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Elastic or inelastic compression
in patients with leg ulcer and
restricted mobility?
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Abstract

In patients with leg ulcer and restricted
mobility, compression with elastic material is
often preferred based on the concept that it is
more effective as it exerts a sustained higher
resting pressure while inelastic material is
believed to exert a very low resting pressure
and to work only during movement. The aim of
this study is to demonstrate that elastic and
inelastic material can exert similar pressure at
rest and that inelastic material can produce a
much higher pressure during sitting and light
exercise in ulcer patients with restricted
mobility. In 30 patients (12 men, 18 women
mean age 76.3+9.1 years, range 63-80) with
leg ulcers and severely reduced mobility we
applied consecutively elastic and inelastic
bandages with the same resting pressure of 40
mmHg. Pressure changes were measured
while the patient was sitting and standing and
during active and passive muscle contractions.
The pressure differences between standing
and supine and sitting and supine position
were calculated as well as between muscle sys-
tole and diastole during active and passive con-
tractions. Starting with the same resting pres-
sure inelastic bandages produce significantly
higher pressure peaks in the sitting and stand-
ing position and during the muscular systole
both during active and passive exercise com-
pared to elastic bandages (P<0.001). The
results show that inelastic bandages, applied
with the same pressure as elastic bandages at
rest, will exert much higher pressures even
during minimal or passively induced muscle
contractions. The concept that elastic com-
pression should be used in patients with
reduced mobility needs to be reconsidered.

Introduction

Immobility or severely impaired mobility
represent an indication for compression thera-
py in order to prevent venous thromboem-
bolism'* and to reduce edema that will devel-
op>!! when the patient spends his life mainly
in a sitting position or is unable to move cor-
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rectly for any other reason. These conditions
are frequently considered as an indication for
elastic compression'*'® based on the concept
that it can exert a high, sustained, resting
pressure in contrast to inelastic compression
which would produce a low resting pressure
and would be effective only in the standing
position and, especially, during muscle con-
traction.

The aim of this study is to show that, in
patients with leg ulcers who are immobile or
with restricted mobility, inelastic bandages
can exert a pressure at least as high as elastic
material at rest but much higher even during
minimal movements, and, as a consequence,
much more effective to counteract the venous
hemodynamic impairment.

Materials and Methods

Thirty patients (12 men, 18 women mean
age 70.3+10.1 years, range 59-80) with leg
venous ulcers and severely impaired mobility
who spent most of the day either sitting in an
armchair with limited ambulation or in bed
were enrolled. All of them were fully informed
and gave their written consent to participate in
the study.

Ethical committee approval is not requested
in Italy for studies comparing CE (European
Community) marked products and not requir-
ing randomization in different groups (they
are considered as observational studies).

Inclusion criteria: patients of both sexes,
age from 20 to 80 years, suffering from venous
leg ulcers and with restricted mobility
[patients who, for different health problems
(orthopedic, cardio-respiratory, overweight)
spend their life lying in bed or sitting in an
armchair but able to move for their simple
needs]. Exclusion criteria: patients with arte-
rial impairment and an ankle-brachial pres-
sure index <0.8 or with complete block of
ankle, knee, hip joints were excluded from the
study.

In all patients the same experienced ban-
dager successively applied an elastic and
inelastic bandage from the base of the toes to
the popliteal fossa in the supine position, in a
randomized sequence. The time interval
between the two applications was 30 min dur-
ing which the patient stayed resting in bed. As
elastic bandage we used Dauerbinde K®
(Lohmann & Rauscher, Rengsdorf, Germany)
stretched by 50-60% and overlapped by 50-60%;
the inelastic bandage was made up of cotton
padding layer and a cohesive inelastic bandage
(Cellona®, Mollelast Haft®; Lohmann &
Raucher) applied with full stretch and super-
imposed by 50%.
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In the lying position the bandager adjusted
the pressure of each bandage to 40 mmHg
recorded by a validated'*'® pneumatic device
with an air filled probe (Picopress® Microlab,
Padua, Italy). The probe was placed at point B1
on the medial aspect of the calf where the
tendinous part of the gastrocnemius turns in
muscular part according to the recommenda-
tions of a Consensus document on sub-band-
age pressure measurements in vivo.'®

The patients were then asked to do maximal
dorsiflexions end extension of the foot which
were followed by maximal passive dorsiflex-
ions and extension carried out by a physiother-
apist. Finally patients were asked to move the
toes actively as much as possible. The patients
were then moved from the bed to the armchair
where series of active and passive foot dorsi-
flexions (therapist-assisted) were carried out
again. After that the patients were asked to
stand, and to walk briefly with assistance if
needed.

The exerted pressure was continuously
measured in the supine, sitting and standing
position and during active and passive ankle
and toe movements. The following pressure
differences were calculated: sitting minus
supine position, standing minus supine posi-
tion, the active systolic-diastolic difference
and passive systolic-diastolic difference, the
toe systolic-diastolic difference and the walk-
ing systolic-diastolic difference.

Statistical analysis

The results underwent statistical analysis
using Student’s ¢-test for paired data to com-
pare the different maneuvers under the same
bandage and the Student’s ¢-test to compare
elastic vs inelastic bandages. Differences with
P<0.05 were considered statistically signifi-
cant. The graphs were created with Graph Pad,
version 5 (Graph Pad, San Diego, CA, USA).
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Results

The resting pressure increases significantly
both with elastic and inelastic material during
active and passive dorsiflexion, both in supine
and sitting position, with the very small toe
movements, in the sitting and standing posi-
tion and during walking. The pressure
increase produced by the inelastic material is
significantly higher when compared with elas-
tic (P<0.001) (Figures 1 and 2).

As a consequence all the pressure differ-
ences (between sitting and supine position,
standing and supine position, systolic and
diastolic pressure during active and passive
movements of ankle and toes and during walk-
ing) were significantly higher with inelastic -
compared with elastic material (P<0.001)
(Figure 3) as can be seen in the pressure
recordings (Figures 4 and 5).

Discussion

The pressure of a bandage does not depend
on the elastic property of the material used!”
but on the strength exerted by the bandager
during wrapping. In this study elastic and
inelastic bandages have been applied with
exactly the same initial resting pressure in the
lying position. By standing up and by different
active or passive leg movements the pressure
increase was always significantly higher with
inelastic than with elastic material.

This finding is in disagreement with the
concept that inelastic bandages produce a low
resting pressure and achieve effective pres-
sures only during movement. This is the rea-
son why many clinicians believe that patients
who are unable to move should better be treat-
ed by elastic material.

Elastic would be an active compression in
the resting position while inelastic would be a
passive or restraining compression, that pro-
duces low or no resting pressure, and would
only be effective during muscular contraction.

It is also thought that since a patient with
restricted mobility has little or no muscular
activity this passive inelastic material would
not be suitable to develop enough compression
pressure.

Several experimental studies have clearly
shown that inelastic compression can exert a
significantly higher pressure compared with
elastic both in supine and standing position
and during work.!820

By a general physics definition, elastic
material tends to return to its original length
once stretched; therefore it will not be tolerat-
ed if highly stretched to exert high pressure
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(which could be termed the squeezing effect).
Inelastic material doesn’t have any elastic
return property and can exert a high resting
pressure without causing any pain.

This is the rationale for recommending the
application of inelastic material with full
stretch while elastic material should be applied
with a stretch of 50-60% in order not to be
painful.

A supine and standing pressure
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The resulting resting pressure of an inelas-
tic bandage applied under full stretch will be
higher than that of an elastic bandage and will
be in the range indicated in a recent consen-
sus document as strong (40-60 mm Hg) or very
strong (>60 mmHg) while the pressure exert-
ed by an elastic bandage properly applies
should not exceed 40-45 mmHg (medium-
strong)?!in order to be well tolerated. Since the

B supine and sitting pressure

ns.
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supine | standing | supine | standing supine |sitting supine | sitling |
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25% Percentile | 39.00 |44.75 |38.00 |57.75 25% Percentile | 38.00 |38.00 38.00 |42.00
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Figure 1. Pressure difference between elastic

and inelastic material moving from supine

to standing position (A), and from supine to sitting position (B). The pressure in the
standing and in the sitting position is significantly higher (P<0.001) with inelastic mate-
rial compared with elastic. ***P<0.001; n.s., not significant.
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Figure 2. Pressure difference between elastic

and inelastic material in muscular diastole

and systole during active dorsiflexion (A), passive dorsiflexions (B), toe movements (C)
and exercise (D). With inelastic material the pressure peaks are always significantly high-

er (P<0.001). **P<0.01; ***P<0.001.
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patients in this study spend most of the time in
bed or in an armchair we intentionally did not
use very strong pressure but choose to start
with a resting pressure of 40 mmHg that is
able to narrow/occlude the vein both in the
supine and sitting position.”

According to their elastic properties, elastic
bandages give way to the muscle volume
increase during contraction while inelastic
material tends to form a stiff shell around the
leg and does not give way. It is the leg which
gives way with active or passive ankle-or toe
movement.

Our results show that just with small mus-
cular activity (foot dorsiflections, toes move-
ments) inelastic material produces signifi-
cantly higher pressure peaks than elastic
material (Figures 3-5).

It could be demonstrated that higher sitting
and standing compression pressure is posi-
tively correlated with a reduction of venous
reflux even when the pressure at application of
the different materials is the same.?*?* The
high pressure amplitudes during active or pas-
sive movements correlate with a higher
increase of venous pumping function.?

Measuring the ejection fraction of the calf
pump it could be demonstrated that inelastic
bandages revealed a significantly higher
increase of venous pumping function com-
pared with elastic bandages applied with the
same resting pressure. This effect has been
proved both in normal subjects? and patients
with venous insufficiency® and was more pro-
nounced in higher 60 mmHg than in lower
pressure ranges (20 and 40 mmHg).*

Even small and passive foot dorsiflexions or
toe movements are able to produce amazing
pressure amplitudes with inelastic compres-
sion (Figure 5). Such exercises can be carried
out also passively by healthcare professionals
or even trained relatives.

One disadvantage of inelastic compression
is its rapid pressure loss. In a previous study
we were able to show that, in spite of a consis-
tent pressure loss, the inelastic bandage con-
tinues to be very effective in improving the calf
muscle pump function even after a week,
maintaining a significantly higher efficacy
compared to elastic compression with a negli-
gible pressure loss.”® The pressure loss can
mainly be explained by edema reduction and
material fatigue and makes the bandage more
comfortable.

A weakness of our study is that only pres-
sure values are reported. Comparing different
compression materials functional parameters
like ejection fraction or venous reflux would
have been interesting outcome parameters but
cannot reliably measured in our immobile pop-
ulation. Nevertheless the positive correlation
between standing pressure or massage effect
and venous reflux and ejection fraction has
been widely proved.?%
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It can be reasonably assumed that it exists
also in patients with restricted mobility provid-
ed they have some opportunities to move
actively or even passively both in the bed and
in the armchair.

Conclusions

The recommendation to use only elastic
compression in immobile patients must be
reconsidered.
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A skilled bandager will apply inelastic com-
pression at least with the same pressure exert-
ed by the elastic bandage. Inelastic bandages
produce higher pressure peaks than elastic
material even during simple active or passive
movements being able to increase the venous
pump.

It may be assumed that the stronger mas-
saging effect produced by inelastic material
may have positive effects not only on venous
hemodynamics but also on the microcircula-
tion and on lymph-drainage.

If this positive effects on venous hemody-

pressure differences with different exercise or body positions
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Figure 3. Pressure difference with different exercise or body position. ***P<0.001. SSI,
standing minus supine position; ASDD, active systolic-diastolic difference; PSDD, pas-
sive systolic-diastolic difference; SSD, sitting minus supine position.
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namic reflect in a better outcome of leg ulcers
in this group of patients is not an aim of our
study and should be proved by future trials.
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