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Abstract

Purpose The present study was designed to evaluate the
penetration of diclofenac sodium 4 % spray gel in synovial
tissue, synovial fluid and blood plasma after topical
application in subjects with joint effusions and planned
total knee arthroplasty (TKA) due to osteoarthritis.
Methods A total of 39 patients were randomised to two-
or three-times daily application of diclofenac sodium 4 %
spray gel to knees requiring surgery over a treatment period
of 3 days. Within 8 h after the last application, TKA was
conducted, and the diclofenac concentrations in synovial
tissue, synovial fluid and blood plasma were measured by
liquid chromatography.

Results The median diclofenac concentration was
approximately 10-20-fold higher in synovial tissue (36.2
and 42.8 ng/g) than in synovial fluid (2.6 and 2.8 ng/mL)
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or plasma (3.9 and 4.1 ng/mL) in both treatment groups.
Dose proportionality for any compartment or treatment
groups could not be detected. Treatment-related adverse
events were noted in two cases and limited to skin
reactions.

Conclusion Diclofenac sodium 4 % spray gel was
found to penetrate the skin locally in substantial amounts
and thus reach the desired target tissue. Concentrations
were not dose-dependent, and application was well tol-
erated by 97.4 % of patients. Topical application of
diclofenac should be considered a valuable alternative to
systemic NSAID therapy in the initial treatment of
osteoarthritis.
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Introduction

Topical non-steroidal anti-inflammatory drugs (NSAIDs)
are effective analgesics that are commonly used to treat
acute pain and inflammation [16, 20]. They have been
recommended as first-line therapy in chronic rheumato-
logic disorders such as osteoarthritis (OA) before the use
of systemic NSAIDs [14, 26, 27] because they have
comparable efficacy and are, in general, more tolerated
(especially if used in the longer term) [17, 20]. Never-
theless, there is controversy as to whether topical
NSAIDs reach target tissues in quantities sufficient for a
relevant therapeutic effect and, in the case of OA, the
exact identity of the target tissues [2]. Therefore, most
orthopaedic clinicians are unsure of the value of topical
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NSAID therapy and favour systemic NSAIDs for the
initial treatment of arthritis pain.

Cartilage does not contain blood vessels or nociceptors.
Hence, joint pain cannot arise from it during degeneration
but instead must originate from other structures within the
joint (e.g., synovial membrane, joint capsule, periarticular
muscles and ligaments, periosteum, subchondral bone)
[2, 10]. The efficacy of a topical NSAID is influenced by
the extent to which the drug penetrates inflamed tissues [4].
Hence, measurement of the drug concentration in synovial
fluid and synovial tissue can provide valuable information
regarding its likely clinical effect in OA [3]. The ideal
scenario is a high concentration of drug at these target
tissues, with a low concentration in plasma to minimise
adverse events in gastrointestinal, cardiovascular or renal
systems [4].

Diclofenac sodium 4 % spray gel (DSSG; Mika Pharma,
Speyer, Germany) is a topical NSAID indicated for painful,
inflammatory, rheumatic or traumatic complaints in mus-
cles, joints or tendons. If the solution is sprayed onto the skin,
evaporation of the alcoholic components causes changes in
its viscosity and a low-viscosity gel results, which promptly
adheres to the skin. The active substance is absorbed through
the skin and permeates into deeper tissue layers. The unique
formulation of DSSG was developed to enhance skin pene-
tration and thus improve local delivery of the drug to deeper
target tissue layers rather than to the systemic circulation [5].
Several studies have focused on measurement of the con-
centration of diclofenac in synovial fluid and blood plasma
after topical application [25], but it is unclear if the drug
reaches its desired target tissue in such treatment.

Therefore, the aim of the present randomised, open-
label, parallel-group study was to investigate the pene-
tration of DSSG into the synovial tissue, synovial fluid
and blood plasma of patients with joint effusions and
planned knee-joint replacement surgery. The hypothesis
of the study was that higher concentrations of diclofenac
would be found in synovial tissue than in synovial fluid
and plasma. This study should enhance knowledge about
the efficacy of topical NSAIDs to reach the target tissue
and encourage colleagues to consider topical NSAIDs the
first-line alternative before the use of systemic drugs.

Materials and methods

This randomised, open-label, parallel-group, single-centre
clinical study was approved by the Ethics Committee of the
University Hospital Marburg. Informed consent was
obtained from all patients. The project was undertaken in
accordance with the Helsinki Declaration and Guidelines of
Good Clinical Practice (EudraCT number, 2007-003782-
40).
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To ensure that the collection of samples for the deter-
mination of diclofenac concentration would not involve
additional interventions and consequent risk, patients with
joint effusions and planned knee-joint replacement surgery
were selected. The exclusion criteria were severe con-
comitant gastrointestinal, renal, hepatic or coagulation
disorders likely to prohibit the use of diclofenac; intra-
articular injections (e.g., corticosteroid, hyaluronic acid)
into the target knee <3 months before enrolment; any form
of diclofenac administration (e.g., oral, intramuscular,
intra-articular, soft-tissue injections or topical) <2 weeks
before enrolment; skin disease located on the study knee to
be treated with the study drug.

The study involved four site visits. The first involved an
initial screening visit for evaluation of eligibility. The
second was a baseline visit for the enrolment of subjects
with documentation of: demographic data; the diagnosis;
medical history; confirmation of inclusion/exclusion crite-
ria; blood sampling for determination of pre-study plasma
concentration of diclofenac; first dosing of the study drug.
The third visit was for the end of treatment—after 3 days
(or earlier in the case of a premature discontinuation), any
remaining study drug was collected, patients were checked
for compliance and adverse events recorded after knee
surgery. The final visit was <8 h from the last application
of the study; samples of synovial tissue and synovial fluid
as well as further blood tests for plasma levels of diclofe-
nac were obtained during planned knee arthroplasty. The
total length of the study was 5 & 2 days (including 3 days
of treatment with the study drug).

Intervention

Patients were randomised (computer-generated by an
independent statistician) to two- or three-times daily
application of DSSG over a treatment period of 3 days
until surgery. Instructions were given to apply the drug at
about the same time every day and at intervals of about 12
or 8 h, respectively, with the last application <8 h before
surgery. Patients were advised to gently spread and rub in
the applied amount of spray gel onto intact skin and wait
3-5 min until absorption was complete. Application of the
study drug was done 1 h before washing the study knee.
Patients were given a subject diary at enrolment to docu-
ment application of the study drug. The drug was supplied
in bottles containing 25 g of solution. One dose (five full
pump strokes, 1 g of solution) equaled 40 mg diclofenac
sodium for topical application. Therefore, patients received
80 mg (group 1) or 120 mg (group 2) diclofenac sodium
per day and either 240 mg (group 1) or 360 mg (group 2)
diclofenac sodium over the entire treatment period. A dose
of 40 mg was calculated after a review of the literature
[5, 22, 25] and was doubled in one group to detect the
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possible dose dependency of pharmacologic effects. Con-
comitant local treatment other than the study medication
was not allowed for application on either knee. This
included the application of any other topical and intra-
articular formulations of herbal agents, other analgesics,
NSAIDs, muscle relaxants, corticosteroids, anticoagulants
as well as physical treatment.

Sample analyses

During knee-replacement surgery, two tissue samples of
synovial tissue (approximately the size of a pea), a sample
of synovial fluid (about 2.5-5.0 mL) and a blood sample
(about 5.0 mL) were collected. Samples were stored at
—20 °C until analyses for determination of diclofenac
concentration. Diclofenac concentrations in synovial tissue,
synovial fluid and blood plasma were determined accord-
ing to Good Laboratory Practice using validated
(Pharmakin GmbH, Ulm, Germany) liquid chromatogra-
phy-mass spectrometry methods (LC-MS/MS) with lower
limits of quantification (LLOQ) of <0.15 ng/mL (plasma
and synovial fluid) and <1.5 ng/g (synovial tissue).

Efficacy (pharmacokinetic)

The primary pharmacokinetic variable was the diclofenac
concentration measured <8 h from the final application in
plasma and in the synovial fluid and synovial tissue of the
knee treated for 3 days with the study drug. The tolerability
of DSSG was evaluated by monitoring the nature, severity
and frequency of adverse events and serious adverse
events.

Statistical analyses

Due to the exploratory character of the study, an estimation
of sample size was not carried out. However, the sample
size selected for the present study is in general agreement
with similar studies [22, 23].

The study populations were the intention-to-treat (ITT)
population (including all patients with at least one dose of
the study drug) and the per-protocol (PP) population
(involving patients in the ITT population without major
deviations in protocols).

Descriptive statistics were used to summarise the dic-
lofenac concentrations in synovial tissue and synovial fluid
as well as the diclofenac concentrations in blood plasma.
Concentrations below the LLOQ were imputed with half of
the LLOQ. Descriptive statistics of concentrations were
calculated if at least two-thirds of the individual values
were equal or above the LLOQ. The measured diclofenac
concentrations did not have a normal distribution in the
study population, so median diclofenac concentrations and

ranges are shown. Differences in concentrations between
treatments were described with the p value of the exact
Wilcoxon 2 samples test at p = 0.05. The correlation
between the diclofenac concentration in synovial tissue,
synovial fluid and blood plasma and the compliance of the
subjects were investigated using the Spearman correlation
coefficient (p value of test “coefficient” = 0).

Results

Overall, the demographic and baseline characteristics
between the two treatment groups were comparable
(Table 1). All patients were Caucasian, and 67 % were
non-smokers; 82 % were >60 years of age. All 39 patients
were included in the ITT group. The nature and frequency
of prior and concomitant illnesses were as expected in
elderly patients, and there was no relevant difference
between the two treatment groups. The most common
prior/concomitant illnesses were hypertension, allergies,
hypercholesterolemia and diabetes mellitus (DM). Prior
and concomitant medications related to these diseases were
common. Other common medications were given during
the study as part of the routine surgical procedure
(including a standard anaesthetic as well as antibiotic
prophylaxis to prevent infection).

Protocol deviations considered to have a relevant effect
on the results occurred in eight patients, so 31 patients
completed the study and were included in the PP group.
One patient discontinued due to an adverse event and did
not have a final assessment. Major protocol deviations
occurred in four patients. Two patients received >120 % of
the intended diclofenac concentration and two patients
<60 % of the intended diclofenac dose. These deviations
were considered to have a relevant effect on the results and
are not included in the PP-population.

At enrolment, low plasma concentrations of diclofenac
were present in both application groups. After treatment,
measurable diclofenac concentrations were detected in all
three target compartments (Table 2), and the concentration
of diclofenac was approximately 10-20-fold higher in
synovial tissue than in synovial fluid or blood plasma.
There were large variations in diclofenac concentrations
between individual patients, with no clear dose propor-
tionality for any compartment or treatment group.

Two patients (5 %) experienced adverse events: one
with a rash at the administration site and a severe adverse
event in another patient who had a stroke. The rash was
assessed to be mild and probably related to the study
product because it resolved after the discontinuation of
treatment (the patient removed himself from the study).
The stroke occurred after the completion of treatment and
was assessed as being unrelated to diclofenac and possibly
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Table 1 Patient demographics

Characteristic Unit Diclofenac sodium 4 % spray gel
2 x 40 mg 3 x 40 mg All groups
(n =20) n=19 (n=39)
Male/female n 9/11 12/7 21/18
Mean age (SD) Years 64 (9.4) 68 (7.3) 66 (8.6)
Mean height (SD) cm 170 (10.3) 173 (8.4) 172 (9.4)
Mean weight (SD) kg 82 (15.6) 88 (14.9) 85 (15.4)
Mean body mass index (SD) kg/m2 28 (4.8) 29 (12.3) 29 (4.2)
Smoking status
Never n (%) 11 (55) 15 (79) 26 (67)
Current n (%) 6 (30) 4 (21) 10 (26)
Former n (%) 3 (15) 0 3(8)
Table 2 Diclofenac Compartment Median diclofenac concentration (range)

concentrations in plasma,
synovial fluid and synovial
tissue after topical treatment

Group 1 (2 x 40 mg/day) Group 2 (3 x 40 mg/day)

with diclofenac sodium 4 %
spray gel two or three times per
day

ITT population
Plasma (ng/mL)
Synovial fluid (ng/mL)
Synovial tissue (ng/g)
Per-protocol
Plasma (ng/mL)
Synovial fluid (ng/mL)
Synovial tissue (ng/g)

n=20 n=19

3.9 (1.3-302.2) 4.1 (1.1-23.0)
2.6 (0.4-408.5) 2.8 (0.2-47.1)
36.2 (1.2-1,232.0) 42.8 (0.8-594.0)
n=17 n=14

4.1 (1.3-7.9) 4.2 (1.1-23.0)
3.0 (0.4-408.5) 2.7 (0.347.1)

40.9 (1.2-1232.0) 74.9 (4.3-594.0)

due to underlying comorbidities of the patient. Therefore,
only one patient (2.6 %) experienced a probable drug-
related adverse event. No other severe adverse events were
reported during the study (Fig. 1).

Discussion

The most important finding of the present study was that
topically applied Diclofenac sodium 4 % spray gel can
penetrate the skin in substantial amounts and reach the
synovial membrane. The median diclofenac concentration
was 10-20-fold higher in synovial tissue than synovial
tissue or blood plasma. Among patients receiving topical
diclofenac, only one patient developed skin irritation.

The rate and extent of drug permeation of a topical drug
are dependent upon several factors. These include its for-
mulation [12, 24] and specific characteristics [4], which
can influence its distribution in inflamed tissue in condi-
tions such as OA. Diclofenac sodium is not readily
absorbed upon dermal application [21], and many strate-
gies have been suggested to overcome the low permeability
of the drug through the skin [23]. Once it has been
absorbed cutaneously, diclofenac sodium must reach the
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target tissues in therapeutic concentrations. Diclofenac is
strongly bound to protein, has a short plasma half-life, a
low volume of distribution and is weakly acidic. These
characteristics, combined with changes in the hemody-
namics of inflamed tissues, mean that diclofenac should be
distributed to areas of inflammation rather than to plasma.
A diclofenac formulation with a high degree of skin per-
meation and preferential distribution to the affected com-
partment would be useful not only for the treatment of
locally inflamed skin tissues, but also inflammatory and
painful deeper tissues surrounding the joints [9].

Several studies have demonstrated that, after using
various formulations of topical diclofenac, greater con-
centrations of diclofenac are found in the synovial fluid and
synovial tissue than in plasma [3, 7, 8, 11, 15]. Penetration
of diclofenac into deeper skin layers using the DSSG for-
mulation has been established in vivo [5] in healthy sub-
jects. The present study demonstrated that, after topical
application of DSSG in patients with OA about to undergo
knee surgery, diclofenac could penetrate the skin to reach
the synovial tissue in concentrations that were 10-20-fold
higher than in plasma or synovial fluid. The concentration
of diclofenac in synovial fluid is similar to that in plasma,
as described recently by Miyatake et al. [18]. An
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Fig. 1 Study design. Study populations were the intention-to-treat
(ITT) population (all patients with at least one dose of the study drug)
and the per-protocol (PP) population (patients in the ITT population
having no major protocol deviations)

explanation may be that synovial fluid concentrations
reflect plasma concentrations because this is a highly vas-
cularised compartment [19]. The concentrations that were
observed in the synovial fluid are in accordance with those
reported by Arcangeli et al. [1]. The estimated minimal
effective concentration in synovial fluid is 100-500 to
20-30 ng/mL [15, 22]; the lower concentrations being
based on that which can induce 20-60 % suppression of
PGE2 and TXB2 [15]. However, the synovial tissue con-
centration is of greater importance than the plasma con-
centration because this is the target tissue. The observed
synovial tissue concentrations were in the estimated ther-
apeutic range and should persist longer than fluid concen-
trations. This may explain why efficacy can be obtained
with topical diclofenac application even with very low
systemic availability [22]. Large inter-individual differ-
ences are often reported in in vivo studies of the pharma-
cokinetics of topical drugs [5]: this was true for the present
study. Given the variability between patients, no correla-
tion between dose and diclofenac concentrations were
expected or observed. Diclofenac concentrations were not
dose-proportional, and similar levels of diclofenac were
found in synovial tissue and fluid for two- and three-times
daily administrations.

Despite relatively fast elimination from plasma, dic-
lofenac also has a long persistence at sites of inflammation,

which might explain its prolonged therapeutic effects [4,
7]. The effect could be prolonged further by virtue of
sustained concentrations in target tissues through slow
release of the drug through different skin layers after top-
ical administration.

In this short-term study (3-day treatment), topical dic-
lofenac was tolerated in all but one instance. One suspected
drug-related adverse event (2.6 % of patients) was
observed (mild rash at the administration site which
resolved after treatment cessation). Measurable concen-
trations of diclofenac were detected in plasma, thereby
demonstrating limited systemic distribution and the
potential for systemic adverse events, but systemic adverse
events were not observed in the present study. This is a
relevant finding because the study population was rela-
tively elderly (87 % were aged >60 years). With longer-
term use of oral NSAIDs, such patients often experience
intolerable gastrointestinal adverse events [6, 13], so an
effective topical NSAID that is well tolerated would be of
great benefit. The favourable skin penetration and distri-
bution to target tissues (and hence therapeutic efficacy),
combined with a low potential for systemic adverse events,
suggest that DSSG is a rational alternative to oral dic-
lofenac formulations for the treatment of chronic rheuma-
tologic conditions such as OA.

The present study had limitations which must be
considered. The study length of 3 days may not be long
enough to evaluate adverse events related to long-term
NSAID therapy. All patients receiving topical diclofenac
should undergo an individual risk assessment and ongo-
ing monitoring should be conducted. Longer-term studies
with more patients are therefore needed to assess dif-
ferences between different doses of topical diclofenac
sodium. The present study suggested that the therapeutic
use of DSSG may be a valuable alternative to initial
treatment with systemic NSAIDs. The latter are known
to generate a 50-fold higher bioavailability throughout
the whole organism [5] and thus may have considerably
more side effects.

Conclusion

After topical application of Diclofenac sodium 4 % spray
gel onto the knee, the drug penetrates the skin and
reaches the target tissue in therapeutic amounts, as
demonstrated by synovial-tissue concentrations that were
10-20-fold higher than those of synovial fluid or plasma.
The concentration of diclofenac was not dose-dependent.
Diclofenac sodium 4 % spray gel had excellent tolera-
bility and may be a low-cost alternative with fewer side
effects in the treatment of arthritic pain before the use of
other systemic NSAIDs.
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