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Introduction
A variety of pressure transducers have

been used in studies to measure surface pres-
sures at the interface between compression
garments and the skin; for example, the
Kikuhime device3 (TT Medi Trade, Sorø,
Denmark) and the I-scan system1-4 (Tekscan
Inc., Boston, MA). The I-scan system uses
one or multiple sensors and is ultra thin (0.15
mm). In most of the studies, subgarment or
subbandage pressure has been measured
merely at one or a few levels along the
extremity. In 1997, Mann et al. measured in
vivo mean subgarment pressure under burn
garments using the I-scan system with sensor
9801 and found a high validity and reliability
(r = 1).1,2 Liu et al. (2005) measured in vivo
subgarment pressure, on garments used for
venous disorders, using Tekscan FlexiForce
interface pressure sensors along the leg at 4
different levels.3 Macintyre (2007) measured
in vivo subgarment pressure under burn gar-
ments along the extremity in order to opti-
mize compression using the I-scan system
with sensor 9801.4

The aims of this study were to establish a
method of measuring subgarment pressure
using the I-scan (Tekscan Inc.) pressure
measuring equipment, and to analyze initial
and post-wear and tear subgarment pressure
along the extremity of 5 similar compression
garments from three different manufacturers.

Materials and Methods
Plastic legs and garments 

Fifteen identical plastic lower legs, made
of recyclable high-density polyethylene with
a hard surface were used. Measurements for
ordering of garments were taken according to
standard procedures on one of the legs. Five
custom-fitted and flat-knitted below the knee

compression garments, compression class 3,
compression range: 34.0-46.0 mmHg, were
ordered from each of the 3 different manufac-
turers. The manufacturers were not informed
that the garments were intended for a study.

Pressure measuring device and cali-
bration

All pressure measurements were made
with I-scan system (Tekscan Inc.) with an
ultra-thin flexible sensor (0.15 mm), sensor
model 9801. The sensor was split in half and
trimmed down leaving 24 sensor points for
the analyses. Measurements were directly
recorded on a PC via a transducer (Tekscan,
Model EH-2). The Tekscan software presents
the measurements both in a numerical and a
graphical way. All the readings were exported
to Excel. The sensor and the software were
calibrated with a linear calibration tool
(Tekscan, Model PB5A). 

Measurements
To achieve a texture that resembles the

softness of human tissue, measurements were
performed on three different configurations:
i) bare legs; ii) legs lined with standard Velcro
made of 100% Polyamide (Velcro); and iii)
legs lined with foam material (Poron urethane
foam) A total of 24 measuring points were
used. All graphs show the distance (cm) along
the lower leg on the x-axis, were distance 0
cm equals the malleolus. The y-axis repre-
sents the force (mmHg) applied by the com-
pression garment in each given point along
the lower leg.

Initial measurements and simulation
of wear and tear

The initial measurements were made on
the garments fresh from the manufacturers.
To be able to assess the decline in subgarment
pressure over time, wear and tear of the gar-
ments was simulated by washing in the
evening, drying overnight, and then put on to
the plastic legs during the next day. This pro-
cedure was repeated for 7 days between each
measurement, which was made in the
evening of the seventh day. The procedure
was repeated for 4 weeks. The garments were
washed in a washing machine according to a
standard careful washing program at 40°C. 

Statistical methods
The measured factors were not statistical-

ly normally distributed and hence values are
presented as medians and range or 1q-3q, and
nonparametric methods were consistently
used. The initial pressure in each of the 24
pressure points was calculated from the mean
exerted pressure of 5 garments from each
manufacturer. The mean of all 24 pressure
points along the garment was used to calcu-

late the pressure gradient of each garment.
Differences over time within the groups were
analyzed using the Wilcoxon signed rank test,
and differences between groups were ana-
lyzed with the Mann-Whitney test. The out-
come of the significance tests was considered
as exploratory results; therefore nominal P
values are presented without any adjustment
for multiple comparisons. A P value of 0.05
or less was considered to indicate a statistical-
ly significant difference.

Results
The evaluation of the three materials to

measure on revealed that the foam material
had a tonometry value of 30N/mm2, which is
close to that of a normal human leg.5

Figure 1 shows the initial median pres-
sure outcome of all measurements along the
leg of each set of compression garment.
There was a statistically significant difference
in initial exerted subgarment pressure
between the garment of Company 1 and 2
(P=0.009) and between Company 1 and 3
(P=0.028), but not between Company 2 and 3
(P=0.531) (Table 1).

During the wear and tear period there
were significant differences between the
manufacturers (Table 1). 

There was no significant decrease in sub-
garment pressure from any manufacturer dur-
ing the observation period (Figure 2). 
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Conclusions
Previous research has showed that the

subgarment pressure used often is higher than
needed for sufficient treatment.6

Little is known about the longevity of
garments and the optimal pressure required
for adequate treatment.7 This study set out to
establish a method for measuring the actual
subgarment pressure provided, during wear
and tear, by using the Tekscan pressure-mea-
suring equipment. The lack of significant dif-
ference within each manufacturer’s garments
as compared to initial values, during the 4
weeks of wear and tear, may indicate high
quality and maintenance of pressure in the
compression garments during the first weeks
of usage. However, to truly evaluate the effect
of wear and tear, and decrease in subgarment
pressure, a longer study period of at least 3-6
months, corresponding to garments’ normal
life span according to the manufacturers,
would be needed. 

This study shows that all garments did
not show a continuous drop in pressure from
distal to proximal leg. We have no clear
explanation of the sudden increase at the 10
cm level. The same outcome was found when

Velcro and no padding were used, and when
different parts of the sensor were tested. It
could be due to increase in leg diameter at
this point, but this should be compensated for
by the manufacturer according to measure-
ments of the patient’s leg. In conclusion, there
was an initial difference between some of the
manufacturers’ garments. However, the
homogeneity within garments from the same
manufacturer was satisfying. No significant
decrease of subgarment pressure was
observed during the trial period. The study
demonstrated that Tekscan pressure-measur-
ing equipment could be used to measure sub-
garment pressure in vitro. Nonetheless, it
would be of interest to develop a modified
simpler sensor for a more straight forward
subgarment pressure measurements to be
able to perform in vivo measurements in a
time efficient way and to promote further
research in the field.
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Table 1. Comparison between groups before (fresh) and during 4 weeks’ of wear and tear. 

                                      Company 1 vs 2                                        Company 1 vs 3                                                       Company 2 vs 3

Fresh                                               P<0.009*                                                                     P<0.028*                                                                                         P<0.531
1 week                                             P<0.009*                                                                      P<0.117                                                                                          P<0.175
2 weeks                                           P<0.009*                                                                      P<0.602                                                                                         P<0.009*
3 weeks                                             P<0.256                                                                       P<0.117                                                                                          P<0.465
4 weeks                                           P<0.009*                                                                     P<0.022*                                                                                       P<0.037*
*P<0.05.

Figure 2. Median (1q and 3q) subgarment pressures from all 24
measuring points of 5 garments during 4 weeks’ of washing. For
statistical outcome, see Table 1.

Figure 1. Initial median pressure gradient along the leg of all 5
garments from the 3 manufacturers. For statistical outcome.
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