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Selected anthropometric 
parameters of climbers.
Jan Došla, Jan Meško
Faculty of Sport Studies, Masaryk University, Brno

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. 

Key words: 
Climbing, body weight, body fat percentage, somatotype

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. 

Klíčová slova: 
Lezení, tělesná hmotnost, tělesný tuk, somatotyp

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.
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Understanding the young at heart: 
seeing older adult climbers the way 
they see themselves
Mark Hickman1, Allison Inkster1, Lynne Fitzgerald2  
1School of Sport, Tourism and The Outdoors, University of Central Lancashire, Preston, UK
2Department of Health and Human Performance, Montana State University Billings, Montana, USA

Abstract
Currently, there are in excess of 10 million people in the United Kingdom aged over 65 with this number 
predicted to rise to 19 million by 2050; over this period the USA will see an increase from 70 to 80 million, 
and in the Czech Republic the population aged 60+ is forecast to rise from 23.7% to 40.1%. The past decade 
has seen the rapid development of scholarship into active ageing, yet research into how older adults perceive 
adventure sports has been lacking and indicates a need for investigation in this direction. The aim of this study 
was to discover how outdoor sport, specifically climbing, is conceptualized by older adults aged 65-74 and used 
a purposive sample that was able to offer a meaningful perspective of what it means to be an active climber 
in ‘young-old’ age. This pilot study used interview questionnaires with climbers (n=8) with an average age of 
70.2 climbing regularly in the north of England. Themes were identified through manual data handling and 
internal and external checking carried out. Initially, four main themes emerged: the maintenance of physical 
and mental health and fitness; maintaining social contact; enjoying the natural environment; and, generating 
a meaningful identity. .
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Souhrn
V současné době je ve Spojeném království více než 10 miliónů lidí ve věku nad 65 let a do roku 2050 je 
předpokládán nárůst na 19 miliónů; v tomto období USA zaznamená nárůst ze 70 na 80 miliónů a populace 
České republiky ve věku 60+ vzroste z 23,7% na 40,1%. Poslední desetiletí vykazuje prudký rozvoj bádání 
v oblasti aktivního stárnutí, přesto se výzkum o tom, jak starší lidé nahlížejí na rizikové sporty, zdá být ne-
dostatečný a je potřeba dalšího šetření. Cílem této studie bylo zjištění, jak jsou outdoorové sporty (jmenovitě 
lezení) chápány lidmi ve věku 65-74 let. Byl použit účelový vzorek, který poskytoval smysluplný náhled na to, 
co to znamená být aktivním lezcem v pokročilém věku. Tato pilotní studie využívala dotazníků aplikovaných 
na lezce (n=8) věkového průměru 70,2 let pravidelně lezoucích v severní Anglii. Témata byla identifikována 
skrze ruční zpracování dat a byla provedena interní a externí kontrola. Zpočátku se objevila 4 hlavní témata: 
udržování fyzického a duševního zdraví; udržování společenského kontaktu; užívání si přírodního prostředí; 
a vytváření smysluplné identity. 
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stáří, populace, lezení, vnímání,

Introduction
To describe the wave-like movement through deve-
loped western societies of the baby boomer genera-
tion, or those born between 1945 and 1970, Dytch-
wald and Flower coined the term ‘age wave’ (1989). 
Returning to the theme ten years’ later, Dytchwald 
(1999) predicted that those at the wave front would 

reshape the concept of the life course and transform 
healthcare, technology, financial services, work, 
education, leisure and retirement (Green, 2010). At 
the time of writing there are in excess of ten million 
people aged 65+ in the UK with the number predic-
ted to rise to 19 million by 2050; currently, one-in-
six of the UK population is aged 65+, a  figure ex-
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pected to be one-in-four by 2050 (www.parliament.
uk). However, whilst longevity has increased, heal-
thy life expectancy has not kept pace all around re-
sulting in proportionately greater demands on the 
public services, health and welfare. Significantly, it 
has also been recognized that within the age wave 
itself there are vastly differing concepts of what it 
means to grow older (Kluge, 2005; Boksberger and 
Laesser, 2009). Scholars around the world are united 
in agreement that active ageing impacts positively 
on well being, fitness and health (Grant and Kluge, 
2012), thus there is scope to challenge to the hitherto 
previously dominant discourse about ageing based 
on stereotypes and myths associated with inevitable 
decline and morbidity (Levine, 2008). Perrault’s ob-
servation that “there is substantial evidence to sup-
port the notion that exercise may be an effective way 
to delay the effects of ageing” (1983: 3) is now rein-
forced by a critical mass of unambiguous evidence 
that shows that many of the ailments associated with 
ageing are positively influenced by regular physical 
activity. However, rather than physical activity ta-
king the form of continuous exercise of a repetitive 
nature, such as running, cycling or swimming, what 
is more attractive to those of ‘retirement age’ is phys-
ical activity taking the form of a ‘project’ (Stebbins, 
2006; Elkington and Stebbins, 2014). 
The aim of this pilot project was to gain an insight 
into the ways in which ‘young-old’ adults, aged 
between 65 and 74 perceived that rock climbing 
contributed to health and well-being.

Methods
In the mid-1990s, Barrett and Greenaway argued 
that the majority of the research on adventure edu-
cation was influenced by a quantitative approach, or 
what they termed a  “scientific research paradigm” 
(1995: 52), and went on to suggest that qualitative 
approaches were necessary to reveal the subjective 
nature of adventure experiences. In doing so they 
drew attention to the ‘failure’ of ‘objective’ approa-
ches, a malaise that Sparkes identified as common to 
sport in general (2002; 2003). Alison and Pomeroy 
(2001) endorsed the call for investigations that wou-
ld both document and examine the individual’s ex-
perience in outdoor adventure, and despite support 
from other scholars (Barrett and Greenaway, 1995; 
Davidson, 2001) there has still been a  tendency to 
focus on young people at the expense of other age 
groups, particularly the elderly.
It can be a mistake for researchers to be drawn too 
quickly into lengthy critiques of ontology and epis-
temology, but used skillfully these help steer the re-

searcher towards the methods best suited to generate 
the type of data they seek (Easterby-Smith, Thorpe 
and Lowe, 2002). This project focused on individu-
als’ perceptions, that by their very nature were likely 
to be characterized by differences, with data consi-
sting of meanings articulated through words: the-
refore a  qualitative approach was considered most 
suitable to explore the relationship between older 
adults and adventure sport (Hoepfl, 1997; Patterson 
and Pegg, 2012).
Lancashire is geologically and geographically well si-
tuated for climbing and afforded access to highly ac-
tive clubs and climbers (Ainsworth and Cronshaw, 
2006) from which a  purposive sample was recrui-
ted (Arthur, Waring, Coe and Hedges, 2012; Flick, 
2014). The primary investigator acted as an oppor-
tunistic researcher making it likely that as a climbing 
‘insider’ participants would be willing to share their 
perceptions without reservation. Whilst this gave 
access to the subtleties and nuances of the respon-
ses it was not without risks, particularly that it could 
make the researcher liable to ignore or misinterpret 
data due to habituated ways of ‘seeing’ the climbing 
world (Greenleaf, 2002; Lawler, 2008). Therefore, in-
ternal checkers were used to authenticate meanings, 
whilst two critical friends (CFs) acted as critical sup-
port for the project.
A brief consideration of the strengths and weakne-
sses the CFs brought to this study is pertinent here.  
To avoid gender bias, a male and a female were cho-
sen (Oakley, 1998); to avoid outdoor sector bias, 
CF1 had no outdoor experience whilst CF2 had 
been an internationally recognized outdoor practi-
tioner with a  number of professional publications 
to his credit. At the age of 67, CF2 could empathize 
with the sample group, whereas CF1 was a decade 
younger but had professional experience of geron-
tology. There were no social ties that could influen-
ce criticality but by presenting the work to CFs for 
challenge there was a transparent effort to show that 
each step was taken prudently. Furthermore, whilst 
the outcomes of the project could not easily be gene-
ralized its processes were designed for transparency  
(Whitehead and McNiff, 2012). 
CF1 generated critical discussion around how to 
define a climber and what inclusions or exclusions 
might be made. These considerations were:
• Would it include or exclude indoor wall only 

climbers? Were these intrinsically different to 
outdoor climbers? Were those with experience of 
both environments preferable?

• Would this include use of a rope, or would solois-
ts (free climbing without the safety of a rope) be 
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included (Richardson, 2007; Roberts, 2008)?
• How would ‘experience’ be conceptualized? Wou-

ld this include or exclude climbing neonates? 
It was agreed that participants needed to be current-
ly active and climbing at French Grade 4, which, 
whilst relatively accessible, would exclude those 
without sufficient experience to make them accepted 
as a climber. Climbers with indoor experience were 
welcomed, although future research is likely to se-
parate groups, but soloists were excluded due to the 
ethical problems associated with this activity. The 
result was that 11 individuals were approached with 
eight eventually participating. Whilst recognizing 
that a larger sample size is usually beneficial (Bow-
ling, 2009) it was acknowledged that that this was 
not necessary to achieve a rich data source (O’Rei-
lly and Parker, 2012). Indeed, Hektner, Schmidt and 
Csikszentmihalyi (2007) argue that sample sizes as 
small as five can produce sufficiently rich and relia-
ble data.
The original research design envisaged the use 
of a  focus group as a  pilot mechanism to generate 
themes for targeted investigation using interviews. 
However, the planned start date in the autumn of 
2013 coincided with a season of cheap flights, a glut 
of overseas accommodation, a strong pound sterling 
and importantly good weather in southern Europe; 
ideal conditions for older travelers to exploit their 
freedom and affluence (Fernandez-Morales and Ma-
yorga-Toledano, 2008; Paxon, 2009). Participants 
quite literally dispersed to climbing venues in Italy, 
Morocco and Spain for between 21- 60 days forcing 
a tactical review of methods and cautioning against 
too strict adherence to linear research projects (Bell 
and Newby, 1977; Maxwell, 2013). Subsequently, the 
research design was altered to use questionnaires 
followed by targeted interviews with participants 
acting as internal checkers. CFs functioned as exter-
nal checkers and critical backgrounds against which 
themes could be drawn out, and this initial layer of 
data provides the background to this paper
The original questions for the focus group were 
converted for use in an open-ended questionnaire 
that was then emailed to participants for completion 
irrespective of their location overseas. Although this 
meant that prompts could not be used to steer the 
conversation (Curtis and Curtis, 2011), it did mean 
that responses were not time-sensitive, likely to be 
more considered and more appropriate to the needs 
of older participants (Wenger, 2002). This conferred 
practical advantages on the project in terms of cost, 
effectiveness, accessibility and ease of analysis (Gray, 
2014; Kumar, 2014) but, of course, there were also 

potential disadvantages. Questionnaires can be ina-
dequate for the collection of subjective data so care 
was taken to design appropriately open-ended ques-
tions and in reviewing these in advance with CFs. 
Despite criticisms over subjectivity these were offset 
by the potential insights afforded through an oppor-
tunistic approach (Sapsford and Jupp, 2006; Olsen, 
2012). 

There was also the freedom to observe some inte-
resting dynamics in the climbing environment but it 
cannot be said that these are truly informative of the 
actions of climbers aged 65+. However, observations 
can act as a secondary source of evidence and allow 
for the matching of responses to behaviour (Stake, 
1995; Dawson, 2009). 
Wertz, Charmaz, McMullen, Josselson, Anderson 
and McSpadden (2011) provide an interesting, yet 
cautionary, insight into data analysis. Using five di-
fferent analytical approaches to one set of data they 
show that very different interpretations can emerge. 
Thus, even though it was important that the analy-
tical tool for this work was identified in advance it 
was likely that there would be criticism and support 
in equal measure regarding its choice. Data analy-
sis used constant comparison (Silverman, 2013), 
“an iterative process of reading and re-reading data, 
looking for similarities and differences between ac-
counts” (Djordjevic and Cotton, 2011: p386) com-
plemented by colour coding and organization into 
higher and lower order themes (Bolton, 2010). 
.
Results and discussion
Three main themes emerged from the data analysis:
1. Maintenance of physical well-being.
2. Maintenance of psychological well-being.
3. Avoiding social isolation.

These will now briefly be considered in turn; consi-
stent with research ethics, data cleansing has been 
carried out in order to ensure confidentiality, and 
responses have been anonymized (Tolich, 2004).

Maintenance of physical well-being
It was significant that climbing was acknowledged 
for its central role in either getting, or more impor-
tantly, remaining fit. However, physical fitness and 
health were loosely understood concepts in this 
sample group and focused primarily on preventing 
the loss of strength and flexibility needed to climb. 
Leo maintained that “(i)f I  can get into the shapes 
I need to get to the top that means I’m staying strong 
and keeping my flexibility”, a  thought process en-
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dorsed by climbing partners Bruce and Cate who 
valued the maintenance of strength, “I’m now, what 
67, and he’s over 70, so making sure we’ve got strong 
muscles is important…neither of us want to go to 
a gym, so pulling up, getting a bit of a strain is good 
for us…we just can’t cope with as much as we cou-
ld when we were younger” (Cate). For Bruce, who 
reminisced about his working days as a  diesel en-
gine fitter first in the military and then as a civilian, 
being strong was a link to his past and ‘looking fit’ 
was as important as being functional. He was also 
concerned about the effect that ageing was having 
on his flexibility and that ‘stiffening up’ was a natural 
process that regular climbing might offset. However, 
whilst Cate practiced yoga, Bruce just relied on clim-
bing without an appreciation that supplementary 
exercise, particularly focused on suppleness, could 
increase his range of motion and make a  valuable 
contribution to his strength. Neither Cate nor Bruce 
was aware of the role that suppleness and elasticity 
played in the power potential of muscle but expre-
ssed a motivation to discover more when the subject 
was explored.

 Bone density was another subject of interest, espe-
cially to Cate, who was mindful of the osteoporosis 
that her mother had suffered from, and to Colin and 
Bobby, who partnered regularly as club members. 
However, the impact of stress on connective tissue 
and subsequently bone density remained unknown. 
Colin had been a climber for some 50 years whilst 
Bobby had ‘converted’ to climbing in his late fifties 
and now had some ten years’ experience. During 
their working lives getting to the ‘crag’ and then ma-
ximizing time on the rock had been a priority, the 
journey to and from the venue merely a means to an 
end. However, currently more was being made of the 
walk-in and walk-out as impact exercise was recog-
nized as contributing to skeletal health, or ‘strong 
bones’, particularly when carrying a rucksack laden 
with kit and equipment. As Colin explained:

“Walking to the climbs gives me a sense of stren-
gth and is good for my bone density. When I’d 
got kids and a  career to look after I  wanted to 
get in and out (of the climbing venue) as quick 
as possible. I wanted to be on the rock and get 
my routes in and I’d travel ‘Colorado Style’, high, 
dry and fast, with as little in my rucksack as po-
ssible. Now, though, I pack a bit extra, and know 
that the walk in is like a run, good for my bones. 
However, it is also a bit of a joint wrecker so I gu-
ess it’s a compromise”.

Christophe, whose career had been in medicine, and 
who had a much better than average grasp of fitness 
and health, identified the walk to and from the ve-
nue as good for agility and explained, “the heavy 
rucksack…the uneven path, the up and down, the 
side to side, it’s all good…they all aid in (the) gym-
nastic struggles”. 

This point was endorsed by Don, also a sea kayaker, 
who suggested that agility helped with his balance 
both on the rock and in his boat, and that it helped 
maintain his fitness for using his boat’s rudder (a sea 
kayak rudder is operated through plantar flexion). 

It was interesting that of all the participants Bruce 
was the only one who did not engage in exercise to 
supplement climbing. All other participants were 
motivated to support their climbing through physi-
cal activity on non-climbing days. Paddy was typical 
in his approach:

“Climbing does require physical health and 
I  think my other activities help this. They also 
contribute much more to strength and general 
conditioning, so I  take a  lot of (non-climbing) 
exercise”.

Baláš (2014) estimates that it requires approximately 
80 vertical metres of climbing per week to maintain 
or increase upper body strength in males, and some 
400-500 vertical metres for cardiovascular benefits 
to occur. It would be of great value to extend his re-
search into the community of older adult climbers. 
However, irrespective of actual physiological bene-
fits, remaining active seems to bring other psycho-
logical rewards that are consistent with a  healthy 
lifestyle and it is to this that we will now turn.
Maintenance of psychological well-being
For older adult climbers psychological health is more 
complex than simply belonging to a community al-
though this in itself does offer advanyages. Interes-
tingly, value is placed on keeping the knowledge of 
climbing venues and routes sharp and in having the 
skills to mediate risk. Returning to Christophe, with 
a  degree of comedy he observed that “(r)isk asse-
ssment is paramount…you need a much higher level 
of judgment to climb outdoors and that forces you 
to stay alert and pay attention…at levels that most 
of my friends are not (with) gardening, crosswords, 
bridge, Spanish wines…(but) bridge can be very 
dangerous if your partner totes a handgun!”. Paddy 
endorsed the idea that risk concentrated his mind, 
“the degree of risk/danger does play its part in kee-
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ping me switched on and watchful” and continued 
that so did remaining proficient with the technical 
aspects of climbing. Regular exposure to setting 
up top and bottom rope systems, abseils (rappels), 
multi-pitch belays, and the use of kit and equipment 
upon which lives depend takes time and cognitive 
effort to develop and maintain skill and expertise; 
both of which are dependent on effective neural 
functioning and memory (Côté, Murphy-Mills and 
Abernathy, 2014; Wadden, Borich and Boyd, 2014). 
Being proficient was central to Don feeling com-
fortable and to his developmental journey through 
climbing:

“Like almost any male I find equipment of gre-
at interest that has to be tempered by income. 
(However) I…also hope to improve my gear pla-
cement abilities to enable me to climb into the E 
grades during the coming season…(so) staying 
comfortable with gear is important, yes”.

Within the close social networks that characterize 
climbing this allowed the older adult climbers in this 
group to feel valued, for both their current exper-
tise and their history of ‘being climbers’, of having 
‘gone before’ the current generation. Being able to 
offer advice and guidance to those who were disco-
vering for themselves climbing sites well known to 
older adults brought a sense of self respect, of being 
valued for their knowledge, and in being able to con-
tribute something back to the climbing community. 
Christophe argued that the reward was in being able 
to aspire younger climbers to:

“get out there, take responsibility for themselves 
and their climbing buddies, and learn to enjoy 
first assessing the risks, then taking the risks in 
a  controlled and reasoned way…If just one of 
them one day says to his or her climbing partner, 
‘Christophe taught me that’, I shall die happy”. 

For Paddy the rewards were similar in that he felt 
that his legacy was worthwhile and that whilst his 
days of hard climbing were over it was still impor-
tant to maintain local knowledge, “bringing exci-
tement and adventure does it for me, being asked 
about good places to climb makes me feel like my 
time was worth it and it’s  nice to know that I  can 
pass it on…I do not aspire to new or hard routes any 
more, but I do enjoy the storytelling”. However, for 
Cate, the focus was not on being valued for building 
competence in others but in “bringing fun to those 
who come after me”: for her, grades and technicali-

ty were of relatively little consequence compared to 
maintaining her memories of good times and using 
those to transmit a sense of where was fun to climb. 
In common with others, this required her to stay 
involved with access issues and the range of ‘nice 
climbs’ at any one place.

Thus, in the maintenance of psychological health 
several lower order themes were apparent: being 
valued for expertise with kit and equipment, remai-
ning proficient in the mechanics and systems for 
climbing, and being recognized as such, and being 
a reference point for the ‘history’ of crags, routes and 
venues. The psychological benefits these conferred 
seemed to be in the regular exercise of memory and 
routine and in the awareness of place and value in 
the climbing community. These issues also helped 
participants avoid feelings of social isolation, which 
we will now look at from a different although very 
complementary perspective.

Avoiding social isolation
Colin and Bobby came from an inland area of Lan-
cashire whereas Don’s club was based farther north 
and west, hence its involvement in sea kayaking as 
well as climbing. For all three there was a strong sense 
of community through the ‘official’ roles they played 
within the club. Colin was very active in his capacity 
as ‘Meets Coordinator’ responsible for planning the 
evening and weekend climbing schedule each year, 
booking huts, arranging official overseas trips, and 
acting as a  contact point for each week’s  activities. 
Bobby played a  complementary role as Newsletter 
Editor and published an e-newsletter on a monthly 
basis. Each of these roles demanded time and effort, 
which helped fill the space that working lives had 
once consumed, and allowed for the maintenance of 
skills that had once been integral to their careers in 
high level public administration and as the owner-
manager of a  successful small haulage company 
respectively. Don was equally active in his club as 
the New Members’ Officer with responsibility for 
dealing with initial enquiries, assessing inbound 
skill levels and interests, facilitating initial contact 
at a  climbing session, and then coordinating with 
the club’s Membership Officer. His working life had 
been as an engineer with a  multi-national energy 
generation company and like Colin and Bobby his 
skills were being utilized during ‘active retirement’. 
He commented that:

“…the first few months (into retirement) are no-
vel, no getting up quite so early, not having to 
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pack lunch the night before, no regular drive into 
the office, no weekly or monthly progress or per-
formance meetings. After a  couple of weeks of 
being able to sleep in (till nine o’clock – I felt like 
a teenager again) the days are quite long. My wife 
and I garden and cycle but just like being out on 
the crag, you can’t do that all day everyday, so 
being the NMO (New Members’ Officer) gives 
me stuff to do and people to contact, keeps me 
active, like”.

Colin’s  and Bobby’s  roles also involved adminis-
tration that could be expanded or contracted to 
suit hours available. Colin observed that “I’d never 
have thought about it (being Meets Coordinator) 
when I was working - too much to do for voluntary 
work – and I’m glad I never did. I could have rushed 
through organizing schedules when I was working 
but I can do so at a more leisurely pace now, and it 
means I think about more carefully too”. 

Thus, when the transition from work to retirement 
had occurred all three had found their social co-
nnections reinforced as a result of skills transferred 
from their professional lives. 

Observations reinforced the highly social nature of 
their voluntary positions in respective clubs. When 
out on organized meets they would spend a consi-
derable amount of time circulating amongst other 
climbers. Other members not yet of retirement 
age seemed to prioritize climbing time (as Colin 
confessed to earlier) whilst Colin, Bobby and Don 
would network extensively on business associated 
with their club roles. Therefore, both physically, at 
the rock face, and virtually, when administrating at 
a computer interface, social contact was being acti-
vely engineered, and the isolation that can charac-
terize withdrawal from the labour market avoided.

Conclusion
This short paper has suggests that rock climbing can 
make a  positive contribution to young-old adults’ 
health and well-being. Climbing seems to underpin 
Stebbins (2006) and Elkington and Stebbins (2014) 
notions that projects are useful in creating sustai-
nable commitments to activities likely to support 
health and well-being. Climbing as a  project seem 
to offer ‘odyssey goals’ or multiple achievement ori-
entations that allow older adults to create opportu-
nities in their lives once they have withdrawn from 
the labour force. 

It has been shown that there is a focus on physical ac-
tivities that whilst in need of order and clarification 
helps maintain health and promotes exercise. Psy-
chological health and well-being is also supported 
through the need to remain cognizant of climbing-
-specific systems and when acting as reference po-
ints for younger climbers. In turn, this is articulated 
in the roles that participants fulfill in their respective 
clubs, and use social contact and the maintenance of 
professional skills to avoid becoming isolated when 
time is no longer governed by work.

This project points to many exciting opportunities 
to extend research both amongst climbers aged 65+ 
and into the ways that older adults engage with ad-
venture sports and activities on a wider basis. Coun-
tries across the developed world recognize that the-
re is an ageing population and that this is likely to 
influence society in many different ways for at least 
another three decades. How older adults relate to the 
outdoors is yet under researched but some in this 
population appear to be rejecting earlier generatio-
nal concepts of what it is to age and the commonly 
held stereotypes that position older age as a period 
of decline and inevitable loss of opportunity.

Hearing their voice and heeding their message is ne-
cessary if they are not to remain marginalized and 
the outdoors is to become more responsive to their 
needs. The small-scale nature of this project is ack-
nowledged, so findings should be treated with cau-
tion. However, the lack of previous research in this 
area gives this interest as an exploratory study.



Volume 9  No. 1/2015   ISSN 1802-3908          19

References
1. Ainsworth, L. & Cronshaw, D. (2006). Lancashire Rock. Leicester: Cordee Press.
2. Alison, P. & Pomeroy, E. (2001). How shall we know? Epitemological concerns in research in experiential 

education. Journal of Experiential Education, 23 (2), 9-16.
3. Arthur, J., Waring, M., Coe, R. & Hedges, L.V. (2012). Research Methods and Methodologies in Education. 

London: Sage.
4. Baláš, J. (2014). Sport climbing in health related programmes. Book of Abstracts. The 7th International 

Mountain and Outdoor Sports Conference. Charles University in Prague. 20th-23rd November. 37.
5. Barrett, J. & Greenaway, R. (1995). Why adventure? The role and value of outdoor adventure in young 

people’s personal and social development. Coventry: Foundation for Outdoor Adventure.
6. Bell, C. & Newby, H. (1977). Doing Sociological Research. London: Harper Collins.
7. Boksberger, P. & Laesser, C., (2009). Segmentation of the senior travel market by means of travel moti-

vations. Journal of Vacation Marketing, 15 (4), 311-322.
8. Bolton, G. (2010). Reflective Practice. London: Sage.
9. Bowling, A. (2009). Research Methods in Health. Maidenhead: OUP.
10. Côté, J., Murphy-Mills, J., & Abernathy, B. (2014). The development of skill in sport. In. N. Hodges & 

M.A.Williams. Skill Acquisition in Sport: Research, Theory and Practice. London: Routledge, 269-286.
11. Curtis, B., & Curtis, C. (2011). Social Research: A Practical Introduction. London: Sage.
12. Davidson, L. (2001). Qualitative research and making meaning from adventure: A case study of boys’ 

experiences of outdoor education at school. Journal of Adventure Education and Outdoor Learning, 1 (2), 
11-20.

13. Dawson, C. (2009). Introduction to Research Methods: A practical guide for anyone undertaking a research 
project. Oxford: How To Books.

14. Djordjevoc, A., & Cotton, D.R.E. (2011). Communicating the sustainability message in higher education 
institutions. International Journal of Sustainability in Higher Education,12 (4), 381-394.

15. Dytchwald, K., & Flower, J. (1989). Agewave. New York: Putnam.
16. Dytchwald, K. (1999). Age power: How the 21st century will be ruled by the new old. New York: Putnam.
17. Easterby-Smith, M., Thorpe, R., & Lowe, A. (2002). Management Research: An Introduction. London: 

Sage.
18. Elkington, S., & Stebbins, R.A. (2014). The Serious Leisure Perspective: An Introduction. London: 

Routledge.
19. Fernandez –Morales, A., & Mayorga-Toledano, M.C. (2008). Seasonal concentration of hotel demand in 

Costa del Sol: A composition by nationalities. Tourism Management, 29 (5), 940-949.
20. Flick, U. (2014). An Introduction to Qualitative Research. London: Sage.
21. Grant, B., & Kluge, M. (2007). Exploring other body(s) of knowledge: Getting to the heart of the story 

about ageing and physical activity. Quest, 59 (1), 398-414.
22. Gray, D.E. (2014). Doing Research in the Real World. London: Sage.
23. Greenleaf, R.K. (2002). Servant Leadership: A Journey into the Nature of Legitimate Power and Greatness. 

New York: Paulist Press.
24. Green, B. (2010). Marketing and advertising to baby boomers. Retrieved from: www.bgassociates.com/

market-ing_to_boomers.htm
25. Hektner, J.M., Schmidt, J.A., & Csikszentmihali, M. (2007). Experience Sampling Method: Measuring the 

Quality of Everyday Life. Thousand Oaks, CA: Sage.
26. Hoepfl, M.C. (1997). Choosing qualitative research: A  primer for technology education researchers.  

Journal of Technology Education, 9 (1), 47-63. Retrived from: www.scholar.lib.vt.edu/ejournals/JTE/
v9n1/hoepfl.htm. 

27. Kluge, M. (2005). It’s never too late to dare: Outdoor adventure programming for the agewave. Journal of 
Physical Education, Recreation and Dance, 76 (5), 39-46.

28. Kumar, R. (2014). Research Methodology: a step-by-step guide for beginners. London: Sage.
29. Lawler, S. (2008). Identity: Sociological Perspectives. Chichester: Polity.
30. Levine, R. (2008). Ageing with Attitude: Growing Older with Dignity and Vitality. Westport, CT: Prager.
31. Maxwell, J.A. (2013). Qualitative Research Design: An Interactive Approach. London: Sage.
32. Oakley, A. (1998). Gender, methodology and people’s way of knowing: some problems with feminism 



20  journal of outdoor activities

and the paradigm debate in social science. Sociology, 32 (4), 707-731.
33. Olsen, W. (2012). Data Collection: Key Debates and Methods in Social Research. London: Sage.
34. O’Relly, M., & Parker, N. (2012). Unsatisfactory saturation: a critical exploration of the notion of satura-

ted sample sizes in qualitative research. Qualitative Research,13 (2), 190-197.
35. Parliament. (2010). Briefing Paper: The ageing population. Retrived from: www.parliament.uk/business/

publications/research/key-issues-for-the-new-parliament/value-for-money-in-the-public-services/the-
ageing-population. 

36. Patterson, I., & Pegg, S. (2012). Tourism and Ageing. In H.J. Gibson & J.F. Singleton. Leisure and Ageing: 
Theory and Practice. Champaign, Il: Human Kinetics.

37. Paxon, M. (2009). Boomer boom for hospitality: Opportunities and challenges. Journal of Hospitality, 
Marketing and Management, 18 (1), 89-98.

38. Perrault, R. (1983). Opening Remarks. Proceedings of the National Conference on Fitness in the Third 
Age. Ottawa. November 8-10. 3.

39. Richardson, A. (2007). Rock Climbing for Instructors. Marlborough: Wiltshire.
40. Roberts, A. (2008). With Bare Hands: The Story of the Human Spider. County Meath:  Maverick Press.
41. Sapsford, R., & Jupp, V. (2006). Data Collection and Analysis. London: Sage.
42. Silverman, D. (2013). Doing Qualitative Research: A Practical Handbook. London: Sage.
43. Sparkes, A.C. (2002). Telling tales in sport and physical activity: a qualitative journey. Champaign, Il: 

Human Kinetics.
44. Sparkes A. C. (2003). Bodies, identities, selves: autoethnographic fragments and reflections. In J. Deni-

son & P. Markula (Eds). Moving Writing: Crafting Movement in Sport and Research (51-76). New York: 
Peter Lang.

45. Stake, R.E. (1995) The Art of Case Study Research. Thousand Oaks, CA: Sage.
46. Stebbins, R.A. (2006). Serious Leisure: A Perspective for Our Time. New Jersey: Transaction.
47. Tolich M. (2004). Internal confidentiality: When confidentiality assurances fail relational informants. 

Qualitative Sociology, 27, 101–106.
48. Wadden, K.P., Borich, M.R., & Boyd, L.A. (2014). Motor skill learning and neurophysiology. In N. 

Hodges & M.A. Williams. Skill Acquisition in Sport: Research, Theory and Practice (247-266). London: 
Routledge.

49. Wenger, G.C. (2002). Interviewing older people. In J.F. Gubrium & J.A. Holstein (Eds). Handbook of 
interview research: Context and method (259-278). Thousand Oaks, CA: Sage. 

50. Wertz, F.J., Charmaz, K., McMullen, L.M., Josselson, R., Anderson, R., & McSpadden, E. (2011). Five 
Ways of Doing Qualitative Analysis. New York: Guildford.

Author:   Mark Hickman
  e-mail: mthickman@uclan.ac.uk



Volume 9  No. 1/2015   ISSN 1802-3908          21

Amount of Outdoor Activities 
Courses at High Schools in the Usti 
Region
Jan Hnízdil, Oto Louka
Physical education department of Pedagogic faculty of J. E. Purkyně in Ústí nad Labem 

Introduction
Courses at high schools were in the past an integral 
part of the educational process whereas its formal 
content was strictly defined by synopses. By the 
year 1990 the synopses determined in the standard 
manner whole education, work of schools and tea-
chers, elemental normative documents and educa-
tional and learning plans from which result curri-
culums (Fridrichová, 2011).
After the 1990, many changes in this area were int-
roduced. In comparison with past, courses are not 
obligatory anymore and its quantitative and quali-
tative content is modified by separate school. Ne-
vertheless, these schools draw from the Framework 
Educational Programme (FEP) or School Educati-
onal Programme (SEP). Courses are according to § 

114 paragraph 2 of Education Act included within 
mentioned documents within the frame of physical 
education and health education (Mrázek, 2010). 
This paragraph states: “Corporate bodies, who con-
duct activity of high schools or colleges, can realize 
courses of particular subjects beside education ac-
cording to the educational programme.” Further § 
114 paragraph 2 states: “Courses of particular sub-
jects at high schools or colleges are intended for 
filling of general knowledge and acquirements ne-
cessary to exercise of a profession.” (MŠMT, 2008). 
Health education is one of the educational are-
as which are specified and elaborated within the 
FEP for peculiar branches of secondary vocational 
education. This area within the FEP for grammar 
schools is called Human and Health (Friedrichová, 

Abstract
This article is a sum of researches in particular districts of the North Bohemian region focused on the amount 
of outdoor activities courses at high schools. All high schools in the Usti Region were addressed via an enquiry 
with a view to detect quantitative and qualitative aspects of particular courses focused on outdoor activities. 
The findings confirm current decrease of mentioned activities especially due to lack of students’ interest on 
which the schools react within the frame of their economic and material conditions. Considerable dispro-
portions among offers of these activities exist. Beside schools which offer winter and summer courses with 
colorful scale of particular activities, we can find some schools which do not offer any courses whatsoever. 

Key words: 
Courses, outdoor activities, the North Bohemian region.

Souhrn
Článek je souhrnem dílčích výzkumů v  jednotlivých okresech severočeského regionu zaměřených na stav 
blokové kurzovní výuky na středních školách. Prostřednictvím ankety byly osloveny všechny střední školy 
v Ústeckém kraji s cílem zjistit kvantitativní a kvalitativní aspekty jednotlivých pořádaných kurzů se za-
měřením na aktivity v přírodě. Výsledky potvrzují současný trend poklesu těchto aktivit zejména z důvodů 
nižšího zájmu studentů, na který školy v rámci svých ekonomických a materiálních podmínek reagují. Exi-
stují značné disproporce v nabídce těchto aktivit. Vedle škol nabízejících a realizujících jak zimní, tak letní 
výcvikové kurzy s pestrou nabídkou jednotlivých aktivit nalezneme školy, které kurzovní výuku z různých 
důvodů nepořádají.

Klíčová slova: 
Kurzová výuka, aktivity v přírodě, severočeský region.
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2011).
The FEP does not entirely determine the courses ru-
les, thus schools have an ample space for individual 
approach. They can even decide whether include 
this type of education in their SEP or not. Subsidy 
and content of concrete course depend on school 
material equipment, location, students’ interest, qu-
alification and teachers sport orientation (Kirchner, 
Hnízdil & Louka, 2007).
As an example we show main areas of physical edu-
cation and health education presented within the 
FEP of peculiar branches of secondary vocational 
education which schools include in their SEP:
Courses:
• Skiing- fundamental elements of downhill skiing 

(turning, stopping, riding over asperities), fun-
damental elements of cross country skiing, be-
havior while being in mountains, optional snow-
boarding

• Tourism and outdoor sports- preparation of 
a  touristic event, orienteering, nontraditional 
sports (National Institute for Vocational Educa-
tion, 2011).

The fact that nowadays schools are conducted by 
the FEP (or more precisely the SEP) gives, in com-
parison to the past, a bigger space for involvement 
of outdoor activities (in form of courses) in physical 
education. In regard to this fact, we were interes-
ted whether selected schools use the possibility of 
involving courses in their school educational pro-
gramme. 
Thus, the aim of this thesis is to contribute to pro-
blem-solving regarding the outdoor activities cour-
ses at high schools in the Usti Region. The research 
was realized via an inquiries which detect whether 
high schools in the Usti Region organize winter or 
summer outdoor activities courses. 

We also focused on concrete enumeration of mo-
tional activities involved in the course. Another 
investigated parameter was the students’ interest in 
participating in these events in the form of so called 
percentage “yield” courses, i.e. how many percents 
of students, for whom the course is primarily desig-
ned, take place in the course. 
Tasks:

1) establish the rate of holding of courses focused 
on outdoor activities (at high schools in the Usti 
Region)
2) establish what activities and in what rate they 
are represented in the courses
3) establish the measure of students’ interest in 
these courses

 Methods
The research design of the study was constructed as 
a comprehensive research which is typical for its in-
volvement of all participants into the sample. Thus, 
the basic file is identical to the optional file. All 90 
high schools in the Usti Region were addressed, see 
the table 1. The inquiry return (or if you like the 
willing to participate in the research) was 70%. The 
inquiry return in percents according to particular 
districts is displayed in the table 1. This table simul-
taneously characterized the research file.

Table 1: Absolute frequency of high schools in the Usti Region par-
ticipating in the research; absolute and relative frequencies of the 
inquiry return

District Number 
of high 
schools

Returned 
inquiries

Inquiry 
return 
in %

Děčín 18 11 61
Chomutov 8 5 63
Litomě-
řice

16 9 56

Louny 8 8 100
Most 16 12 75
Teplice 12 6 50
Ústí nad 
Labem

12 12 100

Total 90 63 70

Thus based on the expert recognition, we consider 
the components involved in the research (returned 
inquiries) as a  representative selection of the Usti 
Region high schools.
To fulfill the objectives and the tasks of the rese-
arch, auxiliary research technique – inquiry was 
used. Compared to the classic inquiry, it is focused 
on a  specific group (P.E. teachers, or principals). 
Participants replied to the inquiry totally volunta-
rily, partially it was necessary to motivate concrete 
group as Pelikán (1998) states.
Concrete subject representatives (usually P.E. te-
achers) was given the inquiry in writing. Face-to-
face contact was preferred because telephonic or 
electronic inquiry versions appeared to be ineffec-
tive with the minimal return. The inquiry was re-
alized via particular bachelor and diploma thesis 
(Culek 2013, Emmingerová 2012, Friedrichová 
2011, Hatlapatka 2013, Mrázek 2010 a Vítek 2013).
Unstructured interview was used as an auxiliary 
technique partly in order to obtain additional data 
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and also as a  motivational factor offering correct 
completion of the given inquiry. The inquiry resul-
ts were summarized and described by measures of 
location and measures of variability. 

Conclusions 
The results show that the volume of outdoor ac-
tivities courses at high schools of the Usti Regi-
on is very different. Content of particular courses 
remains very similar and offered activities do not 
differ too much. 
The following figure 1 displays percentages of 
schools which realize courses and schools which 
do not include any courses in P.E. There are 
schools organizing either summer or winter cour-
ses, schools organizing summer as well as winter 
courses in one academic year and schools which 
do not organize courses at all.

Figure 1: Percentages of schools organizing courses and schools not 
organizing courses (n=63)
Legend:
1… schools organizing only winter courses
2… schools organizing only summer courses
3… schools not organizing courses
4… schools organizing summer and winter courses in one acade-
mic year

The following figure 2 displays the percentages of 
offered activities. It is no surprise that summer 
courses are mostly accompanied by activities such 
as cycling and hiking. We consider the major de-
gree of waterman’s activities as positive. Minor ac-
tivities which create few percents are not displayed 
in the graph although they appear on some offered 
lists (e.g. indoor climbing or paragliding).
Activities such as skating, winter camping or tou-
rism using snowshoes can be also found in the 
graph in the item named others (minor activities). 

Figure 2: Percentages of offered activities (summer courses)
Legend:
1… cyclo-tourism
2… hiking
3… touring by water
4… orienteering 
5… climbing
6… others
The item others fulfill the graph (up to 100%).

Figure 3: Percentages of offered activities (winter courses)
Legend:
1… downhill skiing
2… snowboarding
3… cross-country skiing
4… winter tourism
5… others

Within the framework of our research, we were in-
terested in what is the percentage of student’s par-
ticipation in offered courses. The results show that 
dispersion among asked schools is very high.
Some schools did not have any problem to fulfill 
each course. In the best case, 98% of students, for 
whom the course is primarily designed, took part 
in. On the other hand, we also met totally opposite 
results. Mere 2% of students, for whom the course 



24  journal of outdoor activities

is primarily designed, took part in (Culek, 2013).
Average percentages in concrete districts are dis-
played in the table 2. Mere 25% of student’s  par-

ticipation in courses in Ústí nad Labem and Most 
districts may be surprising. 

Table 2: Average percentage of participation in courses obtained from number of individuals for whom the course is primarily designed

District Average percentage 
of participation in 

courses

Average percentage of 
participation in summer 

courses

Average percentage of par-
ticipation in winter courses

Děčín 50.6 50.5 50.8
Chomutov 56.6 58.6 54.6
Litoměřice 50.0 33.0 67.0
Louny 75.2 77.5 73.0
Most 25.0 23.1 27.0
Teplice 28.0 27.0 29.0
Ústí nad Labem 25.2 24.1 26.4
Total 44.4 41.8 46.8

Discussion
Most of high schools of the Usti Region offer the 
possibility to participate in courses (94%). Only 6% 
do not offer winter and not even summer courses. 
Nevertheless, schools mostly offer one winter and 
one summer course (65%). Organizing of courses 
is strongly affected by individual approach of par-
ticular high schools. With respect to the fact that 
no restrictive normative element exists, the deci-
sion about organizing any outdoor activities cour-
ses depends on particular school. Despite the fact 
that school assistants affirm importance of cour-
ses at high schools, the biggest problem is the stu-
dent’s unwillingness. One of the asked schools sta-
ted that they do not want to organize any courses 
because it may discourage potential applicants from 
study at their high school. Surprisingly, we found 
out that school focused on sport management of-
fers merely one course for the third grade. We wou-
ld expect that school of this type would offer bigger 
amount of outdoor activities courses. This state was 
explained by bare student’s interests.
Similar surprise was the fact that school focused on 
tourist trade does not organize any courses at all. 
We would expect that school of this type would of-
fer at least summer tourist course oriented on cultu-
ral-cognitive activity in particular region. 
The obtained results indicate that the number of 
courses at particular high schools is quite different. 
Some schools face to lack of student’s  interest in 
courses and sport in general. The others can fulfill 
the courses capacity without any problems. Interest 
in courses differs among particular high schools as 

well as among different grades at one certain school. 
From an interview at concrete school, we found out 
that one year only one tenth of students, for whom 
the course is primarily designed, showed their inte-
rest in the course and the next year the student’s in-
terest in the course was enormous and the school 
had to extend the capacity.
Basically, schools aim at involving their students 
in courses. Nevertheless, we found out during the 
investigation that the student’s interests have rather 
decreasing tendency. One of the reasons may be the 
fact that students or parents do not have enough fi-
nancial means. Thus, finances are the big disadvan-
tage for students in light of material equipment and 
course price as well as for schools which have to pay 
the course for their pedagogue or some instructors. 
Some schools are even forced to integrate their 
courses with courses of other high school. 
In general, the content of courses at schools is very 
similar. Winter courses mostly deal with downhill 
skiing, snowboarding, cross-country skiing or hi-
king. The content of winter courses copies current 
trends- skiing and snowboarding. As a negative we 
consider the fact that cross-country skiing is not or-
ganized in adequate measure. 
Summer courses mostly deal with cyclo-tourism, 
hiking and waterman’s activities.
Involvement of such nontraditional activity as para-
gliding shows that the person of pedagogue affects 
the content of courses. One school offers students 
the possibility to learn some fundamentals of men-
tioned sport because they employ favorer and in-
structor of this activity. In our opinion, even though 
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it was not the aim of our investigation, the person 
of pedagogue, his specialization and motivation are 
one of the fundamental determinants which affect 
selection of particular courses not only at high 
schools.
In our opinion, the student’s interest would be much 
stronger in case that they faced activities involved 
in courses over the whole year during the physi-
cal education. Before participating in course most 
of students have never experienced such activities. 
Provided they underwent these activities during 
physical education, it is possible that they would 
be much more interested in concrete activities. In-
cluding of mentioned activities depends entirely on 
physical education teachers or school management.
Beyond the frame of our research go speculations 
about causes of discovered state. Within the frame 
of further analysis and investigation, it is possible 
to consider the effect of finances, socioeconomic 
conditions of particular regions, demographic cha-
racteristic etc. We need to allow for physical-geo-

graphic characteristics and specifications of the Usti 
Region in connection with outdoor activities. We 
can also analyze the level of vocational competen-
ce of physical education teachers who have the best 
opportunity to affect the certain state. 

Conclusions
94% of high schools in the Usti Region offer some 
courses. One summer and one winter course is of-
fered in 65%. Only 6% of schools do not organize 
any course at all.
There is a significant disparity in number of courses 
among particular schools. The student’s  interest is 
also inadequate. 
Down-hill skiing and snowboarding are the most 
preferred winter course activities. Hiking and cyc-
lo-tourism are the most preferred summer course 
activities.
Within the frame of further investigation, it is 
appropriate to analyze discovered state, describe its 
causes and suggest some solutions.
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Abstract
One of the factors affecting length of stay under water of a diver is heat comfort. During scuba diving there 
is an increased risk of hypothermia. Hypothermia is one of the most life threatening factors of a diver and 
significantly affects his performance. The body heat loss runs by different mechanisms. One of them is the 
respiratory mechanism, which is often overlooked. Compressed dry air or other media is coming out from 
the cylinder, which have to be heated and humidified to a suitable value. Thus the organism loses body heat 
and consequently energy. Based on literature search the article will describe safe dive time in terms of hypo-
thermia in connection to respiratory heat loss. 

Key words: 
hypothermia, heat loss, respiration, scuba diving, water environment 

Souhrn
Jedním z faktorů ovlivňujících délku pobytu potápěče pod vodou je tepelný komfort. Během výkonu přístro-
jového potápění hrozí zvýšené riziko hypotermie. Hypotermie představuje jedno z nejzávažnějších ohrožení 
života potápěče a zásadně ovlivňuje jeho výkon. Ke ztrátám tělesného tepla dochází různými mechanismy. 
Jednou cestou tepelných ztrát je ztráta tepla dýcháním, která je často opomíjená. Z potápěčského přístroje 
vychází suchý stlačený vzduch nebo jiné médium, který je třeba při dýchání ohřát a zvlhčit na potřebnou 
hodnotu. Tím organismus ztrácí tělesné teplo a potažmo energii. Tento článek, na základě literární rešerše, 
popíše bezpečnou dobou ponoru z hlediska hypotermie a v souvislosti se ztrátou tepla dýcháním.

Klíčová slova: 
hypotermie, ztráta tepla, dýchání, přístrojové potápění, vodní prostředí

Introduction
SCUBA diving is a sport with many specifics. Firstly 
it runs in a water environment which is not natural 
for human organisms. Water has different physical 
characteristics than air and the human body is ex-
posed to different conditions than is used to (cold, 
pressure, limited supply of oxygen, etc.). These con-
ditions must be taken into account and the diver 
must deal with them while his performance. Water 
conducts heat 26.7 times faster than air and the heat 
capacity is 3330 times higher. Furthermore, majori-
ty of world´s waters are considered as cold (Pender-
gast et al., 1996), even some tropical waters (Doubt, 
1996). Thermo-neutral temperature of the water, for 
a naked man in steady state, is between about 35°C 
(Orhagen, 2004); differences according to indivi-
dual characteristics can appear. So the scuba diving 
is held mainly in cold environment and practically 
every dive has the potential of loss of a significant 

amount of body heat. Almost every diver had felt 
heat discomfort during his performance, and many 
of them experienced hypothermia, unconsciously 
or consciously (Somers, 1986). The body heat loss 
while this specific sport is higher than in normal 
conditions and maintaining body temperature is 
more demanding. Human as a homoeothermic or-
ganism is in a constant interaction with the tempe-
rature and conditions of the external environment. 
To ensure the heat balance between the body and 
external environment, heat generation within the 
body, heat transfer into the body and heat output 
from the body must be equal (Parsons, 2014). The 
equation of body heat balance is shown in Figure 1.
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Figure 1: Equation of body heat balance (Melikov, 2010)

Respiration as a mechanism of body heat 
loss
      There are several different mechanisms of body 
heat loss underwater. The most significant in ter-
ms of the amount of heat are conduction and con-
vection. Another one, which is often overlooked, is 
the respiratory heat loss. Air entering to the lungs 
must be heated to the temperature of the internal 
environment (37ºC) and sufficiently saturated with 
water vapor (Ornhagen, 2004). Heating and humi-
dification the air during inspiration ensures largely 
the nasal cavity and it’s mucous. Respiration while 
scuba diving is ensured by SCUBA – self contained 
underwater breathing apparatus. SCUBA provides 
the inhaled media and flow of oxygen to a  diver 
from cylinder which is held on his back (Pendergast 
et al., 1996). The compressed media comes throu-
gh the first and the second stage where the pressure 
is being regulated. The second stage, usually used 
for breathing, is a mouth regulator. In which case, 
a diver breathes only through his mouth. That re-
moves the function of the nasal cavity for warming 
and humidifying the inhaled media. The result is in 
higher heat loss (Ornhagen, 2004). There are also 
whole-face masks, where breathing medium enters 
directly into the mask and it allows the nasal inhala-
tion. These are not very frequently used in common 
diving performance.
      The breathing media is cooled by the adiabatic 
expansion of the SCUBA cylinder and simultane-

ously by the ambient water temperature. It is cold 
and almost absolutely dry. Sládek (2009) indicates 
the relative humidity of the media inhaled from the 
cylinder about 5%. In contrast, the exhaled media 
has a relative humidity about 100%. As was descri-
bed the breathing media must be heated and humi-
dified to suitable values before entering the lungs. 
By this action the organism looses a part of body 
heat and consequently energy.

      Respiratory heat loss, described in this article, 
includes two parts:
• Heat loss by heating of the inhaled media.
• Heat loss by humidifying of the inhaled 
media.

It was found that for the humidification of inha-
led media (air and trimix) it is used three times 
more energy than for heating it. Sládek (2009) is 
making the count based on theoretical knowledge. 
No practical experiment was done.
      There are two types of SCUBA, open circuit and 
closed circuit. The one which is more often used 
for the purposes of recreational and sport scuba 
diving is the open circuit SCUBA. Open circuit 
means that the media is inhaled from the cylinder 
and exhaled directly to the environment. For a di-
ver it means that with every breath he has to heat 
and humidify the inhaled media to a suitable value 
again. With every breath he is losing a part of body 
heat. Schema of open circuit SCUBA is shown in 
Picture 1. In case of closed circuit SCUBA, so 
called re-breather, the media is exhaled back to the 
apparatus. Thus some heat - energy for the action 
of breathing is preserved. The values of respiratory 
heat loss can differ by diverse breathing media due 
to the particular heat capacity of used gasses. For 
performance of scuba diving different breathing 
media - gas mixtures can be used; air, nitrox, tri-
mix.
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Influence of depth
      Respiratory heat loss is increasing with incre-
asing depth. By depth increases also the ambient 
pressure which means the increase of density of in-
haled media in the diving cylinder (compression). 
With increasing pressure the specific heat capaci-
ty of air is changing which affects the rate of heat 
loss (AAUS, 1987). Also consumption of inhaled 
media is higher according to increasing pressure. 
During the dives to great depths, while breathing 
from the open circuit SCUBA system, the human 
organism is not able to compensate incurred energy 
requirements. Diver is getting into negative energy 
balance. The energy loss is normally compensated 
by increasing the metabolism. But in depth the 
increase of metabolism leads to increase of inha-
led media consumption and so on to increase of 
respiratory heat loss (Ornhagen, 2004). Metabolic 
heat production is not sufficient for compensation 
of continuous heat - energetic loses (Scubish.com, 
2010). High conductivity and thermal capacity of 

hyperbaric gases increases the respiratory heat loss 
through convection. During the dives to higher 
depths they get to such a  level that causes major 
problems to maintain the thermal balance (Pianta-
dosi et al., 1981). The resulting respiratory heat loss 
causes a drop in body core temperature and the risk 
of hypothermia. A possible solution is heating the 
inhaled media in the bottle or using a closed circuit 
SCUBA system. Closed circuit breathing apparatus 
is using the exhaled media that is freed of carbon 
dioxide and re-used. Exhaled media was already 
heated and saturated which significantly reduces 
the respiratory heat loss. In connection with dives 
to greater depths and increased gas compression 
the list of minimum temperature of inhaled gas 
mixture of helium and oxygen was created (Pianta-
dosi, 1980), Figure 2. Piantadosi (1980, 1981) is one 
of the older authors, who is focusing on respiratory 
heat loss, effect of respiratory heat loss on the ove-
rall heat balance of the organism, hypothermia and 
problematic of compressed gases. 

Impact of cold gas breathing during 
diving on respiratory system
      Many researches are describing the impact of 
cold air inhalation on respiratory system.
The impacts were monitored as during diving as in 
the normal conditions on the air. It was observed 
bronchoconstriction and increased airway resis-
tance, secretion and reduction of purity of muco-
ciliar mucosa (Giesbrecht, 1995). Giebrecht (1995) 
further states that these changes are important for 
protection against the heat loss in animals. For hu-
mans they have a negligible function. Tetzlaff et al. 
(2001) described the influence of temperature and 
depth on the lung function after dive, according 
to cold air inhalation. One hour after a dive it was 

found out a  contraction of smooth muscles of re-
spiratory airways and increased airway resistance. 
Observed effects of breathing cold air on the respi-
ratory system are important for example in patients 
with asthma. During one of the experiments of bre-
athing cold gas, of 7ºC, it was found out that there 
is no cause of any health problems connected to it. 
Higher respiratory heat loss due to the higher heat 
capacity of inhaled gas was observed (Burnet et al., 
1990). Difference in heat loss while breathing air or 
trimix 10/70 (mixture of oxygen - nitrogen - heli-
um) in terms of heating and humidifying the inha-
led gas was described by Sládek (2009). The values 
can differ due to the heat capacity of particular gas 
but with not a big difference.
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Discussion
      Heat is a form of energy. Value of the respiratory 
heat loss - heat loss caused by heating and humidi-
fying the breathing media - is basically the value of 
energy spent on respiration; the mechanical work 
of respiratory muscles is not considered here. Every 
physical activity leads to energy expenditure. Scuba 
diving also does and respiration represents a certain 
part of it. Total energy expenditure of scuba diving 
has not been defined yet. Previous researches de-
fined the energy expenditure of locomotion under 
water, with different configuration of diving gear, 
for movement of different speeds, while diving into 
different depths and also the efficiency of locomo-
tion under water (Pendergast, 1996; Pendergast 
et al., 2003; Zamparo, 2002). The missing part of 
the total energy expenditure of scuba diving is the 
energy expenditure of respiration which is propor-
tional to the respiratory heat loss. Knowledge of the 
energetic demand of its two parts, heating and hu-
midifying the inhaled media, would enables more 
precise assessment of safe dive time according to 
potential risk of hypothermia. It could also mean 
more efficient work underwater and increased safe-
ty during decompression dives.
      During the performance of scuba diving the-
re are many factors influencing the human body 
which must be taken in sight. All of them are mu-
tually connected and influence one another. Higher 
depth means a higher heat capacity of gases, higher 
density and consumption of breathing media and 
consequently higher heat loss. Higher intensity 
of movement also causes higher consumption of 
breathing media which again leads to the higher 
heat loss. There is an unforgettable effect of ambi-

ent temperature. Individual characteristics of each 
diver play their role. The same is for configuration 
of diving gear, type of breathing media used. Also 
experience of a diver may affect the heat loss and 
hence the risk of hypothermia.
     Already in the year 1987 the AAUS mentioned 
that with the progress which had been reached in 
the technology of scuba diving the hypothermia 
should be almost technically impossible phenome-
non upcoming only as a  result of unforeseen cir-
cumstances. However, until today it is still one of 
the common reasons of diving accidents. Lovvron 
(2007) in much more recent publication notes the 
lack of research in the field of respiratory heat loss 
of diving organisms. Some of the cited authors fo-
cusing on the problem of respiratory heat loss and 
its influence on hypothermia are old dated. New 
research with use of modern methods and techno-
logies would allow more precise and reliable predic-
tion of respiratory heat loss.

Conclusion
      Scuba diving is very complex and very specific 
sport exposing human body to different conditions 
than is used to. It is evident that while staying in wa-
ter environment there is a higher risk of hypother-
mia and fundamental question of each diver is, how 
much time he can spend underwater without that 
risk. It depends on the profile of each dive, indivi-
dual characteristics of each diver and on configura-
tion of diving equipment used. Cold considerably 
affect the length of stay underwater of a diver. More 
precise assessment of respiratory heat loss as a part 
of total body heat loss would increase the comfort 
and preferably safety of a diver.
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Abstract
This article focuses on airbag systems of backpacks as the only active avalanche device. It analyses current 
knowledge based on literature review. The goal is the summarization and clarification of this field on the 
basis of numerous surveys and case interpretations. In addition, it also focuses on current state of the on-
market airbag systems. 
We assume that our results will be used for next surveys and for improvement of the recent findings.

Key words: 
airbag backpack, hypoxia, rescue, snow avalanche

Souhrn
Tento článek se zabývá systémy airbagovými batohů a systémy jako jediné aktivní ochrany před sněhovou 
lavinou. Analyzuje současný stav poznatků na základě rešerše literatury. Cílem je sumarizace a objasnění 
na základě výzkumů a kasuistik v této oblasti při zasypání sněhovou lavinou. Dále se zaměřuje na současný 
stav airbagových systémů, které jsou na trhu. Předpokládáme, že tyto poznatky budou využity pro další 
výzkum a zpřesnění současných poznatků.

Klíčová slova: 
airbagový batoh, hypoxie, záchrana, sněhová lavina

Introduction
High-mountain activities under winter conditions 
have recently been going through a  great boom. It 
is mostly connected with many sport branches such 
as mountaineering, alpinism and freeriding or ski-
-touring which is the most available form of high-
-mountain tourism. In the USA and Canada, it is also 
snowmobile riding (http://avalanche.state.co.us). 
All these activities are conducted at remote areas, 
far from ski resorts what means that it is difficult to 
check them (Brugger 2001, Boyd 2009). Among all 
mountain jeopardies, snow avalanche is one of the 
most serious. Dozens of people die under snow ava-
lanche every year (www.ikar-cisa.org/ikar-cisa). Du-
ring years 1994 – 2003, the median of annual mor-
tality rate of avalanche accidents in Europe and the 
North America was 141 people (Etter 2004).
 Proper knowledge, skills and even equi-
pment are crucial for lowering the avalanche risk. 
There are a few protection devices which can lower 

the avalanche accident consequences. Essential is an 
avalanche probe, avalanche receiver and shovel, whe-
reas other devices are not so common. On the mar-
ket, you can find an artificial air cavity (AvaLung), 
avalanche ball, avalanche cord or airbag backpack.
 Except for airbag backpack, all the remai-
ning devices are only passive ones which lead into 
a conclusion that “friendly help” is very important. 
The first 15 – 18 min is crucial for survival when bu-
ried in the snow (Falk 1994, Brugger 2001). The most 
common cause of death is suffocation (Stalsberg 
1989, Hohlrieder 2007, McIntosh 2007, Boyd 2009, 
Haegeli 2011). A big gap from 4 % (Eliakis 1974) to 
50 % (Grossmann 1989, Jamieson 1996) between pu-
blished surveys can be seen in victims who died 
from immediate avalanche consequences (wounds 
incompatible with life). According to recent study 
(Hohlrieder 2007) conducted in 1996 – 2005 in 
Austria using 105 victims of avalanche accident, 
only 5,6 % of them died from fatal wounds caused 
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by immediate avalanche consequences.
 
Goal
The goal of our article is to analyses the findings 
published in specialized journals and publications, 
focused mostly on snow avalanche rescue devices. 
The surveys are based on casuistic and experi-
ments which were conducted on figurines.
The literature search was conducted by looking 
out specialized articles on specialized servers (web 
of science, web of knowledge) and at the library of 
ČVUT Prague through computer-aided retrieval 
of key words and authors who work on determi-
ned issues.

System and airbag backpack surveys
Airbag backpack is the only active rescue device in 
snow avalanche issue.
Somewhere around 1970, Ruth Eigenman de-
signed a  concept of inflatable vest (Kern 1999). 
Approximately in the same time, a German fores-
ter, Joseph Hohenester watched actions of trees 
and object when buried under a snow avalanche. 
He found out that big-volume objects were pushed 
up onto the surface of avalanche whereas small-
-volume ones were absorbed and subsequently bu-
ried. This effect is called inverse segregation, when 
bigger objects are pushed up onto the surface and 
small ones are pushed down which is caused by 
inverse separation in streamline of granulates (see 
Picture 1). Based on his findings, he presented the 
first avalanche ball.

Picture 1: Inverse segregation. Physical actions of buried objects 
based on their size (ABS)

During Nineties, ABS Company upgraded the ava-
lanche ball. The company developed these balloons 
– airbags as a part of carried backpack in the two sys-
tems. The firs system included two inflatable airbags 
placed at the sides of a backpack (see Picture 2), whi-
le the second system inflated a single airbag behind 
a backpack. The weight of these backpacks was from 

5 to 9 pounds (2,2 – 4,1 kg) according to exact mo-
del. The activation of these airbags was by a handle 
placed in the left shoulder strap. A cylinder with ni-
trogen was than activated through a pipeline. A gas 
leaking from the cartridge placed inside a backpack, 
thanks to Venturi effect which provides sucking out-
side air, got into the airbags of total volume 150 L. It 
filled them with gas during 2 to 3 seconds.

Picture 2: Double airbag (foto Swiss Federal Institute for Snow 
and Avalanche Research, Davos)

Despite the significant popularity of airbag system in 
Europe at the beginning of this century, it was im-
possible to use these devices overseas due to aerial 
transportation of high pressure cylinders which are 
necessary for airbag inflation. 
Finally, development of airbag backpacks in the USA 
was conducted in cooperation with German compa-
ny ABS (Avagear). These airbags were of the 90 L 
volume, semi-circle shape and were inflating around 
ones neck and head (see Picture 3). An advantage 
can be seen mostly in better protection of neck and 
head and thus higher probability of staying on the 
surface when swept by snow avalanche. In the other 
hand, this system decreased movement and spatial 
vision. 

Picture 3: Simple airbag Avagear (foto Swiss Federal Institute for 
Snow and Avalanche Research, Davos) 
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Contemporarily, the lowest volume of airbag has 
been set on 150 L, the velocity of inflation up to 5 
second with 100 % functionality in temperatures 
among -30 to +50°C and ability to keep whole volu-
me for at least 3 minutes. 
The first testing of airbag backpacks was conducted 
between 1994 – 95 under the leadership of Swiss 
Federal Institute for Snow and Avalanche Research 
(Tschirky 1998). This experiment was executed on 
14 figurines, weighing 65 – 85 kg. All of them were 
buried by desk type of snow avalanche. Seven figuri-
nes were equipped by radio-activated airbags while 
the rest seven do not have this equipment. 6 out of 7 
airbags were radio activated and none of the figuri-
nes was buried into lower depth. At least the airbags 
were on surface in all six cases. Meanwhile, 4 out of 8 
remaining figurines were buried partially and 4 were 
buried completely. This was the proof of ABS system 
being successful and working.
Swiss researchers executed an experiment to compa-
re single and double ABS airbags and Avagear air-
bag during winter 2000 – 01 (Radwin 2002). 3 out 
of 13 figurines were equipped with Avagear, 4 were 
equipped with a single or double ABS airbag and 6 
figurines formed a control group. 5 out of 6 control 
figurines were buried completely. 3 out of 7 airbag-
-equipped figurines were buried partially without 
need of additional extrication. 1 stayed on the sur-
face and remaining 3 figurines were buried com-
pletely in head and chest area which meant prompt 
rescue. These were equipped with ABS system while 
Avagear equipped figurines were buried only partia-
lly without need of extrication or on surface. Even 

when there was a small quantity of subject in the ex-
periment, justification of airbag system was proofed. 
They play a big role in localization and rescue in case 
of complete burial of head and chest.
Concerning casuistic data processing of real avalan-
che accidents, Brugger 2007 worked with 1504 victi-
ms of 752 avalanches in Switzerland amongst 1990 
– 2000 and 2002 – 2003 (1296 people, 86,2 %) and 
in Austria between 1998 – 2004 (208 people, 13,8 %) 
where 35 were equipped with airbag system. 34 out 
of these 35 survived (97,1 %), while the only decea-
sed was pressed at a tree and died from immediate 
avalanche consequences. During these events, there 
were 7 out of 35 airbags malfunctioned or not acti-
vated at all. In one case the airbag was inflated into 
a backpack and additional one did not work due to 
an empty cylinder. Remaining 5 airbag systems were 
not activated by users. 6 out of 28 people (21,4 %) 
who activated their airbag system were completely 
buried but in all cases the airbag were visible on top 
of the avalanche and so the victims survived.
Haegeli (2014) compared critical burial, wounds and 
mortality rate from the aspect of airbag backpack us-
age and shows that jeopardy is dramatically lower. It 
is proofed not only for inflated airbags but also for 
not inflated ones (see Table 1). 
According to Chardon (2007), the airbag backpacks 
are very successful in providing higher safety to their 
users and so in lowering mortality rate during ava-
lanche accidents. This study even claims that using 
these systems is 95 % successful concerning burial 
and wounds of user (see Table 2).

a) Airbag use Critical burial Risk of critical burial Fatality Mortality

No Yes No Yes

No 49 62
} 54%

77 40
} 34%

Yes-non-inflated 15 13 22 10

Yes-inflated 60 14 19% 66 8 11%

Absolute risk reduction   -35pp Absolute mortality reduction -23pp

b) Airbag use Critical burial Risk of critical burial Fatality Mortality

No Yes No Yes

No 49 62 56% 77 40 34%

Yes-non-inflated 15 13
}27%

22 10
}18%

Yes-inflated 60 14 66 8

Absolute risk reduction   -29pp Absolute mortality reduction -17pp

Table 1: Critical burial and death rate reduction with a) inflated airbags b) not inflated and inflated airbags (pp: percentage points) (Haegeli 2014)
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Enquete Suisse de 1991 – 2005 
χ2 = 12,123

EPI Avec ABS ou-
verture

Sans ABS ou 
non utilisé

Total

Vivants 76 6 82

Morts 1 3 4

Total 77 9 86

Enquete France (Tarentaise) de 2005-2006
χ2 = 8,42

χ2 = 8,42

Vivants 12 25 37

Morts 0 26 26

Total 12 51 63
Table 2: Avalanche accident evaluation in Switzerland and France 
during 1991 – 2005 (airbag backpack usage) (Chardon 2007)

Contemporary airbag systems
As mentioned previously, there are a  few systems 
which are all, except for JetForce type, based on cy-
linder system. Gas from these cylinders inflates bags 
which, depending on backpack system, swell along-
side a  backpack, behind head or around head and 

body of user.
JetForce system utilizes a ventilator for inflating its 
airbags. The ventilator is a  part of a  backpack (see 
Picture 8). For comparing particular system, use 
Table No. 4.

 Figure 1: Difference between mortality while using airbag system (Brugger 2007)

Picture 4: Airbag system scheme (ABS)
 
1/ airbag
2/ cylinder
3/ head with hint spine
4/ airbag pockets
5/ inflating and deflating valve
6/ launching handle
7/ shoulder stripe
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• 1. ABS
German company ABS is a pioneer among airbag 
backpack producers. It announced the first working 
airbag backpack in 1985. This system is being used 
by BERGANS, DAKINE, DEUTER, HAGFLÖS, 
ORTOVOX, SALEWA, THE NORTH FACE, VAU-
DE, HEAD SALOMON, SALEWA, ATOMIC com-
panies. The system works with complete back unit at 
which different volume backpacks can be attached 
by zipper. This system is not removable except for 
ORTOVOX Company which uses M.A.S.S. (Modu-
lar Airbag Safety System). Two independent airbags 
of 85 L volume are inflated alongside the backpack 
while each of them has its own inflating/deflating 
valve. Launching handle can be placed both onto 
right or left shoulder strap. Launching itself is exe-
cuted by pulling a handle which activates pyro-ligh-
ter inside the handle. The lighter perforates cylinder 
placed inside a  backpack through pipeline. After 
such inflating, removing both cylinder and handle 
is necessary. ABS system can be equipped by remote 
control.

Picture 5: ABS System (ABS) and its launching 

 2. MAMMUT SNOWPULSE
Swiss company SNOWPULSE was founded in 
2006. In 2011 is bought by MAMMUT SPORTS 
GROUP AG which started to use Snowpulse sys-
tems in their backpacks. There are two separate sys-
tems that cannot be mixed up and might be used 
only in specific backpacks determined for one of 
the systems. PAS (Protection Airbag System) infla-
tes airbag around users head; neck and chest (see 
Picture No. 6). RAS (Removable Airbag System) 
utilizes an airbag inflating behind users head and 

shoulders (see Picture No. 7). Volume of airbags is 
150 L. Both of these systems are removable so they 
might be used with different compatible backpacks. 
RAS system is compatible with MAMMUT, SCO-
TT, OAKLEY, FERRINO JONES backpacks. PAS 
system is currently used by MAMMUT. Pulling 
a  launching handle causes inflating of the airbag. 
The handle must be loaded before use by special 
crank. In case the system is not loaded, the cylinder 
cannot be attached.

Picture 6: PAS Mammut Snowpulse System (MAMMUT) and its 
launching

Picture 7: RAS Mammut Snowpulse System (MAMMUT) and its 
launching
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Picture 9: Scott Alpride System (SCOTT) PRAS and its launching

• 5. BCA FLOAT 

BCA Float is often used airbag system overseas. The 
system can be described as a light one with an airbag 
of 150 L volume which is activated by a launching 
handle while its airbag is filled with air running out 
of a cylinder. BCA Float system is removable when 
more than 200 usage of the airbag is guaranteed. 

Picture 10: BCA Float System (BCA)

• 3. PIEPS JETFORCE
As mentioned previously, this system does not use 
a cylinder for inflating its airbags yet electric ven-
tilator powered by Li-Pol battery is used. Repeated 
inflating is, according to producer, possible up to 
four times, depending on temperature. Inflated 
airbag is of 200 L volume and is completely rea-
dy after 3,5 seconds. It is automatically re-inflated 
during next 3 minutes if the pressure is reduced. 
After 3 minutes, the ventilator reverses its working 
and deflates the airbag. That is how additional 200 
L air cavity forms to help a victim to survive. The 
battery must be charged. This can be checked by 
LED integrated in the handle. JetForce system is 
used by PIEPS and BLACK DIAMOND compa-
nies, Pieps Company is own by Black Diamond.

Picture 8: Pieps JetForce System (PIEPS) and its launching

• 4. SCOTT ALPRIDE

SCOTT company system has been inspired by air-
plane and ship safety vests. For inflating an airbag 
of 150 L volume it uses two small cylinders filled 
with mixture of CO2 and argon. The same cylin-
ders are used in safety vest systems what results 
in recognition by International Standards of Ae-
rial Transportation Association (ATA). Scott bac-
kpacks are very light (system weights 1,1 kg) and 
in addition, a launching handle is asymmetric and 
revolving and can be inserted into any shoulder 
strap. Alpride system is used by SCOTT and MI-
LLET producers.
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Conclusion
As particular studies have shown, the airbag safety 
device has its reason. It is obvious that airbag sys-
tems increase a  chance to survive when swept by 
a snow avalanche. It is necessary to point out that 
airbag backpacks serve to increase a  chance to 
survive not to help their users to dare more risky 
behavior with bigger level of danger.
It also must be said that not even the latest techni-
cal devices can eliminate the risk when moving in 
avalanche terrain. Except for the airbag backpacks, 
which are still only recommended, the passive ava-
lanche set (an avalanche probe, avalanche receiver 
and shovel) must be used.
Even if airbag backpack provably lowers the ava-
lanche death, its effect is not definite. It also can-
not prevent from some of the immediate avalanche 

consequences which kill 8 % victims of avalanche 
accidents (Falk 1994, Brugger 2001). According to 
the same statistics, 52 % of avalanche victims are 
digged out dead.
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Abstract
This study deals with an electromyographic method as a proper objectificational agent used to obtain and 
interpret data while outdoor activities of cyclic nature. The fundamental principle of this method is scanning 
of an electric responses of a muscle tissue through electrodes. These electrodes, stuck on a skin, scan potentials 
amount of a muscle fibers and thus provide a global information about the muscle function or at least its 
part. On one hand, this method seems to be essential for this type of motion, nevertheless on the other hand, 
it is necessary to follow certain fundamentals and principles which the study summarize. It is not also simple 
to interpret and draw any conclusions from number of data obtained by measuring. Our article advert to the 
above-mentioned issue either and it digestedly indicates possibilities of data evaluation within the frame of 
intraindividual and interindividual analysis and findings relating to a cyclic motions received while pursuit 
of an outdoor activity. 

Key words: 
Electromyography, cyclic motion, interindividual analysis, intraindividual analysis

Souhrn
Tato studie se zabývá problematikou elektromyografické metody jako vhodného objektivizačního prostřed-
ku k získávání a následné interpretaci dat při outdoorových aktivitách cyklického charakteru. Základním 
principem této metody je snímání elektrických projevů svalové tkáně pomocí elektrod, kdy povrchové elek-
trody přilepené na kůži snímají sumu potenciálů mnoha svalových vláken pod nimi a poskytují tak globální 
informaci o činnosti celého svalu nebo jeho podstatné části. Tato metoda se zdá být pro tento typ pohybu na 
jedné straně velmi ideální, avšak na straně druhé je třeba k získání validních dat dodržovat určité zásady 
a principy, které tato studie shrnuje a sumarizuje. Není také jednoduché z poměrně značného množství dat, 
které se měřením získají, následně přehledně interpretovat výsledky resp. vyvozovat určitá zjištění nebo závě-
ry. Na tuto problematiku tento přehledový článek poukazuje také a přehledně uvádí možnosti vyhodnocení 
těchto dat v rámci intraindividuální i interindividuální analýzy a zjištění u cyklických pohybů získaných při 
provozování outdoorových aktivit.   

Klíčová slova: 
Elektromyografie, cyklický pohyb, interindiviuální analýza, intraindividuální analýza 
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Introduction
The method of the electromyographic record of 
muscle activity is currently understood as objectifi-
cational utensil while searching coordinating relati-
ons of the locomotor system. This method is known 
as the most exact and the most available method 
which is used for outdoor measuring of muscle 
activity in vivo. Many authors deal with the EMG 
method and its evaluation (DeLuca, 1997, 2001; 
Konrad, 2005; Hug, 2011; Pánek, Pavlů  & Čemu-
sová, 2009; DeLuca & Erimm 2001; Véle, 2006 and 
others).
“Surface electromyography is experimental tech-
nique which deals with development, recording and 
analysis of the myoelectric signals. The myoelectric 
signals are created by change of the muscle fibers 
membrane state.” (Basmajian & DeLuca, 1985)
According to Kadaňka (Kadaňka, Bednařík, & Vo-
háňka, S., 1994) the electromyography is: “Method 
of registration and study of spontaneous and vo-
luntary electric muscle activity.” Zedka (Zedka in. 
Kolář et al., 2009) reports: “Electromyography is 
an electromyographic method enabling adjudicati-
on of work or activation of skeletal muscles and its 
controlling by nervous system. Fundamental prin-
ciple is to scan electric responses of the muscle tis-
sue through electrodes which work as an antenna. 
Surface electrodes, stuck on a skin, scan potentials 
amount of a muscle fibers and thus provide a global 
information about the muscle function or at least 
its part.”
EMG is used in various branches such as neurology, 
neurophysiology, physiotherapy, orthopedics, sport 
medicine, biomechanics, ergonomics, zoology etc. 
(Clarys, 2000). (Rodová, D., Mayer, M., & Janura, 
M., 2001) Electromyography method enables recor-
ding direct or indirect muscle and nerve excitability 
by means of surface electrodes (unipolar, bipolar, 
multi-electrodes i.e. bigger electrodes amount with 
minimal distance). Source of the electromyographic 
(further EMG signal) signal is change of the mem-
brane potential which is followed by restitution on 
original value. Sequence of these changes (depo-
larization, repolarization) is displayed in EMG as 
action potential (AP) representing nervous agita-
tion. Record of these summing potentials is called 
electromyogram (Keller, 1999). However, it is not 
simple summation of electric tension at particular 
moment, the result is interference in volume con-
ductor (muscle, skin, electrodes), reports Rodová 
(Rodová, D., Mayer, M., & Janura, M., 2001).
The aim of our work is intervention of possibility to 
employ the EMG method and possibility of evalua-

tion of obtained data relating to cyclic motions and 
its eventual usage in outdoor activities.

Methods
In this article we use especially retrospective and 
continuous literary recherché of texts dealing with 
the issue of surface electromyography and docu-
ment analysis, particularly abroad scientific articles 
and publications (např DeLuca, 1997; Hug & Dorel, 
2009; Konrad, 2005; foissac, M. J., Berthollet, R., 
Seux, J., Belli, A., & Millet, G. Y., 2008; Basmajian, J. 
V., & DeLuca C. J., 1985; Clarys, J. P., 2000; Day, S., 
2002; Decker, M., 1999; Solnik, S., 2010; Stegeman, 
D. F., & Hermens, H. J., 1997), which solve fun-
damental procedures, methods, notifications and 
possible ways of the electromyographic signals eva-
luation- especially the cyclic nature. These possible 
ways of obtaining, assessing and adjudicating of the 
electromyographic signals and necessary procedu-
res for intraindividual and interindividual adjudi-
cation are mentioned in the following chapter. 

Findings and discussions
Spectral analysis generally makes for the signal 
description via its constituents in the frequency do-
main. Display of particular harmonic signal com-
ponents is useful primarily for elimination of the 
spurious constituents and subsequent evaluation 
of the signal character (Jan, 2002). It is possible to 
describe the obtained signal in the time or frequen-
cy domain. So called transforms secure transition of 
explications from the time domain to the frequen-
cy domain. So called Fourier transform makes for 
often used function transformation from the time 
domain to the frequency domain. This transforma-
tion enables getting of the signal image which can 
be subsequently processed and analyzed (Šňorek 
1999). However, it is necessary to select adequate 
methods to process the signal and follow certain 
rules while the data analyzing. Konrad (2005) gives 
certain categories in his publication which demand 
to be followed while the signal processing and ana-
lyzing. These categories are solved in the following 
chapter. 

No. 1 Muscle activity
Even though this category is quite unambiguously 
definable, it should not be underestimated. The key 
while the EMG record analyzing we mainly focus 
on observation of the clues created by the muscle 
activity. In light of nominal level we can answer me-
rely yes or not, i.e. muscle is active or not. Neverthe-
less, what about muscles which ensure apparatus 
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stability? Basically, healthy muscles relax and con-
tract only whether it is necessary. If muscle indica-
tes constant activity even in sleep mode it can stand 
for active myospasm, joint instability, bad muscle 
coordination etc. Then it is necessary to take this 
findings into account in the analysis or even displa-
ce the participant from the experiment (Konrad, 
2005). Compared to that Kračmar (2007) qualifies 
this muscle activity as postural muscle function.

No. 2 Is a muscle active as it should be? 
There is not definite answer on the basis of obtained 
electromyogram. Once the variable amplitude 
through particular measurements is compared, it is 
necessary to realize so called data normalization, i.e. 
EMG conversion to the certain scale which is typi-
cal of all measurements. The timeline normalizati-
on makes for decrease of interindividual motion va-
riability throughout the measurement. On the basis 
of timeline devolution to percent of work cycle, it is 
possible to compare observed activity even among 
individuals who carry out the motion with different 
time duration (Hug, 2011). Konrad (2005) reports 
that the timeline normalization is suitable especi-
ally for comparison of cyclic motions. Further he 
reports that these types of obtained data are rather 
ordinal than metric scale on which basis it is po-
ssible to determine the muscle participation. Based 
on these types of data we can state only definitions: 
the highest reached value of a muscle activity or test 
with the lowest activity etc.

No. 3 Is a muscle active and when not? 
We can observe the muscle involvement due to the 
muscle timing within the framework of certain ac-
tion in comparison to the others (order of “activa-
tion”). The timing may be calculated on the metric 
base of time submission as an ordinary software 
used for this type of data can do. Cyclic motions 
which repeat again and again such as walking are 
ideal for this type of data (Konrad, 2005). 
Delay between EMG signal and force is different 
and it depends on various factors (according to De-
Luca 1993):
• a) Muscle tissue composition 
• b) Pace of motor units action
• c) Flexible features of muscles and tendons

More aerobic, slower and slowly defatigable muscle 
tissues have gradual onset of force in comparison 
with more glycolytic, faster and more defatigable 
muscle tissues. Muscles containing bigger amount 
of fast muscle tissues have shorter delay between 

EMG signal and produced force. This delay is ori-
ented in hundreds of milliseconds (DeLuca, 1997).
Compared to this Hug (2011) affirms that every 
attempt at precise time estimation, when a  musc-
le starts and ends its activation, meets a  difficul-
ty which can not be entirely solved by current 
knowledge and it demands further studies. Accor-
ding to him, under the investigation, it is important 
to focus on a  muscle coordination while perfor-
ming the motion. The muscle coordination is defi-
ned as the muscle activity distribution or the force 
distribution among the particular muscles in order 
to produce certain motions combination within jo-
ints (Hug, 2011). 

Figure 1:  Muscle activation and deactivation while overrun of se-
lected threshold (Konrad, 2005)

It is important to filter out the signal for analysis 
of a muscle contractions. DeLuca (1997) states that 
the beginning of a muscle activation is denomina-
ted as a value of two standard deviations from the 
average value of a signal. Provided this value is po-
sitive or negative for a certain time period (about 20 
milliseconds) it can be qualified as a muscle activa-
tion or deactivation. See in figure 1 (Konrad, 2005).
Hug & Dorel (2009) and Konrad (2005) re-
commend another method appointing particular 
activating threshold. Values of this threshold reach 
third standard deviation from the quiescent con-
dition. Similar result can be obtained if threshold 
values are adjusted at 15-25% of the maximal signal 
amplitude. Hug (2011) point out that the identifica-
tion of a muscle activation can be illegible, litigious 
and dependent on threshold selection. 
While analyzing two same muscles doing different 
exercises when the curves are similar (especially 
cyclic motions, e.g. Nordic walking), we can use 
cross-correlation of the curves to establish the time 
shift. This time shift can be theoretically denomina-
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ted as a time of muscle activation or deactivation 
(Hug & Dorel, 2009; Hug, 2011). The cross-co-
rrelations among muscles and adjudication of its 
antagonistic and synergistic relations were studied 
by DeLuca & Erim (2001). 

Špulák (2012) states that the most precise method 
of present is so called method of “triangular” de-
tection, which is used for analysis of the EMG 
curves. This method can best determine the mo-
ment when a muscle starts and ends its activation. 

Connection of tmin and tmax is created in certain 
segment from the obtained values, see in figure 2. 
This abscissa is linked with a point from curve of 
the signal continuance where the detected trian-
gle reaches the biggest area. The point of a musc-
le activation ton lies under this join. This relative 
onset (ton) is calculated within each segment and 
consequently, on the basis of interpolation, it is in-
tegrated into standard length and average is made. 
The same procedure is conducted for the detection 
of deactivation (toff). 

No. 4 The rate of a muscle participation?
Based on found microvolts, there is not straight an-
swer. On one hand there are opinions that the EMG 
amplitude is not quite suitable for interindividual 
comparison or long interval observation because the 
muscle activity and muscle force can be affected by 
numbers of exterior parameters. Hence, it is possible 
to compare the microvolts values only as a conver-
sion to certain percents and determine some con-
clusions from the obtained values very warily. This 
quantity pattern of evaluation may be used only whi-
le comparison of the same muscles, provided that 
no electrodes were overlapped during the particular 
measurements (Konrad, 2005). On the other hand 
there are also opinions that it is possible to draw cer-
tain conclusions based on the obtained amplitudes. 
Zedka (Zedka & Kolář, 2009) reports:
“It is possible to establish the force developed by 
a muscle contraction from the surface EMG. The ef-
fort to use EMG signal comes from the finding that 
EMG amplitude is proportional to force performed 
by particular muscle. Due to good knowledge of the 
issue we can fairly precisely determine e.g. relative 

contribution of a certain muscles to general torque 
that functions in articulation of two corporal seg-
ments.” Konrad (2005) reports that conclusions may 
be determined only on the basis of conversion to cer-
tain percents on the other hand he describes para-
meters that are suitable for processing of EMG signal 
characteristic which may be processed on the basis of 
Fourier transform - it is a mathematic method which 
allows analysis of a signal process and its conversion 
to sum of a sinus signals proper frequencies and am-
plitudes (Psohlavec, 2001). According to this author, 
fundamental characteristics that may be further stu-
died are especially maximal curve values, diameter 
and median which divides the created area under 
the curve into same halves. Thus we can see that the-
re are many different attitudes to processing of the 
EMG results. Probably the best method for compa-
ring the size of the area under the curve is to rela-
te this area to certain standardized referential value 
preferably to the maximum voluntary contraction 
as many authors recommend (Pánek, 2011; Konrad, 
2005; Hug & Dorell, 2009; Hug, 2011; DeLuca, 2001). 

Figure 2: Finding of muscle activation based on the triangular detection of one motion cycle (Špulák et al., 2012)
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No.5 Is the observed muscle tired?
In the framework of this point it is important to em-
phasize that the proband can get tired during the 
measurement which can influence measured values 
(Basmajian & DeLuca, 1985; DeLuca, 1997). In the 
following picture 3 (Konrad, 2010) see the obvious 
values change due to time increase. 

Picture 1: The scheme of possible effect on EMG signal on the basis 
of muscle fatigue (DeLuca, 1997)

The measurement and the subsequent analysis of 
the enter data should be conducted on the basis of 
the aforesaid categories and always, at least on two 
involved muscles or each muscle of the entire musc-
le chain (Konrad, 2005). 
The data normalization is realized on the basis of 
signal amplitude. Due to this fact it is far easier to 
establish activation or deactivation of a  muscle. It 
is necessary to detect particular muscle separately 
as well as realize seubsequent data evaluation and 
amplitude rearrangement to formulate the values of 
the maximum voluntary contraction (MVC). For 
examination of a particular muscle it is important 
to constrain a joint affecting motion which may in-
hibit from maximal muscle extension against static 
resistance. Each muscle is measured separately after 
the warm up. To avoid muscle exhaustion it is re-
commended to realize the exercise maximally twice 
or three times with the contraction length shorter 
than five seconds.

For the muscle recovery at least thirty seconds 

between particular contractions should be kept. 
Afterwards we can record the highest possible ma-
ximum voluntary contraction (Konrad, 2005; De-
Luca, 1997). Some publications state that while sub-
sequent measuring we may obtain higher muscle 
values than its measured MVC. Voss (1985) reports 
that this trend may appear especially in connection 
with the big muscle groups while cyclic motions. 
Hug (2011) considers this finding as a mistake whi-
le putting up a resistance, even so he says that it is 
possible to relate a muscle activation to the MVC. 
DeLuca (1997) recommends to take the submaxi-
mal values while the amplitude normalization and 
qualify the proper referential point to the 80% of 
MVC because the force and the EMG values do not 
have to be quite stable over this threshold value. 
Thus most of the authors recommend to use rela-
tion to the submaximal or the maximum voluntary 
contraction. The MVC values under 10% are con-
sidered as an inadequate muscle activation to be 
analyzed (Hug & Dorel, 2009). Compared to that, 
values over this MVC border of particular muscle 
are adequate to detection of the functional capaci-
ty of a certain muscle motor units (Benešová et al., 
2011). Decker (1999) introduces various types of 
muscle activation: minimal activation up to 20% of 
MVC, middle activation 21-50% of MVC, expressi-
ve muscle activation over 50% of MVC. 
The method of EMG is understood as an objecti-
ficational utensil while searching coordinating re-
lations of the locomotor system. This method is, 
over all above-mentioned deficits, known as the 
most exact and the most available method that is 
used for outdoor measuring of muscle activity in 
vivo. Nevertheless it is needed to understand that 
the obtained EMG data are rather as a probabilistic 
values which depend on two levels of estimation. It 
is possible to detect the values necessary for sub-
sequent detection of the muscle activation from the 
size of the area under the curve. From the detection 
of the muscle activation we can deduce the perfor-
mance. Even though this probabilistic method is 
not able to formulate the size of the needful measu-
rement error, currently it is the only method which 
is able to objectify the performance of the locomo-
tor system under outdoor conditions outside the 
laboratory. On the basis of the above-mentioned 
findings regarding the electromyographic detecti-
on of a  muscle activity, many authors (e.g. Solnik 
et al., 2010; Day, 2002; Stegeman & Hermens, 1997; 
Windhorst & Johansson, 1999) refer to procedures 
recommended by SENIAM.
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Recommendations according to the SENIAM:
• It is necessary to use an electrode of one 
particular size. The reason is to eliminate signal 
failures which may be caused by distinct entry im-
pedance. 
• The size must be modified so that the de-
manded number of motor units could be recorded 
(c. 10mm) and to avoid spurious crosstalk. 
• Do not conduct the measurement close to 
an electric installation or within a noisy surroun-
ding. 
• Measuring bigger fascicles, the distance 
between the electrodes centers must not be bigger 
than 20mm. Measuring smaller muscles, the dis-
tance should not get over the quarter length of the 
measured muscle.
• The electrodes material must have low 
resistance and constancy. Material from Ag and 
AgCl is recommended. Electrolytic gels and cre-
ams decrease the rate of the skin resistance. 
• The electrodes should be from light mate-
rial and the cables, transferring electric potential 
from these electrodes, should be fixed by an elastic 
tape to restrain from changes of the amplitude si-
zes of the consequent EMG curve. 
• A  suitable place for installation of the 
electrodes on a  muscle is defined as a  position 
of two bipolar locations overlapping a muscle in 
relation to the line of two anatomic points. The 
aim is to localize place of a muscle where we can 
record the demanded signal as good as possible. 

Particular electrodes must be stuck in a muscle 
fibers direction, otherwise it can lead to drop of 
the amplitude values by 50%. 
• It is needful to clean, degrease and even-
tually shave the place intended for installation of 
the electrodes. 
• Due to elimination of a  muscle fatigue 
it is necessary to not overload the individual by 
excessively long physical activity or muscle con-
traction.

Within the framework of comparison of particular 
muscles while realizing different motions, overla-
pping of the electrodes must not happen during 
the data acquisition.

The signal analysis and subsequent assessment 
while cyclic motion within the time domain can 
be described as a  function which indicates de-
pendence of signal immediate deflection on time. 
Rough record of the motion process with the sam-
pling frequency 1000Hz demands to be rectified 
and transferred to absolute values (Konrad, 2005). 
From the modified signal, we choose ten consecu-
tive step phases (e.g. 10th-20th step) which we use 
for enumeration of the basis value regarding an 
average step cycle and which we can subsequent-
ly use for intraindividual comparison of a muscle 
activity while Nordic walking and walking (see fi-
gure 3).

Figure 3: The EMG signal process of a chosen muscle of average step cycle while various types of locomotion (Škopek, 2012

It is possible to use so called triangular detection 
of activation onset and offset (graph 2) for deter-
mination of the time lag of muscle activation onset 
with subsequent intraindividual and interindivi-
dual analysis of chosen section. The triangular de-
tection is currently used as the most exact method 
(Špulák, 2012).
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The values of muscle participation are detected via 
scripts editor in programming environment Ma-
tlab (version 7.8.0, R2009 a). Rough digital EMG 
signal needs to be entirely rectified through low-
-pass filter (cot off frequency 3.6 Hz, FIR order 
501). Particular motion segments should be sub-
sequently reconnoitre for retrieval of the phases 
minimum. Provided that during the cycle more 
minimum values would be found, repeat the pro-
cedure for the selected cycle part to find the main 
minimum. As regards the maximum values, you 
can follow the same process. Most authors (DeLu-
ca, 1997; Hug &Dorel, 2009; Konrad, 2005; Foissac 

et al., 2008) recommend to normalize the timeline 
to percents for better comparison among the par-
ticipants and due to different length of the motion 
lasting. See the data display of activation in figure 
4.

The intraindividual comparative analysis is also 
possible on the basis of modified correlation func-
tion of two signals as Hojka recommends (Hojka, 
V., Vystrčilová, M., & Kračmar, B., 2010) with sub-
sequent evaluation of similarity of muscles couples 
activation based on the Spearman correlation co-
efficient (chart 1).

Figure 4: Intervals of a muscle activity within the frame of period while Nordic walking and walking
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M.biceps brachii 
dx.

1 -0,188 -0,140 0,518 -0,08 0,038 -0,045 0,427 -0,036 0,286 -0,015 -0,083

M. treceps 
brachii dx.

0,188 1 0,745 -0,406 0,39 0,601 0,762 0,075 0,513 -0,126 0,524 0,685

M. lat. dorsi dx. , 
p. transversa

0,140 -0,745 1 -0,336 0,439 0,6 0,817 0,157 0,768 -0,197 0,776 0,848

M.trapezius  dx., 
p. desc.

-0,518 0,406 0,336 1 -0,12 -0,106 -0,247 0,354 -0,149 0,492 -0,112 -0,216

M. pectoralis 
maj., dx.

0,08 -0,39 -0,439 0,12 1 0,238 0,366 0,242 0,429 -0,131 0,449 0,45

M. deltoideus p. 
acromialis, dx.

-0,038 -0,601 -0,6 0,106 -0,238 1 0,784 0,118 0,453 -0,032 0,488 0,563

M. deltoideus p. 
scapularis, dx.

0,045 -0,762 -0,817      0,247 -0,366 -0,784 1 0,123 0,68 -0,096 0,682 0,777

M. seratus ant., 
dx.

-0,427 -0,075 -0,157 -0,354 -0,242 -0,118 -0,123 1 0,197 0,404 0,265 0,249

M.gluteus max., 
sin.

0,036 -0,513 -0,768 0,149 -0,429 -0,453 0,68 -0,197 1 -0,207 0,838 0,758

M.gastrocnemi-
us, sin.

-0,286 0,126 0,197 0,492 0,131 0,032 0,096 -0,404 0,207 1 -0,079 -0,107

M. gluteus med., 
sin.

0,015 -0,524 -0,776 0,112 -0,449 -0,488 -0,682 -0,265 -0,838 0,079 1 0,748

M. trapezius p. 
asc., dx.

0,083 -0,685 -0,848     0,216 -0,45 -0,563 -0,777 -0,249 -0,758 0,107 -0,748 1

From the above-mentioned results it is possible to 
search for specific trends in the individual muscles 
activation. We can observe whether the similar ac-
tivation happens or not within the frame of whole 
group of observed individuals. Especially correlati-
on values which reach the value over 0.7 (red num-
bers in the table 1) should be observed. These musc-
les can be consequently indicated as muscles with 
high association rate (Hendl, 2004). Certainly it is 
necessary to take into consideration its placement 
and its function and only then we can discuss its 
co-operation or co-activation. 
The interindividual comparative data analysis is 
possible on the basis of obtained values of the area 
under the curve in case that the electrodes were 
not overlapped during particular experiments. 
This evaluation can be realized from values of the 
particular muscles activation or, if you like, micro-
volt devolution to percents and referring to MVC 
of particular muscles (DeLuca, 1997; Hug & Dorel, 
2009). Observed parameter can be the value of the 
area median under the curve which can be analyzed 
from 3sec interval of steady-state isometric contrac-
tion (Konrad, 2005; Pánek, 2011). Consequently, it 
is possible to observe the distinction of the particu-
lar muscles activation formulated in percents with 
subsequent correlation to referential value. Due to 

Wilcoxon test of dependent samples we can observe 
its statistical relevance in the frame of interindivi-
dual comparison of different locomotion types at 
selected muscles (e.g. Nordic walking or walking) 
and then the established values can be transferred 
to figure 5 (Hendl, 2004). 

Figure 5: Box graph of the selected muscle obtained on the basis of 
the Wilcoxon test

Human singularity is the next factor that needs to 
be impeached while processing the EMG findings. 
There are not two absolutely same people. Hen-
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