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Supplementary Material S3 

EXTRACTION FORM 

 

[A] Sleep (n=3) 

 

Study  Design Participants Exercise 
Recovery Intervention 

and Timing 

Measurements and 

Timing 
Main Findings 

Hsouna et al.
1
 

Non-randomized cross-

over trial 

Amateur male football 

players  (age= 23±3 yrs; n= 

12) 

Simulated football match 

No-nap opportunity 

(control) vs. 40 min nap 

opportunity (NAP) in the 

afternoon after the 

simulated match (~17 h 

after the simulated match) 

Total distance covered and  

best distance (5-m shuttle 

run test) at ~20 h; 

perceptive parameters (i.e. 

sleepiness scale) at ~18 h 

and after the 5-m shuttle 

run test (i.e., RPE and 

muscle soreness) 

↑ total distance and ↑ best 

distance during 5-m shuttle 

at ~20 h; 

↑ perceptive sleepiness, ↑ 

muscle soreness at ~18 h; 

 

Aloulou et al.
2
 

Randomized cross-over 

trial 

Elite male rugby players 

(age= 20.8±1.0 yrs; n=19) 
Official rugby match 

Normal mattress (control) 

vs. high heat transfer 

capacity mattress (MAT) 

during the night post-match 

(~7 h post-match) 

Polysomnography, mattress 

surface temperature and 

core temperature during 

recovery intervention; 

biochemical (i.e. serum 

CK), perceptive (i.e. 

hooper’s index) and 

physical measures (i.e. 

CMJ) ~24 h 

↑ mean nocturnal core 

temperature, ↑ mean 

mattress surface 

temperature during 

intervention; 

↑ Wake after sleep onset, 

↑ sleep efficiency and ↑ 

REM at ~24 h; = CK, = CMJ 

and = perceptive fatigue at 

~24 h 

https://paperpile.com/c/UpKaKL/Q8dV
https://paperpile.com/c/UpKaKL/7bvE
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Fullagar et al.
3
 

Randomized cross-over 

trial 

Amateur male football 

players (age > 18 yrs; 

n=20) 

Official football match 

Normal post-match routine 

(control) vs. sleep hygiene 

strategy (SHS) at ~3 h 

post-match 

Actigraphy on the night 

post-match and on the 

following night.  

Physical (i.e., CMJ height, 

CMJ force  and YYUR2 

distance) and physiological 

parameters (i.e. HR during 

YYUR2) at 12 and 36 h; 

biochemical markers (i.e., 

CK, Urea and CRP) at, 10, 

20, 34 and 44 h; perceptive 

fatigue and recovery at 12, 

24, 36 and 48 h 

↑ sleep duration, ↓ wake 

episodes, ↑ time asleep on 

the night after the match, = 

sleep onset latency, = sleep 

efficiency, = total wake 

duration and = time awake 

during the intervention; 

= CMJ height, = CMJ force 

and = YYIR2 distance at 12 

and 36 h; = Max. HR during 

YYIR2 at 12 h, ↑ Max. HR 

during YYIR2 at 36 h; = CK, = 

Urea, and = CRP at 10, 20, 34 

and 44 h; = overall 

perceptive recovery and = 

overall perceptive stress in 

all periods 

 

Legend: ↑ significant benefit, ↓ significant harm, = no significant difference, SJ: squat jump, CMJ: Countermovement jump, RSI: reactive strength index, MVC: maximal 

voluntary contraction, LIST: Loughborough Intermittent Shuttle Test, YYIRT1: yo-yo intermittent recovery test level 1, YYIRT2: yo-yo intermittent recovery test level 2, 

HR: heart rate, CK: creatine kinase, REM: rapid eye movements, TNF-α: tumor necrosis factor alpha, Il-6: Interleukin-6, CK-Mb: creatine kinase myocardial, cTnT: cardiac 

troponin T, CPR: c-reactive protein, AST: aspartate transaminase, LDH: lactate dehydrogenase, GPT: glutamic pyruvic transaminase, GOT: glutamic oxaloacetic 

transaminase, DOMS: delay onset muscle soreness, POMS: profile of mood states 

 

 

  

https://paperpile.com/c/UpKaKL/82mV
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[B] Nutrition (n=3) 

 

Study  Design Participants Exercise 
Recovery Intervention 

and Timing 

Measurements and 

Timing 
Main Findings 

Mor and Ipekoglu
4
 

Randomized controlled 

trial 

Elite male football players 

(age= 18 to 22 yrs; n=22) 

Exercise-induced muscle 

damage 

300 mL of water (control) 

vs. 30g of protein 

supplementation 

(PROTEIN) immediately 

post-exercise. 

Biochemical parameters 

(i.e., total protein, ALT, 

AST, LDH, and CK) at 2 h 

↑ AST at 2 h post-exercise; 

= Total protein, = ALT, = 

LDH and = CK at 2 h 

Cockburn et al.
5
 

Non-randomized controlled 

trial 

Amateur male football 

players (age= 24±4 yrs; 

n=14) 

Exercise-induced muscle 

damage 

500 mL of water (control) 

vs. 500 mL of semi-

skimmed milk (MILK) 

immediately post-exercise. 

Biochemical (i.e., serum 

CK and serum Mb), 

perceptive (muscle 

soreness) and physical 

parameters (CMJ height, 

reactive strength index, 15-

m sprint and agility test) at 

24, 48 and 72 h; 

Loughborough Intermittent 

Shuttle Test at 48 h 

= CK, =  CK-Mb, = muscle 

soreness, = CMJ height, = 

RSI, = 5-m sprint time 

(during 15-m), and = 10-m 

sprint time (during 15-m) in 

all periods; = 15-m sprint 

time and = agility time; 

↑ 15-m sprint time during 

LIST at 48 h 

Gunnarsson et al.
6
 

Randomized controlled 

trial 

Elite male football players 

(age= 24±1 yrs; n=19) 

 

Official football match 

Normal diet (control) vs. 

diet with a high content of 

carbohydrates and whey 

protein (HCP) at 1 and 24 

h post-match 

Blood samples (i.e., serum 

CK and serum Mb) and 

biopsy from vastus lateralis 

at 24 and 48 h 

= muscle glycogen at 24 and 

48 h; = glycogen resynthesis 

at 24 and 48 h; ↓ CK at 24h 

 

Legend: ↑ significant benefit, ↓ significant harm, = no significant difference, SJ: squat jump, CMJ: Countermovement jump, RSI: reactive strength index, MVC: maximal 

voluntary contraction, LIST: Loughborough Intermittent Shuttle Test, YYIRT1: yo-yo intermittent recovery test level 1, YYIRT2: yo-yo intermittent recovery test level 2, 

https://paperpile.com/c/UpKaKL/F12V
https://paperpile.com/c/UpKaKL/21EX
https://paperpile.com/c/UpKaKL/dd1T
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HR: heart rate, CK: creatine kinase, REM: rapid eye movements, TNF-α: tumor necrosis factor alpha, Il-6: Interleukin-6, CK-Mb: creatine kinase myocardial, cTnT: cardiac 

troponin T, CPR: c-reactive protein, AST: aspartate transaminase, LDH: lactate dehydrogenase, GPT: glutamic pyruvic transaminase, GOT: glutamic oxaloacetic 

transaminase, DOMS: delay onset muscle soreness, POMS: profile of mood states 
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[C] Cold Water Immersion (n=21) 

 

Study  Design Participants Exercise 
Recovery Intervention 

and Timing 

Measurements and 

Timing 
Main Findings 

Chaiyakul and Chaibal
7
 

Randomized cross-over 

trial 

Amateur male basketball 

players (age= 21±1.8 yrs; n= 

11) 

Exercise-induced fatigue 

Passive recovery seated 

(control) vs. cold water 

immersion at 1 h post-

exercise (CWI1; water 

immersion for 15 min at 15º 

C) vs. cold water immersion 

at 3 h post-exercise  (CWI3; 

water immersion for 15 min 

at 15º C) 

Physiological (i.e., HR,  

respiratory rate, systolic 

blood and  diastolic blood 

pressure) perceptive (RPE 

and muscle soreness) and 

physical parameters 

(distance during shuttle 

run and vertical jump 

height) at 24h post-

exercise. 

= Heart rate, = respiratory 

rate, = systolic blood 

pressure and = diastolic 

blood pressure at 24 h post-

exercise; 

= RPE at 24 h post-exercise; 

↑ muscle soreness at 24 h 

post-exercise for CWI1 and 

CWI3. 

= shuttle run distance; 

 ↑ vertical jump for CWI1 

and CWI3 at 24 h post-

exercise. 

Barber et al.
8
 

Randomized controlled 

trial 

Elite male rugby players  

(age= 20±1.2 yrs; n=16) 
Simulated rugby match 

Passive recovery seated 

(control) vs. cold water 

immersion (CWI; 2x5 min 

in water at ~10ºC separated 

by 2.5 min at air 

temperature) after simulated 

match. 

Biochemical (i.e. plasma 

CK), perceived muscle 

soreness, and physical 

parameters (i.e., CMJ and 

MVC) at 1, 24 and 48 h 

after the simulated rugby 

match. 

Likely benefits in muscle 

soreness at 24 and 48 h post-

exercise; 

Likely benefits in MVC 24 

and 48 h post-exercise; 

Likely benefits in CK 24 and 

48 h post-exercise; 

Likely benefits in CMJ 24 

and 48 h post-exercise; 

https://paperpile.com/c/UpKaKL/Ntby
https://paperpile.com/c/UpKaKL/Ik3l
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Egaña et al.
9
 

Randomized cross-over 

trial 

Amateur male team sport 

players (age= 22±2 yrs; n=10) 
Exercise-induced fatigue 

Passive recovery seated for 

15 min (control) vs. cold 

water immersion for 2.5 

min at 8ºC (CWI2.5) vs. 

cold water immersion for 5 

min at 8ºC (CWI5) between 

the 2 halves of the exercise. 

Core temperature and HR 

during the second half of 

the exercise-induced 

fatigue. 

Cycling total work, mean 

power and peak power and 

VO2 after the second half 

of the exercise. 

= cycling total work, = peak 

power, = mean power and = 

VO2 in CWI2.5 and CWI 5; 

↑ core temperature in all 

recovery times after the first 

half of the exercise-induced 

fatigue for CWI2.5 and CWI5; 

Nunes et al.
10

 
Randomized cross-over 

trial 

 

Elite male rugby players  

(25.2±3.6 yrs; n=22) 

 

Official rugby match 

Passive rest seated (control) 

vs. cold water immersion 

for 10 min at 8ºC (CWI) 

immediately post-match. 

 

Biochemical (i.e., TNF-α, 

IL-6), perceptual (i.e. 

muscle soreness and 

recovery) and physical 

parameters (i.e., SJ, CMJ, 

10 and 30-m sprint time) 

at, 0.5, 24, 48, and 72 h 

post-match. 

 

Likely benefits in TNF-α at 

24 and 72 h post-match; 

Trivial effect in IL-6 at 24, 

48 and 72 h post-match; 

Trivial effect in muscle 

soreness and perceived 

recovery at 24, 48 and 72 h 

post-match; 

Likely benefits in SJ at 24 

and 48 h post-match; 

Trivial effect in CMJ, 10 and 

30 m sprint at 0.5, 24, 48 and 

72 h post-match; 

Çakir et al.
11

 
Non-randomized 

controlled trial 

Amateur male football players 

(22.4±3.16yrs; n=23) 

Exercise-induced muscle 

damage 

Passive recovery seated for 

10 min (control) vs. cold 

water immersion for 10 min 

at 15ºC (CWI) immediately 

post-exercise. 

Blood samples (i.e., cTnT 

and MB) 2 and 24 h post-

exercise. 

= MB and = cTnT at 2 and 

24 h post-match; 

https://paperpile.com/c/UpKaKL/S0vQ
https://paperpile.com/c/UpKaKL/qaws
https://paperpile.com/c/UpKaKL/SMcf
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Chow et al.
12

 
Randomized controlled 

trial 

Amateur male and female rugby 

players (22.9±2.4 yrs; n=41) 
Exercise-induced fatigue 

Passive recovery seated for 

1 min (control) vs. cold 

water immersion for 1 min 

at ~5ºC (CWI) immediately 

after exercise. 

Physical parameters (i.e., 

knee extensors and knee 

flexors isometric peak 

torque, CMJ and hexagon 

agility test) immediately 

post-exercise; 

= knee extensors and = knee 

flexors peak torque 

immediately post-exercise; 

= knee extensors and = knee 

flexors time to peak torque 

immediately post-exercise; 

 = CMJ height and = 

hexagon agility time 

immediately post-exercise. 

Bouzid et al.
13

 
Randomized cross-over 

trial 

Elite male football players 

(19.63 ± 0.74 yrs; n=8) 
Simulated football match 

Thermoneutral water 

immersion for 10 min at 

~28ºC (control)) vs. cold 

water immersion for 10  

min at ~10ºC (CWI) 

immediately after exercise. 

Biochemical (i.e., serum 

CK), perceptive (i.e., RPE 

and muscle soreness) and 

physical measures (i.e., SJ 

height, CMJ height, MVC 

of quadriceps and sprint), 

immediately, 24, 48 and 

72 h post-exercise. 

↑ CK immediately and 24 h 

post-exercise, = CK 48 and 

72 h post-exercise; 

↑ muscle soreness 

immediately, 24 and 48 h 

post-exercise, = muscle 

soreness at 72 h post-

exercise. 

↓ SJ immediately post-

exercise, = SJ at 24, 48 and 

72 h post-exercise; 

= CMJ immediately, 24, 48 

and 72 h post-exercise; 

↑ MVC of quadriceps 24 and 

48 h post-exercise, = MVC of 

quadriceps immediately and 

72 h post-exercise; 

= sprint in all post-exercise 

periods;  

https://paperpile.com/c/UpKaKL/xeOH
https://paperpile.com/c/UpKaKL/nxtP
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Anderson et al.
14

 
Randomized cross-over 

trial 

Amateur male team sport 

players (age= 24±2 yrs; n=9) 
Exercise-induced fatigue 

Passive recovery seated for 

12 min (control) vs. 

moderately cold water 

immersion for 12 min at 

~14ºC (MCWI) vs. severely 

cold water immersion for 12 

min at ~5ºC (SCWI), 

immediately post-exercise. 

Biochemicals (i.e., lactate, 

and CK), perceptive 

muscle soreness and 

physical measures (i.e., 

cycling peak and mean 

power output) 

immediately, 24, 48 and 

72 h post exercise. 

= lactate, = CK, = muscle 

soreness in all post-exercise 

periods;  

= peak power output in all 

post-exercise periods;  

↓ mean power output in all 

post-exercise periods for 

MCWI and SCWI. 

Abedi et al.
15

 
Randomized controlled 

trial 

Elite male football players 

(age= 22.1 ± 2.32  yrs; n=20) 
Simulated football match 

Passive recovery seated and 

lying down for 12 min 

(control) vs. cold water 

immersion for 12 min at 

10ºC (CWI), immediately 

post-exercise. 

Blood samples (i.e., CK, 

and CPR) immediately, 24 

and 48 h post-exercise. 

= CK and = CPR 

immediately post-exercise; 

↑ CK and ↑ CPR at 24 and 

48 h post-exercise. 

Arabmomeni and 

Mostafavi
16

 

Randomized controlled 

trial 

Elite male football players 

(age= 22.3±2.38 yrs; n=20) 
Simulated football match 

Passive recovery seated and 

lying down for 15 min 

(control) vs. cold water 

immersion for 15 min at 

10ºC (CWI) immediately 

after the simulated match. 

Blood samples (i.e., serum 

CK, and CPR) were 

collected immediately, 24 

and 48 h after the exercise. 

↑ CK and ↑ CPR at 24 and 

48 h post-exercise. 

Garcia et al.
17

 
Randomized cross-over 

trial 

Amateur rugby players (23±4.7 

yrs; n=8) 
Simulated rugby match 

Passive recovery seated 

(control) vs. cold water 

immersion for 9 min at 

~9ºC (CWI) immediately 

after the simulated match. 

Perceptive total quality 

recovery and physical 

parameters (i.e., agility T-

test, CMJ and CJ30, 

immediately and 12 h 

post-exercise. 

↑ perceptive recovery at 12 

h post-exercise, = perceptive 

recovery immediately post-

exercise; 

↓ agility immediately post-

exercise, = agility at 12 h 

post-exercise. 

↓ CMJ immediately post-

https://paperpile.com/c/UpKaKL/NTEM
https://paperpile.com/c/UpKaKL/IzXo
https://paperpile.com/c/UpKaKL/KCqZ
https://paperpile.com/c/UpKaKL/gExi
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exercise, = CMJ at 12 h post-

exercise; 

↓ repeated jump  

immediately post-exercise, 

↑ repeated jump at 12 h 

post-exercíce; 

Moreira et al.
18

 
Randomized cross-over 

trial 

Elite male futsal players (age 

=24±3 yrs; n=10) 
Unofficial futsal match 

Passive recovery seated 

(control) vs cold water 

immersion for 12 min at 

15ºC (CWI) immediately 

post-match 

Perceptive muscle 

soreness and physical 

parameters (i.e., CMJ, 

repeated jump ability, and 

repeated sprint running) at 

~0 and 24 h 

= muscle soreness at ~0 and 

24 h; 

↓ CMJ and ↓ repeated 

jump at ~0 h;  = CMJ and = 

repeated jump at 24 h 

↓ repeated sprint at ~0 h, = 

repeated sprint at 24 h. 

Leeder et al.
19

 
Randomized controlled 

trial 

Elite male team sports players 

(21 ± 3yrs; n=24) 
Exercise-induced fatigue 

Passive recovery seated for 

14 min (control) vs. cold 

water immersion seated for 

14 min at 15ºC (CWISE) 

vs. cold water immersion 

standing for 14 min at 15ºC 

(CWIST) immediately post-

exercise. 

Biochemical (i.e., CK and 

CRP), perceptive muscle 

soreness and physical 

parameters (i.e. MVC and 

CMJ) at baseline, 

immediately, 24, 48 and 

72 h post-exercise. 

IL-6 at immediately, 1 and 

6 h post-exercise. 

= muscle soreness at 24 and 

72 h post-exercise;  

↑ muscle soreness at 48 h 

post-exercise for CWIST; 

= muscle soreness at 48 h 

post-exercise between 

CWISE and Control; 

= CK, = CRP and = IL-6 in 

all post-exercise periods. 

= MCV and = CMJ in all 

post-exercise periods. 

https://paperpile.com/c/UpKaKL/SZ3y
https://paperpile.com/c/UpKaKL/AwhC
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Takeda et al.
20

 
Randomized cross-over 

trial 

Amateur male rugby players 

(20.3±0.6 yrs; n=20) 
Simulated rugby training 

 

Passive recovery seated 

for 15 min (control) vs. 

cold water immersion 

for 10 min at 15ºC 

(CWI), immediately 

post-exercise. 
 

Physiological (i.e, axillary 

temperature and body 

surface temperature), 

biochemical (i.e., AST, 

LDH, CK, creatine and 

lactate), perceptive (i.e 

feeling of fatigue) and 

physical measures (50-m 

sprint, cycling peak power, 

side steps time, CMJ and 

reaction time) immediately 

and 24 h post-exercise. 

↑ axillary temperature and 

↑body surface temperature 

immediately post-exercise, = 

axillary temperature and = 

body surface temperature at 

24 h post-exercise; 

↑ perceptive fatigue 

immediately post-exercise, = 

perceptive fatigue at 24 h 

post-exercise. 

= biochemical parameters 

immediately and 24 h 

postexercise. 

= physical  parameters 

immediately and 24 h 

postexercise. 

Cool and Beaven
21

 
Non-randomized cross-

over trial 

Amateur male rugby players 

(age= 23.3±1.4 yrs; n=12) 
Exercise-induced fatigue 

Passive recovery seated for 

15 min (control) vs. cold 

water immersion for 15 min 

at ~14ºC (CWI) 

immediately post-exercise. 

Core body temperature 

immediately, 30 min and 

60 min post-exercise. 

Perceptive rate of recovery 

immediately post-exercise. 

Repeated sprints at 24 h 

post-exercise. 

↑ body temperature 

immediately, 30 and 60 min 

post-exercise, = body 

temperature at 24 h post-

exercise; 

↑ repeated sprints at 24 h 

post-intervention; 

↑ perceptive recovery 

immediately post-exercise. 

https://paperpile.com/c/UpKaKL/FTPg
https://paperpile.com/c/UpKaKL/27y8
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Higgins et al.
22

 
Randomized controlled 

trial 

Elite male rugby players 

(age=19.5±0.8 yrs; n=24)  
Simulated rugby match 

Passive recovery seated for 

10 minutes (control) vs. 

cold water immersion 

(CWI; 2x5 min at ~9.2ºC, 

separated by 2.5 min at air 

temperature) immediately 

after the simulated match. 

Anthropometric (i.e. thigh 

circumference), perceptive 

(i.e. DOMS) and physical 

perceptive measures  (i.e., 

flexibility, peak force 

durgin CMJ) at 1, 24 and 

48 h post-exercise. 

= thigh circumference,  = 

flexibility, = CMJ, and = 

DOMS in all periods post-

exercise. 

Higgins et al.
23

 
Randomized cross-over 

trial 

Elite male rugby players 

(age=19.5±0.8 yrs; n=24)  
Simulated rugby match 

Passive recovery seated for 

10 minutes (control) vs. 

cold water immersion 

(CWI; 2x5 min at ~9.2ºC, 

separated by 2.5 min at air 

temperature) immediately 

after the simulated match. 

Anthropometric (i.e. thigh 

circumference), perceptive 

(i.e. muscle pain) and 

physical measures (i.e., 

flexibility, CMJ peak 

power, and 40-m sprint) at 

baseline, 1, 24, 48, 72, 96 

and 144 h after simulated 

match. 

= thigh circumference, = 

flexibility, = CMJ peak 

force, = DOMS, and = 10 

and 40 m sprint in all periods 

post-exercise. 

Delextrat et al.
24

 
Randomized cross-over 

trial 

Elite male and female 

basketball players (age= 

22.5±2.5 yrs; n=17) 

Official basketball match 

Passive recovery, seated for 

30 min (control) vs. cold 

water immersion (CWI; 2x5 

min at 11ºC, separated by 2 

min at air temperature) 

immediately post-match. 

Perceptive (i.e., general 

fatigue and DOMS) and 

physical parameters (i.e., 

repeated-sprint ability and 

CMJ) at 24 h after the 

match. 

↑ general fatigue and ↑ 

DOMS in males and females 

immediately and 24 h post-

match; 

↑ CMJ in male at 24 h post-

match; 

= repeated-sprint in male and 

females at 24 h post-match. 

https://paperpile.com/c/UpKaKL/fgdT
https://paperpile.com/c/UpKaKL/NyVm
https://paperpile.com/c/UpKaKL/pLCk
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Pointon and Duffield
25

 
Randomized cross-over 

trial 

Elite male rugby players 

(age=21.0±1.7 yrs; n=10)  
Exercise-induced fatigue 

Passive recovery seated for 

20 min (control) vs. cold 

water immersion (CWI; 2x9 

min at ~9.2ºC, separated by 

1 min at air temperature) 

immediately post exercise. 

Physiological (i.e., HR) 

biochemical (i.e.,  lactate, 

CK, HCO, AST and CRP), 

perceptual measures (i.e. 

muscle soreness) and 

neuromuscular function 

(i.e., MVC, voluntary 

activation, potentiated 

twitch,  M-wave and 

surface EMG) 

immediately, 2 and 24 h 

post exercise. 

↑ MVC and ↑ voluntary 

activation immediately post-

exercise; 

↓ voluntary activation 2 h 

post-exercise; 

= MVC, = voluntary 

activation and = RMS EMG 

(vastus lateralis and 

hamstring) at 24 h post-

exercise. 

↓ lactate immediately post-

exercise, = lactate at 2 and 

24 h post-match; 

= CK, = AST and = CRP 

immediately, 2 and 24 h post 

exercise; 

↑ muscle soreness 2 h post 

exercise,  = muscle soreness 

immediately and 24 h post 

exercise. 

Brophy-Williams et al.
26

 
Non-randomized cross-

over trial 

Amateur male team sports 

players (age=21.9 ± 1.2; n=8)  
Exercise-induced fatigue 

Passive recovery, seated for 

15 min (control) 

immediately post-exercise 

vs. cold water immersion 

for 15 min at ~15ºC 

immediately post exercise 

(CWI0) vs. cold water 

immersion for 15 min at 

~15ªC at 3 h post-exercise 

(CWI3)  

Physiological (i.e., HR), 

biochemical (i.e.,  plasma 

lactate, CRP) parameters 

at baseline and 24 h post 

exercise. 

YoYo Intermittent 

recovery test (level 1) at 

24h post-exercise. 

↑ Shuttles in YYIRT1 at 24 h 

post-exercise for CWI0 in 

relation to the control group. 

= Shuttles in YYIRT1 

between CWI0 and CWI3. 

= Plasma lactate and  = HR 

24 h post-exercise. 

↑ CRP at 24 h post-exercise 

for CWI0 and CWI3 in 

relation to the control; 

https://paperpile.com/c/UpKaKL/kH4Z
https://paperpile.com/c/UpKaKL/Cr9P
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= CRP between CWI0 and 

CWI3. 

Ingram et al.
27

 
Non-randomized cross-

over trial 

Amateur male team sports 

players (age=27.5 ± 6.0; n=11)  
Exercise-induced fatigue 

Passive recovery, seated for 

15 min (control) vs. cold 

water immersion (CWI; 2x5 

min at ~10ºC separated by 

2.5 min at air temperature) 

immediately and 24 h post 

exercise. 

Biochemical (i.e. serum 

CK and serum CRP) and 

perceived measures (i.e. 

muscle soreness) 

immediately, 24 and 48 h 

post-exercise. 

Physical parameters (i.e., 

total time and best sprint 

during repeated sprints and 

isometric force for knee 

extension, knee flexion  

and hip flexion) at 48 h 

post-exercise. 

= CK and = CRP 

immediately, 24 and 48 post-

exercise; 

= muscle soreness 

immediately post-exercise, 

↑ muscle soreness at 24 and 

48 h post-exercise; 

↑ repeated sprints at 48 h 

post-exercise; 

= isometric force for leg 

extension, = isometric force 

for leg extension, = isometric 

force for knee flexion and = 

isometric force for hip 

flexion 48 h post-exercise. 

 

Legend: ↑ significant benefit, ↓ significant harm, = no significant difference, SJ: squat jump, CMJ: Countermovement jump, RSI: reactive strength index, MVC: maximal 

voluntary contraction, LIST: Loughborough Intermittent Shuttle Test, YYIRT1: yo-yo intermittent recovery test level 1, YYIRT2: yo-yo intermittent recovery test level 2, 

HR: heart rate, CK: creatine kinase, REM: rapid eye movements, TNF-α: tumor necrosis factor alpha, Il-6: Interleukin-6, CK-Mb: creatine kinase myocardial, cTnT: cardiac 

troponin T, CPR: c-reactive protein, AST: aspartate transaminase, LDH: lactate dehydrogenase, GPT: glutamic pyruvic transaminase, GOT: glutamic oxaloacetic 

transaminase, DOMS: delay onset muscle soreness, POMS: profile of mood states 
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[D] Active Recovery (n=12) 

 

Study  Design Participants Exercise 
Recovery Intervention 

and Timing 

Measurements and 

Timing 
Main Findings 

Abaïdia et al.
28

 
Randomized cross-over 

trial 

Amateur male football 

players (age= 26.1 ± 4.9 

yrs; n=10) 

Exercise-induced muscle 

damage 

Passive recovery for 12 

min (control) vs. moderate-

intensity intermittent 

cycling for 12 min (AR) 

immediately post-exercise. 

Biochemical (i.e. serum 

CK), perceptive (RPE) and 

physical parameters 

(isometric strength and 

single-leg CMJ) were 

collected at 20, 48 and 72 h 

post-exercise. 

Tirvial effect in CMJ and 

CK. 

Likely harm effect in 

eccentric and isometric force 

at 20 h post-exercise; 

Likely harm effect on DOMS 

at 72 h post-exercise. 

Likely harm effect on 

perceived recovery at 20, 48 

and 72 h post-exercise. 

Özsu et al.
29

 
Randomized cross-over 

trial 

Amateur male team sports 

players (age= 22.6±2.9 yrs; 

n=22) 

Exercise-induced fatigue 

Passive recovery, lying 

down for 15 min (control) 

vs. moderate-intensity 

cycling for 15 min (AR) 

immediately post-exercise. 

Physiological (i.e. HR), 

biochemical (i.e, lactate) 

and perceptive markers (i.e. 

total quality recovery) 

immediately post-exercise.. 

↑ perceptive recovery 

immediately post-exercise; 

↑ lactate post-exercise; 

= HR immediately post-

exercise. 

Abedi et al.
15

 
Randomized controlled 

trial 

Elite male football players 

(age= 21.9±2.78 yrs; n=20) 
Simulated football match  

Passive recovery seated 

and lying down (control) 

vs. moderate-intensity 

exercises (AR; jogging, 

shuttle run, and stretching) 

immediately after the 

simulated match. 

Biochemical parameters 

(i.e., CK, and CPR) 

immediately, 24 and 48 h 

after the simulated match. 

= CK and = CPR 

immediately and 24 h after 

the simulated match; 

= CK 48 h after the 

simulated match; 

↑ CPR at 48 h after the 

simulated match. 

https://paperpile.com/c/UpKaKL/D0Wm
https://paperpile.com/c/UpKaKL/aXqO
https://paperpile.com/c/UpKaKL/IzXo


Supplemental for https://doi.org/10.1123/IJSPP.2022-0038 
© 2022 Human Kinetics 
 

Arabmomeni and 

Mostafavi
16

 

Randomized controlled 

trial 

Elite male football players 

(age= 22.3±2.38 yrs; n=20) 
Simulated football match  

Passive recovery seated 

and lying down (control) 

vs. moderate-intensity 

exercises (AR; jogging, 

walking, shuttle run, and 

stretching) immediately 

after the simulated match. 

Biochemical parameters 

(i.e., CK, and CPR) 

immediately, 24 and 48 h 

after simulated match 

= CK, and = CPR at 24 and 

48 h after the simulated 

match. 

Reu et al.
30

 
Randomized controlled 

trial 

Elite  male football players 

(age= 23.5±3.4  yrs; n=31) 
Simulated football match  

Passive recovery seated for 

20 min (control) vs. 

moderate-intensity running 

and stretching exercises for 

20 min (AR) 

Flexibility, CMJ, 20-m 

sprint and Baslon agility 

test at 24 h post-exercise. 

↑ CMJ at 24 h post-exercise; 

= 20-m sprint time and = 

agility at 20 h post-exercise; 

= lower limb flexibility (i.e., 

quadriceps, hamstrings, 

adduction and 

gastrocnemius) at 24 h post-

exercise. 

Arazi et al.
31

 
Randomized cross-over 

trial 

Amateur male handball 

players (age= 22.4 ± 2.1  

yrs; n=10) 

Exercise-induced fatigue 

Passive recovery vs. 

walking (ARW; 45-55% of 

peak HR) vs. jogging 

(ARJ; 55-65% of peak HR) 

vs. running (ARR; 65-70% 

of peak HR) 

Biochemical (i.e.lactate) 

and physiological 

parameters (i.e., rest HR, 

SBP, DBP, and RPP) 

immediately post-exercise. 

↑ lactare clearance post-

exercise for ARW, ARJ and 

ARR post-exercise; 

↑ lactate clearance post-

exercíce for ARR than ARJ or 

ARW; 

↓ blood pressure (i.e. SBP 

and DBP) post-exercise for 

ARW, ARJ and ARR; 

↓ blood pressure (i.e. SBP 

and DBP) post-exercise for 

ARR than ARJ or ARW; 

↓ RPP post-exercise for 

ARW, ARJ and ARR. 

https://paperpile.com/c/UpKaKL/KCqZ
https://paperpile.com/c/UpKaKL/aEOl
https://paperpile.com/c/UpKaKL/F3QX
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Andersson et al.
32

 
Randomized controlled 

trial 

Elite female football 

players (age= 22±3 yrs; 

n=16) 

Official football match 

Passive recovery resting  

(control) vs. low-intensity 

cycling and resistance 

exercises for 60 min (AR), 

at 22 and 46 h after the 

first match.  

Oxidative stress markers 

and endogenous and dietary 

antioxidants at baseline, 

immediately, 21, 45, 69, 

and 74 h after the first 

match. 

= Oxidative stress markers 

(i.e., GSSG, GSH, 

GSH:GSSG and d-ROM). 

= Endogenous and dietary 

antioxidants (i.e., TGSH, 

total thiols, total tocopherols, 

total polyphenols, total 

carotenoids and AA) 

Andersson et al.
33

 
Randomized controlled 

trial 

Elite female football 

players (age= 22±3 

yrs;n=17) 

Unofficial football match 

Passive recovery, resting  

(control) vs. low-intensity 

cycling and resistance 

exercises for 60 min (AR), 

at 22 and 46 h after the 

first match. 

Biochemical  (i.e., CK, urea 

and uric acid), perceptive 

(i.e. muscle soreness) and 

physical measures (i.e., 

sprint, jump and isokinetic 

strength) at immediately, 5, 

21, 27, 45, 51, 69,  and 74  

h after the first match. 

= Biochemical, = physical 

and = perceptive parameters 

in all periods post-match. 

Tessitore et al.
34

 
Randomized cross-over 

trial 

Amateur profissional male 

futsal players (age= 23 ± 2  

yrs; n=10) 

Unofficial futsal match 

Passive recovery, seated 

for 20 min (control) vs. 

low-intensity dry exercises 

for 20 min (ARDRY;) vs. 

low-intensity water 

exercises for 20 min 

(ARWATER) at ~30 

minutes post-match  

Biochemical (i.e., cortisol, 

catecholamines and blood 

lactate), perceptive (i.e., 

sleep, RestQ, RPE and 

muscle soreness) and 

physical measures (i.e, 

CMJ, bounce jumps and 

10-m sprint) at ~20 h post-

match  

= cortisol, = catecholamines, 

lactate, = CMJ, = bounce 

jumps, = 10-m sprint, = 

muscle soreness, = RestQ, 

and = sleep between control 

and ARDRY; 

= cortisol, = catecholamines, 

= lactate, = CMJ, = bounce 

jumps, = 10-m sprint, 

=muscle soreness, =RestQ, 

and = sleep between control 

and ARWATER. 

https://paperpile.com/c/UpKaKL/jWDd
https://paperpile.com/c/UpKaKL/jVVr
https://paperpile.com/c/UpKaKL/UgnC
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Gill et al.
35

 
Non-randomized cross-

over trial 

Elite male rugby players 

(age= 25±3  yrs; n=23) 
Official rugby match 

Passive recovery, seated 

for 9 min (control) vs. 

moderate-intensity cycling 

for 7 minutes at 80-100 

rpm, ~150W (AR) 

immediately after match  

Muscle damage (CK) 

immediately, 36, and 84 h 

post-match. 

= percentage recovery (CK) 

immediately post-match; 

↑ percentage recovery (CK) 

at 36 and 84 h post-match. 

Dawson et al.
36

 
Non-randomized cross-

over trial 

Amateur male Australian 

rules football players (age= 

24.2±2.9  yrs; n=17) 

Official Australian rules 

football match 

No recovery (control) vs. 

water walking at  28ºC 

(AR) immediately post-

match  

Perceived muscle soreness, 

flexibility, CMJ and 

Cycling sprints at 15 and 

48 h post-match 

= DOMS, = flexibility, = 

cycling sprint (i.e., peak 

power, time to peak and total 

work) at 15 and 48 h post-

match; 

↑ CMJ at 15 h post-match. 

Suzuki et al.
37

 
Randomized controlled 

trial 

Amateur male rugby 

players (age over 18 yrs 

old; n=15) 

Official rugby match 

No recovery, returning to 

the normal daily life 

(control) vs. low intensity 

water exercises for 60 min 

(AR) immediately post-

match 

Biochemical parameters 

(i.e., leukocyte, neutrophil, 

GOT, GPT, CK and LDH), 

and perceived mood (i.e. 

POMS) at 24 and 48 h 

post-match. 

= blood leukocyte and = 

neutrophil count in all post-

match periods. 

= HOT, = GPT, = CK, and = 

LDH in all post-match 

periods. 

= POMS in all post-match 

periods. 

 

Legend: ↑ significant benefit, ↓ significant harm, = no significant difference, SJ: squat jump, CMJ: Countermovement jump, RSI: reactive strength index, MVC: maximal 

voluntary contraction, LIST: Loughborough Intermittent Shuttle Test, YYIRT1: yo-yo intermittent recovery test level 1, YYIRT2: yo-yo intermittent recovery test level 2, 

HR: heart rate, CK: creatine kinase, REM: rapid eye movements, TNF-α: tumor necrosis factor alpha, Il-6: Interleukin-6, CK-Mb: creatine kinase myocardial, cTnT: cardiac 

troponin T, CPR: c-reactive protein, AST: aspartate transaminase, LDH: lactate dehydrogenase, GPT: glutamic pyruvic transaminase, GOT: glutamic oxaloacetic 

transaminase, DOMS: delay onset muscle soreness, POMS: profile of mood states 

 

  

https://paperpile.com/c/UpKaKL/SCLu
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[E] Massage (n=3) 

 

Study  Design Participants Exercise 
Recovery Intervention 

and Timing 

Measurements and 

Timing 
Main Findings 

Delextrat et al.
38

 
Randomized cross-over 

trial 

Elite male and female 

basketball players (age= 

22.5±2.5 yrs; n=17) 

Official basketball match 

Passive recovery, seated 

for 30 min (control) vs. 

sports massage of the 

lower limb for 30 min 

(MASSAGE) immediately 

post-match.  

Perceived measures (i.e., 

general fatigue and DOMS) 

immediately and 24 h post-

match. 

Physical tests (i.e., 

repeated-sprint ability and 

CMJ) at 24 h post-match. 

↑ general fatigue and ↑ 

DOMS in males and females 

immediately and 24 h post-

match; 

= CMJ in male and females 

24 h post-match; 

= performance decrement 

during repeated-sprint ability 

in male 24 h post-match; 

↑  repeated-sprint recovery 

in female 24 h post-match. 

Delextrat et al.
24

 
Randomized cross-over 

trial 

Elite male and female 

basketball players (age= 

22.5±2.5 yrs; n=17) 

Official basketball match 

Passive recovery, seated 

for 30 min (control) vs. 

sports massage of the 

lower limb for 30 min 

(MASSAGE) immediately 

post-match.  

Perceived measures (i.e., 

general fatigue and DOMS) 

at baseline, immediately 

and 24 h post-match. 

Physical tests (i.e., 

repeated-sprint ability and 

CMJ) at 24 h post-match. 

↑ general fatigue and ↑ 

DOMS in males and females 

immediately and 24 h post-

match; 

= CMJ and = repeated-sprint 

ability (total time and best 

time) in male and females 24 

h post-match 

 

Mancinelli et al.
39

 
Randomized controlled 

trial 

Amateur male team sports 

players (age= 20±0.93 yrs; 

n=22) 

Exercise-induced fatigue 

Passive recovery, resting 

for 17 min (control) vs. 

sports massage of the 

Perceived (i.e., muscle 

soreness and pressure pain), 

anthropometric (i.e. 

↑ vertical jump at ~0 h; = 

shuttle run and = flexibility 

at ~0 h 

https://paperpile.com/c/UpKaKL/a8Yy
https://paperpile.com/c/UpKaKL/pLCk
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lower limb for 17 min 

(MASSAGE) immediately 

post-match. 

quadriceps length) and 

physical measures (i.e., 

shuttle run ability and 

CMJ) at ~0 h 

 

Legend: ↑ significant benefit, ↓ significant harm, = no significant difference, SJ: squat jump, CMJ: Countermovement jump, RSI: reactive strength index, MVC: maximal 

voluntary contraction, LIST: Loughborough Intermittent Shuttle Test, YYIRT1: yo-yo intermittent recovery test level 1, YYIRT2: yo-yo intermittent recovery test level 2, 

HR: heart rate, CK: creatine kinase, REM: rapid eye movements, TNF-α: tumor necrosis factor alpha, Il-6: Interleukin-6, CK-Mb: creatine kinase myocardial, cTnT: cardiac 

troponin T, CPR: c-reactive protein, AST: aspartate transaminase, LDH: lactate dehydrogenase, GPT: glutamic pyruvic transaminase, GOT: glutamic oxaloacetic 

transaminase, DOMS: delay onset muscle soreness, POMS: profile of mood states 
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