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Performance in female futsal players

INTRODUCTION
Futsal is the worldwide popular indoor version of soccer, and it is 
recognized by the Federation Internationale de Football Associa-
tion (FIFA). This sport is played at the professional and amateur 
level by millions of player of either gender [1]. Futsal is played 
between two teams of five players, each of them consisting of one 
goalkeeper and four outfield players. Futsal courts are mainly built 
in indoor facilities and their dimensions are 25-42 m long and 15-
25 m wide. A futsal match consists of two halves of 20 minutes. 
However, the clock is stopped for some events (fouls, off-side, etc) 
and futsal match duration is 75 to 85% longer than 40 min [2]. 
Teams are allowed to request a 1 min time-out during each half, 
and there is a 10 min break between halves [2, 3]. However, the 
most relevant rule with regard to the physical demands of futsal is 
the possibility of unlimited substitutions during play. This means 
that players exercise at high intensity for 3-6 min before being 
changed [3], which in turn means that indoor soccer players require 
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slightly different physical fitness than their outdoor soccer counter-
parts [4].

Analyses of movement demands in futsal have revealed that play-
ers run more than 4500 metres during a competitive match [5]. 
Futsal players perform an average of 9 exercise activities per minute 
of play, and there is a high intensity effort each 23 s of play [6]. The 
average intensity of futsal play is typically of a magnitude that yields 
85-90% of maximal heart rate (HRmax) and 75% of VO2max [3, 7]. 
Such relative intensity is similar to that reported in professional 
basketball players [3]. Energy is predominantly derived from the 
aerobic system [3] although during high-intensity efforts the pri-
mary energy contribution is from anaerobic metabolism [2, 3]. As a 
result of the nature of futsal rules, this game requires high aerobic 
fitness along with well-developed anaerobic pathways [8-11].

Despite the growing interest in futsal performance, the information 
related to training and the physical demands of matches has been 

Original Paper Biol. Sport 2015;32:339-344DOI: 10.5604/20831862.1189200

Key words: 
team sports 
aerobic pathway
fitness
field test
VO2max
endurance performance

Corresponding author: 
José C. Barbero-Alvarez
Iberpuerto, nº 41 52002, 
Melilla, Spain
phone +34 615 179 886
fax +34 952 681 334
E-mail: jcba@ugr.es



340

Barbero-Alvarez JC et al.

focused only on elite male players [2, 3]. Given the evidence of 
gender difference in team sport performance [12, 13], information 
on aerobic fitness in elite female futsal players would be of great 
interest for coaches and sport scientists [14-16]. 

Recently, there has been proposed an intermittent futsal-specific 
shuttle running test (i.e. FIET) designed to replicate the movement 
demands of futsal [17]. The test protocol consists of 3 x 15 m 
shuttle-running bouts at increasing velocities, interspersed with 10 
or 30 seconds recovery at set distances until exhaustion (i.e. total 
distance as outcome; [17]). The FIET was reported to be a valid test 
to assess specific high-intensity endurance in well-trained male futsal 
players under field conditions. However, information related to ap-
plicability of the FIET in elite female futsal players is currently not 
available (i.e. population validity). 

Therefore, the first aim of the present study was to examine the 
aerobic fitness of top internationally ranked female futsal players; 
and secondly, to determine the validity of the FIET in an elite female 
futsal set-up. As the study hypothesis, it was assumed that female 
futsal players would possess excellent aerobic fitness, similar to their 
male counterparts.

MATERIALS AND METHODS 
Participants. Fourteen outfield players from the female Venezuelan 
National Futsal Team volunteered to participate in this study. They 
had a mean ± standard deviation (SD) age of 21.2±4.0 years, 
height of 161.3± 5.0 cm, body mass of 58.6± 5.6 kg and body 
fat of 17.6± 3.4%. All participants were involved in regular futsal 

training (6-9 sessions per week with ~90 min duration per session) 
and competitions (a weekly match). Additionally, the participants 
had futsal experience of at least 5 years. The present research was 
conducted before the 2009 Latin-American International Champion-
ship. The Venezuelan National Futsal Team reached the third position 
in this Championship and they always reached the semi-finals in the 
Latin-American International Championships from 2007 to 2011. 
For these reasons, we classified this study sample as elite female 
futsal players. Players’ written informed consent and clearance from 
the Ethics Committee of the Venezuelan National Institution for Sports 
was obtained before commencement of the study. 

Ethics
The authors of this study declare that the experiments reported in 
this manuscript were performed in accordance with the ethical stand-
ards of the Helsinki Declaration and that the participants signed an 
informed consent form.

Experimental procedures
All players performed a treadmill test for VO2max and the FIET in a 
randomized counterbalanced order at least 48 hours apart (i.e. the 
same hours of the day). In the 48 hours prior to testing, players did 
not perform any strenuous exercise, and they were encouraged to 
avoid alcohol, caffeine or tobacco before each test. Participants had 
a light meal at least 3 h before each testing. All players were famil-
iarized with the protocols and procedures in purpose built sessions. 
During all testing, blood lactate concentration ([La]b) was assessed 

FIG. 1. Protocol of the Futsal Intermittent Endurance Test (FIET).
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TABLE 2. Performance during the Futsal Intermittent Endurance 
Test (FIET) in elite female futsal players. 

with a miniphotometer (LP20, Dr Lange, Germany) using earlobe 
capillary blood samples. 

Laboratory testing
Aerobic fitness was assessed using a progressive treadmill running 
test until volitional exhaustion. Initial treadmill speed was set at  
6 km · h-1, and it increased by 2 km · h-1 each 3 min. Respiratory 
gases were assessed with a breath-by-breath automatic gas ana-
lyzer (Ultima 20, Medgraphics, US). Heart rate was monitored using 
short range telemetry (Polar TS, Polar Electro Oy, Finland). Criteria 
for VO2max were assumed as the attainment of at least two of the 
following conditions: a) absence of rises in VO2 despite treadmill 
speed increments; b) a respiratory exchange ratio higher than 1.10; 
c) peak heart rate ± 10 beats · min-1 of the age-predicted maximum; 
d) a blood lactate concentration higher than 8 mmol · l-1 [18]. VO2max 
was defined as the maximal 15-s value obtained during the test. The 
maximal aerobic speed (MAS) was calculated as previously de-
scribed [19]. The ventilatory threshold was determined using the 
methodology previously described [20]. The HRmax was assumed as 
the highest 5-s value during the test.

Field testing
The FIET was performed on a wooden futsal court according to the 
procedures previously outlined [17]. Speeds were dictated (i.e. audio 
cues) by a CD player, and participants had to be on the front line in 
time with the current audio cue. The player’s inability to be on time 
for two consecutive cues was used as the criterion for ending the 
FIET. Performance in the FIET was measured as: a) the distance 
covered until exhaustion, b) the total duration of the test, and c) the 
peak speed at exhaustion (FIET peak speed). Earlobe blood samples 
were withdrawn during macro pauses and at exhaustion for blood 
lactate concentration analysis. 

Statistical analysis
Data are presented as mean± SD, 95% confidence intervals (95% 
CI) and ranges. Pearson’s product-moment correlations were used 
to establish any relationships between the laboratory and the field 
measurements. Paired-samples t-tests were used to determine dif-
ferences between laboratory and field measurements. The effect size 
(ES) was calculated to assess the meaningfulness of differences. 
Power calculations showed that 12 players were necessary to attain 
the set statistical significance. Statistical significance was considered 
at the 5% alpha level (i.e. p<0.05). All statistical analyses were 
completed using SPSS for Windows software, release 17.0 (SPSS 
Inc., Chicago, IL).

RESULTS  
Table 1 depicts the results for the main variables obtained during 
the treadmill test. VO2max  was 45.3± 5.6 ml · kg-1 · min-1 (37 to 
50 ml · kg-1 · min-1). Lactate threshold and ventilatory thresholds were 
obtained at 66± 2.4% and 80± 2.2% of VO2max , respectively. HRmax 

was 197± 8 beats · min-1, with lactate and ventilatory thresholds 
corresponding to 81.0± 2.0 and 87.6± 2.5% of HRmax. MAS was 
obtained at 12.5± 1.8 km · h-1. Treadmill peak [La]b was 11.3± 
1.4 mmol · l-1. 

The FIET performance is presented in Table 2. 

TABLE 1. Physiological variables measured in female futsal players 
during a maximal treadmill test. 

Variable Mean ± SD 95%CI Range

VO2max 
(ml · kg-1 · min-1) 45.3 ± 5.6 38.8 – 50.7 36.9 –52.2

VO2 at VT 
(ml · kg-1 · min-1) 36.2 ± 4.6 36.6 – 38.9 29.10 – 42

VO2 at LT 
(ml · kg-1 · min-1) 29.9 ± 4.3 25.9 – 33.8 22.60 – 

35.90

%VO2 at VT 80 ± 2.2 79 – 81 76 – 83

%VO2 at LT 66 ± 2.4 65 – 67 62 – 69

HRmax 
(beats · min-1) 197 ± 8 192 – 202 187 – 212

HR at VT 
(beats · min-1) 172 ± 2 168 – 177 164 – 187

HR at LT 
(beats · min-1) 159 ± 8 155 – 164 149 – 173

%HRmax at VT 87.6 ± 2.5 79.6 – 82.5 76.0 – 84.2

%HRmax at LT 81.0 ± 2.0 86.5 – 88.8 83.7 – 90.5

[Lac]bmax 
(mmol · l-1) 11.3 ± 1.4 10.4 – 12.1 9.2 –13.2

LT  
(mmol · l-1) 4.06 ± 0.33 3.3 – 4.3 3.3 – 4.6

MAS  
(km · h-1) 12.5 ± 1.8 11.5 – 13.5 10.0 – 14.6

Vel. at VT  
(km · h-1) 9.8 ± 1.2 9.03 – 13.60 7.7 – 11.6

VEmax  
(l · min-1) 101.8 ± 11.03 95.5 – 108.2 83.3 – 119.0

VE at VT 
(l · min-1) 72.8 ± 8.2 68.5 – 77.5 58.4 – 82.1

%VEmax at VT 72.0 ± 2.6 70.5 – 73.5 68.3 – 76.6

Variable Mean ± SD 95%CI Range

Total Distance  
(m) 1125± 121  1055 – 1195 900 –1305

Total Time  
(min) 10.3± 1.1 9.74 – 10.98 8.5–12

Peak Speed 
(km · h-1) 15.2± 0.5 14.69 – 15.31 14.2 – 15.8

HRpeak 
(beats · min-1) 199±8 195 – 203 190– 217

[La]b peak 
(mmol · l-1) 12.5± 2.2 11.0 – 13.3 8.4– 15.1

Note: HR= Heart Rate; [Lac]b=Blood Lactate Concentration.

Note: MAS= maximal aerobic speed; LT= lactate threshold;  
VT= ventilatory threshold; HR= heart rate; VE= ventilation; [Lac]
b=blood lactate concentration; Vel. at VT = velocity at VT.
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The FIET distance was strongly correlated with VO2max  (r=0.87; 
p<0.0001; 95%CI 0.62–0.96), running speed at the ventilatory 
threshold (r=0.83, p<0.001, 95%CI 0.51–0.94), VO2 at the ven-
tilatory threshold (r=0.83, p<0.001, 95%CI 0.52–0.94 respec-
tively) and VO2 at the lactate threshold (r=0.83, p<0.001, 95%CI 
0.53–0.94). The MAS and FIET peak speed were very strongly as-
sociated (r=0.85, p=0.0001, 95%CI 0.59 –0.95). The FIET peak 
HR during the test was not found to be significantly different from 
the HRmax (diff.=2.07; p=0.12; 95%CI -0.61 to 4.76; ES=0.45). 
No significant differences were observed between the FIET and tread-
mill peak [La]b (diff.=-0.88; p=0.11, 95%CI -2.00–0.25; ES=0.47). 
 
DISCUSSION 
This is the first study that has examined aerobic fitness and specific 
endurance in elite level female futsal players. The results obtained 
in this investigation, during a maximal running test to volitional ex-
haustion (i.e., VO2max = 45.3 ± 5.6 ml · kg-1 · min-1), were lower than 
the ones reported in elite and professional female soccer players 
(from 49 to 58 ml · kg-1 · min-1; [14, 21-23]). However, the values of 
elite female futsal players were similar to the values described for 
female collegiate soccer players (from 44 to 47 ml · kg-1 · min-1; [24-
26]). Additionally, the VO2max values of female futsal players were 
remarkably lower than those reported in male futsal players compet-
ing at the professional [3, 9], semi-professional [9] and recreational 
levels [7]. Although similar gender differences have been recently 
found for soccer players during incremental and interval shuttle run 
testing [13] until volitional fatigue, these comparisons suggest that 
elite level female futsal players have moderate VO2max values, at least 
in comparison to female soccer players of similar level. In addition, 
these data suggest that elite female futsal players can benefit from 
high-intensity endurance training to improve aerobic fitness, at least 
to obtain the values obtained in elite female soccer. 

Unlike elite male futsal players [3, 27], female futsal players seem 
to possess lower levels of VO2max than competitive level matched 
soccer players [14]. The reasons for the disparity in aerobic fitness 
between male and female futsal players are difficult to explain with 
this research design (i.e. descriptive). Besides methodological reasons, 
sex, genetics and differences in training load may be considered as 
explanatory factors [28, 29]. Although these values might be repre-
sentative of the elite level female players, the sample size used for 
the present investigation and the nature of the experimental design 
do not allow us to establish VO2max normative or evidence-based 
suggestions for female futsal [3, 9]. In this regard, more information 
may be gained by carrying out research that includes a direct com-
parison of both sexes and/or by using ecologically valid contexts 
(match, simulated match, and training situations; [3, 30, 31]). 

In this study, female futsal players attained their MAS at 12.5± 
1.7 km · h-1 and their ventilatory threshold at 9.8±1.4 km · h-1 dur-
ing the treadmill test. These values are considerably lower than those 
reported in professional male futsal players (i.e. 18.3 km · h-1 for 
MAS and 12.9 km · h-1 for ventilatory threshold; [3]). Barbero-Alva-

rez et al. [9], in their cross-sectional study, reported MAS and speed 
at ventilatory threshold values in the range of 17.3-17.7 kmkm · h-1 
and 12-12.2 km · h-1 for semi-professional and professional male 
futsal players, respectively. Despite the differences in the methodol-
ogy used to calculate the speed at VO2max (i.e. estimated vs direct 
calculation), the differences in “absolute” aerobic fitness between 
male and female futsal players suggest that females possess a low-
er work capacity in comparison to male futsal players matched for 
age and competitive level [3, 9]. However, these differences may be 
reduced when comparing male and female relative variables [27]. 

In this study, the female futsal players attained their ventilatory 
threshold at 80± 2.2% of the VO2max. Interestingly, this value was 
closer to VO2max than previously reported by Castagna et al. [3] (71%) 
and Barbero-Alvarez et al. [9] (70-71%) in male futsal players. 
However, the ventilatory threshold in female futsal players occurred 
at a %HRmax (87 vs 84%) similar to those reported for profes-
sional and semi-professional male futsal players [3, 9]. This may 
suggest that, despite their low VO2max values, the investigated female 
population showed reasonably well-developed sub-maximal aerobic 
fitness [32]. The reasons for this result cannot be properly addressed 
with this research design. Given that the approximation of the inten-
sity that produces the ventilatory threshold to VO2max may be a con-
sequence of peripheral adaptations due to training and competi-
tions [33-35], the values found in female futsal players in submaximal 
aerobic fitness might indicate the occurrence of exercise mode re-
lated physiological adaptations. 

Female futsal players’ FIET performance (i.e. 1125± 121 m) was 
23% lower than that previously reported in professional male futsal 
players (1464±136m; [9]). Sex differences in specific endurance 
testing have been previously reported by Mujika et al. [12] in highly 
competitive professional soccer players performing the Yo-Yo intermit-
tent recovery test level 1. However, in the Mujika et al. [12] study, 
a remarkably greater difference in specific endurance was reported 
when comparing professional male and female counterparts (i.e. 
49%). Additionally, gender differences increased to 53% when com-
paring both males and females of junior categories [12]. Despite 
differences in the nature of the sport (i.e. soccer vs futsal) and in the 
endurance tests employed (i.e. Yo-Yo IR1 vs FIET), this study confirms 
the existence of sex differences in specific endurance in team sport 
players [12, 36]. Interestingly, the differences in specific endurance 
have been reported to be the main cause for the significantly lower 
work-rate ratio found in female soccer players [14, 27]. It could be 
speculated that aerobic training interventions may be successful in 
improving female players’ work capacity during actual match play, 
thus reducing the observed difference with their male counter-
parts [37]. 

The FIET was reported to heavily stress both the aerobic and 
anaerobic pathways in professional male futsal players [10]. How-
ever, no significant correlation was reported between the FIET per-
formance and the inter-individual level of VO2max. Furthermore, the 
FIET performance only showed a strong association with MAS, speed 
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at ventilatory threshold and peak treadmill speed. This is in contrast 
to the results of this study that showed strong associations between 
individual relative VO2max, VO2 at selected anaerobic threshold mea-
sures and MAS with the distance achieved during the FIET. These 
different magnitudes of associations may be the result of a dissimi-
lar training intervention, fitness level and or gender difference in 
physiological make-up. Further studies addressing the effect of ge-
neric or specific aerobic training on the FIET performance related to 
gender are warranted.

Similarly to what was reported for professional male futsal players, 
the FIET peak HR and [La]b were not significantly different from 
maximal values obtained during the treadmill testing (Table 2). These 
data indicate that the FIET may be considered as a specific endur-
ance test that heavily challenges the aerobic and anaerobic pathways 
of elite level female futsal players. 

CONCLUSIONS 
In summary, elite female futsal players presented moderate levels of 
aerobic fitness, based on the comparison to female soccer players 
of similar level and age. The modest aerobic fitness values found in 
female futsal players might not be related to the characteristics of 
the game, because male futsal players have similar aerobic fitness 
to male soccer counterparts [3, 27]. Thus, futsal specific training in 

females and the intensity reached during official matches may not 
constitute an effective stimulus for VO2max development in this pop-
ulation, perhaps related to the low development of this sport when 
compared to other disciplines. Recent studies have shown that high-
intensity practices in the form of ball drills and interval running are 
effective in eliciting short-term (i.e. 4-12 weeks) aerobic fitness de-
velopment in soccer [37]. Improvements were also reported in the 
speed at selected maximal and sub-maximal aerobic fitness vari-
ables [37]. This scientific information may suggest the need of high-
intensity aerobic training in female futsal players, beyond the current 
practices/routines. Finally, the FIET can be considered as a valid field 
test to assess aerobic and anaerobic fitness in female futsal players. 
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