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Non-invasive topographical investigation of functional parameters in the human skin.
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Abstract: A rapid micro-lightguitle spcctrometer
(EMPIIO D coupled to an automatic three nxis
positioning system enables very precise and fnst 2Dscans at the sur{ace of human skin. The positioning
accuracy amounts to 1 pm. This allo\ys measurcments
with excellent spatial reproducibility.
With this system examinations of local distribution of
HbO2 and Hb have been performed in human skin. For
this purpose at the back of the hand areas of 5 X 5 mm
to 5 X 10 mm were scanned in defined steps of 100 pm.

by quantitative measurelnents of hemoglobin
concentration [Hb] and oxygenation FIbOZl. Furthermore,
we wanted to investigate the question whether capillary
supply units can be found in the human skin [5].
Figrrre shows a SEM micrograph of the hand of an 85year-old man. It sholvs the arrangemcnt of capillary loops in
longitudinal direction.
detected

I

Functional images of local hemoglobin concentration and
hemoglobin oxygenation of microscopical structures havc
been resolved by use of 250 pm lightguidc sensors. 2Dimages of local oxygen supply parameters corrcsllonding
directly to morpholocical structures of human skin havc
been gained.

The local pattern matches the distribution of thc papillas

of the corium. In the papillas the capillary loops
supplying the lower part of the epidermis are situated.
INTRODUCTION

Human skin is a very special organ not comparable with any
other organ of human body. It can also be defined as an
integral component of our personality and identity. Skin
represents a very durable integument with high regenerative
power. It protects our body very efficiently against radiation
by pigments, or against pain and trauma by function of its
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mechanoreceptors,

or

against hypo-

and

hyperthermia by the regulation of its blood perfusion.

The morphologicat structure of skin epidermis

Capillary loops of the heel (Montagna et at. 1992) [U

METHODS
Spectrophotometer EMPHO
Wave length

At the underside of epidermis a papillar structure with
ridges and valleys is found. Loops of blood capillaries
branch off at the superficial arteriolar plexus and ascend

plexus.

The afferent and efferent superficial arteriolar and venular
capillary loops are structured in such a way that they are
arranged in series which follow the filigran ridges and
rrows of dermatogllphics.
The number and size of capillary loops exceeds the need for
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2D-scanning in
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collecting systems that empty into the superficial venular
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ranges:

is

characterized by the outer and dead horny layer (stratum
corneum) followed by the inner true skin (stratum corium).

into the papillary dips. Postcapillary venules are
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Calibration of light intensity units (LIU)
Quantitative hemoglobin concentmtion [Hb]
Quantitative hemoglobin oxygenation [HbO2l
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Determination of Hb and HbO2
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oxygen supply and nutrition of skin. The explanation for
this too high capacity of blood flow in skin is given by the

important function

of

epidermis

to

regulate body

temperature by radiation of heat energy.
Optical 2D-imaging was performed on the back of the hand

in order to investigate whether the characteristic functional
structures of capillary loops arranged in lines can be

RESI.JLTS

In this

section the results of imaging of hemoglobin
concentration and oxygenation obtained by optical
monitoring within areas of I x I mm in human skin are
demonstrated.

In the figures 2 and 3

pseudo three-

dimensional patterns of Hb and HbO2 are depicted. The x
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and y coordinates indicate the positions within the selected
areas of skin in micrometers while the z-axis characterizes

high hb + low hbO2.: high 02 uptake rate.
ition 340
x-axis) we sce an
te situation

calibrated units of relative hemoglobin concentration and
absolute values of oxygenation.

In a third position at

about 820 Fill, again a situation
indicating high 02 uptake rate of skin is depicted.
Lengthrvise and crossrvise arrangcment of capillary
loops. Local search for a systematic arrangement of
capillary loops revealed very interesting lengthwise and
crossrvise morphological and functional stnrctures. Fig. 2
and 3 show structures of hb and HbO2 in the back of the
hand. The constancy of both Hb and HbOZ patterns in
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is surprising and this observation

gives evidence that the flow within the capillary loops is
regulated very precisely. On the other hand, the functional
structures in transverse direction show a pronounced
heterogeneity of Hb and HbOZ. This might be an indication
for the existence of capillary supply units capable of local
rearrangement of flow in between capillary supply units
when energy demand increases or total florv decreases.
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SUMMARY
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Fig.2 Functional structures of [Ib patterns in human skin

Our experiments proved that optical 2D-scanning of Hb and
HbOZ by use of micro-light guides is an adequate procedure

that enables recognition of functional structures in skin
tissue. Furthermore, measurements shorvn in this paper give
indication that in skin, as well as in other organs, capillary
supply units can be found.
They provide local blood flow reseryes which can be utilized

by the mechanism of local changes in the distribution of
flow pattern when energy demand increases or local
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capillary flow falls off.
Morphometric measurements of distances in between the
lowest FIb and HbOZ values reveal mean distances for
lowest Hb concentration of 400 pm t 114 and 445 t 155
pm for lowest FIbOZ values.
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Fig. 3 Functional structures of F{bO2 patterns in human skin

Basic patterns of capillary supply units. Typical spatial
2D-patterns of Fh and HbO2 found in the skin are depicted
in the figures 2 and 3. They show functional structures of
intracapillary FIb and FIbO2 which might be caused by the
capillary loops arranged in regular lines of papillas in skin
of the back of hand. The measurements were performed
with a field of I x I mm. Starting on the left side of the
figures at 0 pm we can note that high intracapillary Hb
concentration is combined with low oxygenation.
As a matter of fact, in our example of figures 2 and 3 we
can conclude that high red cell concentration (hb) in
combination with low oxygen saturation (hbO2) is a sign of
pronouncd OZ extraction [4]
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