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Efficacy of Topical Diclofenac Diethylamine Gel in
Osteoarthritis of the Knee
FRITZ U. NIETHARD, MORRIS S. GOLD, GAIL S. SOLOMON, JIUN-MIN LIU, MARKUS UNKAUF, 
HELMUT H. ALBRECHT, and FRANCOIS ELKIK

ABSTRACT. Objective. To assess the efficacy and safety of topical diclofenac diethylamine gel, 1.16%, 4 g
applied qid for 3 weeks to relieve the symptoms of osteoarthritis (OA) of the knee.
Methods. Patients with OA of the knee washed out their OA medications for at least 5 drug half-lives.
Patients with adequately high baseline pain scores were randomized to apply either double-blind
active or placebo gel for 3 weeks. Acetaminophen (up to 2 g/day) was supplied as rescue medication.
In a diary, patients recorded compliance to dosing and use of rescue medication and assessed daily
pain on movement, spontaneous pain, and pain relief. At weekly site visits, patients completed the
Western Ontario and McMaster (WOMAC) Osteoarthritis Index Questionnaire, which includes
assessment of pain, stiffness, and physical function, and assessed pain intensity “right now.” At the
final visit, a global assessment of treatment efficacy was completed.
Results. Of 238 randomized patients, 237 were included in the intent to treat efficacy analysis.
Treatments differed significantly for daily pain on movement at Day 5, and continued on most days
through end of study. Peak differences were achieved in the second week. On the primary outcome,
average pain on movement over Days 1–14, diclofenac gel was significantly superior to placebo gel.
Scores for all 3 WOMAC indices for diclofenac gel treatment were significantly superior to placebo
at Weeks 2 and 3. A significant difference was achieved on pain intensity “right now” at all 3 weeks.
At the end of the study, patients rated diclofenac gel as significantly more effective in treating the
pain of OA of the knee (p = 0.03) compared to placebo. There were no safety issues concerning
adverse events or laboratory values.
Conclusion. Diclofenac gel was effective and safe for relief of symptoms of OA of the knee over 3
weeks of dosing. (J Rheumatol 2005;32:2384–92)
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Osteoarthritis (OA) is the most common form of arthritis,
and most frequently affects the knees. Radiographic OA of
the tibiofemoral compartment occurs in 5%–15% of people
aged 35–74 years1. If nonpharmacological treatments do not
adequately manage the pain and physical disability associat-
ed with the disease, the European League Against
Rheumatism (EULAR) guidelines recommend acetamino-

phen (paracetamol) as first-line treatment for OA pain and
either oral or topical nonsteroidal antiinflammatory drugs
(NSAID) for those who do not respond adequately to the
former1. The American College of Rheumatology (ACR)
guidelines offer similar advice, noting that in patients with
knee OA and moderate to severe pain, and in whom signs of
joint inflammation are present, topical NSAID may be con-
sidered as either adjunct or monotherapy2. The ACR guide-
lines cite the review of Moore, et al3, which supports the
efficacy of topical NSAID in both acute and chronic condi-
tions.

Diclofenac diethylamine (DEA) gel (1.16%; Voltaren®

Emulgel®, Novartis, Nyon, Switzerland) has been used
extensively in Europe since 1985 to relieve the symptoms of
OA of the knee, as well as other painful, inflammatory ten-
don, ligament, muscle, and joint conditions. As a topical
NSAID, it may be an attractive alternative to either oral
NSAID or acetaminophen. Both the ACR and EULAR
guidelines note the well known gastrointestinal (GI) toxici-
ty of oral NSAID, while a recent study suggests that daily
use of acetaminophen for symptoms of OA of the knee does
not improve overall levels of pain, stiffness, or physical
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function4. In contrast, the existing epidemiological literature
on topical NSAID supports their excellent safety5, and phar-
macokinetic studies have shown that systemic exposure
from topical NSAID is typically 10% or less of the exposure
from the same dose administered orally5. Therefore, a study
was conducted to assess the proposition that diclofenac gel
is safe and effective as first-line therapy for the symptoms of
OA of the knee.

MATERIALS AND METHODS
This was a randomized, double blind, placebo controlled, multicenter study
of 3 week duration comparing the efficacy and safety of 1.16% diclofenac
gel to placebo in the treatment of pain in patients with OA of the knee.
Placebo gel, identical in color, feel, and smell, was used to blind the study.
The study was conducted in 22 centers in Germany in accord with ethical
standards for the treatment of human subjects outlined in the Declaration of
Helsinki. The protocol and informed consent were approved by an appro-
priate ethical committee for each center. Each patient gave written
informed consent before undergoing any study procedure.

Patients. Male and female patients were recruited if they were 45 years of
age or older, with clinically diagnosed, symptomatic, unilateral OA of the
knee for at least 6 months. OA was confirmed at screening by radiograph-
ic observation of osteophytes and at least one of joint space narrowing,
sclerosis, or subchondral cysts. Patients were excluded at the screening
visit if they had clinically significant abnormalities in blood chemistry,
hematology or urinalysis, radiographic evidence of severe OA (almost
complete loss of joint space, large cysts, severe osteophytic changes, severe
malformation of the joint), secondary OA, history of rheumatoid arthritis
(RA) or of any other chronic inflammatory disease such as colitis, history
of fibromyalgia, current GI bleeding or history of bleeding over the last 3
years, significant injury to the target joint within 6 months prior to screen-
ing, or major knee surgery of the target joint within one year of screening.
Further requirements assessed at the baseline visit are described below.

Methods. The study consisted of a washout phase of one day to 2 weeks,
depending on patients’ individual premedication, and a 3 week treatment
phase. Patients were asked to keep a daily diary with pain assessment and
to attend the study center for pain and functional ability assessments (Table
1) on a weekly basis.

Washout phase. Patients satisfying the inclusion criteria at the screening
visit entered a washout phase in which they discontinued their usual anal-
gesic medication for a period of at least 5 half-lives. They were supplied

with acetaminophen 500 mg tablets as rescue medication and were allowed
to use up to 4 tablets per day for all pain they experienced. They recorded
the time and number of tablets taken in a daily washout-phase diary. At the
end of each day or at the time of first use of rescue medication, patients
assessed daily pain on movement on a 100 mm visual analog scale (VAS;
0 = no pain and 100 = unbearable pain), and daily spontaneous pain,
defined as pain in general during the day, on a 4 point scale (0 = none, 1 =
mild, 2 = moderate, 3 = severe) and recorded the result in the diary.

Baseline assessment. At the end of the specified washout period, patients
returned to the study center for the baseline visit. After sitting for 30 min-
utes, they assessed pain intensity in the target knee “right now” on both a
100 mm VAS and a 4 point severity scale (0 = none, 1 = mild, 2 = moder-
ate, 3 = severe). Those scoring ≥ 50 mm on the VAS and at least “moder-
ate” pain on the 4 point scale were then assigned to the lowest available
randomization number allocated to the site and asked to complete the
Western Ontario and McMaster (WOMAC) Osteoarthritis Index
Questionnaire (version VA 3.06; each question was answered as 0 = none,
1 = mild, 2 = moderate, 3 = severe, or 4 = extreme).

Treatment phase. Kits containing tubes of blinded active or placebo study
medication bearing the patient number were prepackaged according to a
computer generated randomization schedule. The treatments assigned to
the patient numbers were unknown to all personnel involved in the study
until the clinical phase was completed and the data were clean. Each site
was assigned a series of consecutive randomization numbers from the
schedule and corresponding kits. As a patient qualified to be randomized,
the patient was assigned the lowest randomization number available at the
site. The medication kit corresponding to the randomization number was
supplied to the patient with a treatment-phase diary and a fresh supply of
rescue medication. Patients were instructed to apply 4 g of the gel to the
front of the knee 4 times daily and rub in for no more than 1 minute until
the gel vanished, paying specific attention to the medial (internal) area. A
measuring device was supplied to standardize the application. Patients were
permitted to use up to 4 tablets of rescue medication per day for all pains
they experienced regardless of origin. Use of any other analgesics, systemic
steroids, or antidepressant medications was prohibited and nonpharmaco-
logic therapy could not be introduced, changed, or discontinued during the
treatment phase.

The treatment-phase diary was completed daily for the duration of par-
ticipation in the study. Patients continued to record all use of rescue med-
ication and daily assessments of pain on movement and spontaneous pain
as in the washout phase (Table 1). Additionally, they recorded the times of
all doses of study medication applied and also assessed daily pain relief at
the end of the day or at time of first use of rescue medication.

Table 1. Efficacy assessments.

Diary-based efficacy assessments (daily at the end of each day or before the intake of rescue medication)
Pain on movement: “How do you estimate the amount of your knee pain while you are moving during your daily activities?”

• Visual analog scale (VAS): 100 mm; 0 = no pain, 100 = unbearable pain
Spontaneous pain: “How do you describe the pain that you experienced in your treated knee today?”

• 4 point scale: 0 = none, 1 = mild, 2 = moderate, 3 = severe
Pain relief: “How much pain relief did you experience in your treated knee today?”

• 5 point scale: 0 = none, 1 = a little, 2 = some, 3 = a lot, 4 = complete
Study center-based efficacy assessment (every 7 days)

Pain intensity in the target knee “right now”: “How would you describe your knee pain right now?”
• After sitting for 30 minutes
• VAS: 100 mm; 0 = no pain, 100 = unbearable pain
• 4 point scale: 0 = none, 1 = mild, 2 = moderate, 3 = severe (baseline visit only)

WOMAC Questionnaire:
• Pain (5 questions), stiffness (2 questions), and physical function (17 questions)
• 5 point scale: 0 = none, 1 = mild, 2 = moderate, 3 = severe, 4 = extreme

End of study global evaluation of treatment: “How do you rate this medication as a treatment of the pain of osteoarthritis of the knee?”
• 5 point scale: 0 = poor, 1 = fair, 2 = good, 3 = very good, 4 = excellent
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Patients were scheduled to return to the study center every 7 days over
the treatment phase for pain and functional ability assessments. These
included pain intensity on a 100 mm VAS and the pain, stiffness, and phys-
ical function indices of the WOMAC (Table 1). At each visit, compliance
to dosing, use of rescue medication, and diary completion were checked
and use of concomitant medications and incidence of adverse events were
updated. At the end of study visit, patients assessed global treatment
efficacy.

End of study blood and urine samples were collected for laboratory
assessments.

Statistical methods. The primary efficacy outcome was the diary assess-
ment of daily pain on movement averaged over Days 1–14. A sample size
of 120 per group was planned to provide 80% power to declare a statisti-
cally significant difference if the average pain on movement over Days
1–14 for active gel was 7.5 mm lower than for placebo gel, assuming a
standard deviation of 20 mm.

The intent-to-treat efficacy analysis included all randomized patients
who used any study medication and provided any post-baseline efficacy
data. However, one patient was randomized to placebo despite reporting no
pain in the diary over the final 3 days of the washout period and no pain at
the baseline visit. Therefore, this patient was excluded from the intent-to-
treat efficacy analysis. Other patients were excluded from analyses of spe-
cific outcomes when imputation procedures specified below did not yield
an outcome value for the analysis.

For the 3 daily diary assessments (Table 1), pain on movement, sponta-
neous pain, and pain relief, the treatments were compared daily and also
averaged over Days 1–7, 8–21, and 1–14 using ANOVA with main effects
of center and treatment. For pain on movement and spontaneous pain, a
baseline covariate term was also included, defined as the average of all
daily assessments during the washout. Supplementary comparisons of the
treatments each day on each of the 3 daily diary assessments were con-
ducted using the same ANOVA models. When computing the averages over
the various day ranges, gaps in the daily diary assessment record of up to 3
days were imputed by averaging the 2 surrounding non-missing assess-
ments. Subjects with gaps > 3 days were excluded from the analyses of
averages over any day range that coincided with the gap. If subjects com-
pleted diaries for at least the first 3 days, but stopped completing diaries
before Day 21, the missing diaries were imputed by carrying the last non-
missing diary record forward.

Percentage of days using rescue medication and average number of
tablets used per day were compared using the Cochran-Mantel-Haenszel
comparison of treatment means, stratified by center.

For the assessments at the weekly visits to the study site, the WOMAC
indices, and pain intensity (Table 1), the treatments were compared using
ANOVA, with main effects of center and treatment and the value assessed
at the baseline visit as covariate. Each WOMAC index was computed by
adding together the responses to the relevant questions and each index total
was multiplied by a scale factor to be defined on a 0–100 scale. Missing
assessments after premature discontinuation were imputed by carrying for-
ward results from the last visit.

After the study was unblinded, it was decided to calculate the
OARSI/OMERACT response rate (Osteoarthritis Research Society/
Outcome Measures in Rheumatology). An OARSI/OMERACT task force
determined that 3 symptomatic domains should be included in phase III
clinical OA trials — pain, physical function, and patient global assessment
— and that response should be defined in terms of both an absolute change
and a relative change from baseline levels7. However, a global rating of dis-
ease was not assessed in this study so the definition was modified.

Treatment was considered successful if (1) the WOMAC index of
pain or of physical function declined by 50% or more and by at least 20
points on a 0–100 scale, or (2) the WOMAC indices of pain and physical
function both declined by 20% or more and by at least 10 points on a
0–100 scale at the end of the study. Success rates were compared between
treatment groups with the Cochran-Mantel-Haenszel test stratified by
center.

Safety was summarized as frequency of adverse events and incidence
of clinically relevant changes in laboratory parameters from baseline to the
end of the study.

RESULTS
Between November 2001 and August 2002, 267 patients
were screened, of whom 238 completed the washout and
were randomized, 117 to diclofenac gel and 121 to placebo
gel (Figure 1). A total of 15 (13%) diclofenac gel patients
and 23 (19%) placebo patients discontinued prematurely. Of
these 38 patients, 26 were discontinued for protocol viola-
tions, primarily of inclusion and exclusion criteria. One cen-
ter, which had randomized 3 patients, was found to be non-
compliant with the protocol. The 3 patients were discontin-
ued from the study and the center was closed.

There were no statistically significant differences
between treatment groups in important demographic and
background disease characteristics (intent-to-treat efficacy
population, Table 2). Study patients were all Caucasian;
almost 2/3 were female and the mean age was 66 years. Few
(< 10%) were receiving physical therapy and < 30% in
either group had periarticular pain, caused by OA in all
instances. Just below 30% in either group had moderate or
severe swelling of the joint capsule. About 15% in either
group had joint effusion. Almost all patients had osteo-
phytes, joint space narrowing, and sclerosis, and a few had
subchondral cysts.

Assessments provided by the patients in the intent-to-
treat efficacy population during the washout and at the base-
line visit are summarized in Table 3. Mean duration of
washout was roughly 5 days. About 1/3 of patients in either
group used rescue medication during the washout, with a
mean of 0.5 tablets of rescue medication used per day. For
most patients the score recorded for the various measures
during the washout phase and baseline visit were consistent
with a moderate level of OA pain.

Diary-based efficacy assessments. Seven patients (3 active
gel, 4 placebo) in the intent-to-treat efficacy population
were excluded from the intent-to-treat analysis of the pri-
mary outcome (end of day pain on movement averaged over
Days 1–14) because they provided either no pain on move-
ment assessments over the washout period or at most one
assessment during the treatment phase, or because of a gap
of > 3 days in their diary record during the first 14 days,
which was not imputed. In the remaining 230 patients (114
using diclofenac gel and 116 placebo), diclofenac gel was
significantly superior to placebo, with a difference of 4 mm
averaged over Days 1–14 (p = 0.02; Table 4). Separation of
the diclofenac gel and placebo pain curves developed steadi-
ly over the first 2 weeks, and was generally maintained over
the third week (Figure 2). Using the same ANOVA model as
for the primary outcome, diclofenac gel was significantly
superior to placebo in daily end of day pain on movement at
Days 5, 6, 11–16, and 18–21. Diclofenac gel was not signif-
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icantly superior in pain on movement averaged over Days
1–7, representing the period over which differences between
treatment groups gradually developed, but was significantly
superior in pain on movement averaged over Days 8–21, the
period in which a difference was already evident, with an
average difference of 6 mm (p = 0.005; Table 4).

A lesser degree of difference between treatment groups
was found in the analysis of spontaneous pain, with a statis-
tically significant difference in the average over Days 8–21
(p = 0.02; Table 4). No significant difference was noted in
the comparison of end of day pain relief over any timeframe.

A slow but steady reduction in use of rescue medication
was seen over the 3 weeks of dosing, but there were no dif-
ferences between diclofenac gel and placebo in patterns of
use of rescue medication (Table 4).

Study center-based efficacy assessments. One active-treat-
ment patient was excluded from the analyses of WOMAC
and pain intensity and one placebo patient was excluded
from the analysis of pain intensity because they did not sup-
ply baseline values. In the remaining patients, diclofenac gel
was significantly superior to placebo on the assessment of
pain intensity at all 3 weekly visits, with a difference of 6

mm at the Week 1 visit (p = 0.03) and peak difference of 11
mm (p = 0.0002) at the Week 2 visit (Table 5). Significant
superiority of diclofenac gel over placebo on the WOMAC
indices developed over 2 weeks, with a mean difference of
roughly 7–9 points on the 100 point scale for all 3 indices at
Weeks 2 and 3.

The end of study OARSI/OMERACT response rate for
diclofenac gel was significantly superior to the placebo rate,
62% versus 46% (p = 0.01; Table 5). At the end of the study,
patients rated diclofenac gel as significantly more effective
in treating the pain of OA of the knee (p = 0.03; Table 5)
with 69% rating it as “good”, “very good,” or “excellent”
compared to only 58% for placebo.

Defining duration of the washout as either 1–4 days or 
> 4 days split the study population into 2 groups of roughly
equal size (Table 2). In an exploratory analysis not prespec-
ified in the protocol, efficacy of diclofenac gel, as assessed
by end of day pain on movement recorded in the daily
diaries, was found to be dramatically different in those with
the longer washout compared to those with the shorter
washout. In patients with washout of > 4 days, the difference
between treatments in pain on movement at Day 2 was

Figure 1. Patient disposition. ITT: intent-to-treat.
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already 7 mm, climbing to 14 mm by the end of Week 2
(Figure 3).

Safety. Adverse events were infrequent in both treatment
groups. In each group there were 11 patients (9%) with one
or more adverse events. Two patients, both in the placebo
group, experienced GI adverse events (dry mouth and nau-

sea). Four patients in the diclofenac gel group experienced
adverse events of the skin or subcutaneous tissue (one
Quincke’s edema, one allergic contact dermatitis, and 2
application site reactions), versus 3 placebo patients (appli-
cation site irritation and inflammation, application site burn-
ing, and allergic contact dermatitis). One serious adverse
event, a brain tumor, occurred in one placebo patient.

There were no changes of note in hematology, serum
chemistry, or urinary laboratory measures in the active or
placebo group from the baseline visit to the end of the study.
Mean values of serum glutamic oxaloacetic transaminase
(SGOT), serum glutamic pyruvic transaminase (SGPT),
total bilirubin, and alkaline phosphatase changed by 3% or
less over the 3 weeks of the study in either treatment group.
No patient in the diclofenac gel group had SGOT or SGPT
elevated to twice the upper limit of normal (2x ULN) at
either the baseline or final visit. In contrast, 3 placebo
patients had SGPT elevated to 2x ULN and 2 other placebo
patients had SGOT elevated to 2x ULN at the final visit.
None of these abnormalities was considered clinically sig-
nificant.

DISCUSSION
The objective of this well powered study of modern clinical
design was to demonstrate the efficacy and safety of
diclofenac DEA gel to relieve the symptoms of OA of the
knee. Efficacy developed over the course of the first week,
reached a peak during the second week, and was maintained
over the third week. With the active gel significantly greater
rates of response, based on OARSI/OMERACT criteria,
were seen at the end of the study. Improvement was shown
in all measures of pain (spontaneous pain, pain intensity
“right now,” pain on movement, WOMAC pain index), as
well as in the WOMAC physical function index, indicating
that treatment with diclofenac gel increased the ability of
these patients to follow their daily routine. The WOMAC
physical function index includes questions regarding the
degree of difficulty going up and down stairs, standing,
bending, walking, and performing many other routine daily
activities. There were no safety issues; both the adverse
event experience and the laboratory profiles were identical
comparing the active gel and placebo groups.

The finding of greater efficacy in patients with a longer
washout period (> 4 days) suggests that a longer washout
may be necessary to establish a real baseline, and that wash-
ing out for the traditional 5 half-lives of the previous thera-
py may not always suffice. No definitive conclusion can be
drawn from this analysis, which was specified after the data
were unblinded. Nonetheless, if reproducible, the finding
above would have important consequences in the design of
future studies.

Statistically significant separation from placebo was not
seen until Day 5. This differs from oral NSAID, which typ-
ically demonstrate first-dose efficacy, possibly reflecting an

Table 2. Demographic/background disease characteristics.

ITT Efficacy Population Diclofenac Gel, Placebo,
n = 117 n = 120

Age, yrs, mean (SD) 66 (9) 66 (9)
BMI

Male, mean (SD) 29 (6) 28 (5)
Female, mean (SD) 28 (4) 28 (5)

Female, % 62 65
Caucasian, % 100 100
Receiving physiotherapy, % 7 8
Has periarticular pain, % 29 29
Has moderate or severe tenderness on pressure†, %

Joint space medially 92 94
Joint space laterally 30 21
Patella medially 47 34
Patella laterally 15 13

Has moderate or severe swelling of 27 28
Joint capsule†, %
Has joint effusion, % 15 14
Has

Osteophytes, % 99 99
Sclerosis, % 90 92
Subchondral cysts, % 16 12
Joint space narrowing, % 96 97

† Measurement scale: 0 = none, 1 = mild, 2 = moderate, 3 = severe. ITT:
intent-to-treat, BMI: body mass index.

Table 3. Washout and baseline visit symptom assessments.

ITT Efficacy Population Diclofenac Gel, Placebo,
n = 117 n = 120

Washout
Duration ≤ 4 days, % 46 49
Duration (days), mean (SD) 5.3 (3.0) 5.0 (3.0)
Used any rescue medication, % 35 31

Tablets/day, mean (SD) 0.5 (0.8) 0.5 (0.9)
Daily pain on movement*, mean (SD) 66 (15) 67 (14)
Daily spontaneous pain†, mean (SD) 2.1 (0.4) 2.1 (0.5)

Baseline symptom assessments
Pain intensity††, mean (SD) 69 (10) 66 (12)

% Moderate/% severe 77/20 73/19
WOMAC, mean (SD)

Pain score 48 (16) 47 (16)
Physical function score 53 (15) 51 (15)
Stiffness score 48 (21) 46 (17)

* Pain on movement measured daily on VAS (0 = no pain, 100 = unbear-
able pain), averaged over washout. † Spontaneous pain (i.e., pain in gener-
al) measured daily. †† Pain intensity “right now,” measured at the baseline
visit (0 = none, 1 = mild, 2 = moderate, 3 = severe); also on VAS (0 = no
pain, 100 = unbearable pain) at all visits.
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effect on pain of systemic origin. The delay in onset of effi-
cacy did not result in intolerable pain in most patients; only
a third of patients used acetaminophen rescue medication
during the first week, and those patients used, on average,
less than half a tablet per day. Patients did not generally con-
sider the delay an important negative attribute of diclofenac
gel. On the global assessment of treatment provided by the
patients after 3 weeks of dosing, a substantial majority of

patients were satisfied with diclofenac gel as a treatment for
OA of the knee.

It is not clear why use of rescue medication during the
treatment period in the active gel group was comparable to
use in the placebo group. It may be that acetaminophen as
rescue medication was used to treat occasional OA knee
pain of systemic origin that would not be addressed by a
locally acting topical NSAID. Alternatively, it must be noted

Table 4. Diary-based efficacy assessments.

Day Range Diclofenac Gel, Placebo, Difference p
n = 117 n = 120

Decline from baseline* in pain on movement*** averaged over days, mean (SD)
1–14** 14 (16) 10 (13) 4 0.02
1–7 10 (15) 7 (13) 3 0.10
8–21 20 (19) 14 (17) 6 0.005

Decline from baseline* in spontaneous pain*** averaged over days, mean (SD)
1–7 0.28 (0.43) 0.20 (0.43) 0.08 0.14
8–21 0.52 (0.55) 0.36 (0.54) 0.16 0.02

Pain relief*** averaged over days, mean (SD)
1–7 1.10 (0.82) 1.04 (0.71) 0.06 0.49
8–21 1.51 (0.93) 1.34 (0.79) 0.17 0.10

N; Used any rescue medication, %; average no. tablets/day†

Overall 117;39;0.4 120;39;0.4 > 0.80††

Week 1 117;33;0.4 120;33;0.4 > 0.80††

Week 2 114;32;0.4 114;30;0.4 > 0.80††

Week 3 111;29;0.4 107;23;0.3 > 0.50††

* Baseline was average of assessment over washout, see statistical methods. ** Protocol-specified primary effi-
cacy outcome. *** Pain on movement measured daily on VAS (0 = no pain, 100 = unbearable pain); spontaneous
pain (i.e., pain in general) measured daily (0 = none, 1 = mild, 2 = moderate, 3 = severe); pain relief measured
daily (0 = none, 1 = a little, 2 = some, 3 = a lot, 4 = complete). † N: number of subjects with any diary records
in period, number of tablets per day is averaged over N. †† Describes p values for both percentage used any res-
cue medication and number of tablets per day.

Figure 2. Daily end-of-day pain on movement scores over 3 weeks. 0 = no pain, 100 = unbearable pain.
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that patients used rescue medication in this study for all
aches and pains they experienced, and not only for pain of
OA of the knee. In a study comparing a systemic NSAID to

a placebo, one could expect less use of rescue medication in
the active group, even for conditions other than OA of the
knee. However, in this study of a topical NSAID, one would

Table 5. Study center-based efficacy assessments.

Week Diclofenac Gel, Placebo, Difference p
n = 117 n = 120

Decline from baseline visit in pain intensity, mean (SD)
1 18 (20) 12 (18) 6 0.03
2 27 (23) 17 (21) 11 0.0002
3 34 (26) 25 (24) 9 0.006

Decline from baseline visit in WOMAC pain score, mean (SD)
1 11 (14) 8 (14) 3 0.22
2 17 (18) 9 (18) 8 < 0.0001
3 22 (21) 14 (23) 9 0.0002

Physical function score, mean (SD)
1 11 (13) 8 (12) 3 0.12
2 18 (17) 11 (15) 7 0.0002
3 23 (21) 16 (22) 8 0.001

Stiffness score, mean (SD)
1 11 (18) 8 (15) 3 0.30
2 17 (21) 11 (20) 7 0.002
3 22 (23) 14 (24) 9 0.0004

End of study global treatment efficacy, %
Poor 5 7 0.03
Fair 25 35
Good 39 38
Very good 22 14
Excellent 9 6

OARSI/OMERACT response rate at final visit, %
62 46 0.01

Figure 3. Daily end-of-day pain on movement scores over 3 weeks by duration of washout period. 0 = no pain,
100 = unbearable pain.
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expect comparable use of rescue medication for conditions
other than OA of the knee. In the end, only 39% of patients
required rescue medication at any time during the study, and
those patients averaged 0.4 tablets/day even in the placebo
group.

A recently published metaanalysis of topical NSAID8

questions their efficacy in the longterm treatment of OA. It
concludes from the available data that topical NSAID are
effective in the first 2 weeks of use, but there is no evidence
of efficacy in Weeks 3 or 4. The negative results at Weeks 3
and 4 in the metaanalysis came from studies of other topical
NSAID that were not effective in Weeks 1 and 2 either. It
would therefore seem that the efficacy of each topical
NSAID must be considered separately from all others. Two
recent systematic reviews on topical NSAID conclude that
there is a body of evidence to support the efficacy in treat-
ing acute painful conditions for one week9 and chronic mus-
culoskeletal conditions for 2 weeks10.

Mason, et al9 analyzed the outcome close to 7 days and
found an average placebo response of 39% compared to a
NSAID response of 65% in treating acute painful condi-
tions. For chronic musculoskeletal pain Mason, et al10

focused on outcomes close to 2 weeks, but at least a week,
and reported a mean placebo response of 26% compared to
an NSAID response of 48%.

Studies with a duration of either 4 weeks or 12 weeks
were conducted with a topical 1.5% diclofenac solution con-
taining dimethyl sulfoxide (DMSO) to enhance penetration
through the skin11-13. Treatment resulted in high efficacy
rates, but a substantial incidence of skin-related adverse
events was reported, with 27%–41% of patients in the topi-
cal diclofenac groups reporting adverse events, apparently
caused by DMSO.

Our study documents a significant treatment effect at
Week 3 combined with favorable tolerability and further
adds to the favorable efficacy and tolerability profile of
diclofenac gel in the topical treatment of rheumatic diseases
of the joints. Further, the topical treatment with diclofenac
gel has proven to be superior with regard to GI events and at
least as effective as the oral NSAID. This has been observed
in a recent double blind, randomized study of topical
diclofenac gel versus oral ibuprofen over 3 weeks in patients
with active OA of the finger joints (Heberden and/or
Bouchard arthritis)14.

A key issue to consider is the clinical relevance of the
effect of diclofenac gel. For proof of efficacy in OA pain,
evaluations of the target joint supported by functional eval-
uations are requested15. Only limited information is avail-
able from the literature on pain evaluation regarding the
minimum clinically perceptible difference and the minimum
clinically important improvement16. The conclusions of
these reports relate exclusively to the change from baseline
that a patient would consider relevant, rather than the differ-
ence between active treatment and placebo in change from

baseline, e.g., the treatment effect in our study. However, the
results of those studies are relevant if one thinks of the
results in our placebo group as a baseline and treats the
results in our active group as if they are a change from that
baseline. 

With regard to the literature, a pain difference of 9 to 10
mm on a 100 mm VAS pain scale can be regarded as the
minimum clinically relevant difference between active gel
and placebo vehicle. Eberle and Ottillinger17 analyzed 3
clinical studies to establish the minimum clinically impor-
tant change scores in knee OA. For VAS pain measures, a
mean difference of 8.4 mm was considered the minimal
clinically important change from baseline. Ehrich, et al18

analyzed 2 clinical studies of OA of the knee or hip and
determined the minimal perceptible clinical improvements
as 9.7 mm for the WOMAC pain scale. Other authors report
clinically relevant pain differences of 13 mm19, 9 mm20, or
6.2 mm21, depending on the pain condition and the underly-
ing disease. In our study, differences between diclofenac gel
and placebo vehicle after the first week were in the range of
6–10 mm depending on the assessment (pain intensity, pain
on movement, WOMAC). Thus, the results are consistent
with the range of values that have been proposed as defining
a clinically relevant difference. The clinical relevance of the
observed changes with diclofenac gel is further documented
by the superior results of the WOMAC subscore evaluations
at Weeks 2 and 3. The WOMAC pain score improved by
35% and 47%, respectively, for active gel compared to only
20% and 29% for the placebo vehicle.

These results can be explained by therapeutically effec-
tive concentrations in the tissue below the site of applica-
tion, as found in earlier studies of diclofenac DEA, espe-
cially in the periarticular tissue22 and intraarticular compart-
ment23,24. In a well designed study Rolf, et al24 showed that
high intraarticular concentrations, with limited systemic
exposure, can be achieved with topical ketoprofen, and con-
cluded that less-vascularized tissue may act as reservoirs.
Theoretical consideration allows bridging these results to
diclofenac25. A recent review acknowledges that locally
applied NSAID do reach the synovial fluid compartment
and can concentrate in the intraarticular tissue5.

Given the favorable tolerability profile of topical
diclofenac gel and the risk of NSAID-mediated GI events on
oral treatment, it seems rational to give patients with rheu-
matic joint pain a trial of topical treatment prior to institu-
tion of oral NSAID. With the additional evidence of effica-
cy and safety of diclofenac gel that has now been demon-
strated, it should be considered as an appropriate first-line
option for the treatment of pain in OA of small and large
joints.

In summary, diclofenac DEA gel applied 4 times daily
has been shown to effectively relieve the pain of OA of the
knee in a large, placebo controlled study with well accepted
clinical pain measurements. Therefore diclofenac DEA gel
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can be recommended as first-line therapy for the treatment
of the pain of OA of the knee.
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