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ABSTRACT

Background: Hydrotherapy, leveraging water-based interventions, has garnered interest in sports medicine for its potential to enhance muscle
recovery in athletes. This narrative review aims to synthesize current evidence regarding the effectiveness of various hydrotherapy interventions and
their physiological underpinnings in promoting muscle recovery.

Research Problem and Aim: Despite the growing body of literature, there remains a need for a consolidated understanding of how specific
hydrotherapy modalities contribute to muscle recovery, including the mechanisms involved and practical applications for athletes. This review seeks
to clarify these aspects.

Methodology: A comprehensive literature search was conducted across electronic databases such as PubMed, Embase, and Cochrane Library, using
keywords related to hydrotherapy and muscle recovery in athletes. Only articles published in English that focused on hydrotherapy interventions
and their effects on muscle function, performance, and recovery perceptions were included.

Results: The findings indicate that hydrotherapy interventions, including cold water immersion, contrast water therapy, ice massage, aquatic exercise,
and cryotherapy, effectively reduce muscle edema, inflammation, and pain, leading to improved muscle function and performance. Specifically,
cold water immersion and contrast water therapy show significant benefits in enhancing recovery measures, while localized interventions like ice
massage target specific muscle groups.

Implications: These results underscore the utility of hydrotherapy in athletic recovery protocols. Practitioners should tailor hydrotherapy interventions

based on individual athlete needs, optimizing temperature, duration, and modality to maximize recovery outcomes while minimizing risks.

*Corresponding author

Nanjeshgowda H L Department of Natural Therapeutics, S.D.M College of Naturopathy and Yogic Sciences, Ujire, Karnataka, India.

Received: February 24, 2025; Accepted: February 27, 2025; Published: March 10, 2025

Keywords: Hydrotherapy, Muscle Recovery, Athletes, Cold
Water Immersion, Contrast Water Therapy, Ice Massage, Aquatic
Exercise, Cryotherapy, Warm Water Immersion, Hydromassage,
Underwater Treadmill Training, Aquatic Plyometric, Aquatic
Resistance Training

Introduction

Hydrotherapy, a therapeutic approach that utilizes water based
interventions, has gained significant attention in the realm of sports
medicine and athlete rehabilitation [1] . The physical properties of
water, including buoyancy, hydrostatic pressure, and temperature
regulation, provide a unique environment that can be leveraged
to support muscle recovery and optimize athletic performance [2]
. This narrative review synthesizes the current evidence on the
efficacy of hydrotherapy interventions in promoting muscle recovery
among athletes, offering insights into the underlying physiological
mechanisms and practical applications of this modality.

Water immersion has been shown to induce a range of physiological
changes within the body, reflecting the distinct properties of the
aquatic environment [3,4] . Specifically, the hydrostatic pressure
experienced during water immersion can facilitate the movement
of fluids between the intracellular and intravascular spaces, leading
to a reduction in muscle edema [5]. This fluid shift, combined
with the increased cardiac output and blood flow associated with
water immersion, may enhance the transport of nutrients and the
removal of metabolic waste products, ultimately aiding in the
recovery process [2,6].

The temperature of the water used in hydrotherapy can also
significantly influence the physiological response. Cool to
thermoneutral water temperatures (around 15-22°C) have been
suggested to provide the optimal range for promoting muscle
recovery, as they can induce both vasoconstriction and vasodilation,
respectively, which may help mitigate inflammation and facilitate
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the removal of metabolic byproducts [3] . Additionally, the
psychological benefits associated with water immersion, such
as a perceived reduction in fatigue and a sense of relaxation,
may contribute to the overall effectiveness of hydrotherapy
interventions by improving the athlete’s subjective experience
and enhancing their ability to recover from strenuous physical
activity [7].

The immersion of the human body in water, whether partially or
fully, induces a series of physiological changes that can contribute
to the recovery process [4]. When the body is immersed to the
suprasternal notch, the hydrostatic pressure gradients are altered,
leading to a shift of approximately 700 ml of blood from the lower
extremities to the cardiothoracic region, resulting in increased
central blood volume [2]. This increase in central blood volume
triggers a cascade of cardiovascular, renal, and respiratory
adjustments that may facilitate the recovery of muscle tissue and
overall physiological function [8]. The increased central blood
volume caused by immersion leads to a rise in stroke volume and
cardiac output, which can enhance blood flow and the delivery
of nutrients and oxygen to the muscles, potentially accelerating
the recovery process [3]. Moreover, the hydrostatic pressure
exerted by the water during immersion may help reduce muscle
edema and promote the removal of metabolic waste products,
further contributing to the overall recovery of muscle function
and performance [3,9].

Hydrotherapy Interventions for Muscle Recovery

Among the various hydrotherapy interventions that have been
explored for their potential to enhance muscle recovery in athletes,
cold water immersion, contrast water therapy, ice massage therapy,
cold pack application, aquatic exercise, cryotherapy, warm
water immersion, hydromassage, underwater treadmill training,
aquatic plyometric, and aquatic resistance training have garnered
significant attention in the literature.

Cold Water Immersion

Cold water immersion involves the submersion of the body, or
specific body parts, in water with temperatures typically ranging
from 10°C to 15°C [4,10]. This approach is believed to facilitate
muscle recovery by inducing vasoconstriction, which can reduce
inflammation and edema, thereby promoting the recovery of muscle
function and performance [11]. Numerous studies have reported
that cold water immersion can effectively enhance the recovery
of various performance measures, such as muscular strength,
power, and endurance, when compared to passive recovery or
other modalities [12]. The proposed mechanisms underlying the
efficacy of cold water immersion include the reduction of muscle
edema, decreased inflammation, and potential analgesic effects, all
of which contribute to the overall improvement in muscle recovery.

Contrast Water Therapy

Contrast water therapy involves the alternation between hot and
cold water immersion, typically with a ratio of 1:1 or 1:2 for
hot and cold water, respectively [13,14]. The transition between
vasodilation (in response to hot water) and vasoconstriction (in
response to cold water) is thought to create a pumping action
that can facilitate the removal of metabolic waste products
and reduce inflammation, ultimately supporting the recovery
of muscle function [15,16]. Several studies have demonstrated
the potential benefits of contrast water therapy in improving
various performance measures, such as muscle power, strength,
and endurance, when compared to passive recovery or other
intervention strategies [13].

Practical Considerations and Recommendations

When implementing hydrotherapy interventions for muscle
recovery, it is essential to consider several practical factors,
including water temperature, immersion duration, and the specific
needs and preferences of the athlete [3,4,10,17]. The available
evidence suggests that immersion in water with temperatures
ranging from 10°C to 15°C for a duration of 5 to 15 minutes
can be an effective approach for enhancing muscle recovery in
athletes [4,14,18]. Furthermore, contrast water therapy, involving
the alternation between hot and cold water immersion, may also
provide benefits in terms of promoting muscle recovery and
restoring athletic performance [10,19].

It is important to note that the optimal hydrotherapy protocols
may vary depending on the specific sport, the type and intensity
of the physical activity, and the individual athlete’s response
to the intervention [7]. Therefore, practitioners should closely
monitor the athlete’s response to the hydrotherapy intervention
and make adjustments as needed to ensure the protocol is tailored
to the individual’s needs, maximizing the potential benefits and
minimizing any risks or adverse effects [19].

Ice Massage Therapy

Ice massage therapy involves the direct application of ice to
the skin, typically targeting specific muscle groups affected by
exercise-induced muscle damage [20]. This intervention is believed
to promote muscle recovery by reducing inflammation, alleviating
pain, and facilitating the removal of metabolic byproducts from
the affected muscle tissue [21]. Several studies have reported that
ice massage therapy can effectively enhance various measures of
muscle recovery, such as range of motion, muscle strength, and
subjective perceptions of soreness, when compared to passive
recovery or other interventions [22,23].

Aquatic Exercise

Aquatic exercises, such as underwater treadmill running or
resistance training in water, have also been explored as a means
to facilitate muscle recovery in athletes [24]. The unique properties
of water, including its buoyancy and the hydrostatic pressure it
exerts, can provide a supportive and low-impact environment
for athletes to engage in physical activity during the recovery
phase [25]. Aquatic exercises may help reduce the load on the
musculoskeletal system, decrease the risk of further injury, and
promote the removal of metabolic waste products, all of which
can contribute to the overall recovery of muscle function and
performance [26, 27].

Cryotherapy

Cryotherapy, which involves the exposure of the body or
specific body parts to extremely low temperatures, has also been
investigated as a potential hydrotherapy intervention for muscle
recovery [28, 29]. Whole-body cryotherapy, for example, involves
exposing the body to temperatures ranging from -110°C to -140°C
for a short duration, typically 2-3 minutes [29, 30]. This approach
is believed to reduce inflammation, alleviate pain, and enhance
the recovery of muscle function by inducing vasoconstriction
and reducing metabolic activity in the affected tissues [31-33].

Warm Water Immersion

Water-based therapies, or hydrotherapy, have emerged as a
popular and effective approach for enhancing muscle recovery
in athletes [4]. Aquatic therapy programs, such as the Halliwick
method, Ai Chi, Watsu, and Feldenkrais, leverage the unique
properties of water, including buoyancy, hydrostatic pressure, and
temperature regulation, to improve muscle function and promote
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faster recovery [25]. One of the key benefits of hydrotherapy is
the reduction in the influence of gravity, which can decrease joint
stress and provide postural support for individuals with mobility
limitations.

Numerous studies have investigated the effectiveness of
hydrotherapy interventions in promoting muscle recovery in
athletes. A randomized and controlled trial found significant
improvements in emotional and psychological state, joint
tenderness, and range of motion among the hydrotherapy group
compared to the control group [19,34]. Another review highlighted
the potential of aquatic training, rehabilitation, and recovery
protocols in enhancing athletic performance and optimizing
recovery between training sessions and competitions [4].

Hydromassage

Hydromassage, a specialized form of hydrotherapy, has also been
extensively explored for its potential benefits in enhancing muscle
recovery for athletes [4]. Hydromassage utilizes water-powered
massage jets to apply targeted, high-pressure stimulation directly
to the muscles [35]. This technique aims to promote increased
blood flow, reduce muscle tension and soreness, and alleviate
lingering pain experienced after intense physical activity [36]. The
synergistic combination of precisely controlled water temperature,
strategically applied pressure, and the soothing, massaging action
can provide a uniquely tailored and potentially highly effective
approach to optimizing post-exercise muscle recovery [10]. By
addressing the multifaceted physiological processes involved
in the recovery of damaged muscle tissue, hydromassage has
emerged as a promising hydrotherapy intervention that may help
athletes restore muscular function, reduce the duration and severity
of delayed-onset muscle soreness, and facilitate a quicker return
to peak performance [37].

Underwater Treadmill Training

One innovative application of hydrotherapy for muscle recovery in
athletes is the use of underwater treadmills [38]. These specialized
treadmills are submerged in water, allowing athletes to walk or run
in a buoyant and low-impact environment. This type of training
can help reduce the stress and compressive forces on the joints
and muscles, mitigating the risk of further injury or exacerbation
of existing conditions [39]. By minimizing the ground reaction
forces experienced during traditional treadmill or overground
running, underwater treadmills enable athletes to engage in
cardiovascular exercise and train specific gait patterns in a more
controlled and therapeutic manner [40]. The buoyancy provided
by the water supports the body’s weight and decreases the loading
on the musculoskeletal system, potentially facilitating a quicker
recovery process and a smoother transition back to high-impact
activities [41]. Additionally, the viscous resistance of the water can
challenge the muscles to work harder, promoting muscular strength
and endurance while still maintaining a low-impact environment
[25]. This innovative hydrotherapy intervention allows athletes to
continue their training and rehabilitation in a safe, controlled, and
highly beneficial setting, optimizing their recovery and enhancing
their overall athletic performance.

Aquatic Plyometrics

Another hydrotherapy intervention that has gained attention for
muscle recovery in athletes is aquatic plyometrics [24]. Plyometric
exercises, which involve rapid eccentric and concentric muscle
contractions, can be performed in a water-based environment to
reduce the impact and stress on the musculoskeletal system [42].
This approach allows athletes to engage in high-intensity, explosive
movements while minimizing the compressive and shear forces

that typically load the joints and soft tissues during traditional
plyometric training on land [43]. The buoyancy provided by
the water can significantly decrease the ground reaction forces
experienced by the body, enabling athletes to execute plyometric
exercises, such as jumping, hopping, and bounding, with a lower
risk of injury [44]. Additionally, the viscous resistance of the water
can challenge the muscles to produce powerful contractions in a
controlled and low-impact manner, potentially enhancing muscular
strength, power, and overall recovery [45]. By combining the
benefits of plyometric training with the unique properties of the
aquatic environment, aquatic plyometrics may offer a valuable
intervention for athletes seeking to maintain high-intensity training
while facilitating a more expedient recovery process [44].

Aquatic Resistance Training

Aquatic resistance training, where athletes perform strength-based
exercises in the water, has also been investigated for its potential
benefits in muscle recovery [25,46]. The resistance provided by
the water can help maintain muscular strength and power while
minimizing the impact on the body, potentially enhancing the
recovery process. The buoyancy of the water can reduce the load
and stress on the musculoskeletal system, allowing athletes to
engage in strength training exercises with less joint impact and
compressive forces [47]. This reduced mechanical stress on the
muscles and joints, combined with the hydrostatic pressure and
temperature regulation capabilities of the aquatic environment, can
create an optimal setting for muscle recovery [48]. The viscous
properties of the water provide a unique form of resistance that
challenges the muscles in a controlled and low-impact manner,
potentially leading to improvements in muscular endurance, joint
stability, and overall recovery [25]. By leveraging the combined
benefits of resistance training and the therapeutic effects of the
aquatic environment, aquatic resistance training may serve as
a valuable component of a comprehensive rehabilitation and
recovery program for athletes, helping to restore muscular strength
and power while facilitating a more efficient and expedited
recovery process [27].

Literature Review

The scientific literature provides a comprehensive understanding
of the various hydrotherapy interventions and their potential
benefits for muscle recovery in athletes. Cold water immersion
has been shown to effectively reduce muscle edema, inflammation,
and pain, thereby improving the recovery of various performance
measures, such as strength, power, and endurance [49]. Contrast
water therapy, which involves the alternation between hot and cold
water immersion, has also been demonstrated to have positive
effects on muscle recovery, potentially by enhancing the removal
of metabolic waste products and reducing inflammation [19,50].

In addition to these immersion-based approaches, other
hydrotherapy interventions, such as ice massage therapy and
aquatic exercise, have also been explored as means to facilitate
muscle recovery. Ice massage therapy has been found to alleviate
pain and improve range of motion, while aquatic exercise can
provide a supportive environment for athletes to engage in low-
impact physical activity during the recovery phase [3,10,17].

Cryotherapy, particularly whole-body cryotherapy, has also been
investigated as a potential hydrotherapy intervention for muscle
recovery [51]. The exposure to extremely low temperatures is
believed to induce physiological responses, such as vasoconstriction
and reduced metabolic activity, which may contribute to the
reduction of inflammation and the enhancement of muscle
recovery [28,29,52]. The effectiveness of these hydrotherapy
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interventions may be influenced by various factors, including the
specific protocols used, the individual athlete’s response, and the
type and intensity of the physical activity.

Methodology

Relevant research articles were identified through a comprehensive
literature search using various electronic databases, including
PubMed, Embase, and Cochrane Library. The search terms included

“hydrotherapy,” “water immersion,” “cold water immersion,”
“contrast water therapy,” “ice massage,” “aquatic exercise,”
“cryotherapy,” “warm water immersion,” “hydromassage,”

2 ¢ 2 ¢

“underwater treadmill training,” “aquatic plyometric,” “aquatic
resistance training,” “muscle recovery,” and “athletes.” The search
was limited to articles published in peer-reviewed journals in
English.

The included studies were required to have a focus on the use of
hydrotherapy interventions for the purpose of muscle recovery in
athletes, with outcomes related to measures of muscle function,
performance, and subjective perceptions of recovery. Studies
were excluded if they did not specifically investigate the effects
of hydrotherapy on muscle recovery or if they were not conducted
with athletes as the study population.

The identified studies were reviewed and analyzed to synthesize the
current understanding of the effectiveness of various hydrotherapy
interventions in promoting muscle recovery in athletes.

Results

The review of the literature (Sanchez-Urena et al., 2018) (Crowther
etal.,2017) (Higgins et al., 2017) (Wilcock et al., 2006) highlights
the potential benefits of various hydrotherapy interventions for
muscle recovery in athletes. Cold water immersion has been
consistently shown to be effective in reducing muscle edema,
inflammation, and perceived pain, leading to improved recovery
of muscle function and performance [10,19]. Contrast water
therapy, which combines hot and cold water immersion, has also
demonstrated positive effects on measures of muscle recovery,
potentially by enhancing the removal of metabolic waste products
and reducing inflammation. Furthermore, ice massage therapy
has been found to alleviate pain and improve range of motion,
suggesting its potential as a localized hydrotherapy intervention
for targeted muscle groups affected by exercise-induced muscle
damage [3,10,17]. Aquatic exercise, on the other hand, provides
a supportive and low-impact environment for athletes to engage
in physical activity during the recovery phase, which may help
reduce the load on the musculoskeletal system, decrease the risk
of further injury, and promote the removal of metabolic waste
products.

Discussion

Hydrotherapy, the use of water-based treatments for therapeutic
purposes, has gained significant attention in the sports medicine
community for its potential to enhance muscle recovery in
athletes [7]. The unique properties of water, including buoyancy,
hydrostatic pressure, and temperature regulation, provide a
favorable environment for post-exercise recovery [24]. Aquatic
therapy programs, such as the Halliwick method, Ai Chi, Watsu,
and Feldenkrais, leverage these properties to improve muscle
function and promote faster recovery [53] . One of the key benefits
of hydrotherapy is the reduction in the influence of gravity,
which can decrease joint stress and provide postural support
for individuals with mobility limitations [25]. Additionally, the
rhythmic and repetitive nature of certain aquatic exercises, such as
hippotherapy, can mimic natural gait patterns and have immediate

positive effects on the body [54,55].

The application of hydrotherapy for muscle recovery in athletes
has been supported by a growing body of research. Studies
have demonstrated that hydrotherapy interventions can lead to
significant improvements in emotional and psychological state,
joint tenderness, and range of motion, compared to other recovery
modalities [56]. Additionally, the use of hydrotherapy as part
of a comprehensive recovery protocol has been shown to offer
advantages in team sport performance, as it can help optimize
recovery between training sessions and competitions [57].

Mechanisms of Hydrotherapy for Muscle Recovery

The fundamental principles of hydrodynamics, such as density,
hydrostatic pressure, and buoyancy, play a crucial role in the
biological effects of water immersion on the human body [25].
Water-based interventions, commonly referred to as hydrotherapy
or aquatic therapy, have been widely utilized in the rehabilitation
and recovery processes of athletes [50,58]. The therapeutic
properties of thermal springs have been recognized since ancient
times, with animals and humans alike discovering the medicinal
benefits of these natural resources [59]. Aquatic therapy programs,
including the Halliwick method, Ai Chi, Watsu, and Feldenkrais,
have been tailored to address various clinical conditions, including
those affecting muscle recovery in athletes [6,53]. These water-
based interventions leverage the unique properties of the aquatic
environment to facilitate improved muscle function, reduced pain,
and enhanced overall recovery for athletes [24,60].

Hydrotherapy and Delayed Onset Muscle Soreness
Hydrotherapy interventions have also been extensively studied for
their effectiveness in mitigating the symptoms of delayed onset
muscle soreness, a common consequence of intense physical
activity [37]. A comprehensive review of the literature examined
the effects of various hydrotherapy modalities, including cold
water immersion, hot water immersion, and contrast water therapy,
on DOMS [61]. The findings revealed that all three hydrotherapy
interventions were highly effective in reducing the physiological
and functional symptoms associated with this condition [62].

The authors suggest that the multifaceted benefits of the aquatic
environment contribute to the observed improvements in DOMS.
The combination of hydrostatic pressure, which can enhance
blood flow and lymphatic drainage, along with the temperature
regulation capabilities of hydrotherapy, play a key role [50].
Cold water immersion may help reduce inflammation and muscle
spasm, while warm water immersion can promote vasodilation and
increased blood perfusion to the affected muscle tissues [63]. The
alternating temperatures and pressures of contrast water therapy
appear to create an optimal environment for flushing out metabolic
waste products, reducing edema, and accelerating the recovery
process [64]. Collectively, these hydrodynamic and thermal effects
facilitated by the aquatic environment are believed to be the
primary mechanisms underlying the substantial mitigation of
DOMS symptoms observed in these studies.

Hydrotherapy and Muscle Inflammation

Hydrotherapy has also been extensively explored for its potential
to address muscle inflammation, a crucial factor in the recovery
process [65]. The manipulation of water temperature, pressure, and
agitation can influence a multitude of physiological mechanisms,
all of which play a vital role in the inflammatory response and
subsequent recovery [12]. For instance, the hydrostatic pressure
exerted by the water can stimulate improved blood flow and
lymphatic drainage, facilitating the removal of inflammatory
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byproducts and cytokines from the affected muscle tissues
[66]. Additionally, the temperature regulation capabilities of
hydrotherapy, ranging from cold water immersion to warm water
immersion, can modulate the release and activity of inflammatory
mediators, dampening the inflammatory cascade and creating an
environment more conducive to tissue repair and regeneration
[67]. By simultaneously addressing various aspects of the
inflammatory process, such as blood flow, fluid dynamics, and the
regulation of inflammatory signaling, hydrotherapy interventions
have demonstrated the potential to significantly mitigate muscle
inflammation and accelerate the overall recovery process for
athletes [68].

Hydrotherapy and Muscle Blood Flow

The aquatic environment can profoundly influence muscle blood
flow, a critical factor in the recovery process [69]. The hydrostatic
pressure exerted by the water can increase venous return and
cardiac output, leading to enhanced blood perfusion and nutrient
delivery to the muscles [47]. This increased blood flow not only
facilitates the removal of metabolic waste products, such as
lactic acid and inflammatory mediators, but also enhances the
delivery of oxygen and essential nutrients to the muscle tissues
[70]. This dual effect of improved blood circulation can have a
significant impact on the recovery process, potentially accelerating
the clearance of catabolic byproducts and promoting the influx
of anabolic substrates needed for muscle repair, regeneration,
and adaptation [71]. The unique hydrodynamic properties of the
aquatic environment, combined with the temperature regulation
and potential anti-inflammatory effects, create an ideal milieu to
optimize muscle blood flow and facilitate a more efficient and
expedited recovery in athletes [3].

Hydrotherapy and Muscle Tissue Repair

The unique properties of the aquatic environment may also
contribute significantly to the promotion of muscle tissue repair
and recovery [69]. The buoyancy provided by the water can
substantially reduce the load and impact on the musculoskeletal
system, allowing athletes to engage in gentle, low-impact
movements and exercises that may more effectively stimulate
the natural healing and recovery processes without exacerbating or
further aggravating existing muscle injuries or soreness [72]. This
reduced mechanical stress on the muscles and joints, combined
with the temperature regulation and potential anti-inflammatory
effects of the water, can create an ideal environment to facilitate the
repair and regeneration of muscle tissue, ultimately accelerating
the overall recovery process for athletes [4].

Hydrotherapy and Muscle Function Recovery

In addition to the substantial physiological benefits, hydrotherapy
interventions may also confer significant functional improvements
during the athlete’s recovery process [68]. The enhanced muscle
blood flow, reduced inflammation, and facilitated tissue repair
stimulated by the aquatic environment can collectively contribute
to a more expedient and complete restoration of muscular strength,
power output, and overall functional capacity [60]. Studies have
consistently demonstrated that athletes who undergo targeted
hydrotherapy treatments, such as cold water immersion or contrast
water therapy, often exhibit a faster and more comprehensive
return to their pre-injury or pre-exercise performance levels
compared to control conditions without such interventions [73].
This rapid restoration of optimal muscle function is crucial for
athletes, as it allows them to safely and effectively resume their
rigorous training regimes and competitive events without undue
risk of re-injury or prolonged deficits in athletic performance [74].

Conclusion

In conclusion, the available evidence suggests that hydrotherapy
interventions, such as cold-water immersion, contrast water
therapy, ice massage therapy, and aquatic exercise, can be effective
in promoting muscle recovery in athletes. These interventions
have been shown to reduce muscle edema, inflammation, and
perceived pain, leading to improved recovery of muscle function
and performance.

However, further research is needed to establish the optimal
parameters for these hydrotherapy interventions, as well as to
investigate the potential long-term effects and safety considerations.
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