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Stiffness of compression
devices

Giovanni Mosti

Angiology Department, Clinica MD
Barbantini, Lucca, Italy

This issue of Veins and Lymphatics collects
papers coming from the [International
Compression Club (ICC) Meeting on Stiffness
of Compression Devices, which took place in
Vienna on May 2012.

Several studies have demonstrated that the
stiffness of compression products plays a
major role for their hemodynamic efficacy.
According to the European Committee for
Standardization (CEN), stiffness is defined as
the pressure increase produced by medical
compression hosiery (MCH) per 1 cm of
increase in leg circumference.! In other words
stiffness could be defined as the ability of the
bandage/stockings to oppose the muscle
expansion during contraction.

Measurements of stiffness are performed in
textile laboratories using different extensome-
ters. However, up to now pressure ranges are
declared only for compression stockings; no
pressure ranges can be declared for bandages
as the exerted pressure depends on the stretch
applied to the bandages, number of layers and
leg configuration. Information concerning
stiffness is not given either for elastic stock-
ings or for bandages.

In vivo experiments have offered useful sur-
rogate data. The leg circumference increases
when moving from the supine to the standing
position and during muscle activities.*

To assess stiffness according to CEN defini-
tion, it would be necessary to measure the
increase of compression pressure and of leg
circumference simultaneously, requiring a
pressure measurement device and a strain
gauge plethysmograph. In order to simplify the
stiffness calculation it has been proposed to
assume that the increase of leg-circumfer-
ence, moving from lying to standing position,
is always 1 cm. In this case the so-called static
stiffness index (SSI) could simply be calculat-
ed by subtracting the supine from the standing
pressure.” A comparison between the two
measuring systems of stiffness (the first
including the measurement of the leg circum-
ference increase and the second just calculat-
ing SSI) was performed showing the same
sensitivity and specificity in distinguishing
between elastic and inelastic systems.2 The
conclusion of this comparison clarified that
SSI is an effective method to calculate stiff-
ness and that more complex measurements do
not give more information.

Nevertheless the assessment of stiffness in
vivo, as recommended in a previous consensus
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meeting of the ICC,® came under some criti-
cism. Despite the fact that SSI is basically able
to differentiate the elastic properties of MCH,
a great variability among different patients
could be a major issue. This variability
depends on the fact that some other variables
play a role in SSI calculation in addition to
elastic properties of material: the leg position
during measurements, the configuration and
consistency at the measuring site of the leg,
the individual muscle strength, the presence of
fat and others.”

A new standardized method to measure the
stiffness on a mannequin leg was reported?
which presents the advantages to be simple,
highly reproducible, easily available and
cheap. If this method will be widely adopted, it
would also be possible to avoid that every com-
pany producing MCH measure stiffness with
different systems thereby increasing the con-
fusion. In order to differentiate between meas-
urement /n vivo and in laboratory (lab) the so
called in vitro measurement, it was proposed
to name the in vitro calculation not anymore
stiffness in vitro, but resistance.” Regarding
the measuring site on the leg, the Bl point
described in the ICC consensus paper’ was
brilliantly confirmed as the most suitable site
for stiffness measurement."’

Stiffness, together with pressure and hys-
teresis,!! is an important parameter for effec-
tiveness combined with comfort of MCH.
Neumann'’s paper rises two important points.!!
One is the relevance of another indicator of
stiffness the so-called dynamic stiffness index
(DSI) requiring complex measuring systems.
Nevertheless, an excellent correlation between
SSI and DSI could be shown by using this lab
equipment'? but also in vivo during muscle
exercise.>!? This supports the idea that in vivo
testing is a valuable tool for assessing the elas-
tic properties especially in connection with
clinical effectiveness of compression devices.
The second point is the importance of the hys-
teresis of different compression materials.
Hysteresis can be measured only in the lab and
remains something obscure for the clinicians
whereas they should receive full information
by companies on this parameter.

An ideal compression device should exert a
low, comfortable pressure during rest, with a
strong or very strong pressure!* during stand-
ing and working in order to counteract ambu-
latory venous hypertension (effective). Such a
device would have a very high SSI but, unfortu-
nately, it doesn’t exist yet. Inelastic material
presenting high stiffness comes close to an
ideal compression device;"® especially when
pressure decreases after some hours from
application in the supine position, the differ-
ence between standing and supine pressure is
very high exerting an effective massaging
effect on the leg during walking and improving
significantly the hemodynamic impairment of
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chronic venous insufficiency. Elastic material,
exerting a sustained pressure, not very differ-
ent between supine and standing position or
during muscle exercise, shows a small
improvement on the impaired venous hemody-
namics which is always significantly smaller
than that from inelastic material.'6:1

Actually stiff materials exerting strong or
very strong pressure showed to be clinically
effective in ulcer treatment!61319 when a sig-
nificant impact on venous hemodynamics is
very important and also in lymphoedema.?’

Pressure and stiffness can be critically
reduced in some areas of the leg with concave
rather than convex shape as this is the case in
the retro-malleolar space. Unfortunately this is
a critical area where often venous ulcers occur.
It has been shown that in this region the pres-
sure as well as stiffness can be close to zero as
the pressure doesn’t increase in standing posi-
tion or during muscle activity. Pressure and
stiffness in these areas can be significantly
increased by applying local compression
straps?! which greatly improve the clinical out-
come.”? An increase of pressure and stiffness
can be achieved also at thigh level by means of
eccentric devices, which are able to compress
the thigh veins otherwise difficult to com-
press.?? In this region higher pressure and
stiffness leads to better outcome following sur-
gical or endovascular procedures on the great
saphenous vein.2%

In conclusion it is important to realize that
stiffness can be mainly considered as a surro-
gate indicator of comfort and effectiveness.
The higher the stiffness the greater comfort
and effectiveness in improving the clinical out-
comes. Stiffness is very high only with inelas-
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tic material, or multilayer systems and can be
enhanced by straps applied in a fan distribu-
tion or by eccentric compression devices in the
leg segment that need to be treated.

In vivo measurement techniques must be
better defined in order to minimize the vari-
ability; a parallel match with the lab assess-
ments is a mandatory target for future
researches. Only in this way the stiffness
effective value will scientifically demonstrate
to correspond to the great impact that already
empirically presents in our everyday clinical
practice.
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