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Summary:

Gravitational stress is the term describing the
physiological and pathophysiological factors and
forces triggered by the assumption of the upright
posture. Gravitational stress is constantly balanced
by protective mechanism,e.g. the muscle pump and
the postural vasoconstriction in the microcirculation.
We have previously shown that human skin is more
stiff and less elastic in the lower extremities form-
ing an “antigravity suit” which protects against gravi-
tational stress. In this study 13 patients with
lipodermatosclerosis and 14 control subjects were
studied to define the role that skin mechanical prop-
erties might play in the pathogenesis of development
of venous ulceration. Diurnal changes in skin dis-
tensibility, elasticity and hysteresis did not occur,
neither in patients with lipodermatosclerosis nor in
the control subjects. Absence of the protective di-
urnal rhythm in skin elasticity may contribute to the
poor tolerance of the gravitational stress and lead to
exacerbation of gravitational oedema.

Introduction:

In the upright position about 10% of the total
blood volume is translocated from the thorax to the
lower part of the body and blood pooling and stasis
in the lower extremity take place™. Blood is col-
lected in the venous system of the legs which causes
an increase of venous pressure to 70-100 mmHg®@?,
This pressure is transmitted to the microcirculation
and directly to the skin giving rise to the so called
gravitational stress*®. Gravitational stress is thus a
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term describing all physiological and pathophysi-
ological factors and forces triggered by the assump-
tion of the upright posture.

In the healthy individuals, gravitational stress is
constantly balanced by multiple protective mecha-
nisms, the best known being the muscle pump and
the postural vasoconstriction in the microcirculation.
In old individuals, many of these protective mecha-
nisms are impaired, which leads to the formation of
intradermal oedema in the end of the day when cu-
mulative effects of gravitational stress are maximal®©,
Gravitational stress and gravitational oedema affect
adversely skin metabolism®7:),

Skin mechanical properties play a significant role
in protection against gravitational stress in tall ani-
mals®. In giraffes, skin and fascia in the lower ex-
tremities is thicker and more stiff than anywhere else
in the body, providing support and barrier; prevent-
ing formation of gravitational oedema and blancing
the gravitational forces. Elastic forces generated in
the skin enhance removal of pre-existing oedema in
a manner similar to the compressive hosiery. In our
previous work we have provided evidence that hu-
man skin is more stiff and less elastic in the lower
extremities, and proposed that skin forms an ‘anti-
gravity suit” which protects against gravitational
stress?. In aged individuals, the skin is more dis-
tensible and less elastic at the level of the ankle, sug-
gesting that in this group the ‘antigravity suit’ is
impaired. We have also observed that skin mechani-
cal properties change during the day, showing a clear
diurnal rhythm“?. In young individuals, distensi-
bility and elasticity of acral skin increases in the end
of the day. We regard this phenomenon advanta-
geous because stronger elastic (recoil) forces assist
in the removal of oedematous fluid from the skin.
Interestingly, these diurnal changes could not be de-
tected in aged individuals, suggesting that gravita-
tional stress is less well compensated in old popula-
tion.

In patients with deep venous insufficiency where
the venous pressure is constantly elevated, gravita-
tional stress is poorly compensated, and has more
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severe consequences being the major factor respon-
sible for the development of lipodermatosclerosis".
The features of lipodermatosclerosis are: brownish
discolouration of the skin due to haemosiderin
formed from haemoglobin from extravasated eryth-
rocytes, intradermal and subcutaneous oedema, for-
mation of pericapillary cuffs of fibrin, and slight to
severe fibrosis of the dermis"*'Y. Oedema and fi-
brin cuffs impair skin metabolism, leading to the
formation of leg ulcer™. In this work we measured
diurnal changes in skin mechanical properties in in-
dividuals with lipodermatosclerosis, and discuss
possible consequences of our findings with regard
to skin biomechanics and the pathogenesis of leg
oedema and development of venous ulceration.

Patients And Methods:

Volunteer

Two groups of volunteers were studied: (1) pa-
tients with lipodermatosclerosis - 13 individuals,
mean age 80; (2) 14 age-matched volunteers - mean
age 79, without haemodynamic significant patholo-
gies of the cardiovascular system. Lipodermatoscle-
rosis was defined according to the criteria published
before as an area of brown discolouration located
over the medial malleolus?. All participants gave
their informed consent to take part in the study. Ethi-
cal approval for the study was given by the Ethical
Committee of Copenhagen Municipality.

Measurement of Skin Mechanical Properties

To measure skin mechanical properties,
Dermaflex A (Cortex Technology, Hadsund, Den-
mark) was used. The detailed des-cription of the
equipment

generator and the data elaboration and visualisation
system. The suction probe is placed on the skin
where it exerts a series of negative pressure cycles.
In this experiment, the equipment was set to exert a
negative pressure of 450 mBar in 5 cycles of 20 s
each. Skin elevation is measured on-line during the
suction cycle, and three parameters are calculated:
distensibility (maximal skin elevation in the end of
the first suction), resilient distension (residual skin
elevation after the release of the first suction:), and
hysteresis (increase in skin distensibility at repeated
suctions, a creeping phenomenon). From these pri-
mary parameters the value of elasticity (relative elas-
tic retraction) may be calculated as follows:

Elasticity = [(distensibility-resilient distention)
divide by (distensibility)] multiplied by 100%

A 100% value of elasticity means the perfect re-
covery of skin shape after stretch.

The Design of the Study
Measurements were taken in the supine position
twice daily - in the morning just after waking up but
before standing up, and 12 hr later in the evening.
Distensibility, elasticity and hysteresis were mea-
sured in the region 5 cm over the medial and lateral
malleolus and 5 cm below the level of the knee on
the lateral side of the calf. Both measurements were
made exactly from the same sites of the skin. For
data analysis, the afternoon value was subtracted
from the morning value. Such obtained data were
compared within the group with a single-sample t-
test, and across the groups with an unpaired two-
sample t-test.
Results
Results
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clasticity and hysteresis) change during theday
(single-sample t-test vs. 0, p>0.05). Differences
between the groups with lipodermato-sclerosis and
normal controls were not detected (two-sample t-
test).

Discussion

In humans, skin in the lower extremities is more
stiff than anywhere else in the body which allows
compensation for the increased gravitational stress
in the upright position and prevents venous disten-
tion"”. The stiffness of the skin is expressed in bio-
mechanics by the value of distensibility, which is
qualitatively different from elasticity. The latter term
describes the ability to recover shape after stretch.
Elasticity of the skin may be an important factor
contributing to the clearance of intradermal oedema.
In healthy young individuals, elasticity increases in
the evening when the amount of water (gravitational
oedema) in the skin is maximal.

Patients with deep venous insufficiency have a
severely increased venous pressure in the upright
position due to the damage in venous valves. There-
fore, in these patients the effect of gravitational stress
on the skin are much greater than in the normal coun-
terparts. The morphological equivalent of the ef-
fects of gravitational stress on the skin in deep
venous insufficiency is lipodermatosclerosis. In
this work we have analysed the diurnal changes of
skin mechanical properties in patients with
lipodermatosclerosis and compared them with those
observed in healthy, age-matched controls. Such
analysis was interesting for us for two reasons. First,
it has not been clear whether diurnal changes of skin
mechanical properties represent an intrinsic diurnal
rhythm or are rather dependent on, and modulated
by gravitational oedema. In the latter instance, dif-
ferences in diurnal rhythms between patients and
controls should be detected because skin in

lipodermatosclerosis contains excessive amount of
oedematous fluid. Secondly, as discussed above,
the increase of elasticity in the afternoon may be
beneficial for eradication of oedema. The absence
of this phenomenon in patients with
lipodermatosclerosis could, therefore, further en-
hance the accumulation of oedema in the lower ex-
tremity.

Our results show that diurnal changes in skin dis-
tensibility, elasticity or hysteresis do not occur nei-
ther in patients with lipodermatosclerosis nor in the
control subjects. It is therefore, unlikely that oedema
is a factor governing the occurrence of diurnal
changes in skin mechanical properties. Absence of
the protective diurnal rhythm in skin elasticity may
contribute to the poor tolerance of the gravitational
stress and exacerbation of gravitational oedema. The
importance of this notion lies in a fact that forma-
tion of leg ulcers is enhanced by leg oedema. Inter-
estingly, no diurnal change in hysteresis has been
detected. Biological significance of hysteresis has
not been elucidated, but it has been shown in a his-
tamine wheal model that in states of skin oedema
the value of hysteresis is increased!*'®), However,
despite known diurnal increase in intradermal
oedema in aged individuals and patients with
lipodermatosclerosis, hysteresis of skin did not
change. There may be two explanations of this
fact. First, our measurements might not have been
sensitive enough to detect fluctuations in fluid con-
tent in the skin. Secondly, the nature of oedema
seen In lipodermatosclerosis may differ from that
seen in histamine wheals. We have recently observed
that in lipodermatosclerosis oedema is confined
mostly to the upper part of the dermis; whereas in
the histamine wheals, fluid is distributed evenly in
the whole dermis (Gniadecka, M. - unpublished).
Therefore different forms of oedema may differently
affect the biomechanic properties of the human skin.
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