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Abstract:

» Background:

Post-exercise recovery is a crucial component of athletic training, aiming to minimize fatigue, reduce delayed onset
muscle soreness (DOMS), and restore optimal performance. Among various recovery modalities, cryotherapy and contrast
bath therapy are widely used due to their accessibility and physiological effects. Cryotherapy, commonly applied as cold-
water immersion or cold-air exposure, reduces tissue temperature, pain perception, and inflammatory responses. Contrast
bath therapy alternates between hot and cold water immersion, theoretically enhancing circulation through vasodilation
and vasoconstriction cycles, facilitating metabolic waste removal.

» Objective:

This review aims to critically compare the effectiveness of cryotherapy and contrast bath therapy in promoting
recovery following sports and exercise, focusing on their impact on DOMS, muscle function, inflammation, and subjective
recovery.

» Methods:

A narrative review of peer-reviewed literature was conducted using electronic databases, including PubMed, Scopus,
and Google Scholar. Studies evaluating the physiological, functional, and perceptual outcomes of cryotherapy and contrast
bath interventions in athletic or physically active populations were included. Data were synthesized qualitatively.

» Results:

Cryotherapy, particularly cold-water immersion, demonstrates moderate evidence for reducing DOMS, perceived
fatigue, and pain, with short-term benefits on subjective recovery. However, prolonged or frequent use may blunt long-
term muscular adaptations. Evidence supporting contrast bath therapy remains inconsistent, with limited superiority over
passive recovery or cold immersion alone. Variations in protocols, temperatures, and exposure durations contribute to
conflicting findings.

» Conclusion:

Cryotherapy appears more consistently effective than contrast bath therapy for short-term sports recovery.
Nonetheless, both modalities require standardized application guidelines and further high-quality randomized trials to
determine optimal protocols and long-term implications.
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L INTRODUCTION

Recovery is a fundamental component of athletic
training, performance optimization, and injury prevention.
Contemporary sports science recognizes that many of the
physiological adaptations to training occur during recovery
rather than during the exercise stimulus itself. Inadequate
recovery can lead to chronic fatigue, maladaptation,
performance stagnation, and increased injury risk. As
training demands continue to rise across both elite and
recreational sports, the need for effective, evidence-based
recovery strategies has become increasingly important.

Strenuous exercise imposes significant mechanical,
metabolic, and neuromuscular stress on the body, often
resulting in exercise-induced muscle damage (EIMD). This
condition is characterized by microstructural disruption,
inflammation, metabolic disturbances, and neuromuscular
impairments, which collectively manifest as delayed onset
muscle soreness (DOMS), reduced strength, stiffness, and
impaired movement efficiency. These symptoms can
compromise subsequent training quality and elevate injury
risk.

To mitigate these effects, athletes employ various
recovery interventions, including sleep optimization,
nutrition, hydration, active recovery, compression, massage,
and thermal therapies. Among these, cryotherapy and
contrast bath therapy are particularly popular due to their
accessibility and perceived immediate benefits. Cryotherapy
aims to reduce pain and inflammation through tissue cooling
and vasoconstriction, while contrast bath therapy alternates
between heat and cold to theoretically enhance circulation
and metabolite clearance.

Despite their widespread use, scientific evidence
supporting these modalities remains inconsistent. Subjective
improvements in soreness and relaxation are frequently
reported, yet objective performance outcomes often fail to
show clear benefits. Additionally, concerns have emerged
regarding the potential for repeated cryotherapy use to blunt
long-term training adaptations. Protocol variability across
studies further complicates interpretation.

This review aims to critically evaluate the
mechanisms, effectiveness, comparative value, and practical
applications of cryotherapy and contrast bath therapy in
athletic recovery, while identifying key gaps for future
research.

II. PHYSIOLOGICAL MECHANISMS

Understanding  the  physiological = mechanisms
underpinning recovery modalities is essential for
interpreting their potential benefits and limitations.
Recovery from strenuous exercise is a complex,
multifactorial process involving neuromuscular, metabolic,
cardiovascular, endocrine, and immunological systems. Any
intervention designed to accelerate recovery must interact
with one or more of these systems in a meaningful way.
Cryotherapy and contrast bath therapy exert their effects
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primarily through thermal stress, which alters tissue
temperature, vascular behavior, nerve conduction, and
cellular metabolism. However, the precise pathways through
which these changes translate into functional recovery
remain incompletely understood.

» Cryotherapy Mechanisms

Cryotherapy encompasses a variety of cold-based
interventions, including local ice application, cold-water
immersion (CWI), ice baths, and whole-body
cryostimulation. Despite differences in delivery methods,
these modalities share a common objective: to reduce tissue
temperature and elicit physiological responses that mitigate
pain, inflammation, and metabolic stress.

o Tissue Cooling and Thermoregulation

One of the primary effects of cryotherapy is a rapid
reduction in skin and superficial muscle temperature. This
thermal gradient drives heat away from the body via
conduction, convection, and radiation. The extent of cooling
depends on several factors, including water temperature,
duration of exposure, body surface area immersed, adipose
tissue thickness, and ambient environmental conditions.
Research suggests that immersion in water between 10°C
and 15°C for 10-15 minutes is sufficient to significantly
reduce intramuscular temperature by several degrees
Celsius.

Lower tissue temperatures reduce enzymatic activity
and slow cellular metabolism. This decrease in metabolic
demand is thought to limit the extent of secondary hypoxic
injury that can occur when oxygen delivery is compromised
due to swelling or microvascular disruption. By reducing the
metabolic rate of injured or fatigued tissues, cryotherapy
may theoretically preserve cellular integrity and support
recovery.

e Jascular Responses and Blood Flow Regulation
Cryotherapy induces vasoconstriction in superficial
blood vessels as part of the body’s thermoregulatory
response. This vasoconstriction reduces local blood flow,
which in turn limits the extravasation of plasma proteins and
inflammatory mediators into the interstitial space.
Consequently, cryotherapy has long been used to control
edema formation following acute musculoskeletal injury.

In the context of exercise recovery, reduced blood flow
may help attenuate excessive inflammatory responses. While
inflammation is a necessary component of tissue repair,
excessive or prolonged inflammation can exacerbate pain
and delay functional restoration. By constraining the
magnitude of the inflammatory cascade, cryotherapy may
promote a more controlled healing environment.

However, it is important to note that reduced perfusion
may also limit the delivery of oxygen, glucose, and amino
acids necessary for tissue repair. This raises a potential
paradox: while cryotherapy may reduce symptoms in the
short term, it could theoretically delay regenerative
processes if used excessively or inappropriately.

WWW.ijisrt.com 13


https://doi.org/10.38124/ijisrt/26jun1588

Special Issue, ICVDRS-2026
ISSN No: -2456-2165

o Neural Conduction and Analgesic Effects

A well-established effect of cryotherapy is its ability to
reduce nerve conduction velocity. Cooling slows the
depolarization and repolarization of neuronal membranes,
thereby reducing the frequency of action potential
propagation. This leads to a diminished transmission of
nociceptive signals from peripheral receptors to the central
nervous system.

The analgesic effect of cryotherapy is one of its most
clinically relevant outcomes. Reduced pain perception can
improve an athlete’s sense of readiness, encourage earlier
movement, and alleviate protective muscle guarding.
Cryotherapy also influences the activity of muscle spindles
and Golgi tendon organs, potentially decreasing reflexive
muscle spasms and improving movement fluidity.

Pain relief, however, may also mask underlying tissue
damage. Athletes who feel prematurely recovered may
resume high-intensity activity before tissues are fully healed,
increasing the risk of re-injury. Therefore, analgesia should
be viewed as a supportive rather than definitive indicator of
tissue recovery.

o  Modulation of Inflammatory Processes

Cryotherapy is often described as an anti-inflammatory
intervention, although this characterization oversimplifies its
effects. Cooling reduces the local production of
inflammatory cytokines and inhibits the activity of enzymes
involved in the inflammatory cascade. Additionally, reduced
capillary permeability limits leukocyte migration into
damaged tissues.

Animal and human studies suggest that cryotherapy
may reduce concentrations of prostaglandins and
bradykinin—both of which contribute to pain and
hyperalgesia. Furthermore, cold exposure may modulate the
activity of macrophages, shifting the balance toward a less
pro-inflammatory phenotype.

Despite these effects, it is increasingly recognized that
complete suppression of inflammation is neither possible
nor desirable. Inflammation plays a critical role in muscle
regeneration by activating satellite cells and initiating tissue
remodeling. Therefore, excessive use of cryotherapy could
theoretically blunt these adaptive processes.

e Metabolic and Cellular Effects

At the cellular level, cryotherapy reduces ATP
turnover, limits reactive oxygen species (ROS) production,
and slows mitochondrial respiration. These changes may
protect cells from oxidative stress during the acute post-
exercise period. Cryotherapy may also influence
intracellular calcium handling, reducing calcium-induced
proteolytic activity.

Recent molecular studies have raised concerns that
cryotherapy may interfere with anabolic signaling pathways
such as the mammalian target of rapamycin (mTOR)
pathway. Suppression of these pathways could reduce
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protein synthesis and impair muscle hypertrophy when cold
exposure is used repeatedly following resistance training.

o Central Nervous System and Autonomic Effects

Whole-body  cryostimulation  and  cold-water
immersion may also influence central nervous system
function. Cold exposure activates the sympathetic nervous
system, leading to increases in norepinephrine and
dopamine. These neurochemical changes may enhance
alertness, mood, and perceived readiness.

At the same time, parasympathetic rebound following
cold exposure may promote relaxation and improved sleep
quality. Improved sleep, in turn, plays a critical role in
hormonal regulation, immune function, and tissue repair.

» Contrast Bath Therapy Mechanisms

Contrast bath therapy involves alternating immersion
in warm and cold water, typically using ratios such as 3:1 or
4:1 (hot:cold) over a total duration of 15-30 minutes. The
primary theoretical mechanism underlying contrast therapy
is the concept of “vascular pumping,” although its empirical
basis remains contested.

o Thermally Induced Vasodilation and Vasoconstriction

Exposure to warm water induces vasodilation,
increasing local blood flow, capillary permeability, and
tissue oxygenation. In contrast, cold exposure triggers
vasoconstriction, reducing blood flow and limiting fluid
extravasation. Alternating between these states is believed to
create rhythmic fluctuations in vascular diameter.

This cyclical change in vessel diameter is thought to
enhance venous return and prevent venous pooling. By
promoting dynamic blood flow, contrast baths may facilitate
the redistribution of metabolic by-products away from
exercised muscles.

e Lymphatic Drainage and Edema Reduction

The lymphatic system plays a crucial role in fluid
balance and immune surveillance. Unlike the cardiovascular
system, lymphatic flow relies on external forces such as
muscle contractions and pressure gradients. Contrast bath
therapy may theoretically stimulate lymphatic drainage
through temperature-induced changes in interstitial pressure.

However, direct evidence supporting this mechanism
is limited. Imaging studies using Doppler ultrasound and
near-infrared spectroscopy have produced mixed results
regarding the extent to which contrast baths enhance
lymphatic or venous flow beyond what is achieved with
active recovery.

e Metabolite Clearance and Acid—Base Balance

One of the most commonly cited justifications for
contrast bath therapy is its purported ability to accelerate the
removal of metabolic waste products, such as lactate and
hydrogen ions. While early theories suggested that lactate
accumulation was a primary cause of muscle soreness, it is
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now known that lactate is rapidly cleared from the
bloodstream within hours of exercise.

Nevertheless, improved circulation may facilitate the
redistribution of metabolites to organs such as the liver,
where they can be metabolized. Whether contrast baths
outperform active recovery or passive rest in this regard
remains unclear.

o  Neuromuscular and Sensory Effects

Contrast baths provide strong sensory stimulation,
activating thermoreceptors and mechanoreceptors in the
skin. This sensory input may engage central pain-
modulation pathways, such as the gate control theory of
pain. The alternating thermal sensations may also enhance
body awareness and relaxation.

The warm phases of contrast therapy may reduce
muscle stiffness by increasing tissue extensibility, while the
cold phases may provide analgesic effects. This combination
could potentially improve perceived mobility and comfort.

o Autonomic Nervous System Modulation

Alternating hot and cold exposure challenges the
autonomic nervous system, requiring rapid adjustments in
vascular tone and heart rate. This “training” of the
autonomic  system may improve cardiovascular
responsiveness and heart rate variability.

Improved autonomic balance, characterized by greater
parasympathetic dominance at rest, is associated with better
recovery, improved sleep quality, and reduced stress.
However, empirical evidence linking contrast therapy to
long-term autonomic adaptations is sparse.

e Psychological and Placebo-Mediated Effects

The ritualistic nature of contrast baths may contribute
to their perceived effectiveness. Athletes often associate
contrast therapy with professionalism, self-care, and
recovery optimization. These psychological associations
may enhance placebo responses, leading to genuine
improvements in perceived readiness.

Expectation effects should not be dismissed, as
psychological recovery is a critical determinant of training
adherence and performance. However, distinguishing
between placebo-mediated and physiologically driven
effects remains a challenge.

III. EVIDENCE FOR CRYOTHERAPY IN
SPORTS RECOVERY

Cryotherapy, particularly in the form of cold-water
immersion (CWI), has been extensively studied as a post-
exercise recovery intervention. Its popularity among athletes
stems from the belief that cold exposure accelerates
recovery by reducing inflammation, alleviating soreness,
and restoring neuromuscular function. Over the past two
decades, a growing body of randomized controlled trials,
systematic reviews, and meta-analyses has sought to
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quantify the efficacy of cryotherapy across a range of sports,
training modalities, and outcome measures. However, the
evidence remains nuanced, with strong support for some
outcomes and conflicting findings for others.

» Effects on Delayed Onset Muscle Soreness (DOMS)

One of the most consistently reported benefits of
cryotherapy is its ability to reduce perceived muscle
soreness following intense or unfamiliar exercise. Multiple
meta-analyses have shown that CWI can significantly
reduce DOMS within the first 24-96 hours post-exercise
compared with passive recovery or no intervention. These
effects appear to be most pronounced within the initial 24—
48-hour window, when inflammatory responses and
nociceptor sensitization are at their peak.

The analgesic effect of cryotherapy is primarily
attributed to reduced nerve conduction velocity, decreased
sensitivity of free nerve endings, and attenuation of
inflammatory mediators such as prostaglandins and
bradykinin. From a practical standpoint, this reduction in
soreness can be highly valuable, particularly in tournament
settings or congested competition schedules where athletes
must perform repeatedly with minimal recovery time.

However, it is important to emphasize that most
studies assessing DOMS rely on subjective scales, such as
the visual analog scale (VAS) or Likert-type questionnaires.
While these measures are clinically relevant, they are also
susceptible to expectancy effects and placebo responses.
Athletes who believe strongly in the efficacy of ice baths
may report greater symptom relief, irrespective of
physiological changes.

» Effects on Muscle Strength and Power Recovery

The restoration of muscle strength and power
following exercise-induced fatigue or damage is a critical
determinant of performance readiness. Several studies have
investigated whether cryotherapy accelerates the recovery of
maximal voluntary contraction (MVC), isokinetic strength,
and explosive power.

Findings in this domain are mixed. Some studies report
modest improvements in strength recovery within 24-48
hours following CWI compared with passive recovery, while
others find no significant differences. Meta-analytical
evidence suggests that while cryotherapy may attenuate
strength loss in the short term, these effects are small and
highly variable.

Explosive  performance  measures, such as
countermovement jump height and sprint time, appear to
respond more favorably to CWI. The neuromuscular
facilitation associated with reduced pain and perceived
fatigue may partially explain these outcomes. Athletes who
experience less discomfort may generate force more
effectively, even if underlying tissue repair has not fully
occurred.
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» Neuromuscular Function and Central Fatigue
Cryotherapy may influence both peripheral and central
components of fatigue. Peripheral fatigue involves
impairments at the level of the muscle fiber, including
disruptions in excitation—contraction coupling and ion
channel function. Central fatigue, on the other hand, reflects
reduced neural drive from the central nervous system.

Cold exposure has been shown to modulate afferent
feedback from group III and IV muscle afferents, which are
sensitive to metabolic and mechanical stress. By dampening
this feedback, cryotherapy may reduce inhibitory signals to
the motor cortex, thereby preserving voluntary activation.
This mechanism could explain why some athletes report
feeling "fresher" after cold immersion despite minimal
changes in biochemical markers.

Electromyographic studies indicate that CWI may
transiently enhance neuromuscular efficiency, although
these effects appear short-lived. Importantly, excessive
cooling can impair muscle contractility and joint
proprioception, which may be detrimental if athletes return
to activity too quickly.

» Effects on Inflammatory and Muscle Damage
Biomarkers

Biochemical markers such as creatine kinase (CK),
myoglobin, C-reactive protein (CRP), and various cytokines
are commonly used to infer the extent of muscle damage and
inflammation. Cryotherapy is often presumed to reduce
these markers by limiting secondary tissue damage and
inflammatory infiltration.

Empirical findings, however, are inconsistent. Some
studies report reduced CK concentrations following CWI,
while others find no differences compared to control
conditions. Meta-analyses generally conclude that
cryotherapy has minimal or no effect on most biomarkers of
muscle damage.

This discrepancy may reflect the complex relationship
between biochemical markers and functional recovery.
Elevated CK levels do not necessarily correspond to
impaired performance, and reductions in soreness do not
always align with reductions in muscle damage.
Consequently, reliance on biomarkers alone may provide an
incomplete picture of recovery.

» Perceptual Recovery and Psychological Outcomes

Perceived recovery, readiness, and well-being are
critical determinants of athletic performance. Even in the
absence of measurable physiological improvements,
interventions that enhance psychological recovery may still
confer meaningful benefits.

Cryotherapy has been consistently shown to improve
subjective ratings of recovery, relaxation, and sleep quality.
These effects may be mediated by autonomic nervous
system modulation, endorphin release, and shifts in
catecholamine concentrations. Whole-body cryostimulation,
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in particular, has been associated with mood enhancement
and reduced perceived stress.

The psychological benefits of cryotherapy should not
be dismissed as trivial. Athletes who feel recovered are more
likely to train with confidence, maintain technical
proficiency, and adhere to training programs.

» Acute Versus Chronic Use of Cryotherapy

While acute use of cryotherapy may provide short-
term symptom relief, repeated or chronic use raises
important concerns regarding training adaptation. Several
longitudinal studies suggest that regular post-exercise CWI
may blunt strength and hypertrophy gains following
resistance training.

This phenomenon is thought to be mediated by
reduced activation of satellite cells, suppression of anabolic
signaling pathways, and diminished muscle protein
synthesis. Inflammatory responses, although uncomfortable,
play a crucial role in initiating muscle remodeling. By
attenuating these responses, cryotherapy may interfere with
long-term adaptation.

In contrast, during periods of competition or
intensified training, where the primary goal is performance
maintenance rather than adaptation, cryotherapy may be
more appropriate.

» Whole-Body Cryotherapy Versus Cold-Water Immersion

Whole-body cryotherapy (WBC) involves brief
exposure to extremely cold air, typically ranging from
—110°C to —140°C, for durations of 2—-3 minutes. Advocates
claim that WBC offers superior recovery benefits with less
discomfort.

However, the evidence supporting WBC is limited.
Most studies are small, lack proper controls, and focus
primarily on perceptual outcomes. While WBC may
influence systemic inflammatory markers and autonomic
balance, its superiority over CWI has not been convincingly
demonstrated.

Moreover, WBC chambers are expensive, inaccessible
to most athletes, and associated with potential safety
concerns.

Iv. EVIDENCE FOR CONTRAST BATH
THERAPY

Contrast bath therapy (also referred to as contrast
water therapy, CWT) has been used for decades in clinical
rehabilitation and athletic recovery settings. Despite its long
history, the scientific evidence supporting its effectiveness
remains less robust and more heterogeneous than that for
cryotherapy. This section critically evaluates the available
literature examining the effects of contrast bath therapy on
muscle soreness, strength recovery, neuromuscular function,
biochemical markers, perceptual outcomes, and performance
restoration.
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» Effects on Delayed Onset Muscle Soreness (DOMS)

Several randomized controlled trials and systematic
reviews have investigated the effect of contrast bath therapy
on DOMS. In general, CWT appears to reduce perceived
soreness more effectively than passive recovery or no
intervention in the short term. Athletes often report
subjective relief immediately following treatment and within
the first 24 hours post-exercise.

However, these effects are not consistently superior to
those observed with cold-water immersion or active
recovery. Some studies suggest that contrast baths may be
comparable to CWI in reducing soreness, while others report
inferior or equivalent outcomes. The variability in results
may be attributable to differences in protocol design,
including water temperature, immersion duration, body
segments treated, and timing of intervention.

Importantly, most DOMS assessments rely on self-
reported measures, which are vulnerable to expectancy
effects. The strong sensory contrast between hot and cold
phases may heighten participants’ awareness of the
intervention, thereby amplifying placebo responses.

» Strength and Power Recovery

The evidence for contrast bath therapy in restoring
muscle strength and power is mixed. Some studies have
shown modest improvements in strength recovery following
CWT compared with passive recovery, particularly within
48-72 hours post-exercise. These improvements are often
attributed to reduced soreness and increased comfort rather
than true enhancements in muscle contractile function.

When compared with active recovery or CWI,
however, contrast baths rarely demonstrate clear superiority.
Meta-analytical findings indicate that while CWT may
attenuate strength loss, the magnitude of this effect is small
and highly variable.

Explosive performance measures, such as jump height
and sprint time, show similarly inconsistent responses. Any
observed improvements may be driven more by
psychological readiness than by physiological restoration.

» Vascular Pumping: Theory Versus Evidence

The vascular pumping hypothesis is the cornerstone of
contrast bath therapy. According to this theory, alternating
vasodilation (from heat) and vasoconstriction (from cold)
creates rhythmic changes in blood vessel diameter that
enhance circulation and venous return.

Despite its conceptual appeal, empirical support for
this mechanism is limited. Studies using Doppler ultrasound
and near-infrared spectroscopy have produced inconsistent
findings regarding blood flow enhancement. Some report
transient increases in superficial circulation, while others
show no meaningful differences compared to passive
recovery.
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Moreover, the deep intramuscular circulation—
arguably more relevant for recovery—does not appear to
respond significantly to contrast bathing.

» Effects on Swelling and Edema

Contrast bath therapy is often prescribed for conditions
involving edema, based on its purported ability to enhance
lymphatic drainage. While some clinical studies suggest
modest reductions in limb girth following CWT, these
effects are typically small and transient.

In athletic populations, post-exercise swelling is
usually minimal and resolves naturally. Consequently, the
practical relevance of edema reduction through contrast
baths may be limited.

» Metabolite Clearance and Lactate Dynamics

One of the most persistent myths surrounding contrast
bath therapy is its supposed ability to accelerate lactate
clearance. Modern physiology, however, recognizes that
lactate is not a waste product but an important metabolic
intermediate.

Research indicates that active recovery is far more
effective at facilitating lactate clearance than either contrast
baths or cold immersion. Any benefits of CWT in this regard
are likely negligible.

» Neuromuscular and Sensory Effects

Contrast baths provide strong thermal stimulation,
which may activate central pain-modulation pathways. The
alternating hot and cold sensations may reduce pain
perception through gate control mechanisms.

Warm phases may temporarily increase tissue
extensibility and reduce stiffness, while cold phases may
provide analgesic effects. This combination could enhance
perceived mobility, even if objective measures remain
unchanged.

» Psychological and Perceptual Recovery

Perhaps the most consistent benefit of contrast bath
therapy is its effect on perceived recovery. Athletes
frequently report feeling relaxed, refreshed, and mentally
restored after contrast immersion.

These effects may stem from ritualistic aspects of the
therapy, expectation effects, and the sense of active
engagement in recovery. Psychological readiness is a
powerful determinant of training quality and performance.

» Comparison With Other Recovery Modalities

When compared to passive recovery, contrast baths
generally produce superior perceptual outcomes. However,
when compared to active recovery, compression garments,
or CWI, differences are minimal.

This suggests that CWT may be most useful when
other, more effective modalities are unavailable.
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» Methodological Limitations in the Literature
The evidence base for contrast bath therapy is
constrained by:

Small sample sizes

High risk of bias

Lack of blinding

Protocol heterogeneity

Overreliance on subjective outcomes

These limitations complicate interpretation and
generalization.

V. COMPARATIVE INSIGHTS:
CRYOTHERAPY VS. CONTRAST BATH
THERAPY

As both cryotherapy and contrast bath therapy are
widely used in sports recovery, a direct comparison of their
physiological effects, empirical evidence, and practical
implications is essential. While both modalities aim to
alleviate post-exercise symptoms and accelerate functional
restoration, they operate through different mechanisms and
may be better suited to different recovery objectives. This
section synthesizes available comparative evidence and
highlights the contexts in which one modality may be
preferable to the other.

» Mechanistic Comparison

Cryotherapy primarily exerts its effects through tissue
cooling, vasoconstriction, and neural inhibition. These
processes reduce pain, limit inflammatory responses, and
decrease metabolic demand. In contrast, contrast bath
therapy relies on alternating thermal stimuli to induce
cyclical vasodilation and vasoconstriction, theoretically
enhancing circulation and fluid movement.

While cryotherapy suppresses physiological activity,
contrast baths aim to stimulate dynamic vascular responses.
This fundamental difference suggests that cryotherapy may
be more suitable for acute symptom management, whereas
contrast therapy may be more relevant for promoting
subjective feelings of looseness and mobility.

» Soreness and Pain Modulation

Meta-analytical evidence consistently  ranks
cryotherapy—especially cold-water immersion—as one of
the most effective modalities for reducing DOMS within the
first 2448 hours post-exercise. Contrast baths also reduce
soreness but rarely outperform cryotherapy.

The analgesic effects of cryotherapy are stronger due
to direct neural inhibition, whereas contrast baths rely more
on sensory modulation and placebo-mediated mechanisms.

» Strength, Power, and Neuromuscular Recovery

Cryotherapy shows modest advantages in restoring
neuromuscular function, particularly for explosive tasks
such as jumping and sprinting. Contrast baths show
inconsistent effects on these outcomes.
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However, cryotherapy’s suppression of anabolic
signaling may impair long-term strength gains, a limitation
not yet clearly established for contrast baths.

» Biomarkers and Inflammation

Neither modality demonstrates robust or consistent
effects on biomarkers such as creatine kinase or C-reactive
protein. Network meta-analyses suggest contrast therapy
may show slight advantages for some biochemical markers,
but these differences are rarely clinically meaningful.

» Psychological and Perceptual Outcomes

Both modalities improve perceived recovery.
Cryotherapy tends to enhance alertness and readiness, while
contrast baths promote relaxation and mental restoration.

» Practicality and Accessibility

Cryotherapy via CWI is simple and widely accessible.
Whole-body cryotherapy is expensive and less feasible.
Contrast baths require access to both hot and cold water
sources and more time.

» Individualization of Recovery

Athletes differ in their physiological responses,
preferences, and tolerance. Personalized recovery strategies
are therefore essential.

VI PRACTICAL CONSIDERATIONS FOR
ATHLETES AND CLINICIANS

The translation of research findings into real-world
practice requires careful consideration of individual athlete
characteristics, sport-specific demands, logistical
constraints, and long-term training goals. While both
cryotherapy and contrast bath therapy may offer benefits,
their effectiveness depends heavily on how, when, and for
whom they are used. This section outlines practical
guidelines for clinicians, coaches, and athletes seeking to
integrate these modalities into comprehensive recovery
programs.

» Timing of Application

The timing of recovery interventions is critical.
Cryotherapy appears most beneficial when used acutely
following intense or damaging exercise, particularly when
rapid symptom reduction is a priority. This includes
tournament settings, congested competition schedules, and
periods of high training density. In such contexts, reducing
soreness and perceived fatigue may help maintain
performance.

In contrast, contrast bath therapy may be more suitable
during general training phases where the emphasis is on
relaxation, perceived readiness, and mental recovery rather
than immediate performance restoration. Its ritualistic and
sensory properties may enhance compliance and subjective
well-being.

» Acute Injury Versus Training-Induced Fatigue
Cryotherapy has a well-established role in acute injury
management, particularly for controlling pain and swelling.
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Localized ice application or cold immersion can be useful in
the early stages of soft tissue injury.

For training-induced fatigue without structural
damage, the choice of modality should be guided by
recovery goals. If rapid symptom suppression is required,
cryotherapy may be preferable. If the goal is general
relaxation and comfort, contrast baths may suffice.

» Temperature and Duration Guidelines

For cold-water immersion, commonly used protocols
involve water temperatures between 10°C and 15°C for 10—
15 minutes. Lower temperatures may increase discomfort
without providing additional benefit.

Contrast bath protocols vary widely, but a typical
approach involves alternating between 3—4 minutes of warm
water (38—42°C) and 1 minute of cold water (10-15°C) for a
total of 15-30 minutes.

Clinicians should avoid excessively long exposures,
particularly to cold, to reduce the risk of adverse responses.

» Frequency of Use

Cryotherapy should not be used indiscriminately after
every training session. Chronic use, particularly following
resistance training, may blunt adaptive responses. It may be
more appropriate during competition phases rather than
developmental phases.

Contrast baths may be used more frequently, although
empirical evidence for cumulative benefits is lacking.

» Athlete Preference and Placebo Effects

Athlete belief in a recovery modality can significantly
influence its effectiveness. Allowing athletes to choose their
preferred recovery strategy may enhance compliance and
perceived benefit.

» Safety and Contraindications

Cryotherapy is contraindicated in individuals with cold
hypersensitivity, ~Raynaud’s phenomenon, peripheral
vascular disease, or open wounds. Contrast baths should be
used cautiously in individuals with cardiovascular
instability.

» Integration Into Holistic Recovery Programs

Neither cryotherapy nor contrast baths should be
viewed as standalone solutions. Optimal recovery requires
adequate sleep, proper nutrition, hydration, load
management, and psychological support.

VIL LIMITATIONS AND FUTURE
DIRECTIONS

Despite the widespread use of cryotherapy and contrast
bath therapy in sports settings, the current evidence base is
characterized by several methodological and conceptual
limitations. These weaknesses restrict the strength of
conclusions that can be drawn regarding the true efficacy,
mechanisms, and optimal implementation of these recovery
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modalities. A critical appraisal of these limitations is
essential for guiding future research and improving clinical
practice.

» Heterogeneity of Protocols

One of the most significant challenges in interpreting
the literature is the wide variability in intervention protocols.
For cryotherapy, water temperatures range from near-
freezing to relatively mild cooling, immersion durations
vary from a few minutes to half an hour, and body coverage
differs considerably across studies. Similarly, contrast bath
protocols differ in the number of cycles, temperature
gradients, and hot-to-cold ratios.

This heterogeneity makes it difficult to compare
findings across studies and precludes the development of
standardized, evidence-based guidelines. Future research
should aim to systematically manipulate these parameters to
identify dose-response relationships.

» Methodological Quality and Risk of Bias

Many studies investigating recovery modalities suffer
from small sample sizes, inadequate randomization
procedures, and insufficient blinding. The subjective nature
of many outcome measures further increases susceptibility
to expectancy and placebo effects.

Well-designed randomized controlled trials with larger
sample sizes, standardized protocols, and transparent
reporting are urgently needed.

» Overreliance on Subjective Outcomes

The majority of recovery research prioritizes self-
reported soreness, fatigue, and readiness scales. While these
measures are clinically relevant, they do not necessarily
reflect true physiological recovery.

Future studies should incorporate objective markers
such as neuromuscular function, force production,
movement quality, and sport-specific performance
outcomes.

» Lack of Long-Term Studies

Most existing studies focus on acute responses within
24-96 hours post-exercise. Very few investigate the long-
term consequences of repeated cryotherapy or contrast bath
use.

Understanding how these modalities influence training
adaptation, injury risk, and career longevity is critical.

» Individual Differences

Interindividual variability in response to recovery
interventions is substantial. Genetic factors, training status,
psychological traits, and prior experiences may all influence
outcomes.

Future research should adopt personalized medicine
approaches.
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» Sex, Age, and Cultural Biases

Most studies are conducted on young, male athletes.
Research on female athletes, youth populations, and older
adults remains scarce.

» Mechanistic Gaps

Many hypothesized mechanisms—such as vascular
pumping and lymphatic drainage—have not been directly
tested.

Advanced imaging and molecular techniques may help
elucidate these processes.

VIIIL. CONCLUSION

Recovery is a multidimensional process essential for
athletic performance, injury prevention, and long-term
training adaptation. Among commonly used thermal
recovery strategies, cryotherapy and contrast bath therapy
remain popular despite variable levels of scientific support.
Current evidence suggests that cryotherapy—particularly
cold-water immersion—offers moderate and consistent
benefits for reducing delayed onset muscle soreness, pain,
and perceived fatigue in the short term. These effects are
most useful during periods of high competition density or
limited recovery time. However, its influence on objective
performance outcomes is inconsistent, and prolonged use
may interfere with long-term training adaptations.

In contrast, contrast bath therapy demonstrates less
robust and more inconsistent evidence. While it may
enhance short-term perceptual recovery and relaxation, its
proposed physiological mechanisms lack strong empirical
support. Nevertheless, psychological comfort and athlete
preference may contribute to its practical value.

Comparatively, cryotherapy appears more effective for
acute symptom relief, whereas contrast baths may support
mental recovery and relaxation. Importantly, neither
modality surpasses foundational recovery strategies such as
sleep, nutrition, hydration, and load management. Therefore,
these interventions should be considered adjuncts rather than
primary recovery tools.

Overall, individualized, context-specific application is
essential. Future high-quality, longitudinal research is
needed to establish standardized protocols and clarify the
long-term implications of these modalities on athletic
adaptation and performance.

REFERENCES

[1]. Higgins, T. R., Greene, D. A., & Baker, M. K. (2017).
Effects of cold water immersion and contrast water
therapy for recovery from team sport: A systematic
review and meta-analysis. Journal of Strength and
Conditioning Research, 31(5), 1443—1460.

[2]. Hohenauer, E., Tacymans, J., Baeyens, J. P., Clarys,
P., & Clijsen, R. (2015). The effect of post-exercise
cryotherapy on recovery characteristics: A systematic

IJISRT26JUN1588

[3].

[10].

[14].

[15].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/26jun1588

review and meta-analysis. PLoS ONE,
e0139028.

Mauger, A. R., Jones, A. M., & Williams, C. A.
(2011). Effects of cold water immersion on limb and
cutaneous blood flow at rest. European Journal of
Applied Physiology, 111(8), 1497-1507.

Leeder, J., Gissane, C., van Someren, K., Gregson,
W., & Howatson, G. (2012). Cold water immersion
and recovery from strenuous exercise: A meta-
analysis. British Journal of Sports Medicine, 46(4),
233-240.

Machado, A. F., Ferreira, P. H., Micheletti, J. K., de
Almeida, A. C., Lemes, I. R., Vanderlei, F. M,, ... &
Costa, L. O. P. (2016). Can water temperature and
immersion time influence the effect of cold water
immersion on muscle soreness? A systematic review
and meta-analysis. Sports Medicine, 46(4), 503-514.
Mohr, M., Krustrup, P, Nybo, L., Nielsen, J. J., &
Bangsbo, J. (2004). Muscle temperature and sprint
performance during soccer matches—beneficial effect
of re-warm-up at half-time. Scandinavian Journal of
Medicine & Science in Sports, 14(3), 156-162.
Poppendieck, W., Wegmann, M., Ferrauti, A,
Kellmann, M., Pfeiffer, M., & Meyer, T. (2013). Cold
water immersion after exercise: Effects on recovery
and training adaptations. Journal of Strength and
Conditioning Research, 27(8), 2250-2267.

Zemkova, E., & Hamar, D. (2014). The use of
contrast water therapy for recovery from exercise.
Physical Activity Review, 2, 44-53.

Effect of Cold-Water Immersion Compared with
Other Recovery Modalities on Athletic Performance
Following  Acute  Strenuous  Exercise (2022).
Systematic Review and Meta-Analysis.

Impact of Cold-Water Immersion Compared with
Passive Recovery Following a Single Bout of
Strenuous Exercise on Athletic Performance (2022).
Systematic Review with Meta-analysis and Meta-
regression.

10(9),

. Effects of cold water immersion or contrast on post-

exercise recovery in acyclical sports: A systematic
review and meta-analysis. (2013).

Contrast water therapy and exercise induced muscle
damage: A systematic review and meta-analysis.
(2013).

Ihsan, M., Watson, G., & Abbiss, C. R. (2016). What
are the physiological mechanisms for post-exercise
cold water immersion in the recovery from prolonged
endurance and intermittent exercise?  Sports
Medicine, 46(8), 1095-1109.

Vaile, J., Halson, S., Gill, N., & Dawson, B. (2008).
Effect of hydrotherapy on recovery from fatigue.
International Journal of Sports Medicine, 29(7), 539—
544.

Bleakley, C. M., Bieuzen, F., & Costello, J. T. (2013).
Contrast water therapy and exercise induced muscle
damage: A systematic review and meta-analysis.
PLoS ONE, 8(4), €62356.

20


https://doi.org/10.38124/ijisrt/26jun1588

