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Osteoarthritis is a degenerative joint disease affecting
articular cartilage and underlying bone, commonly
of the knee.1 Current treatment includes the oral

use of NSAIDs, either nonselective or cyclooxygenase-2
(COX-2)-selective. These agents carry a substantial risk of
clinically significant adverse effects, particularly on the gas-
trointestinal2,3 and renal systems.4 Although the incidence of
gastrointestinal complications has been reported to be lower
with COX-2-selective NSAIDs than with nonselective
NSAIDs,5–7 the former have been linked to adverse renal ef-
fects8 and an increased risk of cardiovascular complications.9

The need for safer treatment of osteoarthritis has led to
research into the topical use of NSAIDs.10–12 Recent reviews
of the few published placebo-controlled studies suggest that
topical NSAID therapy can relieve pain13–15 with few gas-
trointestinal side effects.16 Current practice guidelines advo-
cate the use of topical therapy, including NSAIDs, in the
management of osteoarthritis.17–19 A diclofenac solution con-
taining the absorption enhancer dimethyl sulfoxide (DMSO)
was developed for site-specific topical application. The ob-
jective of this study was to demonstrate that applying this so-
lution to a painful knee with primary osteoarthritis could
provide symptom relief with minimal systemic side effects.

Methods

Investigators from 7 medical centres in southern Ontario re-
cruited patients for this study. The study was approved by the
Committee for Research on Human Subjects of the Toronto Hos-
pital’s Medical Research Directorate and by similar committees at
all other participating sites. After providing written informed con-
sent, patients were screened and 248 were selected according to
predetermined criteria. Inclusion criteria were as follows: primary
osteoarthritis in at least 1 knee, verified radiologically within the
previous 6 months and scored (as normal, minimal, moderate or
marked) for joint-space narrowing and marginal osteophytes in the
medial, lateral and patellofemoral compartments;20,21 at least moder-
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Abstract

Background: Treatment of osteoarthritis with oral NSAID therapy
provides pain relief but carries a substantial risk of adverse ef-
fects. Topical NSAID therapy offers an alternative to oral treat-
ment, with the potential for a reduced risk of side effects. The
objective of this trial was to assess the safety and efficacy of a
topical diclofenac solution in relieving the symptoms of pri-
mary osteoarthritis of the knee.

Methods: We identified 248 men and women from southern On-
tario with primary osteoarthritis of the knee and at least mod-
erate pain. The patients were randomly assigned to apply 1 of
3 solutions to their painful knee for 4 weeks: a topical di-
clofenac solution (1.5% wt/wt diclofenac sodium in a carrier
containing dimethyl sulfoxide [DMSO]); a vehicle-control so-
lution (the carrier containing DMSO but no diclofenac); and a
placebo solution (a modified carrier with a token amount of
DMSO for blinding purposes but no diclofenac). The primary
efficacy end point was pain relief, measured by the Western
Ontario and McMaster Universities (WOMAC) LK3.0 Osteo-
arthritis Index pain subscale. Secondary end points were im-
proved physical function and reduced stiffness (measured by
the WOMAC subscales), reduced pain on walking and patient
global assessment (PGA). Safety was evaluated with clinical
and laboratory assessments.

Results: In the intent-to-treat group the mean change (and 95%
confidence interval [CI]) in pain score from baseline to final as-
sessment was significantly greater for the patients who applied
the topical diclofenac solution (–3.9 [– 4.8 to –2.9]) than for
those who applied the vehicle-control solution (–2.5 [– 3.3 to
–1.7]; p = 0.023) or the placebo solution (–2.5 [–3.3 to –1.7]; p
= 0.016). For the secondary variables the topical diclofenac so-
lution also revealed superiority to the vehicle-control and
placebo solutions, leading to mean changes (and 95% CIs) of
–11.6 (–14.7 to –8.4; p = 0.002 and 0.014, respectively) in
physical function, –1.5 (–1.9 to –1.1; p = 0.015 and 0.002, re-
spectively) in stiffness and –0.8 (–1.1 to –0.6; p = 0.003 and
0.015, respectively) in pain on walking. The PGA scores were
significantly better for the patients who applied the topical di-
clofenac solution than for those who applied the other 2 solu-
tions (p = 0.039 and 0.025, respectively). The topical diclofenac
solution caused some skin irritation, mostly minor local skin
dryness, in 30 (36%) of the 84 patients, but this led to discontin-
uation of treatment in only 5 (6%) of the cases. The incidence of
gastrointestinal events did not differ between the treatmentD
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groups. No serious gastrointestinal or renal adverse events were
reported or detected by means of laboratory testing.

Interpretation: This topical diclofenac solution can provide safe,
site-specific treatment for osteoarthritic pain, with only minor
local skin irritation and minimal systemic side effects.
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ate pain during the 2 weeks before random assignment to treat-
ment, as identified with the Western Ontario and McMaster Uni-
versities (WOMAC) LK3.0 Osteoarthritis Index pain subscale;22 age
18 to 80 years; and, if female, could not or would not become preg-
nant. Exclusion criteria were as follows: secondary arthritis related
to syphilitic neuropathy, ochronosis, metabolic bone disease or
acute trauma; sensitivity to diclofenac, ASA or any other NSAID,
DMSO, propylene glycol, glycerin or ethanol; clinically active re-
nal, hepatic or peptic ulcer disease; history of alcohol or drug abuse;
lactation; concomitant skin disease at the application site; cortico-
steroid use; use of another topical product at the application site;
and oral use of an analgesic or glucosamine. Patients using NSAIDs
or other prohibited medications underwent a 1-week washout of
that medication before baseline assessment and random assignment
to treatment. (This was a nonflare study: an increase [flare] in pain
after washout of previous medication was not required.) The use of
ASA (≤ 325 mg/d) was permitted for cardiovascular prophylaxis.

Patients were randomly assigned to receive treatment with 1 of 3
solutions: topical diclofenac solution (1.5% wt/wt diclofenac sodium
in a carrier containing DMSO [45.5% wt/wt], propylene glycol, glyc-
erin, ethanol and water [Pennsaid, Dimethaid Health Care Ltd.]); a
vehicle-control solution consisting of the complete carrier, including
DMSO (45.5% wt/wt), but no diclofenac; and a placebo solution
consisting of a modified carrier with a token amount of DMSO
(4.55% wt/wt) for blinding purposes but no diclofenac. A randomiza-
tion list, computer-generated by an outside statistician, specified 60
patients per site in sub-blocks of 6; a list was later provided for an ad-
ditional potential 20 patients per site at the first 3 sites. To ensure
complete blinding, the randomization sequence was concealed from
the investigators, support staff, patients and anyone directly involved
in conducting the study, until final data lock. The study kits were pre-
pared, labelled and numbered independently by the sponsor’s quality
assurance department. The 3 study solutions were identical clear,
colourless liquids in opaque bottles; the labels differed only in patient
identification number. The low concentration of DMSO in the
placebo solution masked the garlic-like taste or odour sometimes re-
ported with DMSO use. Patients applied 40 drops of solution (about
1.3 mL) around the affected knee (10 drops to each side: front, back,
medial and lateral), without rubbing, 4 times daily for 28 days. Com-
pliance was verified by weighing bottles at the start of each weekly
visit and calculating the number of grams applied per day per knee.
Both knees were treated if painful and evaluated for treatment safety,
but efficacy analysis was performed on data for only the designated
study knee, which had the greater baseline pain score.

Patients completed a WOMAC assessment daily and a patient
global assessment (PGA) weekly. The WOMAC LK3.0 Osteo-
arthritis Index is a validated, multidimensional questionnaire of
defined reliability, content, construct validity and responsive-
ness.23–25 It consists of 24 questions (5 on pain, 17 on physical func-
tion and 2 on stiffness), each scored on a 5-point Likert scale (0 to
4, 0 representing none). The PGA was scored from 0 to 4 (0 rep-
resenting very good). Compassionate use of acetaminophen (up to
two 325-mg tablets 4 times daily) was permitted for other body
pain or residual knee pain throughout the washout and study peri-
ods, except during the 24 hours immediately before the baseline
and final WOMAC assessments.

At the screening and final visits the patients provided urine and
blood samples for routine analysis. Adverse events were recorded
daily by the patients. In addition, at each weekly visit the investi-
gator enquired about a checklist of gastrointestinal complaints
commonly attributed to oral NSAID therapy. The knees were
dermatologically assessed weekly; if erythema with induration was

observed, the patient was withdrawn from the study. After the
treatment period, the first 145 patients were tested for sensitiza-
tion to their study solution (allergic contact dermatitis).26

The primary efficacy variable was the change from baseline to
final assessment in the WOMAC subscale score for pain. Sec-
ondary variables were changes from baseline to final assessment in
the WOMAC subscale scores for physical function and stiffness,
as well as the PGA (sum of weekly scores). This core set of out-
come measures follows the recommendations of the Outcome
Measures in Arthritis Clinical Trials (OMERACT) III,27 the Os-
teoarthritis Research Society (OARSI)28 and the Group for the
Respect of Ethics and Excellence in Science (GREES).29 Pain on
walking (the first question of the WOMAC pain dimension) was
analyzed a posteriori as a separate efficacy variable. The time
course of pain relief was investigated for patients who responded
to topical diclofenac treatment; responders were defined on the
basis of the new OMERACT–OARSI set of responder criteria.30

A sample size of 40 patients per group was required to detect a
difference between 2 treatment arms of 3 (standard deviation [SD]
5.0), 4 (SD 6.5) or 5 (SD 8.0) in the change in the WOMAC pain
subscale score, with a power of 80% and a type I (α) error rate of
0.05 in a 2-tailed test. Enrolment was planned for 50 patients per
treatment group to allow for nonevaluable patients.

The intent-to-treat analysis group consisted of all randomly as-
signed, treated patients that met critical inclusion criteria of pri-
mary osteoarthritis (radiologic abnormalities and pain after wash-
out of prior therapy). Some investigators failed to collect baseline
WOMAC data for some patients after washout (pain data for 29
patients, physical function and stiffness data for 77 patients); day 1
data were substituted for the missing baseline data. To ensure suf-
ficient power for subgroup analysis for the patients with complete
baseline data, enrolment was increased to 80 patients per group.
For any other missing WOMAC data, the last observation was car-
ried forward. There was no imputation of safety data.

Baseline demographic variables, acetaminophen consumption, ra-
diologic scores and compliance were analyzed by means of the χ2 test,
Fisher’s exact test or analysis of variance, as appropriate. Change in
each WOMAC subscale score (final minus baseline) was analyzed by
means of analysis of covariance, with the baseline score as a covariate.
PGA was analyzed by means of analysis of variance. All statistical tests
were 2-sided and performed at the 0.05 level of significance.

Results

Of the 267 patients screened for the study 19 were ex-
cluded (5 were ineligible and 14 refused to participate). The
remaining 248 were randomly assigned to treatment with 1
of the 3 study solutions (Fig. 1), and all of them received the
allocated intervention. The baseline demographic charac-
teristics of these 248 patients did not differ significantly be-
tween the treatment groups (Table 1). Of the patients in the
topical diclofenac group 38% had bilateral knee pain and
treated both knees, as compared with 49% (p = 0.17) of
those in vehicle-control group and 51% (p = 0.09) of those
in the placebo group. Radiographic analysis showed no sig-
nificant difference between the treatment groups in the dis-
tribution of severity of joint-space narrowing and marginal
osteophytes, respectively, within each knee compartment
(lateral, p = 0.72 and 0.93; medial, p = 0.67 and 0.47; patello-
femoral, p = 0.36 and 0.62). Compliance did not differ sig-
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nificantly between the treatment groups; the topical di-
clofenac group applied 95% (5.4 g/knee) of the planned
dose of solution daily. Reasons for withdrawal from the trial
(by 10, 14 and 15 patients in the topical diclofenac, vehicle-
control and placebo groups, respectively) are given in Fig. 1.

Data for 1 patient in the vehicle-control group were ex-
cluded from the intent-to-treat analysis, in accord with the In-
ternational Conference on Harmonisation (ICH) guidelines,31

because of failure to meet the major entry criterion of primary
osteoarthritis (the patient had an injury to the anterior cruciate
ligament). Seven patients did not answer the PGA question;
their data were excluded from the PGA analysis.

For the primary efficacy variable, pain, the mean change
(and 95% confidence interval [CI]) from baseline to final as-
sessment was significantly greater with topical diclofenac treat-
ment (–3.9 [–4.8 to –2.9]) than with vehicle-control (–2.5 [–3.3
to –1.7]; p = 0.023) or placebo (–2.5 [–3.3 to –1.7]; p = 0.016)
treatment. For the secondary variables treatment with topical
diclofenac solution was also superior to the vehicle-control
and placebo solutions, leading to mean changes of –11.6
(–14.7 to –8.4; p = 0.002 and 0.014, respectively) in physical
function, –1.5 (–1.9 to –1.1; p = 0.015 and 0.002, respectively)

in stiffness and –0.8 (–1.1 to –0.6; p = 0.003 and 0.015, respec-
tively) in pain on walking, and to a significantly better mean
PGA score (p = 0.039 and 0.025, respectively) (Table 2). Using
analysis of covariance, with baseline score and number of
knees treated as covariates, we found no influence of bilateral
knee pain on the significance of these efficacy results. Among
defined responders to topical diclofenac therapy the
WOMAC pain score progressively declined during the first
week of treatment, with a 42% reduction by the fourth day.

Mean acetaminophen consumption was lower in the top-
ical diclofenac group (36.2 [SD 52.1] tablets) than in the ve-
hicle-control (49.5 [SD 63.4]) and placebo (54.9 [SD 69.2])
groups, but the differences were not statistically significant.

The rate of patient dropout due to lack of effect was sig-
nificantly lower in the topical diclofenac group (2/84 [2%])
than in the vehicle-control (8/80 [10%]; p = 0.05) and
placebo (10/84 [12%]; p = 0.02) groups.

Minor skin dryness or flakiness at the application site
was the most frequent adverse event, occurring in 36%
(30/84), 14% (11/80) and 1% (1/84) of the patients in the
topical diclofenac, vehicle-control and placebo groups, re-
spectively (Table 3). All skin reactions resolved promptly

Topical diclofenac solution for osteoarthritis of the knee

Fig. 1: Flow of patients through the study. R = randomization, AE = adverse event.
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Applied
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upon withdrawal of treatment. No significant difference
was noted in the incidence of gastrointestinal events. The
rate of dropout due to a related adverse event was 6%
(5/84) in the topical diclofenac group, as compared with
4% (3/80; p = 0.72) in the vehicle-control group and 0%
(0/84; p = 0.06) in the placebo group. Testing for allergic
contact dermatitis yielded negative results in 53/53, 46/47

and 45/45 of the patients in the respective 3 groups.
A minor elevation in the serum level of alanine amino-

transferase or aspartate aminotransferase, or both, was ob-
served in 2 patients in the topical diclofenac group, 4 patients
in the vehicle-control group and 1 patient in the placebo
group. The elevation exceeded 1.2 times the upper limit of
normal only when both levels were elevated (Table 4).
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Table 1: Baseline demographic characteristics of patients with osteoarthritis of
the knee, by study group

Patient group

Characteristic
Topical diclofenac

n = 84
Vehicle-control*

n = 80
Placebo†

n = 84

Female, no. (and %) 52 (62) 54 (68) 51 (61)
Age, mean (SD), yr 62.5 (11.7) 62.1 (11.4) 60.8 (11.4)
Weight, mean (SD), kg 81.3 (16.4) 83.9 (21.6) 84.8 (18.5)
Height, mean (SD), m 1.65 (0.11) 1.65 (0.11) 1.67 (0.09)
Patients treating 2 knees,
no. (and %) 32 (38) 39 (49) 43 (51)

Note: SD = standard deviation.
*Patients used a solution with the same carrier as in topical diclofenac solution (containing dimethyl sulfoxide [DMSO])
but no diclofenac.
†Patients used a solution with a modified carrier (containing a token amount of DMSO for blinding purposes) but no
diclofenac.

Table 2: Efficacy-variable measures in the intent-to-treat group after 4 weeks of treatment

Patient group

Variable; measurement Topical diclofenac Vehicle-control Placebo

WOMAC LK3.0 Osteoarthritis Index* n = 84 n = 79 n = 84
Pain

Baseline, mean (SD)
Final, mean (SD)
Change, mean (95% CI)
% change from baseline

9.1 (3.5)
5.2 (4.6)

–3.9 (–4.8 to –2.9)‡§
–42.9

9.3 (3.5)
6.8 (4.8)

–2.5 (–3.3 to –1.7)
–26.9

9.4 (3.6)
6.9 (4.5)

–2.5 (–3.3 to –1.7)
–26.6

Physical function
Baseline, mean (SD)
Final, mean (SD)
Change, mean (95% CI)
% change from baseline

29.5 (13.7)
17.9 (15.6)

–11.6 (–14.7 to –8.4)§¶
–39.3

30.5 (11.9)
24.7 (16.2)

–5.7 (–8.3 to –3.2)
–18.7

30.9 (13.1)
23.7 (15.9)

–7.1 (–9.3 to –4.4)
–23.0

Stiffness
Baseline, mean (SD)
Final, mean (SD)
Change, mean (95% CI)
% change from baseline

3.7 (1.7)
2.2 (1.9)

–1.5 (–1.9 to –1.1)‡**
–40.5

3.5 (1.7)
2.7 (2.0)

–0.7 (–1.2 to –0.3)
–20.0

3.7 (1.8)
3.0 (1.9)

–0.6 (–1.0 to –0.2)
–16.2

Pain on walking
Baseline, mean (SD)
Final, mean (SD)
Change, mean (95% CI)
% change from baseline

1.8 (1.0)
1.0 (1.0)

–0.8 (–1.1 to –0.6)§¶
–44.4

1.9 (0.9)
1.5 (1.1)

–0.4 (–0.6 to –0.2)
–21.1

2.0 (0.9)
1.4 (1.0)

–0.6 (–0.8 to –0.4)
–30.0

Patient global assessment†
Sum, mean (95% CI)

n = 82
6.7 (6.1 to 7.4)††

n = 75
7.8 (6.9 to 8.6)

n = 83
7.8 (7.2 to 8.5)

Note: WOMAC = Western Ontario and McMaster Universities, CI = confidence interval.
*Subscales scored as follows, 0 representing none: pain, 0 to 20; physical function difficulty, 0 to 68; stiffness, 0 to 8; and pain on walking, 0 to 4.
†Scored from 0 to 4, 0 representing very good. The scores for weeks 1, 2, 3 and 4 were summed (maximum summed score is 16).
‡p < 0.05 and ¶p < 0.01 compared with the value for the vehicle-control solution group.
§p < 0.05 and **p < 0.01 compared with the value for the placebo group.
††p < 0.05 compared with the values for the 2 other groups.
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Interpretation

We have shown that 4 weeks of treatment with this topi-
cal diclofenac solution relieved the symptoms of primary
knee osteoarthritis significantly better than the vehicle-
control or placebo solution. The WOMAC subscale scores
improved 42.9% for pain, 39.3% for physical function,
40.5% for stiffness and 44.4% for pain on walking. Among
the responders to topical diclofenac therapy (those meeting
OMERACT-OARSI criteria30), rapid onset of pain relief
was observed during the first week of treatment. The pri-
mary adverse effects noted were reversible application-site
skin reactions, predominantly dryness. The low rate of
dropout due to related adverse events (6%) in the topical
diclofenac group, despite the prohibition of emollient use,
suggests that these were tolerable, minor reactions.

Comparison of our efficacy results with those from pre-
viously published trials of topical NSAID treatment of os-
teoarthritis is difficult, as the latter were shorter and used
different outcome measures.10,11,14,15 One placebo-controlled
trial investigating 2 weeks of treatment of knee osteoarthri-
tis with a topical diclofenac gel was conducted with the use
of the WOMAC and found reductions in pain, physical
function and stiffness of 37%, 26% and 17%, respectively.12

The design of our study more closely parallels that of oral
NSAID trials, including its being a large, randomized
controlled trial with appropriate power, standardized radio-
logic and clinical entry criteria, and use of outcome mea-
sures standardized at OMERACT III as essential in osteo-
arthritis trials.27 Several reported investigations of oral
diclofenac treatment for knee osteoarthritis have used the
WOMAC. The percentage improvement in WOMAC
subscale scores that we observed with topical diclofenac

therapy (39.3% to 44.4%) are similar to those reported for
oral diclofenac treatment (35% to 40%).32,33

The topical diclofenac formulation developed for this
study contained DMSO,34 which enhances the in vitro percu-
taneous absorption of diclofenac.35 Some of the adverse events
in this study, particularly halitosis and body odour, can be at-
tributed to the DMSO. DMSO is metabolized to the volatile
gas dimethyl sulfide, which produces a garlic-like odour or
taste when expired. The skin reactions, such as dry skin, ap-
pear to be due to the cutaneous presence of both DMSO and
diclofenac. Although unsubstantiated claims of therapeutic ef-
ficacy for DMSO have been made,36 all efficacy variable com-
parisons in this study showed no therapeutic benefit of the ve-
hicle-control solution (containing 45.5% DMSO) over the
placebo solution (containing 4.55% DMSO).

Although oral treatment with diclofenac can result in el-
evated serum levels of liver enzymes, only 1 patient using
topical diclofenac in this study exhibited an elevation in ala-
nine aminotransferase or aspartate aminotransferase that
exceeded 1.2 times the upper limit of normal. Blood levels
of diclofenac are up to 125 times lower with this topical so-
lution (12 ng/mL)37 than those reported with standard oral
diclofenac therapy.38 Even prolonged exposure to large top-
ical doses of DMSO (1 g/kg daily for up to 3 months)
rarely produced enzyme elevations.39 For comparison, in
this study a 60-kg person who applied diclofenac solution
to both knees received only 0.06 g/kg of DMSO daily.

One limitation of our study is the use of day-1 efficacy
scores for some patients missing baseline scores. After exclud-
ing the data for those patients (which left data for 218 patients
in the pain subset and 170 in the physical-function and stiff-
ness subsets), we found no effect on the conclusion of superi-
ority of topical diclofenac therapy over vehicle-control treat-
ment (pain, p = 0.009; physical function, p = 0.002; stiffness, p =
0.023) and placebo treatment (pain, p = 0.004; physical func-
tion, p = 0.004; stiffness, p = 0.004). Other limitations relate to
study design. The trial length of 4 weeks may not be long
enough to assess potential long-term safety concerns, particu-
larly for the gastrointestinal system. Although comparing our
efficacy results with those for reported trials of oral diclofenac
therapy is justified, because the study design and outcome
measures were similar, a direct-equivalence trial is required to
fully assess the relative effects of the 2 types of treatment.

Topical diclofenac solution for osteoarthritis of the knee

Table 3: Adverse events

Patient group; no. (and %) of patients*

Adverse event
Topical diclofenac

n = 84
Vehicle-control

n = 80
Placebo
n = 84

At application site

Dry skin 30 (36)†‡ 11 (14)§ 1 (1)
Paresthesia 12 (14) 18 (22)§ 5 (6)
Rash 11 (13)¶   6  (8) 3 (4)
Pruritus   9 (11)   6  (8) 3 (4)
Gastrointestinal
and other
Constipation   1   (1)   1  (1) 1 (1)
Diarrhea   1   (1)   2  (2) 3 (4)
Dyspepsia   6   (7)   4  (5) 5 (6)
Nausea   0   4  (5) 1 (1)
Vomiting   0   1  (1) 1 (1)
Halitosis   4   (5)   1  (1) 0
Body odour   2   (2)   0 0

*Some patients described several events or described a single event with several terms.
†p = 0.001 compared with the value for the vehicle-control group.
‡p < 0.0001, ¶p < 0.05 and §p < 0.01 compared with the value for the placebo group.

Table 4: Occurrence of elevated serum liver enzyme values

Patient group; no. of patients*

Increased
enzyme value

Topical diclofenac
n = 82

Vehicle-control
n = 74

Placebo
n = 75

ALT and AST 1† 2† 0
ALT only 0 2 0
AST only 1 0 1

Note: ALT = alanine aminotransferase, AST = aspartate aminotransferase.
*Includes patients whose values changed from within the normal range before the study to
above normal with treatment (all values were < 2.5 times the upper limit of normal). Patients
without baseline or final laboratory data are excluded.
†The increase was > 1.2 times the upper limit of normal.



This randomized controlled trial has provided strong evi-
dence for the efficacy and safety of this topical diclofenac so-
lution. Future trials of greater treatment duration and a
head-to-head comparison with oral NSAID therapy are re-
quired to address long-term safety and provide direct evi-
dence of the efficacy and safety of this product in relation to
standard therapies. None the less, given the current practice
guidelines, this topical NSAID treatment is a reasonable new
option for the management of osteoarthritis of the knee.
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