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ABSTRACT
Non-invasive bioengineering technologies continuously discovered and developed in recent decades 

provide a significant input to research development and remarkably contribute to the improvement of 
medical education and care to our patients.

Aim: Assessing skin hydration by using the capacitance method for a group of patients with allergic 
contact dermatitis versus healthy subjects, before and after applying a moisturiser (assessing the imme-
diate and long-term effectiveness of hydration).

Materials and methods: An experimental prospective controlled study was performed over a pe-
riod of 3 years (March 2010–March 2013). 88 subjects were analysed, divided into two equal groups: 
patients with allergic contact dermatitis and healthy volunteers. The degree of skin hydration was de-
termined in all the subjects with the help of a corneometer, by using the capacitance method, through 
the dynamic assessment of the parameter before and after applying a well-known moisturising cream.

Results: For both groups, but especially for the patients with dry skin, there was a clear improvement 
of hydration, statistically significant after applying the moisturiser. In the case of the patients with al-
lergic contact dermatitis, hydration was at a maximum immediately after the first application, and then 
maintained an increased level after 7 and 28 days, respectively. In the healthy subjects, the increase in 
hydration was lower, but progressive. The moisturiser determined an increase in hydration for all age 
groups, but those who showed the most obvious effect were the young adults (18-29 years old) with an 
increase of 19.9%.

The maintenance effect of hydration lasted for 28 days, while the improvement was important for al-
lergic skin (17.1%) and significant for healthy skin (10.9%). 

Conclusion: The assessment of epidermal hydration performed by using the corneometer showed 
very good hydration of the stratum corneum for both groups studied, with immediate and long-term 
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INTRODUCTION

Non-invasive bioengineering tech-
nologies continuously disco vered 
and developed in recent decades 
provide a significant input in der-
matology and also have great po-

tential for research development, medical edu-
cation and patient care.

The study we present aims at following the 
assessment of an important skin parameter: the 
degree of skin hydration. This indicator was de-
termined for a group of patients with allergic 
contact dermatitis, the chronic form, versus a 
control group of healthy individuals. We also 
wanted to assess the changes in the skin, using 
the same indicator above, after applying a 
moisturiser to both groups, while demonstrat-
ing the effectiveness of this moisturiser for both 
healthy and unhealthy skin.  

MATERIALS AND METHODS

This experimental prospective controlled 
non-invasive study (control group) was per-

formed over a period of 3 years (March 2010–
March 2013), on a group of 44 patients diag-
nosed with allergic contact dermatitis, the 
chronic type, with recurrent episodes, and on 
another group of 44 healthy subjects.

Both groups of patients signed informed 
consent sheets and the patients were subject to 
a thorough case history and a careful clinical 
examination.

The inclusion criteria were the following:
• subjects aged between 18 and 70;
• patients with contact dermatitis who had 

their allergic condition confirmed by 
previous epicutaneous tests positive for 
certain allergens (patch test);

• during the study other topical or system-
ic treatments were excluded, with the 
exception of the application of the mois-
turisers in the study;

• all the subjects were carefully selected, 
were cooperative, discerning and able to 

follow instructions and comply with the 
study requirements.

The exclusion criteria taken into account 
were the following:

• known history of allergy to the ingredi-
ents contained in the composition of the 
cream tested;

• pregnant female patients, nursing moth-
ers or those under treatment with oral 
contraceptives;

• recent vaccinations, 2 weeks prior to the 
commencement of the study;

• recent dermo-cosmetic or aesthetic 
treatments, 2 months prior to the com-
mencement of the study (dermabrasion, 
peeling, laser therapy, IPL, botulinum 
toxin or filler injections);

• recent (one month prior to the study) 
and intense exposure to ultraviolet radi-
ation (sun/tanning beds).

The measurements were carried out using a 
multiple probe for skin measurements, made 
by Courage-Khazaka Electronic GmbH in Ger-
many, under standard conditions of tempera-
ture and humidity (T˚ = 20-22˚C, humidity 
40-60%) and after a rest period of 15-20 mi-
nutes for each subject tested. In order to deter-
mine the hydration, the capacitance method 
was used with the help of the Corneometer 
CM 825.

The study aimed at conducting an instru-
mental assessment of the degree of hydration 
for each of the two groups, at the middle third 
of the forearm, on the front side. The measure-
ments were carried out before and after apply-
ing a moisturiser. After using the cream the hy-
dration was assessed again, this time in 
dynamic, at certain time intervals.

Results are presented as the mean ± SD for 
a Gaussian distribution and as the median and 
25th- to 75th-percentile values for a non-Gauss-
ian distribution and counts.

We use the Mann-Whitney U test or un-
paired Student t test if data were continuous 
and independents and for paired data we use 
the Paired Student’s t-test. The Pearson’s cor-

effect. This study also showed that the degree of skin hydration was inversely proportional with age. 
The corneometer is easy to use, efficient and widely utilised in international studies for measurements 
in healthy or pathological conditions, for quantitative assessment of the effectiveness of various prepara-
tions intended for application to the skin surface, under well-controlled and standardised conditions.
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relation coefficient was used to assess correla-
tion between the continuous variable. For all 
tests, significance was achieved at p < 0.05. 
Statistical tests were performed using SPSS soft-
ware (version 15).

Assessment of skin hydration

The electrical properties of the skin are de-
pendent on the water content of the stratum 
corneum of the epidermis. Epidermal hydra-
tion was assessed for both groups by measuring 
the electrical capacitance with the help of the 
Corneometer CM 825. The principle of the 
method is based on the difference between the 
dielectric constant of water (81) and other sub-
stances by measuring the capacitance of a di-
electric medium. Any change in the dielectric 
constant subsequent to the variation in skin 
surface hydration leads to an impaired calcu-
lated capacitance of a capacitor. The Corne-
ometer contains two electrodes with different 
electrical charges that form an electromagnetic 
field that determines the dielectricity of the 
stratum corneum. The depth of measurement 
is low (the first 10-20 μm of the stratum cor-
neum) due to the construction of the measur-
ing head (Figure 1).

The range of variation of the values of skin 
hydration degree is between 0-130 arbitrary 
units (AU). In standard working conditions 
(T˚= 20-22˚C, humidity 40-60%), the varia-
tions of the values of skin hydration degree for 
the middle area of the front side of the forearm 
are the following: under 30 AU – very dry, be-
tween 30 and 45 AU – dry, 45 AU – sufficiently 
hydrated.

The advantages of this method are: very 
short measurement time (one second), high re-
producibility of measurements and lack of gal-
vanic contact between the measured area and 
the measuring apparatus (the results obtained 
are not influenced by ion conductivity or po-
larisation effects). In addition, the modern elec-
tronics of the probe enables temperature sta-
bility and excludes the interference of the base 
capacity and any power supply fluctuations. 
Compared to other methods, the preparations 
applied to the skin exert very little influence on 
the measurements, while being able to detect 
the slightest changes in the hydration level.

The key therapy for the treatment of allergic 
contact dermatitis is the application of emol-
lients (moisturisers). A moisturising cream was 
applied twice a day (in the morning and in the 

evening) to the patients of both groups, for 28 
days. The composition thereof included: active 
principles (bisabolol, panthenol, tocopheryl ac-
etate, prunus amygdalus dulcis oil), emollients 
(paraffin, isopropyl myristate, petrolatum, cetyl 
alcohol, cera alba), humectants (glycerin, urea, 
sodium lactate), emulsifiers (glyceryl monostea-
rate, PEG 100 stearate, palmitic stearic acid), 
stabilisers, pH adjusters, curing agents, all in a 
carrier represented by water.

The analysis conducted followed the de-
scribed parameter values at baseline time (T0) 
before using the cream, one hour after the first 
application of the emollient - T1h, 7 days after 
the application – T7d and 28 days after the ap-
plication – T28d.  

RESULTS

Originally equal in number (44 subjects), 
the two groups later included 81 patients, 

predominantly female (85.18%), almost evenly 
distributed across the 3 age groups (the major-
ity in the group aged 50-70 – 34.57%). Female 
preponderance may be justified by their higher 
interest, by their desire to have a smoother skin 
without the discomfort caused by the need to 
apply the moisturising cream.

Assessment of skin hydration in the chronic 
contact dermatitis group versus healthy 
subjects

In both groups there was a clear improve-
ment in hydration, highly statistically significant 

FIGURE 1. Principle of the corneometer.
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(p = 0.000). In the group of patients with al-
lergic contact dermatitis such increase was 
even more evident compared to the baseline 
time T0, versus the group of healthy subjects. 
This group experienced an improvement in hy-
dration, which reached the maximum level 
(20.1% compared to T0) immediately after the 
application of the moisturising cream (after one 
hour – T1h), followed by a slightly smaller in-
crease after 7 days (12.7% compared to T0) 
and after 28 days respectively (17.1% com-
pared to T0). In the control group there was 
also a gradual increase in hydration (reaching 
the maximum level after 28 days – 10.9% com-
pared to T0), but it was much lower than in the 
patients with allergic dermatitis. Such dynamics 
is normal for dry, altered skin as is the case of 
allergic contact dermatitis. The maintenance 
effect of hydration may be noticed on the 28th 
day of application of the moisturiser (it is gen-
eral knowledge that 28 days is the average hu-
man cell renewal period), and the improve-
ment is important for allergic skin (17.1%) and 
significant respectively for healthy skin (10.9%) 
(Figure 2).

Comparative assessment of hydration in 
different age groups

Regarding the analysis of the degree of hy-
dration in the three age groups, the assessments 
carried out using the corneometer show for 

young adults, aged 18-29, a dynamics similar 
to the entire group: the healthy subjects expe-
rienced a progressive increase (7.5% after one 
hour, 8.4% after 7 days and 10.9% after 28 
days; for the patients with dermatitis there was 
a maximum increase immediately after one 
hour (21.4%), followed by a slight decrease af-
ter 7 days (12.0%) and a new increase after 28 
days (19.9%) (Figure 3).

For the group aged 30-49 (Figure 4), the 
corneometer showed a maximum hydration af-
ter one hour from the application of the cream 
to the patients with dermatitis (17.7%), but 
lower compared to the previous group, fol-
lowed by a decrease in hydration (11.7% com-
pared to T0) and a recovery almost equal to the 
initial value (17.5%). For the group of healthy 
subjects, hydration improvement followed an 
upward trend as in the previous cases, but the 
increase was slightly higher (8.5% after one 
hour, 8.8% after 7 days and 11.1% after 28 
days).

The last age group, 50-70 years, (Figure 5) 
benefited from effective hydration of the stra-
tum corneum for both types of subjects as fol-
lows: for the healthy subjects, the hydration 
degree increased progressively as in the other 
age groups described above, but the increase 
was slightly lower (5.6% after one hour, 8.5% 
after 7 days and 10.7% after 28 days); for the 
patients with dermatitis there was a significant 
increase, which reached its maximum immedi-
ately after the application of the moisturiser 
(21.8% after one hour), followed by a decrease 
in values over time (14.4% after 7 days and 
13.9% after 28 days).

The graphical representation below (Figure 
6) shows on an overall basis the hydration de-
gree for the two groups, at the 4 time points, 
using in this case the average values of the re-
sults rendered by the corneometer. First we no-
tice that initially, without treatment, the hydra-
tion of the patients with contact dermatitis is 
much lower than that of the control group. Af-
ter applying the moisturiser a continuous pro-
gressive increase in the degree of hydration 
may be observed for the group of healthy sub-
jects, while for the other group the increase is 
discontinuous, reaching its maximum at T0, 
immediately after applying the cream and pro-
viding a very good hydration effect after 7 and 
after 28 days respectively.  

FIGURE 2. Assessment of hydration in dynamics on the 2 groups.
Mann-Whitney, Student T, p = 0.000

FIGURE 3. Assessment of hydration for 18-29 year group.
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DISCUSSIONS 

The smooth, well hydrated aspect of a 
healthy skin compared to a dry skin, the 

flexibility of the skin compared to accelerated 
skin peeling and the formation of an intact and 
functional barrier, all these necessarily require 
the existence of an appropriate amount of wa-
ter in the stratum corneum of the epidermis. 
Studies in the literature (1-3) repeatedly con-
firm the positive physiological effect of moistur-
ising preparations on the skin, in dry skin con-
ditions. The connection between the electrical 
properties of the skin and the water contained 
in the state corneum is also known (4,5).

The assessment of skin hydration by using 
the corneometer showed a very good hydra-
tion of the stratum corneum for both groups 
studied after the application of the moisturiser 
twice a day, for 28 days. Initially, at T0 at which 
the measurements were made on the untreat-
ed skin of both groups, it was noticed that the 
patients with dermatitis had significantly lower 
hydration values than the healthy subjects. 
Such results confirm the data in the literature 
(5, 6). Later, the measurements carried out af-
ter applying the moisturiser allowed the obtain-
ing of excellent results on both groups, with 
more spectacular results for the patients with 
chronic contact dermatitis, whose skin hydra-
tion improved by 17.1% compared to the base-
line time. For the healthy subjects, the hydra-
tion increase was gradual, but as expected 
lower than for the former (10.9% improvement 
compared to the baseline).

The measurements of the hydration degree 
allowed us to observe an effect in the short 
term (maximum increase in hydration after one 
hour from the application of the cream) (7,8) 
and an effect in the long term (maintenance of 
moisturising effect after 7 and 28 days respec-
tively, but at a lower level compared to the first 
application – due to the evaporation of excess 
water) of the moisturising preparation for the 
patients with dermatitis (9,10). In the healthy 
subjects the increase was gradual, continuous. 
This increase in water content can be explained 
by the effects of humectants or natural moistur-
ising factors in the product, ingredients that re-
tain or bind water or draw it from the deeper 
layers; by the occlusive properties of the lipids 
in the cream, which have a protective effect, 
acting as a shield and preventing excessive wa-
ter loss; by the action of some active ingredi-
ents on the intercellular cement.

This study also shows that the degree of skin 
hydration is inversely proportional with age. 
The moisturiser determined an increase in hy-
dration in both types of subjects, in all three 
age groups, but those who showed the most 
obvious effect were the young adults (18-29 
years old), experiencing an increase of 19.9% 
compared to the commencement of the thera-
py. They were followed by the group aged 30-
49, and then by the patients in the segment 
aged 50-70. This pattern is repeated in the 
healthy subjects, but with lower increase, and 
is confirmed by data obtained in other studies 
(11).  

FIGURE 4. Assessment of hydration for 30-49 year group.

FIGURE 5. Assessment of hydration for 50-70 year group.

FIGURE 6. Overall assessment of the degree of hydration.
Mann-Whitney, Student T, p = 0.000



SKIN HYDRATION ASSESSMENT THROUGH MODERN NON-INVASIVE BIOENGINEERING TECHNOLOGIES

38 Maedica
  

A Journal of Clinical Medicine, Volume 9 No.1 2014

CONCLUSIONS

The method of measuring the degree of epi-
dermal hydration by using the electrical ca-

pacitance is effective and reproducible and 
recommends the Corneometer as a non-inva-
sive, in vivo, easy and inexpensive work tool. 
The Corneometer CM 825 is easy to use and 
reliable, widely utilised in international studies 

for measurements of hydration degree in 
healthy or pathological conditions, for quanti-
tative assessment of the effectiveness of various 
preparations intended for application to the 
skin surface, under well-controlled and stan-
dardised conditions (12).
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