1;
□ – р<0,05, □□ – р<0,01, □□□ – р<0,001 – group 4 regarding to group 1;
◊ – р<0,05, ◊◊ – р<0,01 – group 5 regarding to group 1;
■■■ – р<0,001 – group 3 regarding to group 2;
ǂ – р<0,05; ǂǂǂ – р<0,001 – group 4 regarding to group 2;
● – р<0,05, ●● – р<0,01, ●●● – р<0,001 – group 5 regarding to group 2;
♦♦ – р<0,01 – group 4 regarding to group 3;
♯ – р<0,05, ♯♯ – р<0,01 – group 5 regarding to group 3.
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the cardiorespiratory system to stress had a multidirectional 
tendency. So, if the maximum levels of pulmonary ventila-
tion and oxygen consumption increase in each subsequent 
group, the HR indicators, although they do not have signifi-
cant differences between themselves, in the 4th group were 
less corresponding in the 1st and 3rd groups, and the median 
values HR 5th group was the lowest among all other groups 
(Table 1). The oxygen pulse rate (O

2
/HR) in the 5th group of 

athletes was also smaller than the previous one and had sig-
nificant differences between the groups (Table 1). In general, 
such dynamics of indicators indicates that athletes with the 
highest level of physical fitness, the effectiveness of the heart 

Table 2 
Body composition of amateur athletes in different groups of physical performance (Ме [25%; 75%])

Indicators

Groups of amateur athletes

1-st 
(n=8)

2-nd 
(n=22)

3-rd 
(n=35)

4-th
(n=23)

5-th 
(n=6)

Age years
37,5 

[31,5; 47]
35,5 

[31; 40]
33 

[30; 40]

31 
[29; 33] 

□ǂ
34,5 

[33; 36]

Height, cm
178 

[174; 180]
181 

[173; 184]
180 

[176; 183]
180 

[175; 185]
176 

[176; 178]

Body weight, kg
79,5 

[74,2; 86,3]
84,7 

[78,3; 89,1]
78,9 

[74,2; 85,2]

75,1 
[69,7; 85,7] 

ǂ
77,4 

[71,4; 78,6]

Body mass index, kg m–2 25,5 
[24,3; 27,1]

26,2 
[24,0; 28,1]

24,9 
[23,9; 26,2]

23,5 
[22,0; 24,9] 
□□ǂǂǂ♦♦

24,5 
[23,1; 25,2]

Fat content, %
19,6 

[17,1; 21,8]
20,1 

[15,4; 22,9]
16,7 

[13,2; 16,4]

12,6 
[10,4; 15,9] 
□□□ǂǂǂ♦♦

12,7 
[11,0; 16,7] 

◊●

Fat mass, kg
16,2 

[13,8; 17,9]
16,5 

[12,3; 20,3]

12,8 
[11,2; 16,4] 

■

9,3 
[7,8; 12,0] 
□□ǂǂǂ♦♦

10,7 
[7,9; 13,1] ◊●

Weight without adipose tissue, kg
64,2 

[62,3; 68,1]
67,7 

[65,4; 71,6]
67,1 

[61,6; 72,3]
65,1 

[60,9; 73,9]
64,9 

[63,6; 68,2]

Water content, kg
46,9 

[45,6; 49,8]
49,8 

[47,2; 52,4]
49,2 

[45,1; 52,9]
47,6 

[44,5; 54,1]
47,5 

[46,5; 49,9]

Water content, %
58,9 

[57,2; 60,7]
58,5 

[56,5; 61,9]
61,3 

[59,0; 63,9]

64,0 
[61,6; 65,6] 
□□□ǂǂǂ♦

63,9 
[60,9; 65,1] 

◊●
Segmental body composition analysis

Right leg

Fat content, %
17,5 

[15,2; 18,5]
17,8 

[13,5; 20,1]
14,8 

[12,6; 17,9]

11,4 
[9,9; 13,0] 
□□□ǂǂǂ♦♦♦

13,6 
[9,3; 16,3] 

◊

Fat mass, kg
2,3 

[2,0; 2,5]
2,4 

[1,8; 3,0] 
2,0 

[1,6; 2,4]

1,5 
[1,2; 1,8] 
□□□ǂǂǂ♦♦

1,9 
[1,2; 2,1] 

◊●

Weight without adipose tissue, kg
10,9 

[10,4; 11,9]
11,9 

[10,9; 12,1]
11,5 

[10,8; 12,2]
11,3 

[10,5; 12,6]
11,0 

[10,9; 11,2]

Estimated muscle mass, kg
10,3 

[9,9; 11,0]
11,3 

[10,3; 11,5]
10,9 

[10,3; 11,6]
10,7 

[10,0; 11,9]
10,5 

[10,3; 10,6]

Left leg

Fat content, %
17,2 

[15,7; 18,9]
17,3 

[13,4; 20,3]
15,5 

[12,6; 18,0]

12,0 
[10,9; 13,9] 
□□□ǂǂǂ♦♦

14,0 
[11,2; 16,3] 

◊

cycle is growing not due to an increase in heart rate, but due 
to an increase in systolic volume, which is consistent with the 
data of other authors [22]. 

We also carried out an analysis of body composition in dif-
ferent groups of physical performance in amateur athletes. 
The results showed that in age and height athletes of different 
groups do not differ among themselves, and there are signifi-
cant differences in body weight only between athletes of the 
2nd and 4th groups (Table 2). 

Indicators of body mass index athletes in the first three 
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Table 2 continued

Fat mass, kg
2,25 

[2,0; 2,4]
2,4 

[1,8; 3,0]
2,0 

[1,6; 2,3]

1,5 
[1,3; 1,8] 
□□ǂǂǂ♦♦

1,9 
[1,3; 2,1] 

●

Weight without adipose tissue, kg
10,7 

[10,2; 11,6]
11,6 

[10,8; 11,9]
11,2 

[10,5; 12,0]
10,9

[10,3; 12,1]
10,7 

[10,5; 10,8]

Estimated muscle mass, kg
10,2 

[9,7; 10,9]
11,0 

[10,3; 11,3]
10,6 

[10,0; 11,4]
10,4 

[9,8; 11,5]
10,2 

[10,0; 10,2]

Right arm

Fat content, %
18,0 

[16,4; 20,8]
17,4 

[15,3; 18,7]

15,5 
[13,3; 17,0] 

▲■

14,5 
[11,8; 15,7] 
□□□ǂǂǂ♦

14,3 
[12,7; 15,7] 

◊●

Fat mass, kg
0,85 

[0,75; 0,96]

0,8 
[0,7; 0,9] 

**

0,7 
[0,6; 0,9]

0,6 
[0,5; 0,8] 
□□ǂǂǂ♦

0,65 
[0,5; 0,7] 

◊●

Weight without adipose tissue, kg
3,7 

[3,6; 3,9]
4,1 

[3,8; 4,2]
3,9 

[3,7; 4,4]
3,8 

[3,5; 4,4]
3,8 

[3,7; 3,9]

Estimated muscle mass, kg
3,5 

[3,4; 3,7]
3,8 

[3,6; 4,0]
3,7 

[3,5; 4,1]
3,6 

[3,3; 4,1]
3,6 

[3,5; 3,7]

Left arm

Fat content, %
18,2 

[16,3; 19,9]

17,7 
[15,7; 19,8] 

***

16,3 
[14,4; 17,7] 

▲

15,2 
[12,3; 16,1] 
□□ǂǂǂ♦

14,1 
[11,8; 15,4] 

◊●

Fat mass, kg
0,9 

[0,75; 1,0]

0,9 
[0,7; 1,0] 

**

0,8 
[0,6; 0,9] 

■

0,6 
[0,5; 0,8] 
□□ǂǂǂ

0,7 
[0,6; 0,8] 

●

Weight without adipose tissue, kg
3,8 

[3,7; 4,1]
4,1 

[3,8; 4,2]
3,9 

[3,8; 4,5]
3,9 

[3,4; 4,4]
3,9 

[3,7; 4,3]

Estimated muscle mass, kg
3,6 

[3,4; 3,8]
3,9 

[3,6; 4,0]
3,7 

[3,6; 4,2]
3,6 

[3,2; 4,2]
3,7 

[3,5; 4,0]

Torso

Fat content, %
21,2 

[18,1; 23,6]

21,4 
[16,3; 25,4] 

***

17,7 
[12,8; 20,4] 

■

12,8 
[10,2; 17,4] 
□□ǂǂǂ♦

13,3 
[11,2; 16,7] 

◊●

Fat mass, kg
9,7 

[8,1; 11,1]

9,9 
[7,3; 12,4] 

***

7,2 
[5,7; 9,8] 

■

5,9 
[3,9; 7,3] 
□□ǂǂǂ♦

5,8 
[4,3; 7,3] 

◊◊●

Weight without adipose tissue, kg
35,6 

[34,2; 36,9]
37,3 

[35,2; 39,2]
36,8 

[33,3; 39,6]
36,2 

[33,3; 40,5]
35,6 

[34,5; 38,2]

Estimated muscle mass, kg
34,2 

[32,9; 35,5]
35,9 

[33,8; 37,7]
35,4 

[32,0; 38,1]
34,8 

[32,0; 38,9]
34,2 

[33,2; 36,7]

Remark: 
** – р<0,01, *** – р<0,001 – group 2 regarding to group 1;
▲ – р<0,05 – group 35 regarding to group 1;
□ – р<0,05, □□ – р<0,01, □□□ – р<0,001 – group 4 regarding to group 1;
◊ – р<0,05, ◊◊ – р<0,01 – group 5 regarding to group 1;
■ – р<0,05 – group 3 regarding to group 2;
ǂ – р<0,05; ǂǂǂ – р<0,001 – group 4 regarding to group 2;
● – р<0,05 – group 5 regarding to group 2;
♦ – р<0,05, ♦ ♦ – р<0,01, ♦ ♦ ♦ – р<0,001 – group 4 regarding to group 3.

groups were higher, while the 4th and 5th ones were within 
the age range [23]. At the same time, athletes of the 4th and 
5th groups, the absolute and relative fat content, both in in-
dividual segments of the body, and in general, was statisti-
cally significantly lower than the corresponding indices in 
other groups (Table 2). That is, the higher the level of general 

physical performance of an amateur athlete, the lower his fat 
content. Our results are consistent with the data of other au-
thors who obtained similar data on the negative association of 
fat content and developed load capacity for representatives 
of other sports [18; nineteen]. The relative water content of 
the athletes of the 4th and 5th groups was also significantly 
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Table 3
Value of the asymmetry coefficient (C

AS
) in the lower and upper limbs relative to the sagittal plane in different 

groups of amateur athletes (M±SD)

Indicators Groups Fat mass, kg WA, kg EMM, kg

Right leg

1
2
3
4
5

2,29±0,45
2,33±0,76
2,05±0,73
1,53±0,36
1,70±0,50

11,01±0,79
11,73±1,08
11,56±1,12
11,64±1,50
11,15±0,98

10,45±0,73
11,12±1,02
10,96±1,05
10,92±1,08
10,57±0,91

Left leg

1
2
3
4
5

2,21±0,41
2,34±0,71
2,50±0,68
1,59±0,37
1,72±0,52

10,84±0,79
11,43±1,04
10,98±2,05
11,13±1,10
10,85±0,87

10,28±0,72
10,85±0,97
10,68±1,05
10,56±1,03
10,30±0,84

C
АS

, %

1
2
3
4
5

3,13
3,49
3,99
5,28
3,74

1,59
2,02
2,62

3,23 □□ǂǂ
2,62

1,68
1,91
2,57

3,24 □ǂǂ♦
2,53

Right arm

1
2
3
4
5

0,84±0,15
0,84±0,21
0,74±0,23
0,63±0,17
0,60±0,18

3,69±0,31
4,02±0,46
4,03±0,55
3,93±0,50
3,85±0,36

3,49±0,31
3,77±0,43
3,79±0,52
3,70±0,46
3,65±0,36

Left arm

1
2
3
4
5

0,86±0,16
0,89±0,23
0,75±0,26
0,65±0,18
0,63±0,19

3,75±0,40
4,06±0,49
4,06±0,61
3,94±0,57
3,95±0,52

3,54±0,37
3,82±0,47
3,82±0,58
3,71±0,56
3,72±0,45

C
АS

, %

1
2
3
4
5

1,028
1,058
1,059
1,056
1,028

1,032
1,013
1,020
1,020
1,032

1,022
1,019
1,022
1,024
1,022

Remark:
WA – weight without adipose tissueEMM – estimated muscle mass;
□ – р<0,05, □□ – р<0,01 – group 4 regarding to group 1;
ǂ – р<0,05; ǂǂ – р<0,01 – group 4 regarding to group 2;
♦ – р<0,05 – group 4 regarding to group 3.

higher in this way in men with a lower level of physical perfor-
mance (Table 2). 

In addition, we analyzed the relationship between the level of 
physical performance and manifestations of the asymmetry 
of the physical development of amateur athletes on the sag-
ittal plane. The results indicate that the development of the 
muscles of the lower extremities is characterized by right-
sided asymmetry for all groups of athletes (Table  3). At the 
same time, the value of C

AS
 increases with the increase in the 

level of physical performance from the 1st to the 4th group. 
But fans with a high level of preparedness have a decrease in 
this ratio. This suggests that the increase in the level of physi-
cal performance in amateur athletes leads to a decrease in 
the asymmetry of the physical development of the lower limbs 
along the sagittal plane. 

Conclusions / Discussion

In most locomotives included in the triathlon and stadium 
race, the main work is performed by the muscles of the lower 
extremities. The muscles of the upper limbs are involved only 
at the triathlon swimming stage. In stair race, the muscles of 
the hands do not perform a significant amount of work, so 
their development during the training is practically not hap-
pening. The time of the swimming stage in the triathlon com-

petitions is considerably shorter than the cycling and running 
stages, and the developed muscles of the hands, although 
helping to increase the speed of swimming, become an ad-
ditional mass at other stages. So it is shown that a decrease 
in the mass of the limbs that perform the movement, as well 
as a decrease in the amount of fat and inactive muscle mass 
leads to a decrease in the energy cost of running [15]. In our 
opinion, the limited training loads on the muscles of the upper 
extremities are caused by the need to reduce inactive muscle 
mass when running and cycling and determines the constan-
cy of the asymmetry factors of the upper limbs in groups with 
different specific power levels at the maximum oxygen con-
sumption level (Table 3).

But, with the development of the functional capabilities of the 
muscles of the lower extremities, the volume and intensity of 
the training loads on them are significantly higher for such arm 
muscles. When performing training exercises, a redistribution 
of the load between the muscles of the left and right side in fa-
vor of the stronger half can occur. Asymmetry of the load leads 
to uneven development of muscles and an increase in asym-
metry in groups from first to fourth in terms of aerobic power. 
In a group with a high level of aerobic power, the increase in 
capacity is due to the equalization of the functional capabili-
ties of the muscles of the left and right lower limbs in con-
nection with the achievement of the boundaries of functional 
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reserves, enhances endurance at the work of the legs. Also, 
lower indicators of asymmetry of the lower extremities may be 
a necessary condition for achieving high levels of functionality 
characteristic of the fifth group. This can be achieved through 
specially organized technical training. The difference in fac-
tors that increase aerobic performance in the group with its 
highest level in comparison with other groups, and a decrease 
in the asymmetry of the lower extremities in the athletes under 
study may be interrelated phenomena.

Thus, the majority of amateur athletes who engage in a triath-
lon or stair ride along the highway have an asymmetry of the 

lower extremities. The most pronounced asymmetry of the 
lower extremities was athletes of the fourth group, that is, with 
working capacity at the level of maximum oxygen consumption 
4,0–4,5 W∙kg–1. In groups with the first to fourth, an increase in 
the asymmetry of the lower extremities is observed, whereas 
in a group with a high working capacity (4,6–5,5 W∙kg–1) this 
tendency is violated, which may be a necessary condition for 
achieving high results. 

The prospect of further research may be to establish a 
relationship between the indicators of asymmetry and the di-
rection of physical and technical readiness. 
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