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1. Introduction

The elaboration concerns the products of medical purpose, namely to the compressive-type
devices for treatment and prophylaxis of chronic venous insufficiency and lymphostasis. For
treatment and prophylaxis of varicose veins dilating in lower extremities, the compressive
articles that create pressure on superficial veins are widely used. The articles are used for
fastening blood circulation in veins, in this way preventing and lessening stagnation causes in the
extremities, which eliminates the danger of joining inflammation changes [1]. All the known
compressive knitted articles have a special recommended pressure arrangement on different parts
of the article. However, according to the latest medical science literature [2], one should refer to
the anatomical data on the vein system of human lower extremities, in order to improve the
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functional properties of compressive knitted article. The muscular vein wall tissue has a complex
helical constitution. This spring-like arrangement of muscular tissue is the basic mechanism that
ensures the returning of the vein wall to the initial state after: the contratation of muscular tissue
of the vein; a mechanical influence from ankle muscles and joints, and close arteries. The
formation of the up going venous blood flow is provided [3]. Thus, in order to improve the
compressive knitted article, the action of which is, before all, aimed at the prevention of
development of complications of chronic venous insufficiency (trophic ulcers), medics
recommend creation of local massage effect which is especially important on the high-risk areas
at the level veins of the Koketa I, II, Il PV [4], and also at the level of the knee and foot joints.

2. Aim of the study

To elaborate helical local strips by jersey interlacing, which go along the whole product, similar
to the histological constitution of vein wall. To record analytical dependencies connecting
physical-mechanical characteristics of a product’s material with its geometrical parameters and
biochemical characteristics of the patient’s body, which the product comes in contact with.

3. Method

The set aim is achieved by inserting an additional thread Polyamide 5.0 tex by a plate interlacing,
in the basic interlacing of compressive knitted article on local areas (width 1 — 1.5 cm), and the
said thread with the basic thread will create an additional pressure on the surface of human body
at 3 - 5 Hg mm higher than the pressure of basic interlacing at the corresponding area of the
article. Taking into account the lessened elasticity of compressive knitted article at the local areas
and the spring-like constitution of the strips, a substantial restriction of the movement of
muscular tissue, and a venous system massage is provided, which is significance for areas with
the high risk of trophic ulcers. The beginning of the strips is in the distal part of the ankle,
because the compressing of the soft foot tissue, including the venous system, is one of the most
important factors ensuring the venous flow. The rise of the helical strip is elaborated at an angle
of 58°, similar to the histological constitution of vein wall. Taking into account the analysis of
medical science literature and the fact that the anastomoses on the knee and foot areas are
without valves, to improve the work of joint pumps, the compression strips fully bend the knee
and foot areas. The spring-like function of the local strips of a compressive knitted article
influences the eliminating of cellulite. The lymph flow and the intercellular exchange processes
are being activated, the joining tissue are strengthened. According to the medical scientific
publications, the blockage of oxygen diffusion is one of the theories of venous ulcers
development [5]. Building upon general provisions of deformable firm body mechanics [6], there
is a need of acquiring the analytical dependencies connecting physical-mechanical characteristics
of a product’s material with its geometrical parameters and biochemical characteristics of the
patient’s body, which the product comes in contact with. In order to do that, the following
kinematical models are to be recorded: of the local spiral-like strip of a compressive knitted
article and a human leg.

3. 1. Kinematic model of the human leg cross sections

To invent new knitted structures with additional local spiral ribbons, first the mathematical
model of the leg must be studied, to approximate the real system for each patient. The length H
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of the lower leg has been measured from the popliteal cross section to the ankle section z = H
(Fig. 1). The section with maximal area is at the distance z =k - H, where k is constant.

Figure 1. Cross sections of a leg
In these three sections, the average value of cross section radiuses are respectively rl, 12 and 13

(Fig. 1.). To identify the real value of radiuses, circuits L1, L2 and L3 of cross section may be
measured and then rl, 12 and r3 are derived from these equations:

2wrl=L1; 2mr2=L12; 2-7wr3=L3. (1)
In our investigations approximation five step polynomial formula for radius r(z) was used:
r(z)=a0 +al-z+ a2-z> +a3-72° + adz' +a57, 2)
where a0, al, a2, a3, a4, a5 - six constants.

These six constants may be calculated from the next six boundary conditions (in sections rl, 12
and r3).

dr(z) _ dr(z) _ dr(z) _

dz

z=0,1(0)=rl, 0; z=kH,rkH)=r2, 0; z=H, r(H) =13, 0;
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3.2. Example of calculation
Given:
21l =023, 2mr2=040, 27wr3=035 2z2=020, z3=0.3,
rl = a0, 0=al, r2=a0 +alz2 + a2-z2> + a3-22° + a4-22* + a5-22.”
0=al +2-a2:z2 + 3-a3-22° + 4-a4-z2° + 5-a5-22",

13 =a0 +al-z3 + a2-z3> + a3-23° + a4-z3* + 523, °
0=al +2-a2:z3 + 3-a3-z3* + 4-a4-z3° + 52523, *

3.6605636911135927227 - 1072 ]
0
1.5517606951459795237
2.4315338527928454076
—56.146327146307521230
Find (a0, al, a3, a4, a5, rl1, 12, 13, z2, z3) — 110.5246603603842762 ,
3.6605636911135927227-10°
6.3661977236758134308-10°
5.5704230082163367519-10°
0.20000000000000000000
0.30000000000000000000

z:=0,0.001,...0.3

a0 : = 3.66056:10 al:=0 a2 :=1.551760
a3 :=2.431533 a4 :=-56.14632 a5:=110.5242
r(z) :=a0+alz+ a2-7° + a3z’ + ad-7* + a5-2°.

i
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Figure 2. Scheme of the leg approximation

3. 3. Kinematic model of the additional local spiral ribbon

When the kinematic model of leg is known the spiral ribbon of new knitted structures may be
invented. These structures may be very simple (right or left side with constant step) or more

difficult (right, then left side with variable step along leg). Examples of calculation of spiral
ribbon are shown in Fig. 3 - 6.

215z . (2-7m-15-z
x(z) = r(z)-cos| ——— |; z) = r(z)-sin| ——|.
(2) (2) ( 03 j y(2) (z) ( 03 j
0.064 91 006 01
P 0.05
r( Z) = S .l \'
D) of E y® 0
y(2) -0.05
006 g3
-0.064 _ 1 -01 -0.05 0 0.05 01
0 0.1 0.2 0056 x(2) 0.064
0 z 0.3
o S — tracel
— tracel
— trace 2
trace 3
Figure 3. Projection of spiral ribbon on plane Figure 4. Projection of spiral ribbon on
surface z; y(z) with constant right step rifling plane surface x(z); y(z) with constant
and 1,5 turn right step rifling and 1,5 turn
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Figure 5. Spiral ribbon in space with constant Figure 6. Spiral ribbon in space with
left step rifling and 2.0 turns constant left, then right step rifling

and 2.0 turns

3. 4. Simple dynamics of the model

In the first approximation first task of classical mechanics may be calculated in which law of
muscle motion is given in the harmonic form:

r(z,t) =r(z,0)+4- sin(%) -sin(@ - t), 3)

where A, ® - constants; t — time and see equation (2), Fig. 7.

1(z,0)=a0 + al-z + a2-z* + a3z’ + ad-z" + a5z

0 0.05 0.1 0.15 0.2 0.25

Figure 7. Profile of the leg in one time moment, when motion is harmonic
with fixed boundary cross sections (x = 0; z = H)
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4. Conclusions

Therefore using the formula (3) and selected kinematic model of the spiral ribbon (see part 3.3)
the following may be calculated:

- additional normal reaction of ribbon;

- additional deformation of ribbon-like spring;

- massage effect of ribbon;

- energy dissipation along the ribbon.
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LaSenko L., Gonca V., Viba J. Adita kompresijas produkta funkcionalas ipatnibas

Izstradajums pieskaitams pie izstradajumiem ar medicinisku pielietojumu, t. i., kompresijas tipa izstradném
hroniskas venozes un limfozes arstesanai un profilaksei. Darba mérkis ir spiralveida lokalu strémelu izstrade, kas
veidotas ar Zakarda pinumu, kuras vijas caur visu izstradajumu un ir analogas venozo sieninu histologiskajai
uzbivei. Lai izgudrotu jaunu adito struktiru ar papildus lokalam spiralveida strémeléem, ieprieks tika izstradats
kajas matematiskais modelis, kas imité katra pacienta realo sistému. Balstoties uz visparéejam mehanikas
likumsakaritbam, deforméjot cietu kermeni, tika iegitas analitiskas atkaribas, kas saista materiala izstradajuma
fizikali-mehaniskas ipasibas ar ta geometriskajiem parametriem un pacienta kermena biomehanisko raksturojumu,
ar kuru izstradajums ir kontakta. Darba izpildes gaita izstradati sekojosi kinematiskie modeli: kompresijas adita
izstradajuma lokalai spiralveida stremelei un cilveka kajai. Jaunas aditas struktiras spiralveida stremeli var
izstradat tikai tad, kad ir zinams cilvéka kajas kinematiskais modelis. Turpmak, izmantojot iegiitos rezultatus, var
izrékinat: papildus normalo stréemeles reakciju;, papildus spiralveida atsperes deformaciju; stréemeles maséjoso
efektu un izkliedes energiju gar strémeli.

Lyashenko L., Gonca V., Viba J. Functional features of compressive knitted product

The elaboration concerns the products of medical purpose, namely to the compressive-type devices for treatment
and prophylaxis of chronic venous insufficiency and lymphostasis. The aim of the study - to elaborate helical local
strips by jersey interlacing, which go along the whole product, similar to the histological constitution of vein wall.
To invent new knitted structures with additional local spiral ribbons, first the mathematical model of the leg must be
studied, to approximate the real system for each patient. Building upon general provisions of deformable firm body
mechanics there is a need of acquiring the analytical dependencies connecting physical-mechanical characteristics
of a product’s material with its geometrical parameters and biochemical characteristics of the patient’s body, which
the product comes in contact with. In order to do that, the following kinematical models are to be recorded: of the
local spiral-like strip of a compressive knitted article and a human leg. When the kinematic model of leg is known
the spiral ribbon of new knitted structures may be invented.Using the results of research the following may be
calculated: additional normal reaction of ribbon, additional deformation of ribbon-like spring, massage effect of
ribbon, energy dissipation along the ribbon.

JIawmenko U., I'onuya B., Buoa fA. @ynkyuonanbHvlie 0COOEHHOCHU 63A3AH020 KOMRPECCUOHHO20 U30eNUs
Paspabomrxa omnocumesa k uzdenusm MeOUYUHCKO20 HA3HAYEHUA, A UMEHHO K YCMPpOUCMEam KOMAPECCUOHHO20
muna Oas Aedenus u nPoQUIAKMUKU XPOHUYECKOU 8eHO3HOU Hedocmamounocmu u aumgocmasa. Llenvio oannoii
pabomel  aengemca  paspaboOmrKa  CRUPANIEBUOHBIX  JIOKANbHLIX  NOIOCOK,  BbIPAOOMAHHBIX — HCAKKAPOOBLIM
nepeniemenuem, Komopbwle npoxoosim 80016 6Ce20 U30enus, U CXOOHbl C SUCMONIOSUYeCKUM CIMPOeHUeM 8eHO3HOU
cmenku. /[na u3obpemenus HOBOU BA3AHOU CMPYKMYpbl C OONOIHUMENbHLIMU JIOKATbHLIMU CIUPATEBUOHBIMU
NOAOCKAMU, NpeosapumenbHo 0biid paspabomana Mamemamuieckds Mooeib HO2u, 4moobl annpoKcUuMuposams
peanvhylo cucmemy 015 kaxicooz2o nayuenma. OCHOBLIBASICHL HA 0OWUX NOJONCEHUSX MEXAHUKU 0ehopmMupyemoco
meepoo2o mena, noayueHvl AHATUMUYecKUe 3a8UCUMOCTNU, C8:3blealouue PU3UKO-MeXaHudecKue XapaKkmepucmuxy
Mamepuana u30enus ¢ e20 2eoMempuyecKuMu napamempami U OUOMeXaHUudecKUMU XapaKkmepucmuxkamu mead
nayuenma, ¢ KOmMopulM KOHmaxmupyem usoenue. B nopsioxe npogedenuss pabomwvl Obliu 3anucanvl cieoyioujue
KUuHemamuyeckue MOOenu: JOKAAbHOU CHUPANe8UOHOl NOAOCKU KOMAPECCUOHHO20 —6A3AH020 U30enus U
uenogeyeckol Hoeu. CnupaibHas noaocKka HOBOU BA3AHOU CIPYKMYPbL Modicem Oblmb U300pemena, K020a U3eecmHa
KuHemamuyeckas Mmooenb Hoeu. Hcnonwvsys pesyrbmamsl UCCAe008aHUL, Odlee MOXNCHO pACCHUMAamb.
OONOTHUMENbHYIO HOPMATBHYIO peakyuto NOIO0CKU, OONOIHUMENbHYIO 0ehopMayuio CRUpanesuOHOU NPYHCUHDL,
maccadxcuviil a¢hgexm norocku; OUCCUNAMUBHYIO IHEPEUIO 800Tb HIAOCKU.
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