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ABSTRACT

Background: Optimizing recovery after exercise is an important component of athletic performance, injury
prevention, and training adaptation. Exercise-induced muscle damage (EIMD) and delayed onset muscle
soreness (DOMS) are common after intense exercise. Cryotherapy and thermotherapy are widely used, although
their effectiveness remains debated.

Aim: To summarize evidence on the effects of cryotherapy and thermotherapy on post-exercise recovery.
Materials and methods: A narrative review of studies from PubMed, Web of Science, and Google Scholar was
conducted, focusing on muscle soreness, strength recovery, inflammation, and performance.

Results: Cryotherapy reduces pain and inflammation but may impair long-term adaptations. Thermotherapy
improves blood flow, flexibility, and supports later recovery stages. Effectiveness depends on timing, duration,
and exercise type. Cold is more beneficial immediately after exercise, while heat is more effective in later
phases.

Conclusions: Both methods are useful and complementary. A phase-based approach combining cryotherapy
and thermotherapy appears most effective. Individual factors should guide recovery strategies. Further high-
quality studies are needed.
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Introduction

Post-exercise recovery can be defined as the restoration of an athlete’s ability to meet or exceed their previous
psychophysiological state or performance in a specific activity (1). It is a process essential for restoring
physiological homeostasis, repairing muscle damage, and replenishing energy stores (2). Psychophysiological
development occurs during non-training periods, making rest a fundamental element of building fitness (1). During
the recovery process, muscle soreness is alleviated, general fatigue is reduced, and the body’s tolerance for
subsequent training loads is increased (3). Recovery is essential regardless of the athlete’s level of performance.
Its priorities may vary slightly depending on the intensity of competitions. Effective recovery directly enhances
athletic performance (2). It allows the athlete to respond faster and more effectively to training, which translates
into better results (1). Load management is crucial for achieving peak form and preventing overtraining (2). Failure
to achieve full biological recovery carries the risk of serious consequences, including increased susceptibility to
injuries and reduced exercise capacity, both in terms of training volume and intensity (1). The particular importance
of recovery is evident in professional sports. A regular competition schedule forces athletes to maximize their
potential (2). Under such conditions, the timeliness of recovery processes determines victory or defeat.
Additionally, exercise-induced muscle damage, although essential for training adaptations, increases the
physiological demand for effective recovery strategies (4). Recovery strategies are diverse, ranging from
mechanical interventions to thermal modalities, although their effectiveness remains inconsistent across studies

(5).

Materials and methods

A narrative literature review was conducted using the PubMed, Web of Science, and Google Scholar databases up
to January 2021. Its aim is to present the current state of knowledge regarding the impact of cryotherapy and
thermotherapy on post-exercise recovery, with particular emphasis on physiological mechanisms, clinical effects,
and practical applications. Various combinations of keywords were used: cryotherapy, cold water immersion,
thermotherapy, heat therapy, post-exercise recovery, muscle damage, DOMS, and inflammation, recovery
strategies, physical performance. Priority was given to randomized controlled trials, systematic reviews, and meta-
analyses evaluating recovery-related indicators, such as muscle soreness, strength recovery, inflammatory markers,
and functional performance in physically active individuals.

Review of Evidence

Pathophysiology of DOMS and Muscle Damage

In the context of post-exercise recovery, it is crucial to understand the effects of applied training loads. Exercise-
Induced Muscle Damage (EIMD) refers to physical microdamage to muscle fiber structures (sarcomeres) and
connective tissue that occurs during training. This occurs primarily during eccentric contractions and following
unfamiliar forms of activity (6,7). Delayed Onset Muscle Soreness (DOMS) in turn, is a direct result of the
inflammatory processes following the onset of EIMD (7). Symptoms of EIMD include a temporary decline in
muscle function (strength and range of motion), swelling, and an increase in muscle-specific markers in the blood,



such as creatine kinase (CK) (7). DOMS is a type of ultrastructural injury in which symptoms (pain, stiffness)
predominate over the actual degree of tissue damage (6,8). Unlike acute soreness, DOMS typically appears 24
hours after exercise, reaching peak intensity between 48 and 72 hours (6,8).

The pathophysiology of DOMS is complex and involves the interaction of multiple factors. The most important
include: mechanical disruption of muscle structures (6), a delayed immune response to injury, increased enzyme
release, and irritation of free nerve endings within the muscle (5, 6). The consequences are pain, tenderness,
stiffness, and dysfunction of adjacent joints (5, 8). Importantly, muscle damage should not be considered solely
detrimental, as it also represents a key stimulus for muscle adaptation and remodeling (4).

The Inflammatory Response in EIMD and DOMS

Intense physical exertion, exceeding the body’s current adaptive capacity, initiates a cascade of pathophysiological
events known as the acute phase response (APR) (9). The most critical aspect of this process is how muscle damage,
oxidative stress, and inflammation feed into one another. EIMD results in increased permeability of cell membranes
to intramuscular proteins. This leads to elevated levels of creatine kinase (CK), lactate dehydrogenase (LDH), and
aminotransferases (AST and ALT) in the blood (9). Inflammation is regulated by a network of cytokines,
intracellular signaling molecules. Exercise, particularly eccentric exercise, leads to significant fluctuations in these
molecules, driving the inflammatory response (10). Initially, there is an increase in the concentration of pro-
inflammatory cytokines (e.g., IL-6). Subsequently, anti-inflammatory molecules (e.g., IL-10, IL-1Ra) are released,
aimed at restoring tissue homeostasis. Excessive production of pro-inflammatory cytokines (IL-1p, IL-6, TNF-a)
is responsible for clinical symptoms such as muscle soreness, low mood, and loss of appetite (10). Intense physical
exercise increases the production of reactive oxygen species (ROS) by up to tenfold (9, 11). Inflammatory cells,
by releasing enzymes (proteases, collagenase) and additional ROS, exacerbate the damage. This phenomenon is
referred to as secondary damage (11). When the body produces more free radicals than it can neutralize, oxidative
stress occurs. This results in the degradation of proteins, lipids, and DNA in the muscles. This, in turn, exacerbates
DOMS and impairs athletic performance (5, 11).

Cryotherapy

Mechanisms of action

Cryotherapy involves applying low temperatures to the skin’s surface. Cold exposure activates thermosensory
receptors such as TRPM8 and TRPAL, which initiate rapid neurovascular responses including vasoconstriction and
subsequent inflammatory processes (12). This leads to reduced blood flow, decreased tissue swelling, and a
reduction in inflammatory exudate and hematomas (13, 14, 15, 16). Cooling also affects cellular metabolism.
Lowering the local temperature reduces tissue oxygen demand (9, 15) and may additionally trigger systemic
responses, including increased catecholamine release, which contributes to analgesia and improved tolerance to
post-exercise discomfort (17, 18, 19). This is crucial for limiting so-called secondary injury (15). Intense physical
exertion can cause swelling and damage to the microcirculation, which limits the supply of oxygen to healthy
tissues surrounding the injury. Lowering cellular metabolism in the area surrounding the injury has a protective
effect. It puts these cells into a state of reduced activity. This allows them to survive the period of hypoxia and
prevents them from dying (9, 15).

However, the effect of cryotherapy is not limited to tissue protection; it also has analgesic properties. This is
explained, among other things, by slower transmission of impulses in sensory nerves (14, 19), the release of
endogenous B-endorphins (1), and modulation of the cytokine profile, involving an increase in anti-inflammatory
interleukins and a reduction in pro-inflammatory factors (19, 20).



Types of cryotherapy

In clinical and sports practice, we distinguish three main methods of applying cold:

Local cryotherapy: involves the use of ice packs, cooling gels, or crushed ice. More advanced methods include
devices that allow for a continuous flow of cold water or cryopneumatic systems (13, 14, 16).

Cryocompression: local cooling combined with compression (special cuffs), which intensifies the anti-edema
effect (13, 14, 16).

Cold Water Immersion (CWI): a popular method involving immersing the entire body or limbs in low-
temperature water. It aims to accelerate the return to homeostasis (15, 16).

Whole-body cryotherapy (WBC): involves short-term (1-3 min) exposure to extremely low temperatures (from
-110°C to -140°C) in special cryochambers (16, 20).

Evidence from clinical studies: DOMS, strength, and recovery

Studies indicate that the use of cryotherapy, particularly WBC and CWI methods, is effective in alleviating DOMS
symptoms and reducing the subjective sensation of pain after intense exercise (15, 16, 17, 18, 20). Cryotherapy
provides effective support for post-exercise recovery, primarily through rapid tissue cooling and suppression of the
acute inflammatory response (4, 16, 17, 20, 21). However, caution is warranted, as excessively low temperatures
or prolonged application times may paradoxically lead to delayed vasodilation and increased edema (14, 16, 19).

Thermotherapy

Mechanisms of Action

Thermotherapy, or heat treatment, is based on raising tissue temperature. This initiates a series of beneficial
physiological processes. The key mechanism is vasodilation. Consequently, peripheral blood flow increases (22,
23, 24). Enhanced blood flow facilitates tissue regeneration. This results in increased oxygen and nutrient delivery
to muscle tissues and fewer metabolic byproducts and substances that irritate pain receptors (23, 24, 25).

Heat exerts a muscle-relaxing effect. It reduces muscle tension and the excitability of peripheral nerves (22, 23).
At the cellular level, heat shock proteins (HSP70) play a significant role. Their increased production under heat
stress helps protect muscle cells from damage, prevents their aggregation, supports repair processes, and reduces
the effects of oxidative stress and inflammation (24, 25, 26). However, it should be noted that a 1°C increase in
temperature raises tissue metabolic demand by approximately 7%. This may partially limit the benefits of improved
blood flow (25).

Forms of thermotherapy

In sports and rehabilitation practice, various forms of heat delivery are used.

Hot water immersion (HWI): full-body or limb baths, which are more effective than cold water at alleviating
muscle pain following eccentric exercise (15).

Sauna (including IR): IR saunas are of particular importance, as their ability to penetrate heat deeper beneath the
skin’s surface allows them to more effectively affect blood vessels and nerves (23, 27).

Warm wraps and compresses: superficial heat sources (hot packs, towels, wax), easy to use at home (22, 23, 28).

Diathermy: the use of electromagnetic energy for deep tissue heating (22, 29).



Research Evidence: Recovery and Mobility

Clinical studies confirm that thermotherapy contributes to reducing muscle and joint stiffness and increasing their
range of motion (22, 29). Injury initiates repair processes. This leads to the activation of satellite cells (muscle stem
cells) and faster reconstruction of muscle fiber structures (15, 30). In a post-exercise context, immersion in warm
water (HWI) is associated with a decrease in markers of muscle damage, such as creatine kinase (CK) and
myoglobin (15, 30). Post-workout IR sauna sessions may improve performance test results and lower the pain
threshold (23, 27). Despite these positive effects, experts often recommend caution during the acute phase of an
injury. Here, heat can have the opposite effect, exacerbating swelling and inflammation, which can be detrimental
(22, 29).

Comparison of Cryotherapy and Thermotherapy

Practical Implications for Athletes and Clinicians

The choice between cooling and heating in post-exercise recovery depends primarily on the therapeutic goal and
the time elapsed since the end of exercise. Although both methods aim to restore homeostasis, they affect the body
in opposite ways (Table 1)

Table 1: Summary of differences between cryotherapy and thermotherapy

Feature Cryotherapy Thermotherapy

Blood vessels Constriction Dilation

Tissue metabolism Slowing (protection against Acceleration (faster exchange of
hypoxia) substances)

Anti-inflammatory effect Strong - inhibits the formation of | Weak — may exacerbate acute
edema inflammation

Effect on muscles Anesthesia, reduction of pain Relaxation, increased flexibility

Anti-inflammatory effect and impact on DOMS

Cryotherapy is commonly considered an effective strategy. By lowering tissue temperature, it effectively inhibits
the activity of pro-inflammatory cytokines and cell-damaging enzymes. This method is recommended for
managing microtraumas (EIMD), effectively reducing pain and swelling (15, 16, 17).

Thermotherapy, on the other hand, is more effective in the later stages of recovery. While cold inhibits
inflammation, heat supports repair processes. By improving blood flow, thermotherapy accelerates the removal of
waste products and delivers fresh building blocks for fiber repair. By providing a relaxing effect, heat effectively
reduces delayed onset muscle soreness (DOMS) and the accompanying stiffness on the 2nd and 3rd days after
exercise (15, 25).



Optimal Timing

Understanding the “time window” is key to effective recovery:

Immediate Phase (0-24 hours after training): Cryotherapy is most effective in this phase. Its purpose is to
halt the cascade of secondary damage and relieve acute pain. Applying heat at this point could theoretically
exacerbate internal bleeding and swelling (16).

Late Phase (48+ hours after training): this is the time for thermotherapy. Once the inflammation has subsided,
heat improves circulation and relaxes tense tissues. Saunas and hot baths are effective ways to improve fascial
elasticity and restore full range of motion (25).

Application in Sports

Contact and team sports (e.g., soccer, rugby, combat sports): due to the high number of contusions and
mechanical microtraumas, cryotherapy (CWI, WBC) remains a commonly used strategy. It helps athletes endure
tournaments with a high frequency of matches.

Sports requiring high mobility (e.g., gymnastics, dance, yoga): thermotherapy is more commonly used here. Heat
improves tissue elasticity, which directly translates to better movement quality and a lower risk of strains during
wide ranges of motion.

Endurance sports (e.g., cycling, long-distance running): contrast therapy (alternating cold and heat) is often used
here, which promotes rapid blood circulation and accelerates metabolism without the risk of excessive cooling or
overheating of the body.

Discussion

An analysis of the literature shows that recovery is a complex process. This makes it difficult to definitively
determine which method- cryotherapy or thermotherapy- is more effective (1, 10). Although both methods are
widely used in professional and recreational sports, it is crucial to tailor them to the current phase of muscle damage
(EIMD) (2, 3, 5, 6). The main point of contention in the literature remains the impact of cryotherapy on long-term
training adaptation. The mechanism of vasoconstriction and reduced cellular metabolism, while beneficial in the
acute phase (limiting secondary hypoxic injury) (11, 19), may suppress anabolic signals, thereby inhibiting muscle
mass gain (10). In contrast, thermotherapy, through the activation of heat shock proteins (HSP70) and improved
blood flow, appears to more favor tissue remodeling and angiogenesis (14, 21, 24). Therefore, it is a better solution
at a later stage of recovery (9). Modern sports medicine leans toward a sequential model: cryotherapy as an
“emergency” tool in the first 24 hours after exercise, followed by a transition to thermotherapy, which supports
tissue repair and improves mobility (5). However, the interpretation of these results is subject to significant
methodological limitations that must be taken into account. Due to the considerable heterogeneity of the data,
extrapolating conclusions to specific populations is problematic. The available studies include elite athletes,
recreational exercisers, and completely untrained individuals. Various intervention protocols are used, involving
differences in temperature, duration, and frequency of treatments. This variability makes it difficult to establish
uniform standards of care. An additional challenge is the lack of standardization resulting from the use of different
methods to induce muscle damage. Resistance training versus endurance training results in different physiological
responses in the body. Furthermore, subjective outcomes (DOMS) often do not correlate with objective markers
(strength, creatine kinase, inflammation). Another limitation is the low statistical power of many studies, resulting
from small sample sizes and short experiment durations. Therefore, despite the promising effects of both therapies,
the conclusions should be interpreted with caution. Further high-quality, well-designed randomized controlled
trials (RCTs) are necessary to establish optimal protocols and fully elucidate the effects of thermal treatments on
post-exercise recovery (10, 13, 15). Additionally, placebo effects and subjective bias in reporting pain and fatigue
may influence the perceived effectiveness of recovery interventions.



Conclusion

Cryotherapy and thermotherapy are two complementary strategies for post-exercise recovery, each exerting distinct
physiological effects. Cryotherapy appears to be more effective in the acute phase, as it alleviates inflammatory
responses and reduces pain perception. Thermotherapy may play a greater role in later stages by improving blood
flow and supporting tissue repair processes. Current evidence suggests that a phase-specific approach, combining
both methods depending on the timing and type of exercise-induced muscle damage, may yield the most beneficial
outcomes. However, the heterogeneity of existing studies, including variations in protocols, populations, and
outcome measures, limits the ability to establish standard recommendations. Future research should focus on well-
designed randomized controlled trials to determine optimal treatment parameters and clarify the long-term effects
of thermal interventions on training adaptation and performance.
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