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Background/purpose: Topography of the skin surface is a
mirror of the functional skin status. Therefore, its evaluation
is of great interest for dermatological research. In the
present study, a new optical measuring system was applied
to evaluate human skin surface topography in vivo and non-
invasively, in order to determine elastotic and mimic wrin-
kles dependent on age, body site and therapy.

Methods: The measurements were performed on the back
(n=15), the flexor forearm (n = 14) of volunteers in different
age groups and on the face of women (n = 4) participating in
an anti-wrinkle study. The evaluation of the three-dimen-
sional-profiles was performed determining skin surface
parameters (mean roughness (R,), mean depth of rough-
ness (R;), maximum roughness (R;,) and waviness (W,))
and applying Fourier analysis.

Results: Significant increases in all surface parame-
ters were obtained on the forearms with increasing age.

Differences between the surface topographies of forearm
and back were only expressed by the waviness and the
Fourier analysis. The treatment with botulinum Toxin A led
to a diminution of mimic wrinkles as reflected by the furrow
profiles.

Conclusions: The results show a significant dependence of
the skin surface topography on the age of the volunteer and
the body site measured. Particularly the waviness, the Four-
ier analysis and the furrow profiles reflect such dependen-
cies. The system used also fulfils the requirements for the
testing of therapies, as was demonstrated by the reduction
of mimic wrinkles after treatment with botulinum Toxin A.
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HE IN VIVO evaluation of human skin surface
topography is of great interest for dermato-
logical research because this type of topography
represents the three-dimensional (3D) organiza-
tion of the dermis and the subcutaneous tissue.
The surface topography can be considered to be a
mirror of the functional status of the skin (1). It is
an expression for the possibility of the skin to
respond to mechanical stimuli and threats (2).
The network of the furrows is influenced by
muscle and joint movements, the environment
and changes associated with aging (2-6). Various
treatments exist to reverse or at least decrease
these changes. In order to assess the success of a
therapy or of the application of an anti-aging
product, the depth, variation and distribution of
the furrows and wrinkles need to be measured
prior and after application of the pharmaceutical
or cosmetic product.

The characterization of the skin surface topo-
graphy is expressed in two-dimensional para-
meters used to evaluate metal surfaces (7). The
maximum roughness (R;,), the mean roughness
(R,) and the mean depth of roughness (R,) have
often been used (3, 7-10). Other parameters such
as waviness (W) (5, 11) and the depth of rough-
ness (Ry) (3, 10) were also determined. These
parameters indicate different properties of the
network of the furrows (3, 11).

Usually, non-invasive methods are used to
evaluate the skin surface topography. Most of
these methods are based on the preparation of
skin replica or reprints. The replica are measured
using mechanical or optical profilometry techni-
ques and surface image analysis (1, 7). In this
way, the skin topography of skin diseases (8, 9,
11, 12) and the effect of different therapies (3,
13-15) can be determined.
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A disadvantage of the replica technique is that
the quality of the skin replica depends on many
parameters (3, 7, 16). Besides the formation of air
bubbles, the direct contact to the skin surface can
change the subject of measurement. Therefore,
in vivo methods without direct skin contact
should be favored.

Recently, optical devices normally used in the
technical industry (5, 10, 16) have been utilized to
evaluate skin surfaces. The principle of this
technique is based on the stripe projection onto
the skin surface, and measuring its reflection by
means of skin topography (10, 17). Until now, by
the use of micro-mirrors, only one system has
achieved a short measuring time of 70ms con-
nected with a high resolution of 1um (17).
Herein, we report on the application of this new
system to evaluate human skin surface topogra-
phy. This evaluation includes the influence of the
body site and the age on the surface topography
using surface parameters and, for the first time,
Fourier analysis. The measurements were per-
formed on the back and the flexor forearm of
volunteers in different age groups. In addition,
the effect of the treatment with botulinum
Toxin A on mimic wrinkles was measured.

Materials and Methods

Volunteers

The experiments were carried out on 23 healthy
volunteers aged between 23 and 65 years. The
skin surface topography of the flexor forearm
was measured on 14 volunteers, while the mea-
surement was performed on the back of five
volunteers. Mimic wrinkles were measured on
the face of four women.

In vivo measurement of skin surface topography

The skin areas on the forearm or the back were
carefully cleaned with a moist tissue and dried
with a separate tissue. The measurements of the
skin surface topography were performed using
the PRIMOS optical 3D in vivo skin measurement
device (GFMesstechnik, Teltow, Germany). This
system is based on the so-called digital stripe
projection technique, which is used as an optical
measurement process. A parallel stripe pattern is
projected onto the skin surface and depicted on
the CCD chip of a shooting camera through a
shooting optic (Fig. 1). The measurement system
consists of a freely movable optical measurement
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Fig.1. Function principle of the PRIMOS optical 3D in vivo skin
measurement device.

Fig.2. Projection stripes on the forearm.

head (with an integrated micro-mirror projector,
a projection optic, a shooting optic, and a CCD
recording camera) together with an evaluation
computer. The 3D effect is achieved by the min-
ute elevation differences on the skin surface,
which deflect the parallel projection stripes
(Fig. 2). These deflections are a qualitative and
quantitative measurement of the skin profile.
They are digitalized and quantitatively evaluated
using the software. Mathematical algorithms,
originally developed and used for the highly
precise optical measurement of optical and pre-
cision-mechanical parts, are employed for the
evaluation providing highly precise 3D-profiles
of the skin surface.

Before measurement, hairs were removed from
the skin areas using scissors. The skin areas
measured did not contain any visible change in
the color of the skin. The area of measurement
was 1.8cm x 1.3cm. Direct light from lamps or
the sun was avoided. Standardized positions
were used. The forearm was positioned realizing
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Fig.3. Position of the measuring area (grey rectangle) to the arm, the body and the face axis (dotted line). a) On the forearm. b) On the back. c) On the

face.

Fig.4. 3D-profile of skin surface on the flexor forearm.

an angle of 90° between forearm and upper arm
and stretched fingers. The back was measured on
sitting volunteers realizing an angle of 90° be-
tween the upper part of the body and the legs.
The mimic wrinkles were measured on the fore-
head above the nose. The chin was supported by
a rest for these measurements.

For the measurements on the right flexor fore-
arm, the rectangular measuring area was posi-
tioned parallel and longitudinal to the arm axis
(Fig. 3a). On the back, the measuring area was
arranged parallel to the body axis (Fig. 3b). On
the forehead, the rectangular measuring area was
positioned longitudinal to the face axis.

Determination of the skin surface parameters

The 3D skin profiles (Fig. 4) obtained were
evaluated using the software Primos 4.0 (GFMes-
stechnik, Teltow, Germany). The surface para-
meters, maximum roughness (R,,), the mean
roughness (R,), the mean depth of roughness
(R,) and the waviness (W,), were determined as

mean values of the parameters measured along
16 lines arranged circularly in relation to a fixed
center (Fig. 5).

R, is the arithmetical mean of the depths of
roughness of five consecutive equally spaced
profile sections of the same length following the
same line. Ry, is the maximum depth of different
segment roughnesses. R, is calculated as the
mean deviation of the actual profile from the
mean profile. W, is the height of the maximum
peak to valley tangents within the profile. In
addition, the Fourier analysis of the 3D-profiles
was performed. When applied to dermatological
terms, R, represents the roughness of the surface
structure (11). R, reflects roughness, minor fur-
rows and anatomically preformed lines (18). W,
indicates deeper furrows and is an expression of
the skin’s wave structure (19).

The Fourier analysis of the profiles transforms
information regarding the number, position and
periodicity of the furrows into a 3D distribution
of intensity. Parallel furrows show intensities
in the same direction. This linear intensity
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Fig.5. Determination of the skin surface parameters.

distribution is vertically orientated to the parallel
furrows on the 3D skin image. The length of the
linear intensity distribution is proportional to the
variance of distances between the parallel furrows.

Measurement of mimic wrinkles

In addition, the effect of injected botulinum Toxin
A on mimic wrinkles was studied on four female
volunteers. A total of 30-50 U botulinum Toxin A
(Dysport®, Fa. Ipsen Pharma GmbH, Ettlingen,
Germany) was distributed in three to five injec-
tion points in the glabella area of each volunteer.
In vivo measurements of the skin surface topo-
graphy were performed. In addition, photo-
graphs of the forehead by a digital camera
(Nikon Coolpix 990, Nikon Deutschland GmbH,
Diisseldorf, Germany) were carried out as pre-
viously described in detail (20). All parameters
were assessed pre- and post-treatment.

Statistics

Mean values and standard deviations were cal-
culated using the software program Microsoft®
Excel 97. Further statistical analysis was per-
formed with the software program SAS®. Skin
surface parameters R, R, R,, and W, were
analyzed between three age groups (n =14, the
Wilcoxon test, two-sided). In addition, the ob-
tained skin surface parameters R,, R,, Ry, and W,
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were compared between the forearm (1 = 6) and
the back (n =5, the Wilcoxon test, two-sided).
The influence of the position of the measuring
area to the same body site was determined
analyzing the skin surface parameters R,, R,
R, and W, (n =8, the Wilcoxon test, two-sided,
paired data).

Results

Measurements of skin surface topography

on the forearm

3D-profiles of the skin surface topography were
obtained in vivo (see Fig. 4). They were evaluated
by determining the surface parameters R,, R, Ry,
and W,. The mean values for each parameter
obtained on the right forearm are shown depen-
dent on the age group (Fig. 6). The differences
between these mean values are statistically sig-
nificant for all parameters and all age groups
(P<0.05).

Additional measurements were performed by
changing the position of the forearm with respect
to the rectangular measuring area: from parallel
to longitudinal position of the measuring area to
the arm axis, as shown in Fig. 3a. A statistical
analysis of the data sets (not shown) obtained for
each parameter in both positions shows no sig-
nificant differences (P> 0.05).
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Fig.6. Mean wvalues and standard deviations of the skin surface
parameters: mean roughness (R,), mean depth of roughness (R.),
maximum roughness (R,,) and waviness (W), determined on the right
flexor forearm.
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Fig.7. Mean values and standard deviations of the surface para-
meters: mean roughness (R,), mean depth of roughness (R,) maximum
roughness (R,,) and waviness (W), determined on the back (mean
age of 27.0 + 5.8 years) and the right flexor forearm of volunteers
(mean age of 24.2 £ 1.3 years).

Measurements of skin surface topography on the back
The surface topography of the back of young
volunteers was measured. The mean values of
the parameters R,, R,, R, and W, obtained are
shown in Fig. 7 in comparison with the mean
values observed on the forearms of volunteers at
a similar age. The differences between the mean
values of the parameters R,, R, and R,, are
statistically ~non-significant (P>0.05). There
were only significant differences (P <0.05) in the
waviness W; measured on both skin sites.
However, there are clear differences in the 3D-
profiles of the back compared with those of the
forearm (Fig. 8). Therefore, the profiles obtained
for both body sites were additionally evaluated
using the Fourier transformation. The intensity
distribution showed an X-shaped form for the
forearm (Fig. 9a), whereas on the back, the in-
tensity was mainly distributed as a line (Fig. 9b).

In vivo determination of skin surface topography

Fig.8. 3D-profiles determined on the right flexor forearm and the back
of male volunteers. (a) 3D-profile of the forearm of a male volunteer,
23 years old (— direction of the arm axis). (b) 3D-profile of the back of
a male volunteer, 30 years old (— direction of the body axis).

fy [1/mm]

10 0 10 -10 0 10
fx[1/mm] fx[1/mm]
EEEENN—— 1 | s 1
0 50 100 0 50 100
F(fx.fy) [%] F(fx,fy) [%]

Fig.9. Fourier analysis of the 3D-profiles determined on the right
flexor forearm and the back of male volunteers. a) Fourier analysis of
the 3D-profile of the forearm of a male volunteer, 23 years old (see
Fig. 8a). b) Fourier analysis of the 3D-profile of the back of a male
volunteer, 30 years old (see Fig. 8b).
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Measurements of mimic wrinkles
The in vivo measurement of skin surface topo-
graphy was used to evaluate the effect of a
therapy with botulinum Toxin A against mimic
wrinkles. Four female volunteers were treated
with botulinum Toxin A to reduce mimic wrin-
kles in the face. Images were taken from the
glabella area. The wrinkles were reduced or
completely cleared. In Fig. 10, images of a volun-
teer pre- and post-treatment are shown in an
exemplary manner. In Fig. 10a, two mimic wrin-
kles are clearly seen, which were diminish-
ed by the treatment with botulinum Toxin A
(Fig. 10b).

The profiles of a wrinkle measured pre- and
post-treatment with botulinum Toxin A are
shown in Fig. 11. The depth of the wrinkle was

Fig.10. Images taken from the forehead of a female volunteer. (a) Prior
treatment with botulinum Toxin A. (b) Two weeks post-treatment with
botulinum Toxin A.
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Fig.11. Profiles of the glabella wrinkle of a female volunteer, measured
prior and 4 weeks post-treatment with botulinum Toxin A.
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decreased, while the width was nearly constant.
This measurement could only be reproduced in
one of the four volunteers, as this woman showed
a small scar, which could be used as a mark for
the wrinkle measurement. In the other volunteers,
the treatment with botulinum Toxin A caused
such a dramatic change in mimic furrows that
the determination of exactly the same wrinkle
profile was not possible without tatooed marks.

Discussion

The parameters R,, R,, R,, and W; were deter-
mined for the 3D-profiles of the skin surface
topography obtained in vivo. All these surface
parameters determined on the forearm showed
an increase with increasing age of the volunteer.
A similar effect of age has also been described
concerning the parameters R, and Ry, (3) and R,,
R, and W; (5). In contrast, no significant age-
related differences in R, (3) and in R,, R, and R,
(10) were observed. In these reports, for instance,
the values of the parameters obtained on the
forearm differ for R, from 125um (3, 5) up to
240 um (10). This variance could be caused by
different factors: the posture of the body site
measured influences the value of the surface
parameters (3, 21), for example, by stretching
the surface (5). Also, the angle between the
forearm and the upper arm and the position of
the fingers have influenced the results of mea-
surements on the flexor forearm (3, 21). There-
fore, standard postures should be used for the
measurements and described in detail in the
reports. In addition, the volunteers should be of
the same age group, in order to exclude the
influence of changes in the skin properties due
to aging (2-5). In addition, there might be a
difference between the parameters determined
in vivo and in vitro. Lower values were measured
at replica as performing the measurement in vivo
using the same device (16).

Usually, the skin surface parameters were de-
termined along parallel lines through the 3D skin
surface profile. The orientation of these measur-
ing lines to the orientation of the furrows can
influence the values of the surface parameters (3).
Therefore, the measurements should be per-
formed in the same direction (3, 18). However,
the preferred orientation differs depending on
the volunteer and the age (22, 23). This effect can
be avoided by determining the surface para-



meters following lines circularly arranged in
relation to a fixed center (24). This method of
evaluation has been applied in the present study.
In this way, an influence on the values of the
surface parameters by the orientation of these
measuring lines to the orientation of the furrows
could be avoided. Indeed, no significant differ-
ences between the parameters were obtained if
the rectangular measuring area was positioned
vertical to the arm axis, compared with the
parallel orientation (see Fig. 3).

In other studies, intra-individual differences
for different body sites were observed (5, 10).
This can be caused by differences in the organi-
zation of the superficial dermis and the subcuta-
neous tissue depending on the body site (2),
reflected by the surface topography (1). In the
present study, the skin surface topography on the
back was also evaluated. The 3D-profiles and the
skin surface parameters obtained were compared
with those obtained on the forearm. Particularly,
the orientation of the deep furrows (primary lines
classified by Hashimoto (25)) differed on both
body sites. This is not reflected by the surface
parameters R,, R, and R,,,. Differences were only
obtained concerning the waviness Wi,.

The Fourier analysis of the profiles was per-
formed in order to evaluate the differences. The
obtained distribution of intensities (see Figs 9a, b)
shows that the furrow network on the forearm is
formed by two groups of primary and parallel
furrows. Both groups of furrows are vertical to
each other. On the back, the primary furrows are
mainly located vertically to the body axis. These
furrows are connected by flatter furrows that are
parallel to the body axis. The variance of dis-
tances between the parallel furrows on both body
areas was similar. In future, this analysis should
be favored if different body sites are evaluated.

The effect of botulinum Toxin A on mimic
wrinkles was additionally studied. The treatment
with this substance led to a reduction in the
mimic wrinkles (see Fig. 11). This result is in
agreement with other studies where an improve-
ment or diminution of facial lines could be
observed after injection of botulinum Toxin A
(26, 27). In the present study;, this clinical wrinkle
reduction was connected with a decrease in the
depth of mimic wrinkles determined with the
profilometric method. A change in wrinkle
length, as reported by Funasaka et al. (28) was
not measured due to the limited measuring area
of the applied method.

In vivo determination of skin surface topography

Summarizing the obtained results, a simple,
fast and objective in vivo evaluation of the skin
surface topography was performed using the
Primos 4.0 system. Therefore, the requirements
for the evaluation of aging processes and the
testing of therapies as shown for the wrinkle
reduction by treatment with botulinum Toxin A
are fulfilled. Besides, the normally used surface
parameters and the Fourier analysis can be used
satisfactorily to evaluate differences in skin sur-
face topography.
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