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Abstract

Study aim: The aim of the study was to determine the anthropometric characteristics of elite Turkish wrestlers according to their 
weight categories. 
Material and methods: In this study, 21 elite male wrestlers (age 22.9 ± 4.0) have been examined according to three weight 
categories: Light weight, middle weight, heavy weight. Height, weight, arm and calf girth, humerus and femur width, skinfolds 
(triceps, subscapular, calf, supraspinale) were measured. Arm anthropometry (upper arm muscle area, upper arm fat area, upper 
arm fat index), somatotype (Heath-Carter somatotype method), and body composition (bio-impedance analysis) were deter-
mined. 
Results: In the light weight wrestlers, body fat was 9.95% and somatotype 2.15–6.68–1.62; in the middle weight wrestlers, 
body fat was 11.79% and somatotype 2.83–6.83–1.01; in the heavy weight wrestlers, body fat was 18.63% and somatotype 
4.10–8.13–0.53 was determined. While the endomorphy component of the light weight wrestlers was significantly lower than 
the middle weight and heavy weight wrestlers (p < 0.017), the ectomorphy component was significantly higher than the heavy 
weight wrestlers (p < 0.05). Fat free mass differed significantly between the three weight categories (p < 0.017), while body fat 
was higher in heavy weight than both light weight and middle weight (p < 0.017). The weight showed a significant and positive 
relationship with all anthropometric and body composition values except AFI and ectomorphy (p < 0.05 with mesomorphy, 
p < 0.01 with others). 
Conclusions: As a result of the study, it was determined that wrestlers have anthropometric characteristics specific to their 
weight categories. While the light weight wrestlers show a balanced mesomorph structure, the heavy weight wrestlers have 
adapted to the endomorphic mesomorph body type with the increase in fat and fat free mass.
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Introduction

Wrestling is the struggle of two people to dominate 
each other by means of mutual defense and attack system 
[40]. There are two styles of wrestling for men at the Ol-
ympic Games: Greco-Roman and Freestyle. Weight cate-
gories have been established to balance the physical strug-
gle among athletes of both styles [18]. 

Wrestling is a  high-intensity performance sport that 
requires muscle strength and endurance [60]. Elite wres-
tlers have high value of maximal strength, muscle power, 
and anaerobic power [18]. At the same time, technical ef-
ficiency in elite wrestlers depends on a  large number of 
motor skills and some morphological characteristics such 
as body weight [12]. In the wrestling competitions, upper 

and lower body strength are provides an advantage dur-
ing offensive maneuvers and in resisting attacks by the 
opponent [22]. Therefore, high anaerobic performance is 
critical for wrestlers. Vardar et al. [54] emphasized that 
fat free mass should be considered for high anaerobic 
performance. While anaerobic power helps to distinguish 
successful wrestlers without any classification (age, style, 
etc.) [10], there was not shown relationship between fat 
percentage and wrestling success level [57, 59]. However, 
body fat has a negative effect on motor skills and it is ex-
pected that athletes to have low levels of body fat [29]. 
Because body fat does not contribute to the production of 
the force required to move the body and therefore affects 
performance negatively [24]. Melki et al. [30] reported 
a negative relationship between body fat percentage and 
specific wrestling performance. However, increased body 
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fat levels can be advantageous in some force-demanding 
branches (e.g., American football or Sumo wrestling), 
and strategically distributed adipose tissue can positive 
effects [28]. Beekley et al. [3] reported that fat mass in 
sumo wrestlers plays a role in lowering the body’s center 
of gravity and provides balance. It is considered that ath-
letes have an ideal body weight and body composition, es-
pecially in certain sports [31]. Wrestlers’ off-season body 
fat values range from 8 to 16%; while in a well trained 
state their values between 3 and 13% [21, 59]. Also, the 
body composition of wrestlers differs between weight cat-
egories [18, 58]. While heavier athletes have more body 
fat and fat free mass for their height [42], body fats of light 
and middle weight wrestlers are similar [9]. 

There is a linear correlation between muscle mass and 
the organic protein pool, and therefore upper arm muscle 
area is associated with the organic protein pool. Upper arm 
fat area and upper arm fat index are an indicator of obesity 
[4, 17]. The upper arm muscle area has been used to detect 
arm muscle of different sport branches [5, 33] and to assess 
misclassification of athletes as obese [56]. There are also 
studies examining the upper arm muscle area of volleyball 
players [25], runners [44], wrestlers [1, 60] and gymnasts 
[26]. The arm anthropometry contributes to body compo-
sition assessment [60], gives information about diet [44], 
and helps identify anthropometric differences between 
sports branches [5]. When examined in terms of wrestlers, 
arm anthropometry values differ between styles (freestyle 
or greco-roman), genders, and weight categories [1, 60]. 

The anthropometric characteristics of the athletes ena-
ble the definition of physics and allow comparison among 
groups [36]. Somatotype is based on anthropometric 
measurements and explains the body shape in three clas-
sifications. Endomorphy is a sign of fatness and a relative-
ly round body, mesomorphy is a sign of muscularity and 
robustness, and ectomorphy is a sign of a  thin, long and 
weak body. Determining the body types of the successful 
athletes gives the most valid result in defining the phy-
sique suitable for the sports branch. Defining the physi-
cal structure of the branch is seen as one of the steps to 
achieve success [8]. Somatotype components may differ 
among sport branches [34], styles [2], weight categories 
[48] and game positions in team sports [20]. The wrestlers 
have high mesomorphy values due to training and game 
content (demand for muscle power, strength etc.). Also, 
weight categories are an important factor to determining 
the morphological differentiation of wrestlers. The biggest 
somatotype differences among weight categories occur 
between the heavy weight and light weight [8, 9, 23, 39]. 

Morphological features such as height, weight, and 
body mass index were showed secular changes in athletes 
[45], and morphological changes in the general population 
affect athletes [35]. In addition, the changes in rule regu-
lations and training methods in wrestling create the need 

to re-examine success performance [59]. All these factors, 
including techniques, can also change the optimal soma-
totype profile [8]. Therefore, it is important to constantly 
analyze the anthropometric characteristics of athletes.

It has been research on elite wrestlers of successful 
countries when the literature is examined, such as Poland 
[23, 48], Iran [31], Serbia [9, 43], Italy [60], Korea [34], 
and Japan [58]. In addition, similar studies are conducted 
on Turkish wrestlers [1, 13, 39]. In these studies, anthropo-
metric characteristics were examined according to weight 
categories or these characteristics were evaluated together 
with performance parameters.

Although there are many studies on Turkish wres-
tlers, there are few studies evaluating the anthropometric 
characteristics of elite wrestlers according to their weight 
categories. For this reason, firstly, the present study was 
aimed to determine the anthropometric characteristics of 
elite Turkish wrestlers according to their weight catego-
ries. The second aim was to determine the anthropometric 
differences or similarities between the weight categories 
of elite Turkish wrestlers. 

Material and methods

The present study sample is consisted of male wrestlers 
from a  sports club located in Ankara province (Turkey) 
and competing in the Turkish Wrestling Super League 
(greco-roman, n: 6; freestyle, n: 15). The criteria for inclu-
sion of wrestlers in the study are as follows: Participating 
in international tournaments and having at least a nation-
al level medal. The demographic information of 21 elite 
wrestlers between the ages of 19 and 34 was obtained 
by questionnaire: Age (22.9 ± 4.0 years old), experience 
(11.1 ± 4.9 years), and weekly training (14.2 ± 5.7 hours). 
5 athletes have medals at the World and European Cham-
pionships, 6  athletes have medals at other international 
wrestling tournaments (Balkan Championship etc.), and 
10 athletes have medals at national level (medal status: 
January 2013–February 2019). All wrestlers are actively 
national team players and participate in international 
tournaments. In the present study, wrestlers were divid-
ed into three groups to examine according to weight cat-
egories [53]: Light weight (≤73 kg, n: 6), middle weight 
(73–97 kg, n: 9), heavy weight (≥97 kg, n: 6).

Scope of the study
The study started after the approval of Ankara Univer-

sity Ethics Committee numbered 85434274-050.04.04/ 
81196, dated 5th November 2018. The scope and purpose 
of the research was explained to the athletes verbally and 
written (signed informed consent form). Anthropometric 
measurements and demographic information of the ath-
letes were taken in February 2019.
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Anthropometry
Anthropometric measurements were taken by experts 

according to standard anthropometric protocol [27, 55]. 
The measurements were taken as follows: Height, weight, 
arm girth (relaxed and tensed), calf girth, humerus width, 
femur width and skinfolds (triceps, subscapular, calf, su-
praspinale). Height was measured to the nearest 0.1 cm 
with Martin type anthropometer, weight was measured 
with TANITA SC-330 (precision of 0.1 kg), skinfolds (SF) 
was measured to the nearest 0.2 mm with Harpenden type 
skinfold, widths was measured to the nearest 0.1 cm with 
small spreading caliper and girths measured to the near-
est 0.1 cm with non-elastic tape. All measurements were 
taken by the same expert. The SF measurements were tak-
en from left side 2 times and the averages were recorded. 
All of the anthropometric measurements were taken while 
athletes were wearing light clothing (shorts) and no shoes. 
The whole measurements were taken as millimeters ex-
cept weight (kilograms). From the values obtained, the 
height, width and girths measures were converted to cm 
for the application of somatotype formulas.

Body mass index (BMI) can incorrectly classifies ath-
letes as obese because it does not represent the content 
of body composition [19, 32, 37, 56]. However, the BMI 
values of wrestlers are frequently used in studies [1, 18, 
31, 34]. In the study, the BMI values of the wrestlers were 
calculated with the formula weight (kg)/height2 (m2). Up-
per arm muscle area (AMA), upper arm fat area (AFA) 
and arm fat index (AFI) were calculated for arm anthro-
pometry (Formula 1) [17]. In order to determine the body 
type, somatotype values were calculated and somatochart 
positions were determined (Formula 2) [8].

Formula 1:
AMA = (c – π · TS)2/4π, 
AFA = (c2/4π) – AMA, 
AFI = AFA/(c2/4π) · 100,

where c – upper arm girth [cm], TS – triceps skinfold [cm].

Formula 2:
Endomorphy = 0.7182 + 0.1451X – 0.00068X2  

+ 0.0000014X3, and X = (Σ3
i=1 SFi)/BH,

where SF1 – triceps skinfold [mm], SF2 – subscapular 
skinfold [mm], SF3 – supraspinale skinfold [mm], BH – 
body height [cm].

Mesomorphy = 0.858 (humerus width cm) + 0.061 (fe-
mur width cm) + 0.188 (arm girth cm) + 0.161 (calf girth 
cm) + 0.131 (height cm) + 4.5. 

For mesomorphy values, correction should be made 
by subtracting triceps SF (converted to cm) from the arm 
girth and calf SF (converted to cm) values from the calf 
girth. In endomorphic height correction, X is multiplied 
by 170.18/height in cm.

Ectomorphy = 0.732 HWR – 28.58 (for HWR ≥ 40.75),
HWR × 0.463 ─ 17.63 (for 40.75 > HWR > 38.25),
0.1 (for HWR ≤ 38.25),

                                                Height
where Height-Weight Ratio (HWR) =  – .

                                                3√
—
Weight

 
Somatocharts: X = Ectomorphy ─ Endomorphy
Y = 2 x Mesomorphy ─ (Endomorphy + Ectomorphy)

Body composition
Body composition of wrestlers (fat free mass FFM; fat 

mass FM; body fat percentage BF) was determined by bio-
impedance analysis (TANITA SC-330, Tanita Corporation 
14-2, 1-Chome, Maeno-Cho, Itabashi-Ku, Tokyo, Japan; 
measurement system, tetra polar; measurement frequency, 
50 kHz; measurement current, 90 μA; electrode material, 
pressure contact stainless steel foot pads; accuracy at first 
calibration for impedance measurement, ± 2%; weight, 
0–270 kg-0.kg precision; height, 90–249.9 cm-0.1 kg pre-
cision; BF, 3-75%-0.1% precision; FM, 0.1 kg precision; 
FFM, 0.1 kg precision). Measurements with the device 
were made in accordance with the manufacturer’s instruc-
tions and the calibration of the device was checked. While 
using the device, athletic mode was selected and clothes 
correction was made. The following criteria were fol-
lowed to apply the bio-impedance analysis (BIA) method: 
3 hours have passed after getting up (normal activity was 
done during this time); 12 hours have passed after vigor-
ous exercise; alcohol has not been consumed in the last 12 
hours; at least three hours have passed after eating; exces-
sive consumption was not done the previous day (driking 
and eating); before taking the measurement, urinate was 
obtained.

Dixon et al. [14] said that BIA analysis caused dif-
ferent results by –2.2% compared to underwater weigh-
ing and –1.9% compared to SF. Similarly, several stud-
ies have questioned the reliability of the BIA method 
[15,  51]. Despite these results, some researchers have 
reported that BIA is reliable [11, 38, 46, 50, 52] and per-
forming the procedure under ideal conditions can give 
reliable estimates [32]. Differences in studies results 
are attributed to population variation, age and competi-
tive level of wrestlers, individual characteristics and de-
vice features. Although there is a consistent relationship 
among BIA device features (from foot to foot, arm to 
arm, etc.), there are significant differences in results. For 
this reason, it is recommended to follow body fat with 
the same method [6]. BIA is a comparable method; it is 
fast, practical, relatively cheap (according to DXA) and 
objective (according to SF). Therefore, it is used in stud-
ies to determine the body composition of wrestlers [43, 
54, 57, 58].
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Statistical analysis
The level of significance for statistical tests was set at 

p < 0.05. The normal distribution state of the data was ex-
amined with the Shapiro-Wilk test and the homogeneity sta-
tus was examined with the Levene test. The one-way anal-
ysis of variance (ANOVA) and post hoc Tukey test were 
performed to determine the differences between the weight 
categories of the variables, when the assumptions were ac-
cepted. When the assumptions were violated, Kruskal Wal-
lis analysis and Mann-Whitney U  test were performed. 
Bonferroni correction was made for the Mann-Whitney 
U test (p < 0.017). To determine the effect size, eta squared 
(η2) with ANOVA values and epsilon squared  (ER

2) with 
Kruskal Wallis values were calculated [49]: Without effect 
if <0.04; minimum if 0.04–0.25; moderate if 0.25–0.64; 
strong if >0.64 [16]. Spearman’s correlation analysis was 
used to evaluate the relationships between variables. IBM 
SPSS 21.0 program was used in the statistical analysis of 
the variables of wrestlers. Somatotype profiles of wrestlers 
were calculated with Somatotype 1.2.6 program and their 
somatochart positions were determined. 

Results

There is an increase from light weight to heavy weight 
in all variables except training hour, HWR, and ectomor-
phy, when the values of the wrestlers in the study are ex-
amined. While weekly training hours differ, HWR and 
ectomorphy values increased from heavy weight to light 
weight. Age (effect size moderate), experience (without 
effect), weekly training hours (effect size minimum), hu-
merus width (effect size minimum), AFI (effect size mini-
mum), mesomorphy (effect size minimum), and HWR 
(effect size moderate) variables found no significant 

difference according to weight categories. Significant 
variables are as follows (effect size moderate to strong) 
(Table 1):

Between light weight – middle weight: Calf girth, sub-
scapular SF, calf SF, sum of skinfolds (SS), FFM, and 
endomorphy values were significantly different.

Between light weight – heavy weight: Height, BMI, 
arm and calf girth, femur width, SFs, SS, body compo-
sition values, AMA, AFA, endomorphy, and ectomorphy 
values were significantly different.

Between middle weight – heavy weight: BMI, arm ve 
calf girth, femur width, SS, and body composition values 
were significantly different.

The somatotype mean of light weight wrestlers was 
calculated as 2.15-6.68-1.62: 67% (4 wrestlers) was bal-
anced mesomorph, 33% (2 wrestlers) was distributed in the 
endomorphic mesomorph area. The mean somatotype of 
middle weight wrestlers was calculated as 2.83-6.83-1.01: 
89% (8 wrestlers) was endomorphic mesomorph, 11% 
(a  wrestler) was distributed in the balanced mesomorph 
area. The somatotype mean of heavy weight wrestlers was 
calculated as 4.10-8.13-0.53 and all of them (6 wrestlers) 
were distributed in the endomorphic mesomorph area (Ta-
ble 1 and Figure 1). 

The correlation of anthropometric characteristics of 
wrestlers is shown in Table 2. The height was signifi-
cantly positive correlated with weight, SS, and FFM. The 
AMA values were significantly positive correlation with 
variables other than height, AFA, AFI, ectomorphy and 
endomorphy component. The AFI values were shown 
a  positive correlation with AFA, SS, and endomorphy. 
There was a  positive relationship mesomorphy values 
with weight, BMI, arm and calf girth, BF, and AMA. The 
ectomorphy component showed a  negative relationship 
with all components except height and AFI. The whole 

Somatotype means 

 Light weight
 Middle weight
 Heavy weight 

Individual somatotypes

 Light weight
 Middle weight
 Heavy weight 

Figure 1.  Somatochart positions of wrestlers



Anthropometric characteristics of elite Turkish wrestlers 225

variables showed a positive relationship with each other 
(weight, BMI, arm and calf girth, SS, BF, FFM, AFA, and 
endomorphy) excepted height, AMA, AFI, mesomorphy, 
and ectomorphy values.

Discussion 

The parameters such as somatotype, body composi-
tion, body proportions, flexibility, speed, and endurance 
are interrelated. Hence, an athlete’s anthropometric char-
acteristics are considered to indicator of fitness for a high 

level of performance. On the other hand, anthropometric 
assessments determine body characteristics and reveal 
physical advantages in sports branches [31, 36]. 

The present study, height and BMI differ between 
weight categories. This result is similar with previous stud-
ies [18, 31]. There is a strong and positive correlation be-
tween wrestlers’ arm and calf girth (p < 0.01), and values in 
all categories were higher than the Ramirez-Velez et al. [41] 
study (relaxed arm girth 29.2 cm, flexed arm girth 33.0 cm). 
This difference may be related to the tactical approach of the 
wrestlers in their training structure. Moreover, considering 
that lower and upper body strength is an important factor in 

Variables
Light weight
(≤73. n: 6)

Middle weight
(73–97. n: 9)

Heavy weight
(≥97. n: 6) Effect size

Mean s Mean s Mean s
Age [yr] 21.5 2.4 22.1 2.5 26.5 6.9 0.27
Experience [yr] 10.2 3.4 10.4 2.5 13.0 8.1 0.01
Training hours [h/week] 17.8 8.5 12.3 3.5 13.3 3.7 0.06
Height [cm] 168.65 4.75 176.58 4.82 182.85a* 9.31 0.45
Weight [kg] 69.01bc## 2.98 83.88c## 7.27 107.30 7.72 0.88
BMI [kg/m2] 24.3 1.6 26.8 1.7 32.3ab# 3.6 0.74
Arm girth relaxed [mm] 311.17 25.24 334.00 15.70 361.33ab* 15.12 0.55
Arm girth tensed [mm] 351.50 17.72 371.67 21.07 404.83ab* 19.51 0.56
Calf girth [mm] 352.33 29.30 386.56ac* 21.09 427.00a** 16.00 0.65
Humerus width [mm] 70.67 4.18 72.00 5.46 75.33 5.35 0.13
Femur width [mm] 102.33 5.16 102.56 9.67 116.50ab* 6.66 0.43
Triceps skinfold [mm] 6.15c# 0.71 7.06 1.70 10.32 3.43 0.43
Subscapular skinfold [mm] 9.07bc# 0.80 13.00 2.06 20.40 7.42 0.72
Calf skinfold [mm] 5.42bc# 0.34 6.99 0.94 10.03 2.66 0.68
Supraspinale skinfold [mm] 6.38c# 1.08 8.29 1.44 13.13 5.43 0.43
Sum of skinfolds [mm] 27.02bc# 1.47 35.33c# 3.09 53.88 15.48 0.80
Fat free mass [kg] 65.30bc# 2.25 73.87c# 5.18 87.23 6.91 0.86
Fat mass [kg] 6.90 1.00 10.01 3.01 20.07ab# 5.42 0.73
Body fat [%] 9.95 1.11 11.79 2.78 18.63ab# 4.53 0.59
AMA [cm2] 68.26c* 12.32 76.99 8.97 86.29 9.32 0.35
AFA [cm2] 9.22c# 0.71 11.96 4.16 17.76 5.84 0.55
AFI [%] 12.16 2.20 13.51 4.64 17.06 5.27 0.17
Endomorphy 2.15bc# 0.16 2.83 0.33 4.10 1.41 0.66
Mesomorphy 6.68 1.49 6.83 1.60 8.13 1.05 0.20
Ectomorphy 1.62c* 0.67 1.01 0.46 0.53 0.51 0.38
HWR 41.12 1.17 40.38 0.94 38.51 1.99 0.35

a: Significant differences compared with light weight wrestlers; b: Significant differences compared with middle weight wrestlers; c: Significant 
differences compared with heavy weight wrestlers; * p < 0.05; ** p < 0.001; For Mann Whitney U-test: # p < 0.017; ## p < 0.001; BMI: Body 
mass index, AMA: Upper arm muscle area, AFA: Upper arm fat area, AFI: Upper arm fat index, HWR: Height-Weight Ratio.

Table 1.  Anthropometric characteristics of wrestlers according to weight categories
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achieving success in wrestlers [22], it can be expected that 
high-level wrestlers have high arm and calf girth. Elite wres-
tlers have strong and developed epiphyses [48]. Jagiełło and 
Kruszewski [23] found that humerus widths of elite Polish 
greco-roman wrestlers were lower in light weight (6.58 cm) 
and middle weight (7.10 cm), and higher in heavy weight 
(7.68 cm). Femur width was lower than our study in all 
weight categories (8.90, 9.80 and 10.68 cm). The observed 
differences in width measurements may be because we can-
not identify the differences between styles of the wrestlers 
in our study. In the same study [23], it was reported that 
heavy weight wrestlers have a greater body build and skel-
etal massiveness than other categories. This result is similar 
to the present study (heavy weight wrestlers had higher hu-
merus and femur width, arm and calf girth values than other 
weight categories).

In our findings, AMA and AFA showed a  significant 
and positive relationship with weight (p < 0.01). Meso-
morphy was positively and strongly correlated with AMA 
(p  <  0.01), endomorphy with AFA (p < 0.01) and AFI 
(p  <  0.05). These results reveal the mutual relationship 
between fat and muscle mass in the arm and somatotype 
profiles. In the study, AMA, AFA and AFI values differ 
between weight categories. Heavy weight wrestlers have 
significantly higher AMA and AFA values. Therefore, it 
can be thought that both protein and calorie reserves are 
high in heavy weight. Supportingly, SF values in heavy 
weight were higher than light weight and middle weight. 
On the other hand, as the weight category of wrestlers 

increases (or decreases), the weight of wrestlers who need 
to manipulate their body weight also increases (or de-
creases). This situation brings with it different demands 
such as biomechanical and motor features specific to the 
weight category. Absolute muscle strength and power per-
formance tends to increase in heavy categories [58] and 
this can result in changes in muscle and adipose tissue in 
the arm. Zaccagni [60] reported the AMA, AFA, and AFI 
values of elite Italian wrestlers as 67.7 cm2, 13.2 cm2, and 
16.1%, respectively. Acar and Koca Özer [1] found that 
the AMA value of 24 male wrestlers aged 19.45 on aver-
age was higher (81.45 cm2) than our study in light weight. 
They found very low values in middle weight (64.06 cm2) 
and heavy weight (64.57 cm2). These differences may be 
due to their low competitive level and age-related factors.

It is stated that FFM is generally related to height and 
FM has a  variable structure [29]. The obtained findings 
support this situation; height and FFM showed a positive 
relationship (p < 0.01). BF was in correlation with all var-
iables except height and AFI, negatively correlated with 
ectomorphy (p < 0.01). The BF values of heavy weight 
wrestlers were significantly higher than other categories 
(p < 0.017). Heavy weight wrestlers are known to have 
a  higher capacity to reduce body fat and increase mus-
cle mass [58]. Accordingly, the capacity of heavy weight 
wrestlers in the present study to increase their muscle 
mass was higher than other categories. Accordence with 
these results, the body fat status of the wrestlers should 
be examined carefully. Because wrestlers generally aim to 

H W BMI AG CG SS BF FFM AMA AFA AFI EN ME
W .700**

BMI .412 .909**

AG .355 .784** .838**

CG .406 .814** .878** .834**

SS .503* .906** .829** .645** .723**

BF .410 .845** .868** .754** .651** .804**

FFM .771** .977** .864** .737** .786** .834** .757**

AMA .291 .625** .722** .828** .674** .478* .581** .617**

AFA .274 .738** .705** .522* .591** .843** .710** .655** .253
AFI .092 .308 .210 –.019 .064 .494* .297 .248 –.368 .719**

EN .348 .793** .753** .541* .657** .938** .733** .703** .382 .805** .468*

ME –.105 .452* .713** .777** .713** .379 .556** .376 .606** .321 –.073 .334

EC –.054 –.652** –.881** –.669** –.760** –.649** –.689** –.582** –.628** –.550** –.078 –.656** –.779**

Table 2.  Spearman correlation analysis of anthropometric characteristics

H: Height [mm], W: Weight [kg], BMI: Body mass index, AG: Arm girth [mm], CG: Calf girth [mm], SS: Sum of skinfolds [mm], BF: Body fat 
(%), FFM: Fat free mas [kg], AMA: Upper arm muscle area [cm2], AFA: Upper arm fat area [cm2], AFI: Upper arm fat index (%), EN: Endomor-
phy, ME: Mesomorphy, EC: Ectomorphy. * Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level 
(2-tailed).
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increase the amount of FFM, reduce the amount of FM 
and total body weight [59]. This is due to gaining a large 
size or strength advantage over smaller competitors [42]. 
While the BF of light and middle weight wrestlers were 
similar in the study, FFM was significantly different be-
tween all categories (p < 0.017). Given that the importance 
of increasing FFM is independent of weight category [18], 
this result may be considered normal.

Jagiełło and Kruszewski [23] evaluated the anthropo-
metric characteristics of 13 elite Polish wrestlers between 
the ages of 18–28, and the BF values of all three weight 
categories were found to be higher than our study (light 
weight 14.91%, middle weight 18.05%, heavy weight 
20.02%). García-Pallarés et al. [18] calculated the BF 
values of 46 elite wrestlers from five different countries 
as light weight 10.3%, middle weight 11.1%, and heavy 
weight 13.7%. Zaccagni [60] determined the BF values 
of elite Italian national team wrestlers by weight catego-
ries as 7.1% (55 kg), 8.6% (60 kg), 10.5% (66 kg), 9.5% 
(74 kg), 9.4% (84 kg), and 15.5% (96 kg). These results 
were similar to light weight and middle weight wrestlers 
in our study. Casals et al. [9] reported the BF values of 32 
elite Serbian wrestlers as 7.17% below 71 kg, 7.18% at 
71–85 kg and 12.19% above 85 kg. These results show 
quite lower values than our study, but the closeness of light 
and middle weight categories is similar to the results of 
our study. In the light weight, Yamashita et al. [57], found 
that elite Japanese wrestlers have a  higher BF (13.4%), 
lower FFM (58.4 kg) than our study. In another study with 
elite Japanese wrestlers, BF values were 9.1% and 11.6% 
for wrestlers who weigh 86 kg or less, and it has been re-
ported to be 14.0%, 19.8%, and 26.6% in the 92, 97, and 
125 kg weight categories, respectively [58]. These values 
are similar to the results of our study. Body composition 
differences observed in studies; it may be due to the meth-
od applied, the lack of distinction between weight catego-
ries, and seasonal periods. In addition, these differences 
may be the result of factors such as strategically planned 
training and diet. Roklicer et al. [43] found the BF values 
of 11 elite Serbian male wrestlers high in all three weight 
categories (light weight, 12.88%; middle weight, 14.97%; 
heavy weight, 23.86%). On the other hand, they reported 
lower FFM values (light weight, 61.56 kg; middle weight, 
72.15 kg; heavy weight, 83.53 kg). It was also stated that 
the measurements were taken out of season; therefore, 
the differences can be considered normal. When the men-
tioned studies are examined in general, it is understood 
that as the weight category increases, the body fat tends to 
increase. This trend is also observed in fat free mass. 

In the present study, the endomorphy component in-
creased significantly (p < 0.017 with light weight), while 
the ectomorphy component showed a significant decrease 
in heavy weight (p < 0.05 with light weight). The me-
somorphy component increased as the weight category 

increased, but it was not significant. Considering these 
findings, it can be said that heavy weight wrestlers adapted 
to a body structure that expands in the horizontal direction 
regardless of their height. At the same time, a decrease in 
the HWR ratio also supports this situation. In the present 
study, 2 of the light weight wrestlers have an endomor-
phic mesomorph body type. Individual strategies (regional 
training, etc.) and diet may cause these wrestlers to differ 
from the general distribution within the weight class.

The somatotype characteristics of the wrestlers in the 
study contribute to the results of other studies. The mean 
somatotype of adult wrestlers participating in the 1960, 
1968, and 1976 Olympic Games was calculated 1.6–5.6–
2.3 (n: 26) at < 60 kg, 2.1–6.4–1.6 (n: 77) at 60–79.9 kg, 
2.6–7.0–1.2 (n: 26) at 80–99.9 kg, and 4.2–7.3–0.8 (n: 8) 
at ≥ 100 kg. HWR values were 42.4, 41.3, 40.5, and 
39.4, respectively [8]. The somatotype mean of elite In-
dian wrestlers was light weight (age 22.4, n: 12), mid-
dle weight (age 22.9, n: 16), and heavy weight (age 28.1, 
n: 11) 2.5–4.9–2.0, 3.6–5.3–1.5, and 5.2–6.2–1.0, respec-
tively; the HWR average was determined as 41.7, 40.9, 
and 39.6, respectively [8, 47]. Sterkowicz–Przybycień et 
al. [48] calculated the somatotype of 23 elite Polish male 
wrestlers as 1.7–6.3–1.3 in light weight and 2.2–6.8–1.1 in 
heavy weight, and the endomorphic component increased 
significantly. Öcal Kaplan and Yıldıran [39] reported 
the somatotype mean of 57 elite Turkish wrestlers aged 
23.35 as 2.15–6.14–1.17 in light weight, 2.59–6.70–0.75 
in middle weight, 4.12–7.90–0.18 in heavy weight. Noh 
et al. [34] calculated the somatotypes of 13 elite Korean 
wrestlers with an mean age of 19.5 according to weight 
categories as 1.6–3.6–2.7 in light weight, 2.8–5.3–0.7 in 
middle weight, 3.7–5.9–0.3 in heavy weight. The results 
of the aforementioned studies and the present study are 
the same: While endomorphy and mesomorphy increase 
in heavy weight wrestlers, ectomorphy decreases. This re-
sult supports the idea that elite athletes in the branch have 
similar body types. On the other hand, it should be kept 
in mind that two somatotype profiles, identical or similar, 
may show different performances under different training 
methods. In addition, somatotype components of wrestlers 
of some countries differed with our study. This may be the 
influence of genetic factors and training content on soma-
totype characteristics.

In the study, weight value showed a significant and posi-
tive relationship with all anthropometric and body composi-
tion values except AFI and ectomorphy. In other words, the 
physical and morphological characteristics of the wrestlers 
vary according to their weight categories. Determining the 
anthropometric characteristics and body composition val-
ues of successful elite athletes helps to understand part of 
the versatile performance chain that are interrelated. On the 
other hand, as the optimum performance has the capacity to 
change, the physical characteristics of successful wrestlers 
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should be constantly examined. Conducting these studies 
by weight categories allows for more informative analysis 
in terms of physical preparation. In addition, more detailed 
studies are needed to interpret individual differences in an-
thropometric characteristics of wrestlers in a specific way. 

Conclusions

As a  result of study, it was understood that wrestlers 
have anthropometric and body composition features char-
acterized according to their weight categories. Particularly 
the differences of anthropometric characteristics in light 
weight and heavy weight were striking. The differences 
between weight categories of elite wrestlers are a result of 
morphological and physiological adaptation. 

Practical Applications
Anthropometric measurements are a suitable technique 

for identifying differences between weight categories. Al-
though it has limiting factors, bio-impedance analysis pro-
vides comparable results in a short time. Supporting these 
practical applications with nutritional and motor features 
will help to better understand the milestones of wrestlers 
characterized by weight categories. The fact that the wres-
tlers in the study resemble the anthropometric features of 
some elite wrestlers in the literature, and the success of the 
wrestlers in the sample can provide guidance on how the 
anthropometric characteristics of the wrestlers should be. 
Although the results obtained are not predicted successful 
on their own, we think that they may be useful in training 
and tactical planning, directing them to sports at an early 
age and choosing athletes.

Limitations
Because the sample size were not properly distributed, 

differences between styles could not be determined. In 
addition, the anthropometric properties of heavy weight 
wrestlers should be carefully examined in this study. Be-
cause they can show extreme features in both somato-
chart distribution and body composition values. It is ac-
cepted that the light and middle weight wrestlers reflect 
the branch-specific characteristics “better” [8, 21, 59] and 
therefore the results of the study should be evaluated with-
in the scope of these limitations.
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