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Abstract

Objectives: The aim of this systematic review and meta-analysis was to evaluate the effectiveness of local heat applications (LHAs) in individuals
with acute or chronic musculoskeletal disorders.

Data Sources: An electronic search was conducted on MEDLINE, Cochrane Controlled Register of Trials, Current Nursing and Allied Health Lit-
erature, and the Physiotherapy Evidence databases up to December 2019.

Study Selection: Studies incorporating adults with any kind of musculoskeletal issues treated by LHA compared with any treatment other than
heat were included.

Data Extraction: Two authors independently performed the methodological quality assessment using the Cochrane Risk of Bias tool.

Data Synthesis: LHA showed beneficial immediate effects to reduce pain vs no treatment (P<.001), standard therapy (P=.020), pharmacologic therapy
(P<.001), and placebo/sham (P=.044). Physical function was restored after LHA compared with no treatment (P=.025) and standard therapy (P=.006),
whereas disability improved directly after LHA compared with pharmacologic therapy (P=.003) and placebo/sham (P<.028). Quality of life was
improved directly after LHA treatment compared with exercise therapy (P<.021). Range of motion increased and stiffness decreased after LHA treatment
compared with pharmacologic therapy (P=.009, P<.001) and placebo/sham (P<.001, P=.023). The immediate superior effects of LHA on muscular
strength could be observed compared with no treatment (P<.001), cold (P<.001), and placebo/sham (P=.023).

Conclusions: Individuals with acute musculoskeletal disorders might benefit from using LHA as an adjunct therapy. However, the studies included
in this meta-analysis demonstrated a high heterogeneity and mostly an unclear risk of bias.
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Musculoskeletal disorders impair physical function and often lead
to pain. Those symptoms also appear in healthy individuals or
rehabilitation patients after exhaustive or uncommon muscle
activity. These activities may cause exercise-induced muscle dam-
age' resulting in delayed-onset muscle soreness (DOMS).** Mus-
culoskeletal pain is often treated with local heat applications
(LHAs) in clinical settings or as self-management at home.*

Supported by the Thim van der Laan Foundation.
Disclosures: none

Superficial LHAs are inexpensive, bearing no negative effects
when used correctly. The physiological effects of LHA include
increased skin temperature,” ' increased intraarticular tempera-
ture,® increased muscle temperature,‘) and vasodilation,'" influenc-
ing tissue healing through an increased oxygen uptake and faster
catalyzed biochemical reactions.'>'? These physiological changes
alter metabolism and elasticity of connective tissue,'”'* reduce
muscle tension, and lead to increased range of motion (ROM). 15,16
Therefore, LHAs have the potential to improve treatment out-
comes such as pain, strength, stiffness, ROM, and quality of life
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(QOL) in acute and chronic musculoskeletal conditions. However,
to date, the use of LHA has not been evaluated using a meta-analy-
sis approach.

Although some studies describe the beneficial effects of LHAs
in the treatment of musculoskeletal disorders, there is limited
overall evidence to support the use of topical heat in general.’
Therefore, the aim of this review and meta-analysis was to assess
the effects of LHA on pain, muscular strength, ROM, stiffness,
physical function, QOL, and disability in individuals with any
type of musculoskeletal disorders compared with any treatment
other than heat (1) immediately after the intervention (pre to post)
and (2) in the follow-up period up to 1 month.

Methods

This work is registered (CRD42019133197) in the International
Prospective Register of Systematic Reviews (PROSPERO).

Search strategy and inclusion criteria

A systematic literature search was performed in Medical Litera-
ture Analysis and Retrieval System Online (PubMed/MEDLINE),
Cochrane Controlled Register of Trials, Current Nursing and
Allied Health Literature, and Physiotherapy Evidence databases
from the earliest available record to December 2019. Search
terms were combined using the Boolean operators “AND”/ “OR”
(table 1), and search algorithms were adapted for the different
databases. The filters “language” (Dutch, English, French, Ger-
man, Italian, Spanish) and “human” were used. Reference lists of
the selected articles were screened for related articles.

Inclusion criteria served as Population, Intervention, Compara-
tor, Outcomes, and Study Designs scheme and were set a priori
according the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement'’: (1) Participant: individuals aged
>18 years with any kind of musculoskeletal disorders and/or mus-
culoskeletal pain (including DOMS); (2) Intervention: any type of
superficial LHA (eg, wraps); (3) Comparator: no treatment, cold
therapy, exercise therapy, standard treatment (eg, information,
relaxation), pharmacologic therapy, placebo/sham therapy; (4)
Outcomes: pain, physical function, disability, muscular strength,
QOL, ROM, or stiffness; and (5) Study design: randomized con-
trolled trials and clinical controlled trials. Studies on patients with
tumors, topical (eg, ointments), whole or multiple body (eg, bal-
neotherapy), or radiative heat applications (eg, infrared), and
deep-heat methods'® (eg, diathermy) were excluded. For the pur-
pose of this review, physical function was defined as “patient-
reported measures of functional limitations of daily living and
activities,”'® and the term disability was defined as “patient-
reported measures of impairment and handicap.”"”

List of abbreviations:

CI confidence interval
DOMS delayed-onset muscle soreness

LHA local heat application

MD mean difference
QOL quality of life

RoB risk of bias
ROM range of motion
SMD standardized mean difference

The searching and selection processes started by screening the
retrieved articles based on the title and abstract by 2 independent
researchers (R.S., E.H.). The full texts of the selected articles were
read independently (R.S., C.D.). In case of disagreement, a third
researcher was asked (R.C.) for consensus.

Data extraction and measures of treatment effect

A customized data sheet was used for data extraction. Two inde-
pendent researchers (R.S., R.C.) performed the data extraction,
with a third reviewer (J.T.) consulted in case of disagreement.
Musculoskeletal disorders of the studies’ populations were classi-
fied into acute or chronic as described by the studies. In dubiety,
the definition by Treede et al 2015 was followed.” Immediate
pre- to postintervention and follow-up results measured after
48 hours, 72 hours, and up to 1 month between LHA and control
treatment of the outcome variables were extracted. Mean and SD
were extracted or calculated if adequate variability measures were
presented. Reported interquartile ranges were transformed into
SD.?' Whenever central tendencies and variations were not
reported numerically, data were extracted manually from figures.

Methodological quality of the included studies

All included studies were rated using the Cochrane Risk of Bias
(RoB) tool.”> Each domain was graded as “low” (+) if RoB was
low, as “high” (—) if RoB was high, and as “unclear” (?) if data
were insufficient to state a clear rating. All ratings were indepen-
dently performed by 2 reviewers (R.S., D.A.). In case of disagree-
ment, a third reviewer (R.C.) was asked for consensus.

Data analysis

The meta-analysis calculations and preparation of the forest plots
were conducted using the Comprehensive Meta-Analysis soft-
ware." A random-effects model was used to account for the hetero-
geneous nature of the included studies. Weighting factors were
calculated based on the DerSimonian and Laird inversed-variance
method.”* Standardized mean difference (SMD) was calculated to
describe the individual studies’ effect size (ES). The correspond-
ing 95% confidence intervals (Cls) around individual studies’ ES
and around the overall weighted mean ES estimate were calcu-
lated. Results are graphically presented as forest plots. ES inter-
pretation was performed following Cohen’s benchmarking:
SMD<0.20 (negligible effect), SMD between 0.20-0.49 (small
effect), SMD between 0.50-0.79 (moderate effect), and
SMD>0.80 (large effect).”*

Cochran Q test was applied to test the null hypothesis of no
heterogeneity (ie, that all studies have a common ES). The Q
value, the corresponding degrees of freedom, and the correspond-
ing exact P value were reported. Higgins’ I> value was computed
to interpret the amount of the total observed variance that can be
explained by the true between studies variance (rather than ran-
dom sampling error). For the interpretation of the observed
between-studies heterogeneity, Higgins’ benchmarking values
were followed: I around 25% (low), P around 50% (moderate),
and % around 75% or more (high).25

If adequate, subgroup analysis was performed to specify the
effects of LHA on patients with acute and chronic musculoskele-
tal disorders. Further, a subgroup analysis was also performed to
examine the ES extracted from studies on individuals without
musculoskeletal disorders (with DOMS) with ES from studies
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Local heat applications

Table 1 Overview on search terms and combinations

1. Term 2. Term

3. Term

4. Term

Local AND  Heating* AND
OR OR OR
Partial body Hyperthermia, induced*
OR OR OR
Superficial Thermal

OR
Thermotherapy
OR
Temperature*

Application AND
Treatment

Physical therapy modalities*

Musculoskeletal pain*
OR
Musculoskeletal diseases®
OR
Cardiovascular diseases*
OR
Nervous system diseases*
OR
Psychophysiological disorders*
OR
Athletic performance*
OR
Muscle damage
OR
Delayed onset of muscle soreness
OR
Muscle fatigue*
OR
Hypertrophy
OR
Inflammation*
OR
Recovery of function*
OR
Regeneration™*
OR
Muscle soreness*
OR
Rehabilitation*
OR
Atrophy*

* Medical Subject Headings of the National Library of Medicine—proven.

investigating individuals with a musculoskeletal disorder (eg,
knee osteoarthritis). Whenever 2 or more studies per outcome
parameter was available, a subgroup follow up analysis on acute
and chronic conditions was performed for 48 hours,72 hours, and
1 month after the last treatment in an attempt to explain the
observed heterogeneity. Subgroup analyses were conducted
assuming a common variance, because of the low numbers of
studies within the subgroups. Thus, T> was pooled and used as
the common (more accurate) between-studies variance across all
subgroups.*

Sensitivity analysis was conducted to test the robustness of the
overall weighted mean ES against extreme individual studies’ ES
by excluding the corresponding study or studies from the meta-
analysis. In this event, results were mentioned before and after the
sensitivity analysis.

Results

Included studies and methodological quality

In this systematic review and meta-analysis, a total of n=25 studies
fulfilled the a priori set inclusion criteria. From the total of
N=1352 participants, n=849 were in the LHA group and n=803
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were in the control group. Figure 1 displays the search and selec-
tion process.

Six studies
to-head comparisons). Eight studies
als with acute conditions (neck or back pain), and 6 studies
focused on individuals without musculoskeletal disorders
experiencing DOMS. Chronic conditions comprised individuals
with osteoarthritis in 6 studies,””*****>*" nonspecific neck or
back pain in 3 studies,”>***® and 1 study each for ﬁbromyalgiaw
and frozen shoulder.””

In the meta-analyses the effects of LHA were compared with
other treatment modalities. In the comparison LHA vs no treat-
ment, 9 studies®’-%!-34414244495498 reported the effect on pain, 5
were studies on DOMS,*" #1424 4 were studies on physical
function,”’***>** 2 were studies on muscular strength,*>** and 2
studies each investigated the effects on QOL>’** and ROM on
joint stiffness.”®* In the comparison LHA vs cold application, 6
studies®**"3349% reported on pain and 2 studies reported on
QOL.?"*® The analysis LHA vs exercise evaluated 3 studies each
on the effect on pain®”***” and physical function®™***’ and 2
studies each on disability*”* and QOL.***” The effects of LHA
vs standard care was evaluated in 6 studies on pain
relief,” >899350 i 5 studies®”*>****>! on restoring physical
function, and in 2 studies on disability.””* In the comparison
LHA vs pharmacologic therapy, 2 studies each investigated the

2732 presented multiarm analyses (31 direct head-

29,33-39 - : PP
’ investigated individu-
31,40-44
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Records identified through database searching
e PubMed (n=467)
) o CENTRAL (n=440)
e CINHAL (n=19)
5 e PEDro (n=50)
® e Web of science (n=4320)
Q
E
L
c
3
- & Duplicates removed (n=316)
—
Records screened (n=4980)
(%)
=
c
8 Records excluded, with reasons
S
& e intervention (n=3904)
e no human (n=471)
o diagnosis (n=523)
—_— e children (n=36)
o study design (n=9)
v
= Full-text articles assessed for eligibility (n=37)
[
3
20
w Articles of interest through reading
reference list (n=6) ] Full-text articles excluded, with
reasons
— _| ® no control intervention (n=10)
P, e outcome parameter (n=2)
o full text not available (n=6)
c
o
‘@
% Studies included in qualitative synthesis (n=25)
c

Studies included in quantitative synthesis
(meta-analysis) (n=25)

Fig 1  Flowchart of study selection process. CENTRAL, Cochrane Controlled Register of Trials; CINAHL, Cumulative Index to Nursing and Allied

Health; PEDro, Physiotherapy Evidence Database.

L3546 3 1.1i 3546 . 35,46
outcomes on parameter pain,””" disability,””"” and stiffness.”"”

In the analysis LHA vs placebo or sham therapy, 3 studies (4 com-
parisons) reported the effect on pain relief,’*~*’" 3 studies (4
comparisons) reported on disability, 1 study (2 comparisons)
reported on muscular strength,™ 2 studies reported on ROM,**~*’
and 3 studies (4 comparisons) reported on stiffness.

Table 2 depicts detailed information on the included studies.

The RoB analysis (fig 2, fig 3) indicated a low (14/25 studies)
and unclear selection bias (11/25 studies) for random sequence
generation. Insufficient data reporting led to an unclear RoB for
allocation concealment (19/25 studies). The difficulties of blinding
in LHA studies are reflected in the high risk of performance (17/25
studies) and detection bias (14/25 studies). Similarly, insufficient
data reporting induced an unclear risk of detection bias (11/25
studies). Most of the included studies had a low risk of attrition
bias (21/25 studies). Reporting and other bias were rated in all
studies as unclear on account of data reporting or lack of published
study protocols.

Figure 3 displays the classified RoB of all analyzed studies sep-
arately.

LHA vs no treatment

Pain and DOMS
The effect of LHA vs no treatment on pain revealed an overall,
large effect favoring LHA (SMD=-0.802 [95% CI, —1.0 to
—0.5]) with a high and significant heterogeneity (Qg=36.4;
P<.001; ’=78.0%) (fig 4). The sensitivity analysis, excluding 1
outlier* (demonstrate an extremely high ES in favor of LHA)
(see fig 4), showed that LHA remained significant compared with
no treatment to decrease pain (SMD=-0.664 [95% CI, —0.9 to
—0.3]).

The immediate effects of LHA compared with no treatment on
DOMS™!-***14*** fayored LHA treatments (SMD=—1.474 [95%
CI, —2.6 to —0.3]). The single study’ that examined low back

www.archives-pmr.org


http://www.archives-pmr.org

H10°1wd-sanLyde mmm

Table 2

Overview on studies’ characteristics

Author Study Type
Comparison

Diagnosis (Acute, Chronic) Total
Sample Size (Sex, Age [y])

Intervention Duration No. of Participants
(Sex, Age [y])

Control Intervention Duration No. of
Participants (Sex, Age [y])

Outcome Variables Assessments
Used (Follow-up Periods)

Aciksoz et al*®

RCT
Heat vs cold treatment
Heat vs no treatment

Denegar et al*
RCT crossover
Hot vs cold treatment
Hot vs no treatment

Fioravanti et al*®

RCT
Heat vs exercise therapy

Garra et al**
RCT
Heat vs cold treatment

Giannitti et al*?

RCT
Heat vs no treatment

Primary knee OA (chronic)
N=96

Knee OA (chronic)

N=34

(M: 112)

(age 54.61+19.91)

(F: 23)

(age 64.87+10.67)
Primary knee OA (chronic)

N=60

Neck or back pain (acute)
N=60

Knee OA (chronic)
N=32

Hot application (°C NM)
20 min 2 x /d for 3 wk
n=32
(M: 5, F: 27)

(age 61.561+7.94)

Hot water, hot pad (°C NM)
20 min 2 x /dfor5d

Mud pack (43°C) and bath tub (38°C)
35 min for 12 d
Analgesic drugs 500 mg and NSAIDs
1120 mg/d for 12 d
n=30
(M: 2, F: 28)
(age 72.48+8.26)

Heating pad (mean skin temperature 55.5°

0
30 min
400 mg ibuprofen orally
n=31
(M: 15, F: 16)
(age 38+15)

Mud pack (42°C), bath tub (37°C)
35 min/d for 2 wk
12 applications in total
Standard treatment
(exercise, symptomatic drugs, SYSADOA,
intra-articular hyaluronic acid)
n=21
(M: 10, F: 11)
(age 69.36+11.29)

Cold application (°C NM)
20 min 2 x /d for 3 wk
n=32
(M: 6, F: 26)

(age 64.311+8.37)
No treatment
n=32

(M: 7, F: 25)

(age 63.5049.12)

Cold water ("C NM)

20 min 2 x /d for5d
No treatment
(comfortable sitting)
20 min/d for5d

Standard exercises
Analgesic drugs 500 mg and NSAIDs
1120 mg/d for 12 d
n=30
(M: 6, F: 24)
(age 69.234+9.91)

Cold pad (mean skin temperature 1.83°C)
30 min
400 mg ibuprofen orally
n=29
(M: 18, F: 11)
(age 36+11)

Standard treatment

(exercise, symptomatic drugs, SYSADOA,
intra-articular hyaluronic acid)

n=11

(M: 5, F: 6)

(age 69.52+7.17)

Disability: WOMAC (FU 1mo)
Pain: VAS (FU 1mo)
QOL: NHP (no FU)
Stiffness: WOMAC (no FU)

Pain: VAS (no FU)
PFU: KOOS (no FU)
QOL: KOOS (no FU)

Disability: FIHOA (no FU)
Pain: VAS (no FU)
QOL: SF-36 mental component
(no FU)

Pain: VAS (no FU)

Pain: VAS (no FU)
PFU: WOMAC (FU 48h)
Stiffness: WOMAC (no FU)

(continued on next page)

suojeorjdde jeay jed07


http://www.archives-pmr.org

H10°1wd-sanLydie-mmm

Table 2 (Continued)

Author Study Type
Comparison

Diagnosis (Acute, Chronic) Total
Sample Size (Sex, Age [y])

Intervention Duration No. of Participants
(Sex, Age [y])

Control Intervention Duration No. of
Participants (Sex, Age [y])

Outcome Variables Assessments
Used (Follow-up Periods)

Kettenmann et al*?
RCT
Heat vs no treatment

Lauche et al**
RCT
Heat vs exercise therapy
Heat vs relaxation

Leung et al*®

RCT
Heat vs no treatment

Lewis et al*®

Crossover
Heat vs no treatment

Lofgren and Norrbrink*’
Crossover

Heat vs standard treatment

Mayer et al®’
RCT
Heat vs exercise therapy

Heat vs standard treatment

Mayer et al*®

RCT
Heat vs cold treatment

Low back pain (acute)
N=30

Nonspecific neck pain (chronic)
N=63
(M/F: NM)
(age NM)

Frozen shoulder (chronic)
N=20

Low back pain (chronic)
N=15
(M: 6, F: 9)
(age 47.618.3)

Fibromyalgia (chronic)
N=57
(F: 57)
(age 41£8.3)

Low back pain (acute)
N=67
(M/F: NM)
(age NM)

DOMS (acute) induced by 2 sets of
25 reps at 100% peak isometric

lumbar extension strength, 2-
min rest between sets
N=32

Heat wrap (40°C)
4-8h/d for 4 d
NSAIDs if needed
n=15
(M: 7, F: 8)
(age 56.2+14.9)
Grain-filled heated pillow
15-20 min, relaxing music 1 x /wk for 5
wk
n=19

Hot pack (63°C)
3 x /wk for 4 wk followed by 4
stretching exercises for 30 s
n=10
(M: 2, F: 8)
(age 62.5+12.13)
Heat wrap (40°C)
8h
Analgesics if needed

Thermal stimulator (40°C)
45-120 min/d for 3 wk
n=28

Heat wrap (40°C)
8h/dfor5d
n=22

Heat wrap (40°C)
2 x 8 h between 18-42 h post exercise
n=16
(M:7,F:9)
(age 25.5+7.2)

NSAIDs if needed
n=15

(M: 3, F: 12)
(age 57.9411.7)

Alexander Technique
45 min 1 x /wk for 5 wk
n=21
Guided imagery 45 min 1 x /wk for 5 wk
n=24

4 stretching exercises of each 30 s
3 x /wk for 4 wk
n=10
(M: 2, F: 8)
(age 57.3+13.10)

No treatment
Analgesics if needed

TENS
45-120 min/d for 3 wk
n=29

Full ROM flexion and extension exercises
3 x 1-2 sets of 15-20 reps under
supervision plus daily at home 1 x /h
when awake for 5 d
n=24
Acute low back pain guide booklet
n=21

Gel-filled cold pack ("C NM)

15-20 min every 4 h between 18-
42 hours post exercise

n=16

(M:7, F: 9)

(age 24.316.0)

Pain: VAS (no FU)

Disability: Neck disability Index
(no FU)
Pain: VAS (no FU)
PFU: SF-36 (FU 48h)
QOL: SF-36 mental component
(no FU)

ROM: shoulder index (no FU)

Disability: RMQ (FU 48h)
Pain: NRS (no FU)
PFU: Likert scale (no FU)
Anxiety: HADS (no FU)

Pain: NRS (no FU)
PFU: subscore FIQ (no FU)
Stiffness: subscore FIQ (no FU)
Anxiety: subscore FIQ (no FU)

Disability: RMQ (FU 48h)
Pain: VAS (FU 48h)

PFU: rating of perceived capacity
(FU 48h)

Pain: VAS (FU 48h)

(continued on next page)
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Table 2 (Continued)

Author Study Type
Comparison

Diagnosis (Acute, Chronic) Total
Sample Size (Sex, Age [y])

Intervention Duration No. of Participants

(Sex, Age [y])

Control Intervention Duration No. of

Participants (Sex, Age [y])

Outcome Variables Assessments
Used (Follow-up Periods)

Michlovitz et al*®

RCT
Heat vs placebo medication

Nadler et al*®
RCT
Heat vs drug therapy

Nadler et al**
RCT
Heat vs placebo medication

Nadler et al*®
RCT
Heat vs placebo medication

Nuhr et al*®
RCT
Heat vs standard treatment

Petrofsky et al*°
CCT
Heat vs no treatment

Petrofsky et al*’
RCT
Heat vs no treatment

Wrist pain (chronic): hand 0A,
tendinosis, strain, and sprains
N=56
Carpal tunnel syndrome
N=24

Low back pain (acute)
N=213
(M/F: NM)
(age 18-55)

Nonspecific low back pain (acute)
N=180
(M/F: NM)
(age NM)

Nonspecific low back pain (acute)
N=63
(M/F: NM)
(age NM)

Low back pain (acute)
N=90
(M/F: NM)
(age NM)

DOMS (acute) induced by 4 sets of
25 biceps curls against resistance

until failure
N=10
(M/F: NM)

DOMS (acute) induced by 3 sets of
5-min squats at 90° or below with

3-min rest between each set
N=40
(M/F: NM)

Heat wrap (40°C)
8hfor3d

Heat wrap (40°C)
8hfor2d
n=111

Heat wrap (40°C)
8hfor3d
n=92

Heat wrap (40°C)
8 h for 3 nights
n=31

Heated blanket (42°C)
24.8+8.1 min
n=47

Heat wrap (40°C)
8h
n=5
(age 25.80+3.11)

Heat wrap (40°C)
8h
n=20
(age 25.313.0)

Oral placebo medication
2 tables, 4 x /d

Oral ibuprofen
1200 mg/d for2 d
n=102

Oral placebo medication
2 tablets, 3 x /d
n=88

Oral placebo medication
2 tablets
n=32

Woolen blanket (°C NM)
26.249.3 min
n=43

No treatment
n=5
(age 16.514+13.32)

No treatment
n=20
(age 26.1+2.6)

Disability: patient rated wrist
evaluation (no FU)
Pain: NRS (FU 48h)
Stiffness: NRS (FU 48h)
Grip strength: dynamometry (FU
48h)

Disability: RMQ (FU 48h)

Pain: NRS (FU 48h)

Stiffness: numeric rating scale

(FU 48h)

ROM: distance to floor (no FU)
Disability: RMQ (FU 48h)

Pain: NRS (FU 48h)

Stiffness: numeric rating scale

(FU 48h)

ROM: distance to floor (no FU)
Disability: RMQ (FU 48h)

Pain: NRS (FU 48h)

Stiffness: numeric rating scale

(FU 48h)

ROM: distance to floor (no FU)
Anxiety: NRS (no FU)

Pain: VAS (no FU)

Pain: VAS (FU 48h, 72h)

Pain: VAS (FU 48h, 72h)
Strength: MVIC (FU 48h)

(continued on next page)
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Table 2 (Continued)

Author Study Type Diagnosis (Acute, Chronic) Total Intervention Duration No. of Participants  Control Intervention Duration No. of Outcome Variables Assessments
Comparison Sample Size (Sex, Age [y]) (Sex, Age [y]) Participants (Sex, Age [y]) Used (Follow-up Periods)
Petrofsky et al*’ DOMS (acute) induced by 3 sets of  Heat wrap (40°C) Cold wrap ("C NM) Pain: VAS (FU 48h, 72h)
RCT 5-min squats at 110° hip bent 20 min 20 min Strength: MVIC (FU 48h)
Heat vs cold treatment with a 3-min rest between each n=20 n=20
set (M: 10, F: 10) (M: 10, F: 10)
N=40 (age 26.1+2.6) (age 25.5+2.7)

Petrofsky et al“?

RCT
Heat vs no treatment

Petrofsky et al>°

RCT
Heat vs standard treatment

Sumida et al*’

RCT
Heat vs cold treatment
Heat vs no treatment

Tao et al*’
RCT
Heat vs standard treatment

Yildirim et al*
RCT
Heat vs drug therapy

DOMS (acute) induced by 3 sets of
5-min squats at 110° hip bent
with a 3-min rest between each
set
N=40
(M/F: NM)

Nonspecific neck pain (chronic)
N=37

DOMS (acute) induced by eccentric
elbow flexion at a rate of 30°/s,
range 110° to 10°, 2 sets of 35
reps, 5-min rest between sets
N=53
(age NM)

Low back pain (acute)
N=43
(M/F: NM)

Knee OA (chronic)
N=46

Heat wrap (40°C)
8h
n=20
(age 26+2.6)

Heat wrap (40°C)
6 h
n=26
(M: 8, F: 18)
(age 52.8+13.5)

Hot gel pack (43.3°C)
20 min
n=17
(M: 7, F: 10)

Heat wrap (40°C)
8 h/d for3d
n=25
(age 35)
Moist heating pad (40-46°C)

20 min/d for 4 wk, total 15 applications

n=23
(M: 3, F: 20)
(age 58.78+10.56)

No treatment
n=20
(age 25.3+3.0)

Standard therapy
n=11
(M: 3, F: 8)
(age 52.6+18.3)

Cold gel pack (1.7°C)
20 min
n=18
(M: 9, F: 9)
No treatment
n=18
(M: 4, F: 14)

Educational written material
n=18
(age 36.2)

Routine Medication
n=23
(M: 4, F: 19)
(age 58.7849.55)

Pain: VAS (FU 48h, 72h)
ROM: goniometer (no FU)
Strength: MVIC (FU 48h)

Disability: NDI (no FU)
Pain: VAS (no FU)

Pain: VAS (no FU)

Disability: RMQ (FU 1mo)
Pain: VAS (FU 1mo)

Disability: WOMAC (no FU)
Pain: WOMAC (no FU)
PFU: SF-36 physical component
(no FU)
QOL: SF-36 mental component
(no FU)
Stiffness: WOMAC (no FU)

Abbreviations: CCT, clinical controlled trial; F, female; FIHOA, Functional Index for Hand Osteoarthritis; FIQ, Fibromyalgia Impact Questionnaire; FU, follow-up; HADS, Hospital Anxiety and Depression Scale;
KOOS, Knee Osteoarthritis Outcome Score; M, male; MVIC, maximal voluntary isometric contraction; NDI, Neck Disability Index; NHP, Nottingham Health Profile; NM, not mentioned; NRS, numeric rating scale;
NSAID, nonsteroidal anti-inflammatory drug; OA, osteoarthritis; PFU, physical function; RCT, randomized controlled trial; RMQ, Roland-Morris Questionnaire; SF-36, Short Form-36 Health Survey; SYSADOA,
symptomatic slow acting drugs for osteoarthritis; TENS, transcutaneous electrical nerve stimulation; VAS, visual analog scale; WOMAC, Western Ontario MacMaster Questionnaire.
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Local heat applications

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personell (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0%

25% 50% 75% 100%

m Low risk of bias

Unclear risk of bias

m High risk of bias

|Author

Aciksoz et al. 2017
Denegar et al. 2010
Fioravanti et al. 2014
Garra et al. 2010
Giannitti et al. 2017
Kettenmann et al. 2007
Lauche et al. 2016
Leung et al. 2008
Lewis et al. 2012
Lofgren et al. 2009
Mayer et al. 2005
Mayer et al. 2006
Michlovitz et al. 2004
Nadler et al. 2002
Nadler et al. 2003a
Nadler et al. 2003b
Nuhr et al. 2004
Petrofsky et al. 2012
Petrofsky et al. 2013
Petrofsky et al. 2015
Petrofsky et al. 2016
Petrofsky et al. 2017
Sumida et al. 2003
Tao et al. 2005
Yildirim et al. 2009

Risk of bias analysis of each included study.
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Risk of bias analysis summary of all included studies.

pain observed that LHA was more beneficial compared with no
treatment (P=.017). Contrary to these observations, LHA was not
superior compared with no treatment in reducing pain in chronic
conditions””***>** (SMD=-0.457 [95% CI, —0.9 to 0.03]).

Only 2 studies, both investigating the effects of LHA compared
with no treatment on DOMS, performed a follow-up measurement
after 48 hours.*>** The results indicate that LHA is more benefi-
cial to reduce pain after 48 hours than no treatment
(SMD=-2.330 [95% CI, —3.0 to —1.5]).

Follow-up measurements after 72 hours revealed that LHA was
still more effective than no treatment to reduce pain symptoms
received from DOMS*"*** (SMD=—1.134 [95% CI, —2.0 to
—0.1]).

After 1 month, 1 study investiaged the effects of LHA vs no
treatment on pain in chronic conditions*® and found no differences
between LHA and no treatment.

Physical function and disability

LHA resulted in improved physical function compared with no
treatment in chronic conditions”’***3*%3% (SMD=-0.522 [95%
CI, —0.9 to —0.06]; Q3=2.439; P=.486; I’=0.0%) (see fig 4).

One study”® demonstrated no difference in disability compared
with baseline values immediately after LHA (SMD=-0.310 [95%
CL —0.9 t0 0.2]).

Physical function remained higher after LHA vs no treatment
after 48 hours (SMD=—0.554 [95% CI, —1.0 to —0.05]).*%-°

Effects on muscular strength
Two studies*>** from the same research group investigated the
effects on DOMS immediately after LHA and favored LHA to
restore muscular strength compared with no treatment
(SMD=-1.737 [95% CI, —2.4 to —1.02]), demonstrating a low
heterogeneity (Q;=0.001; P=.969; PP=0.0%) (see fig 4).

Pooled results from the 2 studies*** revealed that muscle
strenght values remained higher 48 hours after LHA
(SMD=-1.479 [95% CI, —2.1 to —0.8]).

Quality of life

The studies””*® investigating chronic musculoskeletal conditions
found no differences between LHA and control treatment on QOL
(SMD=-0.492 [95% CI, —1.0 to 0.02]; Q;=0.02; P=.882;
P=0.0%) (see fig 4).
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Study name Statistics for each study Std diff in means and 95% Cl
Stddiff  Standard Lower  Upper
Pain inmeans error  Variance  limit  limit ZValue pValue
Aciksoz_2017_vs_nothing 0317 0.308 0095 -0921 0287 -1.029 0.303
Denegar 2010_vs_nothing 0630 0498 0248 -1606 0346 -1265 0206
Gannitti_2017_vs_nothing -1.024 0.3%4 0155 -1.79%6 0252 -2599 0.009
Kettenmann_2007_vs_nothing ~ -0.914 0.384 0147 1667 0161 2380 0017
Lewis_2012_vs_nothing 0.289 0.520 0270 0730 1308 0556 0578
Petrofsky_2012_vs_nothing 0.200 0634 0402 -1034 1452 0330 0742
Petrofsky 2013 _vs_nothing -1.747 0499 0249 -2725 0769 -3501 0.000
Petrofsky 2016 _vs_nothing 4550 0.784 0615 6087 -3013 5804 0000
Sumida 2003 vs_nothing -0.850 0424 0180 -1.681 -0.019 -2.005 0.045
Summary estimate 0.802 0.149 002 -1.003 0510 5390  0.000

Q=36.4; df(Q) =8, p<0.001; 12 = 78.0%

Physical function

3
2

Denegar 2010_vs_nothing 0.281 0488 0238 -1.237 0675 0576 0565
Ganmitti_2017 vs_nothing -1.009 0.393 0154 -1.779 0239 257 0010
Leung 2008 \s_nothing 0176 0448 0201 -1.054 0702 0393 064
Lewis_2012 vs_nothing 0.368 0611 0373 1566 0830 0602 0547
Summary estimate 0.522 0234 0055 0980 0065 2236 0025
Q=2.439; df(Q) = 3, p < 0.486; 12=0.0%

Disability

Aciksaz_2017_vs_nathing -0310 0308 0085 -0914 0294 -1006 0314
Summary estimate -0310 0.308 00%5 -0914 0204 -1006 0314

Q=0.0; df(Q) =0, p=1.0; 12=0.0%

Muscular strength

Petrofsky_2013_vs_nothing 1.750 0500 0250 2730 0770 3500  0.000 E B
Petrofsky_2016_vs_nothing 1722 0523 0274 2747 0697 3293 0001 B
Summary estimate 1737 0.361 0131 2445 1028 4805 0000 <&
Q=0.001; df(Q) = 1, p = 0.969; I = 0.0%

Quality of life

Aciksoz 2017_\s_nothing 0517 0311 0097 1127 0093 -1662 0.0%

Denegar 2010 \s_nothing 0429 0491 0241 1391 0533 0874 0382

Summary estimate 0492 0263 0069 -1.007 0023 -1872 0061

Q=0.02; df(Q) =1, p=0.882; 12 =0.0%

RoM

Leung_2008_vs_nothing 0431 0452 0204 0455 1317 0954 0340
Petrofsky_2016_vs_nothing 1546 0.360 0130 2252 0840 4294  0.000
Summary estimate 0576 0.988 0977 2513 1361 0583 0560

Q=11.70; df(Q) = 1, p=0.001; 12 = 91.4%

B4
B4
3

Stiffness

Aciksoz_2017_vs_nothing 0364 0308 0095 0968 0240 -1182 0237

Gannitti_2017_vs_nothing 0377 0.375 0141 -1.112 03588 -1.005 0315

Summary estimate 0.369 0.238 0057 0836 0097 -1851 0121

Q=0.001; df(Q) =1, p=0.979; 1> = 0.0% 8.00 4 .00 8.00

Favours LHA Fav ours comparison

Fig 4  Forest plot of the meta-analysis illustrating the overall weighted effect of heat application vs no treatment. The diamonds represent the
overall weighted mean ES.

Range of motion

LHA did not alter ROM immediately after treatment
(SMD=-0.576 [95% CI, —2.5 to 1.3]; Q;=11.70; P=.001;
’=91.4%) (see fig4)in acute™ and chronic™ conditions.

The effects of LHA remained nonsignificant compared with
cold for the subgroup analyses in acute conditions®'?*40*
(SMD=-0.130 [95% CI, —0.9 to 0.6]) and chronic conditions"-**
(SMD=-0.271 [95% CI, —0.7 to 0.2]).

The sensitivity analysis excluding all studies on individuals
without musculoskeletal disorders (experiencing DOMS)?'#*+?
demonstrated that LHA was also not superior to cold in reducing
pain (SMD=-0.176 [95% CI, —0.5 to 0.1]).

No differences between LHA and cold treatments were
observed after 48 hours (SMD=-2.101 [95% CI, —4.9 to
0.7])_4(),43

Controversially after 72 hours, the effects of LHA vs cold ther-
apy demonstrated that LHA was superior to cold in reducing pain

Stiffness

No benefical effects of LHA vs no treatment were found for joint
stiffness (SMD=-0.369 [95% CI, —0.8 to 0.09]; Q;=0.001;
P=.979; P=0.0%) (see fig 4).%*

LHA vs cold

Effects on pain

The effect between LHA and cold therapy resulted in a nonsignifi-
cant difference (SMD=-0.184 [95% CI, —0.6 to 0.3]) with a mod-
erate heterogeneity (Qs=14.2; P=.014; 12=64.9%) (fig 5).

in acute conditions (SMD=-1.743 [95% CI, —3.0 to —0.3]).""**

One study conducted a 1-month follow up measurement to
evaluate the potential effects of LHA and cold on pain and found
no (P=.85) significant difference between the 2 interventions.”®

www.archives-pmr.org
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Studyname Statistics for each study
Std diff  Standard Lower Upper

Pain inmeans  emor  Variance limit  limit

Aciksoz_2017_vs_cold -0.281 0.308 00%5 -08%5 0323

Denegar_2010 \s_cold -0.245 0488 0238 -1201 0711

Garra 2010 vs_cold -0.083 0258 0067 -0589 0423

Mayer_2006 vs_cold -0.828 0338 0135  -1549 -0.107

Petrofsky_2015_vs_cold 1.250 0471 022 03271 2173

Surrida 2003 \s_cold -0.762 0438 012 -1610 0106

Summary estimate -0.184 0257 0066 -0689 0320

Q=14.2; df(Q) =5, p < 0.014; 12 = 64.9%

Physical function

Denegar_2010 vs_cold -0.069 0486 0286 -1.02 0884

Summary estimate -0.069 0486 0236 -1.02 0.884

Q =0.000; df(Q) =0, p =1.0; I = 0.0%

Disability

Aciksaz_2017_vs_cold -0.354 0.308 005 -0958 0250

Summary estimate -0.354 0.308 005 -0958 0250

Q=0.000; df(Q) =0, p=1.0; I2=0.0%

Muscular strength

Petrofsky 2015 vs_cold -2570 0561 0315 -3670 -1470

Summary estimate -2570 0561 0315 -3670 -1470

Q =0.000; df(Q) =0, p =1.0; I2= 0.0%

Quality of life

Aciksaz_2017 \s_cold -0226 0307 004 -0828 0376

Denegar_2010 vs_cold -0.064 0486 02% -1017 0889

Summary estimate -0.180 0260 0067 -0689 0329

Q=0.079; df(Q) =1, p=0.778; 2= 0.0%

Stiffness

Aciksoz_2017_vs_cold -0.02 0.306 00% -062 0578

Summary estimate -0.02 0.306 004 -062 0578

Q=0.000; df(Q) =0, p =1.0; I = 0.0%

Std diff in means and 95% CI

Z-Value p-Value

0912 032

0502 0616

032 0748
2250 0024 2

2654 0008 -
ATI7 0086
0716 0474
0142 0887
0142 0887
149 0250
149 0250

4581 0000 . B

4581 0000 o

0736 0462

012 08%

-0693 0488

0072 0943

0072 0943

-8.00 -4.00 0.00 4.00 8.00

Favours LHA Fav ours comparison

Fig 5
overall weighted mean ES.

Effects on physical function and disability
Our analyses revealed that LHA had no immediate effect on physi-
cal function’’ (mean difference [MD]=—0.069 [95% CI, —1.0 to
0.81; Qu=0.0; P>.99; I*=0.0%) or disability*® (MD=—0.354 [95%
CL —0.7 to 0.2]; Qu=0.0; P>.99; I’=0.0%) compared with cold in
chronic conditions (see fig 5).

After 48 hours, no effects for LHA compared with cold could
be observed for disability28 (MD=-0.354 [95% CI, —0.9 to 0.2])
or physical function?’ (MD=—0.069 [95% CI, —1.0 to 0.8]).

Effects on muscular strength

The study of Petrofsky et al showed, that LHA has a positive
effect on restoring muscular function immediately after LHA
treatment (P<.001; Qu=0.000; P>.99; [’=0.0%)" and
remained significant up to 48 hours after the intervention
(P=.001) (see fig 5).

Effects on QOL

No immediate effect in favor for LHA compared with cold was
found to improve QOL (SMD=-0.180 [95% CI, —0.6 to 0.3];
Q,=0.079; P=.778; I’=0.0%).”"**

www.archives-pmr.org

Forest plot of the meta-analysis illustrating the overall weighted effect of heat application vs cold therapy. The diamonds represent the

Effects on stiffness

One study”® result showed that LHA is ineffective to immediately

affect tissue stiffness compared with cold therapy (P=.943;
1=0.000; P>.99; ’=0.0%) (see fig 5).

LHA vs exercise

Effects on pain
Compared with exercise, LHA was not beneficial to reduce pain
immediately after the treatment (SMD=—0.415 [95% CI, —1.0 to
0.1]; Q,=4.966; P=.083; I’=59.7%) (fig 6).>7*>*"

Subgroup analysis showed that LHA was not superior to exer-
cise in acute’® (P=.504) and chronic*>*” (P=.338) conditions.

Effects on physical function or disability
In a comparison of the immediate effects between LHA and exer-
cise therapy on physical function and disability, LHA had no
effect on physical function compared with
(SMD=-0.478 [95% CI, —1.4 to 0.4];
P=71.5%) (see fig 6).>7*>"

Our analysis based on 2 studies showed that LHA was also
not superior to exercise to positively influence disability

exercise
Q,=7.027; P=.03;

29,32
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Study name Statistics for each study Std diff in means and 95% Cl
Stddiff  Standard Lower
Pain inmeans  error  Variance limit  limit ZValue pValue
Fioravanti_2014_\s_exercise 0920 0272 0074 1453 0387 3382 0001 B
Lauche_2016_\s_exercise 0065 0398 015 0715 0845 0163 0870
Nhyer_2005_vs_exercise 0235 0352 0124 0925 0455 0668 0504
Summary estimate 0415 0307 0094 -017 0187 135 0177
Q =4.966; df(Q) = 2, p = 0.083; I2 = 59.7%
Physical function
Fioravanti_2014_s_eercise  -1.212 0281 0079 -1.763 0661 4313 0000 n
Lauche_2016_vs_exercise 0.286 0.586 0343 -0.863 1435 0488 0.626
Mayer_2005_vs_exercise 0.204 0.495 0245 -1.174 0766 0412 0.680
Summary estimate 0478 0482 0232 142 0467 092 0321
Q=7.027; df(Q) = 2, p =0.03; I2 = 71.50%
Disabilitv
Lauwhe_2016_\s_eercise 0045 0548 030 -1119 1029 -0082 095
Mayer_2005 vs_oercise 0230 0501 0251 -1212 075 -0459 0646
Summary estimate -0.146 0370 0137 -0870 0579 -034 0698
Q=0.062; df(Q) = 1, p = 0.830; I2 = 0.0%
Quality of life
Floravanti_2014 \s_evercise 2126 0323 0104 2759 -1493 6582 0000 B
Lauche_2016_\s_exercise 082 0412 0170 1630 0014 -1995 0046
Summary estimate 1499 0652 0424 2776 022 2301 0021 e
Q=6.204; df(Q) =1, p =0.013; 12 = 83.8.0%
8.00 4.00 0.00 4.00 8.00
Favours LHA Fav ours comparison
Fig 6 Forest plot of the meta-analysis illustrating the overall weighted effect of heat application vs exercise therapy. The diamonds represent

the overall weighted mean ES.

(SMD=-0.146 [95% CI, —0.8 to 0.5]; Q;=0.062; P=.830;
P=0.0%) (see fig 6).

In acute® and chronic conditions’*’ no effects were found
(acute: SMD=-0.230 [95% CI, —12 to 0.7, chronic:
SMD=-0.551 [95% CI, —2.0 to 0.9]).

After a 48-hour follow-up period, LHA was also not signifi-
cantly different from exercise in acute® and chronic** conditions
(SMD=-0.132 [95% CI, —0.7 to 0.4].

47

Effects on QOL

The results of our analysis revealed that LHA has an immediate
positive effect compared with exercise on QOL, using the Short
Form-36 Health Survey’>*’ (SMD=—1.499 [95% CI, —2.7 to
—0.2]) with a high and significant heterogeneity (Q;=6.204;
P=.013; ’=83.8%) (see fig 6).

LHA vs standard therapy

Effects on pain
LHA was found to be beneficial compared with standard therapy
in reducing pain (SMD=-0.784 [95% CI, —1.4 to —0.1]). How-
ever, the included studies showed a high and significant heteroge-
neity (Qs=33.753; P<.001; I’=85.1%) (fig 7).%%32-38:39:49:31
Analyzing acute®>** and chronic®>***' conditions sepa-
rately from each other, our analysis revealed that LHA is effective
in acute (SMD=-1.265 [95% CI, —2.0 to —0.4]) but not chronic
(SMD=-0.227 [95% CI, —0.5 to 0.1]) conditions.
Only 1 study”” investigated the effects after 48 hours and found
a positive effect in favor for LHA (MD=—-2.330 [95% CI, —3.1 to

—1.4]) compared with standard therapy. After 1 month, LHA was
still superior to standard therapy to decrease pain®’ (MD=—0.693
[95% CI, —1.3 to —0.07]).

Effects on physical function or disability

Compared with standard therapy, LHA had an immediate positive
effect on restoring physical function (SMD=-0.444 [95% ClI,
—0.7 to —0.1]),%%3*24%31 with a low heterogeneity between stud-
ies (Q4=2.064; P=.724; P=0.0%) (see fig 7).

The effect in acute conditions””** was not in favor of LHA
(SMD=-0.393 [95% CI, —0.9 to 0.1]), whereas in chronic
conditions****>! LHA was beneficial compared with standard
therapy (SMD=-0.476 [95% CI, —0.8 to —0.06]).

Disability was evaluated in 2 studies,””* resulting in a nonsig-
nificant difference between LHA and standard therapy
(SMD=-0.496 [95% CI, —1.1 to 0.2]; Q;=0.143; P=.705;
PP=0.0%) (see fig 7).

Two studies’”*® performed follow-up measurements after
48 hours and observed that LHA was not superior to standard ther-
apy to restore disability (SMD=0.090 [95% CI, —0.5 to 0.7]).

After 1 month, LHA was effective to restore disability com-
pared with standard therapy (MD=-0.664 [95% CI, —1.2 to
—0.04]in 1 study.™

Effects on QOL

The effects between LHA and standard therapy on QOL showed
no significant differences between LHA and standard therapy
(MD=-0.527 [95% CI, —1.2 to 0.2]; Q¢=0.0; P>.99; I’=0.0%)
(see fig 7).32
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Study name Statistics for each study
Stddiff  Standard Lower

Pain inmeans  error  Variance limit  limit
Lauche_2016_vs_standard -0.628 0.384 0147 -1.381 0125
Lofgren_2009_vs_standard 0.000 0.265 0070 0519 0519
Mayer_2005_vs_standard -0.680 0.348 0121 -1.362 0.002
Nuhr_2004_vs_standard 2015 0.259 0067 2523 -1.507
Pefrofsky 2017 vs_standard ~ -0.204 0.361 0130 -1.002 0414
Tao_2005_vs_standard -1.026 0.328 0108 -1.669 -0.383
Summary estimate 0.784 0.337 0114 1444 0123

Q=233.753; df(Q) =5, p < 0.001; I = 85.1%

Physical function

Lauche_2016_vs_standard -0.090 0.533 0284 -1.135 0.9%
Léfgren 2009 vs_standard -0.349 0.282 0080 -0902 0204
Mayer 2005 vs_standard 0499 0.500 0250 -1479 0481
Petrofsky_2017_vs_standard 0.888 0.374 0140 -1.621 0155
Tao_2005_vs_standard 0.352 0.311 0097 0962 0258
Summary estimate 0444 0.163 0027 0764 -0.124
Q =2.064; df(Q) =4, p=0.724; 12 = 0.0%

Disability

Lauche_2016 vs_standard -0.345 0.536 0287 -13% 0706
Mayer_2005_vs_standard -0617 0479 0229 -1586 032
Summary estimate -049% 0357 0128 -119% 0204
Q =0.143; df(Q) = 1, p =0.705; 12 = 0.0%

Quality of life

Lauche 2016 vs_standard -0527 0382 0146 -1216 022
Summary estimate -0.527 0.382 0146 -1276 022
Q=0.0;df(Q) =0, p=1.0; 12=0.0%

Stiffness

Lofgren 2009 vs_standard  -0.092 0.280 0078 0641 0457
Summary estimate -0.092 0.280 0078 0641 0457

Q=0.0;df(Q) =0, p=1.0; 1= 0.0%

Std diff in means and 95% Cl

ZNalve pValue

1635 0102

0000  1.000

1954 0051

7780 0.000 | |

0814 0415

3128 0002 E 3

2325 0020

0169  0.866

1238 0216

0998 0318

2374 0018 L 3

1132 0258

272 0006

0644 050

1288 0198

1389 0165

41380 0168

1380 0168

0329 0742

0329 0742

8.00 4.00 0.00 4,00 8.00

Favours LHA Fav ours comparison

Fig 7
the overall weighted mean ES.

Effects on stiffness

No beneficial effects were found for LHA compared with standard
therapy in affecting stiffness’’ (MD=—0.092 [95% CI, —0.6 to
0.4); Qu=0.0; P>.99; I’=0.0%) (see fig 7).

LHA vs pharmacologic therapy

Effects on pain
LHA had a pain relieving effect immediately after the intervention
compared with pharmacologic therapy in acute® and chronic*®
conditions (SMD=-0.555 [95% CI, —0.8 to —0.3], Q;=0.034;
P=.855; ’=0.0%) (fig 8).

At 48-hour follow-up the results from Nadler et al showed that
compared with pharmacologic therapy, LHA was effective to
reduce pain (SMD=—0.462 [95% CI, —0.7 to —0.1]).*

Effects on physical function and disability
Only 1 study*® compared LHA and pharmacologic therapy on
physical function and found no effect between the interventions
(SMD=-0.810 [95% CI, —1.6 to 0.04]; Qy=0.0; P>.99; I’=0.0%)
(see fig 8).

However, the pooled results revealed that LHA had a positive
effect on disability compared with pharmacologic therapy

www.archives-pmr.org

Forest plot of the meta-analysis illustrating the overall weighted effect of heat application vs standard therapy. The diamond represents

(SMD=-0.396 [95% CI, —0.6 to —0.1]; Q,;=0.668; P=.414;
’=0.0%) (see fig 8).>7

After 48-hour follow-up, the results demonstrated that LHA is
more beneficial than pharmacologic therapy to positively affect
disability (SMD=-0.472 [95% CI, —0.7 to —0.2]). However, this
observation is based on only 1 study.™

Effects on QOL

Based on the results from 1 study,” QOL was not affected from
LHA nor from pharmacologic therapy (MD=—0.187 [95% CI,
—0.7 t0 0.3]; Qu=0.0; P>.99; ’=0.0%) (see fig 8).

46

Effects on ROM

Only 1 study®™ demonstrated that LHA is more effective than
pharmacologic therapy to increase ROM after the intervention
(SMD=-0.354 [95% CI, —0.6 to —0.08]; Qu=0.0; P>.99;
P=0.0%) (see fig 8).

Effects on stiffness

The pooled results indicated that LHA has a positive effect on
stiffness compared with pharmacologic therapy (SMD=—0.408
[95% CI, —0.6 to —0.1]; Q;=0.045; P=.833; I’=0.0%) (see fig 8)
in acute™ and chronic*® conditions.
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Study name Statistics for each study Std diiff in means and 95% Cl
Stdciff  Standard Lower  Upper
Pain inmeans error Variance  limit limt ZValue pValue
Nadler_2002 vs_phama 0.544 0.140 0020 0818 0270 -3.886 0.000
Yildiim_2010_vs_phama -0.605 0.302 0091 -1.197 0013 -2003 0.045
Summary estimate -0.555 0.127 0016 -0.804 0306 4.368 0.000 ’
Q=0.034; df(Q) = 1, p =0.855; 12 = 0.0%
Physical function
Yildiim_2010_vs_phama 0.810 0434 0188 -1.661 0041 -1.866 0.062
Summary estimate -0.810 0434 0188 -1.661 0041 -1.866 0.062
Q=0.0;df(Q)=0,p=1.0; 2= 0.0%
Disability
Nadler_2002_vs_phamma 0.362 0.138 0019 0632 0092 2623 0009
Yildiim_2010_vs_phama 0.732 0431 0186 -1.577 0113 -1.698 0.089
Summary estimate -0.39% 0.131 0017 0654 0139 -3.016 0.003
Q=0.668;df(Q) =1, p=0.414; 2= 0.0%
Quality of life
Yildiim_2010_vs_phama -0.187 0.296 0088 -0.767 0393 -0.632 0.528
Summary estimate 0187 0.296 0088 0767 0393 0632 0528
Q=0.0;df(Q) =0, p=1.0; 12=0.0%
RoM
Nadler_2002 vs_pharma -0.354 0135 0018 -0619 -0089 -262 0009
Summary estimate -0.354 0135 0018 -0619 -0089 -262 0009
Q=0.0;df(Q)=0,p=1.0; 12=0.0%
Stiffness
Nadler 2002 vs_phama -0.420 0.136 0018 0687 0153 -3.088 0.002
Yildiim_2010_vs_phama -0.351 0.297 0088 -0.933 0231 -1.182 0.237
Summary estimate 0.408 0.124 0015 065 -0.166 -3.300  0.001 0
Q=0.045; df(Q) = 1, p =0.833; 12 = 0.0% 8.00 400 0.00 400 8.00
Favours LHA Favours comparison
Fig8 Forest plot of the meta-analysis illustrating the overall weighted effect of heat application vs pharmacologic therapy. The diamonds rep-

resent the overall weighted mean ES.

After 48 hours, the effect remained significant (MD=—0.448
[95% CI, —0.6 to —0.1] in favor of LHA.”

LHA vs placebo or sham therapy

Effects on pain
Three studies’”*®* resulting in 4 head-to-head comparisons
investigated the difference between LHA and placebo/sham
therapy on pain. The overall weighted mean effect showed
that LHA has an positive effect compared with the
control group on immediate pain reductions (SMD=-3.002
[95% CI, —5.9 to —0.07]; Q3=195.98; P<.001; I’=98.4%)
(fig 9).

The effect remained significant in favor of LHA in acute
conditions (SMD=-5.153 [95% CI, —8.3 to —1.9]) but not in
chronic™® conditions (MD=—0.768 [95% CL, —1.5 to 0.02]). How-
ever, the sensitivity analysis, excluding 1 outlier study,”’ showed
that LHA is not more beneficial than placebo or sham to decrease
pain (SMD=-1.741 [95% CI, —3.6 to 0.1])

The effect remained significant in favor of LHA at 2 follow-
ups recorded 48 hours after initial LHA (SMD=-5.250 [95% CI,
—5.7t0 —4.77).%%

36,37

Effects on disability
Our analysis revealed that LHA has a positive immediate effect on
disability compared with the control group (SMD=-1.278 [95%
Cl, —24 to —0.1]) with a high heterogeneity (Qs;=50.665;
P<.001; ’=94.0%) (see fig 9).°*3%%7

However, after 48 hours, no difference could be observed any-
more (SMD=—-1.991 [95% CI, —4.8 to 0.8]).”""’

Effects on muscular strength

Muscular strength was investigated from 1 study®” and showed
that directly after LHA, muscular strength was positively affected
(MD=-0.847 [95% CI, —1.6 to —0.08]; Q;=2.170; P=.141;
PP=53.9%) (see fig 9).

)

Effects on ROM

LHA was effective compared with placebo or sham therapy to
increase ROM after the intervention in 2 studies’®’’
(SMD=-4.156 [95% CI, —5.3 to —2.9]) with a high heterogeneity

(Q,=5.774; P=.016; I’=82.6%) (see fig 9).

Effects on stiffness
The pooled results from 3 studies including 4 comparisons
demonstrated that LHA is superior to placebo or sham therapy to

30,36,37
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S name Statistics for each study

2 Std diff  Standard Lower  Upper
Pain inmeans  error  Variance limit  limit
Mchlovitz_2004_OA_placebo/sham 0.444 0.264 0.070 -0.961 0.073
Mchlovitz 2004_CTS_placebo/sham  -1.274 0.469 0220 2193 -0.355
Nadler_2003a_vs_placebo/sham -6.761 0.386 0.149 -7.518 -6.004
Nadler_2003b_vs_placebo/sham -3.541 0.404 0.163 4.333 2749
Summary estimate -3.002 1.494 2231 5930 -0.075
Q =195.98.0; df(Q) = 3, p < 0.001; I2 = 98.4%
Disability
Mchlovitz 2004_OA_placebo/sham -0.074 0.261 0.068 -0.586 0438
Mchlovitz 2004_CTS_placebo/sham  -1.475 0.482 0232 -2420 -0.530
Nadler_2003a_vs_placebo/sham -0.566 0.152 0023 -0.864 -0.268
Nadler_2003b_vs_placebo/sham -3.143 0.377 0.142 -3.882 -2404
Summary estimate -1.278 0.583 0340 2421 -0.135

Q =50.665; df(Q) =3, p <0.001; 1> =94.0%

Muscular strength

Mchlovitz 2004_OA_placebo/sham -0.544 0.265 0070 -1.063 -0.025
Mchlovitz_2004_CTS_placebo/sham  -1.344 0474 0225 2273 0415
Summary estimate 0.847 0.388 0151 -1.608 -0.087

Q=2.170; df(Q) =1, p < 0.141; I2 = 53.9%

RoM

Nadler_2003a_vs_placebo/sham 4.720 0.290 0.084 5288 4.152
Nadler_2003b_vs_placebo/sham -3.627 0.403 0162 4.317 -2.737
Summary estimate 4.156 0.59% 0355 5324 -2.989

Q=5.774; df(Q) = 1, p < 0.016; I = 82.6%

Stiffness

Mchlovitz OA_vs_placebo/sham -0.294 0.262 0.069 0.808 0.220
Mchlovitz CTS_vs_placebo/sham -1.196 0.465 0216 2107 -0.285
Nadler_2003a_vs_placebo/sham -3.719 0.246 0.061 4.201 -3.237
Nadler_2003b_vs_placebo/sham -3.867 0427 0.182 4704 -3.030
Summary estimate 2268 0995 0990 4218 0318

Q=177.214; df(Q) = 3, p < 0.001; I = 98.3%

Std diff in means and 95% Cl

ZValue p-Value

1682 0.093
2716 0.007
17516 0.000 E 3
8765  0.000
2010 0044

-
0.284 0.777
3060  0.002 E o
3724 0.000 |
8337 0.000 -
2191 0028

'J

2053  0.040
2835  0.005
2183 0.029

16276 0.000 B
8.752 0.000
-6.978 0.000
-1122 0.262
2572 0010 -
-15.118  0.000
9056  0.000
2280  0.023
-8.00 -4.00 0.00 4.00 8.00
Favours LHA Fav ours comparison

Fig9 Forest plot of the meta-analysis illustrating the overall weighted effect of heat application vs placebo or sham therapy. The diamonds rep-

resent the overall weighted mean ES.

positively affect stiffness (SMD=—-2.268 [95% CI, —4.2 to —0.3];
Q5=177.214; P<.001; I’=98.3%) (see fig 9).

After 48 hours, the positive effect in favor of LHA remained
significant (SMD=-2.906 [95% CI, —5.6 to —0.1]) for tissure
stiffness. 3637

Treatment dose

The included studies show a large heterogeneity regarding the
treatment dose, ranging from 15-20 minutes once a week to 8 hours
per day for 5 days'**>. LHA was applied at temperatures of 40°
C293035-37:39-44484951 (1 639050 or was not reported. 22

Discussion

Summary of findings

This systematic review and meta-analysis sought to investigate the
effects of superficial LHA on physical and functional outcomes in
individuals with any kind of musculoskeletal disorders or pain.
The main findings of the review are (1) compared with no treat-
ment, LHA had moderate to large beneficial effects on pain relief

www.archives-pmr.org

and improved physical function immediately after application; (2)
LHA resulted in significantly greater pain relief and physical func-
tion improvement compared with a standard treatment; and (3)
compared with placebo or sham application there is marginal evi-
dence that LHAs have a beneficial effect on pain relief, improving
disability, and tissue stiffness.

LHA vs no treatment

LHA was effective to relieve pain in musculoskeletal disorders.
The largest beneficial effects of LHA were observed in 2 studies
on participants without musculoskeletal disorders, treated with
local heat wraps (40°C) for 8 hours, experiencing DOMS after
exercise. The studies used chemical heat wraps (using exothermic
iron oxidation reaction), which are believed to act on the periph-
eral nervous system, whereas applications of short duration are
presumed to induce pain reduction through the gate control theory
in the central nervous system.”> However, in an earlier published
study®' from these authors, no effects were found regarding pain
relief in participants without musculoskeletal disorders with
DOMS. A possible explanation for the differences between these
studies might be, that in 1 pilot study”' the elbow flexors were

exercised, whereas in the other 2 studies'*** the legs were
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exercised, leading possible to a different presentation of DOMS.>
The observed beneficial effects in pain relief remained significant
in favor of LHA in follow-up measurements up to 48 hours. Inter-
estingly, the studies'**'***** all investigating DOMS on healthy
participants with a high treatment dose (40°C for 8 hours) show an
overall beneficial effect for pain reductions after follow-ups of
72 hours. However, these analyses and findings are limited by the
brevity of studies.

Four studies®"*>*° found a significant improvement in physi-
cal function after LHA compared with no treatment in patients
with chronical musculoskeletal conditions. The investigated
pathologies included knee osteoarthritis,””***> low back pain,”
and frozen shoulder.”® Three studies™**° performed follow-up
assessments at 48 hours where LHA continued to show a benefi-
cial effect on physical function. These results suggest that LHA is
effective in improving physical function. Further beneficial effects
of LHA vs no treatment were found for muscular strength but not
for QOL, ROM, or stiffness. However, the pooled results from the
meta-analyses were obtained from a limited number of studies
(n=2 for each outcome), which might have led to an over- or
underestimation of the standardized weighted mean.

LHA vs cold

No differences were found between the effect of LHA compared
with cold application in reducing pain or improving QOL. Cold
gel packs (1.7°C) on the biceps,”’ ' applied as an adequate cool-
ing strategy,” resulted similar effects as LHA, whereas cold wraps
applied to the thighs*® (temperature not reported) reduced pain
more effectively than LHA. In the study of Petrofsky et al,*> LHA
was effective in improving muscular strength. It is well estab-
lished that> tissue temperatures can affect conduction velocity,
which might explain the immediate improved muscle function.
Based on the current state of research, no conclusive results for
LHA being superior to cold application were found.

LHA vs exercise

LHA compared with exercise therapy shows only beneficial effect
in the studies’>*’ investigating QOL. Interestingly, compared
with the other included studies, the study of Fioravanti et al*’
shows strong immediate effects in pain reduction and improved
physical function (see fig 6). Only the study from Mayer et al*’
has a significant follow-up effect after 48 hours for pain.

LHA vs standard therapy

Immediate significant effects were found for LHAs vs standard
therapy for pain reduction and improvement of physical function.
A subgroup analyses for pain showed that LHA is more effective
in acute compared with chronic conditions to decrease this subjec-
tive outcome. The studies?”***? investigating LHA in acute con-
ditions, treating patients with acute low back pain patients,
showed high significant results in pain relief vs standard treatment.
A comparison between acute and chronic conditions revealed that
LHA is more effective in improving physical function in chronic
than in acute conditions compared with standard therapy. How-
ever, these analyzed results are based on a limited number of
included studies. Therefore, patients with acute nonspecific low
back pain should follow the recommendations of the guidelines’®
and remain physically active.’’

LHA vs pharmacologic therapy

Our study revealed limited findings on the effect of LHA vs phar-
macologic treatment because the number of included studies was
in most comparisons too low to make solid interpretations on the
findings.

Nevertheless, positive effects were seen in favor for LHA on
pain relief, disability, ROM, and tissue stiffness (see fig 8). Appar-
ently, thermal treatment seems to induce changes in the mechani-
cal characteristics of soft tissue, which might explain partially the
abovementioned positive effects.’® Although the results of the
present study are limited, LHAs can be applied from patients by
themselves, are cost-effective, and are a relatively safe or adjunct
therapy form. Although some treatment guidelines do not support
the use of LHA in the treatment of acute and chronic musculoskel-
etal disorders or pain conditions, health care providers (eg, physio-
therapists) should be able to decide individually whether or not the
use of LHA can be beneficial for their patients.

LHA vs placebo or sham therapy

More profound results are found in the comparison of LHA vs a
placebo or sham treatment for pain relief, disability, muscular
strength, ROM, and tissue stiffness (see fig 9). Regarding pain
relief, the strongest results were found in the study results from
Nadler et al’’ and Nadler,*® treating patients with acute, nonspe-
cific low back pain with heat wraps (40°C for 8 hours for 3 days)
vs an oral placebo medication. Both studies led to results favoring
LHA vs placebo treatment (see fig 9). Interestingly, the effect of
the LHA was higher when the treatment was conducted during the
day. Although the authors®® state that impaired sleep plays a
strong role during recovery from illness and injury. LHA during
the day seems to have a larger pain-relieving effect. LHA in com-
bination with daily activity seems to be superior in pain relief
compared with passive LHA during the night.”’

Evaluation of methodological quality

There were large limitations within the current evidence base on
the effectiveness of LHA. The overall study quality of the review
was low, and we were unable to meaningfully subgroup the
included studies into high and low quality. The included studies
demonstrated a moderate to high heterogeneity, and most studies
had an unclear or high RoB in terms of allocation concealment,
blinding of participants and personnel, blinding of outcome assess-
ment, and selective reporting. From a limited number of studies,
central tendencies and variations were extracted manually from
figures. Although this was undertaken by 2 independent research-
ers with inconsistencies checked by a third reviewer to achieve
consensus, it still serves as an estimation of treatment effect. Over-
all, the limited number of outcomes, especially in the subgroup
analyses and the poor quality of evidence, means that results
should be interpreted with caution.

Summary of the evidence

The present study focusses on topical LHA as a treatment for
impaired physical function parameters of acute and chronic mus-
culoskeletal disorders or pain.

Our results implicate that LHAs have in general a positive
immediate effect on pain compared with no treatment, standard
therapy, pharmacologic therapy, and placebo/sham therapy. LHA
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immediately increased physical function compared with no treat-
ment and standard care, and improvements in disability were
higher in the LHA group vs the groups receiving pharmacologic
therapy or placebo/sham therapy. Based on the results of 2 studies,
an immediate effect in favor of LHA on QOL was found compared
with exercise therapy.

LHA was in general beneficial to immediately restore ROM
and stiffness compared with pharmacologic therapy and placebo/
sham therapy. Marginal evidence for restored muscular strength
after LHA treatments compared with no treatment, cold treat-
ments, and pharmacologic treatments was found.

Study limitations

Despite the abovementioned positive effects of LHA, the included
studies demonstrate a high heterogeneity regarding included popu-
lation, outcome assessment, and treated pathologies. For the
included studies, insufficient data reporting was a major issue, not
only for the methodological quality assessment but also for data
extraction when results were presented graphically only. Further,
numeric rating scales and self-reporting questionnaires were
widely applied to evaluate physical and functional outcome
parameters, which may have led to potential under- or overestima-
tion of the outcome results. Another limitation is that the results of
this meta-analysis are mostly based on a low number of included
studies with a high risk of performance and detection bias, espe-
cially in the follow-up analyses.

Nevertheless, LHA can be applied from patients by them-
selves, are cost-effective, and are a relatively safe or adjunct ther-
apy form to reduce pain and improve physical function, ROM,
and tissue stiffness. Although some treatment guidelines do not
support the use of LHA in the treatment of acute and chronic mus-
culoskeletal disorders or pain conditions, health care providers
(eg, physiotherapists) should be able to decide individually
whether or not the use of LHA can be beneficial for their patients.

Therefore, the results cannot be transferred to other heat
application methods. Duration, frequency, and temperature range
of LHA treatment might also have affected the studies’ out-
comes. Future high-quality randomized controlled trial studies
should focus on data reporting and variation of application types
and frequencies of LHA in the management of musculoskeletal
disorders.

Conclusions

In conclusion, LHA is a commonly used treatment modality to
reduce the symptoms of various musculoskeletal disorders. The
current evidence base suggests that LHA is more beneficial than
no treatment and standard care to reduce pain and to improve
physical function. Some evidence is available that LHA is more
effective to restore ROM and stiffness than pharmacologic therapy
and placebo/sham therapy. These results could be of interest for
physiotherapists, health care practitioners, and exercise physiolo-
gists alike. The effects favoring LHA seem to be most likely pres-
ent in acute conditions compared with chronic conditions.

Regarding follow up effects, the findings are based on a limited
number of studies, which makes a meaningful interpretation diffi-
cult. Because of heterogeneity of methodologies used and unclear
risk of bias the included studies, the effectiveness of LHA remains
relatively unclear. In this research area high-quality well-reported
research is required.
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