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Abstract
On the basis of models developed, an analysis was made of the impact of the seam and  
adopted manufacturing tolerances of a compression product on the value of unit pressure 
depending on the longitudinal rigidity of a compression fabric for relatively small body 
circumferences. Algorithms were developed using Laplace's law and can be applied for 
designing textile compression products connected by seams, with an intended value of unit 
pressure. The research results allowed to formulate some general guidelines for designing 
compression products for relatively small body circumferences.
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guidelines for the design of textile com-
pression products with an intended value 
of unit pressure for relatively small body 
circumferences.

 Impact of the seam on  
changes in unit pressure 

A traditional technique based on com-
bining elements of a textile product with 
seams reveals the influence of the seam 
on the changes in unit pressure. It is par-

of view of the actual geometry of the leg 
circumference. The authors documented 
a decline in unit pressure as a function 
of the duration of use of the product. 
Modelling textile compression products 
with an intended value of unit pressure 
for body circumferences with a variable 
radius of curvature was the subject of 
work [12]. Work [13] analysed the influ-
ence of the inhomogeneity of mechanical 
properties of a knitted fabric and meth-
ods of determining the characteristics 
of its strain and relaxation- deformation 
on the value of unit pressure of textile 
compression products. Evaluation of 
the impact of body deformability and  
associated changes in body shape under 
the influence of the compression product 
on the pressure value is presented in [14].

The aim of this study is to document, on 
the basis of qualitative analyses, the rea-
sons for changes in the value of unit 
pressure of textile compression products 
designed for body parts with relatively 
small circumferences, such as fingers or 
upper limbs. These reasons stem from 
the presence of the seam and manufac-
turing tolerances of the compression 
product. The results of the research al-
lowed the  ormulation of some general 
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n Introduction
In the design of textile compression 
products supporting the process of ex-
ternal treatment, one of the most impor-
tant issues is the value of unit pressure 
which the product exerts on the user’s 
body. The range of this parameter is 
determined from a medical point of 
view depending on the type of therapy 
and should be strictly respected [1 - 6]. 
Unit pressure can be a constant along 
the whole length of the body (e.g. in the 
treatment of post-burn scars) or graded 
- as in the prevention of varicose veins 
and lymphatic edema. Most of the works 
concerning modelling unit pressure [7 - 
10] are based on a model of the human 
body in which the circumferences are 
regarded as circles. In [8], apart from an 
analytical model using Laplace’s law, 
the finite element method was also ap-
plied for the case of a cylinder and  cone. 
The authors obtained comparable results 
of the compression degree while using 
both the analytical model and finite ele-
ment method. By theoretical and experi-
mental methods in [11], the pressure of 
socks cuffs was analysed from the point 

Figure 1. Flat seam formed on autolap, 
stitch type covering chain – Class 607 (ISO 
4915:1991).
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Figure 2. Part of a band connected by a seam of circumference G0 in a relaxed state and 
under the action of circumferential force F.  
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ticularly important in the case of prod-
ucts designed for body parts with small 
circumferences, where elements of the 
product are connected by flat seams 
formed on an autolap (Figure 1). 

For the purpose of modelling the impact 
of the seam on  changes in unit pressure, 
it was assumed that compared with fab-
ric elasticity, the elasticity of the seam is 
practically negligible. This assumption 
is based on the construction of a seam 
which is made of two overlapping layers 
of fabric additionally reinforced by a bi-
lateral arrangement of sewing threads of 
low elasticity.

The theoretical analyses conducted were 
based on the following assumptions:
1. For body parts of circular cross-sec-

tions, pressure modelling is based on 
Laplace’s law.

2. The relation between the force and 
relative elongation of the compression 
knitted fabric is described by a linear 
relationship.

3. Forces F in the fabric along the cir-
cumference of the human body are 
a constant value, because usage leads 
to their equalisation

4. Body susceptibility to unit pressure 
can be neglected.

Relative elongation of fabric circumfer-
ence reduced a by seam of width ls is 
equal to (Figure 2):

𝜀1   =  
(𝐺1 − 𝑙𝑙𝑠) − (𝐺0 − 𝑙𝑙𝑠�

𝐺0 − 𝑙𝑙𝑠
=

𝐺1  − 𝐺0
𝐺0 − 𝑙𝑙𝑠

  
(1)

𝜀1   =  
(𝐺1 − 𝑙𝑙𝑠) − (𝐺0 − 𝑙𝑙𝑠�

𝐺0 − 𝑙𝑙𝑠
=

𝐺1  − 𝐺0
𝐺0 − 𝑙𝑙𝑠

 

The value of unit pressure P1 result-
ing from Laplace’s law (2) and the lin-
ear characteristic of the relationship 
between force F1 and relative elonga-
tion ɛ1, F1/s = c1 . e1 is obtained from

Equation 3.

  𝑃1 =
2 � 𝜋 � 𝐹1

𝐺1 � 𝑠𝑠             (2)

𝑃1 =  
2 � 𝜋 � 𝑐1(𝐺1 − 𝐺0)

𝐺1 � (𝐺0 − 𝑙𝑙𝑠�
      (3)

Assuming that the longitudinal rigidity of 
the seam is equal to the fabric elasticity, 
the value of the relaxed length of circum-
ference G0 of the knitted fabric can be 
determined as follows.

The intended value of unit pressure for 
the body circumference G1 in a strip of  
knitted fabric of width s = 1 cm equals:

 𝑃 =
2 � 𝜋 � 𝐹

𝐺1 � 𝑠𝑠             (4)

For the linear characteristic of the rela-
tionship between the force in the fabric 
strip of width s and relative elongation ɛ,  
F1/s = c1 . e, we obtain:

𝑃 =
2 � 𝜋 � 𝑐1 � 𝜀

𝐺1
          (5)

After introducing the well-known de-
pendence for the value of relative elon-
gation ɛ (6) into Equation 5, and after 
conversion with respect to G0, we obtain 
Equation 7.

 ɛ  =  
𝐺1   − 𝐺0 

𝐺0 
             (6)

𝐺0  =
2 � 𝜋 � 𝑐1 � 𝐺1

2 � 𝜋 � 𝑐1 + 𝑃 � 𝐺1
        (7)

After introducing expression (7) into 
Equation 3, we obtain  relationship (8), 
with which it is possible to calculate the 
inflated unit pressure P1, resulting from 
the presence of the seam.

𝑃1 =  
2 � 𝜋 � 𝑐1 � 𝑃 · 𝐺1

2 � 𝜋 � 𝑐1 � 𝐺1 −2 � 𝜋 � 𝑐1 � 𝑙𝑙𝑠 − 𝑃 � 𝐺1 � 𝑙𝑙𝑠
 

(8)
Calculation results shown in Figure 3 in-
dicate that the presence of the seam affects 
the value of unit pressure. The smaller 
the body circumference, the greater the 
effect. Percentage differences decrease 
from a value close to 28% for a circum-
ference of 2 cm to about 2% for circum-
ference G1 = 30 cm (Figure 4). It was 
observed that percentage differences are 
practically independent of the intended 
value of unit pressure.

Elimination of the increase in unit pres-
sure occurring due to the presence of 
the seam can be achieved by taking into 
account in the calculation algorithm some 
parameters of the seam, such as its width 
ls and longitudinal rigidity c2. The algo-
rithm proposed can also be used for cal-
culating the circumferences of a fabric 
in a relaxed state for textile compression 
products composed of two sets of fabrics 
with different  longitudinal rigidity.
 
The generalised calculation algorithm 
(Figure 5, see page 118) enables deter-
mination of the circumferences of a fab-
ric in a relaxed state G0 depending on 
the value of the circumference G1, the in-
tended value of unit pressure P as well as 
on the longitudinal rigidity of the knitted 
fabric c1 and seam c2. In the first stage 
of calculations for a given value of unit 

Figure 3. Influence of seam on the change in unit pressure P as a 
function of the body circumference G1 for different classes of pres-
sure. Counting parameters: I min, I max, II max, III max, IV min 
- unit pressure values for each pressure class, respectively, P = 20, 
28, 43, 61, 65 hPa, G1= 1 - 10 cm, relative longitudinal rigidity  
c1 = 670 cN/cm, ls = 0.4 cm.

Figure 4. Influence of the seam on the percentage change in the val-
ue of unit pressure as a function of the circumference value for the I 
and IV pressure classes. Series 1 - percentage difference for a lower 
value from pressure class I P = 20 hPa, Series 2 - percentage differ-
ence for a lower value from pressure class IV P = 65 hPa.
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erance of the compression product on 
the value of unit pressure.

	 Influence	of	the	manufacturing	
tolerance of textile 
compression products  
on the pressure value

In the traditional technique of construct-
ing textile compression products based 
on sewing separate elements of garments 
made of piece good fabrics, manual ex-
ecution of templates and patterns of el-
ements of the product may be the cause 
for their dimensional inaccuracy. There-
fore using this traditional method of 
producing textile compression products 
with a seam (especially for small values   
of body circumferences like a finger or 
a child’s hand), it is difficult to maintain 
the intended value of unit pressure ex-
erted on the user’s body. 

On the basis of Equation 14, which is 
obtained after the conversion of Equa-
tion 13, changes in the unit pressure un-
der the adopted manufacturing tolerances 
of the compression device were deter-
mined G0 = ± 0.1 and ± 0.2 cm. 

𝑃 =  
2 � 𝜋 � 𝑐1(𝐺1 − 𝐺0 +  𝐺0)

𝐺1 � (𝐺0 + 𝐺0 − 𝑙𝑙𝑠�
 (14)

Figures 7 and 8 show the changes in 
unit pressure under the influence of the 

(c2 >> c1), which means l’s  ͌  ls, s, it can 
be assumed that G0 = L01 + ls.

In that case, for the linear characteris-
tic of the tensile force F as a function 
of the relative elongation of the fabric 
e1, the value of relative elongation e1 of 
the fabric under the influence of the cir-
cumferential force F/s can be calculated 
from Equation 12.

 
𝐹
𝑠𝑠 =

𝑃 � 𝐺1
2 � 𝜋 = 𝑐1 � 𝜀1      (12)

After substituting the designated relative 
elongation e1 into equation G0 = L01 + ls 
and for l’s = ls we get:

𝐺0 =
(𝐺1 − 𝑙𝑙𝑠) � 2 � 𝜋 � 𝑐1
2 � 𝜋 � 𝑐1 + 𝑃 � 𝐺1 

+ 𝑙𝑙𝑠   (13)

Circumferences values in a relaxed state 
G0 calculated according to the algorithm 
for small circumferences of body parts 
G1 = 3 - 10 cm (Figure 6) indicate that 
knitted fabrics of low longitudinal rigid-
ity c1 are more useful in that case, since 
the lower the value of longitudinal rigid-
ity, the greater the difference between 
the value of body circumference G1 
and relaxed length G0. This statement 
will be further documented by analysis 
of the impact of the manufacturing tol-

pressure P and body circumference G1, 
the value of the circumferential force in 
a strip of width s is determined from the 
transformed Laplace’s formula.

  
𝐹
𝑠𝑠 =

𝑃 � 𝐺1
2 � 𝜋               (9)

The value of circumferential force F is 
the same in both the compression fabric 
and  seam. In the next stage of calcula-
tions the values of relative elongations 
ɛ1 and ɛ2 are determined based on a spe-
cific value of circumferential force F 
and experimental functions F = f(ɛ1) and  
F = f(ɛ2), describing the relationship be-
tween the force and relative elongation 
of the fabric and  seam. After calculating 
relative elongations ɛ1 and ɛ2 from the ex-
perimental functions and the F/s value 
from Laplace’s law, the relaxed length of 
the fabric L01 and width of the seam in 
a relaxed state ls can be determined by 
Equations 10 and 11, wherein l’s denotes 
the seam length in a stretched state.

  𝐿01 =
𝐺1 − 𝑙𝑙𝑠

,

1 + 𝜀1
             (10)

 𝑙𝑙𝑠 =
𝑙𝑙𝑠

,

1 + 𝜀2
                (11)

Assuming that seam extensibility is neg-
ligible compared to that of the fabric 
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Figure 5. General scheme for calculating the relaxed length of 
the fabric circumference.

Figure 6. Influence of the relative longitudinal rigidity of fabric 
dimensions in a relaxed state, where G0 = L01 + ls. Counting 
parameters: G1= 3 - 10 cm, ls = 0.4 cm, c1 = 100 - 1000 cN/cm,  
P = 24 hPa.

Counting the value of circumferential force

F/s = P . G /(2 . p)

Counting relative elongations ɛ1 and ɛ2

Counting relaxed length L01, ls, G0 = L01 + ls

Data: G1, P, s, ls,F/cm = f(ɛ1), F/cm = f(ɛ2)
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adopted values of manufacturing toler-
ance of circumferences of the products 
for the cases when G0 ∓ 0.1 cm and  
G0 ∓ 0.2 cm. Analysis of the figure shows 
that in the case of compression fabrics 
with higher relative longitudinal rigidity 
c1 = 1000 cN/cm, a relatively small de-
viation of ∓ 0.1 causes significant varia-
tions in the unit pressure P. The smaller 
the value of circumference G1 , the larger 
the variations. This is of particular impor-
tance in the case of products protecting 
the fingers in the treatment of post-burn 
scars. Some examples of changes in pres-
sure for  body circumference G1= 7 cm 
(e.g.  finger circumference) are illus-
trated in Figure 9 (see page ...). For rela-
tive longitudinal rigidity c1 = 670 cN/cm 
- (typical value   for knitted fabrics used 
in the treatment of post-burn scars [14]) 
– manufacturing tolerance G0 ∓ 0.1 cm, 
causes a change in the value of unit pres-
sure P in the range of 14.8 - 33.5 hPa ie. 
below and above the first pressure class. 
However, for a fabric with relative longi-
tudinal rigidity c1 = 200 cN/cm, a change 
in the value G0 ∓ 0.1 cm alters the unit 
pressure P in the range of 20.8 - 27.8 hPa, 
which is located in the first pressure class. 
Therefore fabrics used for producing 
compression garments for small values 
of body circumferences should be char-
acterised by low longitudinal rigidity.

Referring the modelling results received 
to textile compression products manu-
factured by seamless techniques e.g. on 
numerically controlled flat knitting ma-
chines, the manufacturing tolerance of 
the product is indirectly connected with 
the needle pitch of the machine, and 
directly with the width of wale. In the 
process of narrowing and expanding the 
product, the change in the circumference 
of the fabric in a relaxed state depends on 
the number of needles forming the wales, 
and the minimum difference in the cir-
cumference of the fabric corresponds to 
the width of one wale.

n Summary and conclusions
In the paper, based on models developed 
for relatively small circumferences of 
body parts,  analyses were carried out 
on the impact of the seam and  intended 
manufacturing tolerances of the compres-
sion product on the value of unit pressure 
depending on the longitudinal rigidity of 
the compression fabric.

1. The study shows that for small circum-
ferences of body parts, such as on fingers 

Figure 7. Influence of the manufacturing tolerance of the product on the values of unit 
pressure as a function of circumference G1 depending on the longitudinal rigidity. Series 1 - 
changes in unit pressure as a function of circumferences G1 for (G0 – 0.1 cm) c1 = 1000 cN/cm,  
Series 2 - changes in unit pressure as a function of circumferences G1 for (G0 - 0.1 cm)  
c1 =200 cN/cm, Series 3 - changes in unit pressure as a function of circumferences G1 for 
(G0 + 0.1 cm) c1=200 cN/cm, Series 4 - intended value of unit pressure for nominal values 
of the circumference of knitted fabric in a relaxed state G0 as a function of circumferences 
G1, Series 5 - changes in unit pressure as a function of circumferences G1 for (Go + 0.1 cm) 
 c1 = 1000 cN/cm. 

Figure 8. Influence of the manufacturing tolerance of the product on the values of unit pres-
sure as a function of circumferences G1 depending on relative longitudinal rigidity Series 
1 - changes in unit pressure as a function of circumferences G1 for (Go + 0.2 cm), c1 = 1000 
cN/cm, Series 2 - changes in unit pressure as a function of circumferences G1 for (G0 + 0.2 
cm), c1 =200 cN/cm, Series 3 - changes in unit pressure as a function of circumferences 
G1 for (G0 - 0.2 cm), c1 = 200 cN/cm, Series 4 - changes in unit pressure as a function of 
circumferences G1 for (G0 - 0.2 cm), c1 = 1000 cN/cm, Series 5 - intended value of unit 
pressure for the nominal value of the circumference of the knitted fabric in a relaxed state 
Go as a function of circumferences G1.

or upper limbs, the influence of the seam 
on the value of unit pressure is especially 
important. The smaller the body circum-
ference, the greater the effect. Percent-
age differences in the expected values   
decrease from a value close to 30% for 

a circumference of 2 cm to about 2% for  
circumference G1 = 30 cm (Figure 4). 
The percentage differences are practi-
cally independent of the intended value 
of unit pressure.
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pressure of compression products sup-
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2. The mathematical model allows the 
design of a compression product in 
which the presence of the seam does not 
cause additional changes in unit pressure 
in relation to its intended value.

3. To minimise the impact of the in-
evitable dimensional inaccuracies of the 
compression product occurring during 
the manual execution of templates and 
patterns of the product elements, knitted 
fabrics for producing compression cloth-
ing for small values of body part circum-
ferences should be characterised by low 
longitudinal rigidity.
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