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Abstract 
Delivering successful performance in sports depends on physical fitness. Unless the physical and physiological 
structure is in accordance with the requirements of the sports branch, a high performance in sports cannot be 
realized fully (Çakmakçı, 2002). Therefore, it is important to define and improve performance parameters such 
as body composition, anaerobic-aerobic endurance, capacity and strength in boxing. Accordingly, In this study, it 
is aimed to examine the physical and physiological fitness parameters of tiny natioanal boxers between 11–13 
years of age. The research was carried out on 12 boxing athletes between 11–13 years of age in the tiny national 
category in Kırıkkale province. In statistical analysis, normality was understood by Shapiro-Wilk test and 
descriptive statistics method was used to define the data. In this study, maximum oxygen consumption capacity 
(VO2) maxs, lung functional volumes, hand grip strength levels and body composition measurements of boxing 
athletes were evaluated. The mean of (VO2) max values of the participants were measured 44.17 ± 8.45. Also in 
correlation analysis, a high relationship was found at (VO2) max BMR; r = -750, p = 0.01 level between 
maximal oxygen consumption capacity and basal metabolic rate However, in oxygen consumption capacity and 
body composition variables, The negatively significant level relationships were found at levels of (VO2) max; 
body fat percentage (FM), r = -696, p = 0.05, lean body mass (FFM), r = -666, p = 0.05; body mass index (BMI), 
r = -763, p = 0.01). As a result, in this study, identification and relationship were determined about performance 
data in physical and physiological fitness parameters of tiny elite boxing athletes and a data about this age group 
was created in boxing athletes for future studies. 
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1. Introduction 
Achieving a high level of performance in sport results from a combination of many factors. The most important 
of these is physical fitness. Physical fitness is the most important criterion in determining the physiological 
capacity (Çakmakçi et al., 2018; Tatlici et al., 2018). In order for the sportive performance to be at high 
efficiency, the physical and physiological structure specific to the sport branch must be suitable (Kalyon, 1990; 
Özer & Kılınç, 2011). Each sports branch for high performance; requires to some physiological characteristics 
that should be more dominant according to intensity, frequency, duration, intensity, movement variety and the 
muscle groups used (Selçuk, 2014). In addition to these physiological features, the athlete has to perfect these 
features through exercises (Tatlıcı et al., 2018). The main purpose of the exercise; is to regulate the distribution 
of oxygen, to put the metabolic processes in the way, develop strength, endurance and improve muscle-joint 
movements (Tayar & Korkmaz, 2007). In this way, the physical and physiological structure of the athlete 
becomes more suitable for the conditions required by the branch and the fighting power is increased. As boxing 
requires high physical capacity and skill, boxing athlete must have many physical, motoric and biochemical 
factors together (Kılıç, 2012; Soslu et al., 2018; Tatlici & Çakmakci, 2019). The general strength required for 
boxing consists of a combination of strength, speed, muscular and respiratory-circulatory system resistance 
(Çakmakci et al., 2019). Endurance is highly dependent on the aerobic capacity of the athlete and less on the 
anaerobic capacity (Soslu et al., 2019). Durability in the application of technical movements; is provided by 
reinforcing special sporting abilities (Karatosun, 2003). As to considering the muscle group and the variety of 
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movement of the boxing branch, the importance of the upper extremities increases and the training focuses more 
on this region (Selçuk, 2014). Aerobic capacity; defined as the amount of maximal oxygen consumed per minute 
during maximal exercise. High aerobic capacity can be positively transferred to anaerobic capacity. If an athlete 
develops aerobic capacity, anaerobic capacity will also improve. Because the athlete will be able to function for 
a long time without entering the oxygen debt, and will recover in a very short time after entering the oxygen debt 
(Sevim, 1991). Boxing is a sport where sudden combined strokes are performed and therefore energy loss is at a 
high level. In this respect, the importance of maximal strength and anaerobic power in boxing is understood 
(Selçuk, 2014). Strength, which is one of the basic conditions for demonstrating a movement in sports (Tatlici & 
Unlu, 2018), increases or is maintained depending on the developments in muscles with various exercises (Soslu 
et al., 2018). The rationale for measuring force can be categorized into two areas, anatomical and physiological. 
Measurement of hand grip strength is an example of isometric muscle movement or static exercise (William & 
Gene, 2013). Strength and muscular endurance are measured by dynamometers, cable tensiometers, 
electromechanical devices, invariant resistances and variable resistant exercise machines (Özer, 2016). 
Differences in age of athletes, hand grip strength and fat percentage are also among the main reasons that affect 
success in boxing. It is thought that Turkish athletes will be developed as a result of comparison with the boxers 
of the countries which are good in terms of success in order to be more successful (Çınar, Biçer, Pala, & Savucu, 
2009). Bone structure is a lifelong active structure and their development varies (Bozkurt, 2010). The muscles 
and bone structure of one of the two athletes who are at the same height and weight may be more developed than 
the other and more success can be obtained (Bozkurt, 2010; Bozkurt, 2011). In this case, The body fat 
percentage of the one whose muscle and bone structure have been undeveloped will be higher and appearance 
will be fatter than the other. The ideal weight varies according to gender and height in adults and age and gender 
in children (Zorba, 2001). BMI (Body Mass Index) is one of the simplest measures in determining ideal weight. 
According to this; BMI = is calculated as Weight (kg) / Height² (m²) (Zorba, 2014). 

Lung volume measurement during resting increases the rate of interpretation of lung volumes during exercise. 
The most important test in measuring the maximal aerobic strength of the athlete is the maximal oxygen 
consumption (max.VO2) test, which depends on the age, gender and body composition of the athlete (Tamer, 
2000). It exudes three out of 4 components of the total lung volume while performing the vital capacity test. 
These; breathing reserve volume (NRV = BRV), tidal volum (TV) and expiratory reserve volume (ERV). 
Although it does not measure the overall lung capacity, it provides an indirect measure of lung capacity (William 
& Gene, 2013). Success in sports can be achieved by combining many complementary features, such as the rings 
of the chain. Boxing also has a structure that requires a combination of many features such as technique, tactic, 
durability, quickness and coordination. In addition to the completion of all these features, success in boxing will 
be possible with the increase of scientific research, development of general training programs, selection of 
talented and suitable athletes for physical characteristics, and teaching of technical and tactical studies with 
different methods (Aydaş et al., 2002). In this context, in the research, the physical and physiological fitness 
levels of the young level national boxing athletes who are at the 11–13 age were determined,. in line with these 
results, identification and due diligence regarding the performances of athletes were made and data for this age 
group were presented in the literature. 

2. Method 

2.1 Sample  

The aim of this study was to investigate the physical and physiological fitness parameters of the tiny national 
boxers who are at the age of 11–13. The sample of the study constitutes 12 national athletes in the range of 11–
13 years of age from Kırıkkale Provincial Directorate of Youth and Sports boxing club depending Turkey 
Boxing Federation. 

2.2 Procedure 

The design of the research was realized with the descriptive-relational survey model which is one of the 
quantitative research methods. 

2.3 Data Collection  

Before the participation in the tests, written permission was obtained from the athletes and their families 
(voluntary consent form). Within the scope of the study, all measurements were performed in the Physiology and 
Performance Laboratory of Faculty of Education of Kırıkkale University. Before the tests, the necessarry 
information was given to the athletes and the adaption to the tests was provded. The length and body weight 
values of the participants were taken firstly. The measurements of Pulmonary functions (FVC, FEV1, 
FEV1/FVC and VC) were performed by Cosmed brand ‘Spirometry USA Device’. Disposable apparatuses were 
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used for vital capacity measurements. The athletes were shown the protocol in accordance with the measuring 
principle of the device and they were performed trails. In the laboratory, students were asked to sit on the chair 
and blow into the device and the best value was recorded after three measurements. The (VO2) max 
measurements of the athletes (VO2) were carried out directly gas analyzer device marked Cosmed fitmate PRO 
USA. After calibrating the device, entering gender, age, height and weight values, the test mask was worn in the 
shape of taking nose and mouth in and no air leakage. The Bruce test protocol was applied on the treadmill for 
approximately 15 minutes. The test is based on the stress test of cardiac performance with sub-maximal loading 
by incrementally increasing treadmill speed and inclination every three minutes (Williams & Wilkins, 2013). As 
a result of the test obtained from the device, the amount of ventilation (breath), oxygen consumption (VO2), 
average breath frequency, pulse rate (HR), FeO2 average oxygen density, loading amount, energy consumption 
and the steps of the test can be seen at the intervals of 15 seconds. 

 
Table 1. Bruce protokol 

Stage Speed (km/s) Speed(mph) Slope 
1 2.74 1.7 10 
2 4.02 2.5 12 
3 5.47 3.4 14 
4 6.76 4.2 16 
5 8.05 5.0 18 
6 8.85 5.5 20 
7 9.65 6.0 22 
8 10.46 6.5 24 
9 11.26 7.0 26 
10 12.07 7.5 28 

Note. ACSM’s health-related physical fitness assessment manual (2013). 

 

The bioelectrical impedance analyzer device marked Tanita Body Composition Analyzer BC-418 was used to 
determine the body composition of the athletes. The device analyzes the fat and lean body weight by sending a 
50 kHz electrical current to the body parts. the Haris-Benedict formula was used for the basal metabolic rate 
measurement in tiny boxing athletes. 

In addition, Haris-Benedict formula was used for basal metabolic speed measurement in young-level boxing 
athletes. 

BMR (Male) = 66.473 + (13.752 x Weight) + (5.003 x Height) - (6.755 x Age) 

2.4 Data Analyses 

In this research, SPSS 18 package program was used for data analysis. The age, anthropometric measurements 
(height, weight), body composition values, lung functional volume values, hand grip strength, the definition of 
minimum, maximum, arithmetic mean and standard deviation data beleging to (VO2) max values and basal 
metabolism rate (BMR) of the boxing athletes participating in the study was calculated by the descriptive 
statistical method. Pearson correlation coefficient was used to determine the correlation relationships between 
physical and physiological variables of athletes. 

3. Results 
As a result of descriptive statistical analyzes in the research, the mean values of the data of the tiny national 
boxers respectively found to be; age, 12.33 ± 7, height, 152.3 ± 7.8, weight; 44.5 ± 7.3, (VO2) max; 44.17 ± 8.4, 
fat percentage, 17.8 ± 1.1, lean body mass, 36.0 ± 4.6, body mass index, 18.9 ± 2.2, right hand grip strength, 24.8 
± 4.1, left hand grip strength was 26.3 ± 4.1, FEV1/FVC%, 107.5 ± 4.9, FEV1%, 91.3 ± 8.9, VC%, 100.1 ± 9.9, 
FVC%, 85.1 ± 9.9% (Table 2). In case of correlation analysis, a high correlation was found between maximal 
oxygen consumption capacity and basal metabolic rate at level of ((VO2) max, BMR; r = -750, p = 0.01) (Table 
3). However, The negatively relationships at significant were determined between oxygen consumption capacity 
and body composition variables (VO2) max; body fat percentage at the level of (FM), r = -696, p = 0.05, lean 
body mass (FFM), r = -666, p = 0.05; body mass index (BMI), r = -763, p = 0.01) (Table 4). 
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Table 2. Descriptive statistics of physical-physiological data of national tiny boxers 

Variables N min max Mean sd. 
Age 12 11.00 13.00 12.33 .77 
Height 12 143.00 162.00 152.33 7.83 
Weight 12 36.70 55.45 44.58 7.39 
(VO2)maxml/kg/min 12 35.00 49.20 44.17 8.45 
Fat Percentage (FM) 12 16.28 18.43 17.80 1.15 
Lean Body (FFM) 12 31.40 43.00 36.00 4.63 
BMI(BKİ) 12 16.00 22.30 18.93 2.27 
Right hand grip (kg) 12 21.00 31.00 24.83 4.10 
Left hand grip (kg) 12 22.00 33.00 26.33 4.11 
FEV1/FVC % 12 101.00 114.00 107.50 4.92 
FEV1 % 12 79.00 99.00 91.33 8.99 
VC % 12 85.00 113.00 100.16 9.97 
FVC % 12 69.00 98.00 85.16 9.95 
BMR (kcal) 12 1214.75 1538.71 1358.66 131.86 

 

Table 3. Correlation relationships between respiratory functions and oxygen consumption capacities and basal 
metabolic rate variables of tiny national boxers 

  (VO2)max FEV1/ FVC FEV1 VC FVC BMR 

(VO2)max r - -.248 .344 .313 .361 -.750** 
 p - .437 .274 .321 .250 .005 
 n - 12 12 12 12 12 
FEV1/ FVC r -.248 - -.221 -.601* -.580* .301 

p .437 - .489 .039 .048 .343 
n 12 - 12 12 12 12 

FEV1 r .344 -.221 - .897** .921** -.618* 
p .274 .489 - .000 .000 .032 
n 12 12 - 12 12 12 

VC r .313 -.601* .897** - .991** -.526 
p .321 .039 .000 - .000 .079 
n 12 12 12 - 12 12 

FVC r .361 -.580* .921** .991** - -.616* 
p .250 .048 .000 .000 - .033 
n 12 12 12 12 - 12 

BMR r -.750** .301 -.618* -.526 -.616* - 
 p .005 .343 .032 .079 .033 - 
 n 12 12 12 12 12 - 

Note. Correlation Significance Level *0.05 ,**0.01. 
 
Table 4. Correlation relationships between oxygen consumption capacity and body composition variables of tiny 
national boxers 

  (VO2)max FM FFM BMI 

(VO2)max r - -.696* -.666* -.763**
 p - .012 .018 .004 
 n - 12 12 12 
FM r -.696* - .389 .937** 

p .012 - .212 .000 
n 12 - 12 12 

FFM r -.666* .389 - .543 
p .018 .212 - .068 
n 12 12 - 12 

BMI r -.763** .937** .543 - 
p .004 .000 .068 - 
n 12 12 12 - 

Note. Correlation Significance Level *0.05 ,**0.01.  
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4. Discussion 
This research was done on the purpose of the investigation of the physical and physiological fitness of tiny 
national boxers in terms of various performance variables. In this context, the limitation of the researches on tiny 
national boxing athletes required definitions of some physical and physiological performance data. In the 
literature, among the studies conducted in the determination of physical and physiological performance data in 
different age groups, Atan et al. (2013) determined that VC% value was found in the best swimmers (174.62), 
the second was found in wrestlers (137.54) In terms of pulmonary function tests they performed on a total of 350 
participants, 50 sedentary athletes and 50 athletes from the branches of judo, athleticism, wrestling, taekwondo, 
table tennis and swimmimng who actively do sports in stars category in the 15–16 age group, and observed that 
the athletes have higher value respiratory functions than sedentary athletes (104.02) in both sports branches. 
When compared with the results of this research, it is seen that it is lower than these results depending on the age 
range. In another study conducted by reseracher Azad and Zamani (2014), lung function estimating equation was 
developed in normal (n = 38, age ave. = 15.9 ± 0.86) and low weight (n = 29, age ave. = 16 ± 0.84) young girls. 
According to the results of the study, FVCbaz (L) was found to be 2.78 ± 0.38 and FVCreference (L) was found 
to be 3,254 ± 0.39 in low-weight ones. They found that FVCbase (L) value was 2.88 ± 0.34 and FVCreference 
(L) value was 3.18 ± 0.36 in normal weight participants. 9 elite male boxers particioated in Akgül’s (2016) study. 
In the comparison of pretest-posttest values of body compositions, while he found that the post test values of 
body weight and body mass index were significantly lower than pretest values (p < 0.05), he observed no 
statistically significant difference in the comparison of pretest values and posttest values of basal metabolic rate, 
fat percentage, lean body mass and total water weight were compared with pre-test values (P > 0.05). Totally 29 
boxers from Turkey Big Men’s Boxing National Team were participated in another study by Pala and Savuc 
(2011). All boxers’ some physical and biomotoric parameters of height, weight, body composition, vertical jump, 
hand grip strength and some oxidative stress parameters of Malondialdehyde, 8-isoprostan, 4-hydroxinonenal 
and 8-hydroxy-2’-deoxyguanosine were examined at the beginning and end of the camp. As a result of the study. 
They found statistically significant variations in body weight, vertical jump, left hand grip strength and serum 
8-isoprostane values of the athletes (pg/ml) before and after camp (P < 0.05). Although there was a decrease in 
malondialdehyde, 8-hydroxy-2’-deoxyguanosine and 4hydroxinonenal values, they did not observe statistical 
significance (p > 0.05). 18 boxers between the ages of 19–25 actively engaged in boxing were participated in the 
Ozdil’s study (2016). In the study; When the findings obtained from the result of application of resistance rubber 
group, dumbly group and control group performed together with 6-week competition period trainings were 
examined, he didnot found a statistically significant difference between both in-group and intergroup pretests 
and posttests of the body weight, anaerobic power and maximal bench parameters values. However, when the 
pre-test and post-test data of the groups in itself were examined, it has been determined that there was a 
statistically significant (p < 0.05) increase in anaerobic power levels of all three groups (LG, DG, KG). Kılıç 
(2012), in his study on the age population close to this study, found differences in body composition data, right 
hand grip strength (kg), vertical jump (cm) and aerobic power (ml/kg/min) parameters of the athletes before and 
after the 8-week training program for 13–14 years old Star Male male twenty-four boxing athletes (p < 0.01). 
Another researcher, in Savaş and Uğraş (2014) pre-post test analyzes on forty-eight boxing, taekwondo and 
karate athletes at the end of the eight-week training program, in boxers; body weight, visual reaction time, in the 
athletes doing taekwondo; body fat percentage, in athletes doing karate: in body weight and anaerobic power 
values, statistically differences were found at significance level (p < 0.05). In another study, Çınar and et al. 
(2009) in their research on 26 boxers, the average age (20.77 ± 1.34), from Turkish and Ukrainian boxing 
national team, they found statistically significant differences in flexibility value in favor of Turkey, in fat 
percentage, right hand grip strength, left hand grip strength and sport age values in favor of Ukraine and 
according to the obtained values, the Ukrainian Boxing National Team athletes had better averages than the 
Turkish Boxing National Team athletes in the terms of the physical fitness parameters. In another study 
conducted by Çakmakçı et al. (2005), 11 boxers with an average age of 20.81 ± 2.35 years from the Turkish 
National team, and 9 boxers with an average age of 24.88 ± 3.14 years from the National Team of Georgia 
participated in the study. In their esearch, while no significant difference was found in height, body weight, 
forced vital capacity, inspiratory and expiratory parameters of Turkey and Georgia National Boxing Teams, at p > 
0.05 level, they found significant difference in age parameter at p < 0.05 level. El-Ashker et al. (2018) in their 
research examined various physiological variables on elite male boxing athletes and amateur boxing athletes 
with an average age of 21 and as a result they did not observe a significant difference between VO2 max values 
and VO2 values (p > 0.05). In another study, Aydaş et al. (2002) made comprasions between National Boxing 
team with the average age of 22 ± 70 and the other two competing boxing groups in the terms of various physical 
and physiological variables; height, weight, body fat percentage, flexibility, resting heart rate, blood pressure, 
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hand grip strength and anaerobic power and did not find a significant difference between them (p > 0.05). Güven 
et al. (2017) had 10–12 years old badminton players done 8-week basic badminton training and reported that 
there was a positive improvement in the hand grip strength of both the right hand and left hand compared to the 
pre-test. 

Guidetti et al. (2002), eight elite amateur Italian boxing athletes with an average age of 22.3 ± 1.5 were ranked 
according to their grades in international tournaments and world amateur boxing criteria and correlations in the 
physiological variables of athleteswere examined according to ranking. In the results, the observed that hand grip 
strength was highly correlated with competition ranking (p < 0.01), however, there was a moderate relationship 
in the wrist circumference variables of VO2 (max) and anthropometric data. Another researcher, Ghosh (2010), 
in his study on six elite boxers with an average age of 21.4 ± 3.0 years, investigated the metabolic and 
physiological responses of special training practices on athletes. He found significant increase in VO2 (max) 
values of boxers and as a result, in his study, provided evidence that specialized specific training practices in 
boxing give high responses on cardiovascular and metabolic values. Aktaş (2019) measured the dominant arm 
and leg isokinetic strengths of elite boxers aged 21.38 ± 2.39 and as result, stated that both upper and lower 
extremities of the boxers were dominant. This result showed that both arm strength and leg strength should be 
good due to the characteristics of boxing. 

5. Conclusion 

In literature studies, the existing of that the results of physical and physiological fitness of boxers is higher than 
the results of this study we attribute to difference in age population. In recent studies, the limitations of studies 
similar to this are striking. This situation necessitates the necessity of research on the tiny national boxers. As a 
result of the research. The existing of that there were the negatively relationships between the highness of 
maximal oxygen use capacity and basal metabolic rate and body composition components at relational base 
show the effectiveness of oxygen use on the protection of basal metabolic rate and body composition at healthy 
and desired level. This means that the development of oxygen consumption capacity through periodic training 
practices will achieve the desired physical fitness for athletes in body composition and basal metabolism values. 
It is thought that the physical and physiological data of the tiny national boxing athletes between 11–13 years of 
age will contribute to the literature in this age group. 
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