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ABSTRACT 
A im: To det ermine the efficacy of transdermal an ti-inflamma tory pa tches in the trea tmen t of acute 
and chronic musculoskeletal pain. 
M etho ds: A compr ehensiv e sear ch of: C ochrane C entral reg ist er of c on trolled trials, EMBASE , 
MEDLINE, CINAHL and PubMed, for studies using transdermal anti-inflammatory pat ches v s plac ebo 
for management of musculoskeletal pain, e.g. soft tissue injuries or tendonitis (last search January 
2024). Cochrane Risk of Bias Tools v1 was used for quality assessment and GRADE determined 
certainty of evidence. Meta-analysis was performed. 
Results: Twen ty -three randomized plac ebo-c ontrolled trials (n = 4729) were included. There was 
low -certain ty evidence tha t transdermal patches provided statistically and clinically significant pain 
relief on movemen t a t long-term follow-up for chronic musculoskeletal pain (effect size -2-69 (95% 

CI: -4.14, -1.24) and at short-term follow-up which was non-clinically significant, (-1.24: 95% CI: -1.78, 
-0.69). 
Conclusion: Several types of transdermal an ti-inflamma tory pa tches may offer short-term and long- 
term pain relief for acute and chronic musculoskeletal conditions. How ev er, the clinical significance 
of this effect for the long-term pain relief was based on low -certain ty evidence of transdermal 
an ti-inflamma tory pa tches versus placebo; for short-term pain there was an overall non-clinically 
significant impr ov ement. Performing a meta-analysis for all out c omes was not possible due to 
insufficiency in the evidence-base. 
Pr otocol r egistra tion: www.crd .y ork.ac .uk/pr ospero identifier is CRD42020185944. 

PL AIN L ANGUAGE SUMMARY 
Do medication Patches Really Help with Muscle & Joint Pain? A Review of the evidence . 
W ha t We Did: We w an t ed t o see if pat ches c ontaining c ertain medicines that you stick on your skin 
can help with muscle and joint pain. We wanted to see if they did this in both in the short term and 
long term. 
How We Did It: We searched through medical databases to find research that compared these 
pat ches t o fake trea tmen ts (placebos). We w an ted to see if they work for muscle and joint pain. We 
checked the quality of these studies and combined their results when possible. 
W ha t We Found: We found 23 studies that included a total of 4729 people. We found that these 
pa tches migh t help with long-term muscle and join t pain, but the evidence w asn’t v ery str ong. For 
short-term pain, the patches showed some improvement, but it wasn’t enough to be considered 
important. 
Conclusion: Medica tion pa tches migh t help reduce muscle and join t pain in both the short and long 
term. How ev er, the evidence for long-term pain relief isn’t very strong, and the short-term benefits 
are not that large. 

1. I ntro duction 

Musculoskeletal pain is the leading cause of disability 
worldwide [ 1 ]. Since 1990, the incidence rate of muscu- 
loskeletal conditions has increased globally by 58% from 

211.80 million to 334.74 million, with a decreasing age- 
standardized incidenc e rat e of 0.18% annually [ 2 ]. There 

ar e sev eral medication modalities to tr eat these con- 
ditions. These include non-steroidal an ti-inflamma tory 
drugs (NSAIDs) [ 3 , 4 ], c ortic ost er oids [ 5 ] and gly ceral 
tr initrate and nitr ic oxide [ 6 ]. They are usually deliv er ed 

in tablet or injection preparations [ 7 ]. However, these 
appr oaches hav e sev eral associated pr oblems such as 
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first pass hepatic metabolism, enzymatic digestion, drug 

hy dr olysis, gastr ointestinal ir r ita tion, drug fluctua tions, 
adv erse ev ents and disease transmission [ 8 ]. Ther e may 
be significant adv erse r eactions, particularly of the GI 
tract and cardiovascular sy st em, as a result of the 
high plasma c onc en tra tions a ttained [ 9 ]. This can limit 
which pa tien ts r eceiv e these medications. Transdermal 
medication, whereby drugs are delivered via an adhesive 
pat ch applied t o the skin, is an a ttractive alterna tive 
delivery mechanism of drug administration. The drug 

contained in the transdermal patch enters the body 
through the skin and diffuses into capillaries for sy st emic 
delivery [ 10 ]. They thus avoid the various problems asso- 
ciated with the other more c ommon rout es of delivery. 
Transdermal patches have become a common medical 
practice with over 20 commercially available transdermal 
drugs appr ov ed by the Food and Drug Administration 

(FDA) [ 11 ]. Transdermal patches can deliver a more 
precise dose of the active ingredient, as they prevent vari- 
ability in the application process and can deliver a specific 
drug dose [ 10 ]. Patches allow more consistent serum drug 

levels, often a goal of therapy and impr ov ed local dermal 
penetration along with an extended drug release profile 
due to their smaller size and high surface area [ 10 ]. They 
are easy to apply and may be more convenient and more 
ac c eptable for pa tien ts [ 12 ]. How ev er, they ar e used less 
frequently in routine clinical practice largely due to being 

twice as costly [ 13 ]. 
Sy st ematic review s have been undertaken t o assess 

the efficacy of opioid and other analgesic medications 
with transdermal patch delivery for people with cancer 
and non-cancer pain [ 14 ]. To the authors’ knowledge, no 

sy st ematic review s have been undertaken to determine 
the efficacy of transdermal patches for people with 

musculoskeletal pain. Given the potential benefit this 
ma y ha ve to individuals for whom an ti-inflamma tory 
medication in tablet or injection form is c ontraindicat ed 

or who prefer an alternative method of delivery, deter- 
mining the efficacy of this drug deliv ery appr oach is 
valuable . Furthermore , for this mode of delivery to be 
ac c eptable t o practitioners in a variety of clinical settings, 
there should be evidence of its efficacy for acute and 

chronic musculoskeletal pain. 
Ther efor e, the aim of the present sy st ematic review 

is t o det ermine the efficacy of transdermal anti- 
inflamma tory pa tches in the trea tmen t of acute and 

chronic musculoskeletal pain. 

2. M etho ds 

This sy st ema tic review w as reg ist ered prior t o 

commencing the search strategy through the 
In terna tional Pr ospectiv e Reg ist er of Sy st ematic Review s 

database (Prot oc ol reg istration: www.crd.york.ac.uk 
/prospero identifier is CRD42020185944). The review 

has been reported in accordance with the Pr eferr ed 

Reporting Items for Systematic review and Meta-Analysis 
(PRISMA) guidelines [ 15 ]. 

2.1. Search strategy 

The electr onic sear ch was undertaken in April 2020 
and updated on January 2024. The following published 

and unpublished literature databases w er e sear ched: 
C ochrane C entral reg ist er of c ontrolled trials (CENTRAL), 
EMBASE, MEDLINE (Ovid), CINAHL and PubMed. We 
ac c essed clinical trial registries for unpublished or ongo- 
ing clinical trials including the WHO In terna tional Clinical 
Tr ial R egistry and ClinicalTr ials.go v registry. T he search 

strategy for MEDLINE is presented in Supplementary 
Table S1 and modified for each database. The r efer ence 
lists of all pot entially elig ible studies w er e scr eened for 
any additional eligible studies. 

2.2. Eligibility criteria 

Inclusion: 

� Participants had acute or chronic pain from any 
musculoskeletal condition, including but not lim- 
it ed t o soft tissue injuries or trauma, tendonitis and 

myofascial pain. 
� Randomized plac ebo-c ontr olled trials (RCTs) inv es- 

tigating the effects on pain relief of a transdermal 
delivery of an an ti-inflamma tory pa t ch c ompared 

with a placebo. 

Exclusion: 

� RCTs compar ing transder mal an ti-inflamma tory 
pat ch t o another deliv ery method . 

� RCTs comparing an ti-inflamma tory pa tches to 

another therapy. 
� Studies where participants had musculoskeletal 

pain that resulted from a surgical in terven tion. 
� Studies focused on dentistry conditions and inter- 

ventions. 
� Studies in animals. 

2.3. Study identification 

The titles and abstracts of all search results were 
independently r eview ed by tw o authors (MBS, MJC). 
The full texts of all those deemed potentially eligible 
w er e gather ed and r eview ed against the cr iter ia by the 
same two authors. Full texts which met the eligibility 
cr iter ia and w er e agr eed by tw o authors (MBS, MJC) 
w er e included . Any disagr eement on study eligibility 

http://www.crd.york.ac.uk/prospero
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was r esolv ed thr ough discussion until a consensus was 
r eached . 

2.4. Dat a e xtraction 

All data w er e independently ex trac ted by two authors 
(MBS, MJC). This was performed using a pre-defined data 
ex trac tion t emplat e. Data ex trac ted included: number 
of participan ts; popula tion characteristics, participan t 
characteristics including age and sex; the musculoskeletal 
pa thology/condition; active in terven tion (dose, delivery, 
frequency); sham description; length of in terven tion 

(active and sham). 

2.5. Outcome measures 

The primary out c ome was pain on movement in the 
long term (for 3 months or longer) resulting from the 
application of a transdermal patch. We assessed pain 

r ecor ded by a visual analogue scale (VAS), a numerical 
rating scale (NRS), by the knee injury and osteoarthritis 
out c ome sc ore (KOOS), or the West er n Ontar io and 

M cM asters (WOMAC) score. 
Sec ondary out c omes included: pain on rest, a change 

in pain score, pa tien t ev alua tion of function/pain, func- 
tional disability and capability, the use of rescue med- 
ication (and amount), patient and investigator global 
assessment of tolerability and patient and investigator 
global assessment of efficacy, and adverse even ts. Da ta 
w er e analyzed in the short-term (0–6 weeks), and medium 

term (6 weeks to 3 months). 
Statistical sig nificanc e is not equiv alen t to clinical 

sig nificanc e, ther efor e w e agr eed a thr eshold of the 
measures that would signify an important improvement 
in a pa tien t’s symptoms. We based the decision on a 
r eduction of appr oximately tw o points or a r eduction 

of approximately 30% in the pain intensity NRS or the 
VAS (0–100 mm) which r epr esented a clinically important 
difference [ 16 ]. 

2.6. Quality assessment 

Two authors (MBS, MJC) independen tly assessmen t the 
quality of the evidence using the Cochrane Risk of Bias 
Tools v1 [ 17 ]. Where disag reements oc curred in appraisal, 
these w er e r esolv ed thr ough discussion betw een the tw o 

authors. 

2.7. Dat a analy sis 

Participant characteristics, study design and interven- 
tion (active patch or placebo) w er e assessed using the 
data ex trac tion table. Wher e study heter ogeneity was 
evident for one or more of those aspects, a narrative 
analysis was undertaken. When study homogeneity was 

evident, a random-effects meta-analysis was adopted 

for all continuous data out c omes. Standardized mean 

differ ences (SMD) w er e pr esented for each outcome 
a t each time-poin t with 95% c onfidenc e int ervals (CI). 
All analyses w er e conducted on Review Manager Web 

(RevMan W eb, V ersion 1.22.0). The C ochrane C ollabo- 
ration, (2020) ( www.revman.cochrane.org ). A priori sub- 
g roup analy ses assessed the impact of specific trans- 
dermal patch medication and dosages. We grouped 

diclofenac epolamine 180 mg/1.3%w/w with diclofenac 
sodium 140 mg/1%w/w as these patches provide equiv- 
alent doses of diclof enac. Diclof enac sodium 60 mg 

and 75 mg w er e analyzed separately. The certainty of 
evidence was assessed for each outcome using the 
GRADE approach [ 18 ]. We planned to assess small sample 
size publication bias all out c omes wher e ther e w er e 10 
datasets or more through the construction of a funnel 
plot which assessed symmetry. The 10-dataset threshold 

was only met for the primary out c ome. 

3. Results 

3.1. Search results 

T he PRISMA flo wchart ( Figure 1 ) shows the search results. 
The combined search from all of the databases and man- 
ual searches produced 358 articles. Following removal of 
duplicat es, c onferenc e abstracts, 133 w er e assessed for 
eligibilit y. Twent y-three RCTs with a placebo comparator 
w er e included in the review ( Supplementary Table S2 ). 

3.2. Characteristics of included studies 

The total number of participants in the active trea tmen t 
groups was 2604 and in the placebo groups was 2125. 
The duration of transdermal patch treatment varied 

considerably between the 23 trials. The longest trea tmen t 
period was 24 weeks [ 19–21 ]. The shortest duration of 
trea tmen t w as 5 day s (120 h) [ 22 ]. A ssessmen t time poin ts 
and the number of assessments also varied. One trial 
had two assessments (baseline and end of trea tmen t a t 
14 days) [ 23 ]. The trial by Higashi [ 24 ] had 14 assessment 
points over a 12-h period. Of the 23 included trials, 
13 applied the pat ch t o acut e musculoskeletal soft 
tissue injuries conditions described as a spr ain, str ain, 
or contusion (n = 10) [ 22–31 ], or specifically an ankle 
sprain (n = 3) [ 32–34 ]. One study recruited participants 
with knee osteoarthritis [ 35 ], one myofascial pain in the 
trapezius muscle but did not state its chronicity [ 36 ], 
and a third study recruited people with low back 
pain [ 37 ]. All other trials (n = 6) included participants with 

chronic tendinopathy of the upper [ 19 , 21 , 38–41 ] or lower 
limbs [ 20 ]. 

http://www.revman.cochrane.org
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Records identified through

database searching

(n = 345)
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Additional records identified

through other sources

(n = 13)

Duplicates

(n = 110)

Records excluded (n = 115)

Full-text articles excluded (n = 110)

•  Clinical trial information (n = 9)
•  Not available (n = 7)

•  Study not RCT (n = 7)
•  Not in humans (n = 5)

•  Not placebo-control (n = 6)
•  Wrong type of paches (n = 6)

•  Not a full study (n = 3)
•  Healthy participants (n = 2)
•  Part of other study (n = 1)

•  Wrong condition (n = 52)
•  Not use of patches (n = 12)

Records screened after

duplicates removed

(n = 248)

Full-text articles assessed

for eligibility (n = 133)

Studies included in the

systematic review (n = 23)

Studies included in the

meta-analysis (n = 23)

Figure 1. PRISMA flow-chart. 

3.3. Quality assessment 

The results of the quality assessment can be found in 

Table 1 and Figur e 2 . A t least 70% of the studies included 

in this review had low risk of bias for most of the 
domains. The most common risk of bias related to the 
allocation c onc ealment (64%, high risk and unclear risk 
combined) either because the allocation process was 
controlled by the same person distributing the patches to 

the pa tien ts [ 19–21 ], or because the informa tion w as not 
enough to understand if there had been a c onc ealment 
process [ 22–25 , 27 , 28 , 30 , 31 , 34–36 , 38 ]. The second most 
common risk of bias was due to other sources of 
bias (60%, high risk and unclear risk combined); these 
included not having a clear disclaimer about conflict 
of interest of the sponsor or the authors working for 
the sponsor [ 20–25 , 28 , 29 , 34 , 35 , 40–42 ], or having groups 
differen t a t baseline r egar ding important pr ognostic 
indicators [ 39 ]. 

3.4. Publication bias 

Ther e w er e sufficien t da ta to perform a funnel plot for the 
primary out c ome. Ther e w er e moderat e t o high evidenc e 
of publication bias with evidence of bias for small sample 
size studies with positive and negative effect estimates 
( Figure 3 ). 

3.5. Met a-Analy sis 

A summary of the meta-analysis for a transdermal patch 

versus plac ebo pat ch is sho wn in Table 2 . T his analysis 
included , betamethasone, diclofenac , ibupr ofen, keto- 
profen and nitic oxide patches. 

3.5.1. Primary outcome 
There was low -certain ty evidence tha t transdermal 
an ti-inflamma tory pa tches pr ovided gr eater pain 

relief on movement in the long-term for chronic 
musculoskeletal pain (SMD -2.69; 95% CI: -4.14 to - 
1.24; p < 0.01; N = 139) ( Figure 4 ). T his was abo ve 
the threshold set of a reduction of approximately two 

points or a reduction of approximately 30% in the pain 

intensity NRS or the VAS and was deemed clinically 
significant. 

3.5.2. Sec ondary outc omes 
T here was lo w-c ertainty evidenc e of short-t erm pain relief 
of transdermal an ti-inflamma tory pa t ches over plac ebo 

for a variety of painful chronic musculoskeletal conditions 
(SMD: -1.12; 95% CI: -1.68 to -0.56; p < 0.01; N = 2434) 
( Figure 4 ). This was not clinically significan t. There w as 
low -certain ty evidence of no benefit in medium-term 

pain relief of transdermal an ti-inflamma tory pa tches over 
placebo (SMD: -0.26; 95% CI: -4.01 to 3.48; p = 0.89; 
N = 144) ( Figure 4 ). There was no benefit of transdermal 
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Table 1. Summary of the risk of bias/quality assessment evaluation. 

Study Random 

sequence 
generation 

Allocation 
c onc ealment 

Selective 
Reporting 

Blinding of 
Participants 
and Personnel 

Blinding of 
Outcome 
Assessment 

Incomplete 
Outcome 
Data 

Other 
Bias 

Ref. 

Bernasconi et al. (2019) �� �� �� �� [ 38 ] 

Brühlmann & Michel (2003) �� �� �� �� �� [ 35 ] 

Costantino et al. (2011) �� �� �� �� �� �� �� [ 32 ] 

Coudreuse et al. (2010) �� �� �� �� �� �� �� [ 33 ] 

Frizziero et al. (2016) �� �� �� �� �� �� �� [ 39 ] 

Galer et al. (2000) �� �� �� [ 25 ] 

Higashi et al. (2010) �� �� �� �� �� [ 24 ] 

Hoffmann et al. (2012) �� �� �� �� �� �� [ 26 ] 

Hsieh et al. (2010) �� �� �� �� [ 36 ] 

Klainguti et al. (2010) �� �� �� �� �� �� [ 27 ] 

Kuehl et al. (2011) �� �� �� �� �� [ 23 ] 

Li et al. (2013) �� �� �� �� �� �� �� [ 28 ] 

Mazières et al. (2005a) �� �� �� �� �� �� [ 40 ] 

Mazières et al. (2005b) �� �� �� �� �� [ 34 ] 

Paoloni et al. (2003) �� �� �� �� �� �� �� [ 19 ] 

Paoloni et al. (2004) �� �� �� �� �� [ 20 ] 

Paoloni et al. (2005) �� �� �� �� �� �� [ 21 ] 

Paoloni et al. (2009) �� �� �� �� �� �� [ 41 ] 

Predel et al. (2004) �� �� �� �� �� �� [ 29 ] 

Predel et al. (2016) �� �� �� [ 22 ] 

Predel et al. (2017) �� �� �� �� �� �� [ 30 ] 

Predel et al. (2018) �� �� �� �� �� �� [ 31 ] 

Taguchi et al. (2023) �� �� �� �� �� �� [ 37 ] 

Low risk (green �� ), high risk (red ��), unclear risk (yellow ). 

an ti-inflamma tory pa tches over placebo when assessed 

by adv erse ev ents in the short ( p = 0.09) or long-term 

( p = 0.36) or f or in vestigator global assessment in toler- 
ability ( p = 0.09). There was moderat e-c ertainty evidenc e 
for g reat er change in pain sc ore for an ti-inflamma tory 
pat ches c ompared with plac ebo within the first 6 weeks 
of trea tmen t (SMD: -0.68; 95% CI: -1.30 to -0.06; p = 0.03; 
N = 2229) ( Table 2 ) although the c onfidenc e int ervals 
are wide and near crossing 1. There was high-certainty 
evidence tha t investiga tor global assessmen t w as grea ter 
for an ti-inflamma tory pa t ches c ompared with plac ebo 

when assessed for tolerability (SMD: 1.38; 95% CI: 0.96 
to 1.98; p = 0.09; N = 1594) ( Table 2 ). There was 
moderat e-c ertainty evidenc e that global assessment of 
trea tmen t efficacy w as grea ter in the short-term for 
an ti-inflamma tory pa tches compared with placebo when 

assessed by the pa tien t (SMD: 0.47; 95% CI: 0.37 to 0.60; 
p < 0.01; N = 1656) and investigator (SMD: 0.25; 95% 

CI: 0.18 to 0.35; p < 0.01; N = 2361) and long-term for 

pa tien t global assessmen t (SMD: 0.31; 95% CI: 0.16 to 

0.61; p < 0.01; N = 196) ( Table 2 ). There was moderate- 
c ertainty evidenc e t o suggest people who r eceiv e anti- 
inflamma tory pa tches had significan tly reduced pain at 
rest in the short-term (SMD: -1.04 95% CI: -1.99 to - 
0.10; p = 0.03; N = 1274) and low -certain ty evidence 
in the medium-term (SMD: 2.24; 95% CI: 1.67 to 2.81; 
p < 0.01; N = 79) ( Table 2 ), the latter being statistically 
and clinically significant. While there was no benefit of 
an ti-inflamma tory pa tches compared with placebo for 
use of rescue medication in the first 6 weeks (p = 0.71), 
those randomized to the an ti-inflamma tory groups took 
significantly less rescue medication than the placebo 

group (SMD: -0.59; 95% CI: -1.20 to -0.02; p < 0.01; 
N = 654). While there w as low -certain ty evidence of 
superior pa tien t ev alua tion of function and pain in the 
long-term (SMD: 1.59; 95% CI: 1.06 to 2.12; p < 0.01; 
N = 74) there was no benefit in the short-term ( p = 0.49) 
( Table 2 ). 
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Figure 2. Risk of bias g r aph. 

0

0.2

0.4

0.6

0.8

1

–10 –5 0 5 10

SMD

SE(SMD)

Subgroups
Short-term Medium-term Long-term

Figure 3. Funnel plot to assess small sample size publication bias 
for the primary outcome (pain on movement). 

3.5.3. Subgroup analysis: by medication 

3.5.3.1. Betamethasone: 2.25 mg. Figure 5 & 

Supplementary Table S3 illustrate the results of the 
meta-analysis when betamethasone patch (2.25 mg) was 
c ompared with plac ebo in the short-t erm. Ther e w er e 
low -certain ty evidence of no benefit of betamethasone 
pat ches over plac ebo in respect t o short-t erm assessment 
of: pain on movement ( p = 0.06), change in pain score 
( p = 0.81), pa tien t ev alua tion of function and pain 

( p = 0.55), use of rescue medication ( p = 0.886), amount 
of rescue medication taken ( p = 0.49), assessment of 
pa tien t ( p = 0.11) and investigator ( p = 0.43) global 
assessment of tolerability, assessment of patient efficacy 
( p = 0.10) and moderat e-c ertainty evidenc e of no benefit 
for short-term adverse events ( p = 0.75). 

3.5.3.2. Diclofenac – 140 mg to 180 mg. Figure 5 & 

Supplementary Table S4 describe and illustrate the results 

of the meta-analysis when diclofenac 140–180 mg was 
compared with placebo in the short-term. There was 
low -certain ty evidence of no benefit of patches over 
plac ebo for short-t erm out c omes of pain on movement 
( p = 0.31), change of pain score ( p = 0.20), or adverse 
events ( p = 0.21). There w as modera t e-c ertainty evidenc e 
of no benefit of diclofenac 140 mg to 180 mg patches 
c ompared with plac ebo in the short-t erm assessments of 
pain at rest ( p = 0.07) patient ( p = 0.63) or investigator 
( p = 0.11) global assessment of toler ability. W hile there 
was no difference between diclofenac 140 mg to 180 mg 

pat ches t o plac ebo for the use of rescue medication 

in the short-term ( p = 0.5), those randomized to the 
diclofenac patch r equir ed less r escue medication in the 
short-t erm c ompared with plac ebo (SMD: -1.72; 95% CI: - 
2.14 to -1.30; p < 0.01; N = 120). Furthermor e, ther e was 
low -certain ty evidence for a that diclofenac 140–180 mg 

w as significan tly beneficial compared with placebo on 

pa tien t- (SMD: 0.37; 95% CI: 0.23 to 0.61; p < 0.01; N = 510) 
and investigator- (SMD: 0.20; 95% CI: 0.12 to 0.33; p < 0.01; 
N = 1894) global assessment of treatment efficacy. 

3.5.3.3. Ibuprofen: 200 mg. Supplementary Table S5 
describes the results of the meta-analysis when ibuprofen 

200 mg was used for the ibuprofen patch compared with 

plac ebo pat ch in the short-t erm. Ther e was v ery low- 
c ertainty evidenc e of no benefit in ibuprofen patches 
compared with placebo on pain on movement in the 
short-term ( p = 0.28), or on adv erse ev ents ( p = 0.29). 
There was a significant benefit of ibuprofen patches 
compared with placebo in the short-term on pa tien t 
global assessment of tolerability (SMD: 9.57; 95% CI: 1.16 
to 78.86; p = 0.04; N = 132) and efficacy (SMD: 0.14; 95% 

CI: 0.05 to 0.35; p < 0.01 N = 152). While there was no 

benefit between the in terven tions when assessed by 
investiga tor global assessmen t of tolerability ( p = 0.53), 
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Table 2. Summary of the meta-analysis (total analysis). 

Outcome Time 
assessed 

N a Effect estimate I2 value 
(%) 

GRADE 
assessment 

Patch Control SMD 95% CI p -value 

Pain on movement Short 1237 1197 -1.12 -1.68 to -0.56 < 0.01 98 Low c 

Medium 76 68 -0.26 -4.01 to 3.48 0.89 99 Low c 

Long 67 72 -2.69 -4.14 to -1.24 < 0.01 89 Low c 

Change pain score Short 1053 1176 -0.68 -1.30 to -0.06 0.03 98% Moderate e 

Pain at rest Short 639 635 -1.04 -1.99 to -0.10 0.03 98 Moderate e 

Medium 44 35 2.24 1.67 to 2.81 < 0.01 99 Low d 

Pa tient evalua tion of function and pain Short 284 245 0.27 -0.51 to 1.05 0.49 94 Moderate e 

Long 35 39 1.59 1.06 to 2.12 < 0.01 NE b NE b 

Use of rescue medication Short 216 216 0.94 0.67 to 1.32 0.71 0 High 
Amount of rescue medication Short 330 324 -0.59 -1.20 to -0.02 < 0.01 93 Moderate e 

Patient Global Assessment (tolerability) Short 528 483 1.60 1.08 to 2.35 0.02 53 Moderate e 

Investigator global assessment 
(tolerability) 

Short 800 796 1.38 0.96 to 1.98 0.09 0 High 

Patient Global Assessment (efficacy) Short 845 811 0.47 0.37 to 0.60 < 0.01 72 Moderate e 

Long 95 101 0.31 0.16 to 0.61 < 0.01 0 Moderate f 

Investigator global assessment (efficacy) Short 887 1474 0.25 0.18 to 0.35 < 0.01 56 Moderate e 

A dv erse ev ents Short 1650 1595 0.77 0.57 to 1.04 0.09 59 Moderate e 

Long 93 97 1.18 0.83 to 1.68 0.36 55 Low d 

a N = number of participants in outcome analysis. 
b NE = Not Evaluated. 
c Downg r aded one-level due to inconsistency and one-level for publication bias. 
d Downg r aded one-level due to inconsistency and one-level due to imprecision. 
e Downg r aded one-level due to imprecision. 
f Downg r aded one-level due to imprecision. 

Std. mean difference
Study or subgroup

Anti-inflammatory Placebo
Mean SD Total Mean SD Total Weight IV, random, 95% Cl

Std. mean difference
IV, random, 95% Cl

1.2.1 Short-term

Bernasconi 2019 34 33 101 42 27 98 6.1% -0.26 [-0.54, 0.02]
Costantino 2011 27.3 23 144 29.6 24.2 140 6.2% -0.10 [-0.33, 0.14]
Galer 2000 1.5 0.4 106 1 0.4 107 6.1% 1.25 [0.95, 1.54]
Higashi 2010 29.7 22.5 105 22.7 24.4 103 6.1% 0.30 [0.02, 0.57]
Hsieh 2010 2.57 1.75 97 3.92 1.8 56 6.1% -0.76 [-1.10, -0.42]
Kuehl 2011 2.2 2.64 207 3 2.98 211 6.2% -0.28 [-0.48, -0.09]
Mazieres 2005a 25.1 25.9 87 36.4 27.6 85 6.1% -0.42 [-0.72, -0.12]
Mazieres 2005b 10 14 81 22 25 82 6.1% -0.59 [-0.90, -0.27]
Paoloni 2003 1.45 0.3 35 1.98 0.3 39 5.9% -1.75 [-2.29, -1.21]
Predel 2004 0.2 7.1 60 12 8 60 6.0% -1.55 [-1.96, -1.14]
Predel 2016 8 12 84 33 19 84 6.1% -1.57 [-1.91, -1.22]
Predel 2017 15.2 2.1 64 42.4 2 68 4.0% -13.20 [-14.85, -11.55]
Predel 2018 43.71 17.8571 66 54.47 17.8571 64 6.1% -0.60 [-0.95, -0.25]
Subtotal (95% Cl)

Heterogeneity: Tau2 = 1.00; Chi2 = 488.32, df = 12 (p < 0.00001); I2 = 98%
Test for overall effect: Z = 3.94 (p < 0.0001)

Heterogeneity: Tau2 = 7.21; Chi2 = 86.05, df = 1 (p < 0.00001); I2 = 99%
Test for overall effect: Z = 0.14 (p = 0.89)

Heterogeneity: Tau2 = 0.97; Chi2 = 9.05, df = 1 (p = 0.003); I2 = 89%
Test for overall effect: Z = 3.64 (p = 0.0003)

Heterogeneity: Tau2 = 1.25; Chi2 = 670.08, df = 16 (p < 0.00001); I2 = 98%
Test for overall effect: Z = 4.45 (p < 0.00001)
Test for subgroup differences: Chi2 = 4.23, df = 2 (p = 0.12), I2 = 52.7%

1237 1197 77.0% -1.12 [-1.68, -0.56]

1.2.2 Medium-term

Paoloni 2004 0.9 0.2 32 1.6 0.4 33 5.8% -2.18 [-2.80, -1.56]
Paoloni 2009 32.1 2.11 44 28.2 2.62 35 5.9% 1.64 [1.13, 2.16]

-0.26 [-4.01, 3.48]Subtotal (95% Cl) 76 68 11.7%

1.2.3 Long-term

Paoloni 2003 0.4 0.3 35 1 0.3 39 5.8% -1.98 [-2.54, -1.42]
Paoloni 2004 0.5 0.2 32 1.2 0.2 33 5.5% -3.46 [-4.24, -2.68]
Subtotal (95% Cl) 67 72 11.4% -2.69 [-4.14, -1.24]

-1.24 [-1.78, -0.69]Total (95% Cl) 1380 1337 100.0%

-10

Favours anti-inflammatory Favours placebo
-5 0 5 10

Figure 4. Forest-plot to illustrate the analysis of the primary outcome (pain on movement) at short-term, medium-term and long-term 

f ollow-up f or anti-inflamma tory pa tches c ompared with plac ebo for musculoskeletal pain. 
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Heterogeneity: Tau2 = 0.97; Chi2 = 420.59, df = 9 (p < 0.00001); I2 = 98%

Heterogeneity: Tau2 = 0.62; Chi2 = 222.64, df = 6 (p < 0.00001); I2 = 97%

Test for subgroup differences: Chi2 = 95.44, df = 2 (p < 0.00001); I2 = 97.9%

Heterogeneity: Tau2 = 0.34; Chi2 = 6.59, df = 1 (p = 0.01); I2 = 85%

Anti-inflammatory Placebo

Study or subgroup Mean SD Total Mean SD

1.1.1 Betamethasone

Bernasconi 2019 789.4 695.8 101 613.4 695

Frizziero 2016 -39.9 32.5 22 -20.2 27.3

Subtotal (95% Cl) 123

Test for overall effect: Z = 0.34 (p = 0.74)

1.1.2 Diclofenac

Costantitino 2011 -33 23.2 144 -30.3 20.6

Coudreuse 2010 -57.1 5.6 117 -49.1 6.2

Hoffman 2012 -56.1 12.9 115 -52.2 12.9

Klainguti 2010 -72.4 11.2 62 -68.1 21

Li Chude 2013 53.8 17 192 37 18.3

Predal 2016 -42.3 20.7 84 -18 15.1

Taguchi 2023 -18.5 19.6 135 -12.8 17.3

Subtotal (95% Cl) 849

Test for overall effect: Z = 1.27 (p = 0.20)

1.1.3 Ketaprofen

Mazieres 2005b

Subtotal (95% Cl)

-49.9

Heterogeneity: not applicable

20.2

Test for overall effect: Z = 14.49 (p < 0.00001)

Total (95% Cl)

81

81

1053

37.6 24.3

Test for overall effect: Z = 2.16 (p = 0.03)

Total

98

20

118

140

116

118

59

192

84

267

976

82

82

Weight

10.1%

9.4%

19.5%

10.2%

10.1%

10.2%

10.0%

10.2%

10.0%

10.2%

70.9%

9.6%

9.6%

1176 100.0%

Std. mean difference Std. mean difference

IV, random, 95% Cl IV, random, 95% Cl

0.25 [-0.03, 0.53]

-0.64 [-1.26, -0.02]

-0.15 [-1.02, 0.72]

-0.12 [-0.36, 0.11]

-1.35 [-1.64, -1.07]

-0.30 [-0.56, -0.04]

-0.26 [-0.61, 0.10]

0.95 [0.74, 1.16]

-1.34 [-1.67, -1.00]

-0.31 [-0.52, -0.11]

-0.39 [-0.98, 0.21]

-3.90 [-4.42, -3.37]

-3.90 [-4.42, -3.37]

-0.68 [-1.30, -0.06]

0-2-4 2 4
Favours anti-inflammatory Favours placebo

Figure 5. Forest-plot to illustrate the change of pain by the active drug (short term). 

people randomized to the ibuprofen patch had greater 
investiga tor global assessmen t for in terven tion efficacy 
compared with the placebo (SMD: 0.05; 95% CI: 0.00 to 

0.30; p < 0.01; N = 132). 

3.5.3.4. Ketoprofen: 100 mg. Supplementary Table S6 
describes the results of the meta-analysis when ketopro- 
fen 100 mg patch was used compared with placebo patch 

in the short-term. People randomized to the ketoprofen 

100 mg patch demonstrat ed sig nificant benefit in the 
short-term when assessed by change of pain (SMD: -3.90; 
95% CI: -4.42 to -3.37; p < 0.01; N = 163). There was 
moderat e-c ertainty evidenc e that ket oprofen 100 mg 

pat ch offered sig nificant benefit over plac ebo pat ch in the 
short-term when assessed by pain on movement (SMD: 
-0.50; 95% CI: -0.72 to -0.28; p < 0.01; N = 335), pain at 
rest (SMD: -0.45; 95% CI: -0.67 to -0.24; p < 0.01; N = 335) 
and amount of rescue medication (SMD: -0.30; 95% CI: 
-0.52 to -0.09; p < 0.01; N = 335). While there was no 

sig nificant differenc e between the g roups when assessed 

by investigator global assessment of tolerability, there 
w as low -certain ty evidenc e for g reat er pa tien t assessed 

efficacy (SMD: 0.54; 95% CI: 0.33 to 0.88; p = 0.01; N = 335) 

and investigator efficacy (SMD: 0.42; 95% CI: 0.25 to 0.70; 
p < 0.01; N = 335) compared with placebo. 

3.5.3.5. Nitric oxide: 1.25 mg. Supplementary Table S7 
describes the results of the meta-analysis when a nitric 
oxide (1.25 mg) pa tch w as used compared with placebo 

patch in the short-term. There w as low -certain ty evidence 
of a benefit for nitric oxide over a plac ebo pat ch when 

assessed by pain on movement in the short-term (SMD: 
-1.75; 95% CI: -2.29 to -1.21; p < 0.01; N = 74), medium- 
term (SMD: -2.18; 95% CI: -2.80 to -1.56; p < 0.01; 
N = 65). Similarly, those who r eceiv ed a nitric oxide 
pa tch demonstra ted grea ter pa tien t ev alua ted function 

and pain scores compared with the placebo group in the 
short (SMD: 1.87; 95% CI: 1.32 to 2.42; p < 0.01; N = 74) 
and long-term (SMD: 1.59; 95% CI: 1.06 to 2.12; p < 0.01; 
N = 74). There w as low -certain ty evidence tha t pa tien t 
assessed efficacy was g reat er in those randomized to the 
nitric oxide patch compared with placebo in the long- 
term (SMD: 0.31; 95% CI: 0.16 to 0.61; p < 0.01; N = 196). 

3.5.3.6. Not analyzed in meta-analysis. Four other medi- 
cations w er e not pooled in a meta-analysis due to insuffi- 
cien t da ta r eported . The r esults of patches of diclofenac 
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(60 and 75 mg) [ 36 , 37 ], glyceryl trinitrate [ 41 ] and 

methyl salicylate [ 24 ] are presented in Supplementary 
Table S8 . All four in terven tions demonstra ted impr ov ed 

pain scores ( p ≤ 0.03) and lower adverse events for 
those randomized to the diclofenac (60 mg) and glyc- 
eryl trinitrat e g roups c ompared with plac ebo g roups 
( p ≤ 0.03). While there was no benefit of the active 
in terven tion when assessed using diclofenac 60 mg for 
pa tien t ev alua tion of function and pain ( p = 0.30) or 
pa tien t assessed efficacy ( p = 0.24), those randomized 

to diclofenac 60 mg demonstrated a significant benefit 
in pa tien t assessmen t of t olerability c ompared with the 
plac ebo g roup (SMD: 3.38; 95% CI: 1.09 to 10.45; p = 0.03; 
N = 153). 

3.5.4. Subgroup analysis: by musculoskeletal 
condition 

Ther e w er e insufficien t da ta t o perform subg roup analy- 
ses by musculoskeletal condition. 

3.5.5. S afet y monitoring of adverse events 
All trials reported the number of adverse events from the 
activ e tr ea tmen t and the plac ebo g roups. One trial [ 43 ] 
r ecor ded the total number of adverse events in their 
trial without reporting the active and placebo groups 
separately. The number of adverse events reported which 

w er e, in the trial investigators’ opinions related to the 
pa tch trea tmen t, w as 371 in the activ e gr oups and 

358 in the plac ebo g roups. No trial reported significant 
differ ences betw een activ e and plac ebo pat ches. The 
total number of adv erse ev ents including the numbers 
from Hoffmann et al. [ 43 ]. was 781 out of a total of 4729 
participants (16.5%). Local skin ir r itation, skin atrophy, 
edema and pruritis, w er e the most fr equent ev ents. 
Mor e serious ev ents such as gastr ointestinal ir r itation, 
tachy car dia, headache and palpitations w er e rar e. The 
trial with the smallest number of adverse events was 
Klainguti et al. [ 27 ]. with three events reported; only one 
event in the placebo group (n = 59) was trea tmen t rela ted 

and no events in the active group (n = 126) were related 

to the in terven tion. 

4. Discussion 

To our knowledge this is the first sy st ematic review with 

meta-analy sis t o assess if transdermal patches which 

deliver an an ti-inflamma tory drug are efficacious in reliev- 
ing pain in acute and chronic musculoskeletal conditions. 
It is based on 23 double blinded , randomized , placebo- 
controlled trials. In the long-term, there was low-certainty 
evidence based on two pooled trials, that a nitric oxide 
patch had a clinically significant effect on movement 
pain (-2.69; 95% CI -4.14 to -1.24; p < 0.01). Performing 

meta-analysis on different medications was difficult due 
to the variety of transdermal patches used and the variety 
of musculoskeletal conditions tr eated . Consequently, w e 
w er e only able to meta-analyse the effect of seven 

trials using diclofenac and two with betamethasone on 

pain on several acute soft-tissue injuries ( Figure 5 ). The 
results indicate there w as low -certain ty evidence that 
in the short-term (up to six weeks post trea tmen t) a 
var iety of transder mal patches on several musculoskeletal 
conditions impr ov ed the pain on mov ement out c ome 
compared with placebo. How ev er, the ov erall effect size 
of -1.12 (95% CI -1.68 to -0.56, p < 0.01) is below 

the clinically important difference for musculoskeletal 
pain [ 16 ]. Our analyses indicated low-quality evidence 
of no efficacy of the active patch over placebo in the 
medium-term ( Figure 4 ). 

The mixed pattern of results between the short, 
medium and long-term may have been due partly to poor 
trea tmen t adherence. This key fidelity measure in clinical 
trial designs was not r ecor ded in 15 of the 23 trials and 

w as insufficien tly reported in six out of the sev en r emain- 
ing trials. Only one study (a high-certainty evidence 
trial [ 32 ]) calculated a trea tmen t c omplianc e perc entage 
of 100% in all three groups; others used pa tien ts’ diaries. 
Despite reporting that their trial had perfect adherence, 
Costantino et al. [ 32 ]. found no significant treatment 
effect favoring an active patch over placebo, indicating 

that any differ ences betw een outcomes w er e not due to 

an imbalance of patch usage. The considerable v aria tion 

in follow-up time may also have affected adherence. 
Some trials had follow-up at 24 weeks [ 19–21 ], while 
one followed up at only 5 days (120 h) [ 30 ]. Adherence 
to new medication is known t o reduc e over time [ 44 ] 
and can result in up to 50% of medicines not being 

taken as prescribed [ 45 ], so those trials with longer follow 

ups may have been susceptible to worsening adherence. 
Inter estingly, Pr edel et al .’s [ 30 ] trial using an ibuprofen 

patch on soft tissue contusions had the shortest follow- 
up (5 days), but assessed pain on movement after only 
72 h, and had the largest trea tmen t effect of any trial. 
But as no trea tmen t adherence da ta were reported, it 
was not possible to ascertain the impact on trea tmen t 
effect of this on the trial’s out c omes. The small number 
of trials which could be pooled in the medium- and long- 
t erm, c ompared with the 14 pooled trials in the short- 
t erm indicat e the need for further r esear ch to assess if 
the use of transdermal patches is as susceptible to lack of 
adherence as other forms of drug delivery. 

One consideration for a clinician considering tr ansder - 
mal patches to treat those with musculoskeletal pain is 
the reduction of adverse events associated with oral anti- 
inflamma tory medica tion. Those typically associa ted with 

oral medications ar e gastr oint estinal (perforation, ulc ers, 
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bleeding), car diovascular (my ocar dial infar ction, heart 
failur e, hypertension) and r enal adv erse ev ents [ 46 ]. Ev ery 
study in our review recorded adverse events for active 
and placebo arms which probably resulted from patch 

use. In the 23 trials, the total number of adverse events 
was 371 in the active group and 358 in the placebo group 

(14.2 and 12.1%, r espectiv ely). In comparison, a Cochrane 
review of topical NSAIDs for chronic musculoskeletal 
pain [ 47 ], found the proportion of local adverse events 
from using diclofenac gel was 14%, compared with 7.8% 

for the placebo gel. For topical ketoprofen the proportion 

was 15% for active gel versus 13% placebo [ 47 ]. 
The strengths of this review included its reporting 

in ac c ordanc e with the PRISM A [ 15 ] r eporting checklist 
and sy st ematic approach t o obtaining all pot entially 
relev an t studies robustly analyzed against GRADE [ 18 ]. 
All trials controlled for the placebo effect and in all 
studies w er e double blinded which r educed the risk of 
bias. This sy st ematic r eview has thr ee key limitations. 
First, it was not possible to perform meta-analysis to 

compare an ti-inflamma tory transdermal pa tches by mus- 
culoskeletal condition due to the variety of conditions, 
and the mixture of active ingredient in the patch used. 
A s the evidenc e-base develops, it is an ticipa ted tha t 
this limitation will r esolv e. Second , the r esults ar e only 
generalizable to individuals with moderate pain levels, 
and in good health. Further r esear ch is recommended to 

understand whether this modality may be beneficial for 
people with higher musculoskeletal pain levels. Finally, 
we included trials which assessed medications contained 

within transdermal patches which w er e not just anti- 
inflamma tory medica tions. The transdermal delivery of 
nitric oxide was used based on the hypothesis that nitric 
oxide stimulat es c ollagen synthesis by wound fibroblasts 
and is important for local blood flo w. T his hypothesis 
is a proposed mechanism for nitric oxide modulation of 
healing in tendons, which rely on fibroblastic production 

of collagen for repair [ 48 ]. 

5. Conclusion 

This sy st ematic review found low - c ertainty evidenc e 
that transdermal anti-inflammatory patches provided 

g reat er pain relief on movement at long-term follow- 
up for chronic musculoskeletal pain which was clini- 
cally significant compared with placebo. There was low- 
c ertainty evidenc e of an overall non-clinically significant 
impr ov ement in pain at short-term follow-up on a variety 
of acute and chr onic conditions. Ther e is also low- 
c ertainty evidenc e of no effect in the medium-term and 

insufficient evidence of the super ior ity of one type of 
patch over another. Based on these results, transdermal 
an ti-inflamma tory pa tches using various medications 

may be used in the long-term management for those 
with pain caused from a musculoskeletal condition. The 
findings should be re-examined as the evidence-base 
develops in both quality and quantity. 

Article highlights 

• This systematic review is the first to compare patches with placebo 
in musculoskeletal conditions. 

• This systematic review assessed if transdermal patches delivering 
anti-inflammatory drugs are efficacious in relieving pain in acute 
and chronic musculoskeletal conditions. 

• The results indicate low -certain ty evidence that a variety of 
transdermal patches on several musculoskeletal conditions 
impr ov ed the pain on movement outcome at long term follow-up 
compared with placebo. 

• There is low -certain ty evidence of no benefit of pain on movement 
reduction in the medium-term of anti-inflammatory patches 
compared with placebo. 

• A clinician may opt for anti-inflammatory transdermal patches to 
treat those with chronic musculoskeletal pain due to the reduction 
of adverse events associated with anti-inflammatory oral 
medication. 

• This systematic review included a variety of transdermal patches 
used and of musculoskeletal conditions tr eated . 
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