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Abstract 

Background. Cold Water Immersion (CWI) is a widely used recovery strategy in sports; 

however, its effectiveness depends on the type of exercise performed and the intended training 

goals. This narrative review evaluated the effects of CWI on post-exercise recovery, 

neuromuscular function, training adaptations, and general health. 

Materials and methods. A systematic search of PubMed, Scopus, and Web of Science 

databases was conducted to identify experimental studies, randomized controlled trials, 

systematic reviews, and meta-analyses investigating the effects of CWI. The available evidence 

was narratively reviewed and qualitatively synthesized. 

Results. CWI reduces delayed onset muscle soreness (DOMS), improves perceived recovery, 

and may accelerate neuromuscular recovery following high-intensity exercise. However, 

regular CWI application after resistance training may attenuate hypertrophic adaptations. 

Evidence regarding the general health benefits of CWI remains limited. 

Conclusions. CWI represents an effective short-term recovery strategy; however, its 

application should be tailored to individual training objectives. Further research is required to 

establish optimal protocols and determine long-term physiological effects. 

Keywords: cold water immersion, recovery, DOMS, neuromuscular function, training 

adaptations 

 

 

 

 

 

Introduction 

Intense physical exercise, particularly involving eccentric muscle contractions, repeated sprint 

efforts, and high-intensity activities, may lead to temporary impairments in muscle function 

known as exercise-induced muscle damage (EIMD). This phenomenon is characterized by 

reduced force-generating capacity, decreased range of motion, the occurrence of delayed onset 

muscle soreness (DOMS), and increased concentrations of biochemical markers associated 

with muscle structural damage, such as creatine kinase (CK) and myoglobin (Mb). These 

symptoms may persist for several days and negatively affect the ability to perform subsequent 

training sessions, which is particularly relevant in sports requiring frequent competition and 

short recovery intervals. 
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One of the most commonly used strategies to support post-exercise recovery is Cold Water 

Immersion (CWI), which involves immersing part or the entire body in cold water after 

physical exercise. This method is widely applied in both elite and recreational sports due to its 

accessibility and potential influence on physiological processes involved in recovery. 

Commonly used protocols involve water temperatures below 15°C and exposure durations 

ranging from several to several dozen minutes. 

The mechanisms underlying the effects of CWI are primarily associated with the body’s 

response to cold exposure. A reduction in tissue temperature leads to vasoconstriction, 

decreased blood flow in superficial tissues, and reduced formation of post-exercise swelling. 

Following the completion of cold exposure, increased blood flow occurs, which may support 

metabolite transport and tissue repair processes. Furthermore, cold exposure influences nerve 

conduction and pain perception, potentially contributing to reduced subjective muscle soreness 

following intense exercise. 

Despite its widespread practical application, the effectiveness of CWI remains a subject of 

scientific debate. Numerous studies indicate beneficial effects of this method in reducing 

DOMS and accelerating the recovery of neuromuscular function after intense exercise. At the 

same time, evidence suggests that regular CWI application immediately after resistance 

training may reduce activation of molecular pathways associated with muscle hypertrophy, 

potentially limiting long-term training adaptations. 

The effectiveness of CWI depends on multiple factors, including water temperature, exposure 

duration, type of exercise performed, and the purpose of its application. In athletes requiring 

rapid restoration of performance capacity between competitions, CWI may represent a valuable 

recovery tool. However, during training periods focused on developing strength and muscle 

mass, routine use of CWI should be considered individually. 

The aim of this review is to analyze current scientific evidence regarding the effects of Cold 

Water Immersion on post-exercise recovery, neuromuscular function, exercise capacity, 

training adaptations, and selected aspects of general health. 

Research Materials and Methods 

This study employed a narrative literature review methodology. Searches of the PubMed, 

Scopus, and Web of Science databases were conducted to identify scientific publications 

investigating the effects of Cold Water Immersion (CWI) on post-exercise recovery, muscle 

function, physiological responses, and long-term consequences of this intervention. The search 

strategy included combinations of the following keywords: "cold water immersion", 
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"cryotherapy", "recovery", "exercise", "muscle damage", "DOMS", "neuromuscular function", 

and their equivalents using Boolean operators (AND/OR). 

The review included original experimental studies, randomized controlled trials (RCTs), 

systematic reviews, and meta-analyses examining the application of CWI in athletes and 

physically active individuals. Particular attention was given to studies evaluating the effects of 

cold immersion on markers of muscle damage (CK, Mb, LDH), perceived muscle soreness, 

neuromuscular function parameters, exercise performance, and adaptive processes occurring 

in response to training. 

The analyzed publications included various CWI protocols involving different water 

temperatures, exposure durations, and types of preceding exercise. Due to substantial 

methodological heterogeneity among studies, a qualitative synthesis of results was performed 

instead of a quantitative analysis. 

The selection of literature was based on current scientific evidence regarding the use of cold 

immersion in sports and exercise physiology. The findings from the included studies were 

comparatively analyzed to determine potential benefits, limitations, and practical applications 

of CWI. 

During the preparation of this manuscript, artificial intelligence tools were used as editorial 

support, including improvement of linguistic consistency, adaptation of the writing style to 

academic standards, organization of the manuscript structure, and assistance with formatting 

references according to APA 7 guidelines. All suggestions generated by the tool were 

subsequently reviewed and modified by the author. The author assumes full responsibility for 

the scientific accuracy and final version of the manuscript. 

Discussion 

1. Effects of Cold Water Immersion on Post-Exercise Recovery 

Cold Water Immersion (CWI) is one of the most commonly used strategies for supporting 

recovery following intense physical exercise. Particular interest in this method is observed 

among athletes participating in disciplines requiring frequent competitions or short recovery 

intervals between training sessions. Potential mechanisms responsible for the effects of CWI 

include reductions in tissue temperature, alterations in blood flow, limitation of post-exercise 

swelling, and modulation of nerve conduction and pain perception. However, the impact of this 

method on actual restoration of muscle function depends on exercise characteristics, the applied 

protocol, and the recovery parameters being assessed. 
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One of the most frequently investigated areas of research is the effect of CWI on recovery 

following exercise-induced muscle damage (EIMD). A study involving 18 healthy women 

evaluated the effectiveness of a five-day cold immersion protocol following intense eccentric 

exercise of the hamstring muscles. Participants performed a series of maximal eccentric 

contractions and subsequently underwent 14-minute immersions in water at 14°C or passive 

recovery for five consecutive days. The CWI group demonstrated a faster recovery of maximal 

voluntary isometric contraction (MVC), reduced delayed onset muscle soreness (DOMS), 

improved range of motion, and faster normalization of plasma myoglobin concentration. These 

findings suggest that repeated cold exposure may reduce both functional and biochemical 

consequences of muscle damage. 

Similar results have been reported in studies involving exercise protocols characteristic of team 

sports. A randomized controlled trial conducted among soccer players investigated the effect 

of CWI on recovery following a 90-minute protocol simulating match demands. Cold-water 

immersion was compared with neutral-water immersion. Researchers assessed maximal 

voluntary contraction force, muscle activation, parameters of central and peripheral fatigue, 

sprint performance, and markers of muscle damage. 

The application of CWI was associated with a smaller decline in MVC and faster restoration 

of neuromuscular function compared with the control condition. Players using cold immersion 

recovered their ability to perform high-intensity efforts more rapidly, suggesting that this 

method may be particularly beneficial in situations requiring short recovery periods between 

consecutive training sessions or competitions. 

Benefits associated with CWI have also been observed in combat sports. A study conducted 

among highly trained Brazilian jiu-jitsu athletes compared the effects of a 19-minute 

immersion in water at approximately 6°C with passive recovery following an intense training 

session. Researchers analyzed markers of muscle damage, perceived soreness, subjective 

recovery, and upper- and lower-limb power production. Following CWI, lower lactate 

dehydrogenase (LDH) concentrations, reduced muscle soreness, and higher perceived recovery 

scores were observed compared with passive recovery. These results suggest that cold 

immersion may support the restoration of performance capacity following intense physical 

demands characteristic of contact sports. 

However, it should be emphasized that the effectiveness of CWI is not consistent across all 

conditions. A study comparing two cold-water immersion protocols (9°C and 14°C) with 

passive recovery assessed the influence of water temperature on recovery following exercise-

induced muscle damage. Both protocols reduced perceived muscle soreness compared with the 
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control condition; however, only immersion at 14°C was associated with faster recovery of 

maximal isometric strength. At the same time, no significant differences were observed 

between groups for most analyzed parameters, suggesting that water temperature alone may 

not be the only factor determining the effectiveness of CWI. 

The results of a meta-analysis conducted by Poppendieck et al. (2013) indicate that the 

influence of cooling strategies on athlete recovery is moderate and varies depending on the 

analyzed outcome measure. The authors demonstrated that CWI may improve perceived 

recovery and reduce muscle soreness, whereas its effects on direct performance-related 

measures, such as strength and endurance capacity, are less consistent. They also emphasized 

the importance of individually adjusting cooling protocols according to exercise characteristics 

and training objectives. 

Table 1. Main studies investigating the effects of CWI on post-exercise recovery 

Author Participants CWI protocol Main findings 

Vaile et al. 18 women 
14°C, 14 min for 5 

days 

↓ DOMS, ↑ MVC, faster 

normalization of Mb 

Pointon et al. 
Soccer 

players 

CWI vs. neutral 

water immersion 

↑ neuromuscular function, ↑ sprint 

recovery 

Fonseca et al. BJJ athletes 6°C, 19 min 
↓ LDH, ↓ DOMS, ↑ subjective 

recovery 

Poppendieck et al. 

(meta-analysis) 
36 studies Various protocols 

Moderate improvement in recovery, 

greatest effect on DOMS 

 

2. Effects of Cold Water Immersion on Neuromuscular Function and Exercise 

Performance 

Beyond its effects on perceived muscle soreness and markers of muscle structural damage, an 

important area of research regarding Cold Water Immersion (CWI) is its potential influence on 

the restoration of neuromuscular function and the ability to perform subsequent exercise. This 

aspect is particularly relevant for athletes participating in sports characterized by repeated high-

intensity efforts, such as team sports, combat sports, and disciplines requiring short recovery 

periods between consecutive performances. 

One of the mechanisms through which CWI may influence post-exercise function is the 

reduction of tissue temperature and limitation of cardiovascular strain following intense 
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exercise. A study conducted under conditions of elevated ambient temperature evaluated the 

effects of cold immersion on neuromuscular recovery following exercise simulating the 

demands of team sports. Ten athletes completed a protocol involving repeated sprints and high-

intensity running at an environmental temperature of 32°C, after which they underwent 20 

minutes of cold-water immersion or passive recovery. 

The analysis included maximal voluntary contraction (MVC), central muscle activation, core 

body temperature, heart rate, and selected markers of muscle damage. CWI resulted in a faster 

reduction in body temperature and decreased cardiovascular strain. During the first hours 

following exercise, faster improvements in MVC and central muscle activation were also 

observed in the CWI group. However, after 24 hours, differences between groups were reduced, 

suggesting that the beneficial effects of CWI may be primarily short-term. 

Similar observations have been reported in studies examining the effects of CWI following 

resistance exercise. In an experiment involving 10 physically active men, researchers compared 

the effects of a 10-minute immersion in water at 10°C with active recovery consisting of low-

intensity cycling. Maximal and submaximal muscle function, intramuscular temperature, and 

selected biochemical markers were assessed. 

CWI was not shown to accelerate recovery of maximal strength or improve vertical jump 

performance more effectively than active recovery. However, participants who used cold 

immersion were able to perform a greater amount of work during a subsequent submaximal 

exercise test. Additionally, reduced myoglobin concentrations were observed, which may 

indicate a lower degree of muscle damage. These findings suggest that CWI may not directly 

enhance maximal muscle performance immediately after exercise but may improve tolerance 

to subsequent training loads. 

The effects of CWI on neuromuscular function have also been investigated in contact sports. 

In an experiment conducted among rugby players, researchers applied a protocol reflecting 

match demands, including sprint efforts, high-intensity running, and repeated physical 

contacts. After completing the exercise protocol, athletes underwent either a 20-minute CWI 

session or passive recovery. 

The researchers assessed maximal voluntary contraction, muscle activation, electromyographic 

activity (EMG), contractile properties of the muscles, and perceived muscle soreness. The 

results demonstrated that CWI accelerated the restoration of neuromuscular parameters 

immediately after recovery, including increases in MVC, central activation, and 

electromyographic activity. Furthermore, athletes reported lower levels of muscle soreness 

during the first hours following exercise. However, no significant changes were observed in 
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blood markers of muscle damage, suggesting that the primary effect of CWI may involve 

improvements in functional recovery and fatigue perception rather than direct limitation of 

structural muscle damage. 

The findings of the meta-analysis by Poppendieck et al. (2013), which examined the effects of 

different cooling strategies on athlete recovery, should also be considered. The authors 

indicated that CWI may improve selected recovery-related parameters; however, the magnitude 

of the effect depends on the type of test performed, measurement timing, and characteristics of 

the preceding exercise. The greatest benefits were observed for subjective recovery assessment 

and reduction of muscle soreness, whereas effects on objective performance indicators were 

more limited. 

Table 2. Effects of CWI on Selected Recovery Parameters 

Parameter Effect of CWI Strength of evidence 

DOMS Reduction High 

Subjective recovery Improvement High 

MVC Slight improvement Moderate 

Sprint performance Possible improvement Moderate 

CK Inconsistent results Low 

LDH Possible reduction Moderate 

Myoglobin Possible reduction Moderate 

Range of motion Improvement Moderate 

 

3. Effects of Cold Water Immersion on Long-Term Training Adaptations 

Despite numerous reports indicating beneficial effects of Cold Water Immersion (CWI) on 

short-term post-exercise recovery, increasing attention has been directed toward the potential 

consequences of regular CWI use in the context of long-term training adaptations. This issue 

is particularly important in resistance training, where the primary goal is to stimulate adaptive 

changes leading to increases in muscle strength and hypertrophy. 

Muscle adaptation following resistance exercise depends on the activation of numerous cellular 

mechanisms, including increased muscle protein synthesis, activation of satellite cells, and 

regulation of signaling pathways associated with hypertrophic processes. One of the key 

regulators of these processes is the mechanistic target of rapamycin (mTOR) pathway and its 
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downstream effector p70S6K, which plays an important role in controlling muscle protein 

translation. Due to its analgesic effects and potential ability to reduce inflammatory responses, 

CWI may influence some of the mechanisms responsible for training adaptation. 

One of the most important studies investigating this issue was conducted by Roberts et al. 

(2015), who examined the effects of regular CWI application after resistance training on muscle 

strength development and hypertrophy. The study included 21 physically active men 

participating in a 12-week resistance training program. After each training session, participants 

performed either a 10-minute cold-water immersion protocol or active recovery. 

Following completion of the training program, the active recovery group demonstrated greater 

increases in muscle strength and hypertrophy compared with the CWI group. Additionally, only 

the active recovery group showed increases in the cross-sectional area of type II muscle fibers, 

a greater number of myonuclei per muscle fiber, and improved performance during isokinetic 

work capacity testing. These findings suggest that regular CWI immediately after resistance 

training may attenuate some processes responsible for optimal muscle adaptation. 

The mechanisms responsible for these differences have also been investigated in studies 

assessing the molecular response following a single resistance exercise session. It has been 

demonstrated that CWI following resistance training reduces satellite cell activation and 

decreases p70S6K signaling responses compared with active recovery. Since satellite cells play 

an essential role in muscle remodeling and increasing growth potential, reduced activation of 

these cells may partially explain the lower gains in muscle mass observed after long-term CWI 

use. 

Similar conclusions have been presented in reviews examining the molecular mechanisms 

underlying cold immersion. Authors suggest that although CWI effectively reduces muscle 

soreness and improves perceived recovery, its repeated application after hypertrophy-oriented 

training may limit activation of anabolic pathways by reducing inflammatory responses and 

altering signaling processes required for muscle adaptation. 

However, it should be emphasized that the potential negative effects of CWI do not apply to 

all types of training. In endurance sports or disciplines requiring frequent repetition of high-

intensity efforts, the priority is often rapid restoration of functional capacity rather than 

maximizing hypertrophy. In such situations, reducing inflammatory responses and perceived 

fatigue may provide practical benefits. 

Research investigating endurance training indicates that the influence of CWI on long-term 

adaptations is less clear. Although single cold exposure sessions may affect selected 

mechanisms associated with mitochondrial biogenesis and metabolic responses, current 
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evidence is insufficient to confirm significant improvements in long-term endurance 

adaptations among individuals regularly using CWI. 

Therefore, the application of CWI should depend on the primary training objective. In athletes 

undergoing periods of intensive competition, where rapid recovery between events is essential, 

this method may serve as an effective recovery strategy. Conversely, during phases focused on 

increasing strength and muscle mass, regular CWI immediately after resistance training may 

potentially reduce the full adaptive response of the body. 

4. Application of Cold Water Immersion Beyond Sports Recovery 

In recent years, Cold Water Immersion (CWI) and other forms of controlled cold exposure have 

gained popularity not only as strategies supporting sports recovery but also as potential 

methods for improving general health and psychological well-being. Interest in this area results 

from observed physiological responses to cold exposure, including changes in autonomic 

nervous system activity, hormonal responses, stress regulation, and potential effects on immune 

and metabolic processes. 

A systematic review with meta-analysis evaluated the effects of cold exposure on selected 

physiological, psychological, and cognitive parameters in healthy adults. The analysis included 

11 studies involving more than 3,000 participants, using various cold exposure protocols, 

including water temperatures ranging from 7°C to 15°C and exposure durations from 30 

seconds to 2 hours. The included studies assessed changes in body temperature, cardiovascular 

parameters, autonomic responses, inflammatory markers, stress levels, sleep quality, and 

overall well-being. 

The results indicated that physiological responses to cold exposure depend on the timing of 

measurements and the characteristics of the applied protocol. Immediately after cold exposure, 

increases in selected markers of stress and inflammatory responses were observed, which may 

reflect the body’s adaptive physiological reaction to a short-term environmental stressor. At 

later measurement points, reductions in perceived stress levels and improvements in some 

indicators of psychological well-being were reported. 

Despite interest in the potential influence of CWI on immune system function, current evidence 

does not allow for definitive confirmation of significant short-term immunological changes 

following cold immersion. Some observational studies suggest that regular cold exposure may 

be associated with long-term benefits, such as improved sleep quality, increased stress 

tolerance, and reduced sickness-related absence. 
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One of the most frequently cited studies investigating the influence of regular cold exposure 

on general health was the randomized controlled trial conducted by Buijze et al. (2016). The 

study included 3,018 healthy adults aged 18–65 years who had not previously practiced regular 

cold showers. Participants were randomly assigned to groups performing cold showers after 

warming the body for 30, 60, or 90 seconds, or to a control group. 

The intervention lasted 30 consecutive days, after which participants could continue cold 

showers according to personal preference for an additional 60 days. The primary outcome 

measure was the number of sick days and associated work absence. The results demonstrated 

that individuals practicing cold showers experienced a 29% reduction in sickness absence 

compared with the control group. However, no significant difference was observed in the total 

number of illness days between groups. 

The authors also reported no serious adverse effects associated with the intervention. These 

findings suggest that regular cold exposure may influence selected aspects of daily functioning, 

particularly subjective health perception and the ability to maintain occupational activity. 

However, the mechanisms responsible for these effects remain incompletely understood. 

Despite the growing popularity of CWI outside the sports environment, current scientific 

knowledge still has important limitations. Available studies differ substantially regarding water 

temperature, exposure duration, intervention frequency, and participant characteristics. 

Furthermore, many studies rely on small sample sizes or observational designs, limiting the 

ability to draw definitive conclusions regarding long-term health effects. 

5. Limitations of Cold Water Immersion 

Despite numerous potential benefits, Cold Water Immersion (CWI) is not a method without 

limitations. One important aspect is the possibility of temporary reductions in exercise 

performance immediately after cold exposure. This may be particularly relevant for athletes 

who are required to perform subsequent tasks involving maximal speed, power, or movement 

precision within a short period after the intervention. 

A study involving 30 healthy individuals evaluated the effects of a 15-minute immersion in 

water at 5°C on lower-limb speed and power performance. Immediately after the exposure, 

reductions in performance were observed in the 40-yard sprint test and vertical jump test. The 

decrease in sprint performance persisted for approximately 20 minutes, whereas reduced 

muscle power lasted for around 10 minutes. In subsequent measurements, these parameters 

gradually returned to baseline values. 
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The mechanisms responsible for temporary reductions in exercise capacity primarily include 

decreased muscle temperature, reduced nerve conduction velocity, and alterations in the 

contractile properties of muscle fibers. Therefore, the timing of CWI application should be 

carefully planned and adjusted according to subsequent training sessions or competitive 

demands. 

Although CWI may support recovery over several hours following exercise, an immediate 

return to activities requiring maximal power or speed may be limited due to short-term 

functional changes caused by cold exposure. 

Conclusions 

Based on current scientific evidence, Cold Water Immersion can be considered an effective 

method supporting short-term recovery following intense physical exercise. The most 

consistently demonstrated effects include reductions in delayed onset muscle soreness, 

improvements in subjective recovery perception, and partial acceleration of neuromuscular 

function restoration. 

The greatest practical application of CWI is observed in sports disciplines requiring frequent 

repeated high-intensity efforts, such as team and contact sports, where rapid restoration of 

performance capacity may significantly influence competitive outcomes. 

At the same time, the effects of CWI on long-term training adaptations depend on the primary 

training objective. Regular use of cold immersion immediately after resistance training may 

limit processes associated with muscle hypertrophy by reducing activation of anabolic 

pathways and cellular adaptive mechanisms. Therefore, this method should be applied 

strategically, particularly among individuals whose primary goal is the development of strength 

and muscle mass. 

Outside the sports context, CWI demonstrates potential benefits associated with improved 

subjective well-being and reduced sickness-related absence; however, the current level of 

scientific evidence does not allow definitive conclusions regarding its effects on general 

population health. 

In summary, Cold Water Immersion may represent a valuable component of a recovery 

strategy; however, its application should consider exercise characteristics, training goals, and 

individual physiological responses. Further research is required to determine optimal CWI 

protocols and clarify its long-term physiological consequences. 
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Table 3. Characteristics of Selected Studies Investigating the Application of Cold Water 

Immersion (CWI) 

Study 
Temperature 

(°C) 

Immersion 

duration 
Type of exercise Main effects 

Vaile et al. 14 14 min Eccentric exercise ↓ DOMS, ↑ MVC 

Roberts et al. 10 10 min 
Resistance 

training 
↓ hypertrophy 

Pointon et al. 10 10–20 min Match simulation ↑ neuromuscular function 

Fonseca et al. 6 19 min Brazilian jiu-jitsu ↓ LDH, ↓ DOMS 

Buijze et al. Cold shower 30–90 s 
General 

population 
↓ sickness absence 

 

Table 4. Benefits and Limitations of Cold Water Immersion 

Benefits Limitations 

Reduction of DOMS Potential limitation of hypertrophy 

Improvement of subjective recovery Lack of standardized protocols 

Faster restoration of neuromuscular 

function 
Inconsistent effects on CK levels 

Useful during periods of frequent 

competition 

Temporary reduction in power immediately after 

immersion 

Easy accessibility Individual variability in response 
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