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Abstract: Background: Musculoskeletal pain is a non-negligible multifaceted condition affecting
more than 30% of the global population. Superficial heat therapy (HT), through increasing tissue
temperatures, plays a role in increasing local metabolism and function and relieving pain. Knee
(KP) and sports pain represent two relevant fields of superficial HT application. Methods: In the
present paper, a panel of experts performed a narrative review of the literature regarding the role of
superficial HT in the management of knee and sports activity-related pain. Results: According to
the reviewed literature, HT represents a therapeutic option in the management of musculoskeletal
pain due to three main effects: pain relief, promotion of healing, and return to normal function
and activity. Moreover, HT plays a role in sport activities both before and after exercise. Before
performing sports, HT helps in preparing muscles for performance. After performing sports, it is
capable to promote recovery and healing pathways. Combining and sequencing superficial heat
and cold therapy represent an interesting topic of study. Overall, the application of heat wraps for
superficial HT can be considered safe. Conclusions: HT has been shown to be a potentially beneficial
and safe option in the management of several conditions including KP and sports. The key in the
application of superficial HT is a multimodal and multidisciplinary approach.
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1. Introduction

Musculoskeletal pain (MP) represents a non-negligible global issue affecting more
than 30% of global population [1]. It causes functional disability and emotional distress,
thus worsening patients’ quality of life [2]. MP can be classified into acute or chronic (i.e.,
lasting for more than 3 months). It can also be classified as focal (localized to a specific
area) or diffuse (affecting multiple areas). There is not a single recognized cause of MP,
but it may be determined either by tissue damages, sensitization, functional dysfunctions,
or by undeterminable causes. Indeed, MP can occur without an identifiable structural
cause, known as primary pain, or may be associated with osteo-muscular or joint diseases
(secondary pain), which in turn are heterogeneously caused by inflammation and/or
structural changes due to infection, crystal deposition, or auto-inflammatory pathways [2].
Despite the high social burden related to MP, it remains an underestimated problem;
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being such a multifaceted symptom or clinical presentation, clinicians from very different
backgrounds face MP in its various forms; therefore it is not surprising that no consensus
about its management has been reached so far [3]. The widespread first-line empirical
treatment for MP often involves pharmacological interventions. However, recent guidelines
recommend the implementation of preventative strategies, psychological therapies, and
physical tools as the first option to minimize the use of medications [4]. In particular, the
most recent guidelines of the American College of Rheumatology about the management
of osteoarthritis of the hand, hip, and knee consider non-pharmacological treatments as
effective complementary options, including heat (HT) and cold therapy [5], to facilitate
a return to normal function and activity [6]. The aim of this review is to analyze current
indications and future directions in HT for MP, with a focus on knee and sports pain.

2. Heat Therapy Overview
2.1. Mechanism of Action

HT represents one of the most ancient non-pharmacological pain treatments. It in-
creases the temperature of a specific body area thanks to the application of an external
source of heat. Some of the recognized effects of heat on tissues can be listed as follows: va-
sodilatation, increased blood flow, metabolism, and the function activation of the transient
receptor potential (TRP) channel with pain relief [7] (Figure 1).
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Figure 1. Mechanisms by which heat therapy application induces improvement in muscular pain
and mobility.

The application of low-level superficial heat activates temperature-sensitive nerve
endings (thermoreceptors), which, in turn, initiate signals that block the processing of
pain signals (nociception) in the lumbar dorsal fascia and spinal cord [8]. In addition, the
pressure used to apply some superficial heat therapies, such as heat wraps, may activate the
nerve endings that detect changes in tissue pressure and movement (proprioceptors); when
activated, the proprioceptors block the transmission of pain signals to the spinal cord and
the brain. The analgesic effects of heat are partly mediated by TRP membrane channels [9].
The TRP vanilloid 1 (TRPV1) receptors help in heat neural transduction; through their
engagement, anti-nociceptive pathways in the central nervous system are activated and
they cause a reduction in muscle tonicity helping their relaxation, thereby reducing MP and
increasing muscle elasticity [10]. In addition, an increase in temperature tends to reduce
the stiffness in fascial tissues [11].

Moreover, it is well known that an increase of 1 ◦C in tissue temperature can cause a
10–15% increase in the local metabolism [12]. Thus, HT plays an important role in tissue
healing and regeneration by increasing catabolic and anabolic pathways, enhancing the
supply of nutrients and oxygen and the removal of pain-inducing mediators produced as a
by-product of tissue damage.

Kim and colleagues assessed the effects of repetitive exposure to local HT on skeletal
muscle function, capillarization, myofiber morphology, and mitochondrial content. In
a sample of 12 young adults, they demonstrated that local HT applied on the vastus
lateralis muscle for 8 weeks promoted a proangiogenic environment and increased muscle
strength, without affecting the mitochondrial content [13]. In addition, a systematic review
showed preliminary evidence that repeated passive heating exposures may promote muscle
hypertrophy and force improvement [14].

On the other hand, cold therapy (CT) or cryotherapy reduces blood flow to the cooled
tissues, thus leading to vasoconstriction via a sympathetic reflex [6,10]. Decreasing blood
flow implies the reduction of oedema and a slower delivery of inflammatory mediators
to the injured area, meaning there is reduced inflammation [15,16]. Interestingly, the de-
creased metabolic demand in the cooled zone also prevents secondary hypoxia-related
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damage [17,18]. In addition, CT produces local anesthesia, namely cold-induced neu-
rapraxia, by decreasing the activation threshold of tissue nociceptors and the conduction
velocity of nerve signals conveying pain [10,19]. Finally, decreasing muscle temperature
also reduces muscle spasm via the inhibition of a spinal cord reflex loop [20]. CT has been
generally accepted to reduce inflammation process, perfusion, swelling, tissue damage,
and pain for many years [21]. The common ways of delivering CT include cold water
immersion, cold packs, cold air exposure, and ice massages. The application of CT de-
creases tissue temperature while reducing blood flow and microvascular perfusion through
vasoconstriction and pain relief through a slowing sensory nerve conduction velocity [22].

2.2. Clinical Applications

HT is a widely adopted approach for MP, with evidence about its efficacy reported
for both general and nonspecific conditions such as spinal (low back and neck), knee, and
wrist pain and highly specific clinical conditions such as delayed onset muscle soreness
(DOMS) [12,23].

For example, Petrofsky and colleagues [24] performed a randomized clinical trial
to assess whether the addition at home of low-level continuous heat (i.e., commercially
available heat packs to be applied 6 h before they performed their home exercise) and/or
ibuprofen to physical therapy sessions could improve the outcomes of people with chronic
neck pain. They demonstrated that both HT and ibuprofen were effective in reducing neck
pain (VAS from around 5 to 3.5/10 in both groups, p < 0.05) and enhancing the neck mobility.
In a recent review, including a total of 1117 adult patients, French et al. indicated that the
continuous application of low-level heat directly to the skin via a heat wrap was shown
to provide small, short-term improvements in pain and mobility in low back pain [25]. In
particular, in adults, when compared to acetaminophen and ibuprofen, HT provides better
short-term pain relief (more than 3 vs. around 2 on a 6-point scale on day 2, p < 0.001),
significantly greater reductions in muscle stiffness, and significantly greater improvements
in lateral trunk flexibility and disability scores (Roland–Morris questionnaire) [26]. The
same can be said for overnight application of HT compared to placebo in adults (pain
relief 2.5–3 vs. 1.5 on a 6-point scale, p < 0.01 or p < 0.001 depending on assessment
time) [27]. Several studies have reported the benefits of continuous, low-level, direct heat
wrap therapy for the treatment of knee pain (including pain from osteoarthritis, where a
heat wrap was more effective than acetaminophen) [28–31], and wrist pain stemming from
strain or sprain, tendinosis, and carpal tunnel syndrome, with particularly good results
observed in the last condition (pain relief 2 vs. 1.5 on a 6-point scale, p < 0.05) [32]. Studies
have also indicated that HT is effective at preventing and treating DOMS associated with
exercise, with benefits observed in younger and older adults, as well as those with diabetes
(a group who reportedly experience greater muscle soreness after exercise) [31,33–35].

Recently, to better address the role of HT in the treatment of MP, a panel of experts
developed a list of 54 statements concerning mechanisms of action, efficacy, and the safety
of HT to be disseminated through a survey to 116 European experts [36]. The panelists
were asked to use a 5-point scale to agree or disagree with the proposed statements, and
a threshold of 66% was set to reach the consensus according to the Delphi method. A
consensus was obtained for 78% of prespecified items and the most robust were mechanism
of action of heat on muscle, the indication in chronic MP, its effectiveness as part of a
multimodal approach to MP, and the safety and tolerability of superficial HT [36].

2.3. Application Modalities

Superficial heat penetration is usually less than 1 cm, while the use of deep heat
penetration is up to about 3–5 cm [37]. There are mainly three different methods through
which HT can be delivered: conduction, conversion, and convection. Conduction is the
transfer of heat between two objects at different temperatures through direct contact and it is
the method through which hot packs, patches, wraps, and paraffin bath work. Conversion
is the transfer of heat through changing from one energy form into another (i.e., ultrasound
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and radiant heat). Another possible way of delivering heat is convection, which consists
of transferring heat by fluid circulation (liquid or gas) over the surface of a body (i.e.,
hydrotherapy) [12].

Many familiar ways of administering heat have been traditionally used in home
settings. The prescription of applying heat might translate into different modalities in
every household, depending also on cultural habits and geographic location. Our panel
underlined that standardizing heat administration with commercially available devices,
while “medicalizing” a simple therapeutic approach, could also help compliance and the
scientific evaluation of the effectiveness of HT in clinical settings.

2.4. Safety

The cited Delphi consensus also provided indications on safety concerns regarding
HT based on heat wraps [36]. According to the results, caution should be executed in
patients with active immune diseases, cancer, active osteoarthritis, neurological diseases,
zoster infections, skin injuries/conditions, and circulation defects. Moreover, skin integrity
represents a non-negligible criterion in selecting potential candidates for HT [36].

Reassuringly, no deaths and no serious adverse events have been reported so far for
superficial HT based on heat wraps. Mild heat-related skin adverse events were reported
including redness/pinkness and first/second degree burns. All the skin effects related
to thermal injury were infrequent, mild-to-moderate, and independently recovered [27].
Overall, the application of heat wraps for superficial HT can be considered safe. During
the discussion, some members of the panel hypothesized that, after taking into account
possible allergies to other components (e.g., glue in adhesive patches), standardized devices
could help reduce heat-related local adverse events, especially in less diligent patients.

2.5. Heat Therapy versus Cold Therapy, Which and When

Clinical members of the panel reported a frequent question posed by patients regarding
the relative role of heat and cold therapy (CT) in dealing with their MP. Therefore, some
considerations resulting from the literature review will be recapped hereafter.

When choosing between HT and CT, the phases of the healing process including
the inflammatory phase, the proliferation phase, and the remodelling phase should be
considered. The first phase can last for 1 to 3 days, varying based on injury severity, and is
determined by a pro-inflammatory mechanism to clean up the damaged area as well as to
create the basis for the cellular process of regeneration [38]. During this phase, CT can help
in limiting inflammatory process and pain. On the contrary, HT may exacerbate inflam-
mation and oedema through enhanced vasodilation [36]. During the second phase, new
tissue and scar tissue are formed based on cell activation, angiogenesis, and extracellular
matrix (ECM) formation. Heat can be applied to the injured area to facilitate the healing
process [10,39]. The third phase is the process of returning to health: the restoration of
the structure and function of injured or diseased tissues. In this phase, the blood supply
is restored by the release of angiogenic factors, together with the restoration of structural
tissue integrity, the extracellular matrix, and the neuronal innervation of the injured muscle
fibres. Here, HT can improve the release of myogenic growth factors [40].

As a broad guideline, CT is mainly applied in acute and/or traumatic conditions and
in case of chronic damage with predominant active inflammation (i.e., during the initial
48 to 72 h after an acute injury) [41], while HT should be applied once the inflammatory
phase is recovered [42].

Interestingly, chronic pain is also related to complex regional pain syndrome (CRPS),
which shows involvement of the vascular system, particularly microvasculature, and trig-
gers inflammation to sustain its pathophysiology [43]. The syndrome usually follows
deep-tissue injuries such as fractures, crush injuries, or sprains. Generally, CRPS is char-
acterized by a short initial “hot” phase (weeks–months) with increased skin temperature,
oedema, sweating, and inflammation. This is followed by a “mixed hot/cold” phase, and
finally by a chronic “cold” phase (years), which shows lowered skin temperature, dryness,
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and cyanosis [43]. We can hypothesize that in this clinical scenario, CT should also be
applied in the “hot” phase, and HT is useful in the long “cold” phase.

Nevertheless, most recommendations for the application in clinical practice of HT
and CT are based on empirical experience and “good clinical practice” and there is a lack
of powered, high-quality randomized clinical trials. In addition, many patients apply
superficial HT or CT irrespective of scientific rationale or healthcare professional advice,
so it is crucial to better address the correct indications and contraindications of these
two methods.

2.6. Specific Applications of Heat Therapy

After this general overview of the basic notions and clinical uses of HT, the rest of
this paper will be aimed at narratively reviewing the literature regarding potential HT
applications, focusing specifically on knee and sports activity-related pain, as it represents
the expertise area of the authors.

3. Heat Therapy and Knee Pain
3.1. Knee Pain as a Multifaceted Clinical Condition

Knee pain (KP) is a common clinical condition related with trauma, overuse, or degen-
erative injuries with a range of presentations that varies from acute to chronic pain. Among
possible anatomic structures causing KP, there are intra-articular structures, and surround-
ing tendons, bones, ligaments, and muscles [44]. Joint pain is the most common joint
symptom in the world, with an age-related increase in both incidence and prevalence [45].

Knee injuries are very frequent among athletes [46] and the general population [47],
and inevitably are a major source of possible KP. Non-traumatic KP is mainly caused
by osteoarthritis (OA) and results from the breakdown of the articular cartilage, causing
stiffness, pain, redness, heat, joint swelling, and a decreased range of motion (ROM); the
knee is one of the most frequently involved joints in OA. Typically, pain or stiffness in the
joint occurs after periods of inactivity (inflammatory pain) or excessive use (mechanical
pain) [48]. Symptoms of OA usually progress slowly over a period lasting years, occurring
initially after exercise and becoming constant over time, also interfering with normal daily
activities and the patient’s quality of life (QoL) [48].

Tendon and ligament dysfunction can also be responsible for KP occurrence. Overload,
disrepair, and structural damages of these structures are the most common causes of
pain [49].

A myofascial trigger point is a hyperirritable spot, usually within a taut band of
skeletal muscle, which is painful on compression and can give rise to characteristic referred
pain in a specific and reproducible area, motor dysfunction, and autonomic phenomena [50].
Thus, the origin of KP can also be the muscle and the trigger point of related KP has been
widely described [51].

Other common causes of KP include patellofemoral pain syndrome (PFPS) and Il-
iotibial band syndrome (ITBS), which cause anterior or lateral KP, respectively. Typical
symptoms include pain behind or around the patella or on the lateral border of the knee
that increases with running and activities that involve knee flexion, and pain may worsen
after a period of rest [52–54].

3.2. Heat Therapy for the Management of Knee Pain

Both HT and CT are recommended as non-invasive and non-pharmacological treat-
ments for MP by different international guidelines, including the Canadian and American
College of Rheumatology guides [55,56]. Other institutions choose not to include thermal
modalities in their recommendations since they were not considered “core” treatments [57].

Petrofsky and colleagues [28] performed a randomized controlled trial to assess
whether the use of a low level of continuous heat (LLCH) can improve KP recovery
when added to physical therapy in patients with chronic KP. Fifty patients were randomly
allocated to experimental or placebo arms of the study. All enrolled patients received both
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conventional physical therapies, and they were asked to perform therapeutic exercises at
home each day between sessions. In adjunction, patients allocated in the experimental
arm applied LLCH knee wraps for 6 h at home before home exercises. The LLCH group
showed a significant pain attenuation compared to the placebo group (VAS from 4.1 to
1.6/10 vs. 4.6 to 3.5/10, respectively, p < 0.05), and patients in the experimental arm showed
a significantly higher rate of home exercise compliance.

Kim and colleagues [58] evaluated, in a randomized controlled trial, the effects of
adding HT to exercise in the management of elderly women’s chronic KP. One hundred
and fifty women over 75 years old complaining of KP were randomly allocated to receive
either physical therapy plus HT, physical therapy alone, HT alone, or health education.
The results showed a visual analogue scale (VAS) improvement in patients treated with
HT, both alone (from 4.6 to 3.4/10) and combined with exercise (from 3.6 to 2.0/10). The
total Japanese Knee Osteoarthritis Measure (JKOM) score, muscle strength, and functional
mobility significantly improved in the group of patients that received the combination of
HT and physical therapy. According to the study results, when combined with exercise HT
seems to help in reducing pain, improving physical function, and increasing the patient’s
quality of life.

The effects of HT in the management of KP were investigated in another clinical trial
conducted on eighteen women aged between 50 and 69 years old. Patients were randomly
assigned to a 12-week intervention with HT alone or exercise alone, and the resulting effects
were evaluated using magnetic resonance imaging (MRI) T2 mapping. Local HT applied
with a standardized method and evaluated after 12 weeks improved patients’ clinical scores
(Japanese Knee Osteoarthritis Measure) and MRI measurements of cartilage thickness [59].

3.3. Heat versus Cold Therapy in Knee Pain

So far, there is only sparse evidence in the literature regarding the use of either HT
or CT in the management of KP. Therefore, it is crucial to highlight the role of these two
different approaches and define the correct sequence of application.

In a trial comparing the effect of HT and CT on pain and joint function in knee OA,
117 patients were randomly allocated to receive CT, HT, or placebo control. Both CT and
HT proved to be significantly effective in reducing pain and improving joint function when
compared to the placebo [60].

Aciksoz and colleagues [61], in a randomized controlled trial, investigated the effect
of superficial cold and heat applications on pain, functional status, and quality of life in
96 cases of knee OA. In the two experimental groups, patients received, on top of standard
orthopaedic treatment, either superficial HT or CT. Both therapies were applied for 20 min
2 times a day, in the morning and in the evening, for 3 weeks. Both heat and cold superficial
applications determined a mild improvement in pain (less than 1/10 in VAS, p < 0.01),
functional status, and quality of life. However, no significant differences were found
between the two interventional groups.

Moreover, the possible treatment sequence of applying HT followed by CT to improve
passive knee flexion was evaluated in subjects with restricted knee motion. Seventy-one
subjects were randomized to receive either HT–CT sequential treatment or HT alone.
Interestingly, statistically limited but significant increments of knee flexion were observed
for subjects receiving the sequential approach [62].

4. Heat Therapy and Sport

Performing sports is one of the main recommendations for a healthy lifestyle both in
children [63] and in the elderly [64,65]. Although the health benefits of sports normally
outweigh the risks, it is estimated that one out of three working adults lost at least one day
of work a year due to a sport-related injury [66,67].

Warming up by increasing the tissue temperature is recognized as an effective method
to increase tissue distensibility and reduce the incidence of injury [68–70]. Among possible
warm-up modalities are active treatments such as exercise to increase circulation and
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metabolism, myofascial treatments such as stretching or foam rolling, passive interventions
such as heat application or massage, or even mental conditioning [69–72].

However, it remains unclear which factors can reduce the risk of sports-related injuries,
and which can be the best method of prevention management.

4.1. Heat Therapy Application in Sport

Empirically, HT is very commonly used before exercise. In addition, basic scientific
studies show that the increased tissues metabolism due to local heating helps in prepar-
ing muscles for athletic performance [29,68,73]. Moreover, HT is capable of promoting
recovery after exercise thanks to the possibly increased removal of metabolism products,
which increases the delivery of nutrients and glycogen resynthesis and promotes healing
pathways [74,75].

One of the most interesting applications of superficial HT in sport is represented by
the increased joint flexibility after heat application. This effect of HT can play a crucial role
in reducing both the chance of injury and the energy cost of muscle contraction [29].

Some in vivo studies on animal models provided insights on the rationale of using HT
in sport activities. In rat tendon models, increasing tissue temperature and then maintaining
it before applying force, significantly less damage occurred. Also, at elevated temperatures
the lower loads applied for prolonged periods produced significantly greater residual
elongation [76].

A trial performed on twenty-two female collegiate lacrosse and soccer athletes showed
that HT improved the hip ROM. Interestingly, the trial highlighted how athlete perception
is not always reliable and professionals should evaluate and prescribe treatment on a
case-by-case basis [77].

In a systematic review on the effects of stretching with or without HT on ROM, twelve
studies including 352 participants were retrieved. The subgroup analyses demonstrated
a greater improved ROM after heat combined with stretching, compared to HT alone.
However, a subgroup analysis of muscle groups and different HT-delivering methods did
not show significant differences [78].

It remains unclear whether superficial HT can be used at different times during
sporting activity, such as during the performance to enhance it. Future research should
confirm these observations.

4.2. Heat versus Cold Therapy in Sport

As mentioned above for KP management, the possibility of combining, sequencing, or
switching HT and CT in sport represents an interesting and debated topic.

Twenty subjects of both sexes were enrolled in a trial designed to determine if HT
would increase the extensibility of the anterior and posterior knee cruciate ligaments and
reduce the force needed to flex the joint. Results proved that HT increased ligaments’
flexibility and the force needed to flex the knee was reduced by 25% when compared to
CT [70].

In a systematic review and meta-analysis of 32 randomized controlled trials on the
effects of HT and CT, it was proven that CT could reduce DOMS within 1 h after exercise.
Additionally, HT could reduce the pain of patients within and in periods over 24 h [23].

Moreover, a network metanalysis reported that within 24 and 48 h postexercise, hot
pack application was superior to other interventions, whereas over 48 h, CT was the optimal
intervention for pain relief in patients with DOMS. Authors underlined that HT had a
better safety and convenience profile [79].

5. Discussion

MP represents a global health issue with medical implications Patients with MP are
seen in many different specialized settings, but very often in general medicine and even
by different healthcare professionals. Despite its frequency, the study of its prevention
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and treatment is complicated by the fact that it does not recognize a specific and unique
aetiology [1–3].

Reviewing the basic science presented, the expert panel agreed that superficial
HT—through increasing tissues’ temperature—can enhance local metabolism and function
and thus relieve pain [7,11].

The evidence gathered for this narrative review, though sparse and partial in the
opinion of the experts involved, showed HT to be a potentially useful, safe, and cost-
effective tool in many types of MP [11,23–35], specifically in knee and sports activity-related
MP, which represent two of the most intriguing fields of application and research for the
use of superficial HT. The novelty of this review is, indeed, a complete focus on knee and
sports pain with regards to the usefulness of HT provided by experts in this field.

HT alone or in combination with other treatments has been found to be beneficial in
the management of KP conditions in three domains: pain relief, promotion of healing, and
a return to normal function and activity [28,58–62]. On the other hand, HT can play a role
in sport both before and after exercise [29,68,70,73–79]. Before performing sports, HT might
help in preparing muscles for athletic performance. After performing physical activity, it
could promote recovery and healing pathways. Both methods of HT delivery may have
implications in injury prevention and pain reduction.

Despite being an ancient therapeutical approach and therefore often regarded rather
as a self-management strategy, it is the opinion of this panel that HT deserves attention in
clinical research and practice guidelines. Several gray areas should be covered in future
studies. Until now, there have been no clear cut and evidence-based recommendations
in the application of HT. Randomized controlled trials are needed investigating the long-
term clinical outcomes in patients who were allocated to different and clearly defined
thermotherapies (HT and CT) with different indications. Further, the role of HT as a part
of multimodal and multidisciplinary approaches should be investigated. Understanding
how HT can be integrated into comprehensive treatment plans could improve patient
outcomes. With technological advancements, innovative methods for delivering HT (e.g.,
diathermy, tecartherapy, or wearable heat patches/devices) are being developed. How-
ever, studies evaluating how effective, safe, and user-friendly these new technologies are,
remain limited.

In general, most of the existing scientific studies and research focus on the mechanisms
and benefits of HT. To date, there is a lack of knowledge in regard to potential harms and
side effects. Even if HT has been considered as a safe method, potential risks and side
effects have to be investigated in more detail.

Future research should be aimed both at investigating the role of HT in preventing or
treating MP as a clinical symptom in a general setting, and as a part of more specific under-
lying diagnoses in the different medical specialties involved. Randomized controlled trials
to evaluate the efficacy and safety of HT in different populations should use appropriate
validated outcome measures, and could have the benefit of providing HT through stan-
dardized methods, which should improve repeatability, compliance, safety, and external
validity. Practicing clinicians and guidelines should consider HT.

To conclude, HT is a widely used tool to treat nonspecific MP. However, specific
indications can be advised regarding KP and sports pain, typically favoring pain relief
and promoting healing and a return to normal function and activity. In this context, a
pathophysiology-guided approach is useful to alternate CT and HT according to the clinical
phase of the damage. In addition, HT can also be adopted before exercise to prepare mus-
cles for athletic performance, and after physical activity to promote recovery and healing
pathways. Several gray areas, namely specific indications/pathologies, therapy application
specifications (location, time, etc), combined therapies strategies results, different modal-
ities of HT, and side effects/safety concerns, should be explored in future research and
randomized trials.
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6. Materials and Methods

An expert panel of clinicians and research experts in KP, representing different medical
specialties and from several European countries, was gathered to discuss the potential
role of superficial HT in conditions that present with some degree of MP. Nine experts
on MP, including one orthopaedic surgeon, one sports medicine physician, two family
medicine physicians, one physiotherapist, two physiatrists, and one exercise physiologist
were selected based on their previous experience in HT.

The experts were encouraged to express their opinion on MP management and the
role of HT in this context, particularly focusing on KP. After one virtual meeting (where
a note taker and an audio registration recorded every opinion) and both personal and
centralized literature reviews, the expert panel decided to produce a narrative review to
summarize the knowledge regarding the application of HT in preventing and treating MP,
with a special focus on KP and sport activities.

Only opinions shared unanimously are reported in this paper. The results of the
information collected, and the opinions expressed have been summarized in this paper,
starting from a general overview of what is known about HT and its possible mechanism
of action, its clinical application and safety issues, its role in comparison or in combination
with CT, and then proceeding by summarizing the evidence related to KP and sport
activities. This study, as a literature review, is exempt from Institutional Review Board
approval. One member of the panel decided (for personal and administrative reasons) not
to appear as an author of this paper. Every other panelist completely revised and approved
this paper.
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