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Abstract
Purpose. The study investigated the effect of active recovery (AR) and cold-water immersion (CWI) recovery strategies on 
the speed of recovery after small-sided games (SSGs) in soccer players.
Methods. A crossover design was employed to divide 24 male soccer players from a first division Iranian National League 
(age: 22.3 ± 2.6 years) into 4 experimental conditions: active-active, active-CWI, CWI-active, and CWI-CWI. Heart rate 
(HR) variations (standard deviation of normal R-R intervals [SDNN], log-transformed root mean square of successive R-R 
intervals [lnRMSSD]) and self-reported indices (Hooper questionnaire and rate of perceived exertion [RPE]) were measured. 
Twenty-four hours after SSGs, the players performed one of the recovery strategies. Forty-eight hours after the session, they 
completed a 20-m sprint test; changes were compared with baseline.
Results. A significant difference in SDNN HR variations between AR and CWI recovery strategies (F = 4.86, p = 0.03, 2 = 0.31) 
was noted. Regarding within-experimental condition changes (F = 60.82, p = 0.001, 2 = 0.85), significant differences were 
detected when comparing data recorded before SSGs and immediately after SSGs (p = 0.001), as well as for data recorded 
before SSGs and immediately after recovery (p = 0.001). There was also a significant difference in lnRMSSD HR variations 
when AR and CWI were compared (F = 2.41, p = 0.033, 2 = 0.29). Within-experimental condition changes (F = 127.9, p = 
0.001, 2 = 0.74) indicated significant differences between data recorded before SSGs and immediately after SSGs (p = 0.001), 
as well as between data recorded before SSGs and immediately after recovery (p = 0.001). No significant difference was 
found between the SDNN index of HR variability for different recoveries (p = 0.055, 2 = 0.07). Moreover, no significant differences 
were noted between recovery strategies in terms of Hooper index (p = 0.832, 2 = 0.11), RPE (p = 0.41, 2 = 0.06), or 20-m 
sprint test (p = 0.78, 2 = 0.02).
Conclusions. CWI showed a greater effect than AR in restoring the impaired vagal-related HR variability indices observed 
immediately after SSGs. However, no advantage was observed between the recovery strategies.
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Introduction

Soccer involves many physical activities, including 
running at high speeds, changing direction, decreas-
ing or increasing acceleration, jumping, and tackling 
[1]. Repeatedly performing vigorous activities during 
soccer matches causes muscular fatigue, which de-
creases players’ performance during the same match 
or the subsequent one [2, 3]. Marked changes in bio-
chemical factors related to exercise-induced muscle 

damage remain for at least 72 hours after the match. 
In addition, decreases in physical performance reflect 
the attenuated neuromuscular function of maximum 
voluntary contraction, which reduces vertical jump 
height and sprint speed; these effects can persist for 
24–96 hours after the match [3].

Such issues highlight the importance of implement-
ing recovery strategies after soccer matches, which 
should be carefully designed [4]. Small-sided games 
(SSGs) are widely used in soccer training sessions 
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because they mimic the dynamic nature of matches, 
enabling players to improve both technical and tactical 
skills, while providing significant physiological stimuli 
to boost performance [5]. SSGs are adjusted versions 
of a formal game that reduce the number of players, 
change the pitch dimensions, or modify task constraints 
in accordance with the main objective of the coach [6]. 
As intense drill-based exercises, SSGs may have a re-
sidual fatigue effect on players, and some concerns 
have arisen about their impact on athletes’ readiness.

Different recovery strategies (e.g., cold-water im-
mersion [CWI], massage, light- to moderate-intensity 
exercises) have been prescribed to control the impact 
of training load on players’ physical performance and 
to attenuate its decreases [1]. It has been shown that 
soccer players use active recovery (AR) and CWI strat-
egies to reach optimal muscle recovery and reduce 
exercise-induced fatigue [7, 8]. AR might include slow 
jogging or submaximal training and stretching/mo-
bility exercises [8]. Elias et al. [9] investigated the effi-
ciency of a single exposure to 14 minutes of CWI and 
contrast water therapy (CWT) on post-exercise recov-
ery in Australian soccer players, revealing that the 
former intervention reduced muscular pain and fa-
tigue to a greater extent than CWT [9]. In addition, Bas-
tos et al. [10] assessed the potential benefits of CWI 
and AR for blood lactate concentrations and heart 
rate variability (HRV) indices after high-intensity ex-
ercise. They reported that AR and CWI improved per-
formance owing to the removal of blood lactate after 
high-intensity exercise [10].

Despite a lack of data, CWI is known to result in 
some improvements in post-exercise cardiac autonomic 
regulation when compared with AR and passive re-
covery [10]. Furthermore, AR is not recommended if 
the aim of the recovery session is to accelerate para-
sympathetic reactivation [10]. Although most studies 
on this topic [10, 11] have compared the short-term 
effects of AR and CWI strategies, these strategies are 
typically used to accelerate muscular recovery, espe-
cially if short rest intervals are considered as being 
applicable only immediately after the match or the day 
after. For instance, CWI may be used immediately after 
a match, and AR can be implemented the day after. 
Coaches might also prefer employing AR immedi-
ately after a match, as well as the day after. However, 
previous studies examined the short-term effects of 
AR and CWI when performed separately [9, 10], while 
little attention has been paid to the combined use of 
these strategies.

The number of investigations regarding SSGs has 
grown in the last decade [5, 12]. The effects of different 

task conditions (e.g., size of the field, the format of play, 
number of ball touches, rule changes) on physiological 
and physical variables have been extensively reported 
[13]. Most evidence suggests that a greater physiologi-
cal impact is exerted during small SSGs formats (1 vs. 1 
to 3 vs. 3) [13]. The response of heart rate (HR) to train-
ing, rate of perceived exertion (RPE), and concentra-
tions of blood lactate are the common variables assessed 
in physiological analyses [5]. SSGs seem to be advan-
tageous to training routines. However, little is known 
about the effect of recovery on physiological param-
eters [12]. Given the popularity of SSGs and the fact 
that chronic training sessions are frequently scheduled 
on consecutive days in soccer, much consideration 
should be given to players’ responses to SSGs when 
designing soccer training procedures [14].

To date, only 1 study [12] has investigated the effects 
of using different strategies at different intervals (e.g., 
immediately after, 24 hours after, and 48 hours after 
SSGs) on the speed of recovery and fatigue reduction. 
In addition, it has not yet been examined whether the 
order and combination of these methods accelerate 
recovery. Incorporating such strategies could help prac-
titioners and coaches to improve the muscular recovery 
of soccer players. Therefore, the purpose of this study 
was to compare the effects of 4 different recovery strat-
egies (CWI immediately after SSGs and AR 24 hours 
after SSGs, CWI immediately after SSGs and CWI 
24 hours after SSGs, AR immediately after SSGs and 
CWI 24 hours after SSGs, and AR immediately after 
SSGs and AR 24 hours after SSGs) on the speed of re-
covery in semi-professional soccer players.

Material and methods

Study design

The study followed a crossover design. The interven-
tion occurred in the mid-season, precisely 8 weeks 
after the beginning of the season. In the first phase of 
the study, all 24 players who were eligible to partici-
pate performed the 30–15 Intermittent Fitness Test so 
that we could measure their aerobic power. Then, each 
participant was randomly assigned to 1 of 4 crossover 
experimental conditions based on the combinations 
of strategies used: active-active (AA), active-CWI (AC), 
CWI-active (CA), or CWI-CWI (CC). All experimental 
conditions had training sessions consisting of a warm-
up followed by a 3 vs. 3 SSG format, with a training 
regimen of 4 repetitions of 4 minutes, with 3-minute 
rests [15]. After the session, the players implemented 
recovery strategies in accordance with their experi-
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mental conditions. The experiments occurred at the 
same time to prevent changes in players’ circadian 
rhythms and to ensure similar conditions between mo-
ments of assessment. The active strategy consisted of 
running at 40–50% of maximal HR (HRmax) for 10 
minutes after the first day of SSGs; the CWI strategy 
consisted of immersion in cold water (10–12°C) for 
10 minutes. Baseline values of HRV, self-reported 
measurement, RPE, and 20-m sprint tests were record-
ed. Comparisons between the experimental condi-
tions were tested to identify any potential differences 
before the intervention (Table 1).

Table 1. Baseline values of measured variables

Variables Conditions Mean ± SD
F  

(df (3.92))
Signifi-
cance

Hooper 
index (AU)

AA 9.4 ± 4.3

0.32 0.81
AC 9.5 ± 2.9
CA 10.7 ± 3.7
CC 10.5 ± 4.8

First day 
lnRMSSD 
(log)

AA 4.1 ± 0.5

0.55 0.65
AC 4.1 ± 0.5
CA 4.0 ± 0.4
CC 3.9 ± 0.4

First day 
SDNN (ms)

AA 109.6 ± 0.4

1.09 0.37
AC 108.01 ± 55.2
CA 86.8 ± 39.1
CC 84.6 ± 38.6

First day 
RPE (AU)

AA 3.9 ± 1.4

0.39 0.76
AC 4.1 ± 1.6
CA 4.5 ± 1.3
CC 4.0 ± 1.7

Pre-SSGs 
lnRMSSD 
(log)

AA 2.5 ± 0.8

1.45 0.24
AC 2.4 ± 0.8
CA 2.6 ± 0.6
CC 3.0 ± 0.7

Pre-SSGs 
SDNN (ms)

AA 28.4 ± 12.7

0.79 0.51
AC 30.1 ± 12.3
CA 33.5 ± 17.7
CC 39.4 ± 28.3

Pre-recovery 
speed (s)

AA 2.21 ± 0.1

0.81 0.50
AC 2.1 ± 0.1
CA 2.1 ± 0.1
CC 2.2 ± 0.1

AA – active-active strategy, AC – active-CWI strategy,  
CA – CWI-active strategy, CC – CWI-CWI strategy,  
CWI – cold-water immersion, AU – astronomical unit, 
lnRMSSD – log-transformed root mean square of 
successive R-R intervals, SDNN – standard deviation  
of normal R-R intervals, RPE – rate of perceived exertion, 
SSG – small-sided game

Participants

A total of 24 semi-professional club and collegiate 
male soccer players from a first division Iranian Na-
tional League took part in the present study (Table 2). 
The players’ training routine included 3 training ses-
sions (90 minutes per session) and 1 match per week. 
The inclusion criteria were: (1) at least 5 years of 
training experience; (2) no recent (within 4 weeks 
prior to the study) muscular or skeletomuscular inju-
ries; (3) non-smoking status; (4) no use of sports sup-
plements, anti-inf lammatory drugs, or medication 
within at least 6 months prior to the study; (5) not 
travelling for at least a week prior to the study; and (6) 
sleeping at least 7–8 hours per day. Exclusion crite-
ria involved cardiovascular diseases, sleep disorders, 
and other risk factors based on a doctor’s examina-
tion. All participants were familiar with SSGs and 
had frequently participated in such training. Further-
more, all players were fully acquainted with the exper-
imental procedures. The research followed the ethical 
standards of the Declaration of Helsinki for studies 
in humans [16]. The study lasted for 4 weeks. Each 
week consisted of 2 data collection sessions (Monday 
and Wednesday). The participants were randomly as-
signed to 4 experimental conditions (n = 6 in each con-
dition). They all completed the 4 recovery strategies 
during the 4-week study.

Table 2. Anthropometric characteristics of participants

Characteristics Mean ± SD

Age (years) 22.3 ± 2.6
Weight (kg) 75.3 ± 4.2
Height (cm) 176.0 ± 12.0
Body mass index (kg/m2) 24.3 ± 1.1

Small-sided games

We used 3 vs. 3 ball possession SSGs played on an 
18 × 20 m pitch (area per player: 60 m2) and a train-
ing regimen of 4 × 4 minutes interspaced by 3 min-
utes of recovery [15]. The SSGs were performed after 
a standardized warm-up protocol of 4 minutes con-
sisting of light running, mobility, and neuromuscular 
movements. The SSGs were carried out with the com-
mand to preserve collective ownership of the ball as 
long as possible [15]. To reduce disturbances when 
the ball left the pitch, spare balls were kept around 
the pitch, with 4 supporting players situated outside 
the playing area to put a spare ball into play when 
needed. Additionally, coaches constantly provided ver-
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bal encouragement to the players throughout the SSGs. 
The players were permitted to drink water during all 
recovery times during the SSGs [15].

Recovery strategies and procedures

On the first morning, before the training session 
(immediately after waking up), the participants as-
sumed a sitting position for 1 minute and then meas-
ured HRV for 1 minute using a Polar H7 pulse rate 
monitor. Also, to reflect the player’s physical state, 
the numbers corresponding to the Hooper question-
naire items (sleep, fatigue, pain, and stress) were re-
ported and sent to the researcher with the WhatsApp 
software. The HRV index was measured for 1 minute; 
after the SSGs, the players’ HRV scores were assessed 
again while seated by using a Polar H7 pulse rate moni-
tor and the Elite HRV software (Figure 1).

To reflect the players’ condition, the numbers cor-
responding to the Hooper questionnaire items (sleep, 
fatigue, pain, and stress) were reported and sent to 
the researcher through the WhatsApp software. The 
participants followed the AR strategy with 40–50% 
of HRmax for 10 minutes. After the subsequent rest 
period, they measured their HRV index scores using 
Polar H7 pulse rate monitors and the Elite HRV soft-
ware; HRV index scores were measured in 1 minute 
while the players were seated. Also, training inten-
sity was evaluated with the RPE index (CR10 Borg’s 
scale) [17]. On the second day (immediately after wak-
ing up), the players measured their HRV index using 
a Polar H7 pulse rate monitor and the Elite HRV soft-
ware for 1 minute while seated (Figure 1).

Moreover, to reflect the participants’ conditions, the 
numbers corresponding to the Hooper questionnaire 
items (sleep, fatigue, pain, and stress) were recorded 
and sent to the researcher through the WhatsApp soft-
ware. Then, in the afternoon (before the start of the 
training session), the players measured their HRV 
while seated using a Polar H7 pulse rate monitor and 
the Elite HRV software. Also, to reflect their physical 
state, the numbers corresponding to the Hooper index 
items (sleep, fatigue, pain, and stress) were recorded 
and sent to the researcher through the WhatsApp 
software.

On this day (24 hours after the training), the play-
ers used the CWI recovery strategy (10–12°C for 10 
minutes, immersion to the iliac spine level). Then, after 
recovery, they measured their HRV index again for 
1 minute using a Polar H7 pulse rate monitor and the 
Elite HRV software. During the morning session on 
the third day (immediately after waking up), the par-
ticipants measured their HRV index using a Polar H7 
pulse rate monitor and the Elite HRV software for 
1 minute. Also, to reflect the players’ condition, the 
numbers corresponding to the Hooper index (sleep, 
fatigue, pain, and stress) were recorded and sent to 
the researcher through the WhatsApp software. Then, 
in the afternoon of the same day (before the training), 
the players measured their HRV using a Polar H7 
pulse rate monitor and the Elite HRV software for 
1 minute (Figure 1).

In addition, to reflect their physical state, the num-
bers corresponding to the Hooper index items (sleep, 
fatigue, pain, and stress) were recorded and sent to 
the researcher through the WhatsApp software. On 

HRV – heart rate variability, SRM – self-reported measurement, RPE – rate of perceived exertion, SSG – small-sided game

Figure 1. Experimental protocol
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this day, the players performed a 20-m sprinting test. 
During the submaximal test, they tightened their 
pacemakers and recorded changes in HR, sprint dis-
tance, calorie intake, and other data using the Polar 
Beat software. The participants performed 3 repeti-
tions of the 20-m sprinting test, with a 2-minute rest 
period between the sets. The time recorder automati-
cally verified the players’ test times.

Self-reported measurement

Subjective wellness indices were gathered by uti-
lizing an altered psychological questionnaire in ac-
cordance with the commendations by Hooper and 
Mackinnon [18, 19]. The questionnaire comprises sub-
sets of perceived quality of sleep, stress, muscular fa-
tigue, or soreness, with each item counted on a 7-point 
scale (with 1 and 7 representing ‘very, very good’ and 
‘very, very poor’ wellness ratings, respectively). Over-
all wellness (Hooper index) was established through 
the summation of the 4 scores [18]. The players were 
previously familiarized with the questionnaire and 
the scale. During the data collection, the scores were 
provided individually to prevent participants from 
hearing one another’s responses, thus maximizing 
the accuracy of the scores.

20-m sprint test

The participants performed a warm-up protocol 
lasting 4 minutes and consisting of light running, 
mobility, and neuromuscular movements. They stood 
1 m apart before the first speed gate and ran at a maxi-
mum speed with a steering wheel. Upon skipping the 
first gate speedometer, the small speedometer moni-
tor (Arena Gear, RM-501-TrackNField-2G; USA) au-
tomatically started, and after the last gate was passed 
at the end of the 20-m course, the monitor automati-
cally stopped. The speed was recorded in millisec-
onds. There was a 2-minute break between the trial 
attempts, and all 3 times were recorded. The best score 
was assumed and used for the statistical analysis. The 
test was performed on the first day before the SSGs 
and on the third day in the afternoon (around 4–6 pm) 
at a temperature of 24°C.

Heart rate variability

For measuring HRV, each participant used an Elite 
HRV smartphone application and a Polar H7 HR moni-
tor (Polar Electro Oy; Kempele, Finland) with a sam-
pling frequency of 1000 Hz. Raw data of R-R intervals 
were handled through the Elite HRV to calculate HRV 

measures [18]. These resources have lately been au-
thenticated in a study showing a high conformity 
with the Kubios HRV 2.2 software for calculating the 
root mean square of successive differences (RMSSD) 
[19]. Recording measures comprised of a supine HRV 
evaluation conducted by each participant with their 
smartphone following individual waking times (i.e., the 
same individual time). HRV records continued for 
1 minute and were headed by a 1.5-minute steadiness 
period [18]. All HRV records were fulfilled under im-
pulsive breathing situations to avoid inconsistencies 
in the outcomes for the log-transformed root mean 
square of successive R-R intervals (lnRMSSD) [20]. The 
standard deviation of normal R-R intervals (SDNN) 
and lnRMSSD were collected with the Elite HRV soft-
ware [18]. The measurement was taken in the morn-
ing in the house and in the afternoon in the field.

Rate of perceived exertion

The players’ RPE values (CR10 Borg’s scale) [5] 
were assessed before the study and 24 and 48 hours 
after the recovery strategies. The participants were 
required to report the RPE of the game. In addition, 
they had been habituated with the RPE procedure in 
the earlier week in a theoretical session. The scores were 
provided individually.

Statistical analysis

Data normality and homogeneity were preliminarily 
tested by using the Kolmogorov-Smirnov test and Lev-
ene’s test, respectively. After verifying the assumptions 
of normality and homogeneity (p > 0.05), a mixed 
model of ANOVA was applied to test the within- and 
between-experimental conditions differences. Statis-
tical significance was set at p < 0.05. The Bonferroni 
post-hoc test was utilized for pairwise comparisons 
between experimental conditions. The magnitude of 
the changes was determined by executing partial eta 
squared ( 2) in ANOVA and the standardized effect 
size of Cohen in pairwise comparisons. Ferguson’s clas-
sification for partial eta squared ( 2) was utilized as 
follows: no effect ( 2 < 0.04), minimum effect (0.04  2 
< 0.25), moderate effect (0.25  2 < 0.64), and strong 
effect ( 2  0.64) [5]. All statistical analyses were per-
formed with the SPSS software (version 24; IBM, Chi-
cago, USA).

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
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tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the Hu-
man Subject Committee of the University of Isfahan 
(IR.UI.REC.1397.135).

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

Figure 2A represents the SDNN index (standard 
deviation of all NN intervals for all 1-minute segments 
of the total recording) changes between the AR and 
CWI recovery strategies. The between-experimental 
conditions analysis revealed a significant difference in 
SDNN HR variations between AR and CWI (F = 4.86, 
p = 0.03, 2 = 0.31, moderate effect). Thus, CWI showed 

AA – active-active strategy, AC – active-CWI strategy, CA – CWI-active 
strategy, CC – CWI-CWI strategy, CWI – cold-water immersion,  
SDNN – standard deviation of normal R-R intervals, SSG – small-sided 
game, lnRMSSD – log-transformed root mean square of successive 
R-R intervals, SRM – self-reported measurement, RPE – rate of 
perceived exertion

Figure 2. (A) SDNN index changes between active and  
CWI recovery, (B) lnRMSSD index changes between active 
and CWI recovery, (C) lnRMSSD index changes between 

different strategies, (D) Hopper index changes in the 
morning between different strategies, (E) variations of 
SDNN index between different strategies, (F) changes  
in the perceived pressure index of exercise between 
different strategies, (G) changes in 20-m sprint test 

between different strategies
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a better effect (mean difference: 23.2; 242.2%) than 
AR in restoring the impaired vagal-related HRV indices 
observed after SSGs. As for the within-experimental 
condition changes (F = 60.82, p = 0.001, 2 = 0.85, 
strong effect), significant differences were detected be-
tween the status before SSGs and immediately after 
SSGs (p = 0.001), as well as between the status before 
SSGs and immediately after recovery (p = 0.001).

There was a significant difference in lnRMSSD 
HR variations (Figure 2B) between the AR and CWI 
recovery strategies (F = 2.41, p = 0.033, 2 = 0.29, 
moderate effect). Thus, CWI showed a better effect 
(mean difference: 0.81; 185.7%) than AR in restoring 
the impaired vagal-related HRV indices observed after 
SSGs. As for the within-experimental condition changes 
(F = 127.9, p = 0.001, 2 = 0.74, strong effect), signifi-
cant differences were noted between the status be-
fore SSGs and immediately after SSGs (p = 0.001), as 
well as between the status before SSGs and immedi-
ately after recovery (p = 0.001).

In addition, there was no significant difference in 
lnRMSSD HR variations (Figure 2C) between the 
different strategies (F = 2.54, p = 0.065, 2 = 0.04). 
As for the within-experimental condition changes (F = 
1.96, p = 0.14, 2 = 0.04, no effect), no significant differ-
ence was determined between the first and the second 
day (p = 0.47) or between the second and the third day 
after recovery (p = 0.17).

Furthermore, there was no significant difference in 
Hopper index changes (Figure 2D) between the dif-
ferent strategies (F = 0.291, p = 0.832, 2 = 0.11, mini-
mum effect). As for the within-experimental condition 
changes (F = 0.81, p = 0.22, 2 = 0.02, no effect), sig-
nificant differences were not noted between the first 
and the second day (p = 0.66, 2 = 0.03) or between the 
second and the third day after recovery (p = 0.81, 

2 = 0.02).
There was no significant difference in SDNN HR 

changes (Figure 2E) between the different strategies 
(F = 2.73, p = 0.055, 2 = 0.07, no effect). However, the 
CA strategy seems more effective than other strate-
gies in reducing HR. In the within-experimental con-
dition analysis (F = 2.55, p = 0.08, 2 = 0.05, moderate 
effect), no significant differences were observed be-
tween the first and the second day (p = 0.72, 2 = 0.02) 
or between the second and the third day, and imme-
diately after recovery (p = 0.052, 2 = 0.03).

Additionally, no significant difference was noted 
in changes of the perception pressure index (Figure 2F) 
between the different strategies (F = 978, p = 0.41, 

2 = 0.06, minimum effect). In the within-experimen-
tal conditions analysis (F = 50.05, p = 0.001, 2 = 0.53, 

moderate effect), significant differences were noted 
between the first and the second day (p = 0.001, 2 = 
0.58 moderate effect), between the second and the third 
day, and immediately after recovery (p = 0.001, 2 = 
0.44, moderate effect).

Moreover, there was no significant difference be-
tween the changes in the 20-m sprint test (Figure 2G) 
between the different strategies (F = 0361, p = 0.78, 

2 = 0.02, no effect). In the final within-experimental 
conditions analysis (F = 18.8, p = 0.001, 2 = 0.29, 
moderate effect), significant differences were noted be-
tween the status before and. 48 hours after the 20-m 
sprint test (p = 0.001, 2 = 0.37, moderate effect).

Discussion

The purpose of this investigation was to compare 
the effects of 4 recovery strategies in semi-professional 
soccer players. The results showed a significant dif-
ference between AR and CWI in SDNN and lnRMSSD 
HR variations. Thus, CWI showed a greater effect than 
AR in restoring the decreased vagal-related HRV in-
dices observed immediately after SSGs. However, the 
results revealed no significant difference between the 
lnRMSSD and SDNN HRV indices, Hooper index, 
RPE, or the 20-m sprint test in the applied strategies. 
Therefore, the main findings of this study were that 
(1) HRV indices were significantly increased after CWI 
and (2) none of the strategies caused significant changes 
in the measured variables.

We used HRV indices to noninvasively assess car-
diac autonomic function because the straight evalua-
tion of cardiac parasympathetic nerve activity (soon 
after the training) was not achievable. The limitations 
of using HRV indices are well known [21, 22]. A de-
crease in cardiac vagal activity after training can cause 
ischemic heart disease, which is the pathogenesis of 
malignant ventricular arrhythmias and sudden car-
diac mortality [21]. Buchheit et al. [21] investigated 
the immediate effect of using a CWI strategy on post-
exercise parasympathetic reactivation and showed that 
CWI meaningfully restored the lessened vagal-related 
HRV indices after super-maximal training. Thus, CWI 
might be an applicable tool that can quicken para-
sympathetic reactivation during the period immedi-
ately after super-maximal training [21].

Al Haddad et al. [23] investigated the effects of cold 
and thermoneutral water immersion on post-training 
parasympathetic reactivation inferred from HR re-
covery and HRV measures [23]. In agreement with 
our findings, they revealed that water immersion was 
an efficient strategy for approximately generating post-
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training parasympathetic activity, with cold immer-
sion temperatures liable to be more applicable to in-
crease parasympathetic activity [23]. In addition, Bastos 
et al. [10] examined the effects of CWI and AR on post-
exercise HRV [10], indicating improvements in post-
exercise cardiac autonomic function when compared 
with AR and passive recovery.

Indeed, SSGs triggered a significant reduction in 
vagal-related HRV indices quickly after the termina-
tion of exercise. However, we could not establish the 
precise mechanisms by which the CWI strategy in-
fluenced the autonomic system after training; this 
matter necessitates future examination. However, our 
frequently utilized recovery (10 minutes at 10–12°C, 
immersion to the iliac spine level) caused parasym-
pathetic supremacy that was mirrored by the noted 
bradycardia and enhancement of HRV indices.

Our results approve that CWI increases cardiac 
parasympathetic control [21]. Consequently, the effi-
ciency of CWI (10 minutes at 10–12°C, immersion to 
the iliac spine level) in restoring parasympathetic 
modulation depends on the advantageous connections 
among the 2 branches of the autonomic nervous system 
that are concurrently responsible for thermoregulation, 
cardiovascular stability, and homeostasis restoration. 
The current results confirm that CWI can be utilized to 
fleetingly improve the cardioprotective background 
at the minimum after SSGs [21].

Generally, the temperature of the water and hy-
drostatic pressure have been identified owing to the 
applicable agents on the regenerative advantages of 
this strategy [24]. The conceivable changes produced 
through this method include modifications in the in-
tracellular and intravascular fluid, diminished muscu-
lar oedema, augmented cardiac adaptation [24], im-
proved blood flow, and the removal of hydrogen ions, 
lactate, etc. [24]. Furthermore, psychological benefits 
have been illustrated (e.g., the analgesic effect due to 
changes in the perception of pain and discomfort [24] 
or fatigue reduction throughout the immersion). CWI 
decreases cardiac response and increases cardiac pe-
ripheral resistance, oxygen consumption, and metabo-
lism as the body works to maintain its core tempera-
ture [24].

Alternatively, AR can be performed closely after or 
during a subsequent training session. Although it is 
a commonly employed recovery strategy among soccer 
players with divergent training experience, there is no 
strong evidence to confirm its beneficial effects [25]. 
Numerous outcomes have been outlined, in both the 
short term and long term, on the recovery process in 
soccer (intersession) [24]. In the short term, low-inten-

sity endurance exercise appears to produce a quicker 
excretion of lactate [24], which is used by the liver, as 
well as by cardiac and skeletal muscles to produce 
ATP through the gluconeogenesis cycle [24]. Addi-
tional likely favourable results are fewer unexpected 
drops in core temperature that decrease the arousal 
level of the central nervous system, thereby leading 
to higher sleep quality after a match [24]. Conversely, 
various negative influences of the AR strategy have 
been explained, such as glycogen depletion within 
skeletal muscles [24]. Although low-intensity endur-
ance exercise seems to have encouraging effects on 
lactate excretion, its impact on sports performance is 
not conclusive. Consequently, whether this recovery 
strategy reduces acute fatigue after a match or train-
ing session is arguable and continues to be an engag-
ing topic of research [24].

Moreover, there was no significant difference be-
tween the changes in the 20-m sprint test performance 
among the different strategies. Regarding the within-
experimental condition changes, significant differences 
were noted between pre-test data and data collected 
48 hours after the test. It seems that the improvement 
in the 20-m sprint test performance is due to the op-
timal effectiveness of each recovery strategy.

To date, few studies have explored the use of recov-
ery strategies and their combinations [7, 26–28]. Former 
investigations confirm the benefits of various recovery 
strategies for function-related factors [26]. CWI seems 
to decrease muscle damage and stiffness after high-in-
tensity eccentric exercise. Meanwhile, endurance ex-
ercise and electrostimulation appear to reduce muscle 
pain [26]. In addition, contrast baths and low-inten-
sity endurance exercise seem to diminish the muscle 
damage marker (e.g., creatine kinase) concentrations. 
Nevertheless, on the basis of the outcomes presented 
here, we cannot conclude that there is only a single ef-
ficient recovery strategy. Kinugasa and Kilding [27] also 
showed that a combination of recovery techniques, e.g., 
cryotherapy and AR, significantly improved the rate 
of recovery in soccer players [27].

According to the results of this study, there was no 
significant decrease in the Hooper index responses 
in any of the strategies. In other words, all 4 strategies 
led to equal improvements in Hooper index responses. 
The decrease in Hooper index scores can be consid-
ered a function of fatigue decrements, as the self-re-
ported measurement (Hooper index) is a combination 
of 4 factors that measure sleep, muscle pain, stress, 
and fatigue. The present study is novel in terms of ex-
ploring the impact of the recovery strategies on Hooper 
index responses.
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In addition, in our study, no significant difference 
was noted between all strategies regarding RPE. We 
used the CR10 Borg’s scale to measure muscle soreness 
with 4 different recovery strategies [26, 29]. Although 
this scale is usually utilized to measure localized mus-
cle pain [26], 1 study found advantageous effects of its 
application to evaluate recovery after training or af-
ter recovery strategies. Elias et al. [9] investigated the 
efficiency of a single exposure to 14 minutes of CWI 
and CWT in post-training recovery among Australi-
an soccer players [9] and revealed attenuated muscle 
soreness after both CWT and CWI. CWT reduced sore-
ness at 1 and 48 hours, while CWI reduced soreness 
close to baseline levels at 1 hour and reduced muscle 
soreness after 48 hours. Both strategies were effective 
in moderating perceived fatigue. Fatigue was attenu-
ated by CWT at 1 and 48 hours. CWI also reduced fa-
tigue after 1 and 24 hours, while reducing fatigue to 
pre-training levels after 48 hours [9].

In our study, CR10 Borg’s scale scores were ele-
vated in all experimental conditions, showing that the 
global perceived muscle soreness in the lower extrem-
ity musculature increased at the end of the training 
session. Capodaglio [29] used the CR10 pain scale to 
assess – in 4-minute intervals – perceived muscle 
soreness of the upper body during and after a high-
intensity arm ergometer test [26, 29]. It is likely that 
the utilization of continuous running for 8 minutes 
during recovery destructively influences athletes’ per-
ceptions of muscle pain in comparison with strategies 
that employ relaxation stretch techniques without re-
quiring any motor activity. For example, the stretch-
ing and leg raise technique involves supine resting 
with the legs elevated, which promotes venous return 
and reduces pain in the lower limbs [26].

The main objective of this evaluation was to com-
pare the effects of 4 recovery strategies among semi-
professional soccer players in terms of HR-related in-
dices. However, our training procedure did not allow us 
to decipher the respective influences of immersion vs. 
cold exposure on post-exercise parasympathetic re-
activation. Nevertheless, the present study has the ad-
vantage of being performed in 4 microcycles; as such, 
the data reflect actual specific loads. This, paired 
with the capability to screen the variables in an organ-
ized and standardized way, further strengthens the 
conclusions presented in this study. The sample size 
of the research represents a potential limitation with 
regard to the generalizability of the findings.

Conclusions

It would be beneficial for soccer players to use CWI 
(10 minutes at 10–12°C, immersion to the iliac spine 
level) to relieve the metabolic stress, especially in the 
cardiac muscle, immediately after high-intensity work-
outs such as SSGs. It seems that the order of the recov-
ery strategies has no effect on the speed of recovery 
after SSGs.
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