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Abstract
Objective

To assess the efficacy and safety of a diclofenac hydroxyethylpyrrolidine (DHEP) patch in the treatment of 
symptomatic osteoarthritis (OA) of the knee joint. 

Methods
A double-blind, randomised, placebo-controlled trial was carried out on 103 outpatients for 2 weeks. The main 
efficacy parameters were spontaneous pain and Lequesne’s Index. Secondary endpoints were walking time over 

a standard distance, global assessment of efficacy and tolerability, and paracetamol consumption.

Results
The active treatment group showed a significant improvement in pain, Lequesne’s Index, and the physician’s and

patient’s global assessment of efficacy. For these parameters the difference between groups was statistically 
significant in favour of the DHEP patch. Adverse reactions were seen in a small number of probands and were 

similar in both groups.

Conclusions
The results of this trial suggest that the DHEP patch appears to be an effective and safe treatment for patients 

suffering from symptomatic knee OA.
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Introduction
Osteoarthritis (OA) is the most com-
mon joint disorder in adults, affecting
up to 50% of the population over the
age of 65 (1). Pain is undoubtedly the
most important symptom of OA (2).
Wh e reas nearly all symptomatic OA
p atients rep o rt use-re l ated pain, o n ly
some have rest or even night pain. Sev-
eral possible causes of pain have been
d i s c u s s e d, i n cluding mechanical fa c-
tors, bone changes, synovitis and irrita-
tion syndromes stemming from periar-
ticular tissue.
N o n s t e roidal anti-infl a m m at o ry dru g s
(NSAIDs) are widely used in the treat-
ment of OA. Howeve r, NSAIDs are
known to cause severe gastrointestinal
side effects, especially in the elderly
(3). To reduce these side effects many
strategies have been proposed, includ-
ing the use of analgesics (4), cyclooxy-
genase 2 inhibitors (COX-2) (5), cap-
saicin (6) and topical NSAID formula-
tions (7, 8). In the revised ACR 2000
guidelines for the medical mangement
of OA , the use of topical analge s i c s
was recommended as either adjunctive
treatment or monotherapy in patients
with mild-to-moderate pain (9).
Topical NSAIDs have been investigat-
ed for the treatment of a wide range of
clinical conditions, s p o rt injuri e s
(sprains, strains) (10, 11) and periartic-
ular disorders (tendinitis, bursitis) (12).
Topical instead of systemic application
of NSAIDs usually does not show any
systemic side effects. This is most
probably due to the much lower plasma
c o n c e n t rations resulting from topical
ve rsus oral administration (13). Th e
p e n e t ration and adsorption of dru g s
through the skin is highly dependent on
the chemical stru c t u re, d i s s o l u t i o n
properties and galenic formulation of
the medication (14). Typical members
of the NSAID class of drugs (e. g.
naproxen, ibuprofen, diclofenac, indo-
metacin etc.) display many common
p hy s i c o chemical pro p e rties such as
weak acidity, low solubility in the non-
ionised form and a high partition coef-
ficient. 
A new diclofenac salt [diclofenac-N-
( 2 - hy d rox ye t hy l ) - py rro l i d i n e, k n ow n
as diclofenac epolamine or DHEP] is
much more soluble in water and non-

polar solvents than the other diclofenac
salts. Its solubility is so high that the
critical micellar concentration (CMC)
(at 35 mM) for the diclofenac anion is
ex c e e d e d. At concentrations ab ove
CMC, DHEP solutions can solubilise
lecithins (15, 16). Th u s , DHEP pro-
motes its own absorption by interacting
with components of the cell mem-
branes. As a result topical pharmaceuti-
cal formulations appear to be particu-
larly appropriate to exploit the unique
properties of DHEP.
The Flector-EP Tissugel® patch con-
taining 1.3% DHEP (corresponding to
1% of diclofenac sodium salt, DHEP-
p at ch) is a special topical cutaneous
fo rmu l ation (medicated adhesive ga u ze ) ,
wh i ch has the adva n t age of being a
semi-occlusive medication that allows
continuous release of a standard dosage
of diclofenac over 10-12 hours. Appli-
cation of two patches per day allows
the patient to obtain measurable levels
of diclofenac in the underlying affected
joint (17). In addition, the high water-
and lipid-solubility of the DHEP salt
allows the rapid transcutaneous absorp-
tion of the drug and therefore a rapid
effect.
The aim of this trial was to assess the
efficacy and safety of the DHEP-patch
in patients affected by symptomtic OA
of the knee.

Materials and methods
The test drug formulations were sup-
plied by IBSA (Institut Bioch i m i q u e
SA, Lugano, Switzerland). The Flec-
t o r-EP Ti s s u ge l , h e reafter called the
DHEP-patch, is a medicated adhesive
patch (10 x14 cm) containing 180 mg
of dicl o fe n a c - hy d rox ye t hy l py rro l i d i n e
(diclofenac epolamine). The placebo-
p at ch was identical in ap p e a ra n c e,
colour and odour to the DHEP-patch,
but did not contain the active principle,
d i cl o fe n a c - hy d rox ye t hy l py rro l i d i n e.
Pa racetamol 500 mg tablets (Pa n a d o l ® ,
SmithKline Beecham Consumer
Healthcare AG, 3174 Thörishaus) were
purchased from the local market and
handed out to the patients as re s c u e
medication if analgesics were needed.
The trial was designed as a doubl e -
blind, randomised, placebo-controlled,
parallel group study and received ethi-
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cal approval prior to trial initiation. The
s t u dy was conducted according to Good
Clinical Practice (GCP) as set out in
EEC Dire c t ive no. 111/3976/88-EN and
the Decl a ration of Helsinki. All pa-
tients re c e ived complete info rm at i o n
concerning the trial and gave their writ-
ten info rmed consent prior to study
entry. Inclusion criteria for enrollment
were outpatients of both sexes, aged
between 18 and 85 years, and affected
by symptomatic OA of the knee. This
had to be confirmed by X-ray accord-
ing to the Kellgren and Lawrence crite-
ria grade > 0 (18) and the spontaneous
pain had to be rated more than 4 on a
numerical scale ranging from 0 = no
pain to 10 = severe pain. Exclusion cri-
teria were a history of severe hepatic or
h e m at o l ogical diseases, s i g n i fi c a n t
clinical or laboratory evidence of liver,
k i d n ey, or hematopoietic disord e rs ,
psychopathologies, a history of alcohol
or drug abuse within the last year, and
o s t e o - a rticular pat h o l ogies other than
o s t e o a rt h ritis. Furt h e rm o re, p at i e n t s
with significant skin disorders or skin
trauma at the application site, a history
of diclofenac allergy, hypersensitivity,
or severe adverse reactions to aspirin or
re l ated compounds we re ex cluded as
well. Patients who had taken other
NSAIDs during the three days before
admission to the study, or one week if
the drug was a steroid, or had partici-
pated in any other clinical trial during
the previous two months were also ex-
cluded. Pregnant and lactating women
were not considered as eligible for the
study.
E n rolled patients we re ra n d o m ly
assigned to one of the two treatment
groups according to a computer-gener-
ated randomisation system: one group
was treated with the DHEP-patch and
the other with a placebo patch. Patients,
investigators, monitors and statisticians
were unaware of which study drug the
patients were given (DHEP or place-
bo). The patch was to be applied topi-
cally twice a day, mornings at 8 a.m.
and evenings at 8 p.m. for 14 days. In
the case of bilateral symptomatic OA,
the more symptomatic knee was cho-
sen and exclusively treated. Follow-up
visits took place on days 4, 7 and 14.
From day 4, patients were allowed to

t a ke daily up to 4 tablets Pa n a d o l ®
(containing 500 mg paracetamol) as
rescue medication, and the consump-
tion was recorded in the patient’s study
diary. Apart from the study drugs, no
other analgesic or NSAID by whatever
administration route was allowed dur-
ing the entire study period.
The efficacy of the test preparation was
assessed on the basis of the following
parameters. Primary efficacy parame-
ters were spontaneous pain as rated on
a semi-quantitat ive nu m e ric rat i n g
scale (NRS) from 0 (no pain) to 10
( s eve re pain) and Lequesne’s algo -
functional index (19). As a secondary
efficacy parameter, walking time was
assessed at baseline (day 0) and at all 3
follow-up visits in seconds over a dis-
tance of 20 m (standing start). The fol-
lowing parameters were recorded at the
end of the study period on day 14:
overall efficacy expressed by patients
and the inve s t i gator (5-point scale:
ex c e l l e n t , go o d, m o d e rat e, p o o r, o r
none), number of paracetamol tablets
t a ke n , and the inve s t i gat o rs ’ and pa-
tients’ judgement of global and local
tolerability on a 5-point scale: excel-
lent, good, moderate, bad or unbear-
able.
The safety of the test products wa s
assessed clinically in relation to any ad-
verse reactions reported by the patients
or observed by the investigator. 

Statistical analysis 
The sample size was calculated for the
primary efficacy parameter Lequesne’s
a l go-functional index assuming α =
0.05 for a one-tailed test and a power of
80% (β = 0.20). All collected data was
fi rst analysed by determ i n ation of
d e s c ri p t ive statistics and fre q u e n c i e s
for each variable at each time. Inferen-
tial analysis was done using the tests
considered most appropriate: Student’s
t-test was used for age, we i g h t , a n d
height, the chi-squared test for sex,side
e ffe c t s , and drop-outs. The Mann-
Wh i t n ey U-test was applied for the
duration of pain in months and parac-
etamol consumption, and analysis of
va riance (ANOVA) and Bonfe rro n i ’s
multiple comparison test for pain.
Fi n a l ly, a linear trend test was per-
formed for assessments of efficacy and

safety. The analysis of efficacy includ-
ed all 103 patients as the intention-to
treat group.

Results
Patients.
103 patients were enrolled in the study
and randomly assigned to one of the
t re atment groups (51 DHEP and 52
placebo). The trial was completed by
48 patients treated with DHEP and 45
treated with placebo, respectively. Four
patients (1 DHEP, 3 placebo) withdrew
from the study at day 7 due to lack of
e ffi c a cy, and 3 patients (1 DHEP, 2
p l a c ebo) quit the study pre m at u re ly
because of side effects (pruritus, rash).
Two patients in the placebo group were
lost to follow up and one was terminat-
ed due to protocol violation (he applied
the study medication to both knees).
Demographic data, clinical factors, and
primary efficacy parameters at baseline
( d ay 0) of the enrolled patients are
shown in Table I. There was no signifi-
cant difference between the groups at
baseline rega rding all data incl u d i n g
demographic data, clinical factors, and
p ri m a ry and secondary endpoint
parameters.
Lequesne’s Index. There were two pri-
mary outcome measures defined by the
protocol; however, sample size calcula-
tion was only based on the validated
Lequesne’s algo-functional index. Dur-
ing the course of the two-week treat-
ment, the Lequesne’s score decreased
uniformly, reaching at day 14 a maxi-
mal reduction of 32% in patients treat-
ed with DHEP and 15% in pat i e n t s
treated with placebo (Table II, Fig. 1).
The changes compared to baseline (day
0) were highly significant (P < 0.01)
for all visits (day 4, 7 , and 14) fo r
DHEP. For the placebo group, the dif-
ference from baseline was found only
for day 14 to be statistically significant
(P < 0.01). There was a significant dif-
fe rence between the two groups on
days 7 (P < 0.05) and 14 (P < 0.01).
Spontaneous pain. The second main
outcome measure was the evaluation of
spontaneous pain measured on a
numerical rating scale from 0 (no pain)
to 10 (seve re pain). Patients tre at e d
with DHEP reported gradual pain relief
during the first week of treatment, and
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the results became stable during the
second week (P < 0.01 between base-
line and all follow-up visits). The pla-
cebo group showed slower but uniform
pain relief throughout the observation
period, reaching significance (P < 0.01
from baseline) only at days 7 and 14.
When comparing the treatment groups,
matching values were found at base-
line, but there was a highly significant
difference between groups (P < 0.01) at
all treatment visits (Table II, Fig. 2).
Walking time. In the group receiving
the active anti-infl a m m at o ry dru g,
walking time was significantly reduced

at all fo l l ow-up visits compared to
baseline. Changes were significant (P <
0.01) within groups compared to day 0
for all visits for the test drug, and on
days 7 (P < 0.05) and 14 (P < 0.01) for
placebo. There was no significant dif-
ference between groups (Table II).
Pa racetamol consumption. Eleve n
patients (22%) in the DHEP group took
p a racetamol. The mean consumption
was 2.3 tablets (± 5.2 SD) for the whole
permitted period (from day 4 to day
14). On the other hand, 19 pat i e n t s
(37%) in the placebo group took the
rescue medication with a mean total

consumption from day 4 to day 14 of
3.4 tablets (± 8.6 SD). These differ-
ences were not statistically significant
(data not shown).
O ve rall effi c a cy. The effi c a cy of the
study drugs was assessed by both the
p hysician and the patients. The pa-
tients’judgement of efficacy was found
to be in favour of the DHEP-pat ch :
24.5% patients considered it “ ex c e l l e n t ” ,
wh e reas the same assessment wa s
given only by 8.9% of patients treated
with placebo. Of the DHEP gro u p
10.2% patients judged the treatment to
be “with no effi c a cy ” c o m p a red to
17.8% patients in the placebo group.
The linear trend test showed a signifi-
cant difference (P < 0.05). The assess-
ment of efficacy by the physician as
well was in favour of DHEP: the results
of DHEP were found to be excellent in
10.2% cases compared to placeb o ,
wh i ch was considered excellent in
8.9% cases. DHEP was judged to be of
no effi c a cy in 8.2% cases, wh e re a s
placebo was found to have no efficacy
in 20% cases. The linear trend test
s h owed a significant diffe rence be-
tween treatments (P < 0.01). 
To l e rab i l i t y. To l e rance of tre at m e n t
was assessed as ”good” or “excellent”
by 91.8% of the patients using DHEP,
and by 93.4% of patients using the
placebo. The physicians expressed the
same opinion in 95.9% and 93.5% of
c a s e s , re s p e c t ive ly. Seven patients com-
plained of adverse reactions, four in the
DHEP group (2 rush, 1 pruritus, 1 nau-
sea) and 3 in the placebo group (1 rush,
1 feeling of local heat , 1 we a k n e s s /
dizziness). None of the adverse events
d e s c ribed was judged as seve re, a l l
symptoms resolved spontaneously, and
only two events in the placebo group
led to a breaking off of treatment.

Discussion
The use of topical anti-inflammatory
and analgesic drugs has been proposed
to be appropriate as either adjunctive
treatment or monotherapy in patients
with OA of the knee (6-9). Previous
studies reported pain relief and a posi-
tive effect on physical function (8, 20).
In comparison to the systemic use of
NSAIDs, adverse events of the gastro-
intestinal tract were significantly lower

Table I. Demographic data, clinical factors and primary endpoint parameters at baseline
given by group.

Variable DHEP (n=51) Placebo (n=52)

Demographic data
Sex Male 24 (47%) 19 (36%)

Female 27 (53%) 33 (64%)
Age (years) 64.0 ±10.7 64.8 ± 10.6
Weight (kg) 77.0 ±12.9 78.7 ± 10.7
Height (cm) 167 ± 8 165 ± 9

Clinical factors
Target knee Left 28 19

Right 23 33
Symptomatic involvement

Bilateral 25 20
Unilateral left 11 11
Unilateral right 15 21

Duration of pain (months) 32.8 ±40.5 29.5 ± 33.6

Baseline values of primary endpoint parameters
Spontaneous pain 5.7 ± 1.5 5.6 ± 1.5
Lequesne Index 10.2 ± 3.3 10.4 ± 3.5

Differences for all parameters measured were non-significant between groups.

Table II. Lequesne’s algo-functional index, spontaneous pain (rated from 0-10) and walk-
ing time in seconds over a standard distance of 20 m [expressed as mean value (± SD)].

Day 0 Day 4 Day 7 Day 14

Lequesne’s Index
DHEP (n=51) 10.2 (3.3) 8.7 (3.3)** 8.0 (3.3)** 6.9 (3.2)**

# ##
Placebo (n=52) 10.4 (3.5) 9.8 (3.4) 9.5 (3.6) 9.0 (3.9)**

Spontaneous pain
DHEP (n=51) 5.7 (1.5) 4.0 (1.7)** 2.6 (1.7)** 2.1 (1.8)**

## ## ##
Placebo (n=52) 5.6 (1.5) 5.0 (1.6) 4.5 (1.7)** 3.9 (2.1)**

Walking time (sec)
DHEP (n=51) 16.3 (6.7) 14.6 (5.4)** 13.7 (5.3)** 13.3 (4.3)**

Placebo (n=52) 16.3 (4.2) 15.5 (3.6) 15.0 (3.7)* 14.5 (3.4)**

*p < 0.05 and **p < 0.01 within group compared to baseline (day 0); #p < 0.05 and ##p < 0.01 compar-
ison between groups. 
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(21).
The results of this trial confirm the effi-
cacy of a patch formulation of percu-
t a n o u s ly administered dicl o fe n a c
(DHEP patch) in the treatment of knee
OA with respect to pain and physical
function as assessed by Lequesne’s
Index. Although both groups improved,
a significant diffe rence was fo u n d
between the DHEP and placebo groups
in the extent of ch a n ge in the Le-

q u e s n e ’s algo-functional index. Th i s
disease-specific questionnaire is able to
detect improvement of symptoms and
physical function as a result of a thera-
peutic modality. Corresponding to pre-
vious trials using the same (20) or a
c o m p a rable questionnaire, the WO -
MAC (Western Ontario and Mc Master
U n ive rsities) (8), the effi c a cy of the
tested approach was confirmed. Spon-
taneous pain measures showed a signif-

icant difference between the treatment
groups, as well. Both parameters,spon-
taneous pain and Lequesne’s algo -
functional index, showed in the DHEP
group an initially (day 4) greater im-
provement than placebo. This picture
reflects the local drug’s activity attain-
ed by the transdermal delivery of the
medication. Based on pharmacokinetic
studies, the local concentration of the
drug seems to be much more responsi-
ble for the therapeutic effect than the
systemic one (22). Despite pain relief
t h e re was no significant ch a n ge in
walking time, i n d i c ating that OA
p atients continue to be disabled by
impaired physical functioning. 
The patient’s and investigator’s global
assessment of efficacy showed similar
results in comparison to previous stud-
ies with topical anti-infl a m m at o ry dru g s
(20,21). The low frequency and mild
severity of the side effects caused by
the patch are also in accordance with
previous reports (8,20). Usually there
is no difference between placebo and
d i ffe rent topical dicl o fenac delive ry
modalities regarding the reported num-
ber and type of adverse reactions. L o c a l
skin reactions we re dominant and sys-
temic effects were very rare (8, 20).
In conclusion this double blind, ran-
domised, placebo-controlled study sug-
gests that the DHEP patch may be an
effective and safe treatment modality
for symptomatic OA of the knee. Fur-
ther studies should be conducted to
compare the DHEP patch with other
topical drugs and delivery systems and
investigate the results and side effects
of its long-term use.
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