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ABSTRACT

Multiple head-to-head trials have demonstrated
that topical nonsteroidal anti-inflammatory
drugs (NSAIDs), including topical diclofenac,
provide at least equivalent analgesia, improve-
ment in physical function, and reduction of
stiffness compared with oral NSAIDs in
osteoarthritis and have fewer systemic adverse
events. While efficacy of topical diclofenac in
osteoarthritis is well established, understanding
of the time to onset of action, duration of effect,
and the minimum effective concentration is
limited. Factors likely to influence these
parameters include drug penetration and local-
ization. Diclofenac concentrations in the joint
tissues are likely to be more relevant than
plasma concentrations. However, although

diclofenac penetrates and is retained in these
‘‘effect compartments’’ at the site of inflamma-
tion and drug activity, no specific minimum
effective concentration of diclofenac in plasma
or synovial tissue has been identified. Recent
evidence suggests that a reduction in inflam-
matory markers may be a better predictor of
efficacy than plasma concentrations. This nar-
rative review explores existing evidence in these
areas and identifies the gaps where further
research is needed. Based on our findings,
topical NSAIDs such as diclofenac should be
considered as a guideline-supported, generally
well-tolerated, and effective first-line treatment
option for knee and hand OA, especially for
older patients and those who have comorbid
conditions and/or risk factors for various sys-
temic (gastrointestinal, hepatic, renal, or car-
diovascular) adverse events associated with oral
NSAIDs, particularly at high doses and with
long-term use.
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Key Summary Points

Topical diclofenac relieves osteoarthritis
(OA) pain and stiffness and improves
physical function, at least to the same
degree as some oral NSAIDs, with fewer
systemic side effects.

The topical route of administration may
positively contribute to the perceived pain
reduction in OA.

Limited data suggest that pain relief begins
within a few hours of topical
administration and is generally well
sustained throughout the 12-h dosing
interval.

Topical diclofenac penetrates the skin,
permeates underlying tissues, and enters
the synovium, where it may preferentially
accumulate in inflamed joint tissues and
reduce prostaglandin E2 (PGE2) and
various pro-inflammatory biomarkers
[e.g., tumor necrosis factor alpha (TNFa),
interleukin-6 (IL-6), and interleukin-8 (IL-
8)].

However, minimum effective
concentrations in the synovial tissue and
synovial fluid and minimum effective
reductions in PGE2 and inflammatory
biomarkers have not been identified.

Topical diclofenac may be preferred over
oral nonsteroidal anti-inflammatory drugs
(NSAIDs), especially for older patients
with OA and those who have comorbid
conditions and/or risk factors for various
systemic (gastrointestinal, hepatic, renal,
or cardiovascular) adverse events
associated with oral NSAIDs, particularly
when used at high doses or for long
durations.

Clinical implications

Topical NSAIDs such as diclofenac are an
effective, guideline-supported treatment
for knee and hand OA with comparable
efficacy and fewer systemic side effects
than some oral NSAIDs.

Topical diclofenac should be considered as
a first-line option, before oral NSAID use,
especially for older patients with OA and
those who have comorbid conditions and/
or risk factors for various systemic
(gastrointestinal, hepatic, renal, or
cardiovascular) adverse events associated
with oral NSAIDs, particularly when used
at high doses or for long durations.

Patients with polyarticular OA can use
topical NSAIDs on multiple joints
concurrently but should be advised to
carefully follow dosing instructions and
avoid exceeding the recommended
maximum daily dose across all joints
treated.

Dermatologic effects (dry skin, redness at
the application site, pruritus, contact
dermatitis) are the most common adverse
events and can be managed by product
removal and symptomatic treatments if
desired.

INTRODUCTION

Osteoarthritis (OA) currently affects approxi-
mately 300 million people worldwide [1].
Because risk factors for OA are known to include
older age and obesity, the global prevalence and
burden of disease attributable to OA are expec-
ted to increase over time [2, 3].

OA is a heterogeneous disease with a wide
range of underlying pathologies that ultimately
lead to joint damage [3–6]. For this reason, OA
can be described as a complex syndrome rather
than a single disease [7]. OA involves structural
alterations in articular cartilage, subchondral
bone, ligaments, joint capsule, synovial mem-
brane, and periarticular muscle [8]. In addition
to mechanical and metabolic factors, inflam-
mation is now understood to be a key mediator
of OA that contributes to cartilage loss and
progressive degeneration of affected joints
[9, 10]. Preclinical investigations have
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demonstrated that abnormal mechanical joint
stress is converted into activated intracellular
signaling, leading to downstream overexpres-
sion of inflammatory mediators such as pros-
taglandins, chemokines, and cytokines [11–13].
Thus, OA is no longer considered a noninflam-
matory arthritis or a ‘‘wear and tear’’ disease
[9, 10].

OA-related joint destruction and inflamma-
tion cause pain, which contributes to functional
limitations, increased healthcare resource uti-
lization, and reduced quality of life in patients
with this condition [5, 14, 15]. National and
international English-language guidelines for
the treatment of OA uniformly support a role
for nonsteroidal anti-inflammatory drugs
(NSAIDs) for pain management in patients with
OA (described and referenced in Supplementary
Table 1). Of 24 such guidelines, 19 endorse the
use of topical NSAIDs as a treatment option for
OA pain. The most recent such guideline, the
2019 American College of Rheumatology and
Arthritis Foundation guideline for management
of OA of the hand, hip, and knee, strongly rec-
ommends topical NSAIDs for knee OA, condi-
tionally recommends them for hand OA, and
further notes that topical NSAIDs should be
used prior to oral NSAIDs on the basis that it is

preferable to use medications with the least
systemic exposure [16].

Topical diclofenac is absorbed through the
skin and penetrates into subdermal tissues,
including synovial tissue, to act directly at the
site of pain and inflammation [17]. By inhibit-
ing predominantly cyclooxygenase 2 (COX-2)
enzymes (COX-1/COX-2 IC50 ratio = 29 [18])—
which are responsible for converting arachi-
donic acid into prostaglandins, thromboxanes,
and prostacyclins [19]—diclofenac reduces
prostaglandin production (Fig. 1 [19–26]),
thereby limiting prostaglandin-related sensiti-
zation of peripheral nociceptors to painful/me-
chanical stimuli [27]. In this review, we survey
studies of topical diclofenac’s efficacy, tolera-
bility, and pharmacokinetic/pharmacodynamic
properties in OA, and identify areas where
additional research is needed.

METHODS

For this narrative review, we conducted three
literature searches related to the general efficacy
of topical diclofenac in OA, the onset and
duration of analgesia, and the minimum

Fig. 1 NSAID modulation of COX-2 and NFjB path-
ways leads to decreases in PGE2 plasma levels and pro-
inflammatory cytokines [19–26]. COX-1 and COX-2,
cycolooxygenase-1 and -2; EP2 and EP4, two of the four

prostanoid receptors for prostaglandin E2; IL-1b, -6, and -
8, interleukin-1b, -6, and -8; NF-rB, nuclear factor kappa
B; NSAIDs, nonsteroidal anti-inflammatory drugs; TNFa,
tumor necrosis factor alpha
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effective concentration (MEC) of diclofenac in
plasma and target tissue.

For the general efficacy search, we included
English-language trials containing outcomes
pertaining to pain relief or other measures of
improvement associated with use of topical
diclofenac or other topical NSAIDs as treatment
for OA (at any anatomical site) in adults. The
search was conducted using PubMed on Octo-
ber 24, 2018 without date restrictions. A com-
parable search was subsequently conducted to
include safety outcomes of topical diclofenac in
patients with OA, and both the efficacy and
safety searches were broadened to include sys-
tematic reviews, meta-analyses, and profes-
sional guidelines on OA.

The search related to onset/duration of
action was limited to English-language clinical
studies of oral or topical diclofenac in adults
with various pain states that reported onset of
action (time to start of pain relief, some pain
relief, clinically relevant pain relief, or other
equivalent outcome) or duration of postdose
efficacy. The search was conducted using
PubMed on October 10, 2018, without date
restrictions. The search results were then nar-
rowed to include only studies of topical
diclofenac in OA.

The search on the MEC was conducted
broadly to include clinical studies of either oral
or topical diclofenac in adults with any pain-
related condition that reported plasma/serum
or tissue concentrations of diclofenac coupled
with an efficacy measure of pain relief or an
indirect measure such as reduction of biomark-
ers, published in English. This search was con-
ducted without date restrictions on October 4,
2018 using PubMed and January 29, 2019 using
Embase. The search results were subsequently
narrowed to include only studies of topical
diclofenac in OA.

For all of the search categories, the authors
then added publications based on their knowl-
edge of the field, and additional references were
identified by cross-referencing publications.
This review article is based on previously con-
ducted studies and does not contain any
unpublished original data from studies with
human participants or animals performed by
any of the authors.

TOPICAL DICLOFENAC EFFICACY
IN OSTEOARTHRITIS

Systematic reviews and meta-analyses have
confirmed the efficacy of topical diclofenac in
chronic pain due to OA [28–30]. A recent net-
work meta-analysis of randomized controlled
trials (RCTs) and observational studies, pre-
dominantly of knee OA, reported the superior-
ity of topical diclofenac compared with placebo
for pain relief as well as functional improve-
ment [28]. Statistically significant improve-
ments in pain relief were found for diclofenac
solution [standardized mean difference (SMD)
vs. placebo - 0.29; 95% confidence interval (CI)
- 0.40, - 0.18)] and diclofenac gel (SMD
- 0.30; 95% CI - 0.39, - 0.20), with diclofenac
patches demonstrating the largest effect on pain
relief of any topical NSAID studied (diclofenac,
ibuprofen, piroxicam, nimesulide, ketoprofen,
salicylate, eltenac, etoricoxib, indomethacin)
(SMD - 0.94; 95% CI - 1.20, - 0.68). Signifi-
cant improvements in function also were noted
for diclofenac solution (SMD - 0.32; 95% CI
- 0.43, - 0.21), gel (SMD - 0.36; 95% CI
- 0.46, - 0.27), and patch (SMD - 0.55; 95%
CI - 0.81, - 0.30).

Most recently, Wiffen et al. [30] conducted a
systematic review of placebo-controlled studies
of topical diclofenac in patients with knee or
hand OA. In five 6- to 12-week studies, they
reported clinical success (defined as C 50%
reduction in pain intensity or Osteoarthritis
Research Society International Index response)
in 59% of those treated with topical diclofenac
gel or solution vs. 48% of those treated with
placebo [i.e., carrier alone; risk ratio (RR) 1.2;
95% CI 1.1–1.3). In five 2- to 6-week studies in
patients with knee OA, Wiffen et al. reported
clinical success (C 50% reduction in pain or
patient global assessment of very good or
excellent) in 43% treated with topical diclofe-
nac plaster, gel, or solution versus 23% with
placebo (RR 1.9; 95% CI 1.5–2.3).

Three RCTs have directly compared topical
diclofenac with an oral NSAID, and all three
found them to provide at least equivalent relief
of OA pain and other symptoms (Table 1)
[31–33]. Two of these trials used oral diclofenac
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[31, 32] as the comparator and the third used
ibuprofen [33]. Both of the head-to-head topical
vs. oral diclofenac studies were included in the
meta-analysis described above [28].

One of the two topical vs. oral diclofenac
studies was a 12-week double-blind, double-
dummy study comparing topical diclofenac
solution (1.5% diclofenac sodium in 45.5%
dimethyl sulfoxide [DMSO]) with oral diclofe-
nac capsules 50 mg three times daily (the max-
imum daily dose) in patients with symptomatic
primary knee OA (per protocol N = 492) [31].
Patients with pain in both knees were allowed
to apply the topical solution to both, but only
the knee with the most pain at baseline was
included in the efficacy evaluation. Topical and
oral diclofenac were associated with similar
rates (P[ 0.05) of improvement across all vari-
ables of pain (44 vs. 49%), physical function (39
vs. 46%), and stiffness (39 vs. 45%), as well as on
a patient global assessment (43 vs. 49%), the
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) at the end of
12-week treatment (or earlier discontinuation).
All variables met prespecified criteria for equiv-
alency [31].

A double-blind, double-dummy, 12-week
study compared five treatments in 722 patients
with knee OA: (1) topical diclofenac solution
(1.5% diclofenac sodium in 45.5% DMSO) plus
oral placebo, (2) DMSO solution (45.5% DMSO
without diclofenac) plus oral placebo, (3) topi-
cal and oral placebos, (4) oral diclofenac 100 mg
slow-release tablets plus placebo solution, and
(5) topical diclofenac solution plus oral
diclofenac tablets [32]. If both knees were
affected by OA, topical treatments were applied
only to the knee with more pain at baseline, or
to the dominant knee if pain was equivalent in
both. Primary efficacy variables were WOMAC
pain and physical function and patient overall
health assessment (POHA). WOMAC stiffness
and patient global assessment (PGA) were sec-
ondary outcomes. At the end of treatment,
topical diclofenac had efficacy comparable to
that of oral diclofenac on all efficacy measures:
mean [standard deviation (SD)] change in pain
score from baseline to final assessment was
- 6.0 (4.5) vs. - 6.4 (4.1), P = 0.429; change in
physical function score was - 15.8 (15.1) vs.

- 17.5 (14.3), P = 0.319; change in POHA was
- 0.95 (1.30) vs. - 0.88 (1.31), P = 0.956;
change in stiffness score was - 1.93 (2.01) vs.
- 2.07 (2.02), P = 0.596; and change in PGA
was - 1.36 vs. - 1.42 (1.29), P = 0.439. Topical
diclofenac was superior (P\0.05) to vehicle
solution on all of those outcomes and superior
to oral placebo on all outcomes except stiffness.
No additional efficacy was evident by combin-
ing topical and oral diclofenac [32].

The third head-to-head, randomized, dou-
ble-blind, double-dummy study compared
topical diclofenac diethylamine gel (1.16%,
10 cm applied to the affected finger four times
daily) with oral ibuprofen (400 mg three times
daily, the maximum nonprescription daily
dose) for 21 days in 321 patients with OA
affecting at least three finger joints (mean, * 8)
[33]. Response, defined as a C 40% reduction in
general pain on movement rated on 100-mm
visual analog scale (VAS) at the end of treat-
ment, occurred in 44% with topical diclofenac
and 34% with ibuprofen and met the predefined
criterion for equivalency. Topical diclofenac
and oral ibuprofen resulted in comparable
improvements with regard to morning stiffness
[mean (SD) change - 14.5 (24.3) vs. - 16.6
(23.2) min] and grip strength measured using a
dynamometer [left hand: ? 0.030 (0.085) vs.
? 0.020 (0.085); right hand; ? 0.023 (0.082) vs.
? 0.036 (0.093) bar], as well as equivalent
improvements on other measures of pain relief,
self-rated and physician-rated disease activity,
and quality of life [33]. One limitation of all
three of these head-to-head studies is that
comparisons were reported only at the end of
treatment, so whether results were consistent
throughout the course of treatment is
unknown.

Results of the three studies of topical
diclofenac are consistent with findings from
studies of other topical NSAIDs (ibuprofen,
ketoprofen), which were also found to provide
relief from chronic knee pain and stiffness as
well as improvements in physical function
similar to oral NSAIDs [34–36]. A recent sys-
tematic review pooled the three topical
diclofenac studies in patients with knee OA
[30]. Clinical success (defined as C 50% reduc-
tion in pain, very good or excellent global
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rating, or rating of no or slight pain) was
achieved by 55% of patients with OA treated
with topical NSAIDs and 56% treated with oral
NSAIDs (RR 0.98; 95% CI 0.89–1.08), again
supporting the equivalent analgesic effects of
topical and oral NSAIDs in OA.

Another recent meta-analysis of RCTs in OA
analyzed pain reduction in seven trials of topi-
cal NSAIDs (diclofenac or ketoprofen) in knee
and hand OA and nine studies of oral NSAIDs
(naproxen, ibuprofen, and diclofenac) in knee
or hip OA [29]. (One study [32] was also ana-
lyzed in the two meta-analyses described above
[28, 30]). For this meta-analysis, authors stan-
dardized the WOMAC and VAS pain scores on a
1–100 scale, calculated relative (%) change from
baseline, and then pooled the results taking into
account the number of participants in each
study arm [29]. Topical NSAIDs were associated
with a greater relative reduction in pain
(- 40.9%; 95% CI 39.4–42.5) than oral NSAIDs
(- 34.3%; 95% CI 32.6–36.0), and this differ-
ence was statistically significant (P\0.001).
Topical NSAIDs also provided significantly
(P\0.001) greater relative reductions in pain
(- 40.9%) compared with oral acetaminophen
(- 32.5%), COX-2 inhibitors celecoxib and
meloxicam (- 36.9%), and opioids tramadol
and controlled-release oxycodone (- 35.4%). It
should be noted that in this analysis, calcula-
tion of relative change from baseline in OA pain
intensity was not adjusted for placebo effect
[29]. As a point of comparison, the relative
change in pain was - 38.1% with topical pla-
cebo and - 31.1% with oral placebo [29]. Pla-
cebo effect, which is typically higher with
topical than with oral treatment, may have
contributed to the superiority of topical vs. oral
NSAIDs in this analysis.

Placebo effect can be considerable and the
fact that it is greater with topical than oral
administration suggests that the route of
administration itself may contribute to percep-
tions of pain reduction. In one study, WOMAC
pain scores were reduced by 38 and 40% with
topical placebos (4.4 and 2.2 g gels, respectively)
vs. 29% with oral placebo [36]. The systematic
review described above [30] reported clinical
success in 48% of participants treated with
topical placebo in the 6- to 12-week studies,

whereas a separate pooled analysis of seven tri-
als reported that 25% of participants treated
with oral placebo had a C 50% reduction in
pain after 12 weeks [37]. Patient expectation can
enhance drug effects, and the two are not sim-
ply additive [38, 39]. Placebo effects are thought
to be influenced by the patient’s expectations of
or hopes for a treatment effect, treatment set-
ting, patient–provider relationship, beliefs
about medications, and contextual/verbal/so-
cial cues coupled with prior conditioning
[40–42]. They can also be the result of changes
related to the natural history of the disease,
unrecognized concomitant medication use,
regression to the mean, and experimenter and
patient biases [42]. With topical therapies, the
smell, color, and massage during application
also may have psychological effects [43].

Thus, current evidence indicates that topical
diclofenac relieves OA pain and stiffness and
improves physical function, at least to the same
degree as some oral NSAIDs. Notably, two of the
three head-to-head studies of topical diclofenac
used doses of oral NSAIDs that were lower than
maximum prescription doses. However, the
results of these two trials were consistent with
the trial that used the maximum dose of oral
diclofenac as a comparator as well as with
studies and meta-analyses that included other
topical NSAIDs. It should also be noted that
while the studies reviewed here evaluated effi-
cacy in a single target joint, topical diclofenac
may be used on multiple joints concurrently by
real-world patients with polyarticular arthritis.
In such cases, dosing instructions should be
carefully followed, particularly with regard to
maximum daily doses to be used across all
joints. Along with therapeutic effects of the
active ingredient, the topical route of adminis-
tration may positively contribute to the per-
ceived pain reduction in OA.

TOPICAL DICLOFENAC SAFETY
AND TOLERABILITY
IN OSTEOARTHRITIS

Adverse events associated with topical diclofe-
nac are primarily local reactions at the applica-
tion site (dry skin, redness/erythema, pruritus)
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with minimal systemic effects. A meta-analysis
of topical NSAIDs found higher rates of overall
adverse events (odds ratio [OR] 1.30; 95% CI
1.10–1.53) with topical diclofenac compared
with placebo (N = 8 studies) in studies of knee
or hand OA, driven predominantly by increased
skin and subcutaneous tissue disorders (OR
1.73; 95% CI 0.96–3.10) [44]. However, there
was no increase in gastrointestinal adverse
events (OR 1.11; 95% CI 0.75–1.64) and no
increase in severe events (OR 1.19; 95% CI
0.68–2.07) or serious events (OR 0.94; 95% CI
0.26–3.42) compared with placebo [44].
Another meta-analysis reported no increase in
systemic adverse events (RR 0.89; 95% CI
0.59–1.3) or gastrointestinal adverse events (RR
1.1; 95% CI 0.76–1.6) with topical diclofenac
compared with carrier alone in knee and hand
OA [30]. A randomized, placebo-controlled
study found no increase in risk of hepatic
enzyme elevations with topical diclofenac
solution in a DMSO vehicle compared with the
vehicle alone in patients with knee OA [32].

Limited systemic exposure occurs with topi-
cal administration (e.g., 6.6% absorption of
applied dose of 1.5% diclofenac sodium lotion
[45]; area under the plasma concentration–time
curve from 0 to 24 h: mean 233 ng�h/ml with
topical administration of 4 g diclofenac sodium
gel 1% four times daily vs. 3890 ng�h/ml with
oral diclofenac sodium 50 mg three times daily
for 7 days [46]). This is a potential advantage
over oral NSAIDs, which have a higher risk of
systemic adverse events.

A pooled analysis of two studies directly
comparing the safety of topical diclofenac with
that of oral diclofenac in patients with knee OA
found that the topical solutions resulted in
fewer gastrointestinal events (25.4 vs. 39.0% of
patients, P\ 0.0001), especially dyspepsia (11.0
vs. 18.4%, P = 0.001), diarrhea (6.5 vs. 13.4%,
P = 0.0004), abdominal distension (6.0 vs.
10.6%, P = 0.01), and upper abdominal pain
(5.6 vs. 12.1%, P = 0.0005) [47]. Topical
diclofenac was also associated with a lower
incidence of abnormal liver enzyme levels at the
end of the study, including alanine amino-
transferase levels (10.4 vs. 22.2%, P\ 0.0001),
aspartate aminotransferase levels (7.0 vs. 14.6%,
P = 0.0004), and c-glutamyl transferase (21.1 vs.

33.4%, P\ 0.0001). Topical administration was
associated with more dermatologic reactions
(29.0 vs. 6.1%, P\0.0001), most commonly
dry skin (24.1 vs. 1.9%, P\ 0.0001), pruritus
(4.9 vs. 1.9%, P = 0.01) and contact dermatitis
(4.3 vs. 0.6%, P\0.001) at the application site
[47]. Similarly, pooling the three trials that
directly compared topical diclofenac with oral
NSAIDs demonstrated that topical diclofenac
was associated with a lower risk of gastroin-
testinal adverse events (RR 0.63; 95% CI
0.53–0.73) and a higher risk of local adverse
events (RR 8.31; 95% CI, 4.5–14) than oral
NSAIDs [30].

In the pooled analysis of the two studies
comparing topical and oral diclofenac, descri-
bed above, cardiovascular adverse events were
numerically, but not statistically significantly,
lower with topical than oral diclofenac (1.5 vs.
3.5%, P = 0.055). Oral NSAIDs, especially rofe-
coxib or diclofenac, have been associated with
increased risk of myocardial infarction when
used at high doses for prolonged periods [48].
Cardiovascular risk associated with topical vs.
oral NSAIDs was also compared in a retrospec-
tive cohort study using national claims data
from Taiwanese patients with rheumatoid
arthritis [49]. Topical nonselective NSAIDs were
associated with a lower risk of composite car-
diovascular events (myocardial infarction,
unstable angina, heart failure, stroke, and
revascularization) than oral nonselective
NSAIDs (crude incidence 1.83 vs. 2.14 per 100
person-years; HR 0.54; 95% CI 0.37–0.77 by
multivariate Cox model [49]).

Given that topical diclofenac provides at
least equivalent analgesia to some oral NSAIDs
and has fewer systemic adverse events, topical
diclofenac administration may be preferred,
especially for older patients with OA and those
who have comorbid conditions and/or risk fac-
tors for various systemic (gastrointestinal, hep-
atic, renal, or cardiovascular) adverse events
associated with oral NSAIDs. Adverse events are
typically local skin reactions, which are usually
minor and transient [50]. If required, the prod-
ucts should be discontinued (e.g., by removal of
patches or by washing off creams or gels) and
application of symptomatic treatments could be
considered.

Rheumatol Ther (2020) 7:217–236 225



ONSET OF ACTION
IN OSTEOARTHRITIS

Data on timing of onset of efficacy for topical
diclofenac are sparse. Most studies of OA treat-
ment were designed to evaluate efficacy and
safety rather than onset of effect. Due to the
chronic nature of OA, these studies tend to span
a prolonged period of time with emphasis on
long-term effects and few assessments capturing
short-term effects following treatment
application.

Only one study was found that directly assessed
onset of action by making hourly assessments
during the first few hours after topical diclofenac
application. The study was a double-blind RCT of
diclofenac epolamine patch containing 180 mg of
drug (equivalent to 130 mg of diclofenac) vs. pla-
cebo patch in 155 patients with knee OA. Pain
intensity was measured using a VAS score hourly
for the first 5 h after patch application [51]. Pain
intensity in the diclofenac group was significantly
decreased vs. baseline starting at the first assess-
ment, 1-h post treatment (Wilcoxon rank test,
P = 0.0316), with further reductions observed over
the following hours. Pain relief was significantly
greater with diclofenac than placebo beginning at
the third hour (P = 0.0034). Thus, the authors
observed thepain-relievingeffectbeforediclofenac
is thought to be detectable in plasma, which, on
average, occurs about 4.5 h after topical applica-
tion. The authors suggested that during this inter-
val, diclofenac accumulates in the tissue under the
patch, permeating the muscles, tendons, and joint
capsules in direct contact with the subcutis,
thereby explaining this fast onset of local pain
relief in the absence of considerable diclofenac
concentrations in plasma [51].

Three other studies collected pain ratings
daily after topical diclofenac application in
patients with OA [52–54], and two collected
pain ratings in patients with OA at 4–7 days
[55, 56]. While none of these studies included
time to onset of effect as a specific study out-
come, benefit was consistently observed some-
time within or at the first week of treatment.
Daily (or longer) assessment does not provide a
good indication of true time of onset of effect,

which could potentially occur before this first
measurement.

While the onset of action in chronic condi-
tions may seem less relevant to clinicians than
the overall efficacy and safety, for patients, the
onset of pain relief likely carries considerable
importance. Being able to accurately advise
patients as to when they can expect the medi-
cation to start working may be important to
avoid unjustified treatment cessation, excessive
repeat doses, or concomitant intake of oral pain
medications while waiting for the topical med-
ication to work. Additional studies to assess the
onset of action, in recognition of its importance
in pain management, may be useful, not only in
the treatment of acute injuries but also in the
treatment of chronic conditions like OA.

DURATION OF EFFECT

Duration of pain relief is an important consid-
eration for analgesic medications, because
higher dosing frequency is associated with
nonadherence among chronic pain patients
[57]. Better adherence to analgesic regimens
may reduce suffering and improve physical
functioning [58], and the link between treat-
ment adherence/persistence and patient satis-
faction has been well established across a
spectrum of diseases including chronic pain
states [59].

One large (N = 260) double-blind, vehicle-
controlled study of 2% diclofenac sodium
topical solution applied twice daily in adults
with knee OA found that analgesia as deter-
mined by WOMAC pain score was maintained
throughout the 12-h dosing interval among
responders [53]. In two (selected) responder
groups [C 30% and C 50% reduction in
numeric rating scale (NRS) score at week 4 vs.
baseline], scores on an 11-point NRS during
active treatment were not significantly different
at midday vs. evening, suggesting that the
twice-daily regimen maintained pain relief in
these responder groups throughout the 12-h
dosing interval at week 4 [53]. This long-lasting
effect may be attributed to the slower clearance
of diclofenac from the inflamed tissue
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compared with plasma [60–62], as discussed in
the next section of this review.

Further studies investigating the duration of
analgesia with other topical diclofenac formu-
lations may be informative.

PHARMACOKINETIC EFFECT
COMPARTMENTS AND MINIMUM
EFFECTIVE CONCENTRATION

Plasma and Synovial Tissue
Concentrations After Topical
Administration

It is well established that topical diclofenac
penetrates the skin, permeates underlying tis-
sues, and enters the synovium (Fig. 2) [63–66].
Analgesic efficacy may be dependent on
diclofenac concentration in the synovial

compartment, the site of diclofenac’s activity.
However, reports of the relative distribution of
diclofenac following topical administration in
joint tissue (the ‘‘effect compartment’’) and in
plasma (a ‘‘side effect compartment’’) are vari-
able [65–68], and the minimum concentration
needed in plasma or synovial tissue to achieve a
meaningful reduction in pain intensity is still
poorly defined.

The pharmacokinetic profile of diclofenac in
the synovium differs from that in the plasma,
with a faster rate of elimination in plasma
[60–62]. Following oral administration, diclofe-
nac has been found to persist in inflamed tissues
for up to 12 h after dosing, potentially
accounting for its extended duration of action
compared with its short plasma half-life of
1–2 h [60, 62, 69].

There are certain reasons for diclofenac to
preferentially accumulate in the inflamed joint

Fig. 2 Flow of diclofenac from topical application to the joint capsule showing known steps (green arrows) and potential
influencers of minimum effective concentration (red question marks)
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tissues. Drugs that are highly protein-bound
[e.g., diclofenac ([99% in plasma [70])] con-
centrate wherever albumin concentrates [63].
Albumin concentrations are increased in
inflamed synovial tissue and fluid compared
with the joints of healthy persons [9, 71].
Diclofenac’s protein-binding and short plasma
half-life (1–2 h) creates a high plasma/tissue
gradient promoting movement into inflamed
joints [67, 72, 73]. Diclofenac has hydrophilic/
lipophilic polarity, which also facilitates per-
meation of and retention in the intracellular
spaces and cell membranes in inflamed tissues
[17, 67, 72–74]. Given the lack of a clear asso-
ciation between diclofenac levels in plasma
compared with target tissues, attainment of a
specific plasma concentration may be unrelated
to therapeutic effect.

The results of a randomized, double-blind,
placebo-controlled crossover study suggest that
analgesic efficacy may be dependent on diclofe-
nac concentration in the synovial compartment,
the site of diclofenac’s activity. This study com-
pared the analgesic efficacy of topical (65 mg) and
oral (93 mg) diclofenac acid and placebo in
reducing inflammatory hyperalgesia from a
‘‘freeze lesion’’ in ten healthy volunteers [75]. That
study found that topical diclofenac was more
effective than oral diclofenac 1 h after dosing
(though not at later assessments) and that this
efficacy coincided with higher tissue concentra-
tions in the group that received topical adminis-
tration (46.1 ± 25.8 ng/mlvs.11.4 ± 2.09 ng/ml,
P\0.02) at about 1–1.5 h, when no diclofenac
was detectable in plasma after topical adminis-
tration [75]. No dose–response relationship has
been reported for synovial diclofenac concentra-
tions and analgesic efficacy. Data are still lacking
on the minimum amount of diclofenac needed in
the joint to achieve pain relief.

In summary, diclofenac concentrations in
inflamed joint tissue may be more relevant to
potential therapeutic effect than plasma con-
centrations. Diclofenac penetrates these ‘‘effect
compartments’’ at the site of inflammation and
drug activity. Diclofenac is known to be effec-
tive in reducing pain in these target joints;
however, a specific MEC in synovial tissue or
synovial fluid has not been defined.

Identifying the MEC Based
on Prostaglandin E2 (PGE2) Inhibition
and Inflammatory Mediators

Because the mechanism of NSAIDs indirectly
involves reduction of PGE2 via inhibition of
COX-2 enzymes, PGE2 serves as a surrogate
marker of COX-2 inhibition. Diclofenac is an
effective inhibitor of PGE2 production and has
been reported to be 3–1000 times more potent
on a molar basis compared with other NSAIDs
in its ability to inhibit COX activity [76, 77].
Therefore, compared with other NSAIDs, much
smaller diclofenac concentrations may be
required to achieve the same level of PGE2
reduction and therapeutic effect.

Some investigators have demonstrated rela-
tionships between synovial NSAID concentra-
tions and PGE2 reduction. Chlud and Wagner
previously suggested that a diclofenac concen-
tration of 100–500 ng/ml in the synovium was
consistent with clinical efficacy and in agree-
ment with in vitro studies correlating these
concentrations with inhibition of prostaglandin
synthesis [43]. We have previously estimated
that a synovial diclofenac concentration of
45 ng/ml would result in a 50% reduction (IC50)
in PGE2 [63]. In another study, Liauw et al. [78]
found that after a single oral 75-mg dose of
diclofenac, diclofenac concentrations in syn-
ovial fluid peaked at hour 4 (181 ng/ml), coin-
ciding with a 95% reduction in PGE2 levels in
synovial fluid. Diclofenac concentrations grad-
ually decreased to 60 ng/ml at hour 12, and
PGE2 inhibition remained at about 50% during
that interval. After twice-daily dosing for a
week, on day 8 the diclofenac concentration in
synovial fluid again peaked at hour 4 (227 ng/
ml) and declined to 117 ng/ml at hour 12, while
PGE2 levels remained suppressed throughout
the 12-h dosing interval. Martel-Pelletier et al.
[79] measured PGE2 in ex vivo synovial mem-
brane and cartilage tissue samples from eight
patients with OA after addition of diclofenac
125 and 250 ng/ml; this resulted in[ 90%
inhibition of PGE2 synthesis. However, the
relationship between PGE2 reduction and
analgesic effect remains poorly elucidated.

After exposure to NSAIDs, inflammatory
cytokines that follow PGE2 in the signal
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transduction pathway [e.g., interleukin-6 (IL-6)
and tumor necrosis factor alpha (TNFa)] are
reduced along with PGE2 [20, 26, 63, 80] (Fig. 1
[19–26]). Clinical data measuring inflammatory
biomarkers after topical diclofenac use are lim-
ited. A randomized, open-label study of oral
NSAIDs, including slow-release diclofenac
75 mg once or twice daily, ibuprofen 600 mg
two or three times daily, or celecoxib 200 mg
once or twice daily, in patients with OA repor-
ted dose-dependent reductions in IL-6, TNFa,
and vascular endothelial growth factor in the
synovial fluid, which significantly correlated
with improvement in total WOMAC scores [25].
As a point of reference, an oral 75-mg dose is
associated with an estimated synovium
diclofenac concentration of 50–175 ng/ml [63].
There is also evidence that NSAIDs may reduce
proinflammatory cytokines like IL-6 at the
transcription level through effects on the tran-
scription factor NF-jB (nuclear factor kappa B)
and independent of effects on prostaglandins
[26].

Whereas the severity of OA-related pain does
not correlate with the degree of structural joint
damage [81, 82], the presence of synovitis or

effusion has been found to predict joint pain in
OA [4, 6, 83, 84]. Furthermore, the presence of
pro-inflammatory biomarkers in synovial fluid
has been found to correlate with pain, and dif-
ferent inflammatory mediators are associated
with different pain manifestations (Table 2)
[85–88]. Leung et al. [85] estimated that a
change in inflammatory biomarkers (e.g., TNFa,
IL-6, IL-8) of two standard deviations might be
associated with meaningful pain response;
however, it remains unknown what concentra-
tion of diclofenac would be needed to produce
such a change in these biomarkers.

In summary, existing evidence based largely
on studies of oral administration suggest that a
diclofenac concentration of 45 ng/ml in syn-
ovial tissue is associated with a 50% reduction
in PGE2, while concentrations[100 ng/ml are
associated with[ 80% reduction in PGE2. Fur-
ther research is needed before it can be deter-
mined whether these concentrations also apply
to topical diclofenac and to clarify what degree
of reduction in COX-2, PGE2, and downstream
inflammatory cytokines is required for clinically
meaningful pain relief.

Table 2 Cytokines associated with pain, and direct effects on sensory neurons and other downstream inflammatory
mediators

Cytokine Pain at
rest

Pain on
movement

Total
WOMAC

Mechanical
hypersensitivity

Direct effects on
sensory neurons

Downstream effects on
other inflammatory
mediators

TNFa (?) Leung

[85]

(?) Leung

[85]

(?) Gallelli

[25]

(?) Richter

[86]

(preclinical)

(?) Richter [86]

(preclinical) and

Miller [88]

(review)

(?) Miller [88]

(review)

IL-6 NA; Leung

[85]

(?) Leung

[85]

(?) Gallelli

[25]

(?) Brenn [87]

(preclinical)

NE NE

IL-8 NA; Leung

[85]

(?) Leung

[85]

NE NE NE NE

IL-1b NE (-) Leung [85] NE NE (?) Miller [88]

(review)

(?) Miller [88]

(review)

VEGF NE NE (?) Gallelli

[25]

NE NE NE

(?) positive association, (-) negative (inverse) association, IL interleukin, NA no association identified, NE not evaluated
in the articles identified, TNFa tumor necrosis factor alpha, VEGF vascular endothelial growth factor
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Challenges in Identifying the MEC
Patient- and disease-related factors can lead to
variability in individual responses to topical
diclofenac, which poses a challenge to identifi-
cation of an MEC. Such factors include the stage
of OA progression, the variable extent and nat-
ure of inflammation, and the underlying
mechanisms of the patient’s pain (inflamma-
tory, nociceptive, and/or central; Fig. 2
[20, 21, 63]).

Pain phenotypes differ at different stages of
OA. Patients with early OA tend to experience
predictable bouts of pain triggered by activity.
At its middle stages, OA is associated with more
constant background pain/achiness, especially
at night, and in advanced OA, patients may
experience constant background pain accom-
panied by intermittent bouts of unpre-
dictable severe pain [5, 89]. Some patients with
OA progress rapidly through these stages
whereas others may have more stable disease.
The extent of inflammation varies over the
course of the disease, with more inflammatory
mediators (e.g., TNFa, IL-1b) present in early
(\1 year) knee OA compared with advanced-
stage knee OA [5, 85].

While bone remodeling, loss of cartilage, and
narrowing of the joint space are the character-
istic morphological changes observed in OA,
pain often is associated with the presence of
inflammation (synovitis) [4, 6, 84]. In such
cases, peripheral nerves in the various degener-
ating joint tissues become exposed to the intra-
articular environment rich in cytokines,
chemokines, proteases, prostaglandins, and
neuropeptides, which serve as ligands for noci-
ceptors [86, 90–92]. Ligand binding lowers the
threshold of these receptors and sensitizes the
peripheral neurons, such that even normal joint
movement triggers a pain response [86, 87, 93].
In addition, based on murine models, serine
proteases (e.g., mast cell tryptase and neu-
trophil elastase) may activate protease-activated
receptor-2, thereby serving as signaling mole-
cules for leukocyte trafficking and nociceptive
OA joint pain [94, 95].

In addition to nociceptive pain, neuropathic
pain may result from direct damage to the
nerves in the injured joint, dorsal root ganglia,

and spinal cord [11, 96, 97]. Neuropathic pain is
not responsive to NSAIDs [92].

Central sensitization can be another major
component of OA pain, manifesting as
increased sensitivity to noxious stimuli (hyper-
algesia) or interpretation of non-noxious stim-
uli as painful (allodynia) [27, 92]. Although
there is some evidence that diclofenac crosses
the blood–brain barrier [98, 99], low concen-
trations are likely to enter the central nervous
system following topical administration given
the limited systemic exposure associated with
topical use. Therefore, the neuropathic compo-
nent of OA pain is not expected to be responsive
to topical NSAIDs.

Thus, OA pain may have peripheral elements
(e.g., inflammation, sensitization of peripheral
neurons, direct damage to nerves) as well as
central components (e.g., hyperalgesia and
allodynia), and these heterogeneous underlying
mechanisms may respond differently to treat-
ment [5, 92, 100]. Patients with earlier-stage OA
pain related to active inflammation, particularly
inflammatory mediators downstream of PGE2,
would likely have the best response to topical
NSAIDs based on their mechanism of action,
but this remains to be confirmed. Given that
the magnitude of inflammation, the specific
inflammatory mediators present, and the extent
to which central pain mechanisms contribute
may vary from patient to patient and over the
course of OA, it is not surprising that the
existing, albeit limited, data related to concen-
trations achieved in different target areas have
been variable/inconsistent, and it may not be
possible to identify a single diclofenac MEC that
would universally apply to all patients with OA.

CONCLUSIONS

The use of topical NSAIDs including diclofenac
is endorsed by a majority of treatment guideli-
nes for management of OA-related joint pain. In
multiple head-to-head RCTs, topical diclofenac
provided pain relief, improvement of physical
function, and reduction in stiffness comparable
to that of some oral NSAIDs, with fewer sys-
temic side effects, in patients with knee or hand
OA. The topical route of administration may
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further enhance and benefit the analgesic
effects, given that topical placebo is more
effective than oral placebo. Limited data suggest
that pain relief begins within a few hours of
topical administration and is generally well
sustained throughout the 12-h dosing interval,
especially with ongoing use.

Following topical administration, diclofenac
accumulates in inflamed joint tissue; however,
no specific diclofenac MECs have been identi-
fied. While synovial tissue concentrations are
likely to be more relevant than plasma con-
centrations, and have been found to correlate
with PGE2 reductions (a measure of COX-2
inhibition), identification of a specific synovial
MEC is hampered by the fact that OA is a
heterogeneous disease with widely varying pain
mechanisms in individual patients and at dif-
ferent stages of the disease. The concentration
of different biomarkers varies over the course of
OA and the reduction of specific biomarkers
seems to impact different aspects of pain
sensations.

While efficacy of topical diclofenac in OA is
well established, further research is needed to
better elucidate what degree of reduction in
PGE2 or other downstream inflammatory
mediators (e.g., IL-6, TNFa) in synovial tissue is
necessary to achieve an analgesic effect. Addi-
tional research also is needed to more clearly
identify time to onset of action and duration of
pain relief to differentiate individual topical
formulations of diclofenac.
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