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Abstract - Aim: The purpose of the study was to assess upper limbs’ maximum power and locomotion speed among 
amputee football (amputee soccer) players. Methods: The 30-s Wingate Anaerobic test and the 20-m sprint test were 
performed. Anthropometric measurements and body composition (Body mass index (BMI), percentage of body fat (% 
BF), and lean body mass (LBM)) were examined. Results: BMI significantly differentiated forwards and defenders (p 
< 0.05). Peak power (PP) and mean power (MP) were related to LBM (p < 0.05), thus defenders reached higher values 
of PP, in comparison to forwards. % BF and BMI were related to relative mean power (rMP) (p < 0.05). Field position 
differentiated players in terms of upper limbs’ relative peak power (rPP) in favour of forwards (p < 0.05). Age was a 
significant factor for speed velocity on 10 m and 20 m (p < 0.05). There was no relationship between upper limbs’ 
power and locomotion speed. Conclusion: Body composition, especially % BF may influence on the anaerobic per-
formance of amputee football players.  
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Introduction 

Amputee football (AF) is becoming more and more popu-
lar all over the world especially in countries with a high 
percentage of traffic accidents and terrorist activities1. The 
game is a modification of able-bodied football, in which 
field players are people with lower limb disability, and 
goalkeepers are people whose upper limb is affected. Field 
players move on the pitch using crutches that are indepen-
dently adjusted to every player and allow them to maintain 
balance and move2,3. This sport is characterized by high- 
intensity short-term dynamic moves requiring the release 
of high values of power such as turns, accelerations and 
sprints, jumps, kicks, and ball control2. Therefore, AF 
requires from its participants high levels of anaerobic per-
formance, muscular strength, balance, and locomotor abil-
ities4. 

Sprinting (running fast in a straight line) is a key 
ability in AF. It was proved that not only the performance 
of lower limbs is important for sprinting by crutches, but 
also the performance of upper limbs4. Many actions in AF 
game, like in able-bodied football, are made after a few 
meters sprint. Analysis of the video of the first German 
National soccer league showed that 45% of goals were 
scored during a sprint along a straight line5. Others poin-
ted to the importance of sprint velocity (the 10 m sprint) 
that was associated with the field position6. Studies indi-

cated that field positions (forwards, midfielders, defen-
ders) did not differ AF players according to velocity in the 
20-m sprint, agility, endurance, body height, body weight, 
and body mass index (BMI). Only the percentage of body 
fat (% BF) differed players related to field position, and it 
was the lowest among the midfielders2. In Ozkan et al.4 

study, correlations between body composition and 10, 20, 
30 m sprints time among AF players had not been found 
but authors pointed that body composition played an 
important role in assessing anaerobic performance by 
countermovement jump (CMJ) and squat jump (SJ) in this 
group. In the same study, the authors indicated that sprint 
time was associated with power in CMJ and SJ4. Further-
more, players with crutches use between 10-30% more 
energy in comparison to able-bodied athletes, which 
results in increased physical exertion. Moreover, 
decreased muscle mass in this group, involved in support-
ing and locomoting the body on crutches, impacts on per-
ipheral fatigue1-2. The research results are inconclusive, 
which prompted us to undertake research. 

There are many para-sports, beside AF, in which 
upper limbs are important for efficient locomotion. In 
paracanoe, wheelchair basketball (WB) maximum power 
of upper limbs is a key ability. In paracanoe athletes cover 
the distance of 200 m within 40-60 s7 and the anaerobic 
processes predominate during this effort8. Athletes’ per-
formance depends on their functional possibilities that are 
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determined by sport classes8-9. The study of anaerobic 
performance on groups of para-canoeists (LTA- move by 
extremities and trunk, A- move only by upper extremities) 
showed that the relative (rPP) and absolute maximum 
power (PP) values were significantly different between 
these sport classes in favour of the LTA9. A significant 
correlation between the rPP and PP between the sport 
classes was found. 

Another sport in which effort is conditioned by the 
work of upper limbs is WB. This team sport contains 
many repeated short, intensive moves (e.g., accelerations 
and braking, dynamic changes position, maintain or gain 
position on a field) similarly to AF. In the study of Hutzler 
et al.10 high correlation between the players’ classification 
and their mean power (MP) was found, and Vanlandewijck 
et al.11 have noticed that the performance on the basketball 
court mainly depends on anaerobic performance. It was 
also observed that WB players’ maximum power (PP) of 
the upper limbs was to a certain extent related to their 
level of functional classification12 similarly to the results 
of the previously mentioned study9. 

To conclude, the lack of extremity in the case of AF 
players may influence their anaerobic performance. It 
should be assumed that players need both lower and upper 
limb's power to perform sprints and efficient movement 
with crutches. No research has been found on the upper 
limb's power in short-term intensive efforts in AF. Thus, 
the purpose of this study was to assess upper limbs’ max-
imum power and locomotion speed among AF players in 
accordance with field position, age, and body composition. 

Material and Methods 

Participants 
Male AF players from the national league partici-

pated in this study; those with upper limb amputations 
were excluded to standardize the study group. Players 
were asked about the cause of amputation, training experi-
ence, and field position. Those who signed written consent 
were qualified for this study. All participants were 
informed about the benefits, risks of the investigation, and 
procedure before the study and about the option to with-
draw their permission from the study without any reper-
cussions. The local institutional review board (IRB) (SKE 
01-53/2017) approved this study. 

Eleven AF players with unilateral lower limb ampu-
tation participated and completed this study (28.45 ± 8.73 
yrs., 177.82 ± 7.11 cm, 77.10 ± 13.36 kg), with training 
experience between two to seven years. Causes of ampu-
tation were traffic accidents (n = 3), birth defects (n = 2), 
fire accident (n = 1), cancer (n = 1), arterial hematoma 
(n = 1) and burn's (n = 1). Two of them chose not to dis-
close it. Participants were divided into groups of forwards 
and defenders. Midfielders were omitted because of the 

small group sample (n = 2), and they were included in the 
defenders’ group. 

Procedures 
Anthropometric measurements 

In the beginning, body height and body weight mea-
surements were carried out on a scale with a built-in 
height meter. The prostheses were removed for measure-
ment. Body Mass Index (BMI) was calculated for every 
participant. Body components such as percentage of body 
fat (% BF) and lean body mass (LBM) were estimated in 
near-infrared (NIR) spectroscopy by FUTREX 6100 
(Futrex, Gaithersburg, USA) according to the procedures 
recommended by the manufacturer13. In this study authors 
used “body components” as a description of BMI, %BF, 
and LBM. 

Anaerobic performance assessment 

The 30-s Wingate Anaerobic test (the WAnT) was 
performed on an arm-crank ergometer (LODE ANGIO, 
Groningen, Netherlands, Software Package-Wingate 
v.1.07b) to assess the anaerobic performance of upper 
limbs14. The ergometer was set on a wall-mounted gym-
nastic ladder in the laboratory. The test was performed in a 
sitting position on a special stand equipped with a seat. 
The ergometer axis was set individually to the level of the 
shoulder joints. Beforehand, athletes performed a 2-min 
warm-up on the ergometer and then 2-min rest. In the 
main test, participants were asked to work as fast as they 
can and perform this movement for 30 s with a 5.5% body 
weight load. During the test, participants were encouraged 
verbally to maximize their effort. Six parameters were 
measured during the WAnT such as peak power (PP) 
defined as the highest 5 s of power output, time to gain 
peak power (TimePP), mean power (MP) defined as the 
average power sustained throughout the 30 s period, rela-
tive peak power (rPP; scaled to individual body mass in 
kilograms), relative mean power (rMP; scaled to indivi-
dual body weight in kilograms) and fatigue index (FI; the 
rate at which power declines). 

Locomotion speed assessment 

Participants performed the 20-m sprint test. To elim-
inate possible confounders, for instance, environmental 
factors, the sprint test was performed on the indoor sports 
hall with enough room to carry out the sprint test freely. 
Sprint time and velocity were measured by Microgate® 
photocells (electronic time measurement system with an 
accuracy of up to 0.01 s; Bolzano, Italy) and Witty Man-
ager software (version 1.4.1)15. Photocells were set on a 
5 m, 10 m, and 20-m from the starting line. The starting 
position was standing with the whole body and crutches 
behind the starting line, awaiting the sound signal, and 
then they run as fast as they could. Participants performed 
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the 20-m sprint test twice. The best time of each partici-
pant was used for the final analysis. The distance was cov-
ered on crutches without the use of a prosthesis. All 
measurements and tests were performed within one day 
with complete rest between tests. 

Statistical analysis 
Statistical analysis was performed using program 

STATISTICA 12 StartSoft. Inc. The characteristics of the 
study group and test results were presented using the mean 
(x), standard deviation (SD), median (M), minimum and 
maximum (min.-max.). The Shapiro-Wilk test was used to 
check the distribution of variables. The parametrical T-test 
and the non-parametrical U-Mann Whitney test were used 
to check differences between groups (forwards and defen-
ders). The Pearson's correlation for normal distribution 
and the Spearman correlation for non-normal distribution 
were used to assess relationships between power, speed, 
age, and body composition. The level of statistical sig-
nificance was set at p < 0.05. 

Results 
Eleven AF players with unilateral lower limb ampu-

tation completed this study. In the group of AF players 
forwards had lower BMI and % BF than defenders 
(p < 0.05). Forwards demonstrated a lower value of PP 
than defenders (p > 0.05), but forwards had significantly 
higher values of rPP than defenders (p < 0.05). 

The results of the power and speed tests have proven 
that PP, MP, FI were higher in the defender's group with no 
statistical difference (p > 0.05). Other variables such as 
TimePP, rMP, rPP, and average results of the 20-m sprint 
test in all distances (5 m, 10 m, 20 m) were in favor of the 

forwards, and rMP differentiated groups (p < 0.05). The 
detailed characteristics of the study group together with 
the results of the tests assessing power and speed, with 
division by the field positions are presented in Table 1. 

No significant relationship between the upper limb's 
power and locomotion speed was found (Table 2). 

The analysis of the relationship between age, body 
composition, and power and speed is presented in Table 3. 
Players with higher BMI and higher % BF achieved lower 
rMP values (p < 0.05). High correlations between LBM 
and PP and between LBM and MP were noted (p < 0.05). 
Age was a significant factor for speed velocity on 10 m 
and 20 m (p < 0.05) (Table 3). 

Discussion 
The aim of this study was to assess upper limbs’ 

maximum power and locomotion speed among AF players 
in accordance with field position, age, and body composi-
tion. 

In this study, forwards had lower BMI and % BF had 
higher rPP than defenders (7.16 and 6.60 W/kg, respec-
tively). In WB and sitting volleyball (SV) players move 
using upper limbs. Some of the players can function on 
daily basis without a wheelchair, using crutches or pros-
thesis, like AF players. In comparison with the results 
achieved by WB and SV players (6.50 and 6.20 W/kg, 
respectively)16, forwards had higher values of rPP, while 
similar results among defenders were noted. In the study 
on anaerobic performance in paracanoeing, it has also 
been proven that athletes represented sport classes such as 
LTA (usage of both upper limbs and lower limbs as well as 
their trunk) and A (only usage of upper limbs) were sig-
nificantly higher in both relative and absolute power out-

Table 1 - Characteristic of the study group (n = 11) and results of the WAnT and the 20-m sprint test between forwards (n = 5) and defenders (n = 6).  

Variables Field positions x ± SD M Min. - Max. Test p 

Age [yrs.] F 23.80 ± 6.83 20.00 17.00-33.00 T 0.109  

D 32.33 ± 8.69 29.50 24.00-47.00   

BMI [kg/m2] F 21.40 ± 1.80 21.65 18.40-23.28 T 0.004*  

D 26.81 ± 2.65 26.30 23.14-31.12   

% BF [%] F 13.18 ± 3.90 12.50 9.50-19.50 T 0.026*  

D 19.78 ± 4.23 18.60 14.70-25.80   

LBM [kg] F 58.66 ± 5.37 61.70 52.50-63.80 T 0.068  

D 67.75 ± 8.47 67.45 53.70-79.60   

PP [W] F 484.00 ± 45.86 474.00 425.00-536.00 T 0.230  

D 565.50 ± 134.08 589.00 363.00-716.00   

TimePP [s] F 8.00 ± 2.70 7.00 6.40-12.80 U 0.054  

D 5.43 ± 1.57 6.00 3.40-7.20   

MP [W] F 349.20 ± 36.81 352.00 305.00-401.00 T 0.538  

D 369.67 ± 62.78 386.50 270.00-424.00   

(continued) 
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comes in the WAnT, in favour to LTA athletes (PP: 590 
and 343 W respectively; rPP: 7.99, 4.48 W/kg, 
respectively)9, that athletes are with more locomotor abil-
ities9,12,15. 

The second analyzed parameter was locomotion 
speed (sprint performance). The forward sprint is the most 
frequent type of movement during amputee football 
match17 and is described as being an essential factor in 
anaerobic performance4. Moreover, it is proven that body 
composition plays a significant role in sprint performan-

ce4. In the current study, the relationship between body 
composition (BMI, % BF, LBM) and upper limbs’ power 
was found (p < 0.05) but there was no significant influ-
ence on sprint performance. In the literature, we cannot 
find studies comparing upper limbs PP and locomotion 
speed in AF. Referring to the lower limbs’ maximum 
power assessment, a significant correlation between CMJ 
and sprint performance in AF players4 and in able-bodied 
athletes18 were found. It is indisputable that lower limbs’ 
power is a key to locomotive abilities for able-bodied peo-
ple19. However, it has to be underlined that AF players 
make sprints using crutches and supporting their body on 
both upper limbs and intact limb during the match. It 
might be the reason for the lack of correlation between the 
WAnT and the 20-m sprint test in the current study. In 
terms of future possible studies relevant to the field, the 
analysis demonstrates a considerable need to focus on the 
assessment of the power of both upper and lower limbs. 

In the present study, correlations between body com-
position and upper limbs’ anaerobic performance, and 
between age and sprint performance were found. Simim 
et al.20 a study assessing muscular performance in relation 
to field position in AF, no significant differences between 
field position and tests measuring power (CMJ, medicine 
ball throw) and muscle endurance (push-ups) were found. 

Table 2 - Correlation coefficient between the results of the WAnT and the 
results of the 20-m sprint test (n = 11).  

Power variables Speed variables   

5 m [m/s] 10 m [m/s] 20 m [m/s] 

PP [W] r 0.224 0.097 � 0.003 

TimePP [s] r 0.037 � 0.041 � 0.078 

MP [W] r 0.233 0.048 � 0.065 

rPP [W/kg] r 0.272 0.170 0.042 

rMP [W/kg] r 0.090 0.024 � 0.061 

FI [W/s] r 0.192 0.035 � 0.063  

PP: peak power; MP: mean power; TimePP: time to gain peak power; 
rPP: relative peak power; rMP: relative mean power; FI: fatigue index; *: 
statistical significance (p < 0.05).  

Table 3 - Correlation coefficient between age, body composition, and between results of the WAnT and the velocity in 20-m sprint test (n = 11).  

Variables  PP [W] TimePP [s] MP [W] rPP [W/kg] rMP [W/kg] FI [W/s] 5 m [m/s] 10 m [m/s] 20 m [m/s] 

Age [yrs.] r 0.393 0.039 0.377 0.217 � 0.055 0.519 � 0.482 � 0.664* � 0.669* 

BMI [kg/m2] r 0.594 � 0.699* 0.446 � 0.304 � 0.759* 0.605* � 0.004 � 0.120 � 0.087 

% BF [%] r 0.425 � 0.690* 0.246 � 0.399 � 0.787* 0.435 � 0.047 � 0.087 � 0.009 

LBM [kg] r 0.880* � 0.589 0.809* 0.121 � 0.388 0.812* 0.109 0.013 � 0.071  
% BF: percentage of body fat; LBM: lean body mass; PP: peak power; MP: mean power; TimePP: time to gain peak power; rPP: relative peak power; 
rMP: relative mean power; FI: fatigue index; *: statistical significance (p < 0.05).  

Table 1 - continued  

Variables Field positions x ± SD M Min. - Max. Test p 
rPP [W/kg] F 7.16 ± 0.30 7.30 6.80-7.50 T 0.300  

D 6.60 ± 1.10 6.65 5.00-8.00   

rMP [W/kg] F 5.18 ± 0.43 5.10 4.60-5.70 T 0.010*  

D 4.35 ± 0.41 4.35 3.70-5.00   

FI [W/s] F 11.14 ± 1.40 11.30 9.20-13.10 T 0.137  

D 15.12 ± 5.24 16.05 7.40-20.60   

5 m [m/s] F 3.86 ± 0.55 4.15 2.90-4.19 T 0.503  

D 3.66 ± 0.39 3.69 3.01-4.22   

10 m [m/s] F 4.36 ± 0.67 4.52 3.25-4.95 T 0.290  

D 4.00 ± 0.38 3.98 3.48-4.47   

20 m [m/s] F 4.83 ± 0.86 5.06 3.47-5.70 T 0.350  

D 4.44 ± 0.44 4.53 3.90-5.02    
x: mean; SD: standard deviation; M: median; min.: minimum value; max.: maximum value; F: forwards; D: defenders; BMI: Body Mass Index; % BF: 
percentage of body fat; LBM: lean body mass; PP: peak power; MP: mean power; TimePP: time to gain peak power; rPP: relative peak power; rMP: rela-
tive mean power; FI: fatigue index; *: statistical significance (p < 0.05); T: T-test; U: U-Mann Whitney test.  
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Ozkan et al.4 recognized the results of the present study in 
terms of anaerobic performance (power) but it is in oppo-
sition to these results in terms of sprint performance. Dif-
ferences in studies’ results can be present because in one 
study different methods were used (CMJ, medicine ball 
throw, and push-ups)20. In another study differences 
between results in locomotion speed mostly can be present 
because of differences in study groups4. In the current 
study, players were older (28.45 yrs. vs. 25.5 yrs.) and had 
higher body weight (77.10 kg vs. 66.50 kg). Moreover, 
authors used CMJ to assess lower limbs’ power4 and in the 
current study, the WAnT was used to assess the upper 
limb's power. Additionally, both Simim et al. and Ozkan 
et al. in the study groups were players from national 
team4,20 while AF players from the national league were 
recruited for the current study. It is important for sub-
sequent analyses on the influence of age and body compo-
sition on locomotion speed in AF players. 

It had been noted that forwards had lower body 
weight, higher body height, and were younger age than 
defenders, which might influence their physical predis-
positions (because of higher values of potential rPP). It is 
consistent with the results of the Simim et al.2 study. 
However, the authors set three field positions (defenders, 
midfielders, and forward) in contrast to the present study 
(defenders and forwards), and among them the lowest 
body weight and the highest were midfielders2. Innocencio 
da Silva Gomes et al.21 presented opposite findings 
according to which midfielders were the heaviest and had 
the highest % BF, and defenders were the highest, and for-
ward had the lowest body weight. Those differences may 
be attributed to group samples, which might be not repre-
sentative because of the minor sample size (Turkish2 n = 
12, Brazilian21 n = 15). Based on this assumption, we can-
not predict how the parameters are placed in the overall 
AF population. To the best of our knowledge, this study is 
the first one concerning AF, field position, anaerobic per-
formance, and locomotion speed, which does not allow us 
to compare obtained results with other studies. In future 
studies, more AF players should be recruited to the study, 
with division by playing position and taking into account 
level of amputation and age of players. 

Limitations and perspectives 
Assessing players with valid and standardized 

laboratory tests is in the authors opinion a great value of 
this work. It is worth underlining that AF players use both 
upper and lower limbs to move and are use crutches. This 
specificity of movement is unique in sport; therefore, 
authors think that in the future study it will be important to 
assess anaerobic performance both for upper and for lower 
limbs. It allows to understand well the significance of 
upper and lower limbs in this specific movement pattern 
and gives coaches hints and pointers to prepare their play-
ers better. Study on the highest-level AF players can allow 

gaining a better understanding of the influence of anaero-
bic performance in the pitch, and next analyze these para-
meters with for example game performance in accordance 
with field positions. AF is a relatively young discipline, so 
the fact that there have been merely few studies in the field 
is entirely understandable. It was noted that researchers 
tried assessing AF players in different parts of the world 
and dwelled in different areas but most of them focused on 
studying one team that gives 10 to 15 participants (number 
of participants) was also a limitation of the current study. 
The next limitation was not to consider the level of lower 
limb amputation and muscle strength that could scientifi-
cally impact speed abilities. Further research on both 
anaerobic and aerobic performance in AF players can help 
people working with them to further develop the under-
standing of the physical consequences after amputation 
and the abilities of players, and further effort to develop 
training programs that would be better adjusted. 

Practical implications 
In this study, participants were assessed by a valid 

and standardized laboratory test (the 30-s Wingate test) 
that is in the authors opinion a great value of this work. AF 
as a PA or sport activity might be a continuation of the 
rehabilitation process that is particularly long in the ampu-
tee population. In this study, authors suggested that % BF 
may influence anaerobic performance in AF players which 
in turn indicates the health aspect. Moreover, upper limbs’ 
power is an important indicator in the daily mobility of 
people using crutches and can help in daily life activities 
in general. Additionally, coaches should take into con-
sideration that maximum power may differentiate players 
depending on their field position, that can be important in 
the context of team building and improving technical and 
tactical skills. 

Conclusions 
In conclusion, upper limbs’ maximum power among 

AF players in comparison to other athletes functionally 
similar in WB and SV are comparable and have a mostly 
higher value. Body composition, especially % BF may 
influence the anaerobic performance of AF players. Field 
positions differentiate players in terms of rPP, in favour of 
forwards. Upper limbs’ power may not be the key factor in 
locomotion speed in AF because of no clear results show-
ing a relationship between these parameters. 
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