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Abstract:  

 

This work presents a numerical Finite Element Modeling of mechanical behavior of a human vein under influence of medical compression 

sock. The FE Model is developed in form of structural transient analysis by help of program product Ansys. The geometry of the vein and the 

muscle is assumed as an idealized, and consists of two coaxial cylinders. The stocking pressure is translated to the vein through the muscles 

contractions, surrounding tissues and the skin. Moreover, such a pressure and its variations, as well the position of the vein in the muscle 

environment, should also have influence on the functioning of venous valves and on the lymphatic system drainage. Because of preliminary 

character of this elaboration, these aspects are not discussed here. 

The work set-up aims to establish principally how the stocking pressure loads the vein wall depending on different venous elasticity under 

given constant muscle elasticity. 

The mechanical behavior of vein possessing elastic module E=30kPa and 100kPa is considered under stocking pressure Pst=25mmHg and 

60.8mmHg and muscle tissue with elastic module Em=12kPa. The displacements in the vein and muscle with corresponded distributions of 

stress and strain states are identified in the both two elements.  

It is concluded, that these two pressures induce similar stress values in the vein walls depending on the two venous elastic modules, 

correspondingly. Based on that, it is suggested that a 3-Dimensional space of the geometry, pressure and the elastic modules could be 

existed. In such a space, optimal patient-orientated values of the pressure depending on the geometrical sizes and elasticity should be 

available. 
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1. Introduction 

In XVII century William Hardy had found unidirectional blood 

flow in the human body because of the presence of valves [1]. 

 

In the vein the unidirectional transport is ensured by venous valves. 

A human vein and valve clinically observed are given in Fig. 1. The 

work of venous valve is numerically modeled in [2]. Non-closure of 

the venous valve leads to venous reflux as seen as yellow color in 

Fig. 1. A basic characteristic of the venous insufficiency is the 

retaining of blood in the capillaries and in the surrounding tissues. 

Such a retaining causes increase in the capillary pressure and 

succeeding swelling. The systematic retaining of the blood lead to 

appearance of oedema [3]. 

 

 
Fig. 1. Clinically observed vein and venous valve demonstrating 

blood reflux 

 

Because of these circumstances the medical compressive therapy 

(Table 1) appears as a proper one for keeping the above pointed 

difference in the pressure and assures the drainage. 

At this model, Fig. 2, venous valves are excluded. The pressure 

(Table 1) acting outside the surface of Volume 2 is transmitted by 

the tissues of this volume to the venous wall of Volume 1. This 

pressure could trans-murally lead to changes in the inside venous 

diameter, respectively in the venous lumen will influence the 

circulation and subsequent damages the venous valves. 

 

Table 1. Ranges of Medicine Compression Stocking, [SIGVARIS] 

Compr. 
Class 
for: 

Compr. 
Mercury 
Column 

Min 
Compr 
Pascal 

Max 
Compr 
Pascal  

Aver. 
Compr.
Pascal 

Prophyl
axis 

13 mmHg 1729   

Prophyl
axis 

18 mmHg 2394   

Travel 15-18 mmHg 1995 2394 2194.5 

CCL1 18-21 mmHg 2394 2793 2593.5 

CCL2 23-32 mmHg 3059 4256 3657.5 

CCL3 34-36 mmHg 4522 6118 5320 

CCL4 > 49 mmHg > 6517   

Varix 
Ulcers 

CCL1+(23-
32)=53mmHg 

7049   

 

The aims of this work are limited to (1) numerical developed model 

which should numerically describe (2) how the external surface of 

stocking pressure (Table 1) is transmitted from outside the skin 

surface through the tissue itself to the outside venous wall; (3) how 

the venous wall intra-murally transmit this pressure to the inside. 

It is well known that, the new developed models (as well the 

theories!) are based on simplified idealized assumptions. Usually, 

that models are graphically presented, and often give adequate 

explanations, as well directions of future investigations. The 

proposed model is developed from such points of view. 

2. Problem discussion  

In their nature the described phenomenon present a combination of 

complex physico-chemical and biological live processes, and they 

are developed in a system “vein-environment tissues” in which 

deformation processes are initiated and advanced. That all is 
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performed with one only goal, namely – to keep the matter where 

they are developed alive. To achieve this goal it is extremely needed 

and important, that a big part of the processes to be strongly 

developed in acceptable limits of equilibrium, Fig. 3. To large 

extension these limits are determined by the range of variation of 

the applied external load, as well as the range of variation of the 

geometry and material properties of the elements in the system. 

A structural analysis is performed in this work because the 

attention is concentrated on the deformation behavior of the two 

elements with different elasticity only as response of the surface 

stocking pressure. In fact, there are complicated fluid-structural 

interactions during the venous blood transport. That effects are not 

discussed here. The work has a preliminary character because the 

aims are to find venous deformations related to the different 

elasticity and to suggest possible negative effects on the venous 

wall. Enlargement and complicating of this work taking into 

account the above circumstances could be a subject of next works. 

 

 
Fig. 2 Geometry of the FE model and Loads 

 

The real structural composition of Volume 2 (surrounding/ 

environment tissue of the vein) contains as materials besides derma, 

muscles, bones and lots of fine blood system and lymphatic system. 

The compression on the outside surface of this volume means 

practically compression on these structural elements numbered in 

itself. Under normal work conditions the peripheral capillary blood 

system supplies nutritive substances to the tissues in Volume 2, and 

the lymphatic system drains surplus amounts of lymphous fluid 

from the same volume. 

In reality the venous structure is very complex and specific for each 

human individual, respectively it is very difficult to build a total 

numerical approximation to a given real case. Here, a vein with 

diameter of 4mm, thickness of 0.66mm and length 350mm is treated 

under surrounding tissue possessing outside diameter of 80mm and 

the same length of 350mm, Fig. 2. Generally, the veins are situated 

under intramuscular and inter-compartment conditions. At the 

second, the influence of the environmental elements as arteries, 

bones, skin, fats, fascia etc. is directly applied on the outside vein 

wall. These two common cases will not be separately discussed in 

this work. These two common cases will not be separately 

discussed in this work. The venous Volumes 1 and 2 are separated 

in 97791 and 246990 finite elements with 189247 and 342920 

nodes, correspondingly. Boundary conditions of zero-displacement 

and symmetry are applied in the two ends of the Volumes 1 and 2. 

Contact conditions are applied between outside surface of Vol. 1 

and inside surface of Vol. 2. 

In the numerical investigations of deformation processes, the 

material’s mechanical behavior under external loads is usually 

described by help of materials’ models. There exist, and there are 

continuously developed [3] great number of materials’ models of 

biological tissues including such ones of vascular origin. The 

classical linear Hook’s material model is assumed in this work for 

both the vein and its surrounding tissue taking into account the 

preliminary type of this work. It determines a linear dependency 

between the stress state and strain state in given material, and both 

the states are related through Elastic module which is characteristic 

for each material. 

In Fig. 3, experimentally obtained stress-strain diagrams (broken 

black step-like line) under uniaxial tension of venous sample are 

given. Based on these lines linear elastic (Hook’s, green ellipse) and 

hyperelastic (5-parameter Mooney-Rivlin, thin blue line and 

numbers) material models are derived. 

 

 
Fig. 3. Experimentally obtained stress-strain diagram by venous 

sample. Linear and Mooney-Rivlin elastic materials’ models of vein 

demonstrating stable equilibrium and transitional regime of loading. 

 

Two I and II stable equilibrium elastic regimes (red ellipses) of 

experimental venous behavior are seen. Above the diagram the two 

regimes are graphically illustrated by deviations of boll from its 

equilibrium state on the sloped surface. Four structural levels of 

deformation are established depending on corresponding regimes of 

increasing strain values. The first (I) equilibrium regimes is read 

under strain values until 0.08. After that, a transitional (TT) regime 

is seen up to strains 0.15 under acute increased stresses. With next 

increasing strains from 0.16 to 0.21, a second (II) equilibrium 

regime is read under relatively low increasing stresses. The rupture 

regime of this venous sample is established under increased strain 

value of 0.3. 

Three levels of venous insufficiency are identified according to [4] 

depending on experimentally established venous elastic modules 

lower than 30kPa. Above 30kPa and upper 100kPa the vein is 

discussed as a normal. In this work the deformation behavior of 

vein with elastic modules of 30 and 100kPa assumed as limiting is 

numerically modeled under increasing compressive stocking 

pressure from 0 to 75mmHg (Table 1) applied on the outside 

surface of surrounding tissue with elastic module of 12kPa,.  

Strain enlargement process and form change process are 

simultaneously developed in Vols 1 and 2 as effect of external 

pressure. The stability of deformation process depends on loss of 

stability of one in between both the processes. The loss in strain 

enlargements leads to strain localizations in and ruptures. The loss 

of form-change leads to wrinkles and warps, compromised damaged 

forms and fractures.  
Equilibrium equations are solved under the corresponding boundary 

conditions, and as result corresponding node displacements, Figs 4 

and 5, with corresponding stress strain distributions, Figs 6 and 7, 

are obtained relating the vein deformation behavior to stocking 

compression Fig. 2 and Table 1, depending on the assumed elastic 

material models for the vein and the tissue.  

3. Objective and research methodologies. Results 
The numerically obtained displacements in the vein and the 

surrounding tissue are “conditionally” presented in macro-, mezo- 
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and micro-levels related to opportunity similar experimental ones to 

be clinically observed. 

 
Fig. 4. Macro-level of the displacements in vein with Evein=30kPa 

and tissues with Emuscle=12kPa under MCS of 60mmHg. 

 

In Fig. 4 the macro-distributions of the displacements are given 

across and longitudinal in the vein. Concentrically decreasing 

values from 4mm on the surface to 0.5-1mm in the vein and closely 

to vein are seen. Irregular displacements are longitudinally 

understandable in the vein at this observation level. With decreasing 

scale-observations to micro-level, three areas of displacement with 

equal values are seen in Fig. 5. The displacement in vein with 

E=100kPa have regular character under the two pressures. In the 

vein with E=30kPa the concentration of the displacements are 

clearly seen with the higher load of 60mmHg. 

 

Fig. 5 Displacement, mm in meso-level in vein with Evein=30 and 

100kPa and Emuscle 12=kPa under P=25 and 60mmHg. 

 

It should be emphasized, the subject of this elaboration is 

concentrated on the numerically modeled deformation behavior of 

idealized forms of the two volumes determined by their mechanical 

properties. The corresponded to Fig. 5 strain- and stress-

distributions are presented in Figs 6 and 7. Twice-thrice increased 

venous strain are seen with Ev=30kPa while the stress differences in 

are of one time and half. Related to strain-values in the I-

equilibrium state in Fig. 3, the values higher of 0.12 for Ev=30kPa 

under 25mmHg and for Ev=100kPa under 60mmHg suggest 

transition to the TT-stage i.e. start of new structural level of 

deformation. Strain- and stress-distributions in the surrounding 

tissues have close to similar characters. 

 
Fig. 6. Strain-distribution in meso-level in vein/tissue with 

Evein=30 and 100kPa and Emuscle 12=kPa under P=25 and 

60mmHg. 

 

Fig. 7. Mises stress distribution in meso-level in vein/tissue with 

Evein=30 and 100kPa and Emuscle 12=kPa under P=25 and 

60mmHg. 

 

Next decreasing in “scale-level” numerical observation to micro-

level and concentration of the attention on the vein reveal 

displacements and stress-strain distributions in longitudinal and 

trans-mural venous directions, Figs 8, 9, 10. 

In Fig. 8 at P=25mmHg twice higher displacement’s values for 

Ev=30mmHg are seen compared to Ev=100kPa. However, in Fig. 8 

the loss of stability in the circular venous form is clearly seen with 

Evein=30kPa under P=60mmHg. The vein with Ev=100kPa obtains 

more elliptical form at 70mmHg. Here, it must be strongly pointed 

that this surface stocking pressure is over-pressure according to 

Table 1, but we are here numerically looking for the limiting 

loading regimes depending on the venous elasticity. Such loading 

regimes could be related to different deformation behavior specific 

for given elastin-collagen contents. 
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Fig. 8. Displacement in micro-level in vein with Evein=30 and 

100kPa and Emuscle 12=kPa under P=25 and 60mmHg. 

 

Next, the attention on the strain values of vein with Ev-30kPa (Fig. 

9) establish that the values of 0.031-0.066 at 25mmHg are in the 

ranges of the I-rst equilibrium Work-Normal regime seen in Fig. 3, 

and upper value goes closely to the limit of 0.08. Surface P=60kPa 

leads to strain values 0.018-0.244, where the second values 

indicates structural transformation in the venous wall. The surface 

stress values observed in Fig. 9 are approximate to the values of 

3.32 and 8.08kPa (25 and 60mmHg) applied to the surface of the 

venous surrounding tissue  

 

Fig. 9. Strain and stress distributions at micro-level in vein with 

Evein=30kPa and Emuscle 12=kPa under P=25 and 60mmHg. 

Analyses of Fig. 10, as well Fig. 8, reveal a stably deformed 

cylindrical form of the vein with Ev=100kPa. Looking at the strain 

values from 0.022-0.034 to 0.061-0.096 for P==25 and 60mmHg 

correspondingly, it could be concluded that the vein works under 

equilibrium conditions of the Ist level, Fig. 3. The venous stress 

values are in commensurable ranges to the surface pressure of P=25 

and 60mmHg. They show that the surface stocking compression is 

transmitted by the venous surrounding tissue possessing 

Emuscle=12kPa to the outside venous wall with similar values. 

Questions could be here imposed about these stress values, could 

they cause structural (elastin-collagen, including fibre tearing) 

transformations in the vein with E=30kPa and do not cause in this 

one with Ev=100kPa. That is out of the subject of this work because 

of its initial work stage. 

 

Fig. 10. Strain and stress distribution at micro-level in vein with 

Evein= 100kPa and Emuscle 12=kPa under P=25 and 60mmHg. 

4. Conclusions 

A 3-D numerical simulation of mechanical behavior of vein under 

medicine compression stocking is developed by help of FE 

Modeling and Ansys program product, Fig. 2. The vein is modeled 

as tube with diameter 4mm, thickness 0.66mm, length 350mm and 

having elastic (Young) modules Ev=30kPa and 100kPa. The 

surrounding tissue of the vein has diameter 80mm, the same length 

of 350mm and elastic module Emuscle=12kPa. Linear elastic 

(Hook) materials’ models are assumed, as in elastic equilibrium 

loading stage, Fig. 3. The surrounding-tissue surface is compressed 

step-by-step in range from 0 to 75mmHg, Table 1. Three levels of 

distributions of the displacements, strain and stress in the vein are 

presented under pressure P=25 and 60mmHg in Figs 4-11. It is 

established that the strains in vein with Ev=100kPa have values 

below 0.08, as these ones characteristic for the normal elastic 

equilibrium loading stage given Fig. 3. With Ev=30kPa at pressure 

of P=25mmHg the strains are lower than the equilibrium of 0.08, 

but with increasing P=60mmHg elliptical loss of stability in the 

venous form-change process is established at thrice higher strain 

0.244 than the equilibrium limiting one 0.08. It is established for the 

two venous elasticities, that all surface pressures P from 0 to 

75mmHg are transmitted in similar stress values on the outside 

venous wall, Figs 9-10 approximately of 3.32 and 8.08kPa for cases 

of P=25 and 60mmHg. Finally, we conclude 3-D space of the 

geometry, pressures and elastic modules could be existed. In such a 

space, optimal patiently-orientated values of the stocking pressure 

should be available depending on the geometry and elasticity. 
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