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Keywords:
ABSTRACT ’
The therapeutic application of any modality that removes heat from the body and results .
in a decrease in tissue temperature may come under the umbrella term of ‘cryotherapy’. gi:ez'(‘)'eztm
Commonly used in sport for injury, rehabilitation, and recovery for readiness to perform, Accepl,:ed'
the typical rationale for its use is a reduction in perception of pain, or muscle soreness May 9, 2025
among other physiological responses. To facilitate the recovery process from sports injury, Published online:
cryotherapeutic modalities are often applied with the intention to positively control and May 31,2025

affect metabolic and inflammatory processes, with the aim of aiding in the healing process,
not preventing it altogether. That said, debates concerning the use of cryotherapy within
early stages of an injury are prevalent in recent literature. Although, this is predominantly
due to a lack of understanding of the multifaceted responses that underpin its beneficial
use within a sporting context. Consequently, optimal cooling protocols for the recovery
of sport injury are limited, despite supporting evidence for its use. Yet it is known that
modalities and protocols differ in the responses they can achieve.

Recent applied research (Alexander et al., 2021; Alexander et al, 2021a) has demonstrated
that several variables affect the optimisation of cooling protocols for injury recovery
including, although not limited to the thermodynamic properties of cooling modes, dose
exposure, compression adjunct, phase change and markers of performance. Adaptations
to these variables have shown to affect biomechanical, biochemical, physiological and
psychological responses synchronously. Therefore, we cannot consider the impact of
cryotherapy on one of these response without the other when devising optimal applications
for sport injury recovery. Consequently, for cryotherapy to be effective as a treatment
modality in the use of sport injury, its ability to reduce tissue temperature within a safe
therapeutic range combined with practitioner decision-making around application
timing and modality choice is key. Several advancements in cooling technologies and
protocols from our work and others have been developed to offer a better understanding
of the multifaceted response to cryotherapy for sport injury recovery. Furthermore, to
maximise the effectiveness of its use within the applied setting, our research continues
to investigate the individualisation of cryotherapeutic protocols in consideration of the
underlying mechanisms to optimally affect the physiological, biomechanical, biochemical
and psychological responses most appropriately within elite sport populations. The aim of
this short review is however to provide a contemporary critical discussion on the current
approaches of cooling modalities in the recovery from injury within a sporting context.
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Introduction

Often utilised in the management of sport injury
recovery, cryotherapy modalities can be an integral
contribution to the positive functional return to
competitive activity. Historically, cryotherapy
has gained attention as an efficient way of
providing analgesia and managing tissue damage
occurring because of the inflammatory response
(Kwiecien and McHugh, 2021). Characteristics of
an inflammatory response to musculoskeletal
soft tissue trauma presents with pain, oedema,
increased blood flow and heat (Rigby and Dye,
2017). Incidentally, the withdrawal of heat is the
principal purpose of cryotherapy applications
(Kwiecien & McHugh, 2021), and fundamental
to the benefits of this modality (Allan et al, 2022;
Alexander et al 2021a). Cryotherapy modalities
and protocols, however, differ significantly in the
physiological, biomechanical, biochemical and
psychological responses they initiate (Alexander
et al, 2021a). The most traditional form of
cryotherapy acknowledged is ice and in the
1960's became recognised and recommended for
its application and treatment of musculoskeletal
injuries (Grant, 1964; Hayden, 1964). Current day
practices, however, encompass an abundance of
modalities including wetted ice, gel packs, cryo-
vests, cryo-compressive devices, and targeted or
circumferential cooling, to name but a few. In
sport, its use can be rationalised based on the
intended aim (Bleakley et al, 2004; Alexander et
al 2021a), not exclusive to injury management
(Galiuto, 2016), rehabilitation (Bleakley & Hopkins,
2010), post-exercise recovery (Du Pont et al,
2017; Alexander et al, 2021a) or for performance
readiness purposes (Alexander et al, 2021a).
Recent debates that question whether ‘o ice
or not to ice’, in the early management of sports
injuries are platitudes that we should consider
outdated perhaps, despite their prevalence
across recent social media. That said, uncertainty
and misunderstanding still exists at medical
or performance practitioner/team level when
considering how to optimise cooling applications
for the management of sport injury. Confusion
is often derived from the limited literature
available that reflects multifaceted responses
that underpin its use within a sporting context.
Similarly, barriers to the translation of knowledge
into applied practices are reported (Long and
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Jutte 2020), and therefore owing to the conflicting
understanding around optimal cryotherapeutic
protocols for sports injury (Alexander et al,
2021b). Its application should be used in context
and to aid in the control of inflammation, not to
prevent it altogether and applied specifically to
the athlete’s individual presentation. Ultimately
these debates support the need for further clarity
and understanding on how we can and should
be optimising the application of cryotherapy
applicable to the presentation of the athlete to
provide the most advantageous benefits.

The purpose of this review therefore is to
provide a contemporary overview of current use
of cryotherapy in the management of recovery
from injury for the context of its application within
sport.

Tissue Injury & Healing

During exercise or injury, the damage of
myofilament structure defines the processes
that transpire from injury to muscles and are
initiated rapidly, occurring in several stages
(Huard et al, 2002; Jarvinen et al., 2005; Tidball,
2011; Lieber, 2018; Kwiecien and McHugh, 2021).
The natural inflammatory response occurs
following the bleeding phase of an initial injury,
followed by several catabolic events that aim to
return the tissue to pre-injury function (Kwiecien
and McHugh, 2021). A complex and dynamic
process is presented with clarity by Watson
(2014), summarising tissue healing through a
regeneration and repair process. A common
way to describe the entire process is through 4
phases: Bleeding, Inflammation, Proliferation and
Remodelling (Watson, 2014). The time-course
of these phases can be briefly described from
bleeding (hours) with the rapid onset overlap of
the inflammatory (1-3 days), and proliferation
phases (24-48 hours to 2-3 weeks post injury)
which is heavily dependent on the vascularity of
the tissue (i.e., peak proliferation production takes
longer within less vascularised tissues), and finally
remodelling (from 2-3 weeks post injury lasting
months) (Watson, 2014). In summary, these broad
stages of tissue repair overlap each other, and the
duration of phases vary dependent on the nature
and severity of the sports injury and tissue type
(i.e., muscle vs ligament), and consequently the
understanding of such process is important for
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The understanding around the effects of
cooling on metabolism and inflammation is
summarised in a recent systematic review
(Kweicien and McHugh, 2021) suggesting the
application of cryotherapy can help diminish the
magnitude of secondary tissue hypoxia (Long
and Jutte, 2020) within and adjacent to the site
of injury. That said, the evidence to support
this originates from animal models (Kweicien
and McHugh, 2021) and challenges exist with
transference of this knowledge to humans,
specifically when considering the differences
in muscle metabolism (Kweicien and McHugh,
2021). The inflammatory response to injury is
an essential part of the tissue repair process
(Watson, 2014). Consequently, the application of
cryotherapy modalities within this phase should
be used within the correct context to support the
initiation of positive physiological responses. This
may be achieved through the aim of controlling
inflammation most effectively, reduce pain (Long
and Jutte, 2020) and synchronously supporting the
principles of mechanotransduction for optimal
tissue loading in injury rehabilitation (Khan and
Scott, 2009). Studies agree that cryotherapy can
enhance regenerative processes during recovery
from injury (Jarvinen et al. 2005; Dykstra et
al. 2009) through the decrease of any further
proliferation following the initial tissue damage
(Knight 1995; Merrick 2002; Enwemeka et al.,
2002; Bleakley et al., 2012a; Ihsan et al., 2013), or
secondary tissue damage (Knight, 1995; Merrick et
al. 1999; Knight et al. 2000; Long and Jutte, 2020).
The challenge as a practitioner is identifying the
most appropriate combination of cooling protocol
and modality choice, alongside optimal timing to
achieve this. Mechanisms in which cryotherapy
modalities and protocols can be most effectively
applied throughout the processes of regeneration
and repair are becoming better understood within
the evidence base, and consequently may help to
maximise the return to functionality of an athlete
post injury if transpired into practice successfully.

Developments in Cryotherapeutic
Modalities, Practical Applications and
Research

Since around the 1960’s an evolution in the
interest of cryotherapy has grown extensively for
its use in practice and unsurprisingly research

outputs. The propensity of cryotherapeutic
modality use for sporting injuries in practice was
historically considered unfounded by the evidence
base (Hawkins, 2016), suggesting insufficient
or lacking in evidential explanation for its use
at the time (Bleakley et al, 2004; Hubbard and
Denegar, 2004). Since then, some of our research
examples have focused on understanding mode,
dose, temperature and duration response of
cryotherapeutic applications (Alexander et al, 2019;
2020; 2023). Current day understanding of the
role of cryotherapy in sport injury management
still demonstrates different perspectives with
conflicting arguments and literature on either side
often failing to acknowledge the importance of
context. Evidently there are multifactorial variables
to firstly understand and consequently be able to
consider when aiming to decipher what may be
the optimum cryotherapy application for sports
injury, with individual human responses to cooling
being at the forefront of consideration (Alexander
et al, 2021a).

It is considered for a cryotherapeutic modality
to be effective and safe, a rapid reduction in
skin surface temperature (T_) and the ability to
maintain these reduced temperatures over a
pertinent period, without causing damage to
tissue is essential (Breslin et al, 2015). To induce
beneficial physiological effects, reductions in
T, of at least 5-15°C is outlined in traditional
PRICE guidelines (ACPSM - Bleakley et al, 2011),
with absolute T, below 12°C required to induce
analgesia (Bleakley and Hopkins, 2010) and
absolute therapeutic range identified as between
10-15°C for deeper physiological changes to
ensue (Bleakley and Hopkins, 2010; Bleakley
et al, 2011). Thermoregulatory responses are
initiated through the skin, due to a lack of
thermal receptors within muscle tissue. Yet, the
magnitude of intramuscular temp reduction is
imperative for positive physiological changes to
ensue. A quadratic relationship however between
T, and intramuscular temperature is known, put
simply as skin rewarms, deeper musculature
continues to cool for a period (Kennett et al.,
2007). Practitioners therefore should be mindful
of this relationship when undertaking local cooling
and consider modality choice to achieve desired
outcomes. This however is only one consideration
and variable that results in capricious responses
through protocol/mode adaptation.



It is established that different thermodynamics
exist when comparing cryotherapeutic modalities,
and the efficiency of thermal gradient between
muscle and mode of cooling influences the
decrease in muscle tissue temperature (Merrick
et al, 2003). Also known as phase change
capability (Merrick et al., 2003; Dykstra et al,
2009). As to which cooling modality is ‘best’
for injury management tends to demonstrate
agreement for crushed or wetted ice in earlier
literature (Kennet et al, 2007; Dykstra et al, 2009),
determined by their efficient phase change ability
to reduce T, to within optimum therapeutic
ranges for physiological effects to ensue. There
are several developments in cryotherapeutic
modality now available, yet a distinct lack of
literature which explores this through invasive/
direct measurement, hence the exponential use
of thermography in determining the efficiency of
cryotherapeutic modalities (Alexander & Rhodes,
2020). Furthermore, the adjunct of compression
applied in synchronisation with cooling is known
to increase the magnitude of cooling (Alexander
et al., 2020) and subcutaneous adipose tissue
levels and athlete characteristics (Alexander et al,
2019) are inversely correlated to the magnitude
of muscle temperature change in response to
local cooling (Myer et al, 2001; Otte et al, 2002).
In summary, practitioners and researchers should
acknowledge that several variables affect tissue
response to local cooling. Consequently, this
impacts the ability to decipher what therapeutic
approach may be best to ensure the desired
physiological responses occur in the context of
sport injury presentation and management.

General protocols for the application of cooling
for sports injury management often follow the
original Ice, Compression and Elevation (ICE),
and Rest, Ice, Compression and Elevation (RICE)
guidelines (Bleakley et al, 2012b), applied to
limit secondary tissue injury (Long and Jutte,
2020), which evolved to; Protection, Rest, Ice,
Compression and Elevation (PRICE) (ACPSM,
Bleakley et al, 2011). An influx of interest noted
since 2011 investigate elements of the ‘PRICE’
acronym, utilised within treatment paradigms
(Bleakley et al, 2012b), with the aim to provide
further pathophysiological rationale (Ramos
et al, 2016) and clinical effectiveness for PRICE
components with relevance to practice. Further
clarification by Jutte and Long (2020) highlights
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the usefulness of cryotherapeutic adjunct to
therapeutic rehabilitation, beyond the post-acute
stages. Consequently, progression of the protocol
acronym to ‘POLICE’ (Bleakley et al, 2012b)
corresponding to Protection, Optimal Loading,
Ice, Compression and Elevation, represents the
concept and importance of optimal loading
in respect of mechanotransduction principles
through appropriate mechanotherapy techniques
(Khan and Scott, 2009), which complement the
original PRICE guidelines (ACPSM, Bleakley
et al, 2011; 2012a). This approach supports a
contemporary view to enhance how, when and
why local cooling applications may be successfully
implemented within acute injury management
or rehabilitation. Conversely, when considering
immediate ‘on-pitch/side-line/half-time’ injury
management, practitioners should be mindful of
the effects found on knee joint repositioning and
dynamic stability suggesting a heightened injury
risk if returning to competitive play following a
20-minute ice exposure (Alexander et al, 2016;
Alexander et al, 2028). Again, we suggest context
and modification of protocol should be considered
here to negate the potential ramifications in this
scenario. Previously, the introduction of POLICE
guidelines by Bleakley et al, (2012b) further
emphasised the lack of comprehension that
exists surrounding optimal cryotherapy protocols
to support the management of musculoskeletal
sports injury. The authors stressed the intention
was to also generate new areas of investigation
from the proposal of POLICE (Bleakley et al,
2012b). As a result of further investigations,
contemporary dialogues suggest that treatment
parameters should be based on the intention
of outcome (Long and Jutte, 2020; Alexander et
al, 2021a). For example, minimising the risk of
secondary injury of deeper structures vs providing
analgesia may require different durations or
modes of applications to meet the intended
therapeutic aim. For example, if analgesia is the
predominant aim of treatment, Jutte and Long,
(2020) suggest that the need to reduce deeper
tissue structures is minimal and therefore may
not warrant the revision of the cooling application
to consider the influence of adipose tissue levels.
Overall, what these discussions highlight is the
need for continued contemporary research to
investigate such parameters with the notion of
identifying the role of cooling modalities through
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rigorous enquiry. This would help determine the
most optimum cryotherapy application protocols
for use within sports injury management contexts.

Conversely, the most recent debate that
questions whether we should be using ice
(cooling) at all, within the acute stages of an
injury (Dubois and Esculier, 2020), presents the
acronym of, ‘PEACE and LOVE'. This approach
encompasses the management of both acute and
subacute to chronic stages of healing of soft tissue
injury, with the underpinning message to avoid
cryotherapy (as an anti-inflammatory approach)
during the acute stage (Dubois and Esculier, 2020).
The authors argument to avoid cooling is based
on the disruption of the inflammation process of
angiogenesis and revascularisation thought to
be caused by cryotherapy, ultimately suggesting
that this could lead to a negative effect on repair
of tissue and redundant synthesis of collagen
(Singh et al, 2017). That said, the article appears
to criticise the modality with only a limited body
of evidence underpinning it and in response a
critical debate was presented by Long and Jutte
(2020) refuting the argument by Dubois and
Esculier (2020). Many studies that try to decipher
how we could most optimally use cryotherapeutic
modalities better within this phase often do
not support cryotherapy (Long and Jutte, 2020)
and fail to consider the variables that could be
adapted more beneficially for the positive control
of inflammation and pain during injury recovery
management which would be beneficial in a
sporting context. We suggest the question here
isn't black and white as to ‘ice or not’ and eradicate
it completely from sports injury management.
Instead, as practitioners, we should be asking how
we can optimise the application of cryotherapy in
any given context to support sport injury recovery,
whilst respecting the body’s natural processes to
control healing more effectively. This requires
thorough understanding, further exploration
and initiation of applied studies that practically
contribute to the contemporary evidence base for
this therapeutic modality.

Although recent literature has extended the
knowledge around optimising cryotherapeutic
protocols for sports injury recovery, the ‘context’
of application again may be missing from these
investigations in respect to the most optimum
modality choice. Additionally, our group identify
a gap in applied evidence that considers

multiple variables and multifaceted responses to
cryotherapy in study design or the investigation
of contemporary modalities. Consequently, this is
important to understand as variables are unlikely
to be affected in isolation. Moreover, there is
little research that explores the effectiveness of
cryotherapeutic applications through parameters
which are relevant to the high-performance
sport environment (Alexander et al, 2021a).
Consequently, some of our work has investigated
several iterations of cryotherapeutic modalities in
such environments exploring protocols in unison
and comparatively for the functional recovery
profiles of hamstrings in professional football, for
example (Alexander et al., 2020; 2019). Collectively
findings identify that significant discrepancies
when comparing modalities and protocol
adaptations in the ability to optimally reduce
tissue temperature, provide consistent contact
between modality and skin for efficient phase
change to occur, rewarming durations, impact
of compression adjunct and desired outcomes
of application. Finally, the challenges to current
guidelines highlighted in recent debate only
strengthen the rationale for further studies that
reflect the use of cryotherapy for injury within the
sports environment.

Practical Implications

The context of cryotherapeutic application is
important with consideration around aim and
intended outcome. In practical terms what this
means is that rather than dismiss the use of
cryotherapy altogether for acute sports injury
management, practitioners need to consider
the context, influencing variables, timing, and
modality choice most effectively in combination
to implement them most optimally into practical
applications to maximise the beneficial responses.
Cooling protocols for the recovery of sports injury
need to be adapted to the individual presentation
of the athlete and consider previously published
work from us and others that investigates this
within an athletic population (Alexander et al,
2021a). The transference of that knowledge
into practice however, even within elite level
environments, is still limited.

Summary

Whilst debate may continue around the use of



cryotherapy within the acute inflammatory stages
of an injury, practitioners should be mindful of
how useful cryotherapy modalities can be when
an understanding of how they can be applied
to support the injury context and intended
outcomes are considered. The optimal loading of
tissue structures during the recovery from sports
injury is required with ‘mechanotransductive’
principles underpinning the rationale for this.
Cryotherapy when applied in the correct context
throughout various stages of the healing process
can be considered imperative to help control
inflammation positively. As a result, this adjunct
may provide an important opportunity for
optimal loading within safe parameters to occur
supporting the functional return to sport more
effectively than without. Practitioners should
consider current inaccurate dialogue regarding
cryotherapeutic modalities, yet we acknowledge
that further quality research would be beneficial
especially in a sporting context. In summary,
therapeutically this modality can be a successful
adjunct to the principles of mechanotherapy in
the management and recovery of sport injury
during several phases of healing when applied
complimentary to the desired therapeutic
outcomes.
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