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Abstract
Background 
and Study Aim

The purpose of the work is a comparative analysis of morphological and functional indicators and 
characteristics of the somatotype of armwrestling athletes and street workout athletes.

Material and 
Methods

The study involved Street Workout athletes (StW, n = 15, age - 14.87 ± 0.42 years, training experience - 
1.48 ± 0.22 years) and armwrestling athletes (ArW, n = 11, age - 14.87 ± 0.42 years, training experience 
- 1.48 ± 0.22 years). The body length and body mass were determined. The level and harmony of physical 
development were assessed by the regression method. Handgrip was assessed in a static mode. The 
electronic handgrip dynamometer Camry EH101 (China) was used. The handgrip is determined by the 
maximum frequency of the grip in 10 s.  The electronic device “Kepai” (China) was used to measure it. 
The content of muscle and adipose tissue, the level of visceral fat were determined. The body structure 
monitor OMRON BF-511 (Japan) was used. The handgrip index, hand impulse index, static and dynamic 
handgrip index were calculated. Differences were assessed using the Rosenbaum test (Q).

Results A high level of handgrip was determined for all athletes. The average value of the strength index was the 
StW group - more than 60% of body mass; the ArW group - more than 70% of body mass. The following 
indicators were observed in the ArW group: harmonious physical development had (27.27 ± 13.43)% of 
athletes; disharmony due to excess body mass had  (45.45 ± 15.01)% of athletes; disharmony due to body 
mass deficit had (27.27 ± 13.43)% of athletes; normal fat content had (63.64 ± 14.50)% of athletes; low-fat 
content had (18.18 ± 11.63)% of athletes; high and high-fat content had (9.09 ± 8.67)% of athletes. The 
ArW group was characterized by high - (50.00 ± 15.81)%,  high - (40.00 ± 15.49)%, and normal - (10.00 ± 
9.49)%-the specific weight of muscle tissue. In the StW group, the following indicators were observed: 
harmonious physical development had (46.67 ± 12.88)% of athletes; disharmony due to excess body mass 
had (53.33 ± 12.88)% of athletes; normal fat content had (57.14 ± 13.23)% of athletes; low-fat content 
had (42.86 ± 13.23)% of athletes. All athletes in the StW group had a high proportion of muscle tissue. 
It was found that exercises with your body mass in a street workout decreased fat content compared to 
armwrestling.

Conclusions: The results confirmed the specific effect of the sport on the body of athletes. Handgrip should be 
considered as a success predictor in these sports. The information content of the proposed handgrip 
indices for monitoring the functional state of athletes was confirmed.

Keywords: armwrestling, street workout, physical development, somatotype, bioimpedance method, handgrip.

Introduction1

Martial arts and strength sports are traditionally the 
most popular among young people. Martial arts form 
the physical and psychological qualities of athletes; 
the worldview of youth [1]. The young generation 
has a growing need for an athletic and well-built body. 
Therefore, the number of people involved in various 
power sports (bodybuilding, powerlifting, arm wrestling), 
as well as the recently appeared street workout, is 
increasing. Mulyk et al. [2] investigated the popularity of 
fitness programs among students. The most popular are 
strength and Martial arts: Crossfit Training, Kickboxing, 
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Tabata Training, Body Sculpt, Barbell Workout.
Improving one’s command of his or her own body can 

dramatically improve movement quality, and performance 
[3]. Bodyweight exercises allow athletes to improve how 
they manipulate their bodies through space in a way that 
is both important for health and difficult to replicate with 
other training methods that do not always accommodate 
a client’s unique anthropometry. The street workout is a 
unique sport in this context. This type of exercise is based 
on the use of your body mass and allows optimizing the 
muscle mass [4].

Taipe-Nasimba et al. [5] studied the psychosocial 
profile of Street Workout athletes. It was concluded 
that this sport is beneficial for enhancing physical 
activity. It improves opportunities for social inclusion. 
The advantages also include low economic cost and 
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affordability for the population. The analysis of the 
main psychological characteristics of Street Workout 
athletes made it possible to determine the fact that this 
sport is dominated by men under the age of 23; the main 
motivation of men is taking care of their health and their 
appearance [6].

Determination of the morphological characteristics of 
the most popular sports allows assessing and comparing 
athletes. It is valuable for improving their results. 
Chernozub еt аl. [7] confirmed the positive influence 
of strength exercises on morphometric indicators and 
adaptive-compensatory capabilities of female athletes. 
The study of physical development peculiarities allows 
assessing the specificity of the influence of the kind 
of sport on the body of athletes [8]. The use of special 
indices allows highlighting the features and qualities that 
are predictors of success in different types of Martial arts.

Recently, there has been a growing interest in the 
analysis of the morphological status and body structure. 
Body shape and morphology are the main factors 
determining athletic performance [9]. Thus, the diagnosis 
of somatotype and anthropometric characteristics are 
often the subject of research for a certain population group 
[10]. Because of its uniqueness, the somatotype has been 
used to study many aspects of exercise, sports science, 
and human biology. It is important for identifying talented 
young athletes in specific sports [11].

The purpose of the research is a comparative analysis 
of anthropometric indicators and somatotype of workout 
and armwrestling athletes.

Material and Methods
Participants.
The study involved 26 street workout (StW) and 

armwrestling (ArW) athletes. The athletes were divided 
into two groups. The StW group included 15 Street 
Workout athletes (age 14.87 ± 0.42 years). The  ArW 
group included  11 armwrestling athletes (age 18.50 ± 
0.43 years). The average work experience was in the StW 
group - 1.48 ± 0.2 years; in the ArW group - 2.35 ± 0.33 
years. Differences between the groups in age and training 
experience are significant (p <0.05).

Research Design
The research design involved the determination of 

anthropometric indicators, somatotype components, 
and the calculation of indices using special formulas. 
The research program and design were discussed and 
approved at The Meeting of Bioethics Commission of 
Kharkiv State Academy of Physical Culture (record from 
04/12/2021).

The calculation of body mass and body length was 
conducted according to international standards [12]. 
Martin’s medical anthropometer was used to calculate 
body length (cm). Body composition monitor OMRON 
BF-511 (Japan) was used to calculate body mass (kg). The 
assessment of the harmony of physical development level 
was conducted by the regression method using official 
standards for children [13] and adults [14].

The handgrip (kg) was calculated in a static mode 

by dynamometry. CAMRY EH101 electronic hand 
dynamometer was used (China). The handgrip is 
determined by the maximum grip frequency in the impulse 
mode (abs). The electronic device “Kepai” (China) was 
used. The technique assumed the maximum number of 
device grip in 10 s. One grip was equivalent to a force 
of 10 kg.

The somatotype was assessed using the bioimpedance 
method. The body composition monitor OMRON BF-
511 (Japan) was used. The specific weight of muscle and 
adipose tissue (%), the level of visceral fat (%), the amount 
of basal metabolism (kcal) were determined. The analysis 
of somatotype components was assessed according to 
the Omron Healthcare scale and the recommendations of 
Doskin et al. [15].

The following morphofunctional indices were 
calculated:

Strength index (%) - the ratio of handgrip indicators 
(kg) to body mass (kg).

Impulse index (%) - the ratio of the maximum 
frequency of the handgrip in impulse mode in 10 s (abs) 
to body mass (kg).

Static and dynamic grip index is the ratio of handgrip 
(kg) to the maximum frequency of the handgrip in impulse 
mode in 10 s (abs).

Statistical Analysis.
Statistical analysis was performed using licensed 

MS Excel. The following indicators are determined by 
descriptive statistics: arithmetic mean (M), standard 
deviation, and mean error (m). Due to the small number 
of groups, the reliability of the differences was assessed 
using a nonparametric indicator - the Rosenbaum criterion 
(Q); differences were considered significant at (p <0.05).

Results
The results are shown in Table 1.
The results of the table illustrate the high level of 

handgrip strength in all participants: the average value of 
the strength index in the StW group was more than 60% 
of the body mass, and in the ArW group - more than 70% 
of the body mass.

Significant differences were found between the groups. 
The ArW group characterized by excess body length (Q = 
8), handgrip of the right hand (Q = 7) and left hand (Q = 
12), the level of visceral fat (Q = 10), strength index of the 
right (Q = 19) and left hand (Q = 26), impulse index of 
the right hand (Q = 13) and left hand (Q = 15), static and 
dynamic handgrip index of the right hand (Q = 12).

The physical development level in the ArW group 
was determined: average, high, and below-average had 
(27.27 ± 13.43)% of athletes; above-average had (18.18 
± 11.63)% of athletes. The following indicators were 
determined: (27.27 ± 13.43)% of athletes had harmonious 
physical development; disharmony due to excess body 
mass had (45.45 ± 15.01)% of athletes and due to a 
deficiency in body mass had (27.27 ± 13.43)% of athletes. 

In the StW group, the average level of physical 
development was (53.33 ± 12.88)% of athletes, above the 
average - (20.00 ± 10.33)%, below the average and high 
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level according to (13.33 ± 8.78)%. (46.67 ± 12.88)% 
of athletes had harmonious physical development. 
Disharmony due to excess body weight was observed in 
(53.33 ± 12.88)% of athletes.

The analysis of the somatotype characteristics 
according to the Omron Healthcare scale determined that 
in the StW group (57.14 ± 13.23)% of the athletes had a 
normal fat content, (42.86 ± 13.23)% of the athletes had 
a low-fat content. All athletes in this group had a high 
specific weight of muscle tissue. In the ArW group, the 
normal fat content had (63.64 ± 14.50)% of athletes, 
low fat content had (18.18 ± 11.63)% of athletes, high 
and high-fat content had (9.09 ± 8.67)% of athletes. 
Athletes in this group were characterized by high (50.00 
± 15.81)%,  high (40.00 ± 15.49)%, and normal (10.00 ± 
9.49)% specific weight of muscle tissue.

Basal metabolic results in the groups did not differ 
significantly.

Discussion
The study of the influence specificity of a kind of 

sport on the athletes’ body is one of the important tasks of 
sports science. It allows optimizing the process of sports 
selection, to improve the effectiveness of the success’ 
prediction and skills development in certain sports. 
Identification of success predictors can significantly 
improve the performance of athletes. Research results 
have confirmed the importance of many factors in this 
context. Chernenko еt аl. [16] confirmed the existence 
of a correlation between the typological characteristics 
of the nervous system and the high sports achievements 
of wrestlers. The authors recommended using functional 
mobility of the central nervous system as criteria for 
assessing the prospects of wrestlers.

Jagiello еt аl. [17] investigated the body structure of 
athletes of the Polish women’s national fencing team. The 
specificity of the athletes’ body structure engaged in saber 
fencing has been determined. It is concluded that there 

is a correlation with the long-term effects of training, as 
well as with the selection of athletes with specific somatic 
prerequisites.

The importance of studying the characteristics of 
athletes’ body structure is confirmed in the works of 
Jagiello et al. [17–19]. The use of the Percala method 
of natural indicators made it possible to determine in 
the Martial arts athletes the most important functions 
for achieving success. The results allow optimizing the 
training process.

The studies based on comparing the characteristics of 
athletes in various sports are widespread. The choice of 
armwrestling and Street Workout for comparison is due 
to their strength orientation. Both sports require a strong 
handgrip to be successful. It predetermined the developed 
research program aimed at studying the strength of the 
hand muscles.

A similar research design was used in the study 
of Kharisov et al. [20, 21] The authors compared 
the anthropometric indicators and the somatotype 
composition of students in powerlifting and workout. 
Volodchenko еt аl. [22] conducted a comparative analysis 
of the psychophysiological status of athletes involved in 
various types of Martial arts. The highlighted features 
are interpreted from the standpoint of the athlete’s skills 
development. Methods for their assessment are proposed 
to be used in monitoring the functional state of Martial 
art athletes. 

A similar set of techniques was used in the study 
by Podrihalo et al. [23] Comparison of the results of 
armwrestlers with different skill levels confirmed the 
importance of developing hand muscles and body structure 
for achieving success in this sport. The parallel study of 
handgrip in static and dynamic modes is important in 
armwrestling. The success in this sport is determined by 
the strength and maximum speed of the handgrip.

Participants belong to different age groups. Athletes 
in the StW group are in puberty and prepubertal period, 

Table 1. Indicators of physical and somatotype development of armwrestling athletes and street workout athletes

Indices StW (n=15) ArW (n=11)
Body length, cm 170.53±2.70 180.60±2.21
Body mass, kg 64.58±3.95 74.00±4.39
Handgrip of right hand, kg 40.03±2.70 53.01±4.66
Handgrip of left hand, kg 38.52±2/37 52.00±4.01
Maximum grip frequency in pulse mode of the right hand, number of times 26.73±2.59 32.40±1.65
Maximum grip frequency in pulse mode of the left hand, number of times 23.93±2.92 28.60±2.01
The specific weight of adipose tissue,% 12.95±8.97 14.41±11.11
The specific weight of muscle tissue,% 41.81±13.18 43.01±15.66
The value of the main metabolism, kcal 1697.93±49.02 1734.00±65.09
The specific weight of visceral fat,% 0 4.11±6.28
Right hand strength index,% 63.25±12.89 72.59±13.45
Left hand strength index,% 60.63±13.06 70.91±13.69
Impulse index of the right hand, kg-1 39.60±13.07 44.42±14.98
Impulse index of the left hand, kg-1 36.04±12.83 38.96±14.70
Static and dynamic handgrip index of the right hand, kg 1.57±0.09 1.66±0.15
Static and dynamic handgrip index of the left hand, kg 1.68±0.11 1.89±0.19
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which is characterized by intensive development of the 
body. The ArW athletes are in a more stable condition. 
On the one hand, different periods cause differences in 
functional performance. Alternatively, the differences 
increase against the background of intense strength 
training. It is why indices were used. These indicators 
are relative values and allow for standardizing the factors 
under study.

The index method is widely used in sports science. 
The calculation and analysis of indices allow simply, 
quickly, and visually assess the features of the physical 
development and functional state of athletes. Currently, 
the indices are used in complex systems for assessing 
health and physical fitness. The informativeness of indices 
in armwrestling has been proven. The effectiveness of 
predicting the performance of athletes in this sport was 
confirmed using indices [24].

Methods for assessing muscle strength and body 
composition are used to assess the effectiveness of training 
in sports and recreational activities. Kalwa et al. [25] used 
a similar design to assess the performance of people over 
40 years of age. Confirmed an increase in hand strength, a 
decrease in body mass and adipose tissue, an improvement 
in physical fitness and body mobility. Feito еt аl. [26] 
used similar techniques to analyze the adaptation to high-
intensity training. Mandaric and Sibinovic [27] evaluated 
the effectiveness of workout training in water in terms of 
strength and body structure.

In our study, high values of the strength index of 
athletes reflect the importance of handgrip in both sports. 
In armwrestling, a strong and high-quality handgrip 
increases the likelihood of winning the fight. Podrihalo 
et al. [23] assessed this indicator as one of the success 
predictors. The results of Podrigalo et al. [24] confirmed 
the informativeness and significance of the strength index 
for assessing handgrip. Simultaneously, a handgrip in 
Street Workout is important for the technical performance 
of apparatus exercises. A high-quality handgrip serves not 
only to optimize the technique but also to prevent injuries 
in this sport.

However, one strength index is not enough to assess 
the handgrip. It led to the development of other indices 
given in this research. The impulse index is an indicator 
that we proposed by analogy with the strength index. It 
illustrates the handgrip in impulse mode relative to body 
mass. The results of Iermakov et al. [28] confirmed the 
informative value of the maximum handgrip frequency in 
an impulse mode for predicting success in martial arts. 
This technique was used to analyze the armwrestler state 
with different skill levels [23]. The use of the index in the 
form of a relative indicator allows to increase the visibility 
and information content of the results; use the results in 
monitoring the functional state of athletes.

We have proposed another indicator for analyzing the 
results - it is the index of the static and dynamic handgrip. 
In our opinion, this index reflects the potential ability 
of hand muscles to work in different modes - static and 
dynamic. The large value of this index among athletes 
of the ArW group is another proof of the importance of 

handgrip strength for success in this sport.
The study of the influence of morphological 

characteristics on success in sports allows to draw up 
specification equations for a particular sport and contribute 
to a more adequate modeling of athletes’ actions [29].

The analysis of physical development is an effective 
tool for assessing the athletes’ state. In the ArW group, 
athletes were almost equally divided according to 
average, high, and below-average levels of physical 
development. The group is dominated by participants 
with disharmonious physical development. Almost 50% 
of the disharmony was due to overweight. In the context 
of using the bioimpedance method, it reflects an increase 
in the specific weight of muscle tissue. It is a consequence 
of the intense strength training typical of armwrestling.

Deviations from the average physical development in 
athletes of the StW group were less expressed. Among 
them, athletes with an average level of development 
prevailed. In terms of harmony, the athletes were divided 
almost equally. Simultaneously, disharmony was due only 
because of excess body weight. It should also be assessed 
as an illustration of the increase in muscle tissue content.

The assumptions made earlier were confirmed by the 
results of the bioimpedance method. It can be argued 
that there is a tendency to exceed the number of athletes 
with normal fat content compared to athletes with low-
fat content in the StW group. Simultaneously, all athletes 
in this group characterized by a high content of muscle 
tissue. In the ArW group, the distribution of athletes 
was more complicated. The vast majority of athletes had 
normal body fat content. The vast majority of armwrestlers 
(90%) had high levels of muscle tissue. Similar results are 
presented in the study by Kharisov et al. [20, 21] compared 
Street Workout athletes with powerlifters. Powerlifters are 
characterized by a more developed chest, a stronger body 
structure, and a larger biceps stroke. Workout athletes 
have a more developed ideal body structure compared to 
powerlifters. Powerlifting athletes are characterized by a 
significantly higher body mass index, body fat.

The results of the somatotype analysis illustrate the 
specificity of the influence of the sport on the athletes’ 
bodies. Arm wrestling and street workout strength sports. 
It leads to intense strength training. This approach 
increases the specific weight of muscle tissue.

Results of Sanchez-Martinez et al. [30] confirmed that 
Street Workout athletes have a balanced mesomorphic 
somatotype; low-fat mass; high muscle development with 
a predominance of the shoulders and trunk. The value of 
the body composition indices allows such athletes to be 
classified as a low-risk group for chronic non-infectious 
diseases.

Street workout includes exercises with a body, and 
exercises with weights are common in armwrestling. 
In both cases, your body mass is a factor in achieving 
success. In armwrestling, increasing body mass allows 
developing more strength in a fight. In the street workout, 
reducing body mass allows exercising with less effort. It is 
precisely what the established features of the somatotype 
of athletes reflect.
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The closeness of the results of the basal metabolic 
rate illustrates the similarity of the metabolic features of 
athletes, which are characteristic of power loads.

Conclusion
The comparative analysis of morphological and 

functional indicators and somatotype features of 
armwrestling and Street Workout athletes confirmed the 
specific influence of the sport on the athletes’ organism. 
All athletes are characterized by an increased specific 
weight of muscle tissue. The information content of 
the proposed indices, characterizing the handgrip in the 
impulse mode, has been confirmed. It is recommended to 
use it in monitoring the functional state of athletes. The 
handgrip should be considered a success predictor of 

street workout and armwrestling. Indicators and indices of 
handgrip strength allow to adequately assess the athletes’ 
state. The analysis of the athletes’ physical development 
also confirms the specificity of the sport influence. 
Exercising with your body mass in the Street Workout 
decreased fat content compared to arm wrestling.
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