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Abstract 

Purpose: In the process of improving an athlete’s performance, one’s recovery methods must 

be optimized. Recovery is required to maximize training and competition performance, 

fatigue should be minimized by recovering as fast as possible. This study aimed to assess 

effects of contrast water therapy on blood lactate concentration after high-intensity interval 

training (HIIT) in elite futsal players. 

Subjects and Methods: In this study, 30 male futsal athletes volunteered to be subjects. Test 

session consisted of repeated sprints on a distance of 25 m (three series of two 1-min 

repetitions at 90% of HRmax). After high-intensity interval training (HIIT), participants were 

randomized into two groups. 15 participants assigned to the CWT group, were given contrast 

water therapy, while 15 assigned to the SJR group, were given slow jogging recovery. 

Recovery for the CWT group consisted of periodic immersions in cold water (18 ºC) for 1-

min and alternated with hot water (37 ºC) for 2-min, accumulating 15-min in the water. And 

recovery for the SJR group included 8-min of slow jogging (6,8 km ∙ h−1) around a field.  

Results: After 30-min of recovery, lactate concentration was significantly greater (p=0.001) 

in the SJR group (7.67 mmol/L) than CWT group (6.82 mmol/L). And remained significantly 

different at the 60-min after recovery (p=0.0001) in SJR group (6.80 mmol/L) vs CWT group 

(5.01 mmol/L). 

Conclusions: We demonstrated that CWT after HIIT, had an effect on the recovery of elite 

futsal players by decreasing the lactate concentration and rapid recovery of heart rate. 
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Introduction 

Futsal is one of the sports involve physical activity that is done to train a person’s 

body [1]. There is only a small difference between futsal and football. Futsal, the 5-side 

version of soccer (i.e. 1 goalkeeper and 4 outfield players), was introduced in 1930 and 

continues to grow in popularity around the world. Competitive games comprise of two, 20-

min periods of high-intensity and intermittent activities requiring substantial physical, 

tactical, and technical efforts from the players [2,3,4]. Also, previous studies pointed on the 

fact that in futsal more than 75% of all energy is resynthesized by the oxidative 

phosphorylation pathway during match play and the ratio of activity to rest in futsal is about 

1:1 [5,6,7]. 

Because futsal involves intermittent and high-intensity actions, athletes must avoid 

the possibility of harmful factors. One such factor being a high fatigue [8]. Because fatigue 

can become a significant problem that increases an athlete’s risk of injury [9]. Muscle fatigue 

is caused by the accumulation of lactic acid in muscle fibers during intense exercise [10]. 

Muscle fatigue can be assessed based on the percentage of muscle strength reduction, 

decreased muscle reaction time, and muscle fatigue recovery time. Fatigue can be classified 

into that affecting the central nervous system or the peripheral nervous system [11]. Fatigue 

continues to occur if a person does not have good recovery after intense physical activity, 

which in turn interferes with metabolism and energy formation [12]. 

In the process of improving an athlete’s performance, one’s recovery methods must 

be optimized [13]. Recovery is required to maximize training and competition performance 

and fatigue should be minimized by recovering as fast as possible [14]. According to Vaile, 

recovery refers to the restoration of the body’s physiological and psychological processes, 

allowing athletes to potentially return to their pre-fatigue state and performance level [15]. 

Water immersion is one recovery technique that is widely used by athletes [15,16]. Water 

immersion for recovery of athletes performance has been divided into four techniques 

according to water temperature: cold water immersion (CWI; ≤ 20 ºC), hot water immersion 

(HWI; ≥36 ºC), contrast water therapy (CWT; alternating CWI and HWI) and thermoneutral 

water immersion (TWI; >20 to <36 ºC) [14,17]. 

CWT is one recovery technique of water immersion that is popularly used by athletes 

to accelerate post-exercise recovery [15,17]. CWT is performed by alternating regularly 

between cold water immersion and hot water immersion [17]. Several studies which have 



examined CWT do not find a performance benefit. Ingram et al, explained that cold water 

immersion following exhaustive simulated team sports exercise offers greater recovery 

benefits than CWT or control treatments [18]. Nonetheless, many of the studies also reporting 

beneficial effects of CWT on performance recovery. Versey et al, explained that CWT for up 

to 12-min assisted recovery of cycling performance [19]. Since this evidence, an increased 

interest in investigations that verify the effect of CWT on performance recovery, with 

differences protocols has been noticed [20,21,22].  

While many of the physiological responses to CWT are relatively well documented 

[13]. However, the optimal protocols to assist CWT of exercise performance remain unclear. 

The water temperature, timing, immersion duration, immersion depth and activity level can 

all vary. Therefore, further research into this recovery procedure is required. Based on these 

problems and interests, this study aimed to assess effects of contrast water therapy on blood 

lactate concentration after high-intensity interval training (HIIT) in elite futsal players. Based 

on previous observation [19], we hypothesize that CWT may benefit to reduce the lactate 

concentration of the athletes.  

Material and Methods 

Participants 

In this study, 30 male futsal athletes from Kosgoro Futsal Club volunteered to be 

subjects. All participants were asked to fill out a health questionnaire and provided informed 

consent to participate in this study. All of the procedures were approved by the ethics 

committee of the Jakarta State University. All participants were futsal athletes from Kosgoro 

Futsal Club and do not have a smoking history. They’ve had minimum continuous futsal 

training background of 5 years. Also, all athletes must have participated in systemized 

training, with at least 3 training sessions per week, each lasting 3-hour. Exclusion criteria 

include cardiovascular and respiratory disease. Alcohol and caffeine were not accepted about 

24 hours prior to the experiments. This study was performed in 18-25 February 2019, which 

was the official league break period and no official game was played so.  

Study Design 

This study used a parallel, two groups, purposive sampling, pretest-posttest design to 

determine the effect of the independent variables on the dependent variable. The independent 

variable is the CWT, while the dependent variable is the blood lactate concentration of the 



athletes. The participants were randomized into two groups. 15 participants assigned to the 

experimental category (CWT group) were given contrast water therapy, while 15 assigned to 

the control category (SJR group) were given slow jogging recovery.  

Protocol Procedures 

 Before carrying out the study, anthropometric and cardiorespiratory test was carried 

out in the preceding week. The participants had not undertaken any intense effort during the 

previous 24 hours or eaten any food in the 3 hours before the test were registered. Monday 

morning at 09:00 a.m, anthropometric was measured in laboratory. The body weight were 

measured on Omron Digital Weight Scale HN 289, with participants wearing minimal clothes 

and being barefoot. The body height was measured with a stadiometer with 0.1cm readability 

(Seca 214 Portable Stadiometer, Cardinal Health, Ohio, USA) according to the described 

standardised procedures. The body mass index was calculated as the ratio of the body mass 

(kilograms) divided by body height (metres) squared.  

 After the anthropometric measurements, the cardiorespiratory test were performed in 

outdoor of laboratory building. After a standardized 6-min warm-up, the cardiorespiratory 

test began at 10:00 a.m. The selected test was a Yo-Yo Intermittent recovery Test Level 1 

(YYIrT-L1), providing us with each player’s maximum heart rate and VO2max. The heart 

rate was monitored with a test employing a Polar RS400 Finland. The protocol and formula 

of Yo-Yo Intermittent recovery Test Level 1 (YYIrT-L1) were based on previous test 

protocols [23,24,25]. Anthropometric and cardiorespiratory characteristics of the participants 

are shown in table 1. 

 

 

 

 

 

 

 



Tab. 1. Anthropometric and cardiorespiratory characteristics of participants (CWT group, 

SJR group) 

Variable 
           Groups 

                CWT group       SJR group 

Age (years)       

�̅�(𝑆𝐷) 19.7 (± 0.6) 19.9 (± 0.6) 

 Median 20.0 20.0   

Range (Min-Max) 19.0 – 21.0 19.0 – 21.0   

Weight (kg) 

  

  

�̅�(𝑆𝐷) 70.9 (± 3.9)  69.0 (± 3.8) 

  Median 70.0 69.0   

Range (Min-Max) 65.0 – 77.0 63.0 – 78.0   

Height (cm) 

  

  

�̅�(𝑆𝐷) 171.8 (± 3.6) 170.7 (± 3.9) 

 Median 171.0 169.0   

Range (Min-Max) 165.0 – 179.0 165.0 – 178.0   

BMI (kg/m2) 

  

  

�̅�(𝑆𝐷) 24.0 (± 0.5) 23.7 (± 0.8) 

 Median 23.9 23.5   

Range (Min-Max) 23.0 – 25.4 22.8 – 25.5   

YYIrT-L1 (m) 

  

  

�̅�(𝑆𝐷) 413.3 (± 53.8) 418.7 (± 63.9) 

 Median 440.0 440.0   

Range (Min-Max) 320.0 – 480.0 320.0 – 520.0   

VO2max (ml/kg/min–1) 

  

  

�̅�(𝑆𝐷) 39.87 (± 0.5) 39.92 (± 0.5) 

 Median 40.1 40.1   

Range (Min-Max) 39.1 – 40.4 39.1 – 40.8   

HRmax (bpm) 

  

  

�̅�(𝑆𝐷) 183.7 (± 5.3) 189.5 (± 3.8) 

 Median 185.0 188.0   

Range (Min-Max) 175.0 - 191.0 185.0 – 197.0   

 

After anthropometric and cardiorespiratory test, the experimental study was carried 

out at Bogor Futsal Stadium. Prior to testing, participants performed a warm-up (6-min jog at 

6,8 km ∙ h−1). HIIT was an interval exercise consisting of sprinted with a track distance of 25 

m. Starting the test, the participant should ready themselves in a “standing start position” at 

one end of the 25 m sprint track (i.e. cone A), and then the participant sprints to the end of the 

25 m track (i.e. line B) touched a line with a foot and then came back to the starting line. 

With three series of two 1-min repetitions at 90% heart rate intensity (3x2x1-min), with 

recoveries at 130 bpm between repetitions and at 120 bpm between series. During the 



recovery period, the participant should get ready stand (stand position) to perform another 25 

m sprint back to where they started. Polar HR monitors were used (Polar RS400 Finland), 

registering HR data at all times. The test period of the HIIT is displayed in Figure 1. After the 

end of the last task section blood lactate were measured in the 3rd minute after HIIT. The test 

configuration for the HIIT displayed in Figure 2. 

  

 

 

 

 

 

Fig. 1. Displays the test period of the HIIT 

Fig. 2. Displays the test configuration for the HIIT 

Recovery Interventions 

 Blood lactate was measured in the 3rd minute after HIIT. Participants were divided 

into either CWT group or SJR group, to receive the following recovery procedures. Recovery 

for the CWT group consisted of periodic immersions in cold water (18 ºC) for 1-min and 

alternated with hot water (37 ºC) for 2-min, accumulating 15-min in the water. Participants 

are passive during the water immersion. Participants started with cold water by lowering 

themselves into an upright 250 L plastic container and finished with hot water by standing 

Series 2 

 

1-min 1-min 

Series 1 

1-min  1-min 

Series 3 

 

1-min 1-min 

Recoveries at 130 bpm Recoveries at 130 bpm Recoveries at 130 bpm 

Recoveries at 120 bpm Recoveries at 120 bpm 

Abbreviations: 1-min = Sprint 25 m at 90% of HRmax  

Recovery Recovery Sprint 

25m 

Cone A: Start/Turn-

Around Line 

Cone B: Turn-Around 

Line 



under a shower directed onto the legs below the hips (water temperatures were measured by a 

Testo AG, T 106 thermometer). And recovery for the SJR group included 8-min of slow 

jogging (6.8 km ∙ h−1) around a field. Jogging speed was controlled via verbal feedback of lap 

times. Participants were allowed to drink mineral water ad libitum during the recovery period, 

but we encouraged to drink enough to maintain hydration.    

Blood Sample Analyses  

 A 100 μL sample of fingertip capillary blood was obtained to measure lactate pre-test, 

post-test (in the 3rd minute after HIIT), post 30-min and post 60-min. Blood sample was 

analyzed with a Lactate Pro analyser (Arkray, Shiga, Japan). The research design can be 

illustrated in Figure 3. 

 

 

 

 

Fig. 3. Displays the research design  

 

Abbreviations: 

P : Population 

S : Sample  

T1 : Anthropometric and cardiorespiratory test 

M1 : Measured lactate in pre-test 

T2 : HIIT test 

XI  : CWT group were given contrast water therapy 

XII  : SJR group were given slow jogging recovery 

M2 : Measured lactate and HRaverage in post-test (in the 3rd minute after HIIT)  

M3 : Measured lactate and HRaverage in post 30-min 

M4 : Measured lactate and HRaverage in post 60-min   

 

Statistical Analysis 

The values are presented as mean ± SD. A repeated measures ANOVA was used to 

evaluate the lactate concentration and heart rate on pre-test, post-test, post 30-min and post 

60-min. Independent t-test was used to determine any differences among the CWT and SJR 

P 

XI 

XII 

M2 M4 M3 S T1 T2 M1 



groups. Also, Bonferroni correction for p-value. Statistical significance was accepted at the 

p<0.05 level. Performed by using the SPSS software, V.21.0. 

Results  

Lactate 

Table 2 shows the lactate measures in the CWT and SJR groups. Lactate 

concentration of CWT and SJR groups increased from pre-test to post-test after HIIT 

(p=0.0001), although no significant difference in lactate concentration at pre-test was found 

between groups (p=0.516). Furthermore, no significant difference in lactate concentration at 

post-test was found between CWT and SJR groups (p=0.550). After 30-min of recovery, 

lactate concentration was significantly greater (p=0.001) in the SJR group (7.67 mmol/L) 

than CWT group (6.82 mmol/L). And remained significantly different at the 60-min after 

recovery (p=0.0001) in SJR group (6.80 mmol/L) vs CWT group (5.01 mmol/L). During 

recovery lactate concentration of CWT and SJR groups decreased from post 30-min to post 

60-min (p=0.0001). But significant differences (p=0.001) in post 30-min and (p=0.0001) in 

post 60-min were observed between CWT and SJR groups.   

Tab. 2. Changes in lactate measures in the CWT and SJR groups    

Time  

Measured 

                   Lactate Concentration (mmol/L)   

p-value(a)      CWT group    SJR group t-value 

Pre-test     3.39 (± 0.48) ‡ # ^ 3.53 (± 0.67) ‡ # ^ -0.657   0.516 

Post-test     9.49 (± 0.85) † # ^ 9.66 (± 0.64) † # ^ -0.605   0.550 

Post 30-min     6.82 (± 0.60) † ‡ ^ * 7.67 (± 0.69) † ‡ ^ * -3.594   0.001 

Post 60-min     5.01 (± 0.80) † ‡ # * 6.80 (± 0.68) † ‡ # * -6.607   0.0001 

F-value         4472.4      2740.1    

p-value(b)         0.0001      0.0001     

Abbreviations:   

CWT, group were given contrast water therapy; SJR, group were given slow jogging 

recovery; Pre-test, measured lactate before HIIT; Post-test, measured lactate in post-test (in 

the 3rd minute after HIIT); Post 30-min, measured lactate in post 30-min; Post 60-min, 

measured lactate in post 60-min 

The values are presented as mean ± SD 

(a)Superscript: Independent t-test. *Values are significantly different between CWT and SJR 

groups (p<0.05).  

(b)Superscript: Repeated measure anova. † Values are significantly different compared with 

pre-test (p<0.05); ‡ Values are significantly different compared with post-test (p<0.05); # 



Values are significantly different compared with post 30-min (p<0.05), ^ Values are 

significantly different compared with post 60-min (p<0.05).  

 

Tab. 3. Specific changes in lactate measures in the CWT group 

Abbreviations:   

Based on estimated marginal means 

* The mean difference is significant at the < 0.05 level. 

b Adjustment for multiple comparisons: Bonferroni. 

 

 

 

 

 

 

 

 

 

 

 

 

Time 

Measured 

(I) 

Time 

Measured 

(J) 

Mean 

Difference 

(I-J) 

Std. 

Error 

Sig.b 95% Confidence Interval 

for Differenceb 

Lower 

Bound 

Upper 

Bound 

Pre-test Post-test -6.100* 0.283 0.001 -6.968 -5.232 

Post 30-min -3.427* 0.236 0.001 -4.151 -2.703 

Post 60-min -1.613* 0.183 0.001 -2.174 -1.053 

Post-test Pre-test 6.100* 0.283 0.001 5.232 6.968 

Post 30-min 2,673* 0.122 0.001 2.298 3.049 

Post 60-min 4.487* 0.337 0.001 3.453 5.521 

Post 30-min Pre-test 3.427* 0.236 0.001 2.703 4.151 

Post-test -2.673* 0.122 0.001 -3.049 -2.298 

Post 60-min 1.813* 0.296 0.001 0.905 2.722 

Post 60-min Pre-test 1.613* 0.183 0.001 1.053 2.174 

Post-test -4.487* 0.337 0.001 -5.521 -3.453 

Post 30-min -1.813* 0.296 0.001 -2.722 -0.905 



Tab. 4. Specific changes in lactate measures in the SJR group 

Abbreviations:   

Based on estimated marginal means 

* The mean difference is significant at the < 0.05 level. 

b Adjustment for multiple comparisons: Bonferroni. 

 

Heart rate 

Table 5 shows the average of heart rate in the CWT and SJR groups. HRaverage of 

CWT and SJR groups decreased from HR-HIIT to HR-60 min (p=0.0001). There were no 

significant differences in the HRaverage of HR-HIIT, HR-Post and HR-30 min between 

CWT and SJR groups (p=0.146; p=0.153; p=0.323). In only the HR-60, significantly 

different were observed between CWT and SJR groups (p=0.038).  

Tab. 5. Changes in HRaverage in the CWT and SJR groups    

Time  

Measured 
           Average of Heart Rate (bpm)   

p-value(a) CWT group SJR group t-value 

HR-HIIT      181.40 (± 5.05) ‡ # ^ 184.27 (± 5.44) ‡ # ^ -1.495 0.146 

HR-Post      176.60 (± 4.81) † # ^ 179.27 (± 5.12) † # ^ -1.471 0.153 

HR-30 min        86.93 (± 5.48) † ‡ ^    88.93 (± 5.40) † ‡ ^ -1.006 0.323 

HR-60 min        69.93 (± 1.58) † ‡ # *    71.20 (± 1.61) † ‡ # * -2.173 0.038 

F-value 26461.7 28832.3   

p-value(b) 0.0001 0.0001  
 

 

Time 

Measured 

(I) 

Time 

Measured 

(J) 

Mean 

Difference 

(I-J) 

Std. 

Error 

Sig.b 95% Confidence Interval 

for Differenceb 

Lower 

Bound 

Upper 

Bound 

Pre-test Post-test -6.127* 0.221 0.001 -6.805 -5.449 

Post 30-min -4.133* 0.232 0.001 -4.846 -3.421 

Post 60-min -3.267* 0.251 0.001 -4.036 -2.497 

Post-test Pre-test 6.127* 0.221 0.001 5.449 6.805 

Post 30-min 1.993* 0.130 0.001 1.593 2.393 

Post 60-min 2.860* 0.109 0.001 2.525 3.195 

Post 30-min Pre-test 4.133* 0.232 0.001 3.421 4.846 

Post-test -1.993* 0.130 0.001 -2.393 -1.593 

Post 60-min 0.867* 0.080 0.001 0.620 1.113 

Post 60-min Pre-test 3.267* 0.251 0.001 2.497 4.036 

Post-test -2.860* 0.109 0.001 -3.195 -2.525 

Post 30-min -0.867* 0.080 0.001 -1.113 -0.620 



Abbreviations:  

CWT, group were given contrast water therapy; SJR, group were given slow jogging 

recovery; HR-HIIT, HRaverage in the total 3 series; HR-Post, HRaverage in post-test (in the 

3rd minute after HIIT); HR-30 min, HRaverage in post 30-min; HR-60 min, HRaverage in 

post 60-min 

The values are presented as mean ± SD  

(a)Superscript: Independent t-test. *Values are significantly different between CWT and SJR 

groups (p<0.05).  

(b)Superscript: Repeated measure anova. † Values are significantly different compared with 

HR-HIIT (p<0.05); ‡ Values are significantly different compared with HR-Post (p<0.05); 

# Values are significantly different compared with HR-30 min (p<0.05), ^ Values are 

significantly different compared with HR-60 min (p<0.05).   

Tab. 6. Specific changes in HRaverage in the CWT group 

Time 

Measured 

(I) 

Time 

Measured 

(J) 

Mean 

Difference 

(I-J) 

Std. 

Error 

Sig.b 95% Confidence 

Interval for 

Differenceb 

Lower 

Bound 

Upper 

Bound 

Pre-test Post-test 4.800* 0.460 0.001 3.389 6.211 

Post 30-min 94.467* 1.732 0.001 89.153 99.781 

Post 60-min 111.467* 1.150 0.001 107.938 114.996 

Post-test Pre-test -4.800* 0.460 0.001 -6.211 -3.389 

Post 30-min 89.667* 1.912 0.001 83.801 95.533 

Post 60-min 106.667* 1.120 0.001 103.230 110.103 

Post 30-min Pre-test -94.467* 1.732 0.001 -99.781 -89.153 

Post-test -89.667* 1.912 0.001 -95.533 -83.801 

Post 60-min 17.000* 1.483 0.001 12.448 21.552 

Post 60-min Pre-test -111.467* 1.150 0.001 -114.996 -107.938 

Post-test -106.667* 1.120 0.001 -110.103 -103.230 

Post 30-min -17.000* 1.483 0.001 -21.552 -12.448 

Abbreviations:   

Based on estimated marginal means 

* The mean difference is significant at the < 0.05 level. 

b Adjustment for multiple comparisons: Bonferroni. 

 

 

 



 

Tab. 7. Specific changes in HRaverage in the SJR group 

Abbreviations:   

Based on estimated marginal means 

* The mean difference is significant at the < 0.05 level. 

b Adjustment for multiple comparisons: Bonferroni. 

 

Discussion  

The aim of this study was to assess the effect of CWT to reduce the lactate 

concentration of the athletes after HIIT protocol in elite futsal players. With respect to our 

prior hypothesis, we stated that the CWT with periodic immersions in cold water (18 ºC) for 

1-min and alternated with hot water (37 ºC) for 2-min, accumulating 15-min in the water 

would produce a significant decrease in lactate concentration in elite futsal players. This 

represents an important fact because the post-exercise recovery is really important in open 

sports such as futsal [26].  

In our study, we used HIIT because HIIT comes from the small period of rest leading 

to increased fatigue and high lactate concentration [27]. This may be explained by the 

increased lactate levels after simulated HIIT, in CWT and SJR groups. On the other hand, 

previous studies pointed on the fact that benefit of HIIT can be a promising tool to improve 

Time 

Measured 

(I) 

Time 

Measured 

(J) 

Mean 

Difference 

(I-J) 

Std. 

Error 

Sig.b 95% Confidence 

Interval for 

Differenceb 

Lower 

Bound 

Upper 

Bound 

Pre-test Post-test 5.000* 0.710 0.001 2.820 7.180 

Post 30-min 95.333* 1.982 0.001 89.250 101.417 

Post 60-min 113.067* 1.378 0.001 108.837 117.296 

Post-test Pre-test -5.000* 0.710 0.001 -7.180 -2.820 

Post 30-min 90.333* 2.065 0.001 83.997 96.670 

Post 60-min 108.067* 1.225 0.001 104.309 111.825 

Post 30-min Pre-test -95.333* 1.982 0.001 -101.417 -89.250 

Post-test -90.333* 2.065 0.001 -96.670 -83.997 

Post 60-min 17.733* 1.329 0.001 13.655 21.812 

Post 60-min Pre-test -113.067* 1.378 0.001 -117.296 -108.837 

Post-test -108.067* 1.225 0.001 -111.825 -104.309 

Post 30-min -17.733* 1.329 0.001 -21.812 -13.655 



the cardiac autonomic control, with more recommendation in athletes or healthy individuals 

with metabolic syndrome [28]. 

With respect to lactate concentration, CWT group findings show how CWT is more 

effective in decreasing lactate concentration than SJR group in elite futsal players after HIIT. 

The results of the present study support three previous studies that found CWT can enhance 

recovery of exercise performance [19,21,29,30]. In a study conducted by Versey et al, used 

three CWT protocols (CWT for 6-min, 12-min, or 18-min duration with commenced in hot 

water 38 ºC and alternated between hot and cold water 14 ºC every minute), suggesting that 

CWT for up to 12-min assisted recovery of cycling performance [19]. In addition, these 

results support the present study’s finding that CWT with accumulating 12 to 15-min in the 

water aided recovery of athletes after HIIT.   

Pournot et al, with CWT temperature 10–42 °C and a passive recovery, found that the 

practice of cold water immersion and CWT are more effective immersion modalities to 

promote a faster acute recovery of maximal anaerobic performances after an intermittent 

exhaustive exercise [21]. Another study conducted by Vaile et al, suggesting the benefits of 

CWT may be greater when athletes have cumulative fatigue from daily training session. 

Furthermore, these results explained that the CWT appear to improve recovery from high-

intensity cycling when compared to hot water immersion and passive recovery [29].  

The rapid recovery of heart rate in CWT group after 30-min and 60-min recovery 

supports some previous research relating to the positive influence of CWT as a recovery 

strategy [30]. The finding of the current study is that the application of CWT after the HIIT 

may have advantageous effects on HR.  

To explain the behavior of the results obtained. Enwemeka et al, indicate that 

cryotherapy results in a decrease in skin, subcutaneous and muscle temperature leading to 

vasoconstriction of the blood vessels and a decrease in swelling and inflammation through 

the slowing of the metabolism production [31]. Conversely, the application of hot water 

immersion has been shown to increase tissue temperature, metabolite production and muscle 

elasticity, to stimulate local blood flow and to reduce muscle spasm [32]. Also, previous 

research conducted by Zurawlew et al, which explained that the hot water immersion is 

commonly used to reduce pain or strain and promote healing in soft tissue injuries [33]. 

Furthermore, the findings of this study adds to the scientific literature that supports 

the use of CWT to assist post-exercise recovery and suggests that CWT for up to 15-min 

duration can assist recovery after HIIT. Although further studies are required to indicate the 

more underlying mechanisms by which this recovery strategy is efficient.  



 

Limitations   

The research has some limitations. Firstly, the physical, role-related, and emotional 

functioning, and the patients’ lifestyle differences could have an impact on the obtained 

results. Secondly, in our study time of alternated from cold water (18 ºC) to hot water (37 ºC) 

is approximately 15 seconds, we were afraid that have an impact on the obtained results. 

Conclusion 

 We demonstrated that CWT after HIIT, with periodic immersions in cold water (18 

ºC) for 1-min and alternated with hot water (37 ºC) for 2-min (total time 15 min) had an 

effect on the recovery of elite futsal players by decreasing the lactate concentration and rapid 

recovery of heart rate. Thus, the CWT should preferably be used by coaches and sport 

scientists to accelerate post-exercise recovery in athletes especially in futsal players, 

considering that this recovery evidently decreasing the lactate concentration and rapid 

recovery of heart rate.   
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