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summary

Studies treating the impact of cold-water-immersion (CWI) on athletes’ performance are very interesting and should be encouraged. The CWI 
is currently attracting the attention of the sports world as a recovery technique and it is often recommended in sports where contact is repeated 
throughout training and competitions. However, if some studies reported the efficacy of CWI as an analgesic against traumatic or immune aspects, 
currently there is not consistent unanimity of its use as a method of improving performance. The researchers set out to observe the effects of CWI on 
the restoration of numerous performance indicators, characterizing both the aerobic and anaerobic energy pathways, but also the different modalities 
of muscle contraction. However, few data appear to be available on the effects of CWI on performance and recovery capacity and very few studies 
have observed results in the same direction. Results regarding the impact of CWI on performance are conflicting, with a few studies suggesting 
beneficial effects and others indicating negligible effects. The two main aims of the present paper are to briefly expose the literature data related to 
the effects of CWI on muscle function and aerobic capacity of athletes, and to clarify the origin of discrepancies between studies’ findings. 
Key-words. CWI, Athletes, Muscle function, Aerobic capacity, Tunisia 

résumé 
Les études analysant l’impact de l’immersion en eau froide (IEF) sur les performances des athlètes sont intéressantes et devraient être encouragées. 
L’IEF attire actuellement l’attention du monde du sport en tant que technique de récupération et elle est souvent recommandée dans les sports 
où le contact se répète tout au long de l’entraînement et des compétitions. Cependant, si certaines études rapportaient l’efficacité de l’IEF en 
tant qu’analgésique contre les aspects traumatiques ou immunitaires, actuellement il n’y a pas d’unanimité sur son utilisation comme méthode 
d’amélioration des performances. Les chercheurs ont entrepris d’observer les effets de l’IEF sur la restauration de nombreux indicateurs de 
performance, caractérisant à la fois les voies énergétiques aérobies et anaérobies, mais aussi les différentes modalités de contraction musculaire. 
Cependant, peu de données semblent disponibles sur les effets de l’IEF sur la performance et la capacité de récupération. Les résultats concernant 
l’impact de l’IEF sur la performance sont contradictoires avec quelques études suggérant des effets bénéfiques et d’autres indiquant des effets 
négligeables. Les deux principaux objectifs de cet article sont d’exposer brièvement les données de la littérature relatives aux effets de l’IEF sur la 
fonction musculaire et la capacité aérobie des athlètes, et de clarifier l’origine des divergences entre les résultats des différentes études.
Mots clés. Immersion, Athlètes, Fonction musculaire, Capacité aérobie, Tunisie

343

LA TUNISIE MEDICALE - 2021 ; Vol 99 (03) : 343-347

Correspondance
Helmi Ben saad 
Laboratoire de Physiologie / Université de Sousse/Faculté de Médecine de Sousse 
Email : helmi.bensaad@rns.tn

Cet article est distribué selon les termes de la licence internationale Creative Commons Attribution - Pas d’Utilisation Commerciale - Pas de Modification 4.0 International (CC BY-NC-ND 4.0) qui autorise l’utilisation non 
commerciale, la production, la reproduction et la distribution de l’œuvre sans autre autorisation, à condition que l’auteur original et la source soient mentionnés.



H. Ben Saad - Effects of CWI on physical performance

344

A study of Babak et al. (1) aiming to explore the 
effects of four weeks of cold water habituation on the 
effectiveness of cold water immersion (CWI) recovery 
technique on muscle damage and function indices of 
young football players (n=20) was recently published in 
“La Tunisie Médicale”. The authors reported that CWI had 
no significant effect on serum levels of muscle damage 
biomarkers (ie, aspartate aminotransferase (AAT) and 
lactate dehydrogenase (LDH)) (1). Furthermore, there was 
no significant difference in power output and percent of 
decrease of repeated sprint ability (RSA) (1). The authors 
have recommended that football coaches and athletes 
should think more about using CWI as a recovery method 
(1). The findings of Babak et al. (1) are opposite to those 
reported by a Tunisian team in a recent experimental 
study published in Tunis Med [20 men aged 17 to 20 years 
divided into two groups matched for anthropometric data 
(CWI (n = 10) and no-CWI (n=10) groups] (2). The authors 
reported that at the end of the experimental protocol [Eight 
CWI sessions, CWI until the hip in a standing position (10 
min; temperature: 11-12 °C)], compared to the non-CWI 
group, the CWI group had a better run time (3.27±0.07 vs. 
3.15±0.04 min, respectively), had a lower heart-rate at rest 
(34±1 vs. 36±1%), had a better chronotropic response at 
the end of the 1000-m race (44±2 vs. 57±2%); had better 
hemoglobin oxygen saturation at the end of the race 
(98±0 vs. 95±1%), included a statistically lower number 
of desaturators during exercise (0 vs.90%), and had a 
significantly higher strength for all muscles tested (2). 
Contrarily to Babak et al. (1), Boujezza et al. (2) concluded 
that CWI improves the aerobic capacity and muscle 
strength of young footballers. 

The two main aims of the present paper are to briefly 
expose the literature data related to the effects of CWI 
on muscle function and aerobic capacity of athletes, and 
to clarify the origin of discrepancies between studies’ 
findings. 

Studies treating the impact of CWI on athletes’ performance 
are very interesting and should be encouraged. The CWI 
is currently attracting the attention of the sports world 
as a recovery technique and it is often recommended 
in sports where contact is repeated throughout training 
and competitions (eg, football) (2-5). However, if some 
studies (6, 7) reported the efficacy of CWI as an analgesic 
against traumatic or immune aspects, currently there is not 
consistent unanimity of its use as a method of improving 

performance (1, 2, 8). The researchers set out to observe 
the effects of CWI on the restoration of numerous 
performance indicators, characterizing both the aerobic 
and anaerobic energy pathways, but also the different 
modalities of muscle contraction (1, 2, 9-33). However, 
few data appear to be available on the effects of CWI on 
performance and recovery capacity (1, 2, 4, 15, 17, 30, 
33) and very few studies have observed results in the 
same direction (9-16, 19, 32, 34-39). Results regarding 
the impact of CWI on performance are conflicting, with a 
few studies suggesting beneficial effects (2, 9, 32, 37) and 
others indicating negligible effects (1, 14, 35, 38, 39). The 
following paragraphs aimed to briefly report the impact of 
CWI on muscle function and aerobic capacity.

Impact of CWI on muscle function

Some studies have shown a positive impact of CWI on 
the recovery of force production capacity (2, 9, 17, 30). 
Thus, Bailey et al. (9) have shown a decrease in the loss 
of isometric force of knee flexion after use of CWI. Peiffer 
et al. (30) noted a decrease in strength loss after recovery 
by immersion (5 minutes at 14° C) after a 90-minutes 
cycling exercise followed by a 16.1 km time trial. Ingram 
et al. (17) demonstrated a decrease in isometric loss 
of strength, both extensor and flexor of the knee, after 
exercise simulating a team sport followed by immersion 
(twice 5-minutes at 10° C). The explanatory hypotheses 
are based on a reduction in muscle edema associated 
with a reduction in the inflammatory response, but not 
linked to water temperature or the duration of exposure 
to cold (3, 5). Several other studies (1, 9, 13, 23, 26, 29, 
31) have observed that CWI does not attenuate loss of 
strength after strenuous exercise. Thus, Howatson et al. 
(23) showed that 96-h after exercise, the non-CWI and 
the CWI groups were, respectively, able to reproduce 
only 96 and 93% of their initial isometric force-producing 
capacity of the knee extensors. Likewise, Bailey et al. (9) 
have observed that the recovery of isometric maximum 
voluntary force of the knee extensors was not affected by 
the recovery modality employed after 90 minutes’ exercise 
followed by CWI (10 minutes at 10° C). The explanatory 
hypotheses for the absence of positive results are linked 
to the inability to contain the inflammatory response and to 
the decrease in nerve conduction by cold (3, 5). This would 
prevent the athlete for a time from producing maximum 
power (31) and maximum voluntary or stimulated force 
(13). Indeed, some studies have shown that there is a 
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correlation between the decrease in muscle temperature 
and the electromyography signal (26). Finally, a study on 
reflexes has concluded that cold induces a decrease in 
performance via an increase in the excitability of the motor 
neuron pool (27).

Impact of CWI on aerobic capacity

Some previous studies (1, 2, 9, 15, 22, 24, 30) have 
focused on the impact of CWI, as a recovery method, 
on the reproduction of a performance lasting longer than 
one minute. Only a few authors (15, 30) have attempted 
to measure the impact of recovery by immersion on the 
repetition of a time trial on a bicycle of 4 km (30) and 9 min 
(15). Peiffer et al. (30) have observed a smaller decrease 
in the mean output power for the CWI group compared 
to the non-CWI group, leading to better performance 
for the first group. Vaile et al. (16) have shown that the 
performance can be maintained through recovery by CWI. 
The explanatory hypotheses classically advanced have 
been the reduction in the perception of pain and/or fatigue 
(3, 5). Thus, CWI would reduce, via vasoconstriction, the 
permeability of vessels to immune cells, thereby reducing 
edema and the inflammatory process, which would 
reduce the perception of pain (9). Moreover, a decrease 
in nervous activity would have a positive impact because 
it would allow a significant reduction in the perception of 
fatigue after immersion (24) and, therefore, would increase 
the subjects’ ability to maintain an impact for longer or to 
travel a distance faster. Finally, Heyman et al. (22) have 
demonstrated that 15 minutes of CWI (3 x 5 minutes) 
made it possible to preserve the performance linked to 
climbing routes for a female population. It is recognized 
that maintaining core temperature has a greater metabolic 
cost because it increases the respiratory rate and oxygen 
consumption (VO2) (3, 5). In addition, vasoconstrictions 
associated with a decrease in heart-rate can be deleterious 
or even dangerous for health (3, 5). In addition, it has been 
noted that the mediation of heart-rate by β2-adrenergics 
is reduced after cold treatment (25). A Tunisian study had 
confirmed the above-mentioned data by showing a lower 
heart-rate at rest or at end of the race in the CWI group 
(2). The Tunisian study had identified the beneficial effects 
of CWI, performed after 20 minutes of a passive recovery 
(2). This goes against the idea that CWI technique does 
not seem to provide any benefit when applied more than 
20 minutes after exercise or between sets of short sprints 
(3, 5, 18).

3. Physio-pathological mechanisms

Recovery by CWI is based on two mechanisms: the 
impacts of cold and hydrostatic pressure (2, 3, 5). 
The first mechanism is linked to the temperature of the 
water (usually located between 4 and 16° C (14, 16, 32, 
37) and would reduce the core temperature, generate 
local vasoconstriction, alter nerve transmission, or to 
minimize the inflammatory response (2, 3, 5). The second 
mechanism is induced by the use of water which would 
allow the effects of hydrostatic pressure on the body 
submerged to be combined with the cold (2, 3, 5). The 
pressure of water exerts a pressure greater than that of air 
on the body, causing the movement of gases, substances, 
and fluids (2, 3, 5). This quality would particularly reduce 
the size of the edema caused by exercise, but also reduce 
the nerve impulse by compression of muscles and nerves 
(2, 3, 5).

Origin of the reported findings’ discrepancies 

The discrepancies between the results could be explained 
by different factors related to the characteristics of the 
CWI (points 1 to 5), the applied exercise protocols, and/
or the applied performance tests (points 6 to 9), and the 
characteristics of the included subjects (points 10 to 12):

Point 1. CWI duration (minutes): 3 (14),10 (2, 9, 32, 40), 
14 (15, 16), 15 (1, 19, 34, 37), 20 (39), 24 (36); 

Point 2. Applied temperature (°C): 5 (14), 6 (41), 8 (32), 
10 (9, 19, 39), 11-12 (2), 15 (1, 15, 16, 37, 40), 24 (14);

Point 3. Depth of the body subject to the CWI: up to the 
hip in a standing position (2, 9, 19, 32), chest height (1), 
entire body up to the neck in a standing position (15, 16), 
iliac crest in a sitting position (14); 

Point 4. Delays between the end of the training session 
and the CWI session: passive recovery of 20 minutes 
(2, 18, 21), CWI immediately after the end of the training 
session (1, 19, 28, 41) or immediately after a slight active 
recovery (20);

Point 5. Number of CWI sessions: 4 (1), 8 (2), undetermined 
(9, 13-15, 19, 32, 34-39);

Point 6. Exercise protocols: treadmill running (19), team 
games (34), eccentric limb exercise (15), simulated 
football test (1);

Point 7. Applied performance tests: races (400-m (19), 
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1000 m (2, 19), 5000 m (19)), shuttle test (1, 9, 19), handgrip 
(39), vertical jump (9, 15, 34), eccentric quadriceps 
exercises (14, 15), static muscle contractions of the lower 
limbs (32), eccentric contractions and concentric elbow 
(32), 6-s bicycle sprint (34), muscular exercise test with 
increasing load (39), 3 repetitions of 20 m jogging, one 20 
m running, 4 seconds rest, 3 repetitions of 20 m jogging 
with 55%  VO2max and 3 repetitions of 20 m sprinting with 
95%  VO2max (1), Sargent vertical jump test (1), RSA (1);

Point 8. Exercise intensity: 6 seconds sprint on a bicycle 
(34), muscular exercise test with increasing load (39);

Point 9. Applied methods to explore muscle activities: 
direct [“muscle testing” (2), isometric maximum force 
(14, 32), muscle power (34), isokinetic muscle function 
(9), isokinetic flexion and extension (35), dynamometer 
or an isocynistism device (9, 14, 32, 34, 35)] and indirect 
[biomarkers of muscle damage (eg, AAT (1, 40), creatine 
phosphokinase (40), LDH (1, 40, 41))] methods; 

Point 10. Physical activity status of included subjects: 
sedentary subjects (14, 36, 39) or subjects involved in 
various sports (1, 2, 9, 15, 19, 34, 35);

Point 11. Sports disciplines: multisport athletes (19), 
basketball (35), endurance sport (15), football (1, 2, 34), 
Jujitsu (41), rugby (40);

Point 12. Sex of the included subjects: only men (1, 2, 9, 
40, 41) or both men and women (22, 32). 

This difference in CWI procedures could alter physiological 
adaptations (3, 5). First, the different delays between the 
end of the training session and the CWI session can 
modify lactate elimination and therefore performance (18). 
Secondly, Farhi and Linnarsson (33) by modulating the 
depth of CWI at constant water temperature have observed 
very large variations in heart-rate. This difference in CWI 
procedures could generate more or less pressure on the 
body, thereby altering physiological adaptations (3, 5). 
Thirdly, the impacts of CWI are sex-dependent (32): the 
effect of CWI on isometric strength is more pronounced in 
men compared to women.

In conclusion, the present Letter to the Editor is a call for 
additional future studies treating the impacts of CWI on 
athletes’ physical performance. 

REFERENCES
1. Babak MF, Ziaaldini MM, Seyyed Reza AH. Experience of cold-water 

immersion on recovery efficiency after soccer match. Tunis Med. 
2021;99(2):252-8.

2. Boujezza H, Sghaier A, Ben Rejeb M, Gargouri I, Latiri I, Ben Saad 
H. Effects of cold water immersion on aerobic capacity and muscle 
strength of young footballers. Tunis Med. 2018;96(2):107-12.

3. Hausswirth C, Bieuzen F, Brisswalter J. Réponses physiologiques liées 
à une immersion en eau froide et à une cryostimulation-cryothérapie en 
corps entier : effets sur la récupération après un exercice musculaire. 
Kinésithér Scient. 2013;539:13-40.

4. Wilcock IM, Cronin JB, Hing WA. Physiological response to water 
immersion: a method for sport recovery? Sports Med. 2006;36(9):747-
65.

5. Hausswirth C, Bieuzen F, Barbiche E, Brisswalter J. Réponses 
physiologiques liées à une immersion en eau froide et à une 
cryostimulation-cryothérapie en corps entier: effets sur la récupération 
après un exercice musculaire. Sci Sport. 2010;25(3):121-31.

6. Cronin NJ, Valtonen AM, Waller B, Poyhonen T, Avela J. Effects of short 
term water immersion on peripheral reflex excitability in hemiplegic and 
healthy individuals: A preliminary study. J Musculoskelet Neuronal 
Interact. 2016;16(1):58-62.

7. Horikoshi M, Inokuma S, Kijima Y, Kobuna M, Miura Y, Okada R, et 
al. Thermal disparity between fingers after cold-water immersion of 
hands: a useful indicator of disturbed peripheral circulation in raynaud 
phenomenon patients. Intern Med. 2016;55(5):461-6.

8. Cheung K, Hume P, Maxwell L. Delayed onset muscle soreness 
: treatment strategies and performance factors. Sports Med. 
2003;33(2):145-64.

9. Bailey DM, Erith SJ, Griffin PJ, Dowson A, Brewer DS, Gant N, et 
al. Influence of cold-water immersion on indices of muscle damage 
following prolonged intermittent shuttle running. J Sports Sci. 
2007;25(11):1163-70.

10. Eston R, Peters D. Effects of cold water immersion on the symptoms of 
exercise-induced muscle damage. J Sports Sci. 1999;17(3):231-8.

11. Goodall S, Howatson G. The effects of multiple cold water immersions 
on indices of muscle damage. J Sports Sci Med. 2008;7(2):235-41.

12. Jakeman JR, Macrae R, Eston R. A single 10-min bout of cold-
water immersion therapy after strenuous plyometric exercise has no 
beneficial effect on recovery from the symptoms of exercise-induced 
muscle damage. Ergonomics. 2009;52(4):456-60.

13. Peiffer JJ, Abbiss CR, Nosaka K, Peake JM, Laursen PB. Effect of cold 
water immersion after exercise in the heat on muscle function, body 
temperatures, and vessel diameter. J Sci Med Sport. 2009;12(1):91-6.

14. Sellwood KL, Brukner P, Williams D, Nicol A, Hinman R. Ice-water 



LA TUNISIE MEDICALE - 2021 ; Vol 99 (n°03)

347

immersion and delayed-onset muscle soreness: a randomised 
controlled trial. Br J Sports Med. 2007;41(6):392-7.

15. Vaile J, Halson S, Gill N, Dawson B. Effect of hydrotherapy on the signs 
and symptoms of delayed onset muscle soreness. Eur J Appl Physiol. 
2008;102(4):447-55.

16. Vaile JM, Gill ND, Blazevich AJ. The effect of contrast water therapy on 
symptoms of delayed onset muscle soreness. J Strength Cond Res. 
2007;21(3):697-702.

17. Ingram J, Dawson B, Goodman C, Wallman K, Beilby J. Effect of water 
immersion methods on post-exercise recovery from simulated team 
sport exercise. J Sci Med Sport. 2009;12(3):417-21.

18. Baldari C, Videira M, Madeira F, Sergio J, Guidetti L. Lactate removal 
during active recovery related to the individual anaerobic and ventilatory 
thresholds in soccer players. Eur J Appl Physiol. 2004;93(1-2):224-30.

19. Coffey V, Leveritt M, Gill N. Effect of recovery modality on 4-hour 
repeated treadmill running performance and changes in physiological 
variables. J Sci Med Sport. 2004;7(1):1-10.

20. Crowe MJ, O’Connor D, Rudd D. Cold water recovery reduces 
anaerobic performance. Int J Sports Med. 2007;28(12):994-8.

21. Halson SL, Quod MJ, Martin DT, Gardner AS, Ebert TR, Laursen PB. 
Physiological responses to cold water immersion following cycling in 
the heat. Int J Sports Physiol Perform. 2008;3(3):331-46.

22. Heyman E, B DEG, Mertens I, Meeusen R. Effects of four recovery 
methods on repeated maximal rock climbing performance. Med Sci 
Sport Exerc. 2009;41(6):1303-10.

23. Howatson G, Goodall S, van Someren KA. The influence of cold water 
immersions on adaptation following a single bout of damaging exercise. 
Eur J Appl Physiol. 2009;105(4):615-21.

24. Howatson G, van Someren KA. The prevention and treatment of 
exercise-induced muscle damage. Sports Med. 2008;38(6):483-503.

25. Jansky L, Vybiral S, Trubacova M, Okrouhlik J. Modulation of adrenergic 
receptors and adrenergic functions in cold adapted humans. Eur J Appl 
Physiol. 2008;104(2):131-5.

26. Kinugasa T, Kilding AE. A comparison of post-match recovery strategies 
in youth soccer players. J Strength Cond Res. 2009;23(5):1402-7.

27. Montgomery PG, Pyne DB, Hopkins WG, Dorman JC, Cook K, 
Minahan CL. The effect of recovery strategies on physical performance 
and cumulative fatigue in competitive basketball. J Sports Sci. 
2008;26(11):1135-45.

28. Morton RH. Contrast water immersion hastens plasma lactate decrease 
after intense anaerobic exercise. J Sci Med Sport. 2007;10(6):467-70.

29. Oksa J, Rintamaki H, Rissanen S, Rytky S, Tolonen U, Komi PV. 
Stretch- and H-reflexes of the lower leg during whole body cooling and 
local warming. Aviat Space Environ Med. 2000;71(2):156-61.

30. Peiffer JJ, Abbiss CR, Watson G, Nosaka K, Laursen PB. Effect of a 
5-min cold-water immersion recovery on exercise performance in the 
heat. Br J Sports Med. 2010;44(6):461-5.

31. Rutkove SB. Effects of temperature on neuromuscular electrophysiology. 
Muscle Nerve. 2001;24(7):867-82.

32. Burke DG, MacNeil SA, Holt LE, MacKinnon NC, Rasmussen RL. The 
effect of hot or cold water immersion on isometric strength training. J 
Strength Cond Res. 2000;14(1):21-5.

33. Farhi LE, Linnarsson D. Cardiopulmonary readjustments during graded 
immersion in water at 35 degrees C. Respir Physiol. 1977;30(1-2):35-
50.

34. Dawson B, Cow S, Modra S, Bishop D, Stewart G. Effects of immediate 
post-game recovery procedures on muscle soreness, power and 
flexiblity levels over the next 48 hours. J Sci Med Sport. 2005;8(2):210-
21.

35. Isabell WK, Durrant E, Myrer W, Anderson S. The effects of ice 
massage, ice massage with exercise, and exercise on the prevention 
and treatment of delayed onset muscle soreness. J Athl Train. 
1992;27(3):208-17.

36. Kuligowski LA, Lephart SM, Giannantonio FP, Blanc RO. Effect of 
whirlpool therapy on the signs and symptoms of delayed-onset muscle 
soreness. J Athl Train. 1998;33(3):222-8.

37. Lane KN, Wenger HA. Effect of selected recovery conditions on 
performance of repeated bouts of intermittent cycling separated by 24 
hours. J Strength Cond Res. 2004;18(4):855-60.

38. Paddon-Jones DJ, Quigley BM. Effect of cryotherapy on muscle 
soreness and strength following eccentric exercise. Int J Sports Med. 
1997;18(8):588-93.

39. Yamane M, Teruya H, Nakano M, Ogai R, Ohnishi N, Kosaka M. Post-
exercise leg and forearm flexor muscle cooling in humans attenuates 
endurance and resistance training effects on muscle performance and 
on circulatory adaptation. Eur J Appl Physiol. 2006;96(5):572-80.

40. Takeda M, Sato T, Hasegawa T, Shintaku H, Kato H, Yamaguchi Y, et 
al. The effects of cold water immersion after rugby training on muscle 
power and biochemical markers. J Sports Sci Med. 2014;13(3):616-23.

41. Fonseca LB, Brito CJ, Silva RJ, Silva-Grigoletto ME, da Silva WMJ, 
Franchini E. Use of Cold-Water Immersion to Reduce Muscle Damage 
and Delayed-Onset Muscle Soreness and Preserve Muscle Power in 
Jiu-Jitsu Athletes. J Athl Train. 2016;51(7):540-9.


