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A New Two Component Compression System Turning an Elastic Bandage
into an Inelastic Compression Device: Interface Pressure, Stiffness, and
Haemodynamic Effectiveness
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WHAT THIS PAPER ADDS

This study shows, for the first time, how an elastic compression material can exert a consistent pressure
independently of the leg shape and the ability of healthcare providers. It also demonstrates how this elastic
material can be easily transformed into an inelastic one by adding special patches, thereby significantly
improving its haemodynamic effectiveness. These patches applied to the test material could also be used with
other elastic material. In addition, this concept could stimulate research into other systems to transform elastic
into inelastic material. This adds the advantage of easy application of elastic material and longer consistency of
exerted pressure to the superior haemodynamic effectiveness of inelastic compression.
Introduction: Bandage application does not exert consistent compression pressure, leading to extremely variable
compression when applied to patients. A new elastic bandage can exert a predefined pressure independently of
healthcare providers and the size of the wrapped limb. The bandage system includes a series of non-stretchable
patches that when applied to the bandage make it stiff. The aim of this work was to assess, in an experimental
setting, the venous ejection fraction (EF) from the lower leg and the tolerability of this new bandage in a group of
patients affected by superficial venous incompetence.
Methods: EF was measured using strain gauge plethysmography under baseline conditions and the bandage was
applied with a supine pressure of 20 and 30 mmHg, with and without the stiff patches, in 25 patients with severe
venous reflux in the great saphenous vein. The interface pressure of the bandages was measured simultaneously
in the medial gaiter area.
Results: All patients showed EF values that were significantly reduced compared with normal individuals. Elastic
bandages with an average pressure of 20 and 30 mmHg in the supine position achieved a slight improvement in
EF, and, after applying non-stretchable patches on the same bandage with similar resting pressure, EF was
restored to its normal range (p < .001). Improvement in EF correlates with the pressure differences between
standing and lying pressure and between muscle systole and diastole during exercise.
Conclusion: This study confirms that inelastic is much more effective than elastic compression for improving
impaired venous haemodynamics. The test material can be applied with a predetermined pressure, which
considerably enhances the consistency of application, and it is easily transformed into an inelastic system just by
applying stiff patches without any stretch and without significantly increasing the comfortable supine pressure.
� 2017 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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plethysmography
INTRODUCTION

Several studies1e5 have shown that bandage application
does not exert consistent compression pressure (CP),
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leading to extremely variable applied CP. In fact, the medical
field of compression treatment is maybe the only one
where quantitative dosage has almost never been
measured, despite outcomes largely depending on it. As a
consequence, CP is generally unknown, leading to doubtful
outcomes in published studies on compression therapy.6

One recent invention addressing this inconsistency con-
sists of a new medical bandage that gives a predefined
pressure independently of the applier and the size of the
wrapped limb. In order to ensure this universality feature,
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highly elastic material must be used according to a very low
static stiffness index (SSI),7 which is the difference between
standing and supine pressure. Inelastic material (maximal
extensibility less than 100%), providing high SSI, is more
effective in improving the impaired venous haemodynamics
than elastic material with an extensibility of more than
100%.8 This is due to the stronger compression effects
during muscle systole squeezing out the veins and blocking
venous reflux.9 During muscle contraction, for example
during walking, elastic material does not provide pressure
peaks high enough to improve the venous pumping func-
tion.8,9 In order to add this feature, the bandage system
includes a second component that consists of a set of not-
stretchable patches of hook material to provide a stiff outer
layer.

The aim of this work was to assess the effect of this new
two component system on the ejection fraction (EF)
depending on two different baseline pressures with and
without the additional application of patches in an experi-
mental setting. In addition, data on short-term tolerability
of the compression system were collected.

METHODS

In this experimental study, 25 legs from 25 patients (12
males and 13 females, mean age 62 � 11 years), all affected
by clinically significant reflux in the great saphenous vein
(GSV), with clinical stage C2eC5 were investigated. Patients
suffering from reflux in the GSV and on the waiting list for
venous ablation were selected to reduce the variability of
haemodynamic baseline characteristics.

Inclusion criteria

The inclusion criteria were as follows:

� Clinically severe venous reflux in the GSV with peak reflux
velocity of more than 30 cm/second and a duration of
more than 3 s according to Duplex ultrasound, presenting
Figure 1. The bandage is applied to the leg. The two sets of bandage m
bandage is covered by overlapping patches on the calf area (B). The fina
when necessary, for bandage adjustment to new leg sizes (D).
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diameter of GSV of more than 10 mm assessed 2 cm
below the junction and further down along the
saphenous trunk. Reflux was elicited after sudden release
of calf compression in the standing position.

� Age between 18 and 80 years.
� The ability to perform the physical exercise requested to
assess venous pumping function.

All individuals were informed about the investigation and
gave their written informed consent. In Italy, spontaneous
studies comparing CE marked products do not require
ethics committee approval. The study complied with Ethical
Principles of the Helsinki Declaration for Medical Research
involving human subjects.
Compression material

A new compression system was tested (Lundatex system,
PressCise, Herrljunga, Sweden) comprising an elastic
bandage as the first component and inelastic patches (made
in a hook material) as the second stiff component. Ban-
dages exerting two different pressure levels were used:
20 mmHg (Lundatex medical 20) and 30 mmHg, (Lundatex
medical 30) with and without the stiff patches (Press-
Patches). The bandage was applied from the base of the
toes up to 1 cm below the strain gauge in a spiral fashion
according to two sets of marker lines that must be aligned
to exert the predefined pressure level (Fig. 1A): one longi-
tudinal marking to make the overlap constant and several
markings with constant distance that are perpendicular to
this longitudinal marking. These marks must be aligned for
each bandage turn. Given the specific elasticity property of
the bandage material, these two featuresdhigher tension
and less curvaturedcompensate each other, according to
Laplace’s law, resulting in a constant sub-bandage pressure
along the leg. When wrapped according to the manufac-
turer’s instructions, the bandage should provide a precise
resting pressure that can be predefined at 20 mmHg,
arkings necessary to exert the declared pressure are visible (A). The
l fixation system is applied over the tibial crest (C) and can be lifted,
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30 mmHg, or any other pressure requested, with a very low
standard deviation.10 The second component of the
compression system, the PressPatch, consists of a set of
Velcro like hook material patches that are attached, by
firmly pressing them, to the basic bandage layer with
overlap to neighboring patches. The patches are applied
over the calf starting from about 5 cm above the malleoli
and finishing at the upper limit of the bandage. Usually
about 20 patches, depending on the leg size, are necessary
to cover the leg initially leaving only an uncovered gap over
the tibial crest (Fig. 1B) that will finally be covered by a long
rectangular patch, the FixPatch (Fig. 1C). The design of the
PressPatch allows for a stiff outside shell on top of the
bandage that follows the shape and curvature of the leg.
This rigid patch shell does not increase the interface pres-
sure (IP) on the leg in the resting position but exerts a much
higher standing pressure and high pressure peaks during
movement, so turning the elastic bandage into an inelastic
compression device. When swelling reduces, both supine
and standing pressure as well as the pressure peaks will be
lowered because of the reduction in leg circumference.
FixPatch counteracts this effect: by simply lifting one side of
the FixPatch (Fig. 1D), typically each morning, the bandage
adjusts itself to the new leg size. Then the FixPatch is fixed
again to close the gap over the tibial crest and to recreate a
snug and stiff fit without redoing the bandaging. In this way
the IP returns to its original level. This means that the
system can easily be self maintained, by the patient himself
or by a relative for 7 days, with sustained resting and
working pressure.11 The bandage is a single use product,
but all patches are washable and reusable. The price of the
complete system is higher than other systems. However, as
the bandages comes in refill packages and patches can be
reused, the overall cost for the system over time can be
compared with other more advanced compression systems
on the market.

Sub-bandage pressure

The IP was continuously measured using an instrument
based on pneumatic technology (Picopress, Microlab Italia,
Padua, Italy).12 Data were logged by a special computer
program. The pressure transducer consists of a flat plastic
pressure probe (diameter 5 cm) that was filled with 2 mL of
air during the pressure measurement. Pressure fluctuations
in this probe are transformed into electronic signals (Stat-
ham element) that can be recorded continuously. To assess
the pressure profile, IP was measured at two spots on the
medial aspect of the lower leg: the B1 point, which is
defined by the transition of the muscular part of the medial
gastrocnemius muscle into the tendinous part, and the C
point, corresponding to the greatest diameter of the leg.
Sub-bandage pressure was measured in the supine and
standing positions. Minimum and maximum pressure values
during the exercise program, described below, were also
recorded. The SSI7 and the difference between maximum
and minimum values during exercise, the walking pressure
amplitude (WPA),9 were calculated.
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Ejection fraction

The EF was assessed under baseline conditions, without any
compression, according to a method previously described.13

Strain gauge plethysmography (Angioflow2, Microlab,
Padua, Italy) with an indio-gallium alloy probe was used to
measure changes in the leg circumference. The linear cor-
relation between electrical resistance and length of the
gauge is well documented and makes the strain gauge suit-
able to record “changes in circumference of the part to which
it is applied”.14,15 The probe was placed next to the upper
end of the compression device in the supine position. Even if
this may cause some increase in the leg circumference
because of fluid shift, the reduction in the leg circumference
during subsequent exercise can only be explained by a
reduction in local blood volume. After calibration, the
examined leg was elevated above the level of the heart in
order to empty the leg veins and to obtain a minimum blood
volume in the leg. After 2 minutes, when a new stable
baseline was recorded, the patient was asked to stand up
with the weight placed on the opposite leg until a stable
signal was achieved. The resulting volume increase after
refilling of the veins is defined as the venous volume (VV).
Then the patient was asked to perform 20 standardised steps
in 20 s and to return to the original position. The resulting
volume decrease corresponds to the ejected volume (EV).

The EF is calculated according to the formula EF ¼ 100
EV/VV. This procedure was repeated four times after
application of the elastic bandage with a supine pressure of
20 and 30 mmHg with and without the stiff patches.

Tolerability of the compression device

During the test the patients were asked for any discomfort
or pain produced by the compression device, which was
graded according to a visual analogue scale (VAS), where no
pain was 0 and the maximum pain 10.

Statistical analysis

The results before and after treatment in the same indi-
vidual were assessed using the Wilcoxon rank test. The non-
parametric Friedmann test with multiple comparisons was
used for comparisons between the treatment modalities. A
p value < .05 was considered to be statistically significant.
The Pearson correlation between SSI, WPA, and EF was
calculated. The graphs and the statistical evaluations were
generated using Graph Pad Prism, version 6, software
(Graph Pad, San Diego, CA, USA).

RESULTS

Interface pressures

The elastic bandages were applied to exert a predefined
supine pressure of 20 and 30 mmHg, without the patches,
following the recommendations provided by the producer.
The median supine IP measured by Picopress was actually
20 mmHg (IQR 19e22) with L20, and 30 mmHg (IQR 29e
31.5) with L30 (Fig. 2A,B). With L20 the median supine IP
was 23 mmHg (IQR 23e24.5) at C. The standing pressure
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Figure 2. Supine and standing pressure at the B1 and C points exerted by Lundatex 20 (A) and 30 (B) without patches.
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increased to 21 mmHg (IQR 20e23) at B1 and to 25 mmHg
(IQR 22.5e28 mmHg) at C (Fig. 2A). With L30 the median
supine IP was 33 mmHg (31e36 mmHg) at C. When
standing, the IP changed to 31 mmHg (IQR 30.5e34 mmHg)
and 36 mmHg (IQR 33e39 mmHg) at B1 and C respectively
(Fig. 2B). All differences were not statistically significant.
After application of the patches to L20, the IP slightly
increased in supine position to 27 mmHg (IQR 24.5e31.00)
at B1 and to 31 mmHg (IQR 28.5e34.5) at C. By standing up
there was a significant increase to 56 mmHg (IQR 53.5e
60.00) at B1 and to 65 mmHg (IQR 58.5e68.5) at C
(p < .001) (Fig. 3A). The corresponding values for L30 were
36 mmHg (IQR 34e40) at B1 and 39 mmHg (IQR 36e42) at
C in the supine position. In the standing position, the
pressures rose to 62 mmHg (IQR 59.5e67.5) at B1 and to
69 mmHg (IQR 64.5e72.5) at C (both p < .001) (Fig. 3B).
Static stiffness index and walking pressure amplitudes

The SSI and the WPA were very low without patches and
increased significantly (p < .001) by adding patches. The SSI
at B1 rose to 29 (IQR 25.5e34.5) with L20 and to 26 (IQR
22e34.5) with L30. The difference between the two ban-
dages was not statistically significant. The WPA at B1 was 23
(IQR 22e26) with L20 and 21 (IQR 18.5e27) with L30
(p ¼ NS). The SSI and WPA at C had similar values of around
0 for the bandages applied without patches. With patches
applied the values were slightly higher than B1 without a
statistically significant difference (p ¼ NS).
Compression device tolerability

No pain or discomfort was reported by the patients
(VAS ¼ 0) with L20 and L30 with or without patches.
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Ejection fraction

In the current case series all test subjects showed patho-
logically lowered values of EF with median baseline values
of 36.2% (IQR 32.3e45.9%), far from the normal values that
are > 60%.9 Increasing the bandage pressure led to an in-
crease in the EF, which was statistically significant with an IP
of over 30 mmHg (p < .001). After patch application, the EF
increased significantly (p < .001) into the normal range with
both 20 mmHg and 30 mmHg baseline bandages, without a
significant difference between the two (Fig. 4).

There was a statistically significant correlation between
WPA and EF (Pearson r ¼ .608, 95% CI 0.467e0.718), and
between SSI and EF (Pearson r ¼ .527, 95% CI 0.368e0.655)
(both with p < .001).
DISCUSSION

This work reports IP, stiffness, and the haemodynamic
effectiveness of a new compression system. Questions
concerning the routine use of this compression system are
beyond the aim of this work and need to be elaborated in
future studies.

The consistency of bandage pressures is extremely
important to ensure the best outcomes in patients with
symptomatic or complicated venous disease, as the effec-
tiveness of compression therapy largely depends on CP.
Medical personnel in daily practice apply compression
bandages improperly in most cases, usually too loosely in
the outpatient department.1e5

The availability of a bandage able to exert a consistent CP
independently from the bandage applier and the patient’s
leg is desirable. The tested bandages were shown to exert
predefined pressures with extremely low variability
(< 10%) when applied according to the manufacturer’s
nent Compression System Turning an Elastic Bandage into an Inelastic
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Figure 3. Supine and standing pressure at the B1 and C points exerted by Lundatex 20 (A) and 30 (B) with patches.

Figure 4. Ejection fraction assessed under baseline conditions and
with Lundatex 20 and 30 applied without and with patches.
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recommendations. This confirms previously published
data.10 The pressures measured at B1 and at C were about
the same for the 20 and 30 mmHg bandage, which means
that the conventional dogma of graduated pressure was
disregarded as it does not have a negative influence, either
on the haemodynamic efficacy16 or on a theoretical increase
of distal leg swelling.17 It could be shown that so called
progressive, anti-graduated stockings that exert higher
pressures over the calf than the distal parts of the leg
resulted in more pronounced improvement in the venous
pumping function than conventional graduated compression
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stockings16 without producing more distal swelling.17 The
patches exert their effect over the calf muscle. On the foot
and ankle, which do contain muscles and minimal blood
pooling, high pressure peaks are less effective in improving
venous haemodynamics. The baseline pressure of the elastic
bandage of about 20e30 mmHg is enough to aid venous
emptying and prevent ankle/foot oedema.

Beneficial haemodynamic effects of compression require
higher pressures in the upright position.18 Such high pres-
sures exceeding the intravenous pressure values during
movement can only be achieved by inelastic, stiff
compression material, showing high pressure peaks during
walking and, at the same time, tolerable resting pressures.
Sticking patches of hook material on these elastic bandages
with a well defined resting pressure, transforms the
compression device into a stiff, inelastic system that can
maintain a tolerable resting pressure of 20e30 mmHg for
up to 1 week,11 but provides standing pressures of around
60 mmHg and high pressure amplitudes while walking (the
so called massaging effect). Theoretically, similar effects
could also be produced by wrapping an adhesive bandage
over the basic bandage. However, this could be applied too
loosely or too tightly or create strangulations, so being
ineffective or dangerous, and making self application of
inelastic material inadvisable. In addition, an adhesive
bandage couldn’t be readjusted daily, which is one of the
strong advantages of this new system. Using an adhesive
outer layer the leg becomes less swollen, which leads to
pressure loss, one of the drawbacks of inelastic compres-
sion. In contrast to this, the new system keeps the CP
constant for several days.11 Different experimental studies
in the past have demonstrated that a pressure of around
60 mmHg in the upright position together with the
massaging effect at calf level reduce venous reflux19,20 and
ambulatory venous hypertension,21 thereby enhancing the
nent Compression System Turning an Elastic Bandage into an Inelastic
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efficacy of the venous calf pump.8,9 Bandages applied with
higher pressure over the calf could also be shown to reveal
stronger beneficial effects on the calf muscle pump.22

This study clearly shows that transforming an elastic
bandage into a stiff compression device, without changing
the resting pressure, significantly improves the EF from the
lower leg, which can even be normalised in patients with
severe venous incompetence and that this happens even
without changing the resting pressure.

In addition, the high pressure amplitudes act like an
intermittent pneumatic pressure pump exerting a
massaging effect on the leg, which also has important ef-
fects on the arterial inflow and the microcirculation.23,24

The compression system applied with both pressure
ranges was well tolerated during the test both with and
without the patches. The weak point of this study is that no
information can be given on the long-term tolerability, as
this was an experimental study carried out in a very short
time. Clinical trials should evaluate different indications in
which this interesting concept of well characterised, sus-
tained pressure that can be boosted to inelastic compres-
sion by applying patches can be verified.

CONCLUSIONS

The test compression material exerted a well defined
pressure when applied according to the manufacturer’s
recommendations. Its intrinsic elasticity may be trans-
formed to inelasticity by adding stiff patches without
significantly increasing the supine pressure. This new
concept produces a compression device with a reliable, well
defined resting pressure associated with a strong pressure
during walking that is able to significantly increase its
haemodynamic effectiveness.

The two different pressure ranges (20 and 30 mmHg)
applied at rest without patches did not lead to significant
improvement in the venous pumping function.
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