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Abstract
This article is concerned with selected anthropometric parameters of climbers. Within the framework of our 
study, we assessed 46 participants who were divided into three categories- competitive climbers, recreational 
climbers and non-climbers. These categories were compared among themselves. We measured height, wei-
ght, body fat percentage and particular somatotype components (endomorphic, mesomorphic, ectomorphic). 
Statistically significant difference was detected at the body fat percentage (p= 0.037) between the competitive 
climbers and the non-climbers. Average somatotype of the competitive climbers was 2.03-4.87-2.98 which 
corresponds to the ectomorphic mesomorphy. This group differs from the rest especially by the value of the 
endomorphic component. Average somatotype of the recreational climbers was 2.67-4.82-2.82 and the non-
-climbers reached 2.95-5.11-2.56. 
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Souhrn:
Příspěvek se zabývá vybranými antropometrickými parametry lezců. V rámci naší studie jsme změřili 46 pro-
bandů, které jsme si rozdělili do třech kategorií na výkonnostní lezce, rekreační lezce a nelezce. Tyto jednotlivé 
kategorie jsme porovnávali mezi sebou. Mezi měřené veličiny jsme zařadili výšku, váhu, procento tělesného 
tuku a jednotlivé komponenty somatotypu – endomorfní, mezomorfní a ektomorfní. Statisticky významný roz-
díl jsme zjistili mezi výkonnostními lezci a nelezci u parametru procento tělesného tuku (p= 0,037). Průměrný 
somatotyp měřených výkonnostních lezců byl 2.03-4.87-2.98, což odpovídá ektomorfní mezomorfii. Nejvíce se 
tato skupina lišila od ostatních hodnotou endomorfní komponenty. Průměrný somatotyp měřených rekreač-
ních lezců byl 2.67-4.82-2.82 a nelezců byl 2.95-5.11-2.56. 
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Introduction
Sport climbing is one of the sports which becomes 
more and more popular (Mermier, Janot, Parker 
& Swan 2000; Panáčková, Baláš & Bunc, 2012; Vo-
máčko & Boštíková, 2008). The number of mem-
bers of climbing organizations increases as well as 
the number of climbing walls. An increase of clim-
bers in rocky areas is also detected. Three big clim-
bing walls were built in Brno during the last three 
years and thus it doubled the total number. Along 
with the increasing favor of sport climbing, need 
for deeper understanding of the climbing perfor-
mance increases either. It is necessary to point out 
which components of the climbing performance are 
essential and which components are less important. 
Currently, many scientific studies dealing with this 
topic exist (Baláš, Strejcová & Hrdličková, 2008; 

Grant, Hynes, Whittaker & Aitchison, 1996; Grant, 
Hasler, Davies, Aitchison, Wilson & Whittaker, 
2001; Mermier, Janot, Parker & Swan, 2000; Vomáč-
ko, 2009). Authors of previous researches focused 
on anthropometric and conditional characteristics 
of sport climbers at various levels. Anthropometric 
parameters belong among significant determinants 
of the climbing performance and especially in the 
area of the top climbing performance it plays a vital 
role in the effort to achieve the best performance.
Another, no less important physique parameter is 
the body composition. The body composition can 
be assessed from the three different models. The 
most important, and easily applicable in the prac-
tice, is the anatomical point of view also known as 
the tissue point of view. According to this approach, 
body is composed of muscles, fat, bones, internal 
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organs and remaining tissue (Novotný, 2013). With 
regard to amount of active (muscles, bones, internal 
organs) and passive (fat) body mass, we can modify 
and evaluate the effect of the physical activity on the 
human body. We can determine an ideal body fat 
percentage through model characteristics of par-
ticular sport branches. Measure of the body fat at 
physically inactive men is about 15%. At physically 
inactive women it is about 20-25%. Decrease of the 
body fat under 3% at men and under 12% at wo-
men is health hazard. Less than 10% of the body 
fat at women is associated with menstruation dis-
turbances (Grasgruber & Cacek, 2008). The body 
composition can be estimated by several various 
methods. The body fat percentage can be measu-
red using calipers. These calipers measure skinfold 
thickness. We assume that the thickness of subcuta-
neous fat tissue is in constant ratio to the total fat 
percentage. Publications offer several types of fat 
measurements using the caliper. Each type depends 
on usage of concrete caliper type (most common 
caliper types are Somet and Best). The method ac-
cording to Pařížková, measuring of ten skinfold, 
is the most widespread method on the area of the 
Czech Republic. There are also methods measuring 
only three or two skinfolds (Slaughter & Pollock in 
Riegerová, Přidalová & Ulbrichová, 2006).
Assessment of the individual somatotype is an im-
portant factor for climbing. For the qualification, we 

usually use three scales (with values 1- 7) for repre-
sentation of three different components- endomor-
ph (relative thickness of the person, the amount of 
the depot fat), mesomorph (skeletal muscle deve-
lopment, the amount of the lean body mass to the 
body height) and ectomorph (relative linearity, the 
degree of the longitudinal distribution of the body 
mass). Štěpnička, Chytráčková (in Riegerová, Při-
dalová & Ulbrichová, 2006) or Pavlík (2003) dealt 
with the relation of somatotype and sport perfor-
mance. Representation of the mesomorphic com-
ponent play a vital role for the general motoric per-
formance. By contrast, the endomorph component 
affects negatively the general motoric performance. 
Based on motoric testing of the school juvenils, 
Štěpnička and Chytráčková divided somatograph 
into five different categories (figure 1). The catego-
ry A contains individuals tending to force abilitites. 
The category B contains individuals with the best 
assumptions for the motor activity. Within the cate-
gory C, there are individuals with the endomorphic 
component who have the worst assumptions for the 
motor activity. The category D is characterized by 
high ectomorphic component value and individu-
als with the assumptions for endurance activities 
are typical. The category E is characteristic with 
low representation of the mesomorphic component 
which indicates low motoric performance.

Figure 1: Categories of the motoric performance according to Štěpnička and Chytráčková 
(Riegrová, Ulbrichová & Přidalová, 2006)
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Every sport branch demands specific requirements 
from the physique. The physique of every individu-
al is given by the genotype and by the instrumen-
tality of external environment, especially long-term 
intensive training load. Nevertheless, suitable so-
matotype does not mean success in certain sport. 
It is just one of the factors which can contribute to 
success. In view of the fact that it is necessary to 
constantly overcome the gravitation while clim-
bing, low value of the endomorphic component is 
demanded and climbers should not embody boldly 
high value of the mesomorphic component. As the 
ideal somatotype of the sport climber, we can state 
the category of mesomorphic ectomorphy or equal 
meso-ectomorphy. We do not even expect distinc-
tive somatotype variability at competitive climbers.

Methods
46 men at the age of 18- 40 participated in our rese-
arch. They were selected by the stratified sampling 
method. They were divided into three groups with 
regard to climbing performance- competitive clim-
bers, recreational climbers and non-climbers. Com-
petitive climbers were named those who climbed 
a route of grade 7UIAA using the RP or PP style du-
ring the last ten months. Recreational climbers were 
named those whose climbing experience is longer 
than one year but they are not able to climb a route 
of grade 7UIAA using the RP or PP style. The last 
category contains physically active individuals who 
do not apply themselves to any type of climbing. 
Climbers who attend climbing walls in Brno, Brou-
mov and Police nad Metují were selected for the re-
search. The category of non-climbers is composed 
especially of students of PedF and FSpS, Masaryk 
University. All participants were acquainted with 
the research methods and aims and their participa-
tion was entirely voluntary. Basic information about 
tested individuals were obtained through the short 
non-standardized questionnaire. Age, length of the 
climbing experience, climbing frequency, speciali-
zation within the frame of the climbing disciplines, 
grade of the most difficult route climbed using the 
TR and RP style (or PP) during the last ten months 
and type and frequency of other sport activities 
were investigated. These information about the re-
search group are shown in the table 1. 

Table 1:  Research group basic information (average± standard 
deviation)

Com-
petitive 
climbers 
(n=16)

Recre-
ational 

climbers 
(n=15)

Non-c-
limbers 
(n=15)

Age (ye-
ars)

29.1 ± 7.1 25.5 ± 4.9 23.7 ± 1.6

Length of 
climbing 
practice 
(years)

7.9 ± 7.5 5.6 ± 5.2 -

Climbing 
frequency 
(per week)

2.0 ± 0.7 1.4 ± 0.6 -

Maximum 
perfor-
mance 
Top Rope

8 UIAA 6/6+ 
UIAA

-

Maximum 
perfor-
mance RP 
(PP)

8-/8 UIAA 6-/6 UIAA -

Frequency 
of other 
sport acti-
vities (per 
week)

1.9 ± 2.4 2.6 ± 2.6 3.8 ± 1.8

The method of using caliper according to Pařížko-
vá (1962) was applied for the body fat percentage 
assessment. It measures the thickness of ten skin-
folds using the caliper type Best accurate to 0.5 mm. 
Thumb and point finger of the left hand pull cer-
tain skinfold so as both skin layers were in a parallel 
position. Then the caliper is placed approximately 
1 cm from the place where the skinfold is compre-
ssed. All skinfolds were measured on the right side 
of the body. The equation undermentioned was 
used to calculate the body fat percentage. (Riegrová, 
Přidalová, Ulbrichová, 2006)

%T= 28.96· log x – 41.27
x = sum of ten skinfolds (mm)

For the somatotype determination according to 
Carter and Heath, it is necessary to use ten anthro-
pometric parameters. We used following equation 
to calculate particular three components (Carter, 
Heath in Grasgruber, Cacek, 2008):
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Endomorphy= - 0.7182+ 0.1451 · (x) – 0.00068 · 
(x2) + 0.0000014 · (x3)
x = sum of the triceps skinfolds, subscapular and 
supraspinal (mm) multiplied by number (170.18/
height)

Mesomorphy= 0.858 · biepicondylar humerus bre-
adth + 0.601 · biepicondylar femur breadth + 0.188 
· corrected circumference of biceps + 0.161 · correc-
ted circumference of calf – height · 0.131 + 4.5

Corrected circumference of biceps= circumference of 
contracted arm – triceps skinfold (cm)
Corrected circumference of calf= calf circumference – 
calf skinfold (cm)
Ectomorphy (HWR ≥ 40.75) = 0.732 · HWR – 28.58
Ectomorphy (HWR 40.75 to 38.25) = 0.463 · HWR 
– 17.63
Ectomorphy (HWR ≤ 38.25) = 0.1
HWR = height / 3√ weight
We used the programs MS Excel 2010 and STATI-
STICA 12 for the statistical data processing. At first 
we made basic descriptive statistic identifying the 
averages and standard deviation of each variable se-
parately for particular group. Then the single-factor 
analysis of variance (ANOVA) was used for com-
parison of the results of all three groups (statistical 
significance level α= 0.05). In order to keep the fun-
damental prerequisite for parametric ANOVA, we 
conducted the Levene’s  test for variances equality. 
We also used the non-parametric Kruskal-Wallis 
test for variables which indicated not-equal varian-
ce. Variables which indicated significant intergroup 
difference were compared via the Bonferroni post 
hoc test (Zvárová, 1998). 

Results and Discussion
All detected anthropometric indicators are summa-
rized in the table 2. It is obvious that competitive 
climbers compared to recreational climbers have 
lower weight and their body fat percentage is also 
lower. Non-climbers reach markedly higher weight 
in comparison to both named groups. 

Table 2: Selected anthropometric parameters (average± standard 
deviation)

 Com-
petitive 
climbers 
(n=16)

Recre-
ational 

climbers 
(n=15)

Non-c-
limbers 
(n=15)

Height 
(cm)

179.0 ± 
9.3

179.6 ± 
5.7

182.1 ± 
7.5

Weight 
(kg)

71.9 ± 8.1 74.2 ± 9.4 79.0 ± 7.5

Body fat 
percent-
age (%)

10.9 ± 2.9 13.9 ± 3.8 14.4 ± 4.5

Endomor-
phy

2.0 ± 0.6 2.7 ± 0.9 2.9 ± 1.2

Mesomor-
phy

4.9 ± 0.9 4.8 ± 0.7 5.1 ± 1.1

Ectomor-
phy

3.0 ± 1.0 2.8 ± 1.0 2.6 ± 1.1

Table 3: Levene’s test for variances equality

 effect deviati-
on

F p

Height 20.04602 23.06941 0.86894 0.42663

Weight 23.99807 25.58672 0.93791 0.39931

Body 
fat per-
centage

8.10714 4.44718 1.82299 0.17381

Endo-
morphy

1.16318 0.28851 4.03172 0.02484

Meso-
morphy

0.56023 0.29292 1.91255 0.16006

Ecto-
morphy

0.09344 0.40468 0.23090 0.79479

The Levene’s test results (table 3) show that variab-
les of “endomorphy” do not fulfill homoscedasticity 
requirement, thus we used the non-parametric Krus-
kal-Wallis test instead of the parametric ANOVA test 
(table 4). 
The variance analysis proved that p-values of the 
body fat percentage are smaller than the statistical 
significance level α= 0.05. Therefore, we can state 
with 95% certainty that the results of the three ob-
served groups differ significantly. By contrast, there 
were not any significant differences among other va-
riables. When verifying endomorphy variables via the 
Kruskal-Wallis test (table 5), p-values exceeded the 
statistical significance level 0.05. It means that there 
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are not statistically significance differences among 
the groups. Nevertheless, it is necessary to remark 
that non-parametric variance analysis is not so relia-
ble and thus, there is a higher probability of error of 
the second kind. 

Table 4: ANOVA

 F p
Height 0.70054 0.50189
Weight 2.82084 0.07061
Body fat per-
centage 

4.03005 0.02488

Mesomorphy 0.45372 0.63826
Ectomorphy 0.60917 0.54843

Table 5: Kruskal-Wallis test- Endomorphy

H (2. N=46) = 5.276781; p=0.0715
Code Number 

of valid 
Sum of 
orders 

Ave-
rage 

order
Compe-
titive 

1 16 280.0000 17.50000

Recreati-
onal 

2 15 378.0000 25.20000

Non-c-
limber

3 15 423.0000 28.20000

The Bonferroni post- hoc test was applied to vari-
ables which indicated significant difference among 
the groups. In connection with the body fat per-
centage (table 6), we established statistically sig-
nificant difference only between competitive clim-
bers and non-climbers.

Table 6: Bonferroni test- the body fat percentage

 Competi-
tive 

Recreati-
onal 

Non-clim-
bers

Competi-
tive

 0.091749 0.036969

Recreatio-
nal

0.091749  1.000000

Non-clim-
bers

0.036969 1.000000  

Similar results investigated even MacLeod, D., 
Sutherland, D. L., Buntin, L., Whittaker, A., Aitchi-
son, T., Watt, I., & Grant, S. (2007), who established 
significant differences of the body fat percentage 
between the climbers and the non-climbers. Signi-
ficant relation between the climbing performance 
and the body fat percentage was also detected in the 
study of Baláš, Strejcová & Hrdličková (2008).
For a better understanding of differences among the 
groups, box plots of selected variables are under-
mentioned (figure 2 to 4). 

Figure 2: Box plot- “body weight”
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Figure 4: Box plot- “endomorphy”

The last observed parameter was somatotype of 
particular climbers and groups. The average so-
matotype of the competitive climbers group was 
2.03-4.87-2.98. This value corresponds to the ecto-
morphic mesomorphy. The biggest differences, in 
comparison to the other groups, indicated endo-
morphic component. The average somatotype of the 
recreational climbers group was 2.67-4.82-2.82. 
Thus, in comparison to the previous group, it indi-
cates significantly higher value of the endomorphic 
component, approximately same value of the meso-
morphic component and slightly lower value of the 
ectomorphic component. The average somatotype 
of the non-climbers group was 2.95-5.11-2.56. It 
rather corresponds to the endomorphic mesomor-

phy. Compared to the previous groups, this sample 
has higher average value of the endomorphic and 
the mesomorphic component but lower value of 
the ectomorphic component. The found results do 
not correspond to the findings of Polčin (2011) who 
measured group of 20 climbers and reached average 
somatotype 3.5-5.1-2.6. Although he does not re-
port their performance level, the difference especia-
lly in connection with the endomorphic component 
is considerable. 
Adam Ondra, currently the best world climber, was 
one of the individuals who participated in our rese-
arch either. Although his results were not included 
in the group of competitive climbers, it is available in 
the discussion separately. His weight is 66.2kg, height 

Figure 3: Box plot- “body fat percentage
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is 183cm and the body fat percentage is 6.6%. His so-
matotype is 1.25-4-4.5. It is obvious that he has very 
low endomorphic component and high ectomorphic 
component in comparison with other climbers. His 
body weight and body fat percentage are also very 
low in comparison to the rest. Neither mesomorphy, 
which indicates muscle and skeleton development, 
does not reach higher than mean value. Neverthe-
less, it does not prevent him from achieving maximal 
climbing performance. 

Conclusion
We found that the competitive climbers are rather 
of medium height (179± 9.3 cm) and they reach low 
body weight (71.2± 8.1 kg) as well as low body fat 
percentage (10.9± 2.9 %). Their average somatotype 

is the ectomorphic mesomorphy. Lower value of the 
endomorphic component is typical for them espe-
cially in comparison with the non-climbers. These 
findings can be considered by coaches and climbing 
instructors in the talents selection. Nevertheless, re-
garding bigger variance of found somatotypes parti-
cularly in the category of recreational climbers, we 
can state that climbing at the recreational level can 
be conducted without these specific anthropometric 
parameters. Limiting factor is probably the meso-
morphy value which did not decrease under 3½ at 
none of the measured climbers. It is also obvious that 
we have to control the body weight and the body fat 
percentage because low value of the mentioned para-
meters is one of the necessary conditions for the best 
performance.


