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ABSTRACT

Introduction: Musculoskeletal pain (MP) is
prevalent in our society, having a strong nega-
tive impact on physical and psychosocial qual-
ity of life. Heat therapy (HT) has been
frequently described as a treatment strategy for
musculoskeletal pain, but scientific evidence is

still poor. The aim of the present Delphi
method study is to gather a consensus among
European experts on the role of HT in MP.
Methods: To address this topic, a list of 54
statements was developed, concerning mecha-
nism of action of heat on muscle, types of MP
eligible for heat treatment, efficacy of HT, time
and modalities of treatment, maximizing com-
pliance to HT, safety (based on heat wraps),
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wrong beliefs and common errors in the pre-
scription of HT and the role of HT in preventing
muscular damage in athletes. The survey was
distributed to 116 European experts, using a
5-point Likert scale to express agreement or
disagreement with the statements; 66% con-
cordance with the statements was needed to
define a consensus.
Results: Consensus was reached on 78% of
statements. There was a strong consensus on
the 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 heat ther-
apy. A low-level of consensus was obtained on
the role of heat in preventing muscular damage
and in acute MP.
Conclusion: This Delphi consensus recognizes
the role of HT mostly in chronic MP and high-
lights the need for stronger scientific evidence
to regulate the use of this therapy in clinical
practice.

Keywords: Musculoskeletal pain; Superficial
heat therapy; Induced hyperthermia; Delphi
technique

Key Summary Points

Heat therapy is commonly used in clinical
practice for musculoskeletal pain, but
scientific consensus on its use is still
missing.

This Delphi consensus recognizes the role
of heat therapy mostly in chronic
musculoskeletal pain.

This study highlights the need for stronger
scientific evidence on heat therapy.

INTRODUCTION

Musculoskeletal pain (MP) affects [ 30% of
global population and can lead to significant
functional disability and emotional distress [1].
MP can be acute or chronic (when it last or

recurs for[3 months), focal or diffuse. MP can
occur with no identifiable structural cause or
can be secondary to underlying tissue damage
or disease, affecting bones, joints, muscles and/
or related soft tissues [2].

Referring to the Global Burden of Diseases in
2010, MP is a major burden in our society, with
low back pain the primary cause. Unfortu-
nately, there is still a mismatch between the
burden of MP conditions and an appropriate
health policy response [3].

Heat is one of the oldest treatment methods
known in medicine. Its use has been described
for centuries for several diseases, pain being one
of the most traditional [4, 5]. Heat therapy (HT)
represents a non-pharmacological treatment
approach and is defined as the application of an
external source of heat to a specific body area to
increase the tissues’ temperature [6, 7]. Topical
application of heat does not induce any change
in ‘‘core temperature’’ [8]. Physiological effects
of heat on tissues are vasodilatation, increased
blood flow, increased metabolism, increased
inflammation, increased extensibility, activat-
ing the transient receptor potential (TRP)
channel and reducing pain [6].

HT can be applied either superficially or
deeply, and it can be delivered by three different
mechanisms: conduction, convection and con-
version [6]. In clinical practice, heat can be
provided in a variety of forms, including
superficial heat pads or wraps, hot baths, heat
lamps, ultrasounds and diathermy [6]. Some of
these treatment modalities are limited to the
hospital setting (e.g., ultrasound and dia-
thermy), while others, such as continuous
superficial low-level heat therapy, can be easily
provided at home.

HT is part of the multimodal approach in the
treatment of MP. Evidence of its efficacy is
reported in spinal (low back and neck), knee
and wrist pain and delayed-onset muscle sore-
ness (DOMS) [7, 9].

Despite its frequent use in clinical practice,
scientific evidence available on this topic is still
limited, and no general guidelines exist.

The aim of the present study is to gather a
consensus of experts on the role of HT in the
treatment of MP and to generate clinical
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insights on the common use of HT, in particular
superficial heat therapy.

We used a Delphi methodology to elaborate
a consensus among a group of European
physicians and physical therapists specialized in
heat therapy in MP.

METHODS

The Delphi methodology aims to facilitate the
achievement of a consensus on a specific topic
in a group of experts through an anonymous
questionnaire where a panel of experts must
express their agreement or not with specific
statements on the topic under discussion
[10–12].

The present study consisted in a modified
Delphi method, which took place between
September and November 2021. Considering
the international nature of the participants, the
study was conducted in English. An English
online survey was developed by a European
panel of nine experts on MP, hereafter referred
to as key opinion leaders (KOLs), who were
selected based on their previous experience in
heat therapy. In particular, the KOL panel was
composed by three rheumatologists, two sports
medicine physicians, one family medicine
physician, one physiotherapist and two physi-
atrists. The KOLs performed an extensive review
of current literature on heat therapy on
PubMed. Although not systematic, the KOLs
believe that the literature review performed
included the main available evidence. This lit-
erature review represents the basis for the
identification of 8 topics and 54 statements by
the KOLs aiming to evaluate the role of HT in
the management of MP. The topics were:
mechanism of action of heat on muscle, types
of MP eligible for heat treatment, efficacy of HT,
time and modalities of heat treatment, maxi-
mizing compliance to HT, safety of HT (based
on heat wraps), wrong beliefs and common
errors in the prescription of HT, and role of HT
in preventing muscular damage in athletes (see
Table 1). Once developed, the questionnaire
was distributed online to 94 experts on MP, who
were asked to rate their agreement or not to
each statement, using a 5-point Likert scale

where 1 = ‘‘strongly disagree’’ and 5 = ‘‘strongly
agree.’’ The answers were collected anony-
mously and analyzed by the KOLs. In this study,
a sum of 1–2 points was considered ‘‘negative
consensus’’ while a sum of 3–5 points was con-
sidered ‘‘positive consensus’’ [13].

The panelists were selected base on their
expertise in the topic, with the aim to equally
distribute the questionnaire in terms of spe-
cialties and country. A cutoff of 66% of agree-
ment/disagreement for each statement was
necessary to define a consensus [13]. No con-
sensus was reached if a statement received\
66% of concordant replies.

Descriptive statistics were used to analyze
the results. Absolute numbers, percentage,
media and standard deviation were the only
statistical analyses performed. This study did
not involve human participants or any patient
data. Therefore, no ethical approval was
needed.

RESULTS

Degree of Consensus in the Delphi Process

Seventy-six participants responded to the ques-
tionnaire, with a response rate of 80% (76/94).
Geographic distribution of the responders was
36 from Spain, 6 from Italy, 6 from Germany, 14
from Austria and 14 from Portugal. No further
analysis of the panelists was performed, given
the anonymous nature of the Delphi
methodology.

In the questionnaire, consensus was
obtained for 78% (42/54) of statements; of
these, 93% (39/42) were positive and 7% (3/42)
were negative consensus (Fig. 1).

No consensus was reached on 12 statements
(22%) but no second round was proposed
because the KOLs considered this lack of con-
sensus secondary to the lack of concordant sci-
entific evidence.

Table 2 summarizes the statements and per-
centage of agreement/disagreement for each
statement.

Main topics are separately analyzed below
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Table 1 List of Delphi statements

Topics Statements

1. Mechanism of action of heat on muscle (1.1) Heat application activates temperature-sensitive nerve endings

(thermoreceptors), which in turn initiate signals that block the processing

of pain signals

(1.2) The pressure used to apply some superficial heat therapy may activate

proprioceptors, which in turn block the processing of nociceptive signals

(1.3) Heat can contribute to healing process

(1.4) Heat can improve muscle flexibility

(1.5) Supplemental heat can improve muscle strength during physical

activity

(1.6) Heat increases blood flow and metabolism

2. Types of musculoskeletal pain eligible for

heat treatment

(2.1) Superficial heat therapy may be indicated in non-specific low back pain

(2.2) Superficial heat therapy may be indicated in acute nociceptive

musculoskeletal pain (neck pain, knee pain)

(2.3) Superficial heat therapy may be indicated in chronic nociceptive

musculoskeletal pain (neck pain, knee pain)

(2.4) Superficial heat therapy may be indicated in tendinosis

(2.5) Superficial heat therapy may be indicated in delayed onset muscle

soreness (DOMS)

(2.6) Superficial heat therapy may be indicated in osteoarthritis

(2.7) Superficial heat therapy may be indicated in mechanical pain

(2.8) Superficial heat therapy may be indicated in strain and sprain during

the chronic phase of rehabilitation (or after the acute phase of

rehabilitation)

(2.9) Superficial heat therapy is not indicated in acute inflammatory joint

pain

3. Efficacy of heat therapy (3.1) Superficial heat therapy improves daily living activities

(3.2) Superficial heat therapy can reduce disability in low back pain

(3.3) Superficial heat therapy has a short-term effect on pain relief

(3.4) Superficial heat therapy can contribute to a long-term effect if

integrated in a multimodal approach to pain

(3.5) Superficial heat therapy can reduce the need of analgesics

(3.6) Superficial heat therapy can prevent worsening of low back pain
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Table 1 continued

Topics Statements

4. Time and modalities of heat treatment (4.1) In non-specific low back pain:

(4.1.1) Superficial heat therapy may be used alone in some patients with

mild acute or chronic pain

(4.1.2) Superficial heat therapy is more effective if applied early in acute low

back pain

(4.1.3) Superficial heat therapy should be used in association with analgesics

in moderate-severe acute and chronic pain

(4.2) In neck pain:

(4.2.1) Superficial heat therapy may be used alone in some patients with

mild acute and chronic pain

(4.2.2) Superficial heat therapy should be used in association with analgesics

in moderate-severe acute and chronic pain

(4.3) In osteoarthritis:

(4.3.1) Superficial heat therapy may be used alone in some patients with

mild acute and chronic pain

(4.3.2) Superficial heat therapy should be used in association with analgesics

in moderate-severe acute and chronic pain

(4.3.3) Superficial heat therapy can be used alone or as an adjuvant therapy

in osteoarthritis

(4.3.4) Superficial heat therapy is more effective if associated with

kinesiotherapy/exercise

5. Maximizing compliance to heat therapy (5.1) Superficial heat therapy can be used as self-help with caution in mild

pain

(5.2) Superficial heat therapy should not be used as self-help in moderate-

severe pain

(5.3) Superficial heat therapy should not be self-prescribed in uninvestigated

recurrent pain

(5.4) Superficial heat therapy should not be discontinued right after the

resolution of pain

(5.5) Patients using superficial heat therapy should avoid overexertion

(5.6) Heat wraps are well tolerated by the patient

Pain Ther (2023) 12:93–110 97



Table 1 continued

Topics Statements

6. Safety of heat therapy (based on heat

wraps)

(6.1) Superficial heat therapy has fewer side effects than pharmacological

treatment

(6.2) Heat wraps have a good safety profile

(6.3) Compared to other types of superficial heat therapy, heat wraps have a

minor risk of burns

(6.4) Heat wraps are safe also for night use

(6.5) Caution is required in subjects with active autoimmune diseases,

cancer, active osteoarthritis, neurological diseases (multiple sclerosis,

amyotrophic lateral sclerosis, spinal injuries), zoster and skin inflammatory

conditions and circulation defects

(6.6) Skin integrity is required for superficial heat therapy

(6.7) The ideal temperature in superficial heat therapy, regarding efficacy

and safety, is approximately 40 �C

7. Wrong beliefs and common errors in the

prescription of heat therapy

(7.1) Superficial heat therapy can be also used for dysmenorrhea

(7.2) Superficial heat therapy can be used to prevent any pain associated

with atmospheric pressure changes

(7.3) Superficial heat therapy can be used to avoid joint deterioration

(7.4) The higher the temperature reached by the superficial heat therapy, the

better the effect

(7.5) The time needed to increase the temperature of deep tissue depends on

the subcutaneous fat thickness

8. Role of heat therapy in preventing

muscular damage in athletes

(8.1) Application of superficial heat therapy 4 h before exercise can help to

prevent pain and muscular injuries

(8.2) Application of superficial heat therapy after intense exercise can

prevent pain

(8.3) Superficial heat therapy is comparable to stretching in the prevention

of muscular damage

(8.4) Superficial heat therapy is better than cold therapy when applied after

exercise

(8.5) Superficial heat therapy can help to enhance range of movement and

flexibility

(8.6) Superficial heat therapy can reduce pain before the application of any

other therapy
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Mechanism of Action of Heat on Muscle

The panelists strongly agree that heat improves
muscle flexibility (95%), increases blood flow
and metabolism (100%) and can contribute to
the healing process (91%). As the physiological
mechanism of pain, the panelists strongly agree
that heat application activates temperature-
sensitive nerve endings (thermoreceptors),
which in turn initiate signals that block the
processing of nociceptive signals (91%), and
agreed that the pressure used to apply some
superficial heat therapy may activate proprio-
ceptors, which in turn block the processing of
nociceptive signals (75%).

The panelists did not reach a consensus on
the statement ‘‘supplemental heat can improve
muscle strength during physical activity’’ with
3% final agreement.

Types of Musculoskeletal Pain Eligible
for Heat Treatment

The panelists strongly agreed that HT may be
indicated in non-specific low back pain (95%)
and chronic nociceptive pain (93%), whereas it
is not indicated in acute inflammatory joint
pain (95%). Mild to moderate consensus was

obtained for the indication of heat therapy in
tendinosis (80%), DOMS (83%), osteoarthritis
(78%) and mechanical pain (83%). Moreover,
86% of participants agreed that HT ‘‘may be
indicated in strain and sprain during the
chronic phase of rehabilitation (or after the
acute phase of rehabilitation).’’

No consensus was reached on the indication
of HT in acute nociceptive pain (percentage of
agreement: 66%).

Efficacy of Heat Therapy

For this topic, consensus was reached for all
statements. Panelists strongly agreed that
superficial heat therapy ‘‘has a short-term effect
on pain relief’’ (92%) and ‘‘can reduce the need
of analgesics’’ (93%). There was also a consensus
that superficial heat therapy ‘‘can contribute to
a long-term effect if integrated in a multimodal
approach to pain’’ (88%), ‘‘can reduce disability
in low back pain’’ (87%), ‘‘improves daily living
activities’’ (78%) and ‘‘can prevent worsening of
low back pain’’ (70%).

Time and Modalities of Heat Treatment

For this topic, statements were divided accord-
ing to the cause/area of pain.

For non-specific low back pain, no consensus
was reached for the use of superficial heat
therapy alone in mild acute or chronic pain
(66%), whereas a low-level consensus was
obtained for the use of superficial heat therapy
in association with analgesics in moderate-sev-
ere acute and chronic pain (88%). Moreover, no
consensus (66%) was reached for the statement
‘‘superficial heat therapy is more effective if
applied early in acute low back pain’’.

For neck pain, the panelists agreed that
superficial heat therapy can be used alone in
mild acute/chronic pain (68%) and in associa-
tion with analgesics in moderate-severe acute/
chronic pain (83%).

For osteoarthritis, a strong consensus was
obtained only on the statement ‘‘superficial
heat therapy is more effective if associated with
kinesiotherapy/exercise’’ (90%). The panelists
agreed that superficial heat therapy can be used

Fig. 1 Delphi survey flowchart
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Table 2 Delphi results

Topics Disagreement
(score 1–2) (%)

Agreement (score
3–5) (%)

Mechanism of action of heat on muscle

(1.1) Heat application activates temperature-sensitive nerve endings

(thermoreceptors), which in turn initiate signals that block the processing of

pain signals

9 91

(1.2) The pressure used to apply some superficial heat therapy may activate

proprioceptors, which in turn block the processing of nociceptive signals

25 75

(1.3) Heat can contribute to the healing process 9 91

(1.4) Heat can improve muscle flexibility 5 95

(1.5) Supplemental heat can improve muscle strength during physical activity 37 63

(1.6) Heat increases blood flow and metabolism 0 100

Types of musculoskeletal pain eligible for heat treatment

(2.1) Superficial heat therapy may be indicated in non-specific low back pain 5 95

(2.2) Superficial heat therapy may be indicated in acute nociceptive

musculoskeletal pain (neck or knee pain)

34 66

(2.3) Superficial heat therapy may be indicated in chronic nociceptive

musculoskeletal pain (neck or knee pain)

7 93

(2.4) Superficial heat therapy may be indicated in tendinosis 20 80

(2.5) Superficial heat therapy may be indicated in delayed-onset muscle soreness

(DOMS)

17 83

(2.6) Superficial heat therapy may be indicated in osteoarthritis 22 78

(2.7) Superficial heat therapy may be indicated in mechanical pain 17 83

(2.8) Superficial heat therapy may be indicated in strain and sprain during the

chronic phase of rehabilitation (or after the acute phase of rehabilitation)

14 86

(2.9) Superficial heat therapy is not indicated in acute inflammatory joint pain 5 95

Efficacy of heat therapy

(3.1) Superficial heat therapy improves daily living activities 22 78

(3.2) Superficial heat therapy can reduce disability in low back pain 13 87

(3.3) Superficial heat therapy has a short-term effect on pain relief 8 92

(3.4) Superficial heat therapy can contribute to a long-term effect if integrated

in a multimodal approach to pain

12 88

(3.5) Superficial heat therapy can reduce the need of analgesics 7 93

(3.6) Superficial heat therapy can prevent worsening of low back pain 30 70

Time and modalities of heat treatment

(4.1) In non-specific low back pain:
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Table 2 continued

Topics Disagreement
(score 1–2) (%)

Agreement (score
3–5) (%)

(4.1.1) Superficial heat therapy may be used alone in some patients with mild

acute or chronic pain

34 66

(4.1.2) Superficial heat therapy is more effective if applied early in acute low

back pain

34 66

(4.1.3) Superficial heat therapy should be used in association with analgesics in

moderate-severe acute and chronic pain

12 88

(4.2) In neck pain:

(4.2.1) Superficial heat therapy may be used alone in some patients with mild

acute and chronic pain

32 68

(4.2.2) Superficial heat therapy should be used in association with analgesics in

moderate-severe acute and chronic pain

17 83

(4.3) In osteoarthritis:

(4.3.1) Superficial heat therapy may be used alone in some patients with mild

acute and chronic pain

43 57

(4.3.2) Superficial heat therapy should be used in association with analgesics in

moderate-severe acute and chronic pain

22 78

(4.3.3) Superficial heat therapy can be used alone or as an adjuvant therapy in

osteoarthritis

29 71

(4.3.4) Superficial Heat therapy is more effective if associated with

kinesiotherapy/exercise

10 90

Maximizing compliance to heat therapy

(5.1) Superficial heat therapy can be used as self-help with caution in mild pain 5 95

(5.2) Superficial heat therapy should not be used as self-help in moderate-severe

pain

49 51

(5.3) Superficial heat therapy should not be self-prescribed in uninvestigated

recurrent pain

11 89

(5.4) Superficial heat therapy should not be discontinued right after the

resolution of pain

42 58

(5.5) Patients using superficial heat therapy should avoid overexertion 29 71

(5.6) Heat wraps are well tolerated by the patients 7 93

Safety of heat therapy (based on heat wraps)

(6.1) Superficial Heat therapy has fewer side effects than pharmacological

treatment

11 89

(6.2) Heat wraps have a good safety profile 7 93
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Table 2 continued

Topics Disagreement
(score 1–2) (%)

Agreement (score
3–5) (%)

(6.3) Compared to other types of superficial heat therapy, heat wraps have a

minor risk of burns

18 82

(6.4) Heat wraps are safe also for night use 41 59

(6.5) Caution is required in subjects with active autoimmune diseases, cancer,

active osteoarthritis, neurological diseases (multiple sclerosis, amyotrophic

lateral sclerosis, spinal injuries), zoster and skin inflammatory conditions and

circulation defects

4 96

(6.6) Skin integrity is required for superficial heat therapy 3 97

(6.7) The ideal temperature in superficial heat therapy, regarding efficacy and

safety, is approximately 40 �C
5 95

Wrong beliefs and common errors in the prescription of heat therapy

(7.1) Superficial heat therapy can be used also for dysmenorrhea 22 78

(7.2) Superficial heat therapy can be used to prevent any pain associated to

atmospheric pressure changes

61 39

(7.3) Superficial heat therapy can be used to avoid joint deterioration 74 26

(7.4) The higher the temperature reached by the superficial heat therapy, the

better the effect

79 21

(7.5) The time needed to increase the temperature of deep tissue depends on

the subcutaneous fat thickness

20 80

Role of heat therapy as a prevention of muscular damage in athletes

(8.1) Application of superficial heat therapy 4 h before exercise can help to

prevent pain and muscular injuries

54 46

(8.2) Application of superficial heat therapy after intense exercise can prevent

pain

49 51

(8.3) Superficial heat therapy is comparable to stretching in the prevention of

muscular damage

64 36

(8.4) Superficial heat therapy is better than cold therapy when applied after

exercise

68 32

(8.5) Superficial heat therapy can help to enhance range of movement and

flexibility

8 92

(8.6) Superficial heat therapy can reduce pain before the application of any

other therapy

29 71
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alone or as an adjuvant therapy in osteoarthritis
(71%) and in association with analgesics in
moderate-severe pain situations (78%). No
consensus was reached on the role of heat
therapy alone in mild acute/chronic pain
(57%).

Maximizing Compliance to Heat Therapy

The panelists strongly agreed that superficial
heat therapy can be used with caution as self-
help therapy in mild pain (95%) and that heat
wraps are normally well tolerated by patients
(93%). They also agreed that heat therapy
should not be self-prescribed in recurrent
uninvestigated pain (89%). No consensus was
obtained on the role of self-help use of superfi-
cial heat therapy in moderate-severe pain
(51%).

Safety of Heat Therapy (Based on Heat
Wraps)

Ninety-three percent of participants agreed that
superficial heat therapy has a good safety pro-
file. To guarantee efficacy and safety of superfi-
cial heat therapy, 95% agreed that the ideal
temperature is approximately 40 �C. Regarding
safety concerns, the panelists strongly agreed
that ‘‘caution is required in subjects with active
autoimmune diseases, cancer, active
osteoarthritis, neurological diseases (multiple
sclerosis, amyotrophic lateral sclerosis, spinal
injuries), zoster and skin inflammatory condi-
tions and circulation defects’’ (96%) and skin
integrity is required (97%).

The panelists agreed that ‘‘superficial heat
therapy has fewer side effects than pharmaco-
logical treatment’’ (89%) and that, compared to
other heat therapies, heat wraps have a low risk
profile (82%).

No consensus was reached on the safety of
HT at night (rate of agreement: 59%).

Wrong Beliefs and Common Errors
in the Prescription of Heat Therapy

The panelists disagreed on the role of heat
therapy in preventing joint deterioration (74%),

whereas no consensus was obtained on the role
of heat therapy to prevent any pain associated
with atmospheric pressure changes (rate of dis-
agreement: 61%). The panelists agreed that heat
therapy can be used also for dysmenorrhea
(78%).

Considering the efficacy of superficial heat
therapy, the panelists disagreed on the common
idea that the higher the temperature, the better
the effect (79%) and agreed that the time nee-
ded to increase body temperature depends on
subcutaneous fat tissue thickness (80%).

Role of Heat Therapy as a Prevention
of Muscular Damage in Athletes

The panelists strongly agreed that superficial
heat therapy ‘‘can help to enhance range of
movement and flexibility’’ (92%). They also
agreed superficial heat therapy ‘‘can reduce pain
before the application of any other therapy’’
(71%). A negative consensus (68%) was
observed on the better role of heat versus cold
after exercise.

No consensus was found for three state-
ments: on the role of superficial heat therapy
used before exercise to prevent muscular inju-
ries (54% disagreed) and used after exercise to
prevent pain (51% agreed); 64% disagreed about
the comparison between heat therapy and
stretching in preventing muscular damage.

DISCUSSION

The purpose of the study was to perform a
Delphi survey among a panel of European
experts from different fields normally involved
in the treatment of MP (rheumatologists, sport
physicians, physiotherapists, family physicians,
physiatrists) to gather an expert consensus on
the role of HT in the treatment of MP as well as
to generate clinical insights on the general use
of superficial heat therapy.

After one round, a consensus was reached on
42/54 statements. A second round was not
proposed by the KOLs because the absence of a
consensus was either considered secondary to
the heterogeneity of the panelists or reflected
the absence of scientific evidence on specific
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topic. The Delphi methodology uses an anony-
mous panel of experts to answer to the survey
proposed by the KOLs [12]. For this reason, no
speculations on the panelist distribution could
be performed. The fact that experts with differ-
ent scientific profiles were asked to respond to
specific topics (e.g., the topic ‘‘role of heat
therapy as a prevention of muscular damage in
athletes’’) probably explains the heterogeneity
of answers obtained in some statements. At the
same time, in our opinion, the 78% of consen-
sus reached in the first round despite the
heterogeneity of the panelists gave a stronger
value to the agreement/disagreement to the
statements proposed.

Overall, the panelists strongly agreed with
most statements defining the mechanism of
action of heat on muscle. Referring to MP, heat
applications determine the activation of ther-
moreceptors that inhibit the nociceptive signal.
Several studies report that the analgesic effect of
heat is mainly mediated by the activation of
transient receptor potential (TRP) membrane
channels, which modulate a descending anti-
nociceptive pathway [4, 7, 14–16].

In addition, heat increases blood flow and
metabolism in the area where it is applied and
determines an improvement of muscle flexibil-
ity [17]. Heat can also contribute to the healing
process in case of muscular injuries. Erasala
et al. demonstrated that an increased tissue
temperature of 38 �C, 40 �C and 42 �C (mea-
sured in the trapezius muscle of healthy vol-
unteers) corresponded to increased local blood
flow of respectively 27%, 77% and 144% [18]. As
reported by Cameron et al., an increase of 1�
determines an increase of 10–15% in local tissue
metabolism; the increased metabolism con-
tributes to the healing process by increasing
catabolic and anabolic reactions and removing
toxic products [19].

No consensus was obtained in the statement
‘‘supplemental heat can improve muscle
strength during physical activity.’’ The differ-
ence between this statement and the others
mentioned on this topic may be secondary to
the more recent scientific demonstration of the
role of heat in muscle strength. Freiwald et al.
showed that adding superficial heat therapy to
basic multimodal treatment in chronic low back

pain determines a significant effect on muscular
strength for both extension and rotation.
Strength depends on muscular mass, activation
of available muscles fibers and metabolic sup-
ply. When heat is applied, it causes increased
blood flow, which increases the oxygen and
nutrition supply to the muscle, enabling an
increase of metabolic activity. This mechanism
may lead to an increase in muscular activation
and strength, with a consequent improvement
in daily mobility [20–22].

Panelists also agreed with 89% of statements
on the indication of superficial heat therapy in
MP. Participants agreed that superficial heat
therapy can be indicated in non-specific low
back pain, chronic musculoskeletal pain,
mechanical pain, DOMS, strain and sprain
during the chronic phase of rehabilitation and
that it is not indicated in acute inflammatory
joint pain. Low-level consensus was obtained
on the indication of superficial heat therapy in
tendinosis and osteoarthritis, while no consen-
sus was reached on the indication in acute MP.
This suggests that the panelists were more likely
to think that heat therapy is better indicated for
active musculoskeletal complaints than for
problems with the passive structures. It is pos-
sible that this opinion also addresses the fact
that heat should not necessarily be applied for
inflammatory complaints.

In non-specific low back pain, superficial
heat therapy is indicated in acute, sub-acute and
chronic phases. Non-specific low back pain
represents a symptom more than a disease and
is defined as pain in the back for which the
pathoanatomical cause is undetermined [23]. In
this scenario, non-pharmacological treatments,
e.g., exercise, education, physiotherapy and
heat therapy, represent the first-line therapies
[7, 24, 25], and were demonstrated to be supe-
rior to NSAIDs, acetaminophen or inert thera-
pies [26–29].

Regarding the statements on the indication
of superficial heat therapy in acute vs. chronic
MP, the observation of no consensus on its use
in acute pain may be secondary to the generic
definition of acute MP. In fact, in this case, heat
should be used carefully and is not indicated in
case of acute pain secondary to trauma, infec-
tions or malignancy. Moreover, in acute
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inflammatory pain, heat could be counterpro-
ductive because of the increased inflammation
of tissues induced by heat [6]. In chronic MP,
especially mechanical pain, the effectiveness of
HT, mostly in combination with other non-
pharmacological interventions, has been
demonstrated in spinal, wrist and knee pain
[30–32]. The indication of HT is also mentioned
in Canadian and American guidelines for
chronic mild to moderate MP [33, 34].

In DOMS, scientific evidence shows that heat
can effectively reduce the pain degree with a
comparable effectiveness to cold [9]; however,
the correct time point for its application is still
controversial [35, 36]. For Petrofsky et al., heat
appears to be more effective when applied
immediately after finishing an exercise or before
exercise to prevent muscular damage [37],
whereas Hotfiel et al. recommend the primary
application of cold after muscle-damaging
exercises to minimize the inflammatory
response, followed by heat therapy [38].

All participants agreed that heat therapy has
a short-term effect on pain and mobility
[7, 39, 40], improving daily living activities. To
obtain a long-term effect in chronic pain, a
multimodal approach is preferable. A low-level
consensus was reached on the role of heat
therapy to prevent worsening of low back pain.
The KOLs discussed this item and agreed that
heat therapy is more effective as a rescue ther-
apy in case of recurrence of pain than as a pre-
ventive treatment. This is mostly secondary to
the fact that low back pain is most frequently
non-specific, in which case, to prevent the
recurrence of pain, exercises and education are
the main interventions indicated [23, 41].

Considering the economic aspect, superficial
heat therapy has a nonrefundable individual
cost which may represent a limit to its use as
prevention. This aspect may also explain the
absence of consensus on the statement further
investigated in the survey on ‘‘discontinuation
or not of heat therapy after the resolution of
pain,’’ where the low compliance to pain treat-
ment normally observed in clinical practice
may also represent a reason not to propose the
continuation of the treatment after resolution
of symptoms [42–44]. The debate on the overall
economic cost for the health care system of

nonadherence to pain treatments is of great
relevance nowadays, as nonadherence increases
the cost for the system [45]. therefore, an
accurate economic reflection on superficial heat
therapy should be performed in further studies.

Less agreement was found regarding the time
and modalities of superficial heat therapy in
specific conditions, reflecting a lack of scientific
evidence on this topic. In fact, superficial heat
therapy represents a common non-pharmaco-
logical strategy used in clinical practice but
evidence on how to use it and for how long is
limited or of low quality [39]. The panelists
generally agreed that in moderate to severe pain
a multimodal approach with a combination of
different treatments is most indicated, while in
case of mild pain they did not agree on the use
of heat as monotherapy. The KOLs were sur-
prised to see a weak positive consensus on the
possible use of heat alone in osteoarthritis; the
rheumatologist in the KOLs disagreed, consid-
ering that a combination of pharmacological
and non-pharmacological treatments is most
indicated in osteoarthritis (OA) no matter how
severe is the pain. Bannuru et al., in the OARSI
guideline [46], and Kolasinski et al., in the ACR
recommendations [47], reported that exercise
and education combined with NSAIDs are the
most appropriate interventions in OA, while
heat has only low-quality evidence of effec-
tiveness. Moreover, for mild or recurrent pain,
the self-prescribed use of superficial heat ther-
apy is indicated with caution, whereas no con-
sensus was reached on the use of superficial heat
therapy as self-help in moderate to severe pain.
The KOLs were surprised by the non-consensus
on the discouraged use of self-prescribed heat
therapy in moderate to severe pain as they had
expected strong agreement on this. In their
opinion, in this case a medical consultancy is
indicated and should not be delayed; moreover,
severe pain should not be managed by the
patients themselves.

The panelists agreed on the safety profile of
superficial heat therapy, which is also consid-
ered well tolerated by the patients. The ideal
safe tissue temperature reached with superficial
heat therapy is approximately 40 �C
[27, 31, 36, 40, 48]. Skin integrity is required
before any application of heat. Caution should
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be used in case of active autoimmune diseases,
malignancies, active osteoarthritis or other
inflammatory diseases, neurological diseases or
conditions where peripheral sensitivity may be
altered (multiple sclerosis, amyotrophic lateral
sclerosis, spinal injuries, diabetes) and preg-
nancies. Although scientific evidence docu-
mented the safety profile of heat wrap use also
at night [49], and its use at night is generally
approved, the KOLs, considering the non-con-
sensus obtained in the survey, suggest that the
best advice to provide to the patient should be
that the first application of a heat wrap should
be performed during the daytime to monitor
the effectiveness of the therapy and possible
side effects.

The aim of the topic ‘‘wrong beliefs and
common error in prescribing HT’’ was to gather
an expert consensus to reinforce the correct
indications for heat therapy and dispel com-
mon wrong ideas that are widely spread by non-
scientific media or professionals. What emerged
from the agreement/disagreement on the state-
ments proposed is a strong agreement among
experts about the wrong belief that ‘‘the higher
the temperature, the better effect,’’ which may
expose patients to severe side effects (burns/skin
lesion), and that ‘‘heat therapy can heal struc-
tural diseases, for example osteoarthritis’’ (heat
therapy is a symptomatic treatment). Moreover,
they agreed on the statement ‘‘the time needed
to achieve the goal temperature rise is propor-
tional to the increased thickness of subcuta-
neous fat’’ (normally with 2 cm of subcutaneous
fat the time needed to reach 40 �C is 30 min.

Finally, the last topic was the role of heat in
the prevention of muscular damage in athletes.
Unlike the previous topics, this represented a
more specific and specialized item. The aim of
KOLs was to evaluate the general knowledge
among a heterogeneous group of experts on the
role of heat in sports or active exercises. The
lack of consensus in 50% of statements may
reflect that this topic is unfamiliar to most
clinicians. A first general consideration pro-
posed by the KOLs is that, to guarantee the best
possible treatment in any context, a multidis-
ciplinary team should be involved in the man-
agement of patients with MP. Evaluating the
single statements, the negative consensus on

heat vs. cold used after exercise was considered
interesting. The panelists strongly disagreed
that heat was superior to cold, but scientific
evidence on this topic is controversial. Petrofsky
et al. demonstrated that the application of heat
immediately after exercise was superior to cold
in preventing muscular damage and strength
loss, but the application after 24 h was inferior
to cold in pain perception, and both were use-
less in preventing muscular damage [37]. Cli-
jsen et al. reported that in pain perception cold
is more effective than heat [50].

Another interesting observation is the state-
ment ‘‘application of superficial heat therapy
4 h before exercise can help to prevent pain and
muscular injuries,’’ for which consensus was not
reached. It is commonly known that warming
up before exercise helps the body’s metabolism.
The panelists may have thought that active
warming up is more effective than superficial
heat therapy. Mayer et al., in their randomized
controlled trial on continuous low-level HT in
the prevention and treatments of DOMS,
showed that patients who received HT 4 h
before any intense exercise had an increase of
physical function (enhancing range of move-
ment and flexibility) and pain relief [36].

Limits of this study were related mainly to
the extent of the topic, which has different use
profiles depending on the modality, indication
and setting of use, and to the heterogenicity of
the panelists. To minimize this second bias,
panelists were identified according to their
long-term experience in MP management.

CONCLUSION

In conclusion, the results of the Delphi survey
suggest that European experts agreed on the
effectiveness of superficial heat therapy in the
treatment of MP as part of a multimodal
approach to pain where different experts play a
role in the patient’s treatment. Superficial heat
therapy is indicated mostly in chronic muscu-
loskeletal pain when secondary causes are
excluded. Superficial heat therapy represents a
safe, well-tolerated therapy that can be inte-
grated in the treatment of MP by different spe-
cialists and in different settings (hospital, home,
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rehabilitation clinics). The use of this therapy
should be regulated by scientific evidence and
not left mainly to clinical evidence or to the
patient’s discretion.

There are still some aspects where a consen-
sus was not obtained, reflecting the persistence
of open issues related to this topic. Moreover,
there is still an important lack of good-quality
evidence on the role of superficial heat therapy
in musculoskeletal pain. Further studies are
required to understand the effectiveness of this
therapy.
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