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Interface pressures and stiffness indexes before and
after atreadmill test of an adjustable compression wrap.
Comparison with two compression bandages.
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Abstract Background: ReadyWrap® Calf, Rosidal®

Sys and Urgo K2® respond to the same physical laws.
But they were studied with different methods. This makes

it difficult to compare them. ReadyWrap® Calf has an
estimated stretch of 60 %. After 5 hours of wear in healthy
volunteers, its static stiffness index (SSI) is around 15
mmHg when applied with a resting pressure of 40 mmHg.
The SSI of Rosidal® Sys and Urgo K2® remains constant
before and after a 30-minute treadmill test (25 mmHg for
Rosidal® Sys and 15 mmHg for Urgo K2%). The aim of
this trial is to study these compression devices using the
same method, with a view to carrying out comparative
clinical trials at a later date. Aim of the study: The
purpose of this pilot study was to compare the interface
pressures and stiffnessindices of three compression devices
(ReadyWrap® Calf, Urgo K2® and Rosida® Sys) on
volunteer subjects before and after a 15 min treadmill test.
Materials and methods: We selected 40 volunteer subjects
treated with ReadyWrap® Calf after randomization on one
leg and on the other leg with 20 with Rosidal® Sys or

20 with Urgo K2®. We measured interface pressures in
standing, lying position and during ankle dorsiflexion. We

Vasculab

calculated the SSI and Dynamic Stiffness Index (DSl)
before and after a 15 min treadmill test. We also carried out
a VAS on comfort. Results: Interface pressures decreased
after the treadmill test with all three compression devices.
ReadyWrap® Calf and Urgo K2® pressures, SSI and DS
before and after the treadmill test were not statistically
different. Their static Stiffness Indices are in the order
of 13-14 mmHg. Only Rosidal® Sys has a significantly
higher SSI. Comfort is found very comfortable under
the 3 compression devices. Conclusion: The adjustable
compression wrap, Readywrap® Calf, behaves like a stiff
bandage when applied with a pressure of around 40 mmHg.
Its different pressures and stiffnesses are comparable to the

bandage kit Urgo K2°.

Keywords bandage, adjustable compression wrap,
pressure, stiffness

Introduction

In healthy volunteers, pressure measurements and
calculations of static stiffness index' are required to
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evaluate a bandage or an adjustable compression wrap.
These measurements are taken on the leg at point B1. This
point islocated at the junction of the medial gastrocnemius
muscle and the Achille'stendon. The pressures are recorded

using a Picopress® device.

These measurements provide a clinical assessment
of the stiffness of the compression device called Static

Stiffness Index or SSI*2. This correspondsto the difference
in mmHg between the interface pressure measured at point
B1 in the upright position minus the interface pressure
measured in the supine position. If the differenceis greater
than 10 mmHg, the deviceis considered to be stiff.

Several studies have shown that stiffness is an
important parameter for measuring the effectiveness of
a medical compression device. In patients with chronic
venous insufficiency, devices with a stiffness greater than

10 mmHg have been shown to improve venous function®

and microcirculation®°during exercise compared to devices
with a stiffness of less than 10 mmHg.

In clinical practice, stiffness is responsible for
a massaging effect'®. Adjustable compression wraps
(ACWSs) could replace bandages for the treatment
of chronic venous insufficiency (CEAP C3-C6) and

lymphoedema in the near future’. They can be easily
adjusted by the caregiver or the patient.

They were developed in the 1990s but, paradoxically,

have been the subject of very little clinical research.
Publications have focused mainly on venous ulcers®,
venous and postural edema®?, lymphatic edema**, ease

and comfort of use®™® and limitations of usein the elderly*®.

A recent study using ReadyWrap® Calf estimated its

stretch at 60%’. In another study, after 5 hours of wear in
healthy volunteers, its SSI does not vary statistically and
remains around 15-16 mmHg when initially applied with a

resting pressure of around 40 mmHg'’.

Jindal R. et a showed™ that the SSI of Rosidal® Sys
and Urgo K 2®remained constant after a30-minute treadmill
test (25 mmHg for Rosidal® Sys versus 15 mmHg for Urgo
K2%).

These data come from different publications using
different methods. It is therefore difficult to compare the
consistency of the data obtained. It is therefore interesting
to compare the performance of ReadyWrap® Calf with that
of 2 bandages (Urgo K2®and Rosidal® Sys) under the same
study conditions and using acommon vocabulary (Table 1).
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Extension of mpression
stretch xte' sio .o a co‘ pressio
device to its maximum
Capacity of a material, after
. ing stretch. return
Elasticity Pe I gst etched, to return to
its initial shape
Interface pressure in a lying position at rest
RP Resting pressure
Interface pressure in a standing position
wp Working pressure
Interface pressure in a standing position
L . minus interface pressure in a lying position
Ssl Static stiffness index
atrest
‘ The difference between the maximal and
psl Dynamic stiffness index minimal interface pressure during maximal
foot dorsiflexion in the supine position

Table | - Definitions of the measurements and pressure
indicesin point B1

Aims of the study

Primary endpoint

The objective of this pilot study is to evaluate the
evolution of the different interface pressures and stiffness
indices of 3 compression devices (ReadyWrap® Calf, Urgo
K2® and Rosidal® Sys) on volunteer subjects before and
after a 15 min treadmill test.

Secondary endpoint

Visual analogic scale on comfort after the treadmill
test.

Materialsand Methods

The protocol and the principle of this study were
approved on October 23" 2023 by the advisory board
of the Diabetic Foot Center (DFC), 15 Surayat Street,
Cairo, Egypt, in accordance with the Egyptian Ministry of
Health recommendations and with the principles set in the
Declaration of Helsinski. The subjectswere informed about
the purpose of the study and signed a free and informed
consent form.

Study Design

- Pilot study
- Single-center
- 40 healthy subjects

- ReadyWrap® Calf and bandageswill be applied
with a pressure of 40 +/- 3 mmHg at point B1 by
2 different applicators. The applicators followed one
another for each new subject.

- Selection based on a randomization table™
of 40 treated legs with ReadyWrap® Calf. 20
contralateral legs will be treated with Rosidal® Sys,
20 other legs with Urgo K 2°.

Number of subjectsto berecruited
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Asthe difference in resting pressure before and after
treadmill testing in healthy subjects had not been published,
and in the absence of data on the evolution of SSI for the
three devices under similar conditions, it was decided to
include 40 subjects in a pilot study. This number usually
meets the requirements for a pilot study. The study took
place over 4 days. Ten healthy volunteersweretested every

day.
Materials

ReadyWrap® Calf (Lohmann & Rauscher GmbH &
Co. KG): ashort stretch adjustable compression wrap®.

Urgo K2® (Urgo): a kit composed of a soft padded
short-stretch (>10% and <100%.) bandage and a cohesive
long-stretch (>100% stretch) bandage (single use). Urgo
K2® was applied in accordance with the manufacturer's
instructions, respecting the markings on the 2 bandages.

Rosidal® Sys (Lohmann Rauscher): a kit with 2
identical short-stretch (>10% and <100%) textile bandages
(reusable). Rosidal® Sys bandage was applied in a spiral
with 50% overlap and maximum traction.

ReadyWrap® Calf was applied according to the

manufacturer’s recommendations® (Instructions from the
Lohmann-Rauscher's website)

Inclusion criteria

- Healthy volunteer subjects (males and
females);

- CEAP classification C0a, COs, Cla, C1s;

- Agree to take part in the test after explanations
and signing the agreement;

- Age> 18 years and < 50 years;

- Ankle circumference > 18 cm and < 25 cm
(point B).

Exclusion criteria

- BMI > 35;

- CEAP classification: C2as-C6;

- Pregnant or breast-feeding;

- Conditions preventing a quick standing up;
- Equilibrium impairment;

- Acute or chronic leg swelling.

Assessed criteria

Age, body weight, height, BMI, occupation, number
of pregnancies.

Evaluation criteria

The interface pressures are measured at rest, in
standing position and during foot dorsiflexion with the

PicoPress®®(21) (Microlab Elettronica s.as. di Bergamo
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Giorgio & C. viaG. Rossa, 35 35020 Ponte S. Nicolo (PD)
— Italy).

The instrument uses a circular probe of 4.5 cm
diameter made of ultra-thin biocompatible materia into
which aknown amount of air isinserted. The probeisplaced
on the skin at point B1(21). This point B1 is located by
echography.

A treadmill test isconducted for 15 min at aspeed of 4
km/h on atreadmill with an 8% slope. The distance covered
will be 1 km. We have estimated that a patient suffering
from avenousleg ulcer walks no more than one kilometer a
day. The slope only serves to make the test more sensitive,
and 4 km/h is the subject's normal walking speed.

Visual Anaogic Scale (VAYS) is used to appreciate

comfort of ReadyWrap® Calf and the 2 bandages: 10 was
considered asvery comfortableand 0 asvery uncomfortable
after the treadmill test.

Statistical analysis

JMP pro version 17(22) was used to assess the

pressures changes on both legs with ReadyWrap® Calf and
the 2 bandages, aswell asthe VAS. Means comparison was
achieved with a Student t-test. The significance level with
an error of 5% was used (P value <0.05).

Results

40 healthy subjects were included in the study from
February 25th to February 28th 2024: 26 female (65%)
and 14 males (35%). The subjects were classified with the
CEAPCclinical classification (23) as COA (82,5%) and C1A
(12,5%). Their average age was 31,5 years. Mean height
was 165 cm and mean weight 75,2kg. Mean BMI was 27,6
(see detailson table I1).

N=40 Mean standard dev.
Age in years 31,5 8,55
Height in cm 165cm 8,21
Weight in kg 75,2 Kg 10,84
BMI (W/H?) 27.6 33

Table Il - Demographic data
Before the treadmill test

We used Picopress® to measure resting pressure,
standing pressure and ankle dorsiflexion pressure. Each
measurement was repeated three times.
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Resting Working
Dorsiflexion Ssl Dsl

pressure pressure
41,83 54,8 60,7 13,0 19,0

Ready Wrap® Calf
(1,5) (53) (12,1) (53) (12,0)
41,66 55,6 59,2 139 17,5
Urgo K2°
(2,15) (6,0) (6,8) (55) (6,7)
41,35 58,32* 62,7 17,0 213
Rosidal® Sys

(3,0) (7.3) (9,6) (6,8) (8,4)

Tablelll - Means of interface pressures, S3 and DS before
the treadmill test in brackets standard deviation. Resting
pressure NS for all devices. * p < .003 Working pressure

higher for Rosidal® Sysvs ReadyWrap® Calf. #p < .01 SS
higher for Rosidal® Sys vs ReadyWrap® Calf

The results (Table 11l, Figures 1 and 2) show
a very homogeneous resting interface pressure (lying
position) applied to all compression devices, measured with

Picopress®, close to 40 mmHg.

Working pressures and SSI for ReadyWrap® Calf
and Urgo K2® were not significantly different. Working
pressure (standing position) was significantly higher with
Rosidal® Sys (p < 0.3) than with the other two devices.
Similarly, SSI was also significantly higher with Rosidal®
Sys(p<0.1).

mm Hg M Resting pressure B Working pressure
80
70 1§
R L.
. =
T == g |
30 *
20
10
ReadyWrap ® Urgo K2® Rosidal®sys

Figure 1 - Resting and working interface pressures before

the treadmill test measured with Picopress®. Resting
pressure NS for all devices. Working pressure higher for

Rosidal® Sys compared to other devices (p< .003)
After thetreadmill test

We observed adlight decrease in resting pressure and
anon-significant increase in SSI for ReadyWrap® calf and
for Urgo K2°.

This increase is significant with Rosidal® Sys p
<.0001 (TablelV, figures 3, 4).

_A Vasculab

mm Hg m SSI mDSI
30 5 +
25 |
20 y 1 2
10 H

.
5 * - =
0

ReadyWrap ® Urgo K2® Rosidal®sys

Figure 2 - SS & DS before the treadmill test measured
with Picopress® SS is significantly higher with Rosidal®
Sys vs ReadyWrap® Calf (p< 0.01). Other indexes are NS

Resting
Working pressure Dorsiflexion SsI DSI

pressure
37,9 51,6 55,1 14,2 17,7

Ready Wrap® Calf
(4,2) (6,6) (9,6) (6,0) (9,2)
36,1 49,1 51,3 13,0 15,2
Urgo K2%
(3,0 (4,9) (4,4) (53) (4,7)
334* 52,3 52,6 19,0" 20,4%*
Rosidal® Sys

(6,6) (9,4) (8,9) (7,2) (7,9)

Table 1V - Means of interface pressures, S§ and DS
after the treadmill test in brackets; standard deviation. *

p < .0001 Lower resting pressure with Rosidal® Sys vs
ReadyWrap® Calf and Urgo K2%; # p< .005 SSl of Rosidal®
Sys vs ReadyWrap® Calf and Urgo K2®; ** p< .005 DSl of
Rosidal® Sys versus Urgo K2°.

mm Hg M Resting pressure W Working pressure

80

70 +

o Ny
40_1_? -I--.[.‘

20

10
L ®

Rosidal “sys

ReadyWrap ® Urgo K2®
Figure 3 - Resting and working interface pressures after the
treadmill test measured with Picopress®.

Resting pressure is lower for Rosidal® Sys compared to 2
other devices (p< .0001);

Working pressure is higher for Rosidal® Sys compared to 2
other devices (p< .03).
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m SSI

m DsI

ReadyWrap ® Rosidal®sys

Figure 4 - SS and DS after the treadmill test measured
with Picopress®;

SS of Rosidal® Sys is higher than ReadyWrap® Calf and
Urgo K2® (p<0.005);

DS of Rosidal® Sys s significantly higher than Urgo K2®
(p<0.005).

Comparison of pressures before and after the
treadmill test

The drop of mean variationsin % of resting pressure
after treadmill test (figure5) issimilar for ReadyWrap® Calf
and Urgo K2® (NS), but significantly higher for Rosidal®
Sys (p< .002).

80
70
60
50
DSI 40
30

20

5 10 15 20 25 30 35
Ssl

Figure 6 - High Correlation between S3 and DS for

ReadyWrap® Calf.
DS = -4,183265 + 1,7731714*SSl

Variability of pressure measurements

We assessed the variability (Table V) of the interface
pressures measurements by the Variation Coefficient (VC)
istheratio of the standard deviation to the mean. The higher
the VC, the greater the level of dispersion around the mean.
If the variation coefficient is less than or equal to 15%, the
statistical units form a homogeneous group with regard to
thevariablestudied. If theVCisgreater than 15%, the group
is heterogeneous.

10%
5% Picopress ® | Treadmilltest | Rest | Work
0%

0, [

-5% . 12,8% Overall VC Before 2 1t

-10% . 19,2%

|
i Bolce After 14% | 14%
5% -
-20%
ReadyWrap ® Urgo K2® Rosidal®sys

Figure 5 - Variations in resting pressure before and after
the treadmill test (%).
* NS, # p<0.02.

Correlation of SSI and DSI

We found a significant correlation between DSI and
SSI with ReadyWrap® Calf (R =62%) (figure 6). The
correlation was similar for Urgo K2® (R?=72%).

‘A\ Vasculab

Table V - Variation coefficients (VC) of the pressure
measurements with Picopress® (80 legs)

Before treadmill test at rest, we observed alow VC
for all devices (5.1%). At work in a standing position, a
higher variation was found around 11%. The valuesform a
homogeneous group.

After treadmill test at rest and at work, ReadyWrap®

Calf and Urgo K2®, the values form a homogeneous group
(14%).
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t test of
N mean Std dev.

Student

Urgo K2® 20 7,42 2,09 NS

Rosidal ®Sys 20 8,09 2,02 NS

' Ready Wrap®
40 8,17 1,44 NS
Calf

Table VI - Mean comparison of comfort score with the 3
devices

PRPICO
2 8
N

applic s ©

PRPICO

F P g =
applic SRS <

az9ar 2 2 @
ccocs o o &

Quantile normal

164128 067 00 067 12848

PRPICO

Figure 7 - Comparison between 2 applicators. (t-student
test - 80 legs) Graphs of mean resting pressures by
applicant and device: Mean comparison with t-student test
shows no difference between the 2 applicators (NS).

Comparison between
(Picopr ess(®) pressures)

the 2 applicators

We found no difference in the mean comparison of
resting pressures before the treadmill test between the 2
applicators for the three compression devices as shown in
figure 7.

Visual analogic scale on comfort and tolerance

Vasculab

The comfort of the 3 devices assessed by aVAS (0to
10) was very comfortable, with a mean of 8. There was no
difference between the 3 devices. (Table VI)

Discussion

The data collected from these healthy subjectsallows
for a more accurate characterization of device behavior
prior to use on pathological subjects. ReadyWrap® Calf
did not differ significantly from Urgo K2%, but it was
significantly different from Rosidal® Sys, which was found

to be stiffer. that Rosidal® Sys had a significantly higher
SSlI than the other two devices.

Resting pressure decreased significantly under al
devices, but the decrease was more significant with
Rosidal® Sys. It is important to note that the higher SSI

of Rosidal® Sysisrelated in a decrease in resting pressure
rather than an increase in working pressure.

This phenomenon has been previously observed in a
comparative clinical study’’ following a treadmill test and
an in vitro study?*.

Confirmation of the expected haemodynamic effects
is crucial following the study published by Mosti and

Partsch®. It is worth noting that ReadyWrap® Calf and
Urgo K2® exhibit a lower variability of resting pressures
before and after the treadmill test compared to Rosidal®
Sys, possibly due to their lower stiffness and higher
elasticity. It is questionable to use the DSI due to the
brief pressure display during muscle contraction (R =

33 %), which can lead to assessment errors?®. The SSI
is considered a reliable criterion, having been validated

multiple times*"8,
Another important point

The development of a compression device should
respond to a precise process. An analysis of the literature

shows that there are many biases® that make it difficult to
concludethat the product studied is clearly effective, which
iswhy registration and/or reimbursement with the relevant
authoritiesis so difficult.

Unlike compression bandages, many elements are
often missing for the wraps:

- The composition of the device;

- Stretching;

- In vitro stiffness;

- Comparative study on healthy subjectsto better

characterize the compression device;

- Unbiased comparative clinical studies to

determine the most appropriate indication.

ReadyWrap® Calf is made of nylon, elastane, and
polyurethane, with an estimated stretch of 60%°, which is
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similar to that of a short-stretch bandage. In vitro stiffness
assessment can bedifficult, but the European Committeefor
Standardization (CEN) definesit astheincreasein pressure

resulting from a 1 cm increase in leg circumference™.

Textile laboratories use various extensometers to
measure stiffness and verify the relationship between
stretch and force, which characterizesthe el astic property of
adevice. It can difficult to comparethe results obtained with
different extensometers. Hiral has developed an artificial
leg model that eliminates variability of morphologic leg
(figure 8) . Themodel enablesasignificant increase of 1 cm

in leg circumference, as previously published®2,

Device for stiffness determination. The leg
manneguin was cut lengthwise on both sides (a), and thegap
was enlarged by 5 mm buy pushing the lever (b), leading to
a10-mm in circumference of the mannequin.

Interface pressures are accurately measured using

the Picopress®, The pressures are recorded immediately
after the compression device is applied, and the leg
circumference increases as the lever is pushed down. It is
important to note that the Hirai leg is specifically designed
for studying the behavior of abandage with acircumference
of 20.5cm (lever raised). Raising the lever increases (figure
9) the volume of the leg but does not change its shape like

that of a human leg®.

Inside the leg mannequin, two rods (front and back)
are connected by an oval cam at the top and bottom. When a
lever is pushed, the connection rod moves both cams. This
causes the camsto rotate, pushing the back rod outward and
increasing the circumference of mannequin'sleg.

Muscular contractions cause minima volume
changes, but significant shape changes due to muscle
entrapment in the aponeurosis. Local radii variations in
front of the probe cause pressure changes according to

Laplace's law, which is particularly visible at point B1*.

The SSI variations observed with Urgo K2® and
Rosidal® Sys are consistent with the trends observed in
Hirai's leg measurements. For example, in study realized
with the Hirai leg®*, the SSI before and after 100 extensions
varied little (figure 10) and the SSI of Rosidal® Sys was
higher than that of Urgo K2®.

This leg is only a theoretical model, but it should
make it possible to compare different compression devices
with each other.

The leg wrap used in the test was only partialy
adapted to the shape of Hirai's leg, and the measurements
were taken only for an ankle with a circumference of 20.5
cm. It aso tests the whole wrap with its seams, which can
stiffen it.

///\‘\ Vasculab

Wouldn't it be morejudiciousto test the material used
on cylinders of different circumferences capable of moving
apart by 1 cm?

In this way, we could test the material at different
pressures and also assess its fatigue over the course of the
stretching maneuvers.

The test on healthy subjects provides precise
indications of what ReadyWrap® Calf can achieve in
chronic venous insufficiency and lymphedema. This
comparative study in healthy subjects showed that the
properties of ReadyWrap® Calf are close to those of Urgo
K2®. All this data could appear in the registration file.

Comparativeclinical trials* can be conducted against
a reference bandage to assess a primary endpoint. For
example in venous ulcer: complete wound healing.

Secondary endpoints: wound stage, healing %, age
of the ulcer, recurrence, mixed ulcer, associated edema,
topography, wound infection, cost of complete treatment.
It turns out that comparing these multiple parameters can
make this research difficult.

Conclusion

The interface pressures and SSI of Readywrap® Calf
and two bandages (Rosidal® Sys, Urgo K2®) were studied
before and after a treadmill test. The 3 devices have be
applied with a pressure of 40 +/- 3 mmHg at point B1.

After the test, the interface pressures of the
three devices decreased. The pressures and SSI under
ReadyWrap® Calf and under Urgo K 2°, before and after the
test, were not statistically different.

Only Rosidal® Sys had a significantly higher SSI
before and after the test. ReadyWrap® Calf when applied in
accordance with the manufacturer's recommendations, has

physical properties similar to those of Urgo K2°. Itislikely
that the clinical indications will be similar.

(a) (b)

o Thegmpis

expanded

Sensor for
measuring

interface

Figure 8 - Hiral plastic leg
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Figure 9 - Schematic diagram of Hiral leg for determining
the stiffness.

Stiffness AP/1cm

a0 Rosidal Sys

i

Kit Biflex
Coban 2
UrgoK1
Urgo K2

Biflex 16

12 3 4 s 6 9 10 1 24 25 26 49 50 51 98 99 100
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Figure 10 - Evolution of Siffness Indices of several
bandages calculated on Hirai leg.
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