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 abstract 
 Background:  ‪The issue of scientific measurement of somatotypes of athletes with physical disabilities and the type 

of physical activity undertaken by them is poorly documented in the literature. The aim of the study 
is to determine what type of body composition is characteristic of athletes with physical disabilities, 
engaging in various types of physical activity, such as swimming, sitting volleyball and weight lifting. 

 Material and methods:  ‪Sixty men, aged 20-30, were qualified for the study. Each study participant had a motor dysfunction and 
was in intellectual norm. For the research protocol, Sheldon’s typology in Heath and Carter modification 
was used.

 Results:  ‪The group of men with physical disabilities practicing swimming regularly had the advantage of 
endomorphic and mesomorphic components. A similar distribution of components in the somatotype 
was demonstrated by men playing sitting volleyball. Men lifting weights clearly showed the dominance 
of the mesomorphic component and, to a small extent, the share of the ectomorphic and endomorphic 
components.

 Conclusions:  ‪A properly calculated somatotype allows disabled athletes to learn about body composition components 
and to train and develop more effectively in a particular physical activity.

 Key words:  ‪somatotype, Sheldon typology, Heath-Carter,  disabled athletes, body typese. 
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introduction 
The issue of scientific measurement of the somatotypes of athletes with 
physical disabilities and the type of physical activity undertaken by them is 
poorly documented in the literature. The authors of this study had diffculties  
in referring to any research that could show how physically disabled athletes’ 
body shape affects the type of physical activity they practice. The majority of 
the studies presented in the literature refer to the study of somatotypes of 
able-bodied athletes of various sports, such as: triathlon [1], artistic gymnastics 
[2], athletics [3], canoeing, football, basketball [4], or volleyball [5, 6, 7].

For people with disabilities sport is significant in complementing the rehabilitation 
process and building social relations among people with mobility disabilities. More 
and more attention is paid to the elicitation of people with physical disabilities in 
amateur sports and professional activities. However, it is noted that the elicitation 
of disabled people in sport is smaller and requires more support [8, 9].

Physical morphology or physique is important for optimizing sport results in 
many different sports disciplines [10]. The physique of an athlete with physical 
disability is the foundation of his sporting success. It is significantly associated 
with predispositions in individualized types of physical activity. In the subject 
literature, it is noted that the issue of sport for people with disabilities remains 
a niche topic.

Among the most popular methods of assessing somatotypes of able-bodied 
athletes is Sheldon's typology in Heath-Carter modification. It is widely used 
in sport and health science [3, 11, 12, 13]. The vast majority are studies on 
the somatotype of physically disabled people who undertake regular sport 
activity [14, 15].

The type of physical exertion among people undertaking physical activity is  
a very important aspect and significantly associated with achieving success in 
motor skills in a particular physical activity. The used type of physical effort is 
significant for people with full motor skills and is the key in the motor training 
process of people with physical disabilities. Many forms of physical activity have 
a mixed type of effort (swimming, basketball, volleyball, dance) [16]; however, 
there are those where static and strength effort prevails, for example during 
lifting weights [16-19]. The effort applied during physical activity affects the 
quality of endurance, cardio-respiratory capacity and strength [20]. The training 
type significantly affects the body composition of an athlete with a disability [21].

The aim of the study is to determine what type of body structure is characteristic 
of an athlete with physical disability, engaging in various types of physical activity 
such as swimming, sitting volleyball and weight lifting. The types of physical 
activity chosen by the authors are intentional, due to the different specifics of 
the type of physical effort and are associated with various body predispositions of 
persons with physical disabilities. The selected activities represent mixed effort 
(swimming, volleyball) and static (weightlifting) types. It is also noted that the 
physical activities indicated by the authors are poorly described in the literature. 

The authors of this study want to pay special attention to the above-mentioned 
topic due to the limited amount of scientific work on the correlation of the 
somatotype with the type of physical activity practiced by athletes with physical 
disabilities, such as swimming, sitting volleyball and weight lifting.
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material and methods 
ethic statement 
All research procedures were carried out in accordance with ethical standards 
of research involving people and the Helsinki Declaration of 1964 (as amended). 
Each participant expressed an oral consent to undergo tests and was informed 
about the possibility of withdrawing from the measurements.

statistical methods 
The Spearman correlation was used to investigate the relationship between 
the somatotype components of swimmers, volleyball players and weightlifters. 
Additionally, to assess the relationship between individual components, the 
arithmetic mean, mode, median and standard deviation were used. The arithmetic 
mean and standard deviation were also used to analyze the subjects’ age.

participants 
Sixty men, aged 20-30 (x̅ = 26, SD=3.028), were qualified for the study. Each 
study participant had motor dysfunction and was in intellectual norm. The study 
group was qualified for anthropometric measurements using the applicable 
disability categories established by the International Paralympic Committee.  
A group of men after amputation, various musculoskeletal disorders and 
paraplegia qualified for the study. All sports and medical classes were allowed in 
each category. The group of examined men had the following body dysfunctions: 
lack of upper or lower limb, myelomeningocele, foot deformation, neurological 
deficits associated with hemiparesis or limb paresis of lower limbs. The studied 
group, in individual physical activities, had to regularly participate in motor 
training created by swimming, volleyball and weightlifting trainers. Participants 
who had mental disorders, exhibited intellectual disability and showed lack 
of regularity in motor training were excluded. Men were active participants 
of the provincial association of disabled people dealing with the activation of 
disabled people in sport activities. The non-governmental organization favors 
the development of physical culture of people with disabilities, prepares them 
for sports competitions and supports recreational motor activity.

protocol 
The tests were carried out in a large city in 2015, during training of individual 
sports groups (swimming, sitting volleyball, weight lifting). For the research 
protocol, Sheldon’s typology in Heath and Carter modification was used.

Before starting anthropometric measurements, an interview with each 
participant and the trainee was conducted. The interview was divided by 
the authors into individual categories regarding the following data: age, sex, 
sociodemographic and clinical data. During the interview, the inclusion and 
exclusion criteria from the study group were taken into account. The interview 
also contained information on the current health status and sports activities. 
In addition, the trainers confirmed the sport and medical class that the players 
have during competitions and sport friendly meetings. During the study of 
anthropometric measurements, the trainer of the given section accompanied 
the competitor. The measurement was taken when the participant was without 
outer clothing. Measurement without outerwear was required because of the 
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accuracy of the measurements. After the interview, individual anthropometric 
measurements were taken to assess body composition components: endomorphy 
(measure of fatness), mesomorphy (measure of massiveness), ectomorphy 
(assessment of slenderness). The resulting body composition components gave 
an individualized code called a somatotype. Anthropometric measurements were 
performed in the same way for each participant of the study.

measurements 
The endomorphic component was assessed on the basis of the sum of three skin-
fat folds: on the shoulder, under the shoulder blade and above the iliac plate. 
Anthropometric measurements were performed on both sides of the body with 
the PRZDNS-TMX-119 tissue meter. The skin-fat fold on the arm was measured 
while the participant was sitting in a chair without backrest, where the athlete's 
lower limbs were positioned in the flexion of the hip, knee and ankle joint of 
90 degrees. Upper limbs were relaxed and hands were put on thighs. The 
measurement was made by placing the tissue meter vertically in the middle of 
the length of the triceps on both side of the arm. The measurement of skin-fat 
fold under the shoulder blade was also taken in the position indicated above. 
Measurement made with an oblique tissue meter, 2 cm at the lower angle of 
the shoulder blade and 2 cm in the medial direction. The exact distance was 
assessed using anthropometric tape and then the place of measurement was 
marked with a marker. The measurement was taken on the right and left side 
of the tested person's body. The last skin-fat fold above the iliac plate was also 
measured in a sitting position while maintaining the same methodology, by 
measuring vertically in the lateral line of the body above the iliac plate on the 
right and left side of the body. Then the obtained measurements were added 
together and the obtained value was referred to the endomorphic point value 
read from the table (Table 1).

Table 1. The first somatotype component − endomorphy [22]

Sum of skin − fat folds Point value
7.0 - 10.9
11.0 - 14.9
15.0 - 18.9
19.0 - 22.9
23.0 - 26.9
27.0 - 31.2
31.3 - 35.8
35.9 - 40.7
40.8 - 46.2 
46.3 - 52.2
52.3 - 58.7
58.8 - 65.7
65.8 - 73.2
73.3 - 81.2
81.3 - 89.7
89.8 - 98.9

99.0 - 108.9
109.0 - 119.7
119.8 - 131.2
131.3 - 143.7
143.8 - 157.2
157.3 - 171.9
172.0 - 187.9
188.0 - 204.0

1/2
1

1 1/2
2

2 1/2
3

3 1/2 
4

4 1/2
5

5 1/2
6

6 1/2
7

7 1/2
8

8 1/2
9

9 1/2
10

10 1/2
11

11 1/2
12
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Then the mesomorphic component was evaluated using the width of the elbow 
and knee joints measured with a bow-shaped compass and the values of the 
arm circumferences and lower legs measured with an anthropometric tape. 
Measurement of the elbow joint width was made in a sitting position where 
the participant’s arms were positioned along the body, the elbow joint was 
bent to 90 degrees, the hands were relaxed and open. The measurement 
was taken in the distal part of the humerus. The distance between the two 
condyles of the humerus (medial and lateral) was measured. The width of the 
knee joint was also measured in a sitting position where the joints of the lower 
limb were in a 90-degree flexion. The distance between the femoral condyles 
(medial and lateral) at the distal right and left femur was measured. After 
measuring the joint width, the participant was asked to stand up. The exact 
height and weight of the player was given to the researcher by the trainer. Then 
corrected measurements of the arm and lower leg were made. The corrected 
measurement was preceded by a measure of the circumference at rest at the 
widest point of the biceps muscle on the right and left side. The corrected 
arm circumference was performed in a sitting position when the biceps of the 
arm was in tension. Then the obtained values were substituted to the formula:

value of arm circumference in tension − skin-fat fold value on arm  
= corrected arm circumference

The next step in the test procedure was to perform a corrected measurement 
of the lower leg circumference. Lower limbs were placed in a tension-free 
position (sitting position). The measurements were taken at the widest point 
of the calf triceps muscle on the right and left side. The measurement was 
made using an anthropometric tape. Then the skin-fat fold was measured on 
the right and left shank, vertically in the middle of the length of the calf three-
headed muscle. The obtained values were substituted to the formula: 

value of the lower leg circumference − the value of the skin-fat fold on the lower 
leg = corrected lower leg circumference

The obtained values: body height, elbow width, knee width, corrected 
circumference of the arm and shank were referred to the nearest values in 
the table for mesomorph assessment (Table 2). 

Table 2. Fragment of a tablet- the second somatotype component - mesomorphy [22]

Body height Elbow width Knee width Arm 
circumference 

after subtraction 
of fatty folds

Calf 
circumference 

after subtraction 
of fatty folds

193.0
189.2
185.4
181.6
177.8
174.0
170.2
166.4
162.6
158.7
154.9
151.1
147.3
143.5
139.7
135.9

7.24
7.09
6.95
6.80
6.65
6.51
6.36
6.22
6.07
5.93
5.78
5.63
5.49
5.34
5.20
5.05

10.32
10.12
9.91
9.70
9.40
9.28
9.08
8.87
8.66
8.45
8.24
8.04
7.83
7.62
7.41
7.21

33.0
32.3
31.7
31.0
30.3
29.7
29.0
28.3
27.7
27.0
26.3
25.7
25.0
24.4
23.7
23.0

38.6
37.9
37.1
36.3
35.5
34.7
34.0
33.2
32.4
31.6
30.9
30.1
29.3
28.5
27.7
27.0
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The athletes' body height was the reference point for the other four 
measurements. The distance of each measurement was calculated from the 
series in which the value of the body height was the most similar to the location 
for measuring the previously indicated reference point. All deviations were 
added, then the obtained value was substituted into the formula:

4 + D/8= mesomorphic value 

where: 4 − accepted average value related to height; D − deviation

The ectomorphic component was last to be evaluated, by the following formula:

Tabulated numerical inverts of the cube body weight were used. Body weight 
was given by people training during the test. The value read from the table was 
multiplied by the body height. The obtained numerical value of the slenderness 
index was read from the table. The resulting three-digit code was applied to 
the somatogram (a graphic way of determining the type of body physique) 
(Table 3).

Table 3. The somatotype component – ectomorphy [22]

Slenderness indicator, values Value

For 39.65
39.66-40.74
40.75-41.43
41.44-42.13
42.14-42.82
42.83-43.48
43.49-44.18
44.19-44.84
44.85-45.53
45.54-46.23
46.24-46.92
46.93-47.58
47.59-48.25
48.26-48.94
48.95-49.63
49.64-50.33
50.34-50.99
51.00-51.68

1/2
1

1 1/1
2

2 1/2
3

3 1/2
4

4 1/2
5

5 1/2
6

6 1/2
7

7 1/2
8

8 1/2
9
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Fig. 1. Somatogram in Sheldon’s typology in the Heath-Carter modification [22]

results 
Analysis of the obtained results showed that a group of men with physical 
disabilities practicing swimming regularly has the advantage of endomorphic and 
mesomorphic components. A similar distribution of components in the somatotype 
was demonstrated by men playing sitting volleyball. A mixed body type was 
demonstrated among the subjects belonging to the indicated sports groups. 
The indicated body type is associated with the specificity of physical effort used 
during training. While swimming and playing sitting volleyball, they focus on 
shaping endurance, agility and strength. The complexity of training thus affects 
the body type of men with disabilities practicing the previously indicated sports. 
The obtained results showed statistically significant similarity between both 
groups. Men lifting weights clearly showed the dominance of the mesomorphy 
component and to a small extent the share of the ectomorphy and endomorphy 
component. It was noticed that the distribution of individual components of the 
somatotype of men lifting weights is related to the type of effort that accompanies 
the barbell press or weights lifting. Strength training, static training prevails in 
the indicated discipline. The competitors present a massive physique because it 
is related to the type of muscle work they do during strength training. The figure 
below shows the percentage share of components in individual somatotypes in 
the group of swimming, sitting volleyball and weight lifting people (Fig. 2).

In order to assess the value of correlation coeffcients between individual  
somatotypes in selected groups of athletes, a nonparametric Spearman’s 
correlation coeffcient was used. The obtained results were considered statistically  
significant when the significance level did not exceed 0.05. Figures 3–6 below 
show a graphic picture of correlation with 95% confidence interval marked. 
After taking into account the measurement error, the correlation indicates  
a 95% probability of the accuracy of the obtained results. 

The analysis of the following correlation results indicates a high correlation 
of endomorphy and mesomorphy among the group of swimming men with 
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disabilities. The slenderness of the body must be proportional to the measure of 
massiveness of swimmers to increase the effciency of work during training in  
the pool. Weaker correlations between ectomorphic and endomorphic (Fig. 3) 
as well as ectomorphic and mesomorphic (Fig. 4) components were observed. 
The weaker correlation between components is related to the body structure 
of the disabled player and the type of physical activity such as swimming.

Fig. 2. Percentage of somatotype components found in individual physical activities of athletes 
with disabilities

Fig. 3. Correlation of endomorphy and ectomorphy in disabled swimmers

Kamionka A, Grzywacz E, Lipowski M.
Athletes somatotypes with physical disabilities  
Balt J Health Phys Act. 2020;12(3):47-60



55www.balticsportscience.com

Baltic Journal of Health and Physical Activity 2014; 1(1): 1-4
Journal of Gdansk University of Physical Education and Sport
e-ISSN 2080-9999

Fig. 4. Correlation of mesomorphy and ectomorphy in disabled swimmers

In the group of volleyballers, a relationship was observed related to the value of 
ectomorphy and endomorphy. The higher the ectomorphic value was, the lower 
was the value of the endomorphic component. There is a tight relationship 
between mesomorphism and ectomorphism where r = -0.85, meaning that the 
increase in mesomorphic features is accompanied by a decrease in ectomorphic 
features. Men playing sitting volleyball with a higher measure of body fat would 
show a smaller measure of slenderness, thus affecting the quality of agility 
and speed of players during the game. The relationship between somatotype 
components of volleyballers is shown in the figure below (Fig. 5).

Fig. 5. Correlation of endomorphy and ectomorphy in disabled volleyballers
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The results describing the group of men with mobility disabilities lifting 
weights showed a significant value of mesomorphy r = -0,8459 (Fig. 6). The 
correlation indicates the dominance of the mesomorphic component in men 
lifting weights, calling their mesomorphic body structure. Athletes with 
physical disabilities lifting weights have extensive muscle mass and increased 
body weight, which probably significantly affects their agility. One of the men 
had a type of ectomorphic structure. The authors say that it could be related 
to the adaptation of other types of loads during training associated with the 
type of motor dysfunction of a man lifting weights.

Fig. 6. Correlation of mesomorphy and ectomorphy in disabled weights lifters

Men lifting weights significantly differed in their body type from other 
athletes. Mesomorphy was a common component of the body structure of all 
men; however, it significantly dominated among people lifting weights. The 
table below presents the percentage characteristics of the distribution of 
endomorphic, mesomorphic and ectomorphic components (Table 4). 

Table 4. Percentage characteristics of the endomorphic, mesomorphic and ectomorphic distribu-
tion components in individual physical activities

Group Variable N [%] Standard 
deviation

Swimmers

ENDO 34.19

20 (100%)MESO 43.59
ECTO 22.22

Volleyballers
ENDO 39.32

20 (100%)MESO 47.86
ECTO 12.82

Weight lifters
ENDO 31.01

20 (100%)MESO 55.75
ECTO 13.24

Below, the authors present the values of selected descriptive statistics between 
the somatotype components of athletes with disabilities in various physical 
activities (Table 5).

Kamionka A, Grzywacz E, Lipowski M.
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Table 5. Values of selected descriptive statistics (arithmetic mean and standard deviation)

Group Variable N Arithmetic 
mean

Standard 
deviation Median Dominant

Swimmers
ENDO 20 4 1.95 4 2 and 4
MESO 20 5.1 1.45 5 6
ECTO 20 2.6 1.1 2.5 2

Volleyballers
ENDO 20 4.6 1.31 4.5 4
MESO 20 5.6 1.96 6 6
ECTO 20 1.5 0.83 1 1

Weight lifters
ENDO 20 4.45 1.96 4 3
MESO 20 8 1.78 8 9
ECTO 20 1.85 1.93 1 1

discussion 
It is very diffcult to refer to the indicated topics of the somatotype of athletes  
with physical disabilities depending on the activity of their activity in the 
literature. Stanković et al. researched somatotypes of able-bodied swimmers 
(17 years old) and athletes (20 years old) according to Sheldon's typology in 
Heath-Carter management. In the obtained results, they noticed that a group 
of athletes was presented with a balanced mesomorphic somatotype, mixed 
swimmers, ectomorphic-mesomorphic type. Their study groups referred to 
students whose body type was mesomorphic-endomorphic [23]. The authors 
of the presented research came to the similar search results, while assessing 
swimmers with physical disabilities. However, a different distribution of the 
somatotype was noticed. Disabled swimmers presented a mixed body type 
where the ectomorphic component was a small percentage. The dominant 
components were endomorphy and mesomorphy. The authors think that the 
differences in the obtained results are associated with the presence of disability, 
which has a big impact on significant characteristics of athletes’ bodies. Tolga 
et al. evaluated non-healthy and young swimmers (12 years old) dividing 
them by gender. They noticed that the swimming boys also presented a mixed 
type of somatotype, where the mesomorphic component was dominant, the 
endomorphic component was slightly less dominant while again the ectomorphic 
one had the smallest share [24]. Loo et al., using Sheldon's methodology in 
Heath-Carter modification, received results referring to able-bodied swimming 
athletes of varying degrees of competition. The men were 21 years old and 
swam professionally. Their somatotype was also mixed, and the mesomorphic 
component took over. Again, a small share of the ectomorphic component in 
the total somatotype was noticed [25]. Seidel et al. also received confirmation 
that disabled swimmers’ dysfunction affects their body type. Just as the authors 
of this publication, they received the endomorphic-mesomorphic somatotype 
in disabled swimmers where the ectomorphic component had a small share. 
Saidel et al. pointed out that the somatotype in the conducted tests may differ 
due to deformation or deficit of the upper or lower limbs or both [21]. Dahri et 
al. studied able-bodied men lifting weights referring to the same group interval 
as the authors of this article. The researchers rightly highlighted the starting 
categories of the competitors, taking into account the weight range in which 
they compete. The mesomorphic component was dominant just like in physically 
disabled men. The endomorphic and ectomorphic component was dependent 
on the type of weight category [26]. It should be emphasized that able-bodied 
men lifting weights and physically disabled athletes have different qualification 
systems during the competition. This aspect affects the types of loads that 
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competitors take in a given category and the presence of a movement deficit 
affects the differences in body somatotype between the indicated groups. 
Aguero distinguished sports disciplines such as swimming, weight lifting, rugby 
and table tennis among the surveyed Paralympians. He analyzed the somatotype 
using the protocol of the International Society Advancement Kinanthropometry 
(ISAK) and Sheldon's typology in Heath-Caerter modification. He examined 
the men and women participating at the 2015 Paralympic Games in Toronto. 
Referring his considerations to the group of men swimming and lifting 
weights, Aguero received both groups of mesomorphic body structure, where 
the mesomorphic component dominated. However, referring to the entire 
study group, men in all sports disciplines showed a mixed type (endomorphic-
mesomorphic) [27].

Toselli and Campa examined the somatotype of able-bodied volleyballers 
who play professionally referring to the same age range as the authors of 
this publication. The competitors presented the ectomorphic-mesomorphic 
type with a small share of endomorphy. One more time, a mixed body type 
of athletes who have mixed type activity was seen [5]. The authors of this 
publication also received a mixed somatotype among men with mobility 
disabilities playing sitting volleyball. However, volleyballers showed a meso-
endomorphic somatotype with a small share of the ectomorphic component. 
Analyzing the results obtained by Toselli and Camp and the results of own 
research, it can be concluded that the possibility of active movement of able-
bodied volleyballers during the game more effectively shapes the slenderness 
of physique, i.e. the ectomorphic component. When sitting, players do not 
generate the same agility and activity as non-disabled volleyballers. Disabled 
volleyballers moving while sitting on the pitch activate the shoulder girdle 
and upper limbs more, which increases their strength and muscle mass, thus 
reducing the ectomorphic component. Campa et al. analyzed somatotypes of 
non-disabled athletes practicing volleyball, rugby and football. Additionally, 
they used the BIVA system to supplement the research. Volleyball players 
are classified as a type of mesomorphic-ectomorphic somatotype [28]. The 
obtained results were slightly different from those obtained by Toselli and 
Camp in 2018. The participation between the mesomorphic and ectomorphic 
component varies; however, the results show that it is very similar, and the 
component's contribution could be focused on varied volleyball training.

A small number of publications regarding the assessment of the participation 
of somatotype components in individual physical activities of men with mobility 
disabilities makes it impossible to explicitly refer to their own research. Most 
of the available literature describes the body type of able-bodied female 
and male athletes. According to the authors of this study, it is diffcult to  
compare the somatotype of physically disabled swimmers, weight lifters and 
volleyballers with non-disabled players. However, there are many similarities 
with the somatotypes of individual sports groups. It is worth undertaking the 
extension of the indicated topic in the article because knowing the appropriate 
body somatotype will affect the quality of training procedures. Analyzing the 
research methodology, the need to modify the Heath-Carter procedure to meet 
the needs of anthropometric measurements for athletes with disabilities is 
noticed. Sheldon's typology in Heath-Carter modification is helpful in preparing 
anthropometric measurements and in determining the somatotype; however, 
it does not take into account aspects of various mobility disabilities.
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limitations 
Own research had limitations related to the size of the study group. However, the 
indicated population was suffcient to perform statistical analyses. The researchers  
are aware that the studies were not fully randomized and they see that it would 
be worth gathering a control group in the future. Focusing only on the group of 
men with physical disabilities who perform various types of activity, indicated the 
trend of shaping the athlete's figure in relation to the practiced sports discipline.

conclusions 
A properly calculated somatotype allows disabled athletes to learn about 
body composition components and to train and develop more effectively in a 
particular physical activity. Although physically deficient athletes differ from 
able-bodied men practicing the same activities, their somatotype is similar to 
people with an effcient movement apparatus. The authors of this publication  
believe that it is worth exploring knowledge about the physique of disabled 
athletes, because it will increase their effectiveness during physical activity 
and will allow them to choose the right training to shape adequate motor skills.
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