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 Abstract  The topic of the presented paper concerns a new idea of therapy of human joint diseases, using pulsed electro-
magnetic lubrication treatment implemented by the run and walk training. Here, the thesis is proved that the 
pulse-electro-magnetic lubrication connected with the run-walk training increases energy burn, metabolism 
and it finally leads to the betterment of the performed therapy. The research performed in this paper is realized 
using the following devices: 1st apparatus generates Pulsed Electro-Magnetic Field (PEMF),2nd device  
produces Magnet-Tronic Field (MF-8), 3rd apparatus creates Multi Tronic activities (MT-3), 4th device delivers 
and resolves the Segmental Body Composition Analysis (SBCA), 5th is the electronic pedometer. Moreover 
in presented research are applied the author's experience gained in German research institutes and practical 
results of measurements and information from students, patients. The betterments of results obtained during 
the pulsed electro- magneto-therapy of the typical human cartilage diseases applying proper field shapes, 
frequencies, inductions and time durations, indicate the necessity of simultaneous training efforts in the form 
of run and walk to satisfy the best effects after performed treatments.

 Słowa kluczowe: nowa terapia chorób stawowych, pulsujące pole elektromagnetyczne, efekty elektromagneto-hydrodynamiczne, 
bieganie jako implementacja elektromagnetosmarowania, efekty składu masy ciała, korzystne efekty.

 streszczenie Tematem niniejszej pracy jest nowa idea terapii chorób stawowych człowieka polegająca na smarowaniu 
pulsującym polem elektromagnetycznym w połączeniu z treningiem biegu i chodu. Wykazuje się tezę o udo-
skonaleniu terapii zwiększającej przemianę materii wraz z energią spalania cellulitu poprzez pulsujące elek-
tromagnetyczne smarowanie połączone z treningiem biegu i chodu. W badaniach eksperymentalnych wyko-
rzystuje się następujące przyrządy i materiały: PEMF Magcell-Arthro przyrząd elektroniczny do zabiegów 
chrząstki stawowej, Analizator Tanita MC 780U do pomiaru składu ciała, krokomierz Garmin ltd 2015, do-
świadczenie autora zdobyte w niemieckich instytutach badawczych, a także wywiady lekarskie od pacjentów 
i studentów. Doskonalenie rezultatów uzyskanych podczas pulsującej elektromagnetycznej terapii typowych 
schorzeń chrząstki stawowej człowieka dla właściwych kształtów, częstotliwości i indukcji pola oraz czasu 
zabiegu wskazuje na konieczność jednoczesnego wysiłku treningowego w formie biegania lub chodu umoż-
liwiającego uzyskanie optymalnych rezultatów zabiegu. 

iNTroDUcTioN

After many contemporary achievements in the domain 
of the human limb joint diseases therapy, it is a well-
known fact that the magnetic induction field leads to 
the betterments of numerous human illnesses such 
as: Rheumatoid joint inflammation, vertebral joint 
inflammation, joint degeneration changes, osteoporosis, 
osteoarthritis and other [l. 1–4]. Despite of the 
abovementioned results, according to what the author 
knows, the mutual interactions of the run-walk training 

and pulsed electro-magnetic induction field treatments 
on the therapy betterments of the aforementioned human 
diseases have not been examined so far [l. 6–11]. 
According to the author`s knowledge, the fact has not 
be recognized until now that proper run-walk training 
accelerates the pulsed electro-magnetic human joint 
lubrication therapy process.

The topic of the present paper concerns the positive 
effects obtained after the pulsed electro-magnetic therapy 
of human joint diseases implemented with gymnastic 
training especially run-walk treatment. Hence, the thesis 
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was proved that the pulsed electro-magnetic lubrication 
of human limb joints implemented by the human body 
motion in the form of run-walk increases the burn of 
human internal and external fat, increases metabolism 
and finally it leads to the important betterments of the 
realized human limb joint therapy.

It is worth to notice that the most successful pulsed 
electro-magnetic treatment for concrete human limb 
disease, ought to indicate and require the exact values 
of therapy parameters, namely: an interval of magnetic 
induction values for example in mT, the treatment 
duration, the shape of the magnetic induction field lines 
and simultaneously the exactly determined and required 
step values attained during the realized run-walk. The 
abovementioned data will be considered in this paper.

The pulsed electro-magnetic human limb joint 
therapy with aided run-walk effort increases the 
prevention of the loss of the synovial fluid dynamic 
viscosity and explains the role of friction forces increases 
or decreases in the lubrication of cartilage surfaces 
during the disease duration [l. 12–14].

MATeriAls 

Various materials are presented here including magneto 
electronic devices to recognize the betterments during 
human diseases after and before of pulsed electro-
magnetic field therapy of human limb joints implemented 
with run-walk efforts.

The material presented in this section is divided 
adequately to the final results obtained in following two 
parts, namely: 2.1 A new magneto-electronic devices as 
lifeless materials and 2.2- living materials. 
2.1. Electronic devices (lifeless materials). At first, in 

this section, new magneto-electronic devices are 
presented and described [l. 15–18]. 
• A new Magnet-Tronic Field MF-8 apparatus 

presented in Fig. 1a produces a pulsed, sinusoid, 
triangle, rectangular magnetic induction field 
from 0 to 8 mT, with frequencies from 2 to 
50 Hz and an amplitude from 0.5 to 8s. The mass 
of Apparatus MF-8 is 2.5 kg, and its size [l. 18]: 
142×364×335 mm. The power supply has the 
values of 230V/50Hz/50VA The Multi-Tronic 
device MT-3 especially inter-dynamic ID-4C 
produces current intensity from 0 to 50 mA, with 
frequencies from 1–100 Hz.The MT-3 device 
has the mass 2.5 kg, the size 150×370340 mm 
and power supply about 230V/50Hz/50VA.

• Fig. 2 shows the chair for MF-8 and MT-3 
applicators with electro-magnetic treatment for 
a trained girl [l. 18, 19].

• Another apparatus is PEMF presented in 
Fig. 3 with recently applied treatment in knee 
osteoarthritis after proper run-walk training 
[l. 2, 4, 5, 17, 20].

a)                              b)                          c)

Fig. 1. Application of the electronic devices: a) a new 
Magnet-Tronic 2nd  device MT-8 [L. 18], b) the 
Multi-Tronic 3rd device device MT-3, c) MF-8 and 
MT-3 therapy with gymnastic addition

Rys. 1. Zastosowanie przyrządu elektronicznego: a) Magne-
tronik aparat MF-8 [l. 18], b) Multi-tronik aparat 
MT-3, c) Terapia MF-8, MT-3 implementowana gim-
nastyką

a)                                               b) 

Fig. 2. MF-8,MT-3 Chair: a) Chair figure, b) electro-
magnetic gymnastic, limb motion  in upper 1 & 
lower 2 direction

Rys. 2.  MF-8, MT-3 Stołek: a) wygląd stołka, b) gimnastyka 
elektromagnetyczna, ruch kończyny w górę 1, w dół 2

 
a)                             b)   c) 

Fig. 3.  Application of German electronic device:a). 
PeMF  denoted as 1st therapy device, b) The PEMF 
therapy implemented by gymnastic, c) sports-
women treated by the magnetic field 

Rys. 3. Zastosowanie niemieckiego przyrządu elektronicznego: 
a) przyrząd terapeutyczny PEMF, b) terapia implemen-
towana gimnastyką, c) terapia magnetyczna manekinu 
sportowca  implementowana gimnastyką 
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The PEMF 1st Apparatus is hand held and battery-
driven; no coils are used for field generation. The disc 
area of 28 cm2 is magnetically active and available 
for treatments. Disc rotation is varied in 2 Hz steps to 
produce frequencies between 4 and 12 Hz. The Magcell 
device produces a time varying magnetic induction 
field of about 105 mT flux density [l. 1, 2, 15]. The 
pedometer (5th electronic device) with the band is 
required to use in performed research. Such setting is 
paired and downloaded using a computer with Windows 
and complete setup. 

Two views of Segmental Body Compositor 
Analyzer (SBCA) denoted as 4th device are illustrated 
in Fig. 4.

a)                                               b)                              c)

Fig. 4. Segmental Body Composition Analyzer, MC-780U: 
a) top view, b) front view, c) surveying

Rys. 4. Analizator segmentowego składu ciała: a) widok 
z góry, b) od frontu, c) pomiar 

SBCA (4th device), presented in Fig. 4a,b, uses 
the very latest multi-frequency technology to record 
comprehensive range measurements in just 20 seconds.
The Analyzer has 3 frequencies: 5 kHz, 50 kHz, 250 kHz 
providing a highly accurate whole body and segmental 
measurement. It has a platform (35.8 cm ×35.8 cm) to 
measure the weight. The analyzer weight is average 
(15.5 kilograms). The interactive console has been 
designed to guide the user through their personal data 
input without specialist assistance. The dual LCD display 
highlights the body composition measurements in a clear 
and easy to understand format. A handy printout shows 
results for BMI, BMR, Fat %, Fat Mass, Fat Free Mass, 
Target (Goal) Fat Mass, Total Body Water, and desirable 
ranges for Fat % and Fat mass [l. 21].

2.2:  Living materials. Now we show magnetic 
induction treatment by means of an internal and 
-external administration of a magnetic field into 
and onto the sound and pathological human skin 
or cartilage surfaces occurring in the human hip 
joint. Such bodies include the following living 
materials: the normal human joint, the cartilage 
with the phospholipids bi-layer or the sportsman`s 
skin. The PL-bilayer lining the negatively charged 
hydrophilic cartilage surfaces in various human 
natural joints are presented in Fig. 5 [l. 20, 22].
PL-bi-layers lining the negatively charged 

hydrophilic cartilage surfaces with hydrodynamic 

pressure P in the human natural hip joint presented in 
Fig. 5a can be supplied by external PEMF [l. 23].

a)                                             b)

Fig. 5. The effects of hydrodynamic pressure P caused 
from Pulsed Electro-Magnetic Fields(PEMF) 
from external device and implemented by the run-
walk effort into the phosphor-lipid membrane 
lying on the cartilage superficial layer for 
squeezing lubrication: a) hydrodynamic pressure 
distribution on the bonehead of the human hip 
joint, b) hydrodynamic pressure in joint gap 
between PL bi-layer linear membrane resting 
on the cartilage, c) curvilinear PL membrane: 
1 – PL bi-layer, 2 – lipids with negative charge, 
3 – SF-synovial fluid, 4 – hydrodynamic pressure,  
5 – cartilage, 6 – bone head, R – repulsion force, 
J – current density supplied from PEMF (1st 
device) &MT–3 (3rd device), W – load

Rys. 5. Efekt hydrodynamicznego ciśnienia P powodo-
wanego pulsującym elektromagnetycznym polem 
(PEMF) działającym od zewnątrz oraz implemen-
towany poprzez wysiłek od biego-chodu skiero-
wany do błony fosfolipidowej otulającej warstwę 
wierzchnią chrząstki przy smarowaniu wyciskanym: 
a) ciśnienie hydrodynamiczne na powierzchni głowy 
kostnej stawu biodrowego człowieka, b) ciśnienie 
hydrodynamiczne w szczelinie stawu pomiędzy li-
niową dwuwarstwą fosfolipidów, c) krzywoliniowa 
membrana PL: 1 – dwuwarstwa PL, 2 – lipidy o ła-
dunku ujemnym, 3 – ciecz synowialna, 4 – ciśnienie 
hydrodynamiczne, 5 – chrząstka, R– siła odpychająca, 
J – gęstość prądu zasilanego przyrządem PEMF lub  
MT-3, W – obciążenie 

The joint gaps in Fig. 5a, b, c are limited by the 
upper and lower phospholipid membrane (PL-bilayer) 
and are filled with synovial fluid. The upper surfaces 
are curvilinear in Fig.a, Fig.b. We have the load 
carrying capacity force denoted by letter P and caused 
by the hydrodynamic pressure obtained from squeezing 
during the lubrication process. The repulsive force R 
is visible here that is caused by the negatively charged 

c)
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phospholipids membrane especially of the (−PO4
−) 

groups with sodium counter-cations strongly hydrated in 
the presence of synovial fluid. Such charged surfaces are 
observed on both external PL bilayer surfaces contacting 
synovial fluid. Magnetic particles are combined with 
hydrogen ions H+ in SF which enables the necessary and 
desired SF viscosity increments [l. 12]. In general, the 
senses and lines of forces R and P are the same. 

The repulsion force R caused only by the 
electrostatic charged cartilage surface is negligibly small 
but a mutual conversion of the aforementioned charge 
with power hydrogen ion concentration pH in SF leads 
to about 5 percentage decrements of the synovial fluid 
(SF) dynamic viscosity. The Pulsed Electro-Magnetic 
Field (PEMF) supplied from an external side to the PL-
membrane has the quantity of current density J of about 
43mA/m2 [l. 17] and it generates repulsion forces as it 
provides important SF viscosity increments suitable for 
osteoarthritis treatments [l. 1, 4, 15, 17, 20]. The load 
force W of the presented human joint has in general the 
reverse sense. The influence of electric intensity on the 
fluid dynamic viscosity describes the following formula 
[l. 24, 25]:

η η δpH We E pH E EE, , ,( ) = + ( ) ⋅ 0
21           (1)

where δE is the coefficient of influence of electric intensity 
E, cartilage wettability We and power hydrogen ions 
concentration index pH on the synovial fluid dynamic 
viscosity. As far as the author knows it, coefficient δE 
for synovial fluid has up to now not been experimentally 
measured. After theoretical considerations for pH = 8 
coefficient δE attains value 0.003 m2/V2. Moreover, we 
have E = J/σ where σ – electric conductivity in S/m.

MeThoDs 

In this section, the hypothesis is examined that the 
electro-magnetic therapy of selected diseases is more 
efficacious if and only if it is connected with proper 
sport training for example in the form of systematical 
and not intensive run-walk. The method of research is 
realized in semi-analytical and experimental way.

In semi-analytical way are considered the 
increments of Basal Metabolic Rate (BMR) values during 
the electro-magnetic therapy, obtained from SBCA (4th 
device) and their indirect influences on the synovial fluid 
dynamic viscosity increments and next the influences on 
the therapy betterments of human joint diseases. The 
electro-magnetic therapy and phospholipids bilayer 
(PL) lying on the cartilage superficial layer,increases 
the dynamic viscosity of synovial fluid. Therefore in 
description of human joint lubrication are considered 
hydrodynamic equations of motion in electro-magnetic 
field, equation of energy conservation and additionally 
Young-Kelvin-Laplace Equation(see Appendix). In 
consequence we obtain the hydrodynamic pressure 
increments and increments of the betterments effects 
during the human joint therapy.

Therefore, an attempt is made to present the 
necessary parameters of the treatments for selected 
diseases with simultaneous steps number required once 
a day during the run or walk therapy. At first, we show 
the necessary treatment parameters and the necessary 
steps number required during the efficacious therapy 
of selected diseases using both MF-8, MT-3 (2nd, 3rd) 
and PEMF (1st) electronic device. For five selected 
diseases therapy, Table 1 shows exactly indicated the 

Table 1.  Typical proper values of magnetic induction field, frequencies and shapes of field lines applied during the 
treatments in concrete disease and illness localization according to the author's studies and anamnesis using 
MF-8, MT-3 (2nd, 3rd devices) with a new control system and PEMF (1st device) apparatus for five typical diseases 
numbered by 1, 2, 3, 4, 5 indicated in column 1 for various localization given in column 2. Attention: Data in 
parenthesis refers to the treatments duration performed by PEMF and MT-3 Apparatus

Tabela 1. Typowe wartości pola indukcji magnetycznej, natężenia pola elektrycznego, częstotliwości i kształtu linii sił pola stosowane 
podczas zabiegów przy konkretnych pięciu chorobach 1, 2, 3, 4, 5 w kolumnie 1 oraz przy lokalizacji schorzenia (kolumna 2) 
uzyskane na podstawie badań autora i wywiadu lekarskiego przy użyciu aparatów MF-8, MT-3, oraz PEMF aparatu. Uwaga: 
dane w nawiasach okrągłych dotyczą zabiegów aparatem PEMF i MT-3

Disease/with requi-red walk, run 
steps number location Magnetic 

induction Frequencies Shape  
of field lines

Treatments duration
Using MT-3 and (PE MF)

1. Degeneration changes, 
inflammation of vertebral joints,  
disc diseases /every day 10 000 steps 

Lumbar 
vertebral 
column

20–10 mT 10–20 Hz Triangle 
or rectan-gular

Once a day, 15 minutes (twice daily for 
5 minutes, a total of 10 minutes) 
per 18 days, 

2. Limb joint diseases/every  
day 8000 steps Hip joint 20 mT 20 Hz Triangle

Once a day, 12 minutes (twice daily for 
5 minutes, a total of 10 minutes)
per 21 days

3. Limb joint diseases/every  
day 12000 steps Shoulder joint 15 mT 20 Hz Rectan-gular

Once a day, 12 minutes (twice daily for 
5 minutes, a total of 10 minutes)
per 21 days

4. Limb joint diseases/ every  
day 12000 steps

Knee, Elbow,
Phalange joint 15 mT 20 Hz Rectangular

Once a day, 12 minutes (twice daily for 
5 minutes, a total of 10 minutes)
per 21 days

5. Osteoporosis,
Osteoarthritis/every day 8000 steps 

Hip, Knee, 
Elbow, 10–20 mT 10–20 Hz Rectan-gular 

and Triangle
Three time a day for 10 minutes, a total 
of 30 min.(twice daily for 10 min. 
a total of 20 min.) per 21 days 
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following necessary treatment parameters, namely 
magnetic induction field, frequencies, the shape of 
field lines, the treatment duration of the pulsed electro-
magnetic field therapy and the walk steps number. The 
geometrical shapes of magnetic induction field lines and 
their changes in the therapy duration as well as proper 
induction magnetic values have an important influence 
on the final success of the treatment performed.

resUlTs

Now we proceed to the data obtained after individual 
anamnesis on the grounds of the data values presented 
in Table 1 and constituted during the experimental 
measurements. 

Table 2 shows the efficacy of the symptoms of 
PEMF electro-magnetic treatments and betterments 
presented in percentage values obtained on the grounds of 
anamnesis deduced after treatments presented in Table 1 
column 1 &2 for the same five typical diseases and its 
localization in human body numbered by 1, 2, 3, 4, 5.

It is easy to see that the run-walk training increases 
the significant betterment and betterment of the effects 
of PEMF therapy of human limb joints. This fact implies 
from the increments of SF dynamic viscosity caused by 
the human limb motion during the run-walk training 
[l. 24–27].

Experimental methods are made using the Polish 
MF-8 electronic device and the PEMF – 1st magneto 
electronic devices with MF-3 during the walk, run and in 
the case of the therapy of human joint cartilage diseases. 
The therapy performed by PEMF lasted for a period 

of 18–20 days. The treatment took place twice daily 
for 5 minutes for all. Upon pressing the start button in 
PEMF Apparatus (see Fig. 3), the device ran and stopped 
automatically after 2 minutes and 30 seconds. We make 
this operation two times consecutively. After the first 
treatment, the area was changed and the device started 
for a second time. Treatment areas included the anterior 
surface, i.e. cartilage at the top of the lateral femur, and 
the interior surface of the joint directly below the femur 
cartilage. The electro-magnetic field applied attained 
frequencies about 15Hz and a magnetic induction of 
about 70 mT. Data from 15 sportsmen-students was 
obtained after individual author's anamnesis gained 
from Goettingen and Giessen University in Germany.

In accordance with the author’s experience gained 
in the German research institutes of Biological Boundary 
Layers in Karlsruhe and the Jaw Orthopedics Clinic 
in Göttingen, and in the Giessen University Giessen, 
the thermal deformation of the joint under a magnetic 
induction field may change the joint’s gap height by 
about 15% which, in consequence, has an influence 
on the pressure and capacity changes by about 30%. 
The realized research related to electro-magnetic and 
thermodynamic properties of biomaterials will change 
the traditional methods of calculation of the deformation 
values of the human joint gap height. Most often, the 
deformations have not been determined so far [l. 14].

In general, the magnetic induction field is 
perceptible and it can noticed whether its value is greater 
than the Earth magnetic induction field, i.e. about 30– 
–70µT (T = kg/s2A = Wb/m2).

Table 2. Anamnesis results of the evaluation of efficacy deduced after magnetic therapy presented in Table 1 using 
Apparatus MT-8 with a new control system (and PEMF&MT-3 apparatus) for selected diseases and its 
localization in the human body numbered by 1, 2, 3, 4, 5 accordingly to subjective patients feeling. Attention: 
Data in parenthesis refers to the PEMF therapy performed by the simultaneously implemented run-walk efforts 
with steps number indicated in Table 1 column 1

Tabela 2. Rezultaty wywiadu lekarskiego oceny skuteczności wynikające z danych zawartych w Tab. 1 dotyczących terapii ma-
gnetycznej aparatem MF-8 i PEMF&MT-3 dla chorób 1, 2, 3, 4, 5 i ich lokalizacji. Uwaga: dane w nawiasach okrągłych 
dotyczą terapii PEMF przeprowadzonej przy jednoczesnej implementacji biego-chodu manifestującego liczbę kroków 
wskazanych w Tab. 1 w kolumnie 1

Name of disease
and number of tested patients

regression of
symptoms

Significant
betterment Betterment Without

betterment

1. Degeneration changes, inflammation of vertebral joints,  
disc diseases 15% (3%) 45%(55%) 35%(40%) 5% (2%)

2. Limb joint diseases, hip joint 50%(10%) 25%(40%) 20%(40%) 5%(10%)

3. Limb joint diseases, Shoulder joint 0%(5%) 49%(55%) 31%(35%) 20%(5%)

4. Limb joint diseases, Knee, Elbow, Phalange joint 10%(4%) 45%(50%) 35%(45%) 10%(1%)

5. Osteoporosis, Osteoarthritis for Hip, Knee, Elbow 10%(5%) 40%(45%) 45%(47%) 5%(3%)
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coNclUsioNs

After many experiments and information from patients 
and after initial analytical considerations, we can 
present the following conclusions about the efficacy of 
the performed magnetic induction and PEMF electro-
magnetic therapy implemented by run-walk training 
efforts.
• The magnetic induction field increases the dynamic 

viscosity of synovial fluid during the cure, treatment, 
and during the run, walk training. Synovial fluid 
viscosity increments imply an enlargement of 
the human joint hydrodynamic pressure values, 
increases in the joint load carrying capacity values 
and increases in the efficiency of human limbs.

• The significant effects on the SF viscosity variations 
caused by electrostatic charge generated on the 
joint PL membrane and enlarged with the external 
PMEF are visible if two effects particularly in the 
presence of boosted squeezing and weeping joint 
lubrication are considered simultaneously, and if 
we have mutual influence of the power hydrogen 
ion concentrations after a dissociation process 
in the joint gap and proper electric charge on the 
superficial cartilage layer. The aforementioned 
influences are visibly magnified in the case if the 
PEMF therapy of human limb joints is implemented 
by the run-walk training effort.

• The pulsed electro-magnetic field (PEMF) applied 
during the run and sport training increases the 
sliming process of the human body and this is 
manifested with the body human loss weight, i.e. 
decreases in the Body Mass Index (BMI in kg/m2) in 
comparison with the body human weight and BMI 
in kg/m2 values that occur after run or walk without 
pulsed electro-magnetic field (PEMF) effects.

• The classical magneto-therapy for the hip, knee, 
shoulder, elbow and human joint implemented by 
the PEMF effects and properly indicated run or 
walk, increases the betterments of the treatments 
performed in comparison with the betterments that 
occur after classical magneto-therapy treatments 
without (PEMF) effects and without run or walk 
training. 

APPeNDiX

The 3D synovial fluid flow between two above mentioned 
solid cartilage surfaces in the electromagnetic field will 
be described in a vector form by the three equations 
of equilibrium of momentum, with a fluid continuity 
equation (A1), and in the scalar form by conservation 

of the energy equation (A2), and the Young-Kelvin-
Laplace equation (A3). The aforementioned equations 
are as follows:

Div diveS E v+ = ( ) =ρ ρ0 0,                 (A1) 

div grad T JFκ σ( ) + =φ 2/                   (A2)
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where: s[Pa] − stress tensor in the synovial fluid, 
e[V/m] – electrostatic intensity vector in PL,  
J – electric current density in A/m2, T [K] − synovial fluid 
temperature, ρε [C/m3 = As/m3] − electric space charge 
in synovial fluid, κ [W/mK] − thermal conductivity 
coefficient for synovial fluid, φF [W/m3] – dissipation of 
energy, s[Pa] − stress tensor in the synovial fluid, Rg− 
gas constant(8.3144598 J/Kmol), s = (NA.A)−1 [mol/m2] − 
concentration of PL particles, γ [J/m2  = N/m] − interfacial 
energy, γmax− is the maximum interfacial energy of 
the lipid membrane, Ka[J] − acid equilibrium constant 
(denotes how much energy is needed to stretch the bi-
layer), Kb[J] − base equilibrium constant (denotes how 
much energy is needed to bend or flex the bi-layer), 
aH[J] − protons energy activity, A[m2] − cartilage surface 
coated by the PL molecules, NA= 6.024∙1023 − Avogadro 
number, ρ[kg/m3] − synovial fluid density in,σ[S/m] −
electrical conductivity of PL bi-layer. Synovial fluid 
flow in the human joint gap is strictly dependent on the 
energetic statement of hyper-elastic cartilage, hence the 
description of fundamental constitutive equations for 
fluid and cartilage body that are similar and mutually 
connected.

For the synovial fluid the relationship between 
stress tensor s and displacement velocity tensor 2Td= Θ 
i.e. constitutive equations are assumed in the following 
form:

 S = − pδ + ηpΘ                         (A4)

whereas unit tensor δ, strain tensor Θ[s-1], p[Pa] − 
hydrodynamic pressure. Apparent dynamic viscosity 
of synovial fluid ηp[Pas] depends from pressure p[Pa], 
temperature T[K], time t[s], cartilage wettability 
We[grad], hydrogen power ion concentration pH,Basal 
Metabolic Rate BMR index[kcal/day], magnetic 
induction field B[T], electric intensity E[V/m],  
interfacial energy [mN/m], collagen concentration, shear 
rate [s-1], elastic or hyper-elastic modulus of cartilage 
superficial layer [Pa].
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