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ABSTRACT
The aim of the present study was to evaluate the efficacy of a new product (Neuropad repair foam®) in promoting
skin hydration of the foot in type 2 diabetes. Included in this study were 20 type 2 diabetic patients (10 men,
mean age 61·40 ± 2·44 years). Patients applied Neuropad repair foam® on the plantar aspect of the right foot
twice daily. No agent was applied on the left foot. Patients were examined at baseline, after 7 treatment days and
after 14 treatment days. Evaluation of skin dryness was performed by means of the Multi Skin test Corneometer
MC 900. In the right foot, skin capacitance was 26·55 ± 4·14 arbitrary units (a.u.) at baseline, 28·90 ± 4·53 a.u.
after 7 days of treatment and 32·05 ± 4·54 a.u. after 14 days of treatment. There was a significant increase in skin
capacitance from baseline to 7 days of treatment (P < 0·001), from baseline to 14 treatment days (P < 0·001),
as well as from 7 to 14 days of treatment (P < 0·001). The same significant (P < 0·001) increases were observed
both in men and in women. No changes were noted in the left foot. At baseline, there was no difference in skin
capacitance between right and left foot (P = 0·186). However, skin capacitance was significantly higher on the
right versus left foot, both after 7 days (P < 0·001) and after 14 days of treatment (P < 0·001). In conclusion,
results with the new foam appear encouraging in ameliorating skin dryness in the diabetic foot and further
investigation is warranted.
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INTRODUCTION
The diabetic foot is a major cause of morbid-
ity (1). Foot lesions ensue from a combination
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of three major pathologies: poor blood supply
due to peripheral arterial disease, loss of pro-
tective sensation due to peripheral neuropathy
and infection (1–3). Dry skin is a further pre-
cipitating factor (1,3). It is mainly induced
by diminished sweating due to neuropathy
and results in callus formation, especially in
high-pressure areas (1,3,4). Ultimately, the skin
may crackle and develop fissures, which are
potential gates of entry for bacteria, thereby
increasing vulnerability to ulceration and infec-
tion (1,3). Unsurprisingly, dry skin has very
recently been shown in multi-variate logistic
regression analysis to correlate very strongly
with the presence of foot ulceration (5).

Key Points

• the diabetic foot is a major
cause of morbidity

• foot lesions ensue from a com-
bination of three major patholo-
gies: poor blood supply due
to peripheral arterial disease,
loss of protective sensation due
to peripheral neuropathy and
infection

• dry skin is a further precipitating
factor which is mainly induced
by diminished sweating due to
neuropathy and results in callus
formation, especially in high-
pressure areas

• ultimately, the skin may crackle
and develop fissures, which
are potential gates of entry
for bacteria, thereby increasing
vulnerability to ulceration and
infection

Treatment of dry skin in the diabetic foot
encompasses the application of emollients to
reduce xerosis (6–9), as well as regular removal
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of callus to reduce mechanical stress (2,3). Espe-
cially, urea-based creams have been shown
to promote skin hydration effectively and
safely (7,8). A new foam with active ingredients
Oenothera biennis oil, Centella asiatica extract,
α-hydroxy acid, allantoin, and panthenol and
10% urea has now become commercially avail-
able (Neuropad repair foam®, TRIGOcare
International GmBH, Wiehl, Germany). Thus,
the aim of the present study was to evaluate
the efficacy of the new foam in promoting skin
hydration of the foot in type 2 diabetes.

Key Points

• urea-based creams have been
shown to promote skin hydra-
tion effectively and safely

• a new foam with active ingredi-
ents Oenothera biennis oil, Cen-
tella asiatica extract, α-hydroxy
acid, allantoin, and panthenol
and 10% urea has now become
commercially available (Neu-
ropad repair foam®, TRIGOcare
International GmBH, Wiehl,
Germany)

• the aim of the present study
was to evaluate the efficacy of
the new foam in promoting skin
hydration of the foot in type 2
diabetes

• this study included 20 type 2
diabetic patients (10 men, 10
women, mean age 61·40 ±
2·44 years, mean diabetes
duration 8·20 ± 2·55 years)

PATIENTS AND METHODS
This study included 20 type 2 diabetic
patients (10 men, 10 women, mean age
61·40 ± 2·44 years, mean diabetes duration
8·20 ± 2·55 years). Patients were recruited from
the Outpatient Clinic of the Diabetic Foot in
the Second Department of Internal Medicine at
Democritus University of Thrace, Greece. The
study was conducted in accordance with the
Helsinki Declaration of Human Rights and all
patients gave their informed consent.

Exclusion criteria were as follows: age <18
and >70 years, peripheral arterial disease,
acute or chronic Charcot osteoarthropathy,
present or past foot ulceration, other poten-
tial causes of neuropathy (end-stage renal
failure, alcohol abuse, vitamin B12 depletion,
malignancy, peripheral nerve lesions), thyroid
disease, drugs that might affect sweating (cor-
ticosteroids, anti-histaminic and psychoactive
drugs) and skin diseases (neurodermatitis, pso-
riasis, scleroderma, allergy to metals, Raynaud
syndrome, hyperhidrosia, acrocyanosis).

Patients were supplied with the Neuropad
repair foam®. They were instructed to apply
the foam on the plantar aspect of the right foot
twice daily. No agent was applied on the left
foot. Patients were examined at baseline, after
7 treatment days and after 14 treatment days.
All examinations were conducted by the same
operator between 1 March and 31 May 2010.

Evaluation of skin dryness was performed
by means of the Multi Skin test Corneometer
MC 900. This device measures skin capacitance,
which is inversely related to humidity, and rep-
resents the most widely accepted modality of
measuring the water content in the stratum
corneum (10,11). The foot was tested in an area
free from callus and hyperkeratosis in the mid-
dle of its plantar aspect. On every examination,

three readings were recorded and the mean
value was used for analysis. Examination
was performed at constant room temperature
(25◦C) and humidity. Patients were allowed
a 10-minute acclimatisation period after they
had removed their socks and shoes. Examina-
tion was always performed in the morning.
Patients had not used Neuropad repair foam®
since the previous afternoon.

Statistical analysis was performed using the
SPSS (Statistical Package for Social Sciences,
Chicago, IL) 13.0. Normally distributed quanti-
tative variables were analysed by paired t-test.
Data were expressed as mean ± 1 standard
deviation (x ± 1 SD). Significance was defined
at a level of 5% (P < 0·05).

RESULTS
In the right foot, skin capacitance was
26·55 ± 4·14 arbitrary units (a.u.) at base-
line, 28·90 ± 4·53 a.u. after 7 days of treat-
ment and 32·05 ± 4·54 a.u. after 14 days of
treatment (Figure 1). There was a significant
increase in skin capacitance from baseline to
7 days of treatment (P < 0·001), from baseline
to 14 treatment days (P < 0·001), as well as
from 7 to 14 days of treatment (P < 0·001).
In subgroup analysis, the same significant
increases were observed both in men (base-
line: 24·70 ± 3·74 a.u., after 7 days: 26·80 ± 4·13
a.u., after 14 days: 29·80 ± 4·08 a.u.; P < 0·001
for each comparison) and in women (baseline:
28·40 ± 3·81 a.u., after 7 days: 31·00 ± 4·06 a.u.,
after 14 days: 34·30 ± 3·95 a.u.; P < 0·001 for
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Figure 1. Skin capacitance at baseline, after 7 days of
treatment and after 14 days of treatment in the two feet.
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each comparison). At the end of the study,
% increase in skin capacitance amounted to
20·88 ± 2·85%. Increase of ≥20% was observed
in 16 patients (80%).

In the left foot, skin capacitance at baseline,
after 7 days of treatment and after 14 days of
treatment was 26·70 ± 3·95, 26·80 ± 3·82 and
26·75 ± 3·91 a.u., respectively (Figure 1). There
was no difference between baseline and 7 days
of treatment (P = 0·494), between baseline and
14 treatment days (P = 0·748), or between 7
and 14 days of treatment (P = 0·575).

At baseline, there was no difference in
skin capacitance between right and left foot
(P = 0·186). However, skin capacitance was
significantly higher on the right versus left
foot, both after 7 days (P < 0·001) and after
14 days of treatment (P < 0·001). Finally, all
patients evaluated foam application as easy
and pleasant.

DISCUSSION
This work has shown significant increases in
skin capacitance in the feet treated with Neu-
ropad repair foam® in comparison with the
untreated feet. Measurement of skin capaci-
tance is an established method for the estima-
tion of skin hydration (12–15). This modality
involves the evaluation of the changes in elec-
trical properties of the stratum corneum, which
the increased water content induces (12,13,16).
By this method, novel results have been
obtained at evaluation of Neuropad repair
foam®. In particular, this foam has been shown
to increase skin hydration. Impressively, a sig-
nificant beneficial effect was noticeable as early
as after 7 treatment days. It is also important
that the effect was enhanced after further 7
treatment days. Furthermore, it was observed
in both genders.

At baseline, there was no difference in skin
capacitance between right and left foot. Fol-
lowing treatment, however, skin capacitance
became significantly higher on the treated than
the untreated foot. This change adds strength
to the importance of treatment in promoting
skin hydration.

In the treated feet, the average increase
in skin capacitance at the end of the study
was almost 21%. The majority of patients
(80%) exhibited >20% increase. This cut-off
is important, given that it has been proposed
(though not yet universally agreed upon) as

denoting a clinically meaningful improvement
in skin hydration (15,16). Accordingly, the sig-
nificant increase in skin capacitance following
application of the foam appears to yield a clin-
ically useful increment in skin hydration.

Key Points

• this work has shown significant
increases in skin capacitance in
the feet treated with Neuropad
repair foam® in comparison with
the untreated feet

• impressively, a significant benefi-
cial effect was noticeable as early
as after 7 treatment days

• it is also important that the effect
was enhanced after further 7
treatment days

• in the treated feet, the average
increase in skin capacitance at the
end of the study was almost 21%

• the majority of patients (80%)
exhibited >20% increase

• this cut-off is important, given that
it has been proposed (though not
yet universally agreed upon) as
denoting a clinically meaningful
improvement in skin hydration

• the limitations of this study may
be outlined as follows

• first, this was a pilot study
recruiting a small number of
patients, and so results need to
be confirmed in a larger series

• second, patient follow-up was
short, therefore, future research
also needs to address whether
skin capacitance continues to
increase further with prolonged
application, as well as the optimal
treatment duration

• moreover, this study was not
placebo controlled

• however, patients applied Neu-
ropad repair foam® only on the
right foot, while no treatment was
performed on the left foot

• essentially, patients served as
their own controls, so that the effi-
cacy of Neuropad repair foam® in
each of them became more mani-
fest

• hence, some caution is needed
before applying the results to the
general diabetic population

• in type 2 diabetic patients, the
application of Neuropad repair
foam® may be used to promote
skin hydration

• in everyday practice, diminished
skin moisture correlates with foot
ulceration in diabetes, and the
use of appropriate emollients to
increase skin hydration is strongly
recommended by international
guidelines

• consequently, the new hydrating
foam maybe seen as a potential
useful therapeutic adjunct for the
diabetic foot

• this potential utility is facilitated by
its easy and pleasant application,
according to the patients’ own
view

The limitations of this study may be outlined
as follows. First, this was a pilot study recruit-
ing a small number of patients, and so results
need to be confirmed in a larger series. Sec-
ond, patient follow-up was short. Therefore,
future research also needs to address whether
skin capacitance continues to increase further
with prolonged application, as well as the opti-
mal treatment duration. Moreover, this study
was not placebo controlled. However, patients
applied Neuropad repair foam® only on the
right foot, while no treatment was performed
on the left foot. This design enabled the eval-
uation of treatment, as compared to no inter-
vention, in real conditions. Essentially, patients
served as their own controls, so that the effi-
cacy of Neuropad repair foam® in each of them
became more manifest. Finally, patient recruit-
ment was performed in a tertiary care setting.
Hence, some caution is needed before applying
the results to the general diabetic population.

The present study may have the follow-
ing practical implications. In type 2 diabetic
patients, the application of Neuropad repair
foam® may be used to promote skin hydra-
tion. This is anticipated to protect the skin
from callus and fissure formation, both well-
recognised precipitating factors of diabetic foot
lesions (1,3,5). Of note, the first evidence of
improvement can be observed early in the
course of treatment, while the prolongation of
treatment appears to enhance this favourable
effect. The efficacy of the foam may, probably,
be ascribed to its active ingredients. Indeed,
this foam contains not only 10% urea (7–9) but
also Oenothera biennis oil, Centella asiatica
extract and further beneficial components (α-
hydroxy acid, allantoin, panthenol), which are
known to promote hydration (17–20). In every-
day practice, diminished skin moisture corre-
lates with foot ulceration in diabetes (5), and
the use of appropriate emollients to increase
skin hydration is strongly recommended by
international guidelines (21,22). Consequently,
the new hydrating foam may be seen as a poten-
tial useful therapeutic adjunct for the diabetic
foot. This potential utility is facilitated by its
easy and pleasant application, according to the
patients’ own view.
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In conclusion, the application of Neu-
ropad repair foam® significantly increases skin
capacitance in the foot of diabetic patients, sug-
gesting an improvement in skin hydration. This
beneficial effect is observed both in men and
in women. Improvement is demonstrable as
early as after 7 treatment days and becomes
more pronounced after 14 treatment days. The
present findings appear encouraging in ame-
liorating skin dryness in the diabetic foot and
further investigation is warranted.
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