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Resumen: 

Futsal es un deporte intermitente de alta intensidad donde aceleraciones y 

pequeños sprints son realizados a máxima o sub-máxima intensidad, 

separados por breve periodos de recuperación, durante un periodo de tiempo 

relativamente largo. El objetivo de este estudio fue monitorizar la fatiga de 

jugadores internacionales de futsal durante su preparación para la AFC Asia 

Futsal Cup (Kuwait, 2022). Dieciséis jugadores masculinos de futsal de élite 

participaron en este estudio. Medidas antropométricas, test de salto vertical 

Abalakov, test de presión de aductores, test de flexibilidad sit & reach y la 

osmolalidad de la orina fueron analizados. Los tests físicos mostraron mejoras 

estadísticamente significativas (p<0.05) durante el periodo de tiempo analizado. 

El estado de hidratación de los jugadores no fue para nada el deseable. Los 

test físicos usados en este estudio pueden ser tres buenos métodos para 

monitorizar la fatiga de los jugadores y darles feedback sobre sus adaptaciones 

al entrenamiento. El análisis de la osmolalidad de la orina puede ser también 

un buen método para dar a los jugadores feedback sobre su estado de 

hidratación e implementar planes de acción. 
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Abstract: 

Futsal is a high-intensity, intermittent sport where accelerations and short 

sprints are performed at maximal or almost maximal intensity, interspersed by 

brief recovery periods, during a period of time relatively long. The aim of this 

study was to monitor the fatigue of international futsal players during their 

preparation for the AFC Asia Futsal Cup (Kuwait, 2022). Sixteen elite level male 

futsal players from a national team that compete internationally, volunteered to 

participate in this study. Anthropometric measures, Abalakov Vertical Jump test, 

Adductor Squeeze Test, Sit & Reach Test and Urine Osmolality status were 

analysed. The fitness tests showed statistical improvements (p<0.05) during the 

period analysed. The hydration status of the players was not the desirable at all. 

The fitness tests used in this study might be three good methods to monitor the 

fatigue of players and give them feedback about their adaptations to training. 

The analysis of the urine with a refractometer might be also a good method to 

give feedback to the players about their hydration status and implement an 

action plan with the main aim to educate them. 
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1. INTRODUCTION 

Futsal is a high-intensity, intermittent sport where accelerations and short 

sprints (usually with a duration of 1 to 4 seconds) are performed at maximal or 

almost maximal intensity, interspersed by brief recovery periods (activities of 

low intensity or pauses), during a period of time relatively long (75-80 minutes) 

(Álvarez-Medina et al., 2001a, Álvarez-Medina et al., 2001b, Álvarez-Medina et 

al., 2002, Barbero-Álvarez, et al., 2003, Barbero-Álvarez, et al., 2004a, Barbero-

Álvarez, et al., 2004b). From this, it is deduced that, in order to improve their 

futsal performance, players must arrange specific futsal conditioning with some 

additional resistance and sprint and agility training. 

Since the main objective for a coach is to optimise athletic performance 

(Gamble, 2006), the best performance improvements come from prescribing an 

optimal amount of physical training with proper recovery periods to allow for the 

greatest adaptation before competition (Gamble 2006, Coutts and Aoki, 2009). 

There are many methods used to measure the training process or the 

training load performed but few to monitor and control the adaptations to 

training, the fatigue to avoid overtraining and therefore potential injuries. Jump 

tests such as the squat jump (SJ), countermovement jump (CMJ) or Abalakov 

Jump (ABK) have been frequently researched and used as monitoring tools in 

elite sport. Typically, when jumping tasks are used as fatigue monitoring tools, 

changes in one or more variables (e.g., jump height, peak power, relative peak 

power, relative power, mean power, peak velocity, peak force, mean force, rate 

of force development, eccentric/concentric time, flight time/eccentric time, and 

flight time/contraction time) are used to determine a fatigue response or 

readiness for the next training stimuli (Claudino et al., 2017). 

The adductor squeeze test has been identified as a useful diagnostic tool 

in identifying groin pain, while it has also been shown to be accurate and 

reliable in the measurement of adductor muscle strength. More recently, it has 
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been also validated as a useful method to predict groin injuries thanks to its 

excellent reliability and discriminative capacity (Delahunt et al., 2017). 

Finally, well known sit and reach test has been used for decades as a 

fitness test in different batteries worldwide. As Martins et al., (2022) found 

recently in their study. The lower-limb flexibility was one of the important 

predictors of injury identified. The sit and reach test is one of the physical tests 

mostly used to predict the injury risk of elite football players across a sports 

season. In the literature, several studies have concluded that reduced flexibility 

in the lower limbs is related to the increased risk of injuries in elite football 

players. 

Furthermore, it is well known that the replenishment of glycogen and fluid 

stores is necessary to tolerate frequent, intense bouts of training. This might be 

the most important factor in maintaining high intensity training. Fluid is 

necessary for more than maintaining performance capacity alone; each gram of 

carbohydrate requires 3g of water to bind to muscle glycogen. Insufficient fluid 

intake will thus inhibit performance by allowing less glycogen to be stored. To 

utilise an individual’s carbohydrate limit (approximately 1000g), 3000g of water 

is needed for it to bind to muscle glycogen (Brooks and Fahey, 1985). 

An easy way to know the dehydration level of a sportsman is to weigh the 

subject before and after practising sport. In intermittent sports that are practised 

for less than 3 hours and under no extreme weather conditions, the water loss 

through breathing is relatively low compared to the water loss through sweating 

(Maughan et al. 2007). A weight loss percentage higher than 1% causes a 

decrease in the physical performance (Coyle, 2004, Sawka et al., 2007, Murray, 

2007). When that percentage is superior to 2%, the subject’s cognitive 

functions, such as perceptive discrimination and reaction time, start to worsen 

(Coyle, 2004, Sawka et al., 2007, Cheuvront et al., 2003, Casa et al., 2005, 

Montain, 2008). Reaction time has special relevance in futsal, since futsal is a 
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team sport where performance is affected by both the physical capacity of the 

players and their cognitive skills used to solve some play demands 

Thus, the aim of this study was to analyse the adaptations to training and 

monitor the fatigue, as well as the hydration status of the futsal players in a long 

period of preparation for a main competition with the objective to avoid injuries 

and peak up. The hypothesis was that an exhaustive control of the training 

adaptations and players’ fatigue together with the hydration status applied over 

a long period would increase the self-care of the players and hence their 

performance. Besides, it would help the coaches to design and modify the 

periodisation of the training sessions accordingly to the players’ adaptations to 

training. 

 

2. MATERIAL & METHODS 

Subjects 

Sixteen elite level male futsal players from a national team that compete 

internationally, volunteered to participate in this study after having signed the 

corresponding informed consent. The anthropometric values of the futsal 

players participating in this study are indicated in Table 1. Every day, before 

breakfast all the players performed the Abalakov Vertical Jump test (ABK), the 

adductor squeeze test (ST) and the sit & reach test (S&R) in that order. Finally, 

the hydration status was assessed through the players’ urine osmolality (Uosm). 

The study was conducted in accordance with the Declaration of Helsinki (2008) 

and all procedures were approved by the Research Ethics Committee at the 

institutional University relative to human or animal research.  
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n 16 

Age (years) 28.75 ± 4.05 

Age Range (years) 17.34 ± 4.05 

Height (cm) 172.75 ± 5.69 

Weight (kg) 69.93 ± 7.87 

BMI (m/kg2) 23.40 ± 1.88 

Table 1. Anthropometric characteristics of the team. 

Abalakov Jump Test 

The Abalakov jump or Abalakov test (ABK) was devised by this Russian 

scientist in 1938 with the aim of improving the possible deficiencies of the 

Seargent test (1921). The test is performed from the erect bipodal position, 

flexing and jumping with the help of the arms. The specific objective of this test 

is to measure the ability to acquire the maximum vertical distance travelled 

(jump in a single area) by the body using all possible segmental movements 

without impulsion limitations (free jump). The only restriction would be that the 

elevation is made with the maximum possible extension of the lower limbs and 

that the initial contact of the fall should be made with a flexion of not less than 

70° at the knee. All this to avoid manoeuvres that affect the precision levels of 

the measurement (Martínez López, 2002). All players performed a minimum of 

three repetitions or until the performance decreased, interspersed by 30 s rest 

intervals (Marques et al., 2019). A jump mat (The FSL JumpMat, FSL, 

Cookstown, UK) was used to estimate the jump height, and the maximum value 

reached (cm) was selected for further analysis. Players were given feedback 

about their Abalakov jump test. 

The FSL JumpMat (FSL, Cookstown, UK) consists of a hand-held 

electronic timer connected to a contact mat (Tapeswitch Signal Mat, model CVP 

1723, Tapeswitch, Farmingdale, NY) with dimensions of 584 x 432 x 2 mm. The 

system resolution is 1000Hz with a threshold for operation of 5lbs. Jump height 

is calculated from the formula: h=g·t2/8 (where h is the jump height in metres; g 
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is gravitation acceleration [9.81 m·s-2]; t is the flight time in seconds) (Bosco et 

al., 1983).  

Adductor Squeeze Test 

The athletes were asked to lie on their back, both hands were on the 

chest, and the hip flexed at 45°. Hip flexion was determined using a goniometer. 

The measured values of both groups were recorded as mmHg. The squeeze 

test was quantified using a sphygmomanometer (Disytest; Welch Allyn, 

Skaneateles, NY) that was pre-inflated to 10 mm Hg. The cuff of the 

sphygmomanometer was placed between the participant’s knees, and he was 

instructed to squeeze the cuff as hard as he could for 5 seconds. Specific 

emphasis was placed on correct positioning of the sphygmomanometer, such 

that the middle third of the cuff was located at the most prominent point of the 

medial femoral condyles. Before each squeeze test, the sphygmomanometer 

was allowed to settle for a period of 30 seconds (according to the 

manufacturer’s recommendations); room temperature was monitored and kept 

constant across testing sessions. The highest pressure (squeeze) value 

displayed on the sphygmomanometer dial was recorded during each maximal 

adductor squeeze test. The participants were able to see the 

sphygmomanometer dial during the testing session. They were allowed 2 

minutes of rest between performances of the maximal squeeze test between 

each repetition. Players performed three repetitions each. 

 

Sit & Reach Test 

The sit & reach test was used to measure the flexibility of the players 

(Maud & Foster, 2006). This test is included in the EUROFIT Battery 

(Committee of Expert on Sports Research EUROFIT, 1993). Each players 

performed three attempts and the best one was used for analysis. Players were 

given feedback about their sit & reach test. 
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Urine Osmolality 

Players were issued with a graduated beaker every night before bedtime 

and instructed to record the first morning urine of the following day. An 

Osmocheck refractometer (Vitech Scientific Ltd, West Sussex, UK) was used to 

provide an indicative reading of urine osmolality (Uosm) pre training. The 

Osmocheck is a thermally compensated, digital hand-held refractometer that is 

calibrated from 0 to 1500 mOsml·kg-1H2O with a manufacturer’s reported 

measurement accuracy of ± 20 mOsml·kg-1H2O (Vitech Scientific Ltd). The unit 

measures the refractive index of the urine which is directly related to specific 

gravity (the mass concentration of urinary solutes). It calculates osmolality (the 

molecular concentration) based on the empirical relationship between specific 

gravity and osmolality (Vitech Scientific Ltd; Lord, 1999). The manufacturer 

reports a correlation of 0.99 (Vitech Scientific Ltd). Uosm was measured in 

accordance with the manufacturer’s guidelines: prior to each measurement the 

zero-setting procedure was performed, and the prism of the refractometer was 

cleaned and calibrated against distilled water. Players were instructed to collect 

a sample of mid-stream urine (first urine in the morning) in a small beaker 

before the training session. Using a Pasteur pipette 0.3 mL of urine was placed 

onto the prism surface of the Osmocheck and a reading was taken. Lord (1999) 

notes that the relationship between specific gravity and osmolality may vary if 

glucose and protein are present in the urine. Medi-Test Combi-8 (Macherey-

Nagel, Düren, Germany) reagent strips were used to assess the urine for the 

presence of glucose and protein. A reagent strip was briefly dipped into the 

beaker of urine and any excess urine was removed. A reading was taken after 

45 seconds by comparing to a colour chart 8 (Macherey-Nagel, Düren, 

Germany). The remaining urine in the beaker was included in the participant’s 
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voided urine total. Uosm concentrations greater than 1200 mOsml·kg-1H2O are 

consistent with severe dehydration (Smith, 2006). However, according to the 

manufacturer’s guidelines the Uosm concentrations of the players were classified 

in three groups: good between 200-600 mOsml·kg-1H2O, warning if the Uosm 

was more than 600 mOsml·kg-1H2O and danger if the Uosm Uosm was higher 

than 1000 mOsml·kg-1H2O. Players were given feedback about their hydration 

status. 

 

Period analysed  

The study was carried out through the preparation for the AFC Asia 

Futsal Cup (Kuwait, 2022). The period was made up by a training camp in 

Buraydah (Saudi Arabia), a training camp in Porec (Croatia) with 2 friendly 

matches and the training camp in Kuwait during the competition with 3 official 

matches (Table 2). As mentioned before tests were performed daily before 

breakfast between 8-9am. Team performed training sessions in the morning 

and in the afternoon. Although, training load and orientation of training was 

modified and adapted in relation to the feedback received each morning after all 

the players performed the fitness tests and the urine test before breakfast.  
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AUGUST 2022 

27 

Flight 
Buraydah 

(KSA) 

28 

Tests 

IUosm: 15 

29 

Tests 

IUosm: 13 

30 

Tests 

IUosm: 14 

31 

Tests 

IUosm: 14 

  

SEPTEMBER 2022 

1 

Tests 

IUosm: 12 

2 

Tests 

IUosm: 13 

3 

Tests 

IUosm: 10 

4 

Tests 

IUosm: 8 

5 

Tests 

IUosm: 9 

6 

Flight 
Home 
(KSA) 

7 

Off 

8 

Off 

9 

Flights 
Zagreb 

(Croatia) 

10 

Tests 

IUosm: 8 

11 

Tests 

IUosm: 15 

12 

Tests 

IUosm: 11 

13 

Tests 

IUosm: 8 

14 

Off 

15 

Tests 

IUosm: 13 

Friendly 
Match 

16 

Tests 

IUosm: 9 

17 

Tests 

IUosm: 14 

18 

Tests 

IUosm: 9 

Friendly 
Match 

19 

Flight 
Home 
(KSA) 

20 

Off 

21 

Off 

22 

Off 

23 

Flight 
Kuwait 

24 

Tests 

IUosm: 12 

25 

Tests 

IUosm: 11 

26 

Tests 

IUosm: 13 

27 

Tests 

IUosm: 9 

28 

Tests 

IUosm: 10 

Match 1 

29 

Tests 

IUosm: 13 

30 

Tests 

IUosm: 7 

Match 2 

     

OCTOBER 2022 

1 

Tests 

IUosm: 4 

2 

Tests 

IUosm: 5 

Match 3 

3 

Flight 
Home 
(KSA) 

    

Table 2. Period analysed during the preparation of the team for the AFC Asia Futsal Cup 

(Kuwait 2022). IUosm: Number of players with an inadequate hydration status (>600 mOsml·kg-

1H2O). 
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Statistical Analyses 

Descriptive statistics were performed for all the variables in order to 

check for the assumptions of normality. Mean ± standard deviation of the data 

was calculated. Normal distribution and homogeneity of the parameters were 

checked with Shapiro–Wilk, and Levene’s test. The statistical differences were 

assessed using Student’s t test. A P value of 0.05 or lower was considered as 

being statistically significant. An analysis was performed using SPSS version 

16.0 (Chicago, IL, USA). 

 

3. RESULTS 

All the variables were normally distributed. Levene’s test showed no 

violation of homogeneity of variance. The general group characteristics were 

the following: they were aged 28.75 ± 4.05, had a Body Mass Index (BMI) of 

23.40 ± 1.88, a weight of 69.93 ± 7.87 kg, and a height of 172.75 ± 5.69 cm. 

The anthropometric results for the team participating in this study are presented 

in Table 1. 

It is important to highlight that the trendlines of each variable is where the 

focus was put, therefore a proper periodisation of the training loads of the 

sessions could be planned.  

The Abalakov test results are shown in Figure 1. All the data are shown 

in centimetres. It can be observed that a positive trend (dotted line) of 

improvement occurred during the period analysed. Although, some valleys or 

big drops can be observed during the whole period, the trendline shows a 

massive improvement in the Abalakov test performance. Players peaked at the 

end of the analysed period (25th September to 2nd October) when the AFC Asia 

Futsal Cup took place.  
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Figure 1. Abalakov test results during the period analysed during the preparation of the team for the AFC 

Asia Futsal Cup (Kuwait 2022). 

The average adductor squeeze test results of the participants in this 

study are shown in Figure 2. A positive trend of improvement in groin strength 

can be observed throughout the period analysed (see dotted line). Although the 

values obtained during the AFC Asia Futsal Cup week (25th September to 2nd 

October) were over the value recommended by Delahunt et al. (2017) to 

prevent or predict potential injuries, the values at the beginning of the 

preparation were too low and not recommended at all.  

The sit & reach test values obtained by the participants of this study are 

shown in Figure 3. As we can observed on the trendline (dotted line), the 

performance was more or less stable during the analysed period. However, the 

low valleys and the high peaks on the graph could help to know when the 

players feel higher or lower grade of tightness and muscle stiffness. Therefore, 

training sessions could be adapted or modified accordingly. 
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Figure 2. The adductor squeeze test results during the period analysed during the preparation of the team 

for the AFC Asia Futsal Cup (Kuwait 2022). 

 

Figure 3. The sit & reach test results during the period analysed during the preparation of the team for the 

AFC Asia Futsal Cup (Kuwait 2022). 
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Figure 4 shows the results in the urine tests. The players were classified 

according to the Uosm in the three zones (danger, warning and good) given by 

the manufacturer. Approximately, the 75% of the squad was in the warning 

(>600 mOsml·kg-1H2O) or danger zone (>1000 mOsml·kg-1H2O) every day, 

therefore their hydration status was not adequate. Table 2 shows the number of 

players that had Uosm values in the warning or danger zone. In general, it can be 

stated that approximately the 75% of the players were in an inadequate 

hydration status, and the average Uosm in the team was above 600 mOsml·kg-

1H2O (warning zone) every day. The trendline (dotted line) shows a slight 

tendency to improve their hydration status, however more educational 

strategies must be implemented therefore players can obtain constant values 

below 600 mOsml·kg-1H2O. 

 

Figure 4. Daily Uosm during the period analysed during the preparation of the team for the AFC Asia 

Futsal Cup (Kuwait 2022). 
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4. DISCUSSION 

The purpose of this paper was to research into the adaptations to training 

and monitor the fatigue, as well as the hydration status of the futsal players in a 

long period of preparation for a main competition with the objective to avoid 

injuries and peak up. The hypothesis was that an exhaustive control of the 

training adaptations and players’ fatigue together with the hydration status 

applied over a long period would increase the self-care of the players and 

hence their performance. Besides, it would help the coaches to design and 

modify the periodisation of the training sessions accordingly to the players’ 

adaptations to training. 

The Abalakov tests showed a positive trend of improvement occurred 

during the period analysed. The mean values at the beginning of the study 

compared with the mean values at the end showed statistical differences 

(p<0.05) between both moments. Although, the comparison with other values 

obtained in other teams was not the main objective of this study. It can be also 

confirmed that our players had similar values to those found by Remolina Silva 

and Mariño Landazabal (2010) in Colombian players (41-43 cm) and superior to 

those given by Nikolaidis et al. (2019) in Greek players. As stated by Miras 

(2020) the Abalakov test is useful to control the acute fatigue. Fatigue sensitivity 

can reach up to 48 hours post-exercise in futsal players. Therefore, the 

Abalakov test was very useful in controlling the acute fatigue of the futsal and 

helping the coaches to plan the training sessions. 

The adductor squeeze test showed a positive trend of improvement in 

groin strength throughout the period analysed. Statistical differences (p<0.05) 

again were found since the beginning of the study compared to the end. Also, it 

showed enough sensitivity day to day to provide feedback to players and 

coaches about the training adaptations which allowed coaches to have another 
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variable to plan the training sessions. Having said that, the value obtained by 

the team until the almost the middle of the analysed period was too low. 

Delahunt et al. (2017) recommend a minimum value of 225 mmHg to prevent or 

predict potential injuries. 

The sit and reach test results did not vary much from the beginning of the 

study compared to the values obtain at the end. Statistical differences (p<0.05) 

were not found. However, analysing the fluctuations of the values can also help 

coaches to know the tightness and stiffness of the players during the training 

period. Although, flexibility-performance-injury prevention is a very controversial 

topic with plenty of scientific studies and research published, Martins et al. 

(2022) have identified it recently as an important predictor of injury risk. 

Reduced flexibility in the lower limbs is related to the increased risk of injuries in 

the elite football players. Besides, the newest Guidelines for Exercise Testing 

and Prescription from the American College of Sports Medicine reported that 

maintaining good flexibility, in all joints depends on many specific variables, 

including distensibility of the joint capsule and muscle viscosity, which facilitates 

movement and may prevent injuries.  

The hydration status found in this study was not adequate. Futsal players 

were over 600 mOsml·kg-1H2O every day. This fact, also, showed that the 

players in this study were not really conscious about their fluid intake needs and 

urine analysis. Fluid is necessary for more than maintaining performance 

capacity alone; each gram of carbohydrate requires 3g of water to bind to 

muscle glycogen. Insufficient fluid intake will thus inhibit performance by 

allowing less glycogen to be stored (Harre, 1982; Brooks & Fahey, 1985; 

Kuipers & Keizer, 1988; Kenttä & Hassmén, 1998). Besides, a weight loss 

percentage higher than 1% causes a decrease in the physical performance 

(Coyle, 2004; Sawka et al., 2007; Wilmore & Costill, 2007; Murray, 2007). When 

that percentage is superior to 2%, the subject’s cognitive functions, such as 

perceptive discrimination and reaction time, start to worsen (Coyle, 2004; 
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Sawka et al., 2007, Montain, 2008). Since reaction time might have special 

relevance in futsal, the control of hydration status can help them to increase 

their recovery and regeneration and hence their performance. 

 

5. CONCLUSIONS 

It can be concluded that the players of this study improved their Abalakov 

jump test performance during the analysed period. Besides, the adductor 

squeeze test improves as well and reached the recommended values although 

the baseline data were too low. Flexibility did not change during the analysed 

period although it can be used to know the tightness and muscle stiffness of 

players. Furthermore, players’ hydration status was not the desirable to recover 

and regenerate between training sessions. The fitness tests used in this study 

and the analysis of the urine with a refractometer might be good methods to 

give feedback to the players and coaches about their fitness level, adaptations 

to training and hydration level. This would allow us to periodise accordingly and 

educate our players about their needs to recover and regenerate properly 

between training sessions and competitions. 
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