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The Paralympics have grown considerably in 
recent years and are considered the most important 
sports event for people with disabilities1. Five-a-
side football is an adaptation of futsal for visually 
impaired athletes that uses the rules of futsal but 
includes changes in the game field, equipment 
and number of players, amongst others, to make 
the game suitable for visually impaired athletes2.

Studies have shown that sedentary individuals 
with visual impairments can exhibit compromised 
cardiorespiratory fitness and muscle power 
compared with healthy individuals3. Comparisons 
between subjects with and without visual 
impairments suggest lower performance of 
individuals with visual impairments in both 
motor performance and physical fitness4. 

There are several possible explanations for their 
reduced levels of physical fitness such as parental 
restrictive behaviour, the availability of different 
types of physical activities and neuroendocrine 
changes due to less light exposition4. KILLEBREW et 
al.5 showed that untrained individuals exhibited 
poorer performance on a strength test when they 
were blindfolded. However, a strength-training 
programme was found to attenuate the poor 
performance of blindfolded individuals5. In other 
words, strength-training interventions may be 
successful in protecting individuals from losses 
in muscle power when visual input is removed5.

Five-a-side football is a sport characterised 
by intermittent activity, that is, high-intensity 
activity with short recovery periods over a total 
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time of 50 minutes, divided into two 25-minute 
periods6. Accordingly, five-a-side football players 
require high aerobic fitness to practise this sport 
at a high level, given the energy demands of the 
game and the short recovery time. Within this 
context, it is important to assess the aerobic 
fitness of five-a-side football athletes because this 
physical quality is essential for high performance 
in this sport7. In addition to aerobic fitness, 
muscle power is another important physical 
capability for the practise of five-a-side football. 
When training in this sport, athletic gestures 
such as kicking, jumping, running and changing 
pace, among others, demand sufficient physical 
capability (power), which is essential for this 
sport8. Furthermore, injuries may result from the 
lack of strength in the ischiotibial and quadriceps 

muscles and/or deficits in the bilateral ratio and 
ischiotibial/quadriceps (I/Q) ratio combined with 
the high physical demands of the game.

Thus, it is important to assess the aerobic 
fitness and muscle power of five-a-side football 
athletes to evaluate the profile of such physical 
capabilities in this population and to provide 
normative values for the sport. Furthermore, we 
believe that visually impaired individuals who 
undergo physical training will show values for 
the above capabilities within the normal range 
for non-disabled athletes, thus demonstrating 
that blind athletes can adapt to the demands of 
physical training. Therefore, the objective of the 
present study was to evaluate the aerobic fitness 
and muscle power of five-a-side football athletes 
on the Brazilian National Paralympic Team.

Participants

The sample in the present study consisted 
of 12 healthy male Paralympic athletes on the 
Brazilian national five-a-side football team, 
including 3 goalkeepers (normal sight) and 9 
blind (B1 category) whose demo-graphic data, 
presented as the mean (SD), were as follows: age 
25.8 ± (5.6) years; height 174 ± (7.1) cm; weight 
73.8 ± (7.9) kg; body mass index (BMI) 24.12 ± 
(2.5); (kg/m2) and body fat 14.1 ± 4.8 %.

Procedures

The present study was approved by the 
Research Ethics Committee of the Federal 
University of São Paulo (CEP 0294/11). All 
of the volunteers signed an informed consent 
form before starting this protocol, and their 
participation in the study was of their own free 
will and accord. 

The volunteers  v is i ted the Centre for 
Psychobiology and Exercise Studies over 
3 consecutive days. On the first day, the 
athletes were subjected to a body composition 
evaluation and an electrocardiogram (ECG) at 
rest and during exertion. On the second day, 
an ergospirometric test consisting of an aerobic 
evaluation was performed, followed by an 
isokinetic dynamometry evaluation on the third 

day. All tests were performed at the same time 
of the day (at the beginning of the afternoon 
period) to avoid the circadian variation impact 
on performance. There was no control over diet 
and Paralympics athletes continued with their 
eating routines.

Body composition assessment

The measurement device (BodPod®, Life 
Measurement Instruments, Concord, CA, 
USA) consists of two closed chambers separated 
by a diaphragm that records changes in the 
pressure and volume between the chambers. 
The volunteers used minimal clothing and a 
cap to minimise the effects of isothermal air to 
accurately assess body volume. Specifically, the 
volunteers remained seated in the test chamber 
to assess body volume, which was repeated 2 or 3 
times. Shortly thereafter, the thoracic gas volume 
was collected through a specific breathing process 
(3 gentle puffs). After this procedure, the device 
measured the body density of the volunteers, and 
then the Siri’s equation was used to calculate the 
per cent body fat (% fat) of each volunteer9.

Ergospirometric assessment

An incremental treadmill test (Life Fitness 
9500 HR®, USA) at a speed of 6 km/h for 3 
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minutes and with an increase of 1 km/h/min until 
maximal volitional exhaustion was performed to 
determine the following respiratory variables: 
peak oxygen uptake (VO

2
 peak) and ventilatory 

threshold (VT). Maximum volitional exhaustion 
was determined based on the volunteer’s report 
of muscle fatigue, general fatigue, muscle or 
joint soreness, VO

2
 plateau (≤150 ml min−1), 

attainment of the percentage of the age-predicted 
maximal HR (HRpeak) within ± 5 beats min−1 
, respiratory exchange ratio≥1.10 or the loss 
of the coordination required to maintain the 
treadmill pace9. A gas analyser (Cosmed QUARK 
PFTergo®, Rome, Italy) was used to determine 
respiratory variables, including peak VO

2
, VT1 

and VT2. Peak VO
2
 was estimated based on the 

highest relative VO
2
 (ml kg−1 min−1) obtained at 

the end of the test. Peak heart rate was the highest 
value during test. VT1 and VT2 were assed the 
criteria described by WASSERMAN AND KOIKE10.  

The system was calibrated prior of each 
assessment, using a known gas concentration, 
and volume and flow calibrations were performed 
using a three-liters syringe. A Hans Rudolph® 
face-mask mask (Kansas City, MO, USA) 
was used and during all tests, the heart rate 
was monitored by Polar heart rate monitor 
(Polar®, Advantage NV model) with intervals 
of 5 seconds. All procedure were performed in a 
laboratory with standard air conditioning (20ºC 
± 2 and air humidity in 55% ± 2).

Muscle power evaluation

Muscle power evaluation was performed 
using the computer-based Biodex System 3 

Pro® isokinetic dynamometer (Biodex Medical 
Systems, Shirley, NY, USA), which has been 
previously validated by DROUIN et al.11. 

Tests were conducted at 3 speeds according to 
the parameters of GOŁEBIEWSKA, MASTALERZ AND 
ZIELIŃSKI12: 60°/s for 5 repetitions, 180°/s for 10 
repetitions, and 300°/s for 15 repetitions. The 
volunteers were instructed to exert maximum 
power and were given a 1-min rest between 
cycles13. All of the volunteers warmed up for 
5 min on an ergometric bicycle before the 
beginning of the evaluation. The athletes were 
familiarised with each speed and performed a 
submaximal strength test before each evaluation.

A single trained evaluator was responsible 
for all of the tests and used standardised verbal 
commands. He allowed the volunteers to see the 
nominal torque curve on the display during the 
evaluation for visual feedback when possible. 
The analysed data were peak torque (Nm) and 
total work (J). The peak torque data were used 
to evaluate the muscle power of the knee flexors 
and extensors. The peak torque ratio between the 
I/Q muscles and the bilateral deficit (per cent 
difference of peak torque between the left and 
right limbs) was used to evaluate the athletes’ 
muscle balance.

Statistical analysis 

A descriptive analysis was conducted using 
the mean ± standard deviation together with 
the maximum and minimum values of all of the 
examined variables. Descriptive analyses were 
performed using the Statistica® software 7.0 
(StatSoft, Inc.).

Results

TABLE 1 shows the means and minimum 
and maximum values of the cardiorespiratory 
profiles of the five-a-side football athletes on 
the Brazilian National Paralympic Team. The 
following cardiorespiratory values were found for 
the athletes: VO

2
 peak, 51.8 ± 5.8 ml/kg/min; 

maximum speed, 17.1 ± 1.4 km/h; VO
2
VT1, 

40.2 ± 6.5 ml/kg/min; Maximum Heart Rate 
VT1 167.2 ± 10.2 bpm; Maximum Speed VT1 
11.1 ± 1.1 km/h; VO

2
VT2, 48.6 ± 5.7 ml/kg/

min; Maximum Heart Rate VT2 184.0 ± 7.5 bpm; 
Maximum Speed VT2 () 14.7 ± 1.3 km/h; %VT1 
VO

2
, 72.7 ± 21.7; and %VT2 VO

2
, 93.9 ± 5.2.

TABLE 2 shows the means and minimum 
and maximum values of muscle power capacity 
of five-a-side football athletes on the Brazilian 
National Paralympic Team.

TABLE 3 shows the means and minimum and 
maximum values of the I/Q ratios of the right 
and left legs.



348 • Rev Bras Educ Fís Esporte, (São Paulo) 2019 Jul-Set; 33(3):345-52

Alves ES, et al.

TABLE 1 - Cardiorespiratory variables for fi ve-a-side football athletes on the Brazilian National Paralympic Team

Variables Mean±SD (Range)

VO
2
 Peak (ml/kg/min) 51.8 ± 5.8 (39.3 – 61.3)

Predicted Maximum Heart Rate (bpm) 194.0 ± 5.8 (183 - 204)

Maximum Heart Rate (bpm) 190.4 ± 7.5 (177 - 203)

Maximum Speed Test (km/h) 17.1 ± 1.4 (15-20)

VO
2
  VT1 (ml/kg/min) 40.2 ± 6.5 (29.4 – 50.78)

Maximum Heart Rate VT1 (bpm) 167.2 ± 10.2 (150 – 183)

Maximum Speed VT1 (km/h) 11.1 ± 1.1 (9 – 13)

VO
2
  VT2 (ml/kg/min) 48.6 ± 5.7 (34.9 – 56.4)

Maximum Heart Rate VT2 (bpm) 184.0 ± 7.5 (173 – 198)

Maximum Speed VT2 (km/h) 14.7 ± 1.3 (12 – 17)

%  VO
2
  VT1 72.7 ± 21.7 (63-93)

%  VO
2
  VT2 93.9 ± 5.2 (82 – 100)

Results are expressed 

as the mean ± stan-

dard deviation and 

range for 12 � ve-a-

-side football athle-

tes. Abbreviations: 

VO
2
 Peak = peak 

oxygen uptake; bpm 

= beats per minute; 

km/h = kilometres 

per hour; VT = ven-

tilator threshold.

TABLE 2 - Muscle power capacity of Paralympic fi ve-a-side football athletes.

Variables Right (Range)            Left  (Range)            Right (Range)            Left (Range)            

Extension 60º/s     Flexion 60º/s

Peak 

Torque  

(Nm)

241 ± 48
(189.8 - 

325.7)
234 ± 45

(197.4 - 

310.10)
127 ± 17

(108.5 - 

147.7)
123 ± 16 (97.3 - 142)

Total 

Work (J)
921 ± 204

(707.9 

-1210.5)
871 ± 224

(636.8 - 

1230.8)
586 ± 87

(493.2 - 

716)
555 ± 111

(395.1 - 

728.9)

BD% 5.4 ± 6.1 1.1 - 17.6 6.5 ± 6.2 0.6 - 16.6

Extension 180º/s Flexion 180º/s

Peak 

Torque  

(Nm)

170 ± 29
(141.3 - 

213.5)
162 ± 28

(132.6 - 

200.4)
113 ± 13

(96.5 - 

129.9)
109 ±13 (93.9 - 131)

Total 

Work (J)
1427 ± 274

(1110.1 - 

1801.7)
1375 ± 270

(1086.8 

1807.1)
904 ± 109

(798.7 - 

1077.5)
874 ± 89

(761.3 - 

1011)

BD% 4.4 ± 1.9 1.5 - 6.2 6.9 ± 5 0.9 - 14.5

Extension 300º/s Flexion 300º/s

Peak 

Torque  

(Nm)

130 ± 20
(110.7 - 

159)
129 ± 23 (103 - 164) 118 ± 17 (94 - 137) 115 ± 18 (09 - 141)

Total 

Work (J)
1524 ± 140

(1377.1 - 

1734)
1543 ± 228

(1232 - 

1892.3)
1037 ± 113

(926.3 - 

1242.9)
1064 ± 84

(954.4 - 

1203.7)

BD% 5 ± 3.6 1.8 - 11.5 4.4 ± 2.6 1.6 - 7.7

Results are expressed 

as the mean ± stan-

dard deviation and 

range (minimum 

and maximum) for 

12 five-a-side foo-

tball athletes. Ab-

breviations: Nm = 

Newton*meter; J = 

joules; BD = bilate-

ral di! erence in peak 

torque

TABLE 3 - I/Q ratio of fi ve-a-side Paralympic football athletes

Right leg (Range) Left leg (Range)

I/Q 60° 44.8 ± 20.2 (5 - 58) 53.1 ± 10.9 (40 - 71)

I/Q 180° 67 ± 8.6 (56 - 82) 67.1 ± 11.5 (51 - 82)

I/Q 300° 85.6 ± 5 (79 - 91) 87.1 ± 9.5 (71 - 97)
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Five-a-side football is a Paralympic sport that 
requires good aerobic fitness and muscle power when 
played at a high level, given its energy demands and 
high intensity. Thus, our data showed that the physical 
training practised by visually impaired athletes on 
the Brazilian national five-a-side football team may 
lead to improved aerobic fitness and muscle power, 
regardless of their visual deficit, corroborating the data 
of KILLEBREW et al.5.

The similarity between five-a-side football and 
futsal may help with the evaluation of the results from 
the present study, given that there are few studies on 
five-a-side football. Accordingly, a study conducted 
by CASTAGNA et al.14 showed that heart rate during 
a professional futsal match exhibited high-intensity 
characteristics, i.e., the players worked at a range 
between 75% and 90% of their VO

2
 peak during 

most of the match, with short breaks during which the 
athlete could show a partial recovery14. Accordingly, 
the identification of the VO

2
 peak and VT may help 

coaches plan training sessions, given that five-a-side 
football shows a physiological demand similar to that 
of futsal due to the similarities between the two sport 
disciplines.

The present study showed that the mean VO
2 
peak 

values and respiratory variables including maximum 
speed, % VO

2
 peak in VT, and treadmill speed at 

VT1were similar to semi-professional and professional 
futsal players during a cardiopulmonary test15. In view 
of these similarities, BERNARDI et al.16 argued that it 
is important to conduct field tests with Paralympic 
athletes, accounting for the site where the sport is 
practised and the type of disability16. It is possible 
that a mean VO

2
 peak value close to the values for 

professional athletes reported by ALVAREZ et al.15 could 
be found in a five-a-side football field test15. This could 
occur given the sport’s specificities and because blind 
athletes feel safer in field assessments.

In addition to VO
2
 peak, VTs as measured by 

ergospirometry are excellent markers for controlling 
the intensity at which the physical training is being 
conducted17. The assessment of the intensity of physical 
exercise based on the VT is more efficient for improving 
cardiorespiratory fitness18, because these thresholds 
determine the specific metabolic phases during 
progressive physical exercise19. Such measurements 
may accurately reflect the metabolic stress experienced 
by the athletes during the ergospirometric test in the 
present study.

The data from the present study showed that VT1 

and VT2 reached approximately 73% to 94% of 
VO

2
 peak, respectively, which were ideal for aerobic 

training in the evaluated athletes. In this context, 
AZEVEDO et al.20 showed that men without physical 
or visual disabilities and with high cardiorespiratory 
fitness who participated in races had a VT1 and VT2 
interval between 78% and 93%, which may reflect 
good physical conditioning. In view of these findings, 
the physical conditioning of the visually impaired 
athletes observed in the present study is clearly similar 
to individuals with no disability20.

The evaluation of muscle power performed using 
isokinetic dynamometry provides normative data 
for muscle performance that may be useful in the 
prevention of and recovery from injury21. For visually 
impaired individuals, physical quality and muscle power 
are essential for the maintenance of postural stability, 
the correction of body sway, and balance recovery, in 
addition to preventing falls in everyday life5,22.

According to HORVAT et al.3, blind individuals may 
have lower muscle power than sighted individuals. 
Conversely, the torque values obtained for the blind 
athletes in the present study are higher than the 
results reported in the study mentioned above3.  This 
difference in muscle performance for athletes on the 
Brazilian national five-a-side football team may be 
associated with the high physical demands imposed 
by the practise of professional football, which reflects 
better physical conditioning.

In this case, not only the sport itself but also the 
necessary training to prepare the athlete for the game, 
including strength training, may explain the better 
performance of these athletes in the test compared to 
the population in general5.

MAGNO et al.23 have evaluated the incidence of 
injuries in five-a-side football Paralympic athletes, 
observing an 80% rate of traumatic injuries and a 20% 
rate repetitive stress injuries, with 80% of the injuries 
occurring in the lower limbs23. Reinforcing this finding, 
a recent epidemiological study conducted during the 
London Paralympic Games showed that five-a-side 
football is the sport with the highest rate of incidence 
of injuries – 22.4 injuries/1000 athlete-days24. Sports 
like five-a-side football tend to have more physical 
contact than other sports, including athletics and 
swimming, which show high indexes of injuries from 
repetitive stress23,25.

In an review of the literature, INKLAAR26 showed that 
the main changes considered to be injury risk factors 
in outdoor football athletes are asymmetries in the 

Discussion
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parameters of muscle power between the dominant 
and non-dominant limb and changes in the ratio of 
torque between agonist and antagonist muscles26.

No changes greater than 15% were found in the 
present study at any speed with respect to a bilateral 
deficit. This fact shows that five-a-side football athletes 
have a satisfactory muscle balance between their left 
and right leg muscles27. Curiously, these athletes 
showed noticeable muscle imbalances in the present 
study when evaluating the I/Q ratios, regardless of the 
speed of the movement28.

In another study, TOMOMITSU et al.29 aimed to 
assess the effect of reduced visual information on 
postural control in subjects with low vision and in 
sighted adults. Individuals with low vision had worse 
postural stability than individuals with normal vision on 
dynamic and balance tests under similar conditions29. 
The authors suggested that visual feedback was crucial 
for balance, especially for dynamic tasks (TOMOMITSU 
et al.)29. Additionally, MOHAPATRA, KRISHNAN AND 

ARUIN30 showed the importance of using visual cues 
for anticipatory and compensatory neural adjustments, 
which are crucial during the performance of many 
activities that demand the maintenance of a vertical 
posture30. These factors may change the harmonic 
development of lower limb muscles in this group of 
athletes.

The establishment of normative data for the 
capacities for torque, work, and power production 
in professional five-a-side football players may 
substantiate clinical practise and support other 
scientific research studies.

In conclusion, in assessing the aerobic fitness 
and muscle power of five-a-side football players, 
the Brazilian National Paralympic Team showed 
physiologically normal responses to physical training. 
These results suggested that blind individuals presents 
capabilities within the normal range for non-disabled 
athletes and might improve their physical abilities 
despite their visual impairment.
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Resumo

Perfi l da capacidade aeróbica e força muscular de atletas da seleção brasileira paralimpica de futebol de 5 

Nosso objetivo foi avaliar a capacidade aeróbica e a força muscular dos atletas de futebol de cinco da 
Equipe Paralímpica brasileira. A amostra foi constituída por 12 atletas paralímpicos masculinos da equipe 
nacional de futebol de 5, incluindo 3 goleiros e 9 jogadores cegos (categoria B1). Os resultados foram: 
pico do consumo de oxigênio (pico de VO

2
), 51,8 ± 5,8 ml / kg / min; Os valores de pico de torque (Nm) das 

pernas direita e esquerda foram 241 ± 48 e 234 ± 45 para a extensão de 60 ° , 127 ± 17 e 123 ± 16 para 
fl exão de 60 °, 170 ± 29 e 162 ± 28 para extensão de 180 °, 113 ± 13 e 109 ± 13 para fl exão de 180 °, 
130 ± 20 e 129 ± 23 para extensão de 300 ° e 118 ± 17 e 115 ± 18 para fl exão de 300 °, respectivamente. 
Os jogadores de futebol de 5 da equipe paralímpica brasileira apresentaram respostas fi siologicas normais 
frente ao treinamento físico relacionado às capacidades físicas observadas, conforme demonstrado pela 
capacidade aeróbia e os resultados de potência muscular observados. Estes resultados sugerem que indi-
víduos cegos podem melhorar sua capacidade física, independentemente de sua defi ciência visual.

PALAVRAS-CHAVE: Paralimpicos; Capacidade Aeróbica; Força Muscular. 
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