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ABSTRACT 

Background. Cryotherapy, defined as the therapeutic application of cold, is increasingly used 

in sports medicine to enhance post-exercise recovery and support athletic performance. The 

most common modalities include whole-body cryotherapy, local cryotherapy, and cold water 

immersion. 

Aim. This article aims to discuss the current evidence on the role of cryotherapy in sports 

recovery, including its physiological mechanisms, practical applications, benefits, limitations, 

and impact on training adaptations. 

Materials and methods. A focused narrative review of relevant literature was conducted to 

examine the effects of cryotherapy on muscle soreness, fatigue, inflammation, recovery, and 

athletic performance. Studies on whole-body cryotherapy, local cryotherapy, and cold water 

immersion were included. 

Summary. Available evidence suggests that cryotherapy may reduce muscle soreness and 

perceived fatigue in the short term. However, long-term effects remain inconsistent, and 

frequent post-exercise cooling may impair muscle adaptation and hypertrophy. The review also 

highlights the gap between scientific evidence and the commercial promotion of cryotherapy. 

https://orcid.org/0009-0000-4218-0036
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Conclusions. Cryotherapy may be useful in selected athletic settings, but its application should 

be individualized and aligned with training goals. Further research is needed to determine 

optimal protocols and long-term effects on performance. 

Keywords: Cryotherapy, Sports Recovery, Cold Water Immersion, Whole-Body Cryotherapy, 

Local Cryotherapy, Muscle Soreness, Athletic Performance, Inflammation, Exercise Recovery, 

Post-Exercise Cooling 

 

1. Introduction 

Cryotherapy is a treatment method for a variety of ailments that involves lowering the body’s 

temperature using different techniques [1]. Although its origins date back to antient times [2], 

it continues to gain popularity, especially among athletes and coaches [3]. It is used for its 

analgesic effects, mood enhancement, reduction of recovery time, and support of athletic 

performance [2,4].  

The International Institute of Refrigeration reports a rapid increase in the use of whole-body 

cryotherapy (WBC) as a recovery tool [5]. However, growing popularity does not obviate the 

need to follow evidence-based protocols. 

The aim of this review is to present the current state of knowledge regarding cryotherapy as a 

method for supporting athlete recovery. We will discuss the various types of treatments, their 

physiological mechanisms of action, and review the most important scientific studies. 

 

2. Materials and methods 

A focused narrative review of the relevant literature was conducted to examine the role of 

cryotherapy in sports recovery and athletic performance. The review aimed to evaluate the 

current evidence regarding the effects of  WBC, local cryotherapy, and cold water immersion 

(CWI) on post-exercise recovery, muscle soreness, inflammation, and training adaptations. The 

literature search was based on publications addressing both the physiological mechanisms and 

practical applications of cryotherapy in athletes and physically active individuals. Particular 

attention was given to studies comparing different cryotherapy modalities, assessing short- and 

long-term outcomes, and discussing the potential discrepancy between scientific evidence and 

the growing commercial promotion of these methods. Clinical trials, randomized studies, 

systematic reviews, meta-analyses, and narrative reviews were considered in order to provide 

a broad and critical overview of the topic. 
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3. Research results 

3.1. Types of Cryotherapy Used in Sports 

 

● Whole-body cryotherapy. 

WBC involves exposing an individual to extremely low temperatures (from –60 °C to –195 °C) 

for several minutes in a specially designed chamber. Before treatment, the feet, hands, ears, and 

respiratory pathways are protected. Due to its physiological effects, WBC can reduce post-

exercise muscle soreness and accelerate recovery [5]. However, some studies question its 

efficacy. Pernigoni et al. found that WBC did not improve post-exercise recovery in baseball 

players [6], whereas Zembron-Lacny et al. suggest that the treatment may disrupt the cascade 

of muscle repair processes, thereby delaying regeneration [7]. 

 

● Local cryotherapy. 

Local cryotherapy methods include ice cuffs, cold packs, cold air, and ice sprays, all of which 

involve the targeted cooling of soft tissues [8]. In the study by Sarver et al., application of a 

clinically relevant dose of local cryotherapy produced no significant biochemical or molecular 

changes in skeletal muscle biopsy samples, calling its biochemical efficacy into question [9]. 

What is more, Hohenauer et al. found that, following a special jump protocol, local cryotherapy 

offered no greater benefit for recovery than a control condition [8]. Furthermore, a meta-

analysis by Nogueira et al. indicated that local cryotherapy does not appear to accelerate 

recovery from exercise-induced muscle damage, which is typically manifested by soreness and 

muscle weakness [10].  

 

● Cold water immersion. 

CWI involves submerging the limbs and/or torso in water at 8–15 °C for approximately 15 

minutes, either in a single session or in several shorter immersions, with the aim of reducing 

fatigue and accelerating recovery [11]. A meta-analysis by Moore et al. demonstrates that CWI 

delivers significant benefits, particularly following high-intensity exercise [12]. Conversely, a 

clinical trial by Heinke et al. found that CWI may impair performance, likely due to reduced 

motor nerve conduction velocity caused by cooling [13]. 
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Table 1: Summary of Evidence on Cryotherapy Methods for Post-Exercise Recovery 

Cryotherapy 

Method 

Description Reported 

Benefits 

Reported 

Limitations / 

Concerns 

Key 

References 

Whole-Body 

Cryotherapy 

(WBC) 

Exposure to 

extremely low 

temperatures (–

60 °C to –195 °C) 

for several 

minutes in a 

cryochamber. 

May reduce 

post-exercise 

muscle 

  soreness and 

accelerate 

recovery. 

Inconsistent 

evidence; may 

  disrupt muscle 

repair processes; 

no improvement in 

recovery in some 

athletic 

  populations. 

[5-7] 

Local 

Cryotherapy 

Targeted cooling 

(ice packs, cold 

  air, sprays) 

applied to soft 

tissues. 

Widely used 

in sports 

medicine; 

  practical and 

accessible. 

No significant 

biochemical 

  effects observed; 

no greater benefit 

than control; does 

not accelerate 

  recovery 

consistently. 

[8-10] 

Cold Water 

Immersion 

(CWI) 

Immersion of 

limbs/torso in 

  8–15 °C water 

for ~15 minutes 

post-exercise. 

Shown to 

reduce fatigue 

and 

  improve 

recovery, 

especially 

after high-

intensity 

exercise 

Potential 

impairment of 

  performance due 

to reduced motor 

nerve conduction 

velocity. 

[11-13] 
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3.2 Physiological Mechanisms of Cryotherapy 

 

● Effects on inflammation and microcirculation. 

Cryotherapy exerts its effects through various physiological mechanisms, primarily by 

influencing inflammation and microcirculation. The application of cold therapy causes 

microvasculature alterations that decrease the production of inflammatory mediators, reduce 

local edema, and disrupt the overall inflammatory response [14]. This anti-inflammatory effect 

is particularly evident in the reduction of synovial fluid leukocyte count and inflammatory 

cytokine concentration, as observed in a rat model of knee osteoarthritis [15]. 

 

● Reduction of pain and swelling. 

The reduction of pain and swelling associated with cryotherapy is attributed to its analgesic 

effect, which is caused by decreased nerve conduction velocity. However, it's worth noting that 

while cryotherapy reduced pain scores and analgesic consumption in many studies, its effect on 

increasing range of motion and decreasing swelling was less frequently reported. Interestingly, 

continuous cryotherapy devices showed better outcomes in orthopaedic patients after knee 

arthroscopy procedures compared to other methods [14]. 

 

● Changes in hormonal and nervous system responses. 

Cryotherapy also influences hormonal and nervous system responses. WBC has been shown to 

increase circulating BDNF levels, which may contribute to its potential benefits on mental 

health and cognitive functions [16]. Additionally, cryotherapy can stimulate the production of 

inflammatory factors such as IFN-γ and IL-2, while decreasing immunosuppressive cells in the 

spleen or tumor tissue [17]. These changes in the immune system response may have 

implications for various conditions, including cancer treatment. 

 

● Impact on muscle recovery. 

Regarding muscle recovery, cryotherapy is commonly used following exercise, particularly 

when rapid recovery is required between exercise bouts. However, it's important to note that 

chronic use of cryotherapy during resistance training may blunt the anabolic training effect, 

suggesting that its application should be timed appropriately for optimal results [1]. 
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Table 2: Physiological Mechanisms and Effects of Cryotherapy 

Physiological 

Mechanism 

Description and Effects Key References 

Inflammation and 

Microcirculation 

Cryotherapy alters microvasculature, reducing 

inflammatory mediator production, local 

edema, and leukocyte infiltration. 

[14, 15] 

Pain and Swelling 

Reduction 

Analgesic effect due to decreased nerve 

conduction velocity. Continuous cryotherapy 

devices more effective post-arthroscopy. 

[14] 

Hormonal and 

Nervous System 

Effects 

WBC increases BDNF (potential cognitive 

benefits). Induces IFN-γ and IL-2 production; 

reduces immunosuppressive cells, suggesting 

potential in cancer therapy. 

[16, 17] 

Muscle Recovery Useful for acute recovery between exercise 

bouts. Chronic use during resistance training 

may blunt anabolic adaptations. 

[1] 

 

3.3. Review of Scientific Evidence 

3.3.1. Studies on Elite vs. Recreational Athletes 

Studies comparing elite and recreational athletes have shown mixed results regarding the 

effectiveness of cryotherapy. Elite athletes appear to outperform amateur athletes in cognitive 

functions, particularly in dual tasks [18]. However, the Mental Toughness Questionnaire 48 

(MTQ48) showed large degrees of misspecification in factor structures across elite, amateur, 

and non-athletes, cautioning its use with elite athletes [19]. 

 

 3.3.2. Effectiveness Depending on Type of Exercise (strength, endurance, interval) 

The effectiveness of cryotherapy depends on the type of exercise. For endurance athletes, 

cryotherapy showed positive effects on training recovery, along with compression garments 

[20]. However, regular cold water immersion after strength training may attenuate gains in 

muscle mass and strength by reducing satellite cell activation, ribosomal biogenesis, anabolic 

signaling, and muscle protein synthesis [21]. 
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3.3.3. Comparison of Different Cryotherapy Methods 

Different cryotherapy methods have been studied, including cold water immersion, cryotherapy 

chambers, and icing. While these strategies are believed to improve post-exercise recovery, the 

evidence is inconsistent. Cold water immersion's effects on aerobic capacity, lactate threshold, 

power output, and time trial performance after endurance or high-intensity interval training are 

equivocal [21]. 

 

 3.3.4. Short-term vs. Long-term Effects 

Regarding short-term vs. long-term effects, the impact of regular cold water immersion on long-

term performance and muscle adaptations has been systematically investigated. Short-term 

benefits for recovery have been observed, but long-term effects on muscle adaptations, 

especially in strength training, may be detrimental [21]. 

 

 3.3.5. Potential Side Effects and Contraindications 

While the provided papers do not explicitly address the potential side effects and 

contraindications of cryotherapy, it is important to consider these aspects when evaluating its 

suitability for endurance athletes. Cryotherapy, particularly WBC, involves exposing the body 

to extremely cold temperatures for short durations and may carry certain risks. Common side 

effects include skin irritation, numbness, tingling, and transient redness. In some cases, 

individuals may experience dizziness, headaches, or cold burns if proper protocols are not 

followed. 

Contraindications for cryotherapy include conditions such as uncontrolled hypertension, 

cardiovascular disease, respiratory disorders, cold allergies (e.g., cold urticaria), Raynaud’s 

disease, and neuropathies that impair temperature sensation. Individuals with these conditions 

may be at increased risk of adverse effects and should avoid cryotherapy unless cleared by a 

healthcare professional. 

Moreover, individual variability in response to cryotherapy underscores the need for 

personalized recovery strategies. As Li et al. note, no single recovery method consistently 

benefits all endurance athletes [20]. Factors such as training load, recovery status, and personal 

tolerance should guide the use of cryotherapy. Athletes and practitioners should monitor 

responses closely and adjust protocols accordingly to ensure both safety and effectiveness. 

In conclusion, while cryotherapy shows promise for certain aspects of recovery, its 

effectiveness varies depending on the type of exercise, athlete level, and specific application 
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method. Further research is needed to determine optimal modalities, temperatures, durations, 

and frequencies of cooling to enhance long-term performance and muscle adaptations [21]. 

 

3.4. Critical Analysis – Science vs. Marketing 

 

● The role of influencers and social media. 

The role of influencers and social media in promoting cryotherapy for sports recovery presents 

a complex interplay between science and marketing. While research on WBC suggests potential 

benefits for neuromuscular recovery and pain relief [16], the marketing of these services often 

outpaces the scientific evidence. Social media influencers, both human and virtual, play a 

significant role in shaping consumer perceptions and purchase intentions for health and 

wellness products [22, 23]. However, the effectiveness of influencer marketing can vary based 

on factors such as perceived authenticity, use of sensory language, and disclosure of 

sponsorship [24, 25].  

● Discrepancy between research findings and cryotherapy service marketing. 

There appears to be a discrepancy between the cautious findings of scientific research and the 

enthusiastic marketing of cryotherapy services. While some studies indicate potential benefits, 

public health authorities have expressed safety concerns [16]. This gap highlights the ethical 

challenges in promoting treatments that may not be fully proven. The use of machine learning 

models to predict treatment outcomes could potentially bridge this gap, but it also raises 

questions about the reliability and interpretation of such predictions in marketing contexts  [26].  

● Ethical aspects of promoting unproven methods in sports. 

The ethical aspects of promoting unproven methods in sports recovery through influencer 

marketing are particularly concerning. The power of influencers to shape consumer behavior 

combined with the potential risks associated with cryotherapy creates a situation where 

consumers may be led to make decisions based on marketing hype rather than scientific 

evidence [16, 27, 28]. This scenario underscores the need for responsible marketing practices 

and clear disclosure of the current state of scientific knowledge regarding cryotherapy's efficacy 

in sports recovery. 

 

4. Discussion 

Cryotherapy offers several short-term benefits for post-exercise recovery, such as reduced pain 

and perceived fatigue, but current scientific evidence remains inconsistent, particularly 

concerning long-term performance and muscle adaptation. Methods such as cold water 
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immersion (CWI) show some promising results, especially after high-intensity effort, while 

whole-body cryotherapy (WBC) and local methods yield mixed or limited outcomes. 

Importantly, chronic use of cryotherapy following strength training may blunt hypertrophic and 

anabolic responses. The effectiveness of cryotherapy depends on factors such as the timing of 

application and its ability to maintain reduced muscle temperature. While CWI and WBC may 

provide short-term recovery benefits, their long-term effects on muscle adaptation and 

performance remain inconsistent or potentially detrimental. For instance, chronic use of 

cryotherapy during resistance training may blunt the anabolic training effect [1]. In addition, 

WBC has been found to attenuate soreness at 24 hours and positively influence peak force at 

48 hours compared with CWI and placebo, although many other outcomes were trivial or 

unclear [3]. Moreover, regular use of CWI after strength training may attenuate gains in muscle 

mass and strength [21]. The diversity in muscle damage protocols, exposure timing, 

temperatures, and frequencies of application further limits the ability to formulate precise 

recommendations [29]. 

 

5. Conclusions 

Cryotherapy techniques such as CWI and WBC may offer selected short-term benefits for post-

exercise recovery, but their long-term effects on performance and muscle adaptation remain 

controversial. Athletes and coaches should therefore apply cryotherapy selectively, aligning its 

use with the type of exercise and specific recovery goals rather than relying on routine 

application. In practice, cryotherapy may be used sparingly and strategically, mainly after 

competitions or intense endurance sessions, while avoiding regular use during strength-building 

phases. Further research is needed to optimize cryotherapy protocols and determine whether 

the observed molecular and morphological effects translate into meaningful improvements in 

exercise performance [21]. 
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