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Figure 4. Example of the geometry of a female hand cross-section
at a distance Y = -130 mm from the base (center of the elbow joint)
in a polar coordinate system. Series 1 — circumference without
compression clothing, series 2 — circumference with compression

clothing.

For the purpose of experimental research,
compression garments were made for
a leg and hand of a man and woman.

B Theoretical part

The purpose of the studies presented in
the theoretical part is to develop a model
for calculating the corrected value of unit
pressure under the influence of changes
in the body circumference in a compres-
sion product.

Assumptions:

The following assumptions were made

for the purpose of these considerations:

I the relationship between unit pressure,
circumferential force in a knitted fab-
ric of width s and the body circumfer-
ence is described by Laplace’s rela-
tion,

& the relationship between the force and
elongation of the knitted fabric is de-
termined on the basis of experimental
characteristics for the tension phase
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Figure 6. Values of coefficients of variation for radii of the curvature of female and male
hands and leg circumferences with and without compression clothing. Symbols: RM &
RD — male and female hand, respectively, NM & ND — male and female leg, respectively

W — variant with clothing.

70

Figure 5. Example values of the radii of curvature of a female hand
circumference at a distance Y = -130 mm from the base. Series
1 — radius of curvature of the circumference without compression
clothing, series 2 — radius of curvature of the circumference with
compression clothing.

of the fabric in the 5" hysteresis cycle
and different stretching ranges,

1 the body’s susceptibility to unit pres-
sure was determined by measuring the
circumferences of body parts with and
without a compression garment.

The value of relative elongation of the
product along the circumferences of the
body in the compression garment &' can
be determined on the basis of the body
circumferences (G; —2mg) under the
pressure exerted by the garment of coat-
ing thickness g and circumference of the
product in a relaxed state G,.

G —2mg—G
e = 1 9 0 1)
Go

Analysis of the mechanical characteris-
tics of knitted fabrics used in compres-
sion products shows that the relationship
between the force and relative elongation
can be described with sufficient accuracy
by the third degree polynomial:
F=a-e3+b-&? (2
After inserting the relative elongation &’
into the function describing the relation-
ship of the force and relative elongation
of the knitted fabric, the value of force
F’ can be determined in a fabric strip of

width s along the body circumference
analysed

Fr=a-e®+b-e?+c-¢" (3)

If the body circumference is reduced un-
der the influence of the compression gar-
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Figure 7. Examples of changes in the average values of unit pressure
P (series 2) and percentage difference D (series 3) between the
circumferences with and without compression clothing under the
influence of the susceptibility of soft tissue of a male hand for
subsequent circumferences and the intended value Pint = 24 hPa
(series 1). Parameters calculated: circumferences without clothing:
G1 =28,7+-30,8 cm, circumferences with clothing G| = 27,8+30,0 cm.

Figure 8. Examples of changes in the average values of unit
pressure P (series 2) and percentage difference D (series 3) between
the circumferences with and without compression clothing under
the influence of the susceptibility of soft tissue of a male leg for
subsequent circumferences and the intended value Pint= 24 hPa
(series 1). Parameters calculated: circumferences without clothing:
G1=26,3+54,2cm, circumferences with clothing G| =26,1+53,5 cm.
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Figure 9. Examples of changes in the average values of unit pressure
P (series 2) and percentage difference D (series 3) between the
circumferences with and without compression clothing under the
influence of the susceptibility of soft tissue of a female hand for
subsequent circumferences and the intended value Pint = 24 hPa
(series 1). Parameters calculated: circumferences without clothing:
G1 = 15,3+24,5¢cm, circumferences with clothing G| = 15,2+23,8 cm.
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Figure 10. Examples of changes in the average values of unit
pressure P (series 2) and percentage difference D (series 3) between
the circumferences with and without compression clothing under
the influence of the susceptibility of soft tissue of a female leg for
subsequent circumferences and the intended value Pint = 24 hPa
(series 1). Parameters calculated: circumferences without clothing:
G1 = 26,7+49,4 cm, circumferences with clothing G| = 27,2+47,8 cm.
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Figure 11. Examples of pressure changes along the circumference
of a male hand at a distance Y = — 120 mm from the base (center
of the elbow joint). Series 1 — pressure values calculated without
compression clothing, series 2 — pressure values with compression
clothing, series 3 — intended value Pint = 24 hPa.

Figure 12. Examples of pressure changes along the circumference
of a male hand at a distance Y = — 60 mm from the base (center
of the elbow joint). Series 1 — pressure values calculated without
compression clothing, series 2 — pressure values with compression
clothing, series 3 — intended value Pint = 24 hPa.
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Figure 13. Examples of pressure changes along the circumference of
a male leg at a distance Y = 540 mm from the base (ankle). Series 1
— pressure values calculated without compression clothing, series 2
— pressure values with compression clothing, series 3 — intended

value Pint = 24 hPa.

susceptibility to pressure is shown in
Figure 15. In this case, it was found that
local values of unit pressure decreased
under the influence of the compression
garment. These pressure values for the
four circumferences analysed are in most
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— pressure values with
value Pint = 24 hPa.

places smaller than the intended value
P =24 hPa. The results of the model and
experimental studies presented above
prove that soft tissue’s susceptibility sig-
nificantly affects the values of unit pres-
sure.

Figure 14. Examples of pressure changes along the circumference of
a male leg at a distance Y =120 mm from the base (ankle). Series 1
— pressure values calculated without compression clothing, series 2

compression clothing, series 3 — intended

B Conslusions

1. To increase the accuracy of dimen-
sioning the human body for the design
of compression products which sup-
port the process of external treatment,
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Figure 15. Local changes in unit pressure along selected circumferences of a female hand and leg with a compression garment. Series
1— 270 mm from the base, series 2 — 550 mm from the base, series 3 — 130 mm from the base, series 4 — 80 mm from the base, series 5 —

550 mm intended pressure value.

it is required to use 3D scanners.
These devices must be characterised
by high measurement accuracy and
provide stability of the scanned body
parts by introducing appropriate sup-
port points.

2. Designing compression products on
the basis of the body circumference
measured without compression cloth-
ing leads, in most cases, to underes-
timating the value of unit pressure
compared with the intended value.
The analyses showed that the bound-
ary minimum average pressure values
were smaller than the intended value
by 37%, while for the 57 circumfer-
ences analysed, the average value
equalled 9.2%.

3. Values of local unit pressure along the
circumferences in the compression
garment determined on the basis of
the Laplace law and knowledge of the
radii of curvature are lower and less
changeable than those determined for
non-compressed circumferences.
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