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Abstract  The purpose of this study is to study structure of the body and hemodynamic parameters of athletes involved in 

kayaking and canoeing. There were examined 24 male athletes aged 14-18 years, who were divided into two groups: rowing 

athletes - 24 people who systematically engage in kayaking and canoeing and having sports categories from I to III adults, and 

non-athletes - 12 people included young men who were not involved in sports. There were studied body structure and 

indicators of the cardiovascular system in adolescent athletes. The analysis of body structure showed statistically significant 

differences between the rowers and the group of non-athletes in terms of weight and muscle mass. Physical performance, 

recorded through the PWC-170 test, was better in the group of athletes, which apparently indicates a more rational 

functioning of the musculoskeletal system.  
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1. Introduction 

Kayaking and canoeing are endurance sports that require 

special strength training while practicing in these kinds of 

sport. [1] The strength abilities of kayak and canoe rowers 

are realized through muscular efforts by creating forces 

acting within the rower-oar-boat system (seat, footrest, oar), 

which have their own characteristics; in particular, dynamic 

and static muscle strength, which are realized in maximum 

traction on the oar and ensure the maintenance of the rower’s 

working posture. Speed-strength abilities that determine the 

maximum tempo of rowing, the intensity of the increase   

in effort on the oar during the stroke, the maximum power of 

the stroke; strength endurance (static and dynamic), manifested 

in the magnitude and nature of the application of effort to  

the oar, helping to maintain a rational working posture of  

the rower. It should be noted that the morpho-functional 

prerequisites for a rower’s strength abilities depend on muscle 

system, anthropometric characteristics of the body, energy 

capabilities and topography of muscle groups. To maintain 

high sports results, it is also necessary to develop effective 

preventive measures that support human functional reserves. 

In order to protect the health of people professionally involved 

in sports, their regular medical examinations are carried out, 

which are aimed at identifying early signs of occupational  
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pathology based on the results of an in-depth medical 

examination. The disadvantage of this approach is that the 

prescription of treatment and rehabilitation measures must be 

combined with the correction of the educational and training 

process, which may not allow reaching the planned level of 

sports form within the planned time frame. A more effective 

approach is aimed at identifying the initial stages of failure  

to adapt to physical and psycho-emotional stress before the 

manifestation of clinical symptoms of occupational pathology. 

In this situation, it is more appropriate to develop a set of 

universal criteria that allow us to judge various aspects of 

adaptation to sports activity, the state of various organs and 

systems, and prevent the threatening failure of adaptation at 

the pre-illness stage. In the research [2], it was proven that 

the development of rowing is largely connected with the 

study of the anthropometric and morphological data of the 

athlete. At the same time, the reliability of measurements  

can be achieved only with strict adherence to the relevant 

requirements, instructions and the use of special proven tools. 

At the same time, neglect of instructions and standardization 

requirements for anthropometric measurements leads to 

incomparable results. Anthropometric, height, weight and 

other dimensional indicators of academic rowers predetermine 

the technical capabilities of rowers, namely, the amplitude 

and speed characteristics of the rowing cycle, which are 

associated with the mechanisms of formation of support   

on the oar and determine the effective rowing technique.   

It should be noted that body structure, the amount of  

muscle mass and the composition of skeletal muscle fibers 

determine the potential for developing the strength and 
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special endurance required by the rower and maintaining it at 

the appropriate level at a standard distance. The purpose of 

this study was to body structure and hemodynamic parameters 

of athletes involved kayaking and canoeing for development 

of prophylactic measures aimed at preventing the negative 

effects of oxidative stress, which is one of the reasons for the 

failure to adaptation to the stress of modern sports.  

2. Materials and Methods 

There were examined 24 male athletes aged 14-18 years, 

who were divided into two groups: rowing athletes - 24 people 

systematically involved in kayaking and canoeing and 

having sports categories from I to III adult. The control 

group consisted of 12 students of the Faculty of Physical 

Education, who matched the main group in age and gender. 

The research was carried out at the bases of training camps at 

the water stadium during the athletes training of the national 

team of the Republic of Uzbekistan in kayaking and 

canoeing in February - March 2024. The subjects were asked 

to perform the PWC 170 test, which took place as follows: 

two five-minute loads on a Monark Ergomedic 828 E bicycle 

ergometer with a power of 50 watts, followed by a three- 

minute rest and a repeated five-minute load with a power 

determined by the formula PWC170. The recording of 

indicators was made before the load, after the first and at the 

end of the second load. 

The following indicators are significant for the daily 

assessment of the functional state of the body (FSB) of 

athletes, reflecting the level of functional readiness and the 

effectiveness of the training process according to R. M. 

Baevsky: Sp02 (oxygen saturation of hemoglobin in the 

blood), SBP, DBP (systolic and diastolic blood pressure), 

RR (respiratory rate), HR (heart rate), SV (stroke volume), 

MBV (minute blood volume). In terms of height and weight 

indicators, the subjects of both groups were identical. During 

the study, data on fat (%, kg), muscle mass (kg), and weight 

and height indicators were recorded. The results of the study 

were processed using the SPSS 20 program. Tests were used 

to assess the normality of the distribution of the studied 

indicators and means of assessing statistical significance 

between the studied samples depending on the nature of the 

distribution of values (t-test, Man-Whitney test, etc.) 

3. Results and Discussion 

Body condition and body structure characteristics play  

an important role in most sports and in rowing particularly. 

High athletic results in this sport are achieved only by those 

athletes who have certain inclinations and abilities. The 

anthropometric and morphological characteristics of academic 

rowers provide both an effective rowing technique and    

the ability for long-term muscular work - a manifestation  

of special endurance. It has been established that athletes 

involved in rowing are tall and have greater body weight 

(due to greater muscle mass and less fat mass). As a result 

of a study of body structure indicators in kayaking and canoe 

rowers, significant differences in muscle mass and total 

weight were identified between rowers and the comparison 

group. Analysis of weight and height parameters revealed 

the following: the body length of academicians is in the 

range from 186 before 193 cm, body weight from 83 before 

91 kg. We compared the obtained data on weight and height 

indicators with the data of rowers who currently have the 

titles of Master of Sports and Candidate Master of Sports and 

non-athletes - young men who are not involved in sports. 

Table 1.   Indicators of body structure in kayakers and canoers 

Indicators 
Kayak paddlers and 

canoe n= 24 

Control group 

n=12 

Height, cm 189.43 ± 14.08 179.21 ±12.84 

Weight, kg 87.81 ± 2.29* 77.69 ± 1.12 

Fat mass, kg 12.48 ± 0.48* 16.23 ± 0.34 

Muscle mass, kg 45.94 ± 1.57* 39.58 ± 0.22 

Bone mass, kg 12.73 ± 0.78 11.23 ± 0.47 

Fat-free mass, kg 70.24 ± 2.48* 60.87 ± 2.45 

Note: * - significance of differences P < 0.05 relative to the comparison group 

Anthropometric, height, weight and other dimensional 

indicators of academic rowers have mainly biomechanical 

significance. They predetermine the technical capabilities of 

rowers, namely, the amplitude and speed characteristics of 

the stroke cycle, which are associated with the mechanisms 

of formation of emphasis on the oar and determine the 

effective rowing technique [4]. As our research has shown 

(Table 1), academic rowers are on average superior to their 

peers in a number of anthropometric characteristics - in 

terms of height - by 4.4%, and in weight - by 7.3%. At the 

same time, significant differences emerged in terms of body 

structure indicators and, in particular, in the size of muscle, 

fat and fat-free masses. The analysis of body structure 

showed statistically significant differences between the 

rowers and the group of non-athletes in terms of weight and 

muscle mass. The increase in weight in the rowers studied 

was due to the development of the muscle component, 

while the fat mass remained almost within normal limits.  

As is known, body structure, the amount of muscle mass 

and the composition of skeletal muscle fibers determine   

the potential possibilities for developing the strength and 

special endurance required by the rower and maintaining it 

at the appropriate level at a standard distance [5]. In our studies, 

the greatest differences between athletes and non-athletes 

were found in absolute and relative (in relation to body 

weight) indicators of fat and muscle mass. In terms of bone 

mass, no significant differences were found between the 

study groups. Significant differences appeared in terms    

of fat-free mass - by 13%. Thus, academic rowers have a 

number of significant, distinctive characteristics of physical 

and body structure that can be used as criteria when selecting 

for academic rowing, these are body length and weight, the 

amount of muscle, fat and fat-free mass in relative form  

(in relation to body weight). All obtained body composition 
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parameters for kayaking and canoeing rowers allow us    

to evaluate clearly both the individual characteristics of    

a particular athlete and the degree of approximation to   

the standard of a group of athletes. Moreover, systematic 

measurements (with an annual or six-month interval) make 

it possible to determine trends in the assessment of one or 

another parameter in the dynamics of an athlete’s development 

and improvement. It should be noted that the lowest 

efficiency values were manifested by the fat mass criterion, 

which means that the proportion of fat in the body structure 

is not taken into account and is not controlled during    

the training of academic rowers, although its reduction 

would have a noticeable effect - it would lead to an increase 

in the proportion of muscle mass. Thus, in our opinion, 

when organizing the selection of young men for rowing,   

it is advisable to use as selection criteria not only height  

and weight (as is currently the case in practice), but also 

indicators of muscle and fat body mass in relative form (in 

percentage of body weight). This will improve the selection 

efficiency and avoid errors at the initial selection stage.   

At the next stage of research, we studied the characteristics 

of blood circulation in rowing athletes and non-athletes. The 

study found that in terms of cardiovascular system indicators 

(Table 2), no large differences were found between the 

study groups. In addition to the chronotropic function of the 

heart, lower heart rate values were observed in canoeists 

compared to the control group. At the same time, a similar 

situation is observed according to data obtained at different 

stages for such indicators as Sp02 (blood hemoglobin 

oxygen saturation), HR (pulse rate), SBP, DBP (systolic and 

diastolic blood pressure), RR (respiratory rate), HR (heart 

rate), SV (stroke volume), MBV (minute blood volume). 

Despite the similarity of the cardiovascular system among 

the subjects, we found that physical performance was higher 

in the group of athletes. It can be argued that at this age, 

when the growth and formation of various body systems is 

still observed, physical activity does not make significant 

changes in cardiovascular indicators. Improved performance 

apparently occurs through other mechanisms, in particular 

due to more adequate functioning of the musculoskeletal 

system, which, having the same demands in the blood 

circulation, can provide higher performance. All this was 

reflected in the fact that the PWC -170 indicator was better in 

the group of rowing athletes (Table 2), both in absolute   

and in relative values. At the same time, at the moment of 

loading, higher values of stroke volume were achieved, 

which indicates a greater efficiency of the inotropic function 

of the heart. Of course, such a calculation is based on an 

indirect method and significant inaccuracies are possible, but 

according to rheography indicators (Table 1), which were 

recorded between stages (at rest), there was a tendency to 

higher values of SV in athletes at the same heart rate values. 

We have found that systematic canoeing in adolescents does 

not affect CVS at rest. At the same time, the maximum SV 

during physical exercise PWC-170 was higher in canoeists, 

which indicates a greater inotropic reserve of the cardiovascular 

system. Physical performance, recorded by the PWC-170 

test, was better in the group of athletes, which apparently 

indicates a more rational functioning of the musculoskeletal 

system, which, with almost similar CV parameters between 

groups, can provide higher performance. 

Table 2.  Indicators of central hemodynamics in athletes involved in  
kayaking and canoeing 

Indicators 
Stages of 

research 

Kayakers  

n=26 

Control group 

n=12 

Sp02 (blood 

hemoglobin 

oxygen saturation) 

1 49.87 ± 3.64 54.12 ± 6.03 

2 58.05 ± 6.02 63.48 ± 7.12 

3 87.02 ± 7.48 76.35 ± 7.13 

SBP (systolic 

blood pressure) 

1 114.13 ± 9.56 116.22 ±9.67 

2 123.14 ± 11.05 128.35 ± 11.67 

3 134.12 ± 11.43 139.89 ± 12.64 

DBP (diastolic 

blood pressure) 

1 68.89 ± 6.59 71.45 ± 6.67 

2 70.83 ±6.58 76.18 ± 6.74 

3 72.67 ±5.88 79.13 ± 6.54 

Respiratory rate 

(breathing 

frequency) 

cycle/min 

1 16.34 ±1.54 18.67 ±2.13 

2 20.17 ±2.05 22.47 ± 2.65 

3 22.13 ± 2.67 24.58 ± 2.73 

HR (heart rate), 

(bpm) 

1 63.45 ± 16.34 71.03 ± 8.42 

2 90.87 ± 8.74 102.54 ± 10.73 

3 124.15 ± 11.89 136.13 ± 12.17 

SV (stroke 

volume) (ml) 

1 80.54 ± 7.58 76.89 ± 7.02 

2 84.69 ± 8.01 72.87 ± 6.48 

3 72.58 ± 7.04 62.59 ± 5.78 

IOC (minute blood 

volume), (ml) 

1 6.82 ±1.04 7.34 ± 1.78 

2 8.63 ± 1.45 7.69 ±1.54 

3 9.78 ±1.19 8.24 ± 1.78 

Note: * - significance of differences P < 0.05 relative to the comparison group 

4. Conclusions 

1.  Body structure analysis showed statistically significant 

differences between the rowers and the non-athlete 

group in terms of weight and muscle mass.  

2.  Physical performance, recorded through the PWC-170 

test, was better in the group of athletes, which 

apparently indicates a more rational functioning of the 

musculoskeletal system. 
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