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Abstract: Osteoarthritis (OA) is a common disease that affects millions of people worldwide.
As there is no cure for OA, drug treatment to relieve symptoms is the main form of management.
Nonsteroidal anti-inflammatory drugs (NSAIDs) such as diclofenac are the most commonly used
drugs to treat knee OA pain. Unfortunately, these agents are associated with gastrointestinal
and cardiovascular risks, which limit their chronic use. Topical NSAIDs are emerging as a
viable alternative for managing OA pain. Because a pharmacologically effective dose can be
restricted to the site of pain, there is superfluous systemic absorption, and the risk of related
adverse effects is minimized. This article reviews the currently available preclinical and clinical
information on topical diclofenac for the treatment of OA pain, including data from recently
published randomized controlled trials regarding the efficacy and safety of topical diclofenac.
Most studies confirm topical diclofenac to be as effective as oral diclofenac with significantly
reduced side effects; however, the efficacy of NSAIDs is far from optimal, and more research
needs to be done to investigate the underlying mechanisms of OA in order to improve treatment
options, especially for patients with NSAID-resistant OA pain.
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Introduction

Osteoarthritis (OA) is the most common degenerative joint disorder and affects
approximately 10% of the world’s population over the age of 60 years.! OA is generally
thought of as “wear and tear” of the joint, affecting middle-aged and older people;
however, joint disease can occur at any age, and its onset can be expedited by factors
such as joint injury, obesity, and genetics.? Gender also appears to play a role in OA
prevalence, with women twice as likely to develop OA than men.* Commonly affected
sites include the hip, knee, hand, and spine, with the highest incidence occurring in the
knee.! Typical symptoms of OA include pain in and around the joint, morning stiffness,
loss of function, immobility, and joint instability. Onset of symptoms is insidious. Pain
is generally worse during motion and at night but can sometimes be alleviated by rest.
Patients with OA of the knee often present with altered gait and describe a variety of
pain qualities such as a sharp/stabbing pain or a dull constant ache. This chronic joint
pain experienced by patients is the reason that OA is one of the leading causes of dis-
ability worldwide.* The economic burden of this disease is huge, with indirect costs due
to work loss and lower productivity, as well as direct costs of medication and hospital
care.> These expenditures are set to escalate with the aging population, as the incidence
of OA rises sharply with age. Recent estimates suggest that, by 2030, 25% of US adults
will suffer from arthritis, and a third of those will be of working age.’
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The etiology of OA is obscure, and there is no cure for this
disease, which is characterized by the breakdown of cartilage
and bone in the joint. The loss of cartilage, together with bone
remodelling and osteophyte formation, creates joint incon-
gruencies, which lead to altered joint mechanics, thereby
further exacerbating the disease. Despite intensive research
into tissue engineering, there are, as yet, no reliable means
of regenerating mechanically sound articular cartilage, so
OA remains a progressive and irreversible degenerative
joint disease.

In the absence of any disease-modifying drugs, current
OA therapies focus on alleviating the chronic pain, which,
in turn, helps to improve joint function and quality of life.
Therapy options use both nonpharmacological and phar-
macological approaches Nonpharmacological approaches
include weight reduction, exercise, patient education, and
joint support. One of the major problems with OA is that
the pain restricts mobility and the ability to undertake any
form of physical activity. Such inactivity can hasten disease
progression and exacerbate joint pain. Thus, nonpharmaco-
logical techniques are normally combined with analgesics
in an attempt to control the pain sufficiently to allow the
individual to maintain freedom of movement.

Nonsteroidal anti-inflammatory drugs (NSAIDs), such
as diclofenac, are the most common pharmacological agents
used to relieve OA pain. A major drawback of using oral
forms of NSAIDs, however, is the high incidence of major
adverse effects such as gastrointestinal bleeding, gastric
ulceration, and renal failure.® In an attempt to reduce the
systemic side effects experienced with oral diclofenac,
topical formulations of diclofenac were developed for local
application. The rationale was that targeted delivery to the
site of tissue damage would reduce pain and inflammation
while reducing the risk of systemic complications. This
review gives a brief introduction to the pathophysiology of
OA pain, the role of NSAIDs, their mechanisms of action,
and their risk profile. An overview of the current evidence,
highlighting the efficacy of topical formulations of diclofenac
for treatment of OA of the knee, is given. Many studies have
focused on the benefits of topical diclofenac, but in many
patients the drug still does not provide sufficient analgesic
relief. Therefore, a discussion on the general problems with
current OA pain treatment is explored.

Pathophysiology of OA pain

Joints are complex mechanosensory organs with an elaborate
nerve supply. Innocuous mechanical stimuli such as touch,
vibration, and pressure are sensed by a population of sensory

nerve fibers classed as AP fibers. AP fibers have large cell
bodies (>10 um in diameter) and myelinated axons with fast
conduction velocities, and activation of these fibers does not
normally result in pain detection.” The other population of
sensory fibers are the nociceptive nerve fibers, which sense
pain and can be divided into two groups: type III (or Ad)
and type IV (or C).!° These fibers have relatively smaller
diameter cell bodies with a slower conduction velocity. Noci-
ceptive nerves have a high activation threshold and normally
respond only to noxious stimuli. Type III fibers have thinly
myelinated axons with unmyelinated “free” nerve endings
and, when stimulated, generate “sharp” pain sensations. In
contrast, type IV fibers have unmyelinated, slowly conduct-
ing axons that transmit dull, “aching” pain information. In
the joint, approximately 80% of afferent nerve fibers are
nociceptive, ensuring that the joint is ideally poised to sense
potentially harmful movement. Under normal conditions, a
painful stimulus, such as an abnormal movement, leads to
the activation of specialized receptors on the peripheral ter-
minals of these high-threshold nociceptive primary afferent
neurons. The subsequent opening of voltage-gated ion chan-
nels triggers an action potential, which conveys the signal
from the peripheral nerve terminals to the spinal cord. This
signal is then transmitted to dorsal horn neurons and then
relayed via projection neurons to higher centers of the brain,
resulting in the perception of transient, localized pain.'!!?
This process warns the individual of the abnormal move-
ment in order to prevent further harm. During OA, changes
occur in the pain pathways, leading to prolonged maladap-
tive pain that often proceeds without any obvious external
stimulus. Pronociceptive mediators released into an arthritic
joint can trigger excitation and sensitization of peripheral
nerves, leading to a heightened pain response. Although our
knowledge of the neurobiological processes responsible for
the generation of OA pain is still rudimentary, peripheral and
central sensitization of neurons is thought to play a major
role in the development of pain hypersensitivity observed in
OA joints.!*!* Erosion of articular cartilage in the OA joint
leads to the release of proinflammatory and pronociceptive
mediators, which contribute to peripheral nerve sensitization.
Because nociceptive sensory fibers innervate most tissues of
the joint, pain originates in numerous sites, such as the sub-
chondral bone, periosteum, joint capsule, and synovium.

Nonsteroidal anti-inflammatory

drugs: mechanisms of action
NSAIDs inhibit the cyclo-oxygenase (COX) enzymes, thus
preventing the production of prostaglandins. Prostaglandins
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are derived from arachidonic acid, which is released from
phospholipids in the cell membrane. The COX enzymes
exist in two isoforms: COX-1 and COX-2. COX-1 is con-
stitutively expressed in tissues, whereas COX-2 is typically
induced by inflammation. COX-2 is mainly responsible for
the breakdown of arachidonic acid to generate prostaglandin
H, (PGH,). PGH, can then be converted into various other
prostaglandins by the action of multiple tissue-specific
synthases.!® Prostaglandins are released in large amounts
under conditions of tissue damage and inflammation, where
they can heighten the sensitivity of primary afferent nerve
fibers, leading to pain. Prostaglandins can also act on pre- and
post-synaptic receptors in the dorsal horn, enhancing mem-
brane excitability and contributing to central sensitization.!'
These mediators also have various proinflammatory actions;
thus, the ability of NSAIDs to prevent prostaglandin produc-
tion helps to alleviate pain and inflammation.

The first known NSAID, aspirin, functions by acetylating
serine residues in the COX enzymes, thus irreversibly
inhibiting the enzymes. In contrast, the majority of the newer
NSAIDs, including diclofenac, reversibly inhibit COX.
Diclofenac is a nonselective COX inhibitor, meaning that
it can inhibit both COX-1 and COX-2 isoforms. Originally,
it was believed that the analgesic effects of NSAIDs were
mediated mainly through inhibition of COX-2."” The con-
current inhibition of COX-1 was thought to bring about the
unwanted side effects of NSAIDs, which include gastrointes-
tinal problems due to the inhibition of gastric cytoprotective
prostaglandins. Mild gastric problems are fairly common
with NSAID use, but serious complications and even
death can also occur and are thought to affect over 1% of
arthritic patients taking NSAIDs.? Therefore, there was huge
interest in the development of selective COX-2 inhibitors,
as it was proposed that these would lack the gastrointestinal
side effects. Indeed, several large-scale trials reported that
selective COX-2 inhibitors, such as rofecoxib (marketed as
Vioxx®; Merck & Co. Inc., Whitehouse Station, NJ), reduced
the risk of gastrointestinal events compared with nonselective
NSAIDs.!'#1° However, this was quickly overshadowed by
the discovery of the increased risk of serious cardiovascular
events with use of these selective inhibitors, which led to
the worldwide withdrawal of rofecoxib by Merck Sharp &
Dohme Limited in 2004.2° Controversy still remains over
other selective COX-2 inhibitors still in clinical use, but,
recently, further studies have shown that there appears to be
the same risk of cardiovascular problems with both selective
and nonselective COX inhibitors (with the possible exception
of rofecoxib).?!

Studies have also challenged the established idea that
COX-1 is constitutive and that COX-1 inhibition leads
to gastric problems whereas COX-2 is induced during
inflammation and is not involved in gastric protection.
Wallace et al showed that inhibition of both COX-1 and
COX-2 is required for gastric damage, and this may be due
to inhibition of COX-1, leading to COX-2 upregulation.?>?
Experiments have also shown that COX-2 preferential drugs
only exhibit anti-inflammatory effects when given at high
enough doses to also inhibit COX-1.* It is now believed
that inducible forms of COX-1 exist and that COX-2 is
constitutively expressed in some areas such as the kidney.?
Therefore, the roles for COX-1 and COX-2 are not as simple
and distinct as initially thought, so the idea of using selective
COX-2 inhibitors to avoid serious gastrointestinal bleeding
is not as attractive as it once was.

The rationale for topical NSAIDs

With these shortcomings in mind, it was necessary to dis-
cover a way to maintain the pain-relieving properties of
NSAIDs without the risk of dangerous side effects. This
led to the development of topical NSAIDs. The primary
rationale for applying a topical agent for pain management
in OA is based on the notion that the potentially severe side
effects associated with systemic oral agents may be avoided
in a topical formulation. Other potential advantages include
the fact that analgesia may be applied to superficial joints
in a targeted fashion. As mentioned previously, one of the
sources of OA pain is the sensitization of nociceptive joint
afferents. Moreover, to the extent that a topical agent may
be associated with fewer side effects than an oral agent, this
allows for more flexible dosing. At present, four products
containing diclofenac for topical application have been
approved by the US Food and Drug Administration for
the treatment of OA. Three products (Pennsaid® [Mall-
inckrodt Inc., Hazelwood, MO], Solaraze® [PharmaDerm,
Melville, NJ], Voltaren® [Novatis Pharma Productions
GmbH, Wehr, Germany]) contain diclofenac sodium in
different formulations and concentrations. One product
(Flector Patch®; King Pharmaceuticals Inc., Bristol, TN)
contains diclofenac epolamine 1%, and the drug is applied
via a patch. Although both topical and oral NSAIDs have
the same mechanism of action (inhibition of prostaglan-
din synthesis), topical NSAIDs exert their effects locally
in the treated tissues.?® The systemic exposure of topical
diclofenac is approximately 17 times lower than that of
oral administration, and average peak plasma is 158 times
lower than an oral agent (Voltaren Gel [package insert],
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Parsippany, NJ, USA: Novartis Consumer Health Inc;
2007). Plasma drug concentrations after topical NSAIDs
are less than 10% of those following oral dosing.?’ Topical
NSAIDs have been approved for many years in Europe for
OA pain. Both the European League Against Rheumatism
(EULAR) and the Osteoarthritis Research Society Inter-
national (OARSI) guidelines recommend the use of topical
NSAIDs for pain management in hand and knee OA .28
Furthermore, the latest guidelines issued in 2008 for OA
treatment by the National Institute for Health and Clini-
cal Excellence (NICE) in the UK recommend that topical
NSAIDs should be considered ahead of oral NSAIDs.
Earlier studies examining the use of topical NSAIDs for
OA pain suggested that pain relief might persist for only
approximately 2 weeks;*® however, numerous subsequent
studies have demonstrated a more enduring effect, which
is likely a result of different formulations providing greater
bioavailability.3!34

Therapeutic efficacy of topical
NSAIDs

Several clinical trials and systematic reviews exist on topical
diclofenac use for the treatment of OA. Table 1 summarizes
the outcome of five recently published (2009—2010) random-
ized controlled trials regarding efficacy and safety of differ-
ent formulations of topical diclofenac (diclofenac solution,
diclofenac epolamine patch, diclofenac sodium gel).’'*
OA of the knee was confirmed in all subjects based on
standard radiological criteria for OA. Topical diclofenac
was compared with vehicle control and/or placebo in four
studies®**3 and with oral diclofenac in one study.* This
latter study also included the combination treatment of topical
plus oral diclofenac. Changes in pain score in treated knees
were determined using the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC). Other
coprimary endpoints were changes in WOMAC physical
function. In all studies, topical diclofenac was significantly
more effective than vehicle for improving WOMAC pain
and WOMAC physical function in patients with primary OA
of the knee. The significant improvements in mean scores
were seen in studies lasting 4—12 weeks. One study focused
on short-term (5 hours) pain relief of a topical diclofenac
patch.®* No significant differences in efficacy were found
between topical diclofenac and oral diclofenac during this
acute phase. The formulation used to administer diclofenac
differs between the various studies; however, all application
methods seemed to reach comparable effectiveness as oral
administration.

Safety profile of topical diclofenac
The majority of clinical trials concluded that topical NSAIDs
have a high safety margin (Table 1). The majority of adverse
effects seen in clinical trials with topical diclofenac were
mild or moderate, with application site reactions being
the most common side effect in both the diclofenac and
placebo/vehicle groups.’!*23* Dermatitis was often reported
in these studies, and this has been attributed to the caustic
nature of the vehicles used in each preparation. The dryness
effect can be expected with a polar solvent that facilitates drug
passage through the skin. The adverse gastrointestinal effects
seen with oral diclofenac were significantly less common in
patients treated with topical application of the drug.’* The
systemic adverse effects associated with topical diclofenac
treatment were generally infrequent and did not differ from
placebo in the vast majority of the trials. A drawback of the
clinical studies is the relatively short duration of the trials.
Trials that last longer than 12 weeks would provide more
information about long-term effects of topical diclofenac
use. Also, a more detailed assessment of the specific pain
symptoms before and after the treatment might give a clearer
picture of which patients are suitable candidates for topical
diclofenac treatment. One open-label study has looked at
the safety of topical diclofenac solution containing dimethyl
sulfoxide over 1 year and observed few adverse side effects
and no increased risk of cardiovascular events or cataracts.**
However, this study was performed on healthy individuals
and not patients with OA, so efficacy of the drug over this
long time period was not evaluated. In addition, care must be
taken when extrapolating safety data from healthy individuals,
as comorbidities are often present in OA patients.

Advantages and disadvantages

of topical versus oral diclofenac

The main advantages of using topical diclofenac versus oral
diclofenac for the treatment of OA are the reduced gastroin-
testinal side effects. The outcome of the studies mentioned
in this review suggests that topical administration in recom-
mended doses does not produce the plasma concentrations
that are associated with systemic adverse effects. It is impor-
tant to recognize that use of excessive amounts topically may
cause systemic adverse effects.’® A recent study showed that
plasma levels resulting from topical and oral applications of
diclofenac according to clinically recommended prescrip-
tions were comparable; however, after topical application
the concentration levels were higher in the muscle and lower
in the synovial tissues of OA patients compared with orally
treated patients.’” From these data we can assume that the
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efficacy of topical diclofenac in reducing the symptoms of OA
strongly depends on the location and depth of the tissues that
are responsible for causing the pain. Unfortunately, most of
the published clinical trials evaluated only pharmacodynamic
effects of topical diclofenac in OA conditions and did
not measure plasma or target tissue concentrations of the
NSAID. Therefore, definitive clinical data on the correla-
tion of systemic or tissue diclofenac concentrations and
clinical effectiveness are still lacking. Although the cited
studies confirm that topical diclofenac is as effective as oral
diclofenac for pain relief, the analgesia is still far from suf-
ficient in most patients. Indeed, some patients have no relief
at all from either oral or topical NSAIDs.*-%

Treatment of osteoarthritis pain

remains a challenge

The management paradigm for pain in OA has changed little
over the years. Even though oral and topical NSAIDs are
the treatment of choice and can provide some pain relief for
OA patients, the level of recovery is not ideal. Some studies
show that long-term treatment with NSAIDs does not reduce
mean pain levels beyond clinically relevant thresholds.*%#!
In two of the studies examined in this review, when asked
to rate the medication as a treatment for the pain of OA of
the knee, approximately 50% of patients reported topical
diclofenac as very good or excellent, whereas 40% gave
the same rating to the vehicle.>* This was a significant
difference, but, in reality, almost the same proportion of
patients perceived the control to be as effective a treatment
as diclofenac.

A major problem with the management of OA is that the
underlying mechanisms that cause the disease and pain are
still mostly unknown. Therefore, one potential explanation
for suboptimal pain control in OA is a mismatch between
the medications used and the underlying pain mechanisms.
For example, it is still unknown why OA pain is episodic
in some patients, whereas other patients report chronic,
persistent joint pain. Another unanswered question is why
there is such a substantial disconnect between the degree
of joint deterioration and the level of joint pain reported
by patients.***> This is not a subjective issue, as this
phenomenon has also been observed in animal models of
OA.* Also, the quality of a patient’s pain (dull, burning,
aching, or stabbing) differs significantly between individu-
als.’ These observations suggest that the etiology of OA
is very complex and that OA is not a single disease but a
syndrome arising from a group of disorders with similar
pathologies.

OA is often referred to as noninflammatory arthritis. This
implies that inflammatory processes play a minor role in the
pathology of arthritis. However, there are clearly molecular
and pathophysiological indices of inflammation in OA that
have to be considered.*** NSAIDs block the COX-2 enzyme,
which is the main mediator promoting inflammation, and
NSAIDs are still the most prescribed drug for the treatment
of OA pain, so we can assume that inflammatory processes are
present at least at certain stages of the disease. The different
grades of inflammation present at the time of treatment could
be the reason why NSAIDs have a pain-relieving effect in
some patients and not in others. A major challenge for future
research is to understand the basic mechanism of OA pain
to find an effective treatment regimen for patients who are
unresponsive to oral and topical NSAIDs.

OA pain is considered mainly as nociceptive pain,
where cartilage degeneration and pathological changes
in subchondral bone lead to inflammation, the release of
chemical mediators into the joint, and consequently joint
pain.'>!* Recent data suggest that people with OA can
experience pain due to both nociceptive and neuropathic
mechanisms of varying degrees.*’%5! A recent study
using animal models of OA showed that neuropathic
pain is associated with the disease.’? The study infers that
cartilage erosion leads to exposure of subchondral bone
nerve endings, which under abnormal loading conditions
could be damaged, resulting in neuropathic pain. Another
possible mechanism of neuropathic pain development is
via central sensitization, which can arise from chronic
nociceptor stimulation and subsequent modification of
central pain-transmitting neurons.>® This theory is sup-
ported by the fact that some patients still experience joint
pain even after complete joint arthroplasty.* Gabapentin,
a drug mainly used to treat neuropathic pain conditions,
seems to be an effective analgesic in OA pain patients
and animal models of joint disease.’>® Whether nerve
damage and neuropathic pain are the reason for the lack
of pharmacological responsiveness to classic NSAIDs like
diclofenac needs further consideration.

In addition to treating the symptoms of OA, a concerted
effort has been directed toward slowing down the progres-
sion of joint deterioration. Some progress has been made in
identifying chemical mediators that are responsible for joint
tissue degradation.””*® Chronic inhibition of cathepsin K, for
example, has been found to reduce the expression of an OA
biomarker as well as attenuating nociception.>

To optimize the current treatment of OA, it is crucial
that we understand the underlying processes responsible
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for tissue destruction as well as identifying the various
neurochemical pathways that are involved in causing pain.
It must be recognized that different patients might require
different management approaches. A combined therapy to
halt disease progression and optimize pain relief individu-
alized for each patient would significantly improve their
quality of life.

Conclusion

There is a wide variety of therapeutic options for the treatment
of OA, including pharmacological agents with differing modes
of delivery and mechanisms of action, as well as different
nonpharmacological approaches. Unfortunately, no single
treatment approach is entirely satisfactory, and patients often
still suffer from joint pain as well as loss of function. The popu-
larity of oral NSAIDs for the treatment of OA, combined with
their propensity to produce risky side effects, has made these
particular drugs a cause for concern, especially when used as
a long-term monotherapy. The available evidence seems to
show that topical diclofenac is as effective as oral diclofenac
in relieving joint stiffness and pain. Thus, topical diclofenac
shows promise as an effective means of controlling OA pain
and appears to be a safer alternative to oral NSAIDs.
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