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Abstract 

Introduction: Knowledge of body composition components is important information for athletes, 

especially those competing in weight-restricted sports such as boxing and wrestling.  

Objective: Comparison of body composition, fat and lean components, in boxers and wrestlers. 

Material and methods: Twenty [20] athletes, ten boxers and ten wrestlers, participated in this research. Body 

composition was analyzed by the bioelectrical impedance method using the InBody 720 device. Results: 

The average age of boxers and wrestlers was 20.8± 4.8 and 22.3± 4.3 years. Height was 183.3± 6.5 cm for 

boxers and 175.5 ± 7.0 cm and was significantly higher in boxers, as was weight in boxers 84.37 12 kg 

versus 74.61± 6.01 kg in wrestlers. Lean component, skeletal muscle mass, total water, protein and mineral 

content were significantly higher in boxers.  

Fat component, percentage of fat tissue, degree of obesity was insignificantly higher in boxers. 

BF% in boxers was 14.11 ± 3.2% vs. 13.27± 3.0% in wrestlers (p=0.568). Boxers had a higher basal 

metabolic rate (BMR) 1918±166.4 versus 1767.33± 126.9 kilocalories. 

 Conclusion: The parameters of bioelectric analysis of body composition showed that all parameters 

of the pure (fat-free) component were higher in boxers. All obesity parameters were insignificantly lower 

in wrestlers. 
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Introduction 

Assessment of body composition elements allows quantification of fat and lean components, which 

provides a good basis for planning an effective training program [1]. Modern technology enables more 

methods and devices for body composition analysis, but an ideal method for application in sports 

anthropometry has not yet been established [2]. Analysis of body composition with bioelectrical impedance 

is a relatively new method, but it has been present in medical and sport practice for enough time to be 

confirmed as a precise, practical and accessible method [3]. 

Previous research on the relationship between body composition and sports performance shows 

that a lower percentage of body fat and greater muscle mass have a positive impact on boxing performance 

[4]. Evidence from research in boxers of different age groups shows an inversely proportional relationship 

between excess adipose tissue and activities such as the development of acceleration, strength, speed of 

movement and explosiveness [5]. In all activities that are related to body mass, a relatively low percentage 

of adipose tissue is an advantage from a metabolic and mechanical point of view [6].  
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It has been shown that weight reduction contributes to the physiological and physical advantages 

of the boxer in his weight category [7]. It often happens that boxers or wrestlers, in order to stay in a certain 

weight category, apply inappropriate weight loss methods, which is why the boxer/wrestler enters the ring 

dehydrated and with depleted glycogen reserves, which is a big risk not only for success in the ring but also 

for the health of the boxer [8]. 

  Boxing and wrestling are combat sports in which athletes are divided into different weight 

categories, and therefore optimizing their body composition is a serious problem, especially when it comes 

to boxers/wrestlers of the highest level [9].  

Before each competition, athletes should pay attention to the restriction of body mass to stay in 

their weight category, but maximize the lean component and minimize the amount of body fat. High-level 

amateur boxers of both sexes showed low levels of body fat.  

The average range of body fat (BM%) ranges from 9 to 16% and from 14 to 26% for male and 

female amateur boxers, respectively. In an extensive research of different methods for body composition 

analysis in junior and senior wrestlers, results for the percentage of fat tissue are presented in a range from 

the lowest obtained value of 7.98 ± 2.56 % to the highest 15.62 ± 3.86% for juniors, and a similar range of 

results were shown for seniors, from the lowest value 7.33 ± 2.78 to 12.39 ± 2.72 [10]. 

  The aim of this study was to determine and compare body composition parameters in two groups 

of martial arts athletes, boxers and wrestlers. 

  

 

Material and methods 

Sample of respondents 

This paper presents the results of an analysis of the body composition of 20 athletes, divided into 

2 groups of 10 subjects each, boxers and wrestlers. The average age of the respondents was 21.55 ±4.48 

years, age range from 18 to 30 years. Average height of the whole group was 179.45 ± 1.72 cm, average 

weight 79.49 ± 2.35 kg. 

Informed consent was obtained from all respondents, with which they confirm that they are 

informed about what kind of research it is about and what the obtained data will be used for. The tests were 

performed at the Institute of Physiology at the Faculty of Medicine in Skopje. 

Methods 

The bioelectrical impedance method was used for body composition analysis. Bioelectrical 

Impedance (BIA) exploits the fact that electrical currents travel more easily through tissues rich in fluid 

(electrolyte solutions). Different tissues, due to their different composition, show different resistance and 

conductivity when spreading electric currents. Under controlled conditions, BIA analyzers provide results 

that are highly correlated with methods recognized as standard methods for body composition analysis. 

Device for measuring body composition – multifrequency bioelectrical impedance (BIA InBody 720, 

Biospace Co. Ltd., Seoul, Korea). The measurement is carried out under standard conditions: ambient 

temperature of 20-25 C, subjects should not consume food and drink for 10 hours before the analysis and 

should avoid physical activity. It is desirable that the bladder is empty. All metal objects from the body 

should be removed. Before the measurement, the subject should be in a standing position for about 10 

minutes in order to achieve an even redistribution of body fluids under the influence of gravity. Before 

starting the measurement, the subject should take the hand electrodes with the palmar side of the hand, 

making sure that the thumb and fingers of the hand are on the right   places. The hands with the electrodes 

should be positioned about 15 cm away from the body. The measurement take less than 5 minutes. The 

final result BIA parameters are divided into five sections: constituent elements; body components; obesity 

parameters, segmental analysis of fat and muscle components. 

  Anthropometric variables 

To assess the anthropometric status, the following anthropometric measures will be measured: 

1. Height (cm) - stadiometer 

2. Weight (kg) – electronic scale 

3. BMI – body mass index, indicator of body nutrition. 
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 BIA  variables 

1. TW – (Total body water) -Total amount of water in the body 

2. Protein mass-quantity of proteins 

3. Mineral mass – amount of minerals 

4. Body Fat Mass- fatty tissue 

5. FFM - fat-free component 

6. SMM- skeletal muscle mass 

7. BF% - percentage of adipose tissue 

8. WHR- ratio of waist and hip circumferences 

9. BMC – basal metabolic rate 

10. OD – obesity degree 

11. Segmental analysis of fat tissue (right - left arm, right - left leg, trunk) 

12. Segmental analysis of skeletal muscle mass (SMM) (right - left arm, right - left leg, trunk) 

13. Weight control 

14. Muscle control 

15. Fat control 

Statistical analysis 

The statistical analysis was done with the SPSS program. The characteristics of the two groups of 

subjects, boxers and wrestlers, were presented as mean values and standard deviations (±). Differences 

between groups were determined by independent t-test. Significance level was set at 0.05. 

 

Results 

 

Table 1. Demographic data and BIA parameters of lean body mass in boxers and wrestler 

 Age Years 

training 

Hours/w

eek 

Height 

(cm)  

Weight 

(kg) 

FFM 

(kg) 

SMM 

(kg) 

Proteins 

(kg) 

Minerals 

(kg) 

boxers 20.8 4.8) 4.1 (4.07) 6.5 (1.7) 183.3 

(6.5)  

84.37 (12) 71.5 

(7.6) 

40.9 

(4.5) 

14.22(1.5) 4.89 

(0.6) 

wrestlers 22.3 4.3) 5.6 (5.25) 7.6 (1.8) 175.5 

(7.0) 

74.61(6.01) 64.7 

(0.3) 

36.9 

(3.6) 

12.89 (1.2) 4.31 

(0.4) 

p 0.469 0.484 0.185 * 0.019 * 0.034 * 0.04 * 0.045 * 0.045 *0.014 

F 0.098 2.695 0.001 0.002 1.761 0.207 0.135 0.130 0.344 

 

Table 1 shows the mean values and standard deviations for demographic data and parameters 

describing the lean (clean) component in both groups of athletes. 

 Respondents from both groups had similar age, sports experience (years of training) and amount 

of physical activity (number of hours per week). In terms of height and weight, boxers were statistically 

significantly taller than wrestlers.  

All elements comprising the lean component, total lean component (FFM), skeletal muscle mass 

(SMM), amount of protein and amount of minerals were significantly higher in boxers.  
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Table 2. BIA derived obesity parameters in boxers and wrestlers 

 

BFM kg BMI BF % BMR (kcal) WHR Obes deg% fat control Muscle control 

Boxers 11.82 (3.34) 24.69 (2.05) 14.11 (3.2) 1918 (166.4) 0.86 (0.05) 111.6 ( 9.4) -1.65 кг 

 

0 kg 

wrestlers 9.9 (2.5) 24.29 (1,1) 13.27 ( 3.0) 1767.33126.9 0.84 ( 0.04) 110.1(5.6) -0.42 кг 0 kg 

р 0.163 0.603 0.568 * 0.040 0.486 0.671   

F 0.590 3.422 0.015 0.365 1.339 2.997   

 

In the table 2 are present the mean values of the obesity parameters of the two groups of respondents 

obtained by the BIA method. Although the mean values of all obesity parameters were higher in boxers, 

statistically significant difference was noted only in basal metabolic rate (BMR) in favor of boxers. 

 

   Table 3. Segmental analysis of fat tissue in boxers and wrestlers 

 Segmental fat analysis 

 
Right arm Left arm trunk Right leg Left leg 

Boxers 0.44±0.21 kg 0.45±0.21 kg 6.39±2.22 kg 1.69±0.38 

kg 

1.68±0.36 

kg 

Wrestlers 0.32±0.17 kg 0.34±0.15 kg 5.23±1,56 kg  1.51±0.26 

kg 

1.51±0.26 

kg 

 

Table 4. Segmental analysis of the muscle tissue in boxers and wrestlers   

 
Segmental muscle analysis 

 
Right arm Left arm trunk Right leg Left leg 

boxers 0.44±0.21 0.45±0.21 6.39±2.22 1.69±0.38 1.68±0.36 
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Table 3 shows the results of a segmental analysis of fat tissue, while table 4 shows the results of a 

segmental analysis of muscle tissue. In both groups, boxers and wrestlers, was noticed a symmetrical 

distribution of fat and muscle tissue on the right and left  arms and on the right and left. 

 

Discussion 

In this paper, the body composition parameters obtained by bioelectrical impedance analysis in a 

group of boxers and a group of wrestlers are compared. Comparison of obesity parameters showed no 

significant difference between boxers and wrestlers.  

The values of the lean components, skeletal mass, total water, protein and mineral mass were 

expressed in absolute values, kilograms, and were higher in the boxer group. The higher values in boxers 

may be due to the fact that they were generally bigger athletes, taller and heavier, and therefore the absolute 

values of the lean components may be higher.  

The parameters of the fat component or obesity parameters are largely relative values (BF %, BMI, 

WHR, obesity degree) and they had similar values in both groups. The parameters of fitness were slightly 

lower in the group of wrestlers, but without a statistically significant difference. The value of the basal 

metabolism for the athletes was significantly higher for the boxers, but this difference could also be 

explained by the fact that the BMR depends on the total mass, especially on the muscle mass, and it was 

higher in the boxers, which demands a higher consumption of energy. 

  Quantifying body composition has a important role for sports training and sports performance, 

especially in sports related to weight categories, aesthetic and gravity sports [11]. 

 In a study comparing variations in the anthropological profile of elite athletes boxers, swimmers, 

karate players, cricket and hockey players, it was established that boxers had the lowest values of skin folds 

(a sum of 8 skin folds) than swimmers and all other groups of athletes [1 ]. A comparison of body fat 

component expressed as percentage of body fat (TM%) in elite and non-elite boxers in India showed a 

lower percentage in elite boxers (13.8% in elite, 16.06% in non-elite boxers) [6].  

A survey of anthropometric characteristics of heavyweight boxers showed that the majority of 

respondents (74.3%) had a BMI within the normal range, about 10% had a BMI lower than 25 kg/m2, and 

14.8% had a BMI higher than 30 kg/m2 [12] . An analysis of body composition in Turkish lightweight 

boxers showed an average weight of 77.51±16.79kg, and they had a BF% of 11.88±4.84 [13]. 

  Wrestlers are very often exposed to strict restrictive diets and additional weight loss methods 

(sauna, sweating, etc.) to meet the weight criteria. Professional and amateur wrestling federations strictly 

monitor the health of athletes with special attention to rapid weight loss and very low levels of body fat 

[14].  

To protect the health of athletes and achieve good sports success, the body composition of wrestlers 

should be controlled during all stages of preparation for a competition, from the beginning of the pre-

competition season to the peak of the competition season. It is thought that a wrestler will have a 

biomechanical advantage if he has a physique with shorter limbs, a longer trunk, higher muscle mass and a 

low percentage of fat tissue. Body fat percentage is an essential predictor of athletic success in wrestlers, 

especially maintaining a low body fat percentage (BM%) throughout the season [15]. 

  All combat sports, including wrestling, are characterized by the need to lose weight so that the 

competitor can stay close to the upper limit of a certain (for him relatively lower) weight category. A 

common occurrence is the so-called rapid weight loss (RWL – rapid weight loss), which represents a loss 

of 5% of body mass in less than 7 days.  

This rapid way of losing weight along with heavy training poses a risk of muscle injuries that can 

affect the final result of the match. In the research of Rocklicher and co-authors, 10 wrestlers were tested, 

who before preparations had a percentage of fat BF% = 16.37  2.22, in the first phase of specific training 

wrestlers 0.32±0.17 0.34±0.15 5.23±1,56 1.51±0.26 1.51±0.26 
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and after rapid weight loss the percentage of body fat dropped to 12.74, while in the second stage of 

preparations, without RWL, the percentage of adipose tissue rises again to 14.98±2.47 [16].  

Body composition variables in female wrestlers showed a dependence on age, with an increase in 

pure body composition in older athletes [17]. 

A comparison of the somatotype of female boxers and wrestlers from India showed a difference in 

the ectomorphic component [18]. Percentage of adipose tissue in female boxers versus female wrestlers 

participating in the Olympics was 13.9% vs. 14.8% [19]. Athletes and coaches should be aware that skeletal 

muscle mass and body fat are related to athletic performance because the muscle mass represents a 

functional body component together with the bone component and connective tissue [20]. 

 

Conclusion 

The boxers and wrestlers have well-developed muscle mass and other components of the lean body 

mass (proteins and minerals) with significantly higher absolute values in the boxers. All athletes had 

optimal muscle mass, and only a few of them had excess fat tissue.  

Obesity parameters in both groups of subjects were within normal reference values and did not 

differ from each other. 
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