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Introduction

Sailing is one of the newest Paralympic sports. As a demon-
stration sport, it was first introduced at the Atlanta 1996 Para-
lympic Games. Four years later in Sydney, sailors were able to 
compete in two categories, that is in the three-person Sonar and 
two-person 2.4mR races. Since the Beijing 2008 Paralympic 
Games, they have also been able to participate in two-person 
Skud 18 competitions [1-2]. Paralympic sailing creates excel-
lent opportunities for disabled athletes’ all-round development. 
Moreover, it helps to develop their personality traits and to in-
crease their physical capacity [3-7]. Owing to its comprehensive 
impact, participation in training sessions significantly improves 
their health and mood, and it may replace a number of therapies 
[3-4].

Anaerobic capacity parameters in sailors with disabilities 
make it possible to carry out an initial analysis regarding their 
physical capacity to take part in training sessions and competi-
tions. Because it is often necessary to perform quick and dynamic 
repetitive movements while executing complex manoeuvres on 
a boat (such as tacking or jibing as well as pulling the gennaker 
up and down), anaerobic performance seems to be significant 
when trying to achieve high results. During a competition, one 
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sailing race usually lasts for 60-75 minutes. Within this time, 
sailors perform the above-mentioned tasks several dozen times.

No reports concerning the anaerobic capacity of sailors with 
disabilities can be found in either the Polish or international lit-
erature regarding the subject. Accordingly, their levels of anaer-
obic capacity with regard to their functional capacities cannot 
be determined. Therefore, it is necessary to conduct research 
aimed at assessing the physical performance of individuals with 
disabilities who practise sailing. The findings may contribute to 
the selection of optimal training methods and may exert consid-
erable influence on the development of Paralympic sailing. This 
study sought to determine differences in functional capacity lev-
els between sailors from three medical and functional groups.

Material and methods

The research was conducted on 18 males with locomotor 
disabilities (paraplegia, amputations of lower limbs, and con-
genital limb deficiencies). The competitors were members of 
the 2014 National Team of Sailors with Disabilities of the Polish 
Yachting Association. They competed in the Skud 18 and 2.4mR 
classes. On average, they were 46.3 years old, with a body height 
of 175.1 cm (measurement accuracy of ±0.5 cm) and body mass 
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of 78.6 kg (measurement accuracy of ±0.1 kg). The subjects  
were divided into three groups according to their functional ca-
pacities and movement patterns:

A – wheelchair sailors with improper core stability,
B – wheelchair sailors with proper core stability,
C – sailors with minimal disabilities (able to walk).
This classification was first used by Molik in the analysis of 

the anaerobic capacity of athletes with locomotor dysfunctions 
who participated in various sports [8]. It is a modification of the 
medical classification developed by Hutzler et al. [9].

The group examined consisted of 6 wheelchair sailors with 
improper core stability (A), 4 wheelchair sailors with proper 
core stability (B), and 8 sailors who could move without wheel-
chairs (C). Their mean training experience was 12.3 ± 5.6 years. 
The majority of sailors did not practise regularly, especially in 
off-season. Only two athletes took up activity other than sailing 
(hand biking and paragliding). Prior to the commencement of 
the study, an approval was obtained from the Senate Research 
Ethics Committee of the Józef Piłsudski University of Physical 
Education in Warsaw. All participants were informed about 
the study procedure and study aim and about the possibility of 
withdrawing at any time. All of them gave their written consent 
to participating in the study.

The research was carried out in May 2014 during a sports 
camp at the National Sailing Centre in Górki Zachodnie. A 
30-second Wingate test was employed to assess the anaerobic 
capacity of sailors with disabilities. It is a standard test used to 
examine individuals with various types of disabilities [8-14]. 
Since the same tool was applied in all cases, it is possible to 
compare the findings with results obtained in other sports and 
with reference values. The procedure of testing anaerobic capac-
ity was the same for all athletes and consisted of three parts: 
a warm-up, a 30-second Wingate test, and a rest period. The 
Wingate test was performed on a LODE ANGIO arm ergometer 
(Groningen, Netherlands) with the software package Wingate 
v.1.07b (Groningen, Netherlands). The height of the device was 
individually adjusted to each participant in a sitting position so 
that the rotation axis of the ergometer was at the level of the 
shoulder joint. Furthermore, the wheelchair was stabilised by 
two assistants during the examination. Prior to the test of anaer-
obic capacity, the sailors performed a 2-minute warm-up with 
60 rotations per minute and a load of 50 W. During the main 
part of the test, the sailors were asked to perform as many er-
gometer rotations as possible with an individually adjusted load 
in 30 seconds. The load for the participants from groups A and 
B constituted 3.5% of their body mass, whereas in the case of 
group C, it was 4.5% of the body mass. During the test, the ath-
letes were verbally encouraged to do their best.

During the Wingate test, mean power (MP) and peak power 
(PP) were measured. Also, fatigue index (FI), defined as a de-
crease in power from PP level to the lowest power value, was 
calculated. The index was automatically calculated because the 
software package Wingate v.1.07b (Groningen, Netherlands) 
was connected to the arm ergometer. Moreover, relative mean 
power (rMP) and relative peak power (rPP), determined with 
regard to the participants’ body mass, were calculated.

Statistical analysis was carried out using IBM SPSS Statis-
tics 23 software for Microsoft Windows. Normality of distribu-
tion was assessed with the Kolmogorov-Smirnov test. The non-
parametric Kruskal-Wallis test was applied to determine the 
significance of differences between groups A, B, and C, while 
the non-parametric U Mann-Whitney test was employed to as-
sess the significance of differences between pairs of the groups. 
Statistical significance was set at p < 0.05.

Results

A general description of the sailors in the groups is shown 
in Table 1. The analysis did not reveal any significant differences 
between the groups in terms of age, body height, body mass, 
or training experience. The analysis of physical capacity param-
eters showed significant differences in MP between sailors from 
group C and other groups. The subjects from groups A and B ob-
tained significantly lower values than those from group C. The 
study participants from group A scored 248.6 ± 41.3 pts [W], the 
subjects from group B scored 251.5 ± 58.2 pts [W], while the par-
ticipants from group C obtained 339.6 ± 57.2 pts [W] (tab. 2).

The analysis of the Wingate test results did not reveal any 
significant differences between the groups in terms of PP, rMP, 
rPP, or FI (tab. 2).

Table 1. Description of the sailors with disabilities (mean values and 
standard deviations)

Group Age [years] Body height 
[cm]

Body mass 
[kg]

Training experi-
ence [years]

A (n = 6) 47.6 ± 9.1 174.3 ± 4.9 76.6 ± 11.6 14.5 ± 3.4

B (n = 4) 41.0 ± 12.6 171.2 ± 4.4 73.2 ± 12.9 12.5 ± 6.2

C (n = 8) 48.0 ± 5.9 177.6 ± 6.6 81.5 ± 12.8 13.3 ± 5.1

Total 46.3 ± 8.7 175.1 ± 5.9 78.0 ± 12.2 12.3 ± 5.6

A = wheelchair sailors with improper core stability, B = wheelchair sailors with proper 
core stability, C = sailors with minimal disabilities (able to walk).

Table 2. Anaerobic capacity test results of the sailors with disabilities 
in selected medical and functional groups (mean values and standard 
deviations)

Group MP 
[W]

PP 
[W]

rMP 
[W/kg]

rPP 
[W/kg]

FI 
[W/sec.]

A 248.6 ± 41.3 363.8 ± 90.4 3.3 ± 0.6 4.7 ± 1.2 8.8 ± 3.9

B 251.5 ± 58.5 357.7 ± 78.1 3.4 ± 0.8 4.8 ± 0.7 7.6 ± 2.6

C 339.6 ± 57.2* 499.6 ± 113.7 4.1 ± 0.4 6.0 ± 0.9 11.5 ± 3.1

Total 289.7 ± 67.5 422.8 ± 117.5 3.7 ± 0.7 5.3 ± 1.1 9.7 ± 3.5

MP = mean power; PP = peak power; rMP = relative mean power; rPP = relative peak 
power; FI = fatigue index; * = p < 0.05 for C vs. A and C vs. B; A = wheelchair sailors with 
improper core stability; B = wheelchair sailors with proper core stability; C = sailors with 
minimal disabilities (able to walk).

Discussion

The anaerobic capacity of athletes with disabilities has of-
ten been the subject of scientific research over the years [8-17]. 
The selection of a homogenous group (different types of disabil-
ities and sports for the disabled) as well as small sample size are 
crucial problems regarding the standardisation of results and 
the definition of standards for anaerobic capacity. It is necessary 
to conduct research on anaerobic capacity among athletes with 
disabilities for a number of reasons. These include the need to 
verify the system of the functional classification of athletes, the 
professionalisation of sport for the disabled, as well as the inves-
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tigation of the correlation between anaerobic capacity and types 
of locomotor dysfunctions [8, 10-15, 17-20].

There is a paucity of data on issues related to sailors with 
disabilities. To date, research has mainly focused on analysing 
selected aspects of recreational sailing, taking into account the 
needs and functional capacities of individuals with disabilities, 
economic and socio-cultural aspects, as well as factors that en-
couraged them to take up sailing [21-25]. This seems to stem 
from the fact that this discipline has been present at the Paral-
ympic Games for a short time [1-2, 26]. The findings regarding 
MP are in line with the results obtained in other sports practised 
by the disabled. Differences in selected anaerobic capacity pa-
rameters between athletes from various disability groups have 
already been described in the literature [8-14, 16-19, 27]. The 
classification in wheelchair basketball was assessed with the 
use of the anaerobic capacity test by Molik et al. [10]. In their 
research, they found differences between players with minimal 
functional limitations and those using wheelchairs in everyday 
life. Also, Van der Woude et al. [27] noted correlations between 
the levels of PP. Furthermore, studies related to anaerobic ca-
pacity were conducted on wheelchair rugby and basketball play-
ers as well as para-canoeists. They revealed that athletes with 
the most limited functional capacities (the highest disability 
level) differed from others in terms of anaerobic parameters [8, 
10-13].

Sailors from group C demonstrated higher functional ca-
pacities, which is linked to the fact that they obtained higher 
MP values in the Wingate test on the arm ergometer. Taking into 
account the classification system in sport for the disabled, the 
division of sailors with disabilities into functional capacity class-
es seems to be justified. Significant differences in MP exhibited 
by the sailors with disabilities may result from the specificity of 
sailing, the position on a boat (a crew member or a helmsman), 
and the execution of particular manoeuvres on a boat. These 
differences may be seen as evidence confirming the assumption 
that in sailing, anaerobic capacity plays a crucial role for people 
with disabilities, especially under strong wind conditions. Other 
authors made similar observations while studying the anaerobic 
capacity of able-bodied sailors in the Laser class [28]. The lack 
of differences between the groups in the other parameters ex-
amined (PP, rMP, rPP, and FI) may be connected with imprecise 
training cycles that depended on the place of living and the sail-
ors’ involvement in training between camps.

While comparing the results obtained by sailors with dis-
abilities to reference values of anaerobic capacity (MP, PP, rMP, 
and rPP) in the 30-second Wingate test performed in the group 
of disabled males practising sport, we noted that the sailors un-
der investigation demonstrated different levels in their scores. 
The scale of reference values consisted of 7 grading levels: very 
bad, bad, below average, average, good, very good, and excellent. 
Moreover, three age categories were analysed: 18-25 years, 26-35 
years, and over 35 years [13]. The sailors examined belonged to 
the oldest age group. Athletes from group A manifested an aver-
age level of MP and PP and a good level of rMP and rPP. Sailors 
from group B demonstrated scores below average in MP, rMP, 
and rPP and had a bad level of PP. Athletes from group C dis-
played an average level of MP, PP, rMP, and rPP.

Further research on sailing for people with disabilities ought 
to focus on determining objective possibilities of assessing ath-
letes with the most accurate parameters. Due to the specificity 
of the performance of sailors with disabilities, it is worth looking 
for new specific tests that would verify anaerobic capacity levels. 
Even though it seems that athletes’ sailing skills and their yacht-
ing knowledge are the main success factors in regattas, their 

physical capacity may prove significant as well [29-30]. Using 
capacity and strength parameters in verifying the classification 
system of sailors with disabilities also appears to be essential.

Conclusions

The study allowed us to confirm that a 30-second test of 
anaerobic capacity performed on an arm ergometer differen-
tiated disabled sailors from selected groups in terms of mean 
power. Research on anaerobic capacity may be used to verify 
the current classification in Paralympic sailing and will make it 
possible to differentiate selected competition classes. It is advis-
able to carry out further research that takes into consideration 
all 7 classes according to the IFDS (International Association for 
Disabled Sailing) classification and with regard to the sailor’s 
function on a boat (helmsman, crew member).
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