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ABBREVIATIONS USED
PV

Psoriasis vulgaris

RP

Raynaud’s phenomenon

SS

Systemic sclerosis

SD

Seborrheic dermatitis

TEWL

Transepidermal water loss

UVL

Ultraviolet light

PO

Pityrosporum ovale

PASI

Psoriasis Area Severity Index

DLQI

Dermatology Life Quality Index

CADI

Cardiff Acne Disability Index

AHAs

Alpha Hydroxy Acids

IM

Indomethacin

BMV

Betamethasone valerate

LFN

Linola Fett N

WBC

Wolff Basic Cream

I. INTRODUCTION
The skin is the largest organ of the human body. It has a surface area of about
2 m and a weight of about 16% of the body weight.
Skin is a great visual field. Most of the changes that occur in it are visible
and accessible to dermatologists. For centuries, the dermatologist's eyes and
fingers have been his main diagnostic tools. Old physicians are known to describe
the rash elements with great love, diligence and methodicality, especially with
regard to morphological details.
Today, this descriptive phase in the evolution of dermatology has lost its
dominance. According to Prof. J. Serup, "The dermatologist's eyes and hands are
already becoming archaic diagnostic tools." With the introduction of modern skin
bioengineering methods, there has been a transition from the "visible" to the
"invisible". From the "visual" field, dermatology is increasingly becoming an
"instrumental" field. The advantage of the new research methods created is that
they enable the detection of invisible changes in skin functions, as well as their
objective and quantitative measurement.
This dissertation is devoted to the new methods of skin functional
diagnostics. It illustrates the practical application of some of them in the field of
dermatology and cosmetic science based on the experience of the sector of
"Functional diagnostics of the skin" at the Department of Dermatology and
Venereology, University Hospital "St. George", Plovdiv, Bulgaria.
The literature review part provides an overview of current bioengineering
methods for functional skin diagnostics. The apparatus used to carry out the
present work is described in detail. Additionally, two little-known aspects of skin
bioengineering research are presented - protocol and research ethics. Data on
Bulgarian experience in the field of skin functional diagnostics have also been
reported.
The original part of the dissertation includes 14 scientific studies carried out
with different skin bioengineering methods, devices and tests. The results of the
studies have been published in a total of 28 scientific publications, of which 5
separate chapters in international monographs, 11 articles in international refereed
journals and 12 publications in Bulgarian scientific journals and collections.
Seven of the publications have an overall Impact factor of 12.27. A total of 34
presentations were made at scientific forums, 12 of which were abroad. By June
2019, 248 citations from foreign authors were noted with a total Impact factor of
284.31.
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II. AIM AND OBJECTIVES
This dissertation AIMS to establish the practical possibilities and value of
research with modern, non-invasive bioengineering methods of the basic
functions of human skin in vivo in norm and pathology.
In this regard, we have set ourselves the following specific OBJECTIVES:
1. To determine and compare the informativeness of some bioengineering
methods for studying the mechanical properties, water and lipid content of
healthy human skin.
2. To determine the changes in functional properties of the skin occurring after
exposure to UVL and various cosmetic products.
3. To investigate the changes in functional properties of the skin in some
diseases and to determine their diagnostic and prognostic value.
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III. MATERIAL AND METHODS
1. General information
The dissertation includes a total of 14 studies carried out with skin
bioengineering methods, grouped into three main areas - studies of healthy skin,
studies of external influences on the skin, and studies of the skin in diseases.
A total of 708 volunteers were studied, of which 411 healthy individuals
and 297 patients with various diseases. Their distribution by groups is presented
in Table 1.
Table 1. Distribution of the persons studied by groups.
Healthy
volunteers

Study

Patients

Total

Numb
er

Age
(years)

Numb
er

Age
(years)

Number

1. Evaluation of skin fatigue

40

12-82

-

-

40

2. Evaluation of dry skin

50

23-63

-

-

50

3. Evaluation of oily skin

20

22-45

-

-

20

4. Effects of UVL and photo protection

8

22-35

-

-

8

5. Effects on skin elasticity

52

18-64

-

-

52

6. Effects on sebum secretion

20

17-50

-

-

20

7. Raynaud phenomenon (№ 1)

39

15-72

63

16-74

102

8. Raynaud phenomenon (№ 2)

162

10-92

94

16-69

256

9. Eczema

20

44-75

10

42-69

30

10. Psoriasis

-

-

22

27-82

22

11. Seborrheic dermatitis (№ 1)

-

-

20

16-40

20

12. Seborrheic dermatitis (№ 2)

-

-

44

15-76

44

13. Acne (№ 1)

-

-

19

15-30

19

14. Acne (№ 2)

-

-

25

13-35

25

411

10-92

297

13-82

708

Studies of healthy skin

Studies of external influences

Studies of skin diseases

Total

Test products, external influences, clinical scales, bioengineering devices
and tests used in the individual studies, and statistical methods are described in
the protocol of each study.
7

2. Studies of healthy skin
Study 1.
Evaluation of skin fatigue
Volunteers
A total of 40 healthy volunteers aged 12-82 years were studied. They were
divided into 4 groups: 10 young men (mean age of 18.7±5.4 years), 10 young
women (mean age of 20.7±5.5 years), 10 elderly men (mean age of
70.9±7.2 years) and 10 elderly women (67.8±6.8 years).
Skin elasticity measurements
Mechanical properties of the skin were determined with a non-invasive
suction skin elasticity meter (Cutometer SEM 474, Courage+Khazaka, Cologne,
Germany). We used a 2 mm diameter measuring probe and applied a constant
suction of 400 mbar for 1 s followed by relaxation time of 1 s, 30 repetitions.
Measurements were made on the right temporal region and right volar forearm.
Curves of skin deformation obtained were analyzed using Win-Cutometer MPA
software v. 2.10.3.14. Mechanical parameters analyzed were R3, R4 and R9 (Rparameters), and F2 and F3 (Area-parameters).
Statistical analysis
Student’s t-test and correlation analysis were used. Values of P<0.05 were
considered as statistically significant.
Study 2.
Evaluation of dry skin
Volunteers
A total of 50 healthy subjects (8 male, 42 female, aged 23-63 years, mean
age 46±10 years) were examined after given informed consent. They were asked
not to use any cosmetics within a week of study beginning and not to wash within
3h of measurements.
Visual grading of dryness
The severity of dryness on volar forearm skin was assessed using a 5-point visual
scale: 0 - normal skin; 1 - slight; 2 - moderate; 3 - severe and 4 - extremely dry skin.
Epidermal hydration measurements
Epidermal hydration was determined with a non-invasive skin capacitance
meter (Corneometer CM820, Courage+Khazaka, Cologne, Germany). The device
determines the water content of the superficial epidermal layers down to a depth
of about 0.1 mm and expresses the values in arbitrary units (AE). The average
values of six measurements were used in subsequent calculations.
Skin surface measurements
Images of skin surface were obtained with skin camera Visioscope
(Courage+Khazaka, Cologne, Germany) and then evaluated using software SELS
(Surface Evaluation of the Living Skin). The following parameters were analyzed
8

- surface, volume, texture parameters: energy (NRJ), entropy (ENT),
homogenicity (HOM), contrast (CONT), and variance (VAR), SELS parameters:
skin smoothness (SEsm), roughness (SEr), scaliness (SEsc) and wrinkles (SEw),
and roughness parameters (R1-R5).
Study protocol
The study was carried out during the winter months. Measurements were
performed at controlled room temperature (21-25 ºC) and relative humidity (2838%). Before the measurements, the subjects remained in a sitting position for 15
min to acclimatize to ambient conditions. Clinical assessment and all instrumental
measurements were performed by the author.
Statistical analysis
Differences and correlations between the values of the measured skin
parameters were evaluated using Student’s t-test, Spearman and Pearson
correlation tests. Values of P<0.05 were considered statistically significant.
Study 3.
Evaluation of oily skin
Volunteers
A total of 20 healthy subjects (9 male, 11 female, aged 22-45 years, mean
age 36.1±11.2 years), 16 with oily skin and 4 with combined skin, were examined
after given informed consent.
Test product
Test product was day cream “Aroma pure” (Aroma, Sofia, Bulgaria) which
contains the following active substances: Reguseb (Pentapharm, Switzerland),
Vitamin B6, physical ultraviolet filter, and special matting complex.
Measurement of skin oiliness
The activity of the sebaceous glands is recorded by Sebufix F16 foils and
Visioscope camera (Courage+Khazaka, Cologne, Germany). The analysis of the
obtained images was performed with two computer programs - SELS (Surface
Evaluation of the Living Skin) and ImageJ (public software of the National
Institute of Mental Health, USA). The parameters measured were: the number of
oily droplets, area covered with oily droplets (sebum) in % and in µm2/pixel2.
Study protocol
Test cream was applied to the facial skin twice a day for 4 weeks. Before and
after treatment, measurements of skin oilyness were performed.
Statistical analysis
Student’s t-test was used. Values of P<0.05 were considered as statistically
significant.
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3. Studies of external influences on the skin
Study 4.
Determination of the effect of UVL
and photo protective activity of topical products
Volunteers
Eight healthy subjects (6 men, 2 women, 22-35 years old, average 28.9±7.1
years, skin phototype II or III) were studied after giving informed consent. They
were free of pathological findings and had no sun exposure on their backs for 6
months before the start of the study.
Ultraviolet light source
A 125 W sunlamp (Slunce Ту-5-125-2, Factory for electric medical
instruments, Sofia, Bulgaria), was used. This lamp emits ultraviolet radiation
between 200 and 380 nm with a maximum at about 365 nm. The irradiation was
started 10 min after prewarming of the lamp.
Test products
Products tested were indomethacin 10% ointment (Indomethacin,
Pharmachim, Sofia, Bulgaria) (IM), betamethasone valerate 0.1% ointment
(Betnovate, Glaxo, England) (BMV), water-in-oil emulsion with 65% lipid content
(Linola Fett N, Dr August Wolff, Germany) (LFN) and oil-in-water emulsion with
25% lipid content (Wolff Basis Creme, Dr August Wolff, Germany) (WBC).
Skin score
The severity of the UVL-induced skin reaction was rated according to a 5-point
scale: 0 - normal skin; 1 - slight erythema; 2 - moderate erythema; 3 - intensive
erythema and slight edema and 4 - intensive erythema and intensive edema.
Measurement of skin elasticity
Mechanical properties of the skin were determined using a non-invasive, in
vivo suction device (Cutometer SEM 474) equipped with 2 mm and 8 mm diameter
measuring probes. The time/strain mode with an application of vacuum of 400
mbar for 5 s followed by a 5 s relaxation period and 0.1 s presuction of the skin was
used. The obtained skin deformation curve is illustrated in Fig. 1.
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Figure 1. Skin deformation curve obtained with Cutometer.
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We analyzed the following groups of mechanical parameters:
• Absolute parameters – Ue - immediate distension; Uv - delayed distension;
Uf - final distension; Ur - immediate retraction; Ua - final retraction.
• Relative parameters – Ua/Uf - the ratio of total retraction to total distension,
called gross elasticity; Ur/Uf - the ratio of immediate retraction to total
distension, called biological elasticity and Uv/Ue - the ratio of viscoelastic
to elastic distension.
Measurement of epidermal hydration
The water content of the superficial epidermal layers down to a depth of about
0.1 mm was determined with a non-invasive, skin capacitance meter (Corneometer
CM 820). The average values of four measurements were used in subsequent
calculations. The measured values were presented in arbitrary units (AE).
Study protocol
Using adhesive tapes, sixteen 9-cm2 test areas were enclosed on the
volunteers’ backs. The first three test sites of each row were treated with LFN,
WBC, IM and BMV, respectively. The firs column was treated 60 min prior to
irradiation, the second column - 5 min prior to irradiation and the third column 5 min after irradiation. The fourth column remained untreated and served as a
control. The rest of the body was covered.
The skin was irradiated from a distance of 50 cm for period of 8 min. Test
areas were evaluated clinically and by measurements of skin mechanical
properties and epidermal hydration 1 h before and 24 h after irradiation. The room
temperature was 22-26ºС and the relative humidity 30-45%.
Statistical analysis
The Mann-Whitney test was used to compare the clinical scoring. Student’s
t-test for paired data was used to compare the mean values of the skin capacitance
and mechanical parameters before and after irradiation. The changes of the
cutometer parameters analyzed were shown as a percentage of the initial values.
P<0.05 was considered statistically significant.
Study 5.
Determination of the effect of local preparations on skin elasticity
Volunteers
A total of 52 healthy women were studied after giving informed consent.
They were divided into 3 groups:
• Group 1 – 16 women (average age 36±11 years, range 18-53 years);
• Group 2 – 21 women (average age 45±7 years, range 35-63 years);
• Group 3 – 15 women (average age 46±7 years, range 37-64 years).
Measurement of skin elasticity
Mechanical properties of the skin, in particular of the epidermis, were
determined using a non-invasive, in vivo suction skin elasticity meter equipped with
2 mm diameter measuring probe (Cutometer SEM 474). The time/strain mode was
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used with a 5 s application of a constant negative pressure of 400 mbar, followed by
a 5 s relaxation period. A typical skin deformation curve is illustrated in Fig. 1. The
following parameters were analyzed: Ue - immediate distension; Uv - delayed
distension; Uf - final distension (skin distensibility); Ur - immediate retraction;
Ua/Uf - gross-elasticity of the skin, including viscous deformation; Ur/Uf biological elasticity, i.e., the ratio of immediate retraction to total distension; Uv/Ue
- and the ratio of viscoelastic to elastic distension. The average values of three
consecutive measurements were used in subsequent calculations. Measurements
were carried out after preliminary acclimatization of subjects at controlled room
conditions. The room temperature was 22-25 ˚C and air humidity was 25-55%.
Study protocol
Study 1. Short-term application of cosmetic products (Group 1).
Measurements of skin mechanical parameters were made on volar forearm
before and 120 min after single application of two emulsions containing 10% urea
and 2% complex of AHAs, respectively. An adjacent non-treated test site served
as control.
Study 2. Long-term application of cosmetic products (Groups 2 and 3).
In Group 2, the skin mechanical properties were investigated before and after
1-month once-daily application of facial cream containing plant extracts of
Rooibos (2%), Rosa Damascena (0.1%), and Chamomile (2%).
In Group 3, the skin mechanical properties were investigated before and after
2-month once-daily application of facial cream containing matrixyl (1%), natural
grape seed oil (1%), and avocado oil (2%).
Measurements were made at five test sites located on the forehead and both
eye corners and cheeks.
Statistical analysis
Student’s t-test for paired data was used to compare the mean values of the
skin mechanical parameters before and after the application. P<0.05 was
considered statistically significant. Changes in the parameters analyzed were
shown as percentage towards the initial values.
Study 6.
Determination of the effect of local preparations on sebum secretion
Valunteers
Twenty healthy volunteers (9 male, 11 female; mean age, 36±11 years;
range, 17-50), 16 with oily skin and 4 with combined skin, were enrolled in this
study after given written informed consent. The subjects were selected after a
preliminary clinical examination, completion of a special questionnaire for
determination of skin type, and quantitative measurements of skin lipids on the
face using sebumetry. The inclusion criteria were oily or combined type of skin
and casual sebum levels over 220 µg sebum/cm² on the forehead and over 180 µg
sebum/cm² on the cheeks. Participants were asked not to use any cosmetics and
not to wash within 3h of measurements.
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Test products
Test product was day cream “Aroma pure” (Aroma, Sofia, Bulgaria), which is a
part of the “Aroma pure” cosmetic line for oily skin. This oil-free cream-gel contains
2% compound of Sesamum Indicum (Sesam) seed extract, Argania Spinosa kernel oil,
and Serenoa Serrulata (saw palmetto) fruit extract (Reguseb, Pentapharm), 0.1%
Vitamin B6, physical ultraviolet filter (titanium dioxide), and special matting complex.
Clinical assessment
The degree of skin oiliness on the face was assessed using a 5-point scale: 0 normal skin; 1 - slightly; 2 - easily visible; 3 - obviously; and 4 - extensive oiliness.
Measurement of skin sebum
Casual sebum level on the forehead and both cheeks was determined with a
photometric device (Sebumeter SM 815, Courage+Khazaka, Cologne, Germany).
A special opaque plastic tape (64 mm2) was pressed onto the skin for 30 s with a
slight pressure to collect the sebum. The resulting increase in transparency of the
tape was measured and the displayed values correspond to the sebum amount on
the skin surface in µg sebum/cm².
The quantity of sebum on the mid forehead was evaluated using sebum
collector foils (Sebufix F16, Courage+Khazaka, Cologne, Germany). The foils
were applied to the skin surface for 30 s and the absorbed sebum became visible as
transparent spots in various sizes. The number and the size of the spots indicated
the sebum excretion from the infundibular reservoir. Then the foils were evaluated
with skin camera Visioscope (Courage+Khazaka) and software SELS. The
following parameters were analyzed: the percentage area covered by oily spots, the
sebum area in square micrometer, and the number of oily spots.
Self-assessment
A subjective evaluation questionnaire regarding the physical characteristics,
tolerance, and efficacy of the product was filled out by the subjects at the end of the study.
Study protocol
The present study has been carried out during the winter months (January and
February). Clinical assessment and all instrumental measurements were done by
the author. Two weeks before study begin and during the treatment period, the
subjects were allowed only the use of regular cleansing products. Approximately
500 mg of the tested product was applied to the face twice daily (mornings, 7:009:00; evenings, 19:00-21:00) over a 4-week treatment period by the subjects at
home. The area around the eyes was omitted.
Clinical assessment and determination of skin sebum level were made before
and after the treatment period. Measurements were done about 18 h after the last
application and 3 h minimum after the last washing of the skin at controlled room
temperature (21-25 ºC) and relative humidity (28-38%). Before the skin
measurements were made, the subjects remained in a sitting position for 15 min to
acclimatize to ambient conditions.
Statistical analysis
The changes in clinical scores were evaluated using Wilcoxon matched pairs
test. The changes in sebaceous gland activity were evaluated using Student’s t-test
for paired data. P<0.05 was considered statistically significant.
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4. Studies of skin functions in diseases
Study 7.
Changes in the mechanical properties of the skin in patients with
Raynaud’s phenomenon
Patients
A total of 63 patients were investigated after giving informed consent. They
were divided in three groups:
• 26 patients (2 men, 24 women; age range, 21-69 years; mean,
52.1±11.4 years) suffered from limited form of SS, diagnosed according to
the American Rheumatism Association criteria. The median duration of the
disease from the onset of symptoms was 3 years (range, 6 months to 35 years).
• 37 patients (5 men, 32 women; age range 16-74 years; mean, 40.1±15.0 years)
suffered from RP, diagnosed on history or/and observation of at least a
biphasic (pallor followed by either cyanosis or erythema or both) color change
on exposure of the hands to cold. Median duration of RP symptoms was
3 years (range, 3 months to 24 years).
• 39 healthy volunteers (4 men, 35 women; age range, 15-72 years; mean,
41.6±14.8) were studied as controls.
Nailfold capillaroscopy
Nailfold capillary microscopy was performed using a stereo Leitz
microscope (magnification 40x). The epithelium was made transparent by adding
a drop of glycerin. At least three fingers on each hand were examined.
Nailfold capillary microscopy findings were divided into three classes:
normal, SS-type and RP-type nailfold capillary pattern. The SS pattern capillary
abnormalities consist of reduction in capillary numbers, focal rarefaction of
capillaries and presence of enlarged with giant capillaries and hemorrhages. The
RP-type nailfold capillary abnormalities consist of slight capillary narrowig
and/or enlargement with no capillary loss, focal rarefaction and hemorrhages.
Measurement of skin elasticity
Mechanical properties of the skin were determined with a non-invasive, in
vivo suction skin elasticity meter (Cutometer SEM 474) equipped with a 2 mm
measuring probe. Measurements were performed over five anatomic regions:
cheeks, volar forearms, wrists, hands and proximal phalanx of the fingers. The
time/strain mode was used with a 5 s application of vacuum of 400 mbar, followed
by a 5 s relaxation period. The typical skin deformation curve is composed of the
following parts: Ue - immediate distension; Uv - delayed distension; Uf - final
distension; Ur - immediate retraction and Ua - final retraction. The skin mechanical
parameters considered in this study were Uf, called skin distensibility, Ua/Uf,
called elasticity, and Uv/Ue, called viscoelasticity. (Fig. 1).
Patient and control subjects classification
Patients were categorized according to nailfold capillaroscopy findings and
clinical diagnosis as follow:
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I. Patients with “SS-type” nailfold capillary abnormalities:
Group 1 – 17 patients with indurative phase of SS (17 women; age range,
21–69 years; mean, 51.4±11.6 years);
Group 2 – 9 patients with edematous phase of SS (two men, seven women;
age range, 24–62 years; mean, 53.4±11.6 years);
Group 3 – 18 patients with suspected secondary RP (two men, 16 women;
age range, 17–74 years; mean, 45.1±14.4 years).
II. Patients with “RP-type” nailfold capillary abnormality:
Group 4 – 19 patients with primary RP (three men, 16 women; age range,
16–55 years; mean, 35.4±14.4 years).
III. Healthy control individuals with normal nailfold capillaroscopy pattern:
Control group 1 – 30 subjects (men, 28 women; age range, 20-72 years;
mean, 47.0±11.8 years);
Control group 2 – (3 men, 27 women; age range, 15-53 years; mean,
36.8±12.2 years).
Statistical analysis
Student’s t-test for unpaired data was used to compare the mean values of
the mechanical parameters. Results of patient groups 1-3 were compared with
those of control group 1, whereas results of patient group 4 were compared with
those of control group 2. A level of P<0.05 was considered significant.
Study 8.
The increased skin viscoelasticity - a possible new sign for the very early
diagnosis of systemic sclerosis
Patients
A total of 94 consecutive patients were investigated after giving informed
consent.
• 48 patients (3 men, 45 women; age range, 16-69 years; mean, 52.2±11.3)
suffered from limited form of SS, diagnosed according to the American
Rheumatism Association criteria. Median duration of the disease from the
onset of symptoms was 3 years (range, 6 months to 34 years).
• 46 patients (4 men, 42 women; age range, 16-62 years; mean, 39.9±13.2)
suffered from RP, diagnosed on history or/and observation of at least a
biphasic (pallor followed by either cyanosis or erythema or both) color
change on exposure of the hands to cold. Median duration of RP symptoms
was 3 years (range, 3 months to 24 years).
• 162 healthy volunteers (76 men, 86 women; age range, 10-82 years; mean,
41.2±15.6) were studied as controls.
Nailfold videocapillaroscopy
Nailfold videocapillaroscopy was performed using two Dino-Lite digital
microscopes (AnMo Electronics, Taipei, Taiwan) with 160x and 500x
magnification rate. The epithelium was made transparent by adding a drop of
glycerin. At least three fingers on each patient’s hand were examined. The
15

observed capillaroscopy findings were divided into three classes: normal,
scleroderma-pattern and RP-pattern. The scleroderma-pattern consists of markers
for microangiopathy such as architectural disarrangement, loss of capillaries
and/or avascular areas, enlarged and/or giant capillaries, microhemorrhages, and
neoangiogenesis. The RP-pattern consists of absence or mild architectural
disarrangement, mild capillary constriction and/or dilatation, with no capillary
loss and no hemorrhages.
Measurement of skin mechanical properties
Mechanical properties of the skin were determined with a non-invasive, in
vivo suction skin elasticity meter (Cutometer SEM 474) equipped with a 2 mm
diameter measuring probe. Measurements were performed on the volar surface of
both forearms at the midpoint of a line between the wrist and elbow. The time/strain
mode was used with a 5 s application of vacuum of 400 mbar, followed by a 5 s
relaxation period. The typical skin deformation curve is composed of the following
parts: Ue - immediate distension; Uv - delayed distension; Uf - final distension;
Ur - immediate retraction and Ua - final retraction. The skin mechanical parameters
considered in this study were skin distension (Uf), skin elasticity (Ua/Uf), and skin
viscoelasticity (Uv/Ue). (Fig. 1).
Patients and control subjects classification
Subjects were categorized according to clinical diagnosis and nailfold
capillaroscopy findings as following:
I. Patients with “SS-type” nailfold capillaroscopy findings:
• Patient group 1 – 20 patients with edematous phase of SSc (3 men, 17
women; age range, 16–65 years; mean, 51.7±11.9 years);
• Patient group 2 – 28 patients with indurative phase of SSc (28 women; age
range, 21–69 years; mean, 50.9±11.1 years);
• Patient group 3 – 26 patients with suspected secondary RP (2 men, 24
women; age range, 17–62 years; mean, 42.8±11.6 years);
II. Patients with “RP-type” capillaroscopy findings:
• Patient group 4 – 20 patients with primary RP (2 men, 18 women; age
range, 16–55 years; mean, 36.0±14.3 years).
III. Healthy subjects with a normal-type capillaroscopy findings. They were
divided into four groups:
• Control group 1 – 162 healthy subjects (76 men, 86 women; age range, 10–
82 years; mean, 41.2±15.6 years);
• Control group 2 – 69 healthy subjects (21 men, 48 women; age range, 16–
75 years; mean, 50.9±13.6 years);
• Control group 3 – 69 healthy subjects (17 men, 52 women; age range, 16–
62 years; mean, 42.0±9.4 years);
• Control group 4 – 69 healthy subjects (21 men, 48 women; age range, 16–
62 years; mean, 36.2±10.6 years).
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Statistical Analysis
Measurement data was presented as mean and standard deviation, mean and
95% confidence intervals of the mean, and as numbers and percentages. Student’s
t-test for unpaired data was used to compare the mean values of skin mechanical
parameters between patients and age-comparable healthy subjects. Results of
patient groups 1 and 2 were compared with those of control group 2; results of
patient group 3 were compared with those of control group 3; and the results of
patient group 4 were compared with those of control group 4. Student’s t-test for
paired data was used to evaluate the changes in skin mechanical parameters of
patients obtained by two consecutive measurements. The values of subjects
included in control group 1 were used to calculate the population mean with a
95% confidence intervals of the mean for skin mechanical parameters as a
function of age. Thereafter, each individual patient value was compared with the
population values and designated as increased, decreased or unchanged. The
significance was evaluated using Chi Square test for 2x3 contingence tables. A
level of P<0.05 was considered significant.
Study 9.
Changes in the mechanical properties and water content of the skin
in patients with eczema
Subjects
Ten patients with subacute eczema and 20 healthy subjects were examined.
The patient group includes 7 men and 3 women, mean age 59.9±11.0 years, range
42-69 years. The control group of healthy subjects includes 9 men and 11 women,
mean age 60.2±11.2 years, range 44-75 years.
Clinical evaluation
The clinical symptoms of erythema, induration and desquamation were
assessed visually on a scale of 0-4 (0 - lack; 4 - very severe symptoms).
Measurement of epidermal hydration
Changes in epidermal water content were determined using a Corneometer
CM820 and reported in arbitrary units (AE).
Measurement of skin mechanical properties
Changes in the mechanical properties of the skin are determined by
Cutometer SEM 474 equipped with 2 mm and 8 mm diameter measuring probes.
A strain/time measurement scheme was used, applying a vacuum of 500 mbar for
5 secs, followed by skin relaxation for 5 secs, one repetition of the measurement
cycle. The skin mechanical parameters of skin distension (Uf), elasticity (Ua/Uf)
and viscoelasticity (Uv/Ue) were analyzed.
Study protocol
Clinical evaluation, measurement of water content and mechanical
properties of the skin in patients were performed before and after standard eczema
treatment with systemic antihistamines, topical and systemic corticosteroids with
an average duration of 12 days, ranging from 9-17 days. Clinical assessment and
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measurement of water content were performed in eczema test sites (n=77),
localized in the area of the face, dorsal forearms, valar forearms, back of the arms
and patients' buttocks. Comparable test sites were also studied in 20 healthy
volunteers (n=40). Measurement of the mechanical properties of the skin was
performed in eczema test sites (n=25), localized to the volar and dorsal forearms.
Comparable test sites were also studied in 20 healthy volunteers (n=40).
Statistical analysis
A Man-Whitney test was used to evaluate changes in clinical evaluation after
treatment. Student's t-test for independent (diseased/healthy skin) and dependent
data (pre-/post-treatment) was used to evaluate differences in water content and
mechanical skin parameters. Values of P<0.05 were considered statistically
significant.
Study 10.
Changes in the epidermal water content in patients with psoriasis vulgaris
Patients
Twenty-two patients with plaque psoriasis vulgaris were studied (4 women
and 18 men, mean age 49.6±16.8 years, range 27-82 years, with disease duration
1-35 years, mean duration 13.3±8.5 years, and PASI index 4.1-32.6 (mean index
15.6±7.4).
Measurement of epidermal hydration
The water content of the epidermis was determined using a Corneometer
CM820 and represented in arbitrary units (AE).
Study protocol
A total of 96 psoriatic plaques were examined, after pre-removal of the squamas
on them by 1-2 applications of 10% salicylic ointment. All plaques were measured
before treatment and 54 plaques in 11 patients were measured after treatment with
dithranol ointment and emollients lasting 7-27 days (mean 18±7 days).
Statistical analysis
A comparison was made of the electrical capacity values in the area of
psoriatic plaques and adjacent visibly healthy skin, both before and after
treatment. Student-Fischer's t-test was used. Values of P<0.05 were considered
statistically significant.
Study 11.
Effect of ketoconazole 2% shampoo on scalp sebum level
in patients with seborrheic dermatitis
Patients
The study included 20 outpatients with seborrheic dermatitis (15 men and 5
women, mean age 27±6 years, range 16-40 years). All had scalp lesions; two had
seborrheic dermatitis elsewhere and three have androgenic alopecia.
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Study protocol
Ketoconazole 2% shampoo (Nizoral, Janssen Pharmaceutica, Belgium) was
administered twice weekly for four weeks. Patients were examined before
treatment and after 2 and 4 weeks. At each examination, lipid measurements, a P.
ovale cultural assay, and a clinical evaluation of the severity of seborrheic
dermatitis on a 4-point scale (0 - no symptoms; 1 - mild; 2 - moderate; 3 - severe
symptoms) were performed. In addition, a patient’s self-assessment of the severity
of scaliness and itching using a 100 mm visual analog scale was made.
Measurement of skin surface lipids
Measurements were made with Sebumeter SM 810. Skin lipids were
absorbed for 30 secs and determined in g/cm2. The hair is divided by a path along
the midline of the capillary and measurements are made on the path in two places:
location 1 - the middle of the line between the hairy and hairless part of the head
and location 2 - about 10 cm above. Samples were taken 36-48 hours after
washing the hair.
Cultural study for P. ovale
It was performed on Dixon medium at 37 ºC for 7 days. Results were
reported as negative (less than 5 colonies) and positive (greater than 5 colonies).
Statistical analysis
Friedman's test was used to analyze the clinical grade scale. The linear
analog scale and the lipid values were estimated using Student's t-test for
dependent variables. Values of P<0.05 were considered statistically significant.
Study 12.
Changes of scalp lipids after the application of four antidandruff shampoos
Patients
A total of 44 volunteers were studied (32 men and 12 women, aged 15-76
years). Twenty-nine of these were with Pityriasis simplex capitis and 15 with
Dermatitis seborrhoides.
Test products
Four different shampoos were investigated labeled as follows:
• Shampoo 1 containing 1% salicylic acid, 0.5% vegetable tar, 3% alcoholic
extract of green microalgae (Algopix, Medica, Sandanski);
• Shampoo 2 containing 1% zinc pyrithione (Head & Shoulders, Procter &
Gamble, Schwaibach / Taunus, Germany);
• Shampoo 3 containing 1% selenium sulfide (Selsun blue, Abbott S.p.A, Aprilia, Italy)
• Shampoo 4 containing 0.6% ketoconazole, 1% metronidazole, 3% precipitated
sulfur (ex tempore).
Evaluation criteria
The following criteria were used to evaluate the effectiveness of treatment:
• Visual assessment of scalp oiliness and desquamation on a 4-point scale (0 no symptoms; 3 - severe symptoms)
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•

Patients' self-assessment of itching, oiliness and desquamation using a visual
0-100 analog scale.
• Dixon agar culture study on P. ovale (Shampoo 1). The results were reported
as positive with growth of more than 5 colonies.
• Scalp lipid measurement were made using Sebumeter SM810. It was
performed 48 hours after washing the hair at 4 points on the scalp - the first
two are located in the median line, respectively at the border of the hair / hair
section and about 10 cm above, and the other two - in the right and left
temporal regions. The measured values reflect the casual level of the lipids
in the scalp areas studied and were presented in µg/cm2. For further analysis,
the mean of the measurements in the four anatomical regions was used.
Study protocol
The investigated shampoos were administered twice a week for 4 weeks.
Before, after 2 weeks and at the end of treatment, a clinical evaluation and selfassessment of clinical symptoms were performed as well as a measurement of the
scalp lipids. Subjects treated with shampoo 1 were tested for P. ovale before and
at the end of treatment.
Statistical analysis
Friedman test was used to analyze changes in the objective evaluation and
self-assessment of the main symptoms of the disease, as well as changes in the
level of skin lipids during the treatment. The Mann-Whitney test was used to
compare between shampoos. Values of P<0.05 were considered statistically
significant.
Study 13.
Changes of the facial skin lipids in patients with acne
before and after treatment applied
Patients
A total of 19 volunteers (7 men and 12 women; mean age, 18±4 years; range,
15-30), 10 with oily skin, 3 with combined skin, and 6 with normal skin, were
enrolled in the study after giving informed consent. The subjects were selected
after a preliminary clinical examination, completion of a special questionnaire for
determination of skin type, and quantitative measurements of skin lipids on the
face using sebumetry. Eight participants had mild acne, 9 had moderate acne, and
2 suffered from severe acne vulgaris of the face at baseline. The average duration
of acne was 5±3 years (range, 2-17).
Test products
Test products were blemish correcting emulsion “Elea” and local treatment
gel “Elea” (Solvex Cosmetic Products, Plovdiv, Bulgaria), which are a part
of the “Elea DermaClar” cosmetic line for oily blemish-prone skin. The products
contain 3% (emulsion) and 4% (gel) combination of capryloyl glycine, sarcosine,
and Cinnamon zeylanicum bark extract (Sepicontrol A5, Seppic, Paris, France),
0.5 percent combination of zinc and gluconate (Givobio GZn, Seppic, Paris,
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France), 1 percent extracts from orange and grapefruit standardized with alpha
bisabolol (Fruitapone Orange B and Fruitapone Grapefruit B, Symrise AG,
Holzminden/Frankfurt, Germany), and 0.1 percent salicylic acid (gel).
Clinical assessment
Clinical evaluation was performed by the physician using count of acne
lesions on the face skin divided in four regions – forehead, left cheek, right cheek,
and central zone including nose and chin. The counted spots were further
documented on clinical photographs.
The initial severity of acne was classified using common 3-point scale:
• mild acne: comedones <20, or papules <15, or comedones and papules <30;
• moderate acne: papules and pustules 15-50, comedones and few cyst. Total
lesion count 30-125.
• Severe acne: mainly nodules and cysts, comedones, papules and pustules.
Total lesion count >125.
In order to determine the therapy efficacy, the severity of acne before/after
treatment was graded using a 6-point scale: 0 - absent; 1 < 10; 2 = 11-25; 3 = 26-50;
4 = 51-100; 5 = over 100 acne lesions. The therapy effect observed was classified as
very good (a difference in score with 2 units), good effect (a difference in score with
1 unit), and slight effect (no difference).
Instrumental assessment
Casual sebum level on the forehead and both cheeks was determined with a
photometric device (Sebumeter SM 815). A special opaque plastic tape (64 mm2)
was pressed onto the skin for 30 s to collect the sebum. The resulting increase in
transparency of the tape was measured and the displayed values correspond to the
sebum amount on the skin surface in μg sebum/cm².
The activity of sebaceous gland on the midforehead was evaluated using
sebum collector foils (Sebufix F16). The foils were applied to the skin surface for
30 s and the absorbed sebum became visible as transparent spots. The number and
the size of the spots indicated the sebum excretion from the infundibular reservoir.
Then the foils were evaluated with skin camera Visioscope (Courage+Khazaka,
Cologne, Germany) and software SELS (Surface Evaluation of the Living Skin).
The parameters analysed were the number of oily spots, the percentage area
covered by oily spots, and the sebum area in square micrometer.
Self assessment
A subjective evaluation questionnaires regarding the physical characteristics,
tolerance, and efficacy of the products were filled out by the subjects at the end of
the study. In addition, before and after treatment they filled out two quality of life
questionnaires - Dermatology Life Quality Index (DLQI) and Cardiff Acne
Disability Index (CADI).
Study protocol
The present an open-labelled study with comparison before/after treatment has
been carried out in the late autumn. Clinical assessment and all instrumental
measurements were done by the author. Two weeks before the study begin and
during the treatment period, the subjects were allowed only the use of regular
21

cleansing products. The blemish correction emulsion was applied in a thin layer to
the face and local treatment gel was applied on the target zones twice daily over a 7week treatment period by the subjects at home. Clinical assessment was made before
and after 2, 4 and 7 weeks of treatment. Subjective evaluation and determination of
skin sebum were done before and after the treatment period. Measurements were
performed about 18 h after the last application and 3 h minimum after the last
washing of the skin at controlled room temperature (22-25 °C) and relative humidity
(35-55%). Before the skin measurements were made, the subjects remained in a
sitting position for 15 min to acclimatize to ambient conditions.
Statistical analysis
The changes in clinical scores were evaluated using Wilcoxon matched pairs
test. The changes in average values of acne lesion count and sebum levels were
evaluated using Student’s t-test for paired data. P<0.05 was considered
statistically significant.
Study 14.
Changes in bacterial colonization of follicles in patients with acne vulgaris
before and after treatment applied
Patients
Twenty-five patients with acne without other medical problems (5 male and
20 female; average age, 23.3±4.9 years; range, 13-35 years) were included in this
study after given written informed consent. The patients did not take any topical
or oral medication for at least one month prior the study. The study protocol was
approved by the Institutional Ethics Committee of the hospital.
Clinical assessment
The severity of acne was rated on a 4-point scale (1 - comedones only; 2 comedones and papules; 3 - pustules and comedones/papules and 4 - nodules and cysts).
Instrumental assessment
Casual sebum level was determined with a photometric device (Sebumeter
SM 815, Courage+Khazaka, Cologne, Germany). A special opaque plastic tape
(64 mm2) was pressed onto the skin for 30 s with a slight pressure to collect the
sebum. The resulting increase in the transparency of the tape was measured and
the displayed values correspond to the sebum amount on the skin surface in µg
sebum/cm2.
The follicular fluorescence was determined with a new developed camera
Visiopor PP 34 (Courage+Khazaka, Cologne, Germany), which uses a specific
UV-A light (375 nm). The porphyrins become visible as fluorescent orange-red
spots in the pores which indicate the presence of P. acnes bacteria living within
and on the surface of the follicular impactions or the comedones of a measured
area of 6 x 8 mm. The parameters analyzed were the number and the percentage
of the area covered by orange-red spots. The yellow color spots in the images
were excluded from the analysis.
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Study protocol
Clinical assessment and determination of skin sebum level and fluorescence
intensity were made at five areas of the face: forehead (center), nose (nose tip),
cheeks (the most prominent areas of both zygomata) and chin (mental
prominence). Measurements were done about 6 h after the last washing of the skin
at controlled room temperature (21–25 ºC) and relative humidity (35-45%).
Before the skin measurements were made, the subjects remained in a sitting
position for 15 min to acclimatize to ambient conditions.
Statistical analysis
The measured areas were classified into two zones: T zone (forehead, nose
and chin) and U zone (both cheeks). The average values of sebum and
fluorescence parameters for the T zone, U zone and T+U zone were calculated.
According to the sebum amount in the T zone and U zone, the subjects were
divided into a high sebum secretion group (sebum amount > median value) and a
low sebum secretion group (sebum amount < median value). The differences in
the average sebum and red fluorescence values were analyzed with the Student’s
t-test. The relationship between the clinical score and sebum and red fluorescence
values and the relationship between the sebum and orange-red fluorescence values
were evaluated using respectively Spearman correlation test and Pearson
correlation test. Each comparison was made for the T-zone, U-zone and the T+U
zones. P<0.05 was considered statistically significant.
5. Statistical methods
The results obtained are presented in text, tabular and graphical form.
Parametric and non-parametric statistical analysis methods, described in detail in the
protocol of each study, were used to determine their reliability. Values of P <0.05
were considered statistically significant. Excel software (Microsoft) was used.
6. Ethical aspects
All studies of healthy volunteers and patients with skin diseases were
performed after obtaining voluntary informed consent and following the
recommendations of the Declaration of Helsinki and guidelines of the Good
Medical Practice.
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IV. RESULTS AND DISCUSSION
1. Studies of healthy skin
Study 1.
Evaluation of skin fatigue
Results
The adult skin was characterized by significantly higher values of the
mechanical parameters R4, R9 (volar forearm), F2 (volar forearm) and lower F3
compared to young skin (Figs. 2-3). R3 was not significantly altered. There were
not any sex-related differences in skin mechanical parameters.

Figure 2. R-parameters of young and adult skin. Figure 3. Area-parameters of young and adult skin.

Figs. 4 and 5 present the skin deformation curves of young and adult skin.

Figure 4. Skin deformation curve of young
volar forearm skin.

Figure 5. Skin deformation curve of adult
volar forearm skin.

The following statictically significant correlations were found:
• on temporal region - F2 correlates positively with parameters R3, R4, R9
while F3 correlates positively with R3 and negative with R4.
• on volar forearm - F2 correlates positively with parameters R3, R4, R9 while
F3 correlates negatively with R4 and R9.
A positive correlation within the parameters R3, R4 and R9 was established
at both anatomic regions.
Discussion
The hallmark of age-related changes of skin mechanical properties is the
decrease in its elastic properties. This results in bigger fatigue of adult skin than
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young skin after applying multiple stress at one and the same anatomic region.
Skin fatigue can successfully be evaluated with a suction skin elasticity meter
(Cutometer) using measurements with several repetitions of the measuring cycle.
The first DOS-version software of the device has only three mechanical
parameters, so called R-parameters, related to the investigation of skin fatigue (Fig. 1):
R3 = maximal skin deformation after the last suction;
R4 = residual skin deformation after release of the last suction;
R9 (R3-R0) = difference between the last and the first maximal skin deformation.
The new Windows-version software introduces two additional mechanical
parameters, so called Area-parameters, which can also be applied for study of skin
fatigue. These parameters can be calculated for curves taken in mode 1 with a
minimum of 10 repetitions. The skin deformation curve obtained is wrapped with
an envelope-function (Fig. 6). Above and below the curve, the envelope curves
appear as logarithmical average of maximum and minimum amplitudes. The new
parameters suggested are:
F2 = Area above the upper envelope-curve (area C);
F3 = Area within the envelope curves (area D).
Results obtained show that after multiple deformations at one and the same
region adult skin shows bigger fatigue than young skin. The skin progressivelly
loses the capability to restore its initial position and each subsequent curve has
lover amplitude and lower elastic retraction. This results in an increase of R4, R9
and F2, and a decrease in F3.
We consider the parameters R4 and F3 as most indicative of human skin fatigue.
In conclusion, the non-invasive method applied can be useful for objective
and quantitative investigation of age-related changes in skin fatigue and
evaluation of the effects of cosmetic and antiaging topical products.

Figure 6. Envelope function and mechanical parameters of the skin.
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Study 2.
Evaluation of dry skin
Results
Visual assessment
Subjects were rated into five groups according to their visual score. Data are
presented in Table 2.
Table 2. Number, age and visual assessment of the subjects.
Parameter

Group 1

Group 2

Group 3

Group 4

Group 5

No of sbjects

10

11

10

10

9

Age (years)
(Mean±SD)

40.1±10.8

40.4±7.1

46.3±10.0

51.9±10.7

53.4±5.6

Visual assessment

Dryness score

0, normal
skin

1, slight

2, moderate

3, severe

4,
extremely
dry skin

No visible
scales

Slight
visible
scales

Moderate
amount of
scales

Extensive
fine scaling

Extensive
scaling
with large
flakes

Image

Description

Epidermal hydration
Values of epidermal electrical capacitance measured (mean±SD) are
presented at Table 3.
Table 3. Epidermal hydration results.
Parameter

Group 1

Group 2

Group 3

Group 4

Group 5

Corneometry (AU)

36.7±8.1

34.9±6.3

32.6±4.9

30.9±5.3

28.1±5.5

Skin surface measurements
Values of skin surface parameters measured are presented at Table 4.
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Table 4. Skin surface measurements results.
Parameter
Group 1
Surface
245.0±36.4
Volume
20.1±4.4
Texture parameters
Energy (NRJ)
0.11±0.02
Entropy (ENT)
1.62±0.04
Homogenity (HOM) 1.58±0.06
Contrast (CONT)
0.75±0.23
Variance (VAR)
2.72±0.39
SELS parameters
Scaliness SEsc)
0.23±0.14
Roughness (SEr)
2.09±1.05
Smoothness (SEsm) 22.50±2.52
Wrinkles (SEw)
75.19±7.5
Skin roughness parameters
M_R1
27.50±3.7
M_R2
22.80±3.36
M_R3
17.20±2.3
M_R4
13.20±1.87
M_R5
3.80±0.63

Group 2
298.2±46.6
32.5±5.1

Group 3
356.1±50.4
34.1±5.2

Group 4
Group 5
448.9±140.6 540.3±104.9
42.9±8.7
52.8±5.6

0.11±0.03
1.60±0.04
1.53±0.06
0.95±0.23
3.06±0.38

0.08± 0.02
1.55±0.03
1.45± 0.05
1.22±0.30
3.61± 0.41

0.07±0.03
1.50±0.08
1.37± 0.12
1.91±0.97
4.31±1.17

0.05±0.01
1.44±0.05
1.30±0.08
2.84±0.98
5.20±0.04

0.97±0.23
2.28±1.03
20.16±1.31
63.41±5.8

1.19±0.20
2.52±0.82
22.73±2.03
57.88±4.1

1.45±0.34
3.59±1.59
24.45±3.51
52.43±7.6

2.20±0.33
4.38±0.94
27.18±3.62
48.10±3.14

31.73±3.7
27.63±3.88
19.09±2.4
18.73±2.68
3.63±0.67

36.20±4.3
31.80±3.70
22.50±2.6
21.90±2.76
3.90±0.57

44.30±9.4
39.70±9.31
27.50±6.7
27.40±6.72
4.80±1.03

54.44±6.4
50.00±6.00
34.11±5.2
35.44±4.1
5.77±0.83

Correlations between the parameters investigated
A significant inverse correlation was found between the visual scores and
skin capacitance values. Subjects with less scaling showed high skin capacitance
values (Fig. 7).
60
R2 = 0,2025

Skin capacitance (AU)
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5 score

Figure 7. Correlation between skin capacitance values and visual rating of skin dryness.

Visual scores positively correlated with the parameters surface, volume,
scaliness (SEsc), roughness (SEr), smoothness (SEsm), and roughness parameters
(R1-R5) (Fig. 8 and 9).
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Figure 8. Correlation between values of
surface, volume
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Figure 9. Correlation between values of
SELS paramaters
and visual rating of skin dryness.

A significant inverse correlation was found between the visual scores and
texture parameters energy (NRJ), entropy (ENT), and homogenicity (HOM), and
the parameter wrinkles (SEw).
Discussion
Clinical evaluation of dry skin relies on the subjective assessment of the
investigator and is based upon visual and tactile evaluation of clinical signs using
descriptive ordinal scales.
Objective assessment of dry skin is based on non-invasive skin
bioengineering techniques involving the measurements of moisture content using
electric skin properties (conductance, impedamce and capacitamce of the stratum
corneum), skin roughness, transepidermal waterloss, lipid content and
desquamation.
Using corneometry and image analysis technique we found that dry skin shows
low values of electrical capacitance, energy (NRJ), entropy (ENT), homogenicity
(HOM) и wrinkles (SEw), and high values of surface, volume, contrast (CONT),
variance (VAR), scaliness (SEsc), roughness (SEr), smoothness (SEsm) and
roughness parameters (R1-R5). These results are in accord with the statement that
dry skin is characterized by low capacitance, and rough and scaling surface.
A significant correlation exists between the visual assessment, epidermal
capacitance measurements and image analysis of skin surface in evaluation of dry
skin. Visual score, corneometry and visiscope examination succeed in
differentiating the different degree of skin dryness.
In conclusion, all three methods applied are reliable tool for the assessment of
dry skin and can be used for the afficacy assessment of topical moisturizing creams.
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Study 3.
Evaluation of oily skin
Results
After treatment, the number of oily drops (number of active sebaceous
glands) decreased unreliably by 13.7% and 11.2%, while there was a significant
reduction in the area covered by oily drops (sebum production) by -27.3 and 32.8%, respectively. Between the absolute values of the studied parameters,
determined by the two software, a significant difference was observed only in the
measured number of oily droplets, while between the relative values (before/after
treatment) a reliable correlation was found. (Fig. 10 and Table 5)
Table 5. Measurement of the sebaceous gland activity using Sebufix.
SELS
Parameter

Before

After

Number oily drops
Area (%)
Area (µm2/pixel2)

417.7
9.7
7418.1

360.6
7.0
5395.0

Before treatmen

ImageJ
Variance
(%)
-13.7
-27.3
-27.3

Before

After

344.3*
10.1
7732.7

305.8*
6.8
5199.9

Variance
(%)
-11.2
-32.8
-32.8

After treatment

Figure 10. Examples of images of sebum secretion using Sebufix.

Discussion
Sebufix F16 are special foils for detecting sebum on the skin surface. They
contain micropores that, after absorption of sebum, become visible as black spots.
The foils can be evaluated qualitatively, semiquantitatively visually and
quantitatively by means of an image analysis program developed by Prof. Tronie
et al. named SELS (Surface evaluation of living skin).
In this study, a Visioscope BW camera was used in addition to the Sebufix
tests to obtain digital images of sebum secretion from the facial skin surface. For
quantitative analysis of the images obtained, two image analysis software was
used and compared - SELS and the freely available program ImageJ [Image
processing and analysis in Jawa. (http://rsb.info.nih.gov/ij)]. The results obtained
show comparable results.
In conclusion, we consider that both software can be successfully used to
determine the activity of the sebaceous glands and to evaluate and compare the
effect of the sebum-regulating therapy administered.
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2. Studies of external influences on the skin
Study 4.
Determination of the effects of UVL and photoprotective activity
of topical preparations
Results
Clinical assessment
The clinical score values are presented at Table 6.
Table 6. Clinical scores of the test areas 24 h after irradiation.
Test area
W/O emulsion
O/W emulsion
Indomethacin
Betamethasone valerate

60 min before
2.1
2.0
0.6 *
2.0

5 min before
2.2
2.6
1.0*
2.2

5 min after
2.8
2.8
2.3
2.7

Control
3.0
3.2
3.1
3.0

*P<0.01 (Mann-Whitney test between IM treated sites and the rest test sites)

Test sites treated with IM 60 min and 5 min before irradiation showed
significantly lower erythema and oedema intensity than the rest test sites.
Skin elasticity measurements
Using both measuring probes, no significant changes in all analyzed skin
mechanical parameters were observed at test sites treated with IM 60 min and
5 min before irradiation. At the rest test sites a significant decrease of Ue, Ur,
Ua/Uf and Ur/Uf, and an increase of Uv and Uv/Ue were observed. These changes
were most pronounced at the untreated control test sites. Skin distensibility
showed no significant alteration. (Figs. 11 and 12)

Figure 11. Changes in skin elasticity parameter Ua/Uf expressed as percentage increase or
decrease in the values. (t-test *, P<0.05, **, P<0.01, ***, P<0.001)
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Discussion
Indomethacin, a potent inhibitor of prostaglandin synthesis, is known to
reduce UVL-induced erythema, or sunburn, in humans. This effect has been
established using clinical assessment, blood flow measurement and colorimetry.
Recently, we determined a sun protection factor of 11 of indomethacin 10%
ointment.
In the present study we used for the first time non-invasive skin elasticity
measurements to investigate the inhibitory activity of topical IM, BMV and
emollients on UVL-induced erythema. Short-term UVL exposure significantly
decreased the elastic (Ue, Ur, Ua/Uf, Ur/Uf) and increased the viscoelastic (Uv,
Uv/Ue) mechanical parameters of the skin. These changes are indicative of the
presence of oedema and thickening of the skin. Thickening of the skin reduces its
immediate distensibility (Ue) and elasticity (Ua/Uf, Ur/Uf), while the
inflammatory dermal oedema raises its delayed distension (Uv) and viscoelastic
ratio (Uv/Ue). Final skin distensibility (Uf) remained no significantly altered
because the decrease of Ue was compensating by the increase of Uv. Our results
are similar to changes of skin mechanical parameters observed after prolonged
UVL exposure.
We found that IM applied 60 min and 5 min prior to irradiation significantly
decreased UVL-induced skin inflammation and prevents the alteration of skin
mechanics, whereas LFN, WBC and BMV did not. This suggests that inhibitory
activity of IM is superior to the inhibitory activity of topical corticosteroid and
emollients tested on UVL-induced erythema.

Figure 12. Changes in skin viscoelasticity parameter Uv/Ue expressed as percentage
increase or decrease in the values. (t-test *, P<0.05, **, P<0.01, ***, P<0.001)
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Two mechanisms are proposed to explain the suppressive effect on the UVLinduced erythema of IM administered locally, orally or intradermally: 1) IM acts
like filter or absorbs UVL rays when it is applied before UVL exposure; and 2) IM
inhibits prostaglandin synthesis when it is applied after UVL exposure. We
consider that IM have a complex mechanism of action.
To estimate the influence of the possible moisturizing effect of the vehicle
on skin mechanics, we additionally determined the changes of epidermal
hydration. We did not find any significant alteration in skin capacitance values
24 h after the application of all products tested. For that reason, we accept that the
changes in skin mechanical parameters observed were related to the UVL
exposure, only.
In conclusion, our results demonstrated the superior inhibitory action of
topical indomethacin to betamethasone valerate and emollients on UVL-induced
inflammation. We consider the non-invasive measurements of skin elasticity as a
supplementary tool for objective evaluation and comparison the photoprotective
activity of different topicals.
Study 5.
Determination of the effect on skin elasticity of local preparations
Results

Study 1. Short-term application of cosmetic products (volunteer’s group 1)
After single application of emulsion containing 10% urea a significant
increase of all absolute parameters Ue, Uv, Uf, Ur as well as relative viscoelastic
parameter Uv/Ue was observed.
The changes in skin mechanical parameters 120 min after application of two
emulsions expressed as a percentage increase or decrease in the values are shown
in Fig. 13.
Emulsion with 10% urea

Emulsion with 2% AHA
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Uv

Uf
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Ua/Uf

Ur/Uf

Uv/Ue

Figure 13. Changes in skin mechanical parameters on volar forearm after single
application of two emulsions expressed as a a percentage increase or decrease in the
values. (t-test: * P<0.05; ** P<0.01; *** P<0.001).
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The single application of emulsion containing 2% complex of AHAs
produced a significant increase of all absolute parameters, except for Uv, and
relative elastic parameters Ua/Uf and Ur/Uf, whereas the relative viscoelastic
parameter Uv/Ue was decreased. No significant changes in skin mechanical
parameters at the control test site were observed.

Study 2 Long-term applications of cosmetic products (volunteer’s groups 2 and 3)
The changes in skin mechanical parameters expressed as a percentage
increase or decrease in the values are shown in Fig. 14. The multiple applications
of moisturizing cream containing plant extracts of Rooibos, Rosa Damascena and
Chamomile were associated with a significantly increase in all absolute
parameters, except for Ue, and relative elastic parameters Ua/Uf and Ur/Uf, and
viscoelastic parameter Uv/Ue. The multiple application of anti-aging cream
containing matrixyl, natural grape seed and avocado oils produced a significant
increase in absolute parameter Ur and relative elastic parameter Ur/Uf, and
decrease of absolute parameter Uv and relative viscoelastic parameter Uv/Ue
while the rest mechanical parameters remained no significantly altered.
Cream with 2% Rooibos extract

Cream with 1% Matrixyl

30.0
**

25.0

**

20.0

***

***

**
**

15.0
10.0

***

*

5.0

% 0.0
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-15.0
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-20.0
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Ua/Uf

Ur/Uf
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Figure 14. Changes in skin mechanical parameters after multiple application of the face two
creams expressed as a percentage increase or decrease in the average values.
(t-test: * P<0.05; ** P<0.01; *** P<0.001).

Discusion
Mechanical properties of the skin are very important for its protective function
and cosmetic appearance. They change during life due to chronological and photo
aging, and various external influences. To preserve skin properties an application
of cosmetic products is recommended. There are plenty of active ingredients used
in order to help the skin look younger and beautiful. Some substances (glycerol,
urea, hyaluronic acid, sericin, natural moisturizing factor, plant oils) possess
moisturizing effect while others (alpha-hydroxy acids) (AHAs) promote exfoliation
and reduce the thickness of the stratum corneum. Active ingredients such as retinyl
palmitate, collagen peptide, vitamin C are considered to stimulate epidermal
protein and collagen biosynthesis. The application of these cosmetic products is
beneficial for improvement of skin mechanics through different mechanisms.
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In the present study, using Cutometer, we found that, after a single
application, the first two emulsions tested improved the plasticity of the epidermis
by softening its outer layers (mainly the corneal layer) by two different
mechanisms. The emulsion containing urea causes an increase in epidermal
hydration, which is associated with an increase in viscoelastic parameters (Uv and
Uv / Ue). The second emulsion containing AHAs decreases intercorneal cohesion,
resulting in an increase in elastic parameters (Ua/Uf and Ur/Uf) and a decrease in
the viscoelasticity to elasticity ratio (Uv/Ue). Both emulsions increase roughly the
final distension (Uf). However, in the first case it is at the expense of an increase
in Uv (delayed viscous viscosity) and in the latter case it is at the expense of an
increase in Ue (immediate elastic distension).
Our study involving long-term application of cosmetic products confirm
their favorable effects on skin mechanical properties. However, they could be
linked to different action mechanisms. The cream containing plant extracts
significantly increased final distension (Uf), elasticity (Ua/Uf and Ur/Uf), and
viscoelasticity (Uv and Uv/Ue) of the skin. These changes can be associated with
predominantly hydration effect on the epidermis and dermis. The cream
containing pentapeptides increased biological elasticity (Ur/Uf) and decreased
viscoelasticity (Uv and Uv/Ue). These changes can be linked to increased skin
firmness and elasticity due to accumulation of newly synthesized collagen.
In conclusion, our results confirm the ability of used skin bioengineering
technique to give an objective and relevant information about the changes in skin
mechanical properties after the application of different cosmetic products and
suggest the existence of several mechanisms for their improvement.
Study 6.
Determination of the effect on sebum secretion of local preparations
Results
Clinical assessment
A significant decrease in the severity of oily skin condition was shown by
physician’s visual assessment after 4 weeks of treatment with test product (33%
reduction in mean scores; P<0.001).
Instrumental assessment
The casual sebum level on the forehead and cheeks was significantly reduced
by 20% towards the initial values (P<0.001). The percentage area covered by oily
spots and the sebum area in square micrometer significantly decreased by 42%
towards the initial values (P<0.001).
The number of oily spots (active sebaceous gland) remained unaltered
(Figs. 15 and 16).
Subjective assessment
The product tolerability and cosmetic properties (consistency, spreadibility,
and permeation) were evaluated by 95% of the volunteers as “good” to “very
good.” A visible sebum-regulating efficacy was reported in 95% of them. There
were no adverse events related to the test product during the study.
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Casual sebum level
(Sebumeter)

Sebaceous gland activity
(Sebufix)
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Figure 15. Changes in skin lipids after treatement (n=20). (* P<0.0001; ** P<0.01)

Discusion
Excessively oily facial skin is due to overactive sebaceous glands and can
occur in both males and females. The skin is greasy and shiny, with large pores,
feels unpleasant, and may be a serious cosmetic problem. Moreover, this type of
skin is much more prone to acne and seborrheic dermatitis. That is why the control
over the excessive oiliness is very important.
Sebum production is stimulated by androgens. 5α-Reductase is the enzyme
metabolizing testosterone in the skin into its more potent form dihydrotestosterone.
There are some botanical compounds considered to inhibit 5 α -reductase,
including saw palmetto extract, essential fatty acids (γ -linolenic acid, α-linolenic
acid, linoleic, and oleic acids), and phytosterols (β-sitosterol).
The newly introduced cream containing polyphenol-rich fractions from Saw
palmetto and sesame seeds and argan oils is designed to regulate the excess
production of sebum and improve the appearance of oily skin. Its 5 alphareductase inhibitory activity has been established in vitro and is related to its
composition rich in fatty acids, phytosterols and tocopherols (vitamin E).

Before treatment
After treatment
Figure 16. Examples of sebum measurements using Sebufix, Visioscope, and SELS. (a) Before
treatment: oily spots area. 9.9% and 4,619 mm2; oily spots count, 189. (b) After treatment: oily
spots area, 5.4% (-45.5%) and 2.509 mm2 (-45.5%); oily spots count, 172 (-8.9%).

The present study established for the first time the efficacy of the new cream
using objective skin bioengineering techniques. We found a significant reduction
of sebum level on the skin (20% decrease) and area covered by oily spots (42%
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decrease) after 4 weeks of twice-daily applications, although the number of oily
spots (active sebaceous glands) was not altered significantly. These results
indicated a decrease in the amount of sebum in the follicular reservoir and would
suggest some reduction in sebum production.
The difference between the values obtained with the two measuring
techniques is probably due to the different measuring principles used. Lipidabsorbent tape of the Sebumeter collects all the sebum present on the stratum
corneum, including the follicular reservoir and the interfollicular skin surface,
whereas Sebufix® only absorbs the sebum present in the upper part of the
infundibulum.
In conclusion, the present study shows with objective and quantitative
methods the efficacy of the sebum control cream containing polyphenol-rich
extract from saw palmetto, sesame seeds, and argan oil to reduce the greasiness
and improve the appearance of oily facial skin.
3. Studies of skin fuctions in diseases
Study 7.
Changes in skin mechanical properties in Raynaud’s phenomenon
Results
Comparison between patients and controls
Sclerodermatous skin (patient groups 1 and 2) was characterized by
significantly lower Uf and higher Uv/Ue in all anatomic regions, and significantly
lowers Ua/Uf on the forearms, wrists, and phalanx compared with healthy skin
(control group 1) (Fig. 17)
Patients with suspected secondary RP (patient group 3) showed significantly
lower Uf on cheeks, forearms and wrists and significantly higher Uv/Ue on
forearms and wrists compared with control group 1.
Mechanical parameters of the skin of patients with primary RP (patient
group 4) did not differ from those of the healthy skin (control group 2).
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Figure 17. Mechanical parameters of volar forearm skin in patients with Raynaud’s
phenomenon and controls (2 mm probe). Mean values and 95% CI are shown. Group 1,
indurative scleroderma; group 2, oedematous scleroderma; group 3, suspected secondary
RP; and group 4, primary RP. t-test between patients and controls: *P<0.05, **P<0.01,
***P<0.001. Lines indicate statistically significant differences between patient groups.

Comparison within the patient groups
Edematous phase (group 1) was characterized by no significantly higher
Uv/Ue compared with indurative phase (group 2) of SS.
Sclerodermatous skin (patient groups 1 and 2) and the skin of patients with
suspected secondary RP (group 3) showed identical changes of Uf and Uv/Ue in
respect of patients with primary RP (group 4).
Patients with suspected secondary RP (group 3) showed significantly lower
Uf on forearms and wrists and significantly higher Uv/Ue on forearms, wrists and
phalanx compared with patients with primary RP (group 4).
Discussion
Raynaud’s phenomenon has been described as the first symptom in up to
70% of patients with systemic sclerosis (SS) and may precede skin changes by
several months or even years. The features that are considered as most helpful in
identifying patients with RP at risk of developing SS are digital ischaemic changes
or puffy fingers, the scleroderma-type capillary abnormalities and the presence of
antinuclear antibodies. These features are considered to characterize the so called
“pre-scleroderma”, as well.
In our study, patients with primary RP showed RP-type nailfold
capillaroscopy findings and no underlying disease. Patients with secondary RP
suffered from edematous or indurative phase of SS and they all showed SS-type
nailfold capillaroscopy abnormalities. Patients with RP who showed the presence
of abnormal capillary findings suggestive of SS, i.e. a presence of SS-type nailfold
capillaroscopy patterns, were diagnosed as having suspected secondary RP.
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We observed most demonstrative changes over volar forearms.
Sclerodermatous skin was characterized by lower Uf and Ua/Uf, and higher
Uv/Ue. In edematous phase of SS the changes are attributed to the thickening of
the skin as a result of cutaneous edema, whereas in indurative phase they are
attributed to the deposition of collagen and increased skin stiffness.
We did not find any significant changes in skin mechanics of patients with
primary RP. However, the mechanical properties of the skin of patients with
suspected secondary RP showed significant changes between those patients with
primary RP and patients with edematous phase of SS. This finding suggests that
some skin alterations exist such as an initial edema and thickening.
In conclusion, our study suggests that the noninvasive measurements of skin
mechanical properties could be of diagnostic or prognostic value in prescleroderma patients, i.e. in patients with RP at risk of developing SS but who
have not yet developed typical skin changes.
Study 8.
The increased skin viscoelasticity - a possible new fifth sign for
the very early diagnosis of systemic sclerosis
Results
Comparison between patients and age matched healthy controls
Sclerodermatous skin (patient groups 1 and 2) was characterized by
significantly lower Uf and higher Uv/Ue compared with healthy skin (control
group 2) (Fig. 18). Patients with suspected secondary RP (patient group 3) showed
significantly lower Uf and significantly higher Uv/Ue compared with healthy skin
(control group 3). Mechanical parameters of the skin of patients with primary RP
(patient group 4) did not significantly differ from those of the healthy skin (control
group 4).
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Figure 18. Mechanical parameters of volar forearm skin in patients and age matched healthy
controls. Mean values and standard deviations are shown. Statistical significance between
patients and control subjects, and between study groups was indicated.
* P<0.05, ** P<0.01, ***P<0.001.
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Comparison within the patient groups
Edematous phase (patient group 1) was characterized by significantly higher
Uf and Uv/Ue compared with indurative phase (patient group 2) of SSc.
Patients with suspected secondary RP (patient group 3) showed significantly lower
Uf and higher Uv/Ue compared with patients with primary RP (patient group 4).
Sclerodermatous skin (patient groups 1 and 2) and the skin of patients with
suspected secondary RP (patient group 3) showed identical changes of Uf and
Uv/Ue in respect to patients with primary RP (patient group 4).
Comparison between individual mechanical parameters of the patients and
average values and the 95% CI of the mean of the healthy controls
The individual values of skin mechanical parameters of each patient (patient
groups 1-4) were compared with the population average values and 95% CI of the
mean (control group 1) and designated as increased, decreased or unchanged. The
obtained results are shown as number and percentage in Table 7.
All comparisons between the study groups were statistically significant
except for skin distensibility (Uf) and skin elasticity (Ua/Uf) between patient
groups 2 and 3. Most remarkable tendency was observed with regard to skin
viscoelasticity parameter (Uv/Ue). Patients with edematous SSc (100%),
indurative SSc (93%) and suspected secondary RP (81%) showed increased
viscoelasticity of the skin compared to patients with primary RP (10%).
Examples of comparison of individual patient values with population
average values and 95% CI of the mean are presented at Figs. 19 and 20.
We found no significant changes in skin distensibility (Uf) and elasticity
(Ua/Uf), but significant increase in skin viscoelasticity (Uv/Ue). The individual
patients’ values of skin distensibility were lower, and values of skin
viscoelasticity were higher compared with the population values.
Table 7. Comparison between individual values of the patients and 95% CI of the
mean of the healthy population.
SKIN DISTENSIBILITY
(Uf)

Patient
group 1
(n=20)
Patient
group 2
(n=28)
Patient
group 3
(n=26)
Patient
group 4
(n=20)

SKIN ELASTICITY
(Ua/Uf)

SKIN VISOELASTICITY
(Uv/Ue)

↑
n (%)

→
n (%)

↓
n (%)

↑
n (%)

→
n (%)

↓
n (%)

↑
n (%)

→
n (%)

↓
n (%)

8
(40)

2
(10)

10
(50)

12
(60)

4
(20)

4
(20)

20
(100)

0

0

2
(7)

6
(21)

20
(72)

11
(39)

7
(25)

10
(36)

26
(93)

2
(7)

0

2
(7)

8
(27)

17
(66)

10
(38)

7
(27)

9
(35)

21
(81)

3
(11)

2
(8)

3
(15)

14
(70)

3 (15)

3
(15)

10
(50)

7
(35)

2
(10)

14
(70)

4
(20)
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Dynamic changes in skin mechanical parameters in patients with
suspected secondary RP
Six patients with suspected secondary RP were examined for the second time
after 2 years. They all were now linicaly diagnosed as having initial phase of SSc.
The average values of skin mechanical parameters are presented at Fig. 21.
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Figure 19. Skin distensibility (Uf) of sample patients diagnosed as having oedematous phase
of SSc (Patient 1), indurative phase of SSc (Patient 2), suspected secondary RP (Patient 3),
and primary RP (Patient 4) are compared to values of healthy subjects (Mean and 95% CI of
the mean).
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Figure 20. Skin viscoelasticity (Uv/Ue) of sample patients diagnosed as having oedematous
phase of SSc (Patient 1), indurative phase of SSc (patient 2), suspected secondary RP (Patient
3), and primary RP (Patient 4) are compared to values of healthy subjects (Mean and 95% CI
of the mean).
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Figure 21. Changes in skin mechanical parameters in patients with suspected RP (n=6)
observed at two consecutive measurements performed in two years.

Discussion
It is considered that the timely diagnosis of SS followed by appropriate
treatment could improve the patient outcome.
Involvement of the skin is the hallmark of SSc. Cutaneous manifestations
occur in most patients and play important role for the diagnosis. They typically
affect the face and distal extremities and usually undergo three phases: edematous,
indurative, and atrophic. The severity of skin sclerosis is generally evaluated by
palpation using the modified Rodnan score.
Previous studies of patients with SSc and RP have demonstrated that the
measurements of skin mechanical properties are reliable and more sensitive than
the skin score assessed by palpation. They are able to discriminate the
sclerodermatous from healthy skin and the indurative from edematous phase of
SSc, as well as to detect the initial alteration in mechanical parameters of the skin
in prescleroderma patients, i.e., in patients with RP at risk of developing SSc but
who have not yet developed typical skin changes.
Based on these findings, we initiated in our office a standardized protocol
for investigation of skin mechanical properties in all patients with evident or
presumed diagnosis of SSc and suspected secondary RP. The measurements were
made with a non-invasive, in vivo suction device (Cutometer) equipped with two
measuring probes with apertures of 2 and 8 mm in diameter. The time/strain mode
was used with a 5-second application of a vacuum of 400 mbar, followed by a 5second relaxation period. Measurements were performed over 11 anatomic
regions: forehead (center), cheeks, volar forearms (center), wrists (volar aspect),
hands (dorsal aspect), and proximal phalanx of the middle fingers (doesal aspect).
All measurements were made in triplicate at least and the average patient's site
values were compared with the average values and 95% CI by site of the
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corresponding age matched healthy control group. Data analysis ranged over
10 mechanical parameters. The accumulated experience confirmed the usefulness
of this method for objective and quantitative monitoring of individual course of
skin involvement.
However, the investigation protocol has been found to be a certain degree
complicated and time consuming (up to 3 hours including the time spent for
measurements and their statistical analysis). That is why we aimed to develop and
propose a more simplified investigational protocol.
In the present study we applied the same well-known cutometer method and
measuring scheme with three limitations:
• Use of one measuring probe. Based on our own experience we consider the
measurements with 2 mm diameter probe as enough indicative of initial
changes in the sclerodermatous skin.
• Measurement over one anatomic region. Based on literature data and our
own experience, we consider that at this test site the skin bioengineering
measurements generate most reproducible values.
• Evaluation of three skin mechanical parameters. The former experience
suggest that three mechanical parameters are most indicative. (1) Skin
distension (Uf) is linked to the stretching of collagen and elastic fibers and
inversely correlates with skin thickness and rigidity. (2) Skin elasticity
(Ua/Uf) measures the ability of the skin to return to its initial position after
deformation and is related to the function of elastic fibers. (3) Skin
viscoelasticity (Uv/Ue) indicates the proportion of viscoelastic plus viscous
deformation to elastic deformation of the skin and is attributed to the
displacement of the interstitial fluid throughout the fibrous network. It
increases in the presence of dermal edema and alterations of interstitial fluid.
Previous studies showed that the sclerodermatous skin was characterized by
lower Uf and Ua/Uf, and higher Uv/Ue. The changes correlated with the
expression of pathologic process.
Thus we shortened the study procedure to about 20 minutes without any loss
of useful information.
The results obtained confirmed our previous findings. Skin distensibility
(Uf) was significantly decreased and skin viscoelasticity (Uv/Ue) was
significantly increased on the volar forearm of the patients with SSc and suspected
secondary RP compared to healthy controls. The volar forearm skin of patients
with primary RP did not show any significant alteration. The changes in skin
elasticity (Ua/Uf) was not significant.
Comparison of the individual patient's values with the population average
values and 95% CI of the mean suggest that skin viscoelaticity (Uv/Ue) is the
most indicative mechanical parameter of the skin. It was found increased in all
(100%) patients with edematous phase of SSc, 93% of the patients with indurative
phase of SSc, and 81% of the patients with suspected secondary RP. In contrast,
only 10% of the patients with primary RP showed an increase in skin
viscoelasticity. Significantly raised values of skin viscoelasticity in the patients
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with suspected secondary RP are probably due to the presence of initial
sclerodermatous changes in the volar forearm skin that are subtle for human
senses. Six patients with suspected secondary RP were investigated once again
2 years later. Skin viscoelasticity has been found significantly increased, which
suggest strengthening of disease process. At the second visit these patients were
diagnosed with clinically evident SSc.
In conclusion, our results confirm that the proposed simplified method for
noninvasive measurements of skin mechanical properties is appropriate for
objective and quantitative evaluation of sclerodermatous skin. In combination
with nailfold videocapillaroscopy it could be predictive in pre-scleroderma
patients, i.e. in patients with RP at risk of developing SSc but who have not yet
developed clinically evident skin changes. In our opinion, this method should be
popularized and the increased skin viscoelasticity could be proposed for
consideration as possible fifth sign/symptom for the very early diagnosis of
systemic sclerosis.
Study 9.
Changes in skin mechanical properties and hydration in eczema
Results
Clinical evaluation
After treatment, there is a significant improvement in the clinical evaluation
of erythema, induction and desquamation of the skin in the eczema lesions.
(Fig. 22)
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Figure 22. Clinical evaluation of eczematous skin before and after treatment.
(Average, minimum and maximum limit)

Epidermal hydration
Lesional skin was characterized by significantly lower water content
(35.0±12.3 AE) compared to healthy healthy controls (56.4±15.9 AE). After
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treatment, there was a significant increase in the water content in the lesional skin
(48.1±13.3 AE), while the values of healthy control skin remained unchanged
(58.0±14.0 AE). (Fig. 23)
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Figure 23. Water content of lesional and healthy skin, before and after treatment.
(*** P <0.001)

Mechanical properties of the skin
Lesional skin is characterized by significantly lower distensibility Uf (probe
2 mm and 8 mm) and elasticity Ua / Uf (probe 2 mm), and higher viscoelasticity
Uv / Ue (probe 2 mm and 8 mm). An 8 mm probe establishes relatively higher
elasticity in lesional skin. After treatment, there is a significant increase in
elasticity (2 mm and 8 mm probe) and elasticity (2 mm probe), while
viscoelasticity decreases (2 mm and 8 mm probe). (Figs. 24 and 25)
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Figure 24. Changes in mechanical properties of the skin (probe 2 mm).
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Figure 25. Changes in skin mechanical properties (8 mm probe).

Discussion
To determine the severity of eczema and atopic dermatitis as well as the
effect of therapy applied, various clinical scales, based on the visual grading of
their clinical symptoms such as erythema, infiltration, oozing, excoriations,
scaling and lichenification of the skin, are most commonly used. This clinical
evaluation, although easy and quick, is characterized by subjectivism and
insufficient reproducibility.
There are currently a large number of non-invasive bioengineering techniques that allow an objective and quantitative assessment of the above-mentioned
components of lesional skin in eczema and atopic dermatitis. The most commonly
used are measurements of water content and skin barrier function, while measurements of erythema, pH, desquamation, dermal edema are less commonly used.
Studies on changes in the mechanical properties of the skin in patients with
eczema are lacking in the literature. In the present study, we found that lesional
skin was characterized by low water content, reduced elasticity and increased
viscoelasticity compared to healthy skin. The elasticity is reduced by a 2 mm
probe and relatively increased by an 8 mm probe. After treatment, there is a
significant increase in the water content and the elasticity of the skin, but without
reaching the values of healthy skin. Elastic and viscoelastic parameters are
normalized to those of controls. Changes in functional parameters correlate
significantly with clinical evaluation.
In conclusion, the mechanical properties of lesional skin in eczema before
and after treatment were measured for the first time. The applied non-invasive
bioengineering methods can be successfully used to monitor disease progression,
evaluate and compare the therapeutic effect of eczema patients.
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Study 10.
Changes in epidermal water content in patients with psoriasis vulgaris
Results
The average values of electrical capacitance of psoriatic plaques (n=96) and
adjacent healthy skin were 29.8±9.4 АЕ and 64.1±11.5 АЕ, respectively
(P<0.001). After treatment, the values of electrical capacitance of psoriatic
plaques (n=54) increased from 27.2±8.7 АЕ to 40.2±14.0 АЕ (P<0.001), while
those of perilesional skin did not significantly change and were 63.5±11.3 АЕ and
64.9±11.9 АЕ, respectively. (Table 8).
Table 8. Epidermal water content of psoriatic plaques and healthy skin, before
and after treatment.
Electrical capacitance (Arbitrary units, АЕ)

Time/Area

Psoriatic plaque

Adjacent normal skin

t-test

Before treatment (n=96)
Before treatment (n=54)
After treatment (n=54)
t-test

29.8±9.4 АЕ
27.2±8.7 АЕ
40.2±14.0 АЕ
P<0.001

64.1±11.5 АЕ
63,5±11.3 АЕ
64,9±11.9 АЕ
NS

P<0.001
P<0.001
P<0.001

Discussion
In the recent years, non-invasive bioengineering methods have been
developed that allow an objective and quantitative study of the changes in skin
functions of psoriatic skin, as well as evaluating and comparing the effects of the
treatment applied.
Using corneometry, we found a reduced water content of the epidermis in
psoriatic plaques, which is in agreement with the results of other authors. The
epidermal hydration depends primarily on the barrier functions of the stratum
corneum. When it is damaged, its barrier function is confused and the passage of
water through it increases.
The retention of water in the stratum corneum is mainly due to the presence
of intercellular lipids containing ceramides, cholesterol and fatty acids. In the
psoriatic epidermis, quantitative and qualitative changes in the content of
ceramides (mainly a decrease in ceramide 1) have been identified, which
determines its defective barrier function. Therefore, the psoriatic skin is
characterized by reised TEWL, which correlates inversely with the hydration of
the superficial skin layers, i.e., the increased TEWL values are accompanied by a
reduced water content. After dithranol treatment, the electrical capacitance values,
i.e., the water content of the psoriatic epidermis increases but do not reach those
of adjacent visibly healthy skin. This suggests that clinical recovery is not
accompanied by complete restoration of skin functions.
In conclusion, the non-invasive method applied is suitable for the objective
and quantitative assessment of the treatment effect in patients with psoriasis
vulgaris.
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Study 11.
Changes in scalp lipid content after treatment with ketoconazole shampoo
Results
Clinical response of seborrheic dermatitis
As a result of treatment a significant improvement of the scalp scaling
severity, according to the 4-point scale, was observed (Р<0.001). The patient’s
own assessments, using analogue scales, showed a significant reduction of the
scalp scaling (P<0.001) and pruritus (Р<0.001). No side effects were observed in
our patients and all of them accepted the shampoo formulation as very good.
Cultures of P. ovale
All subjects were culturally positive for P. ovale on Dixon agar before
treatment. The 2nd week mycological examination of 11 patients (55%) was
negative and at the end of the 4th week – of 19 patients (95%).
Lipid measurements
According to the initial lipid level on the scalp before the beginning of the
therapy, the subjects were divided into two groups: group 1: over 220 µg/cm2
(11 patients with seborrhoea) and group 2: under 220 µg/сm2 (9 patients with
sebostasis). After treatment with 2% ketoconazole shampoo the amount of lipid
on the scalp in group 1 remained unaltered, while in group 2 it increased
considerably (P<0.001) (Fig. 26). There was no relationship between the scalp
lipid level and the presence of P. ovale.

Figure 26. Changes of scalp lipid level (µg/cm2) following application of ketoconazole 2%
shampoo. (n1=11, n2=9)
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Discussion
The role of Pityrosporum ovale (PO) and sebum excretion in seborrheic
dermatitis is controversial. In recent years many authors have suggested that the
primary aetiologic agent is the lipophilic yeast PO. This has been supported by
the demonstration that the oral or topical antifungal agent ketoconazole improves
seborrheic dermatitis and dandruff. However, with quantitative cultures no
significant difference has been found in the number of PO in patients compared
with controls, or between healthy and lesional skin in the patient group. Therefore,
some believe it is more about altered reactivity to yeast.
Regarding sebum secretion in patients with seborrheic dermatitis, some
authors found it unchanged, while others observed significantly increased
amounts of lipid on the forehead skin in patients compared to controls. No
significant qualitative changes in sebum production were found. However, the
disease mainly affects skin areas with an abundance of sebaceous glands and
increased sebum production favors the growth of yeast PO.
Our study confirmed the clinical efficacy as well as the efficacy of
ketoconazole 2% shampoo againts PO yeast with the observation of 95% negative
tests at the end of treatment. We ourselves were surprised to observe an increase
of scalp lipid level in patient group 2. In our opinion, ketoconazole shampoo does
not affect the production of sebum, but improves its delivery onto the skin surface.
This is probably due to the removal of the follicular occlusion. The following
options are suggested:
• The destroying of yeasts colonizing the pilosebaceous duct contributes to the
elimination of the follicular inflammation and occlusion. However, why
were the two patient groups not equally affected?
• Ketoconazole shampoo could reduce the follicular occlusion regardless of
the incidence of PO.
In a study of patients with Pityrosporum folliculitis by scanning electron
microscopy, no association was found between yeast presence and follicle
blockage. Follicular occlusion is assumed to be primary and is followed by the
growth of yeast and bacteria. The beneficial effect of orally administered
ketoconazole in patients with Pityrosporum folliculitis is likely to be associated
with some direct effect on the pilosebacial duct. Follicular occlusion is more
pronounced in patients with low lipid levels (group 2) and this explains their
increase after treatment. On the other hand, more efficient sebum flow contributes
to the reduction of yeast and bacteria colonizing the pilosebacial duct.
In conclusion, the presented study is the first attempt to determine the effect
of ketoconazole shampoo on scalp lipid levels in patients with seborrheic
dermatitis. The mechanism of action of this antifungal agent on the disease
remains controversial.
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Study 12.
Changes in scalp lipid content after application
of 4 anti-dandruff shampoos
Results
Clinical response of seborrheic dermatitis
As a result of the treatment applied, a statistically significant decrease in the
degree of scalp oiliness and desquamation was observed in all patients according
to the 4-stage clinical scale used. There were no significant differences between
the effectiveness of the individual shampoos, but shampoo 2 and shampoo 3 had
the most pronounced effect at the end of the 4-week treatment.
Patients' self-assessment using a visual analogue scale shows that all
shampoos reduce subjective complaints of itching, oiliness and scaling, with the
highest efficiency of shampoo 3 at the end of the fourth week. No side effects
were observed in any patient. The cosmetic properties of shampoos are judged to
be good by all probants.
Cultures of РО
Mycological examination was performed only in patients treated with
shampoo 1. Prior to initiation of treatment, 12 (60%) of them were positive for
PO. of Dixon agar. At the end of the fourth week, only 2 patients were positive
for PO. Therefore, 83% of the patients had a negative cultures for РО.
Measurement of scalp lipids
According to baseline lipid level on the scalp prior to initiation of treatment,
patients were divided into two groups: group 1 with normal lipid level (40-100
µg/cm2) and group 2 with increased lipid level (above 100 µg/cm2). After
treatment, an increase in the level of skin lipids on the scalp occurred in the first
group, whereas no statistically significant changes were observed in the second
group. Shampoo 4 showed the strongest impact in both the first group - increasing
the values to + 148% in the 4th week and in the second group - a slight decrease
in the values by - 9%. (Figs. 27 and 28).
Discussion
Seborrheic dermatitis (SD) of the scalp is a chronic or subacute disease
characterized by erythema, desquamation and itching, manifested to varying
degrees. Its milder form is dandruff (Pityriasis capitis). It varies in severity both
between individuals and over time.
Today it is accepted that Pityrosporum ovale (PO), seborrhea (skin lipid
level), individual and abnormal immune response and additional factors such as
genetic, hormonal, neurogenic, exogenous factors play a role in the
etiopathogenesis of SD. They all contribute to the growth of PO in healthy
individuals or in predisposed patients.
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Figure 27. Changes in the amount of skin lipids Figure 28. Changes in the amount of skin
on the scalp (difference in %) in patients with lipids on the scalp (difference in %) in patients
normal baseline of 40-100 μg/cm2. (* P<0.05)
with reised baseline above 100 μg/cm2.

The treatment of SD is aimed at eliminating PO (and other microflora),
reducing skin lipids and suppressing the inflammatory response. Anti-mycotic
(antimicrobial) agents, anti-inflammatory agents (topical corticosteroids, coal tar,
ichthyolum), anti-seborrheic agents (sulfur), keratolytic agents (salicylic acid)
and plant extracts (tea tree oil) are used as active ingredients in modern antidandruff shampoos.
In this study, we compared the therapeutic activity of four anti-dandruff
shampoos containing different active ingredients. Clinical response was observed
after 4 weeks of administration in all patients, as confirmed by themselves. Most
pronounced parallel between the researcher's objective assessment and the
volunteers' self-assessment was observed after treatment with shampoo 3
(selenium sulfide). According to the objective assessment, the largest and equal
reduction in scalp oiliness and desquamation was observed after treatment with
shampoo 2 (zinc pyrithione) and shampoo 3 (selenium sulfide), and the least
effective was shampoo 4 (ketoconazole+metronidazole+sulfuris pp.). According
to patients' self-assessment, all indicators were most strongly influenced after
treatment with shampoo 3 (selenium sulfide). Scalp greasing was least affected
by shampoo 4 (ketoconazole + metronidazole + sulfuris pp.), and desquamation
and itching by shampoo 1 (salicylic acid + juniper tar + green microalgae-salts).
A cultural study performed in the first group of patients treated with
shampoo 1 (salicylic acid + vegetable tar + green algae extract) showed a negative
effect in 83% of the positive probants at the end of treatment. This suggests that
the active ingredients used in this shampoo have some antifungal action. On the
other hand, the elimination of squames by salicylic acid also contributes to the
reduction of yeast numbers.
The results of the measurement of lipids on the scalp show that patients with
normal baseline experience an increase in values, most pronounced in shampoo 4
(ketoconazole + metronidazole + sulfuris pp.), and in those with initially higher
lipid values no significant changes were observed. These data are consistent with
the results of our previous study in patients treated with shampoo containing 2%
ketoconazole. An increase in scalp lipids has been reported by other authors and
was most pronounced in individuals using selenium sulfide containing shampoo.
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In our opinion, the increase in lipids is associated with improving their
release on the scalp. Destruction of yeast and other microflora colonizing the
pilosebacial duct leads to the elimination of follicular inflammation and
occlusion. Follicular occlusion is likely to be more pronounced in patients with
low baseline lipid levels, which explains their rise after treatment. The highest
increase in scalp lipid level (+ 148%) was observed after application of shampoo
No. 4 (ketoconazole + metronidazole + sulfuris pp.). This triple combination may
lead to the most pronounced elimination of microflora and follicular occlusion.
The present study shows that administration of shampoos with completely
different active ingredients results in approximately the same clinical results.
What unites them is that they all have antimycotic and antimicrobial action, ie.
reduce the skin micro-flora. This supports the hypothesis that the therapeutic
activity of anti-dandruff treatment is related to the elimination of PO.
In conclusion, the treatment of seborrheic dermatitis on the scalp may be
effective after administration of shampoos with various active ingredients. In
patients with a dry form of SD, it is accompanied by an increase in the level of
lipids on the scalp, due to the removal of follicular occlusion and improvement of
their release.
Study 13.
Changes in facial sebum before and after
treatment of acne vulgaris
Results
Clinical assessment
Using a 6-point scale, a significant decrease in severity of acne was shown
by physician’s visual assessment after 7 weeks of treatment with test products
(37% reduction in mean clinical scores; P<0.001) (Table 9).
Table 9. Clinical and instrumental assessment before and after treatment (n=19).
Parameter
Before treatment
Clinical assessment
3.0±1.1
Casual sebum level (Sebumeter)
Forehead (µg/cm2)
190.3±30.3
Cheeks (µg/cm2)
167.2±66.6
2
Average value (µg/cm )
178.7±45.1
Activity of sebaceous glands (Sebufix)
Oily spots area (%)
9.7±9.6
Oily spots area (µm2)
7418.1±7432.3
Oily spots count (n)
417.7±152.4

After treatment
1.9±1.0

Difference %
-36.80

P
0.0000

176.9±29.4
139.2±49.8
158.1±34.9

-7.02
-16.74
-11.57

0.1040
0.0031
0.0078

7.0±7.6
5395.0±5860.7
360.6±157.3

-27.27
-27.27
-13.68

0.0045
0.0045
0.1672

After 7-week application, a good to very good clinical improvement was
observed in 84% of the participant. A reduction of 61% in non-inflammatory acne
lesion count and 55% in inflammatory acne lesion count was seen at the end of
treatment (P<0.001). The changes in the count of non-inflammatory and
inflammatory acne lesions during treatment are presented at Fig. 29.
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DECREASE IN THE NUMBER OF ACNE LESIONS (%)
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Figure 29. Changes (%) in the number of acne lesions during the treatment applied.

Instrumental assessment
The casual sebum level on the forehead and cheeks was significantly reduced
by 12% towards the initial values (P<0.001) (Table 9). The percentage area
covered by oily spots and the sebum area in square micrometer significantly
decreased by 27% towards the initial values (P<0.001). The number of oily spots
(active sebaceous gland) remained significantly unaltered.
Self assessment
The product tolerability, physical properties (consistency, colour, and
fragrance) and cosmetic properties (spreadibility, permeation, and fixation) were
evaluated by 90-100% of the subjects as “good” to “excellent”. A visible
improvement of acne was reported in 89% of them. The effectiveness of the
blemish correcting emulsion and local treatment gel was evaluated as follow:
decrease in skin greasing by 90% and 85%, decrease in the number of comedones
by 65% and 75%, and decrease in the number of pustules by 80% and 75%,
respectively.
As a result of the complete approval, 85% of the participants would purchase
the products.
There were no adverse events related to the test products during the study.
Improvement of the quality of life of the patients resulted in significantly
decrease in mean DLQI and CADI scores by 46% and 41%, respectively
(P<0.001).
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Discussion
In the recent years, various natural substances obtained from the medicinal
plants, having antiseborrhoeic, antibacterial and antiinflammatory activity, were
employed for the treatment of oily, acne prone skin and acne vulgaris.
The present study was designed to assess the clinical efficacy and safety of
a new topical product containing a compound of lipoaminoacid capryloyl glycine,
sarcosine, and Cinnamon zeylanicum bark extract in the treatment of mild to
moderate acne vulgaris.
Our results confirmed the clinical efficacy of the new active ingredient in
subjects with mild to moderate acne. Besides the reduction of 61% in the count of
non-inflammatory acne lesions (comedones), we found a significant reduction of
55% in the count of inflammatory acne lesions (papules and pustules) after 7
weeks of twice-daily application of a emulsion and gel containing 3% and 4%
combination of lipoaminoacid capryloyl glycine, sarcosine, and Cinnamon
zeylanicum bark extract.
It is supposed that the favourable effects of the new active ingredient on skin
oiliness and acne lesions are due to 5 modes of action that have been proved in
vitro and include anti-5 alpha reductase, anti-bacterial, anti-lipase, anti-elastase
and anti-free radicals action.
In addition, there was a significant reduction of casual sebum level on the
skin (12% decrease) and area covered by oily spots (27% decrease) that suggest
some reduction in sebum production after treatment. The difference between the
values obtained with the two measuring techniques is probably due to the different
measuring principles used. Lipid-absorbent tape of the Sebumeter collects all the
sebum present on the stratum corneum, including the follicular reservoir and the
interfollicular skin surface, whereas Sebufix® only absorbs the sebum present in
the upper part of the infundibulum.
Our results confirmed the very good cosmetic properties and safety of
blemish correcting emulsion and local treatment gel applied. Both products were
very well tolerated by the skin and appreciated by the subjects. The visible
improvement in the appearance of facial skin resulted in a significant
improvement of the quality of life of the patients.
In conclusion, the present study demonstrated with clinical assessment and
objective skin bioengineering measurements the clinical efficacy, sebum
regulation activity and safety of the new topical formulation containing the
combination of lipoaminoacid capryloyl glycine, sarcosine, and Cinnamon
zeylanicum bark extract in subjects with mild to moderate acne vulgaris. We
consider that the offered topical products are appropriate for daily care and
prophylaxis of problem oily, acne prone skin.
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Study 14.
Study of follicular bacterial colonization in acne vulgaris
Results
Clinical assessment
The following acne severity distribution of the subjects was determined
according to the acne grading score used: grade 1 - two patients, grade 2 - seven
patients, grade 3 - 14 patients, and grade 4 - two patients. The average clinical
scores were as follows: total score 2.64±0.76 (median, 3; range, 1–4), T-zone
score 1.72±0.98 (median, 2; range, 1–3) and U-zone score was 2.36±0.95
(median, 3; range 1–4).
Instrumental assessment
Thirteen subjects had oily skin, 7 had combined skin and 5 had normal skin
according to the measurement of sebum casual level. Casual sebum level and the
intensity of red fluorescence (expressed by the percentage of the area and count
of orange-red fluorescence spots) were higher at the T zone than the U zone in all
patients regardless of their skin type (Fig. 30). The difference in sebum amount
was marked in low-sebum patient’s group and in patients with combined and
normal skin type (Tables 10 and 11).

Figure 30. Example of skin fluorescence images at T zone (A) and U zone (B).

Table 10. Casual sebum level and red fluorescence related to sebum secretion type.
Subjects

All subjects

High sebum group

Low sebum group
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Orange-red fluorescence

Casual sebum
level
(µg/cm2)

Size (%)

Quantity (count)

T+U zone

201.56±54.64

1.82±0.91

12.61±5.96

T zone

230.79±20.40

2.25±1.06

15.46±6.55

U zone

172.32±62.44

1.41±0.65

9.87±4.69

T+U zone

235.79±22.35

1.91±0.98

13.68±6.56

T zone

246.47±11.05

2.43±1.06

16.51±6.55

U zone

224.21±25.99

1.39±0.55

10.86±5.43

T+U zone

167.33±56.17

1.74±0.85

11.57±5.24

T zone

213.81±13.02

2.07±0.85

14.41±5.17

U zone

124.43±44.73

1.43±0.76

8.95±3.87

Area

Table 11. Casual sebum level and red fluorescence related to skin type.
Size (%)

Quantity (count)

T+U zone

229.85±17.41

1.74±0.70

12.83±5.50

T zone

239.09±14.07

2.19±1.00

15.56±0.13

U zone

220.73±27.72

1.47±0.50

11.28±5.00

T+U zone

178.54±26.12

2.20±0.79

13.78±4.71

T zone

232.14±23.95

2.77±0.93

17.88±5.68

U zone

124.94±53.23

1.63±0.68

9.70±3.93

T+U zone

160.07±17.03

1.32±0.67

9.14±2.60

T zone

207.33±11.35

1.66±0.54

11.86±2.57

U zone

112.80±29.34

0.97±0.88

6.42±3.49

Area

Oily

Combined

Normal

Orange-red fluorescence

Casual sebum level
(µg/cm2)

Skin type

Correlation between parameters
Sebum amount and area of fluorescence spots correlated significantly
negative with the clinical grade of acne (Figs 31 and 32).
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Figure 31. Correlation between clinical score Figure 32. Correlation between clinical score
and casual sebum level.
and red fluorescence (% of the total area).

There was a significant positive correlation between the orange-red
fluorescence and the casual sebum level (Figs 31 and 32).
Discussion
In the present study, we used for the first time a new fluorescence diagnostic
camera for determination of the orangered follicular fluorescence and its
correlation with the clinical severity and sebum secretion in patients with acne.
We found that sebum level and intensity of fluorescence were higher at the
T zone than at the U zone in all patients regardless of their skin type. There was a
significant positive correlation between the porphyrin fluorescence and the sebum
amount.
We consider that sebum favors the proliferation of P. acnes, resulting in an
increase in porphyrin production and red fluorescence, respectively. Conversely,
after treatment with oral isotretinoin, whose pronounced sebostatic effect is well
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known, a significant reduction in the porphyrin concentration was observed,
suggesting a reduction in P. acnes counts.
Interestingly, we found a negative relationship of sebum amount and area of
fluorescence spots with the clinical grade of acne. The early, mild noninflammatory lesions (microcomedones and comedones) were associated with
higher sebum amount and higher fluorescence intensity, while the late, severe
inflammatory lesions (pustules, papules, nodules and cysts) were associated with
lower sebum amount and lower fluorescence intensity. This suggests that the
increased sebum secretion and the presence of Propionibacteria are predominantly
involved in the initial stages of acne development. The appropriate management
of sebum secretion and expansion of the proprionibacterial skin flora in acne
prone subjects may reveal ways of preventing the disease or minimizing its
severity.
In conclusion, the new fluorescent diagnostic technique applied was able to
detect the orange-red fluorescence from porphyrins produced by P. acnes. It
makes it possible to distinguish bacteria-populated follicles and improves the
visualization of microcomedones and comedones. This technique could be helpful
for objective evaluation, determination of timely and most appropriate therapy for
a particular subject and monitoring of treatment efficacy.
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V. CONCLUSIONS
The dissertation presents the results of 14 studies worked out using various
modern in vivo non-invasive bioengineering methods, devices and tests. The
mechanical properties, water content, surface, oily and bacterial colonization of
the hair-follicles in healthy skin, after external influences and skin diseases,
before and after treatment were investigated. The results obtained show that the
bioengineering techniques used provide objective and quantitative information
about the parameters studied. This information is particularly useful for detecting
timely skin changes that are influenced by the aging process, the effects of UVB
and skin diseases, as well as for objectifying the beneficial effects of medicines
and skin care products applied.
CONCLUSIONS
1. The results presented in the dissertation demonstrate and confirm the
practical capabilities and value of applied non-invasive bioengineering
methods, apparatus and tests for the study of the basic functions of human
skin in vivo in norm and pathology.
2. The applied bioengineering methods provide useful information for the
evaluation of fatigue, water and lipid content of healthy human skin.
3. The applied bioengineering methods provide objective information on
changes in the functional properties of the skin occurring after exposure to
UVB and various cosmetic products.
4. The applied bioengineering methods provide objective information about the
changes in skin functions in the investigated diseases, which can be used for
diagnostic and prognostic purposes.
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VI. CONTRIBUTIONS
6.1. Original scientific contributions reported for the first time in the
accessible literature
1. For the first time, studies of human skin fatigue have been performed using a
non-invasive device that measures its mechanical properties. (Study 1) [Skin
Res Technol 2005, IF 1.280]
2. For the first time, a study of the photoprotective activity of topical preparations
was performed by measuring changes in the mechanical properties of the skin.
(Study 4) [Photodermatol Photoimmunol Photomed 2001, IF 0.969]
3. For the first time, studies have been conducted revealing the mechanisms of
improvement of the mechanical properties of the skin after the application of
cosmetic products with different active ingredients. (Study 5) [Household and
Personal Care Today 2015]
4. For the first time, studies were conducted with two bioengineering methods of
changes in fat secretion after application of a cream containing Saw palmetto
extract, sesame seeds and argan oil. (Study 6) [J Cosmet Dermatol 2007]
5. For the first time, studies of the mechanical properties of the skin were
performed in the primary and secondary Raynaud's phenomenon. (Study 7)
[Skin Res Technol 2007, IF 1.253]
6. It is proposed for the first time that the establishment of "increased skin
viscoelasticity" should be considered as an additional prognostic criterion for
the early detection of the development of progressive scleroderma in patients
with a so-called "high viscosity". "Pre-scleroderma". (Study 8) [Current
Rheumatology Reviews 2013]
7. For the first time, a study of the mechanical properties of the skin was
performed in eczema patients before and after treatment. (Study 9) [VII
National Congress of Dermatology and Venereology with international
participation, 2-5.10.2008, Albena, Bulgaria. Poster 25]
8. For the first time, a study of changes in lipid level on the scalp was performed
in patients with seborrheic dermatitis treated with shampoo containing
ketoconazole. (Study 11) [Acta Derm Venereol 1997, IF 1.091]
9. For the first time, a comparative study of changes in scalp lipid levels was
performed in patients with seborrheic dermatitis treated with four different antidandruff shampoos. (Study 12) [Dermatol Venereol (BG) 2004]
10. For the first time, a study of changes in facial ointment in patients with acne
vulgaris treated with topical products containing cinnamon bark extract
(Cinnamon zeylanicum) was performed. (Study 13) [Household and Personal
Care Today 2009]
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11. For the first time, a study was conducted with a special chamber of bacterial
colonization of the hair follicles and its correlation with the lipid content of the
skin in patients with acne vulgaris. (Study 14) [Photodermatol Photoimmunol
Photomed 2010, IF 1.424]
6.2. Confirming scientific contributions
1. The correlation between three methods for assessing dry skin (visual scale,
rootometry and image analysis) was confirmed. (Study 2) [Scientific
Researches of the Union of Scientists in Bulgaria – Plovdiv, 2008]
2. The correlation between two computer programs for the evaluation of digital
images of fatty secretion from the skin surface has been confirmed. (Study
3) [VII National Congress of Dermatology and Venereology with
international participation, 2-5.10.2008, Albena, Bulgaria. Poster 27]
3. The corneometry value for the evaluation of the water content of the
epidermis in patients with psoriasis before and after treatment has been
confirmed (Study 10) [Scientific works of the Union of Scientists - Plovdiv,
2002]
6.3. Practical applications
1. For the first time in Bulgaria, a routine application of modern bioengineering
methods, apparatus and tests for the study of mechanical properties, water
content, relief, oiling and bacterial colonization of the skin in various
conditions, effects and diseases has been introduced in our country.
2. Ethical aspects of testing using non-invasive bioengineering techniques are
presented. [In: PRACTICAL ASPECTS OF COSMETIC TESTING.
Fluhr J. (ed.) Springer-Verlag Berlin Heidelberg, 2010: 15-25.]]
3. The requirements for the protocol of testing of local products with
bioengineering techniques have been systematized. [In: PRACTICAL
ASPECTS OF COSMETIC TESTING. Fluhr J. (ed.) Springer-Verlag
Berlin Heidelberg, 2010: 107-119.]
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VII. PUBLICATIONS RELATED TO THE DISSERTATION
7.1. Book chapters in international books indexed in Scopus
1. Dobrev H. Mechanical properties in other dermatological diseases. In:
BIOENGINEERING OF THE SKIN: SKIN BIOMECHANICS. Elsner P.,
Berardesca E., Wilhelm K-P. (eds) CRC Press, Boca Raton, (САЩ), 2001:
215-218. (ISBN 0-8493-752L-5)
2. Dobrev H. Ethical aspects of cosmetic testing. In: PRACTICAL ASPECTS
OF COSMETIC TESTING. Fluhr J. (ed.) Springer-Verlag Berlin Heidelberg,
2010: 15-25. (ISBN 978-3-642-05066-4)
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SUMMARY
The aim of the dissertation is to establish the practical possibilities and the
value of the investigations with some new devices and tests for determining the
human skin functions in vivo in health and pathology.
The review part describes the modern bioengineering methods for
investigation of the skin. Two of their little known aspects - protocol and ethics of
research - are also presented.
The original part comprises of 14 studies including a total of 708 volunteers 411 healthy individuals and 297 patients with progressive scleroderma, Raynaud's
phenomenon, psoriasis, eczema, seborrheic dermatitis and acne vulgaris. Cutometer,
Corneometer, Sebumeter, Sebufix, Visioscope and Visiopor (Courage+Khazaka,
Cologne, Germany), and Video capillaroscope (AnMo, Taipei, Taiwan) were used.
The investigations are grouped in three directions:
1. Studies of healthy skin. By measuring the mechanical properties, it has been
found that the skin of adults shows more fatigue than young skin. For the
evaluation of dry skin, three methods were used - visual assessment,
corneometry and computer analysis of the skin surface, between which a
reliable correlation was observed. For evaluation of oily skin, Sebufix tests
were analyzed with two different software, which show comparable
information on sebaceous gland activity.
2. Studies of external effects on the skin. By measuring the mechanical
properties of the skin, the photo-protective activity of topically applied
indomethacin was confirmed after UVL irradiation. The single use of
cosmetic products improves the plasticity of the epidermis (mainly the corneal
layer) by increasing its hydration or decreasing intercorneal cohesion. The
repeated application of cosmetic products improves the skin's plasticity by
increasing its water content or by inducing the accumulation of newly
synthesized components. Using sebumetry and Sebufix tests, the sebumregulating activity of a cream containing Saw palmetto extract, sesame seeds
and argan oil was confirmed.
3. Studies of skin functions in diseases. It has been found that measurements of
the skin's mechanical properties can have diagnostic and prognostic value in
patients with so-called "Pre-scleroderma" (patients with Raynaud's
phenomenon at increased risk for development of systemic sclerosis but who
do not yet have clinically visible skin changes). It is proposed that the
establishment of increased skin viscoelasticity can be considered as an
additional sign of for very early diagnosis of systemic sclerosis. Psoriatic skin
is characterized by decreased water content, which improves after treatment.
The measurement of the mechanical properties and water content of lesional
skin in eczema can serve for evaluation and comparison of the therapeutic
effect. The clinical efficacy and influence on the sebum secretion of shampoos
with different active ingredients have been studied. Patients with dry form of
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seborrheic dermatitis showed an increase in lipid levels on the scalp due to
elimination of follicular occlusion and improvement in their release. With
sebumetry and Sebufix tests, the clinical efficacy and sebum-regulating activity
of a new topical formulation containing a combination of the lipoamino acid
capryloyl glycine, sarcosine and Cinnamon zeylanicum extract in subjects with
mild to moderate acne vulgaris was confirmed. The establishment of orangered fluorescence in the hair follicles due to the presence of porphyrins produced
by P. acnes makes it possible to distinguish bacterial colonized follicles and
improve the visualization of microcomedones and comedones. This technique
can be useful for objective assessment, timely determination of the most
appropriate therapy and monitoring of the therapy effect.
The results obtained show that the bioengineering techniques used provide
objective and quantitative information on the investigated skin parameters. This
information is particularly useful for promptly identifying skin changes occurring
under the influence of aging, UVL and skin diseases as well as for objectivizing the
beneficial effects of applied therapeutic agents and cosmetic skin care products.
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