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Biomaterial is any substance other than the drug either
a combination of natural or synthetic substances,
which can be used in any period,
and which task is to supplement
or replacement of organ tissues or parts
or fulfill their function.

[European Society for Biomaterials]

Biocompatibility is the ability to properly preserve the material
In contact with the tissue in a particular application

[Biomaterials Science An Introduction to Materials in Medicine-
ELSEVIER 2004 Academic Press]
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Part 1
Introduction to the human anatomy

Typesof human tissue



’& Tissue

—— Epithelial ( Nabgonkowa)

Connective ( GNc z n a )

Muscular ( mi nSni owa)
Nervous (nerwowa)
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Epithelial ( Nabgonkowa) _TUANKA KOSTNA

—— Connective ( GNc z n a)

Muscular ( mi nSni owa)
Nervous (nerwowa)




’Q Connective

Types: Flaccid (wiotka)

-Connective _ 5
\?ompacted (zbita) Adipose (TQus zcz

-specialized in specific activities Pigmentosa (Barwnikowa)
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»

-Skeletal \

~, Cartilage (chr zﬁsMenSg)

\ bone (kostna)

(Siateczkowa)
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’Q Tissue

Epithelial ( Nab ggonkowa)

Connective ( GNc z n a )

Muscular ( mi nSni owa)
—— Nervous (nerwowa)

Actionpotentials(MOV)
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Part 2
Introduction to the human anatomy

Cardiovascuiarsystem



Heart (cor)

’M Cardiova

Lig. arteriosum

Atcus aortae 1
Pericardium serosum,
Lamina parietalis
A pulmonalis siristra

V. cava superior

Pericardium serosum
Lamina parietalis
Truncus pulmonalis

A pulmonalis dextra
Pars ascendens aortae
A. coronaria sinistra
Sinus transversus pericardii Atrium cordis sinistrum, Auricula sinistra
V. cardiaca [cordis] magna
A coronaia dextra A coronaria sinistra,
R circumfiexus

A coronaria sinlstra,

Auticula dextra
i
R interventricularis anterior

Atrium cordis dextrum
Vv ventricull dextri
anterioras V. interventricularis anterior

R. atrialis

Apex cordis
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Incisura apicis cordis

Truncus puimonalis
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dextra
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sinistra e
Valvula semilunaris
posterior
A. coronaria dextra

R interventricularis f - i
anterior - 7
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R. nodi sinuatrialis

A. coronaria sinistra
R circumfiexus

Anulus fibrosus
dexter

Trigonum fibrosum
dextrum

Triganum fibrosum
sinistrum

V. cardiaca [cordis]
magna

N Fasciculus

atrioventricularis

Anulus fibrosus -
sinister Uil 2 1
7 R. marginalis dextr
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sinister

Valvula sinus coronarii
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. cardiaca [ooris] modia A
V. interventricu R. interventriculans posterior

A. coni arteriosi
A coronaria dextra

A coronaria dextra,
R. interventricularis posterior
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M Cardiovas

Heart (cor)

Arcus aortae

A. pulmonalis dextra

Pericardium V. cava superior

Bifurcatio trunci pulmonalis
Pericardium
A pulmonalis sinistra

Atrium cordis sinistrum
em Vv. puimonales dextrae

Vv. pulmonales sinistrae Sinus venarum cavarum

Auricula sinistra

V. obliqua atrii sinistra Pericardium
V. cardiaca magna

A. coronaria sinistra,
R. circumflexus.

Sinus coronarius Atrium cordis dextrum

V. ventriculi sinistri
posterior
V. cava inferior

Sulcus coronarius
V. cardiaca [cordis] parva

A. coronaria dextra

Ventriculus cordis sinister
Ventriculus cordis dexter
V. cardiaca [cordis] media
[V. interventricularis posterior]
. i
Apex cordis Sulcus interventricularis posterior

Incisura apicis cordis

Ryc. 894  Zyly serca, w. cordis.

1 A. coronaria
sinistra,
R. circumflexus

2 A coronaria
sinistra,
R. posterior
ventriculi sinistri

3 A. coronaria dextra,
R. interventricularis
posterior

4 A. coronaria dextra

Sulcus terminalis cordis
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Arteria carolis externa sinistra
Arteria carolis interna sinistra

Naczyni a kBloodwessasSn e

Arteria carotis externa dextra
Arteria carotis interna dextra
Arteria vertebralis sinistra

Tatni ce kr NUelmaigecircdlatitheaedes

tygy kr NUeni aVeidswfle game circulation Arteria vertebralis dextra

Arteria carotis communis dextra
Arteria subclavia sinistra

Naczynia c bhgpghnrassels

Kr NUeni e mangakcirculation
(czynnoSci @uwtional)

Arteria subclavia dextra

Truncus brachiccephalicus
Arcus aortae
Ligamentum arteriosum

Pars ascendens aortae

Truncus pulmonalis
Atrium sinistrum, Auricula sinistra

Atrium dextrum
Ventriculus sinister
Venltriculus dexter




’Q Biomateria

Polymers

Metals

Ceramic (carbides, ceramic glass and glass)
Natural materials (greens and animal)

Composite materials (silica reinforced silicone rubber, carbon fibers,
hydroxyapatite particle- reinorced poly (lactic acid))



‘Q Dedicated

Biodegradable polymers

Bioactive ceramics

Celuloze

Pyrolityc carbon

Modified materials, surfaces preventing clots

Natural tissues and polymers combined with living cells
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Implants- the concentration of elements influence on the reactions of vital processes

Influence

A

Optimal

Deficiency Mortality

»
»

Concentration



Metallic imp

Mo:
Deficiency

- tooth brush

- bone crumbling

- disorders in the functioning of the gonads
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-difference of enzyme diffusion through cell membranes an
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Me: biochemical reactions and conversion of vitamin C
Deficiency
- disturbances in the development of bones and genital organs
Excess
- respiratory tract irritation and pneumonia 70 W
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Ti: in the spleen, liver and kidneys
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-allergy or peri-implant reaction in inter-implantology as evidenced by the presence of macrophages and T-lymphocytes
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[Frank E., Zitter H.: Metallische Implantate in der Knochenchirurgie. Wien-New York, Springer Verlag 1977]
[Clarke E. G. C., Hickman J.: J. Bone Jt. Surg. 35-A, 1953]
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Biofunction (friction resistance)

/V
AIM — Diffusion barriers (increase of corrosion resistance)

Improvement of osseointegration (ceramic bioactive layers)
Types

Adiffusion layers of titanium compounds
Adiamond layers (NCD, DLC)
Ahydroxyapatite coatings

Acomposite layers - new

Deposition methods
Amethods using plasma, photons, ions:
APDT processes - Plasma Diffusion Treatment
ARFCVD - Radio Frequency Chemical VVapor Deposition
AMWCVD - Microwave CVD
APLD - Pulsed Laser Deposition
Athe sol-gel method
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Executed projects

Cardiovasculasysiem
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oMy great desire to create a Poligitificial
Heart finally fully fulfills...€
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https:// www.youtube.com/watch?v=7QFhxfVF7SA&list=PLMkpKh2ylbEa9OThOLOF6vQC aKmHvgs8
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'& Heart supp

DIVISION BY SUPPORT TIME

Shortterm

- Anacute heart failure with a good
prognosis of regeneration

- Aninfirmity with an uncertain prognosis

for further treatment

Permanent support

- chronic heart failure disqualifying for
transplantation

- cardiomyopathy

Arcus aortae Lig. arteriosum

Pericardium serosum,

Lamina parietalis
V. cava superior T
A. pulmonalis sinistra
Pericardium serosum,
Lamina parietalis
Truncus pulmonalis
A. pulmonalis dextra

Pars ascendens aortae (e
A. coronaria sinistra

Sinus transversus pericardii Atrium cordis sinistrum, Auricula sinistra

V. cardiaca [cordis] magna

A. coronaria sinistra,
R. circumflexus

A. coronaria dextra

Auricula dextra
Conus arteriosus
Atrium cordis dextrum 5 %
A. coronaria sinistra,

R. interventricularis anterior

Vv. ventriculi dextri

nteri f 5 § 3
anteriores V. interventricularis anterior

R. atrialis

R. marginalis dexter
Apex cordis

Incisura apicis cordis



’Q Heart supp

DIVISION BY TYPE OF FAILURE

A Acute failure
ALongterm failure

APatients with cardiomyopathy




More than 40 teams from 35 smentn‘ic and research
Institutions, clinical centers and professional entities
producing elements of heart prostheses participated in

the implementation of the Program.
As part of 5 projects, 17 research tasks and 12
Implementation tasks, covering over 200 stages, were
Implemented.

| STRATEGICIGOAL
Developed families of Polish heart prostheses, with a completely implantable permanent heart prosthesis as a1
element

Il STRATEGIOGOAL
Clinical development of the use of Polish heart prostheses in the treatment of patients with critical heart failure

Il STRATEGIEDGIOAL
Creation of a highly specialized scientific and technological platform for the purpesadidictingcomprehensive
research and development in the field of heart prostheses
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Effects of the program
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’Q Heart supp

System POLVAD

PROSTHESIS

A

POLCAS-EXTC |’ @
POLCAS-IMPT I‘ (é l;

POLHIVAD ﬁ
POLHITAH (ﬁ\)

| > Assistance
1 Month 3 Monihs 2 years duration
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Membrane The goal ofthe work is the reduction of life
threateningthrombo-emboli formation in
heart assist systems by a nematerialdesign

Chamber |

Valve
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Heart Dlseases in Zabrze
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PACIENTNR 1

Patient: male aged 46, assisted due to left ventricular failure and developing in failure.
Supported by two chambers from 4.07.2018. He underwent a neurological incident during the
treatment, a small-blood hemorrhagic stroke. Currently, the patient is rehabilitating, being
physically active, and the symptoms of stroke persisting.

No Antibiotics have been used throughout the heart support process. The antibiotic is only
perioperatively. Patient treated with anticoagulants.

Sampling:

- sample No. 1- fragment of the valve with fibrin deposit

sample no. 2- fibrin deposits on the edge of the blood-red membrane near the chamber vent

with a fragment of a blood-red canopy.



’Q Deplanted che

PACTHENTNNO 1

FISHanalysis

Material 1 A few microorganisms were found on the basis of carried out staining of nuclei

acids with the dye DAPI in the fibrin. FISH was not found to contain active bacteria,
microorganisms or biofilms.

Material 2 Relative detection (uncertainty) of microorganisms with the application of nucle

acid staining with DAPI dye. FISH was not found to contain active banteiacolliesor
biofilms.

16SrRNAGENE AMPLIFICATION TEST
(PCR study)

The study was carried out using the bacteri®phingobiunyanoikuyae
Material 1 No bacterial DNA was found with 168NAamplification
Material 2 No bacterial DNA was found with 188NAamplification



’Q Deplanted ¢

PATHRNTNO 1

No identification of active bacterial infection in the test samples. Due to the degradation ¢
bacterial DNA and / or a small number of bacteria in the sample material, microorganisn
detected microscopically were not effectively differentiated by PCR, amplification /

sequencing.
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PATHENNOO 2

Patient: a woman of 37 years. Diagnosed cardiomyopathy of an unknown cause. Two-
chamber failure. There is no information about implantation. The chamber was replaced after

23 days after implantation.

Sampling:
test samples were taken from the right ventricle.
- sample 1 fragment of a blood-red membrane with fibrin deposit

- sample 2 fragment of a blood-red membrane with a large deposit of fibrin
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PACIENTNR 2
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PACIENTANR 3

Pacjent: min Uc z ylatn28. Leczony od 14.07.2018 do 2.09.2018r. Zdiagnozowana
kardiomiopatia 0 nieznanej etiologii. Przed wszczepieniem k o m-wspomagania POLVAD,
stwierdzono f r a kweyjr iz u tha peNomie 10%, liczne skrzepliny w obu komorach serca.
Dnia 2.09.2018 wykonano przeszczep serca z dobrym efektem.
Pobpr - bhek
pr - dokbia d adliiano z prawej komory.
-p r - dHkfragment membrany krwistejzez g o gw@-mk ni k a

-pr - Rkfragment membrany krwistejzd u Uy o gw@E-mk ni k a
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PACIENTMNR 3
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NICHELIKE STRUCTURE:
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Mario Capecci Martin J. Evans Olivier Smithies
UniversityUtah UniversityCardiff UniversityChapeHill

-

B\
5 WD B
2007 Nobel Prize in Physiologgnd Medicinefor discovery of the rules for use of

embryonic stem cells for genetic modification of mice




The smallest functional unit of life

Surroundedoy amembrane Capable of creatings
own copies (growth,
division)
\4

Filled with thickened water gel of various molecules
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barriers

informacjl

3 zdolnosc
ruchu
i ekspansji
2 import l

| eksport
czgsteczek

A Transport inside of the interior (selective permeability)

A Receiving stimuli

A Ability of movement and expansion

A The possibility of transforming energy processes (ATP syn}hesis



Cell membr
barriers
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Barriers between compartments (components)
Prevent mixing of substances between compartments

wewngtrzna
® zamykajgca
@ Przedzial

komorkowy

czgsteczki

komérkowego

Ensuring the maintenance of differences in the composition and function between organe

Composition control

The membrane itself is a cellular compartment with unique functions
Dynamic structure (movement, synthesis and degradation of components)
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’M The struct

membrane

E bialka powierzchniowe
glikolipid

bialko integralne

hydrofobowe _|
wngltrze

dwuwarstwa
~  lipidowa

hydrofobowe lancuchy
kwasow tluszezowych

bialka integralne hydrofilowe "glowy”

bialka powierzchniowe

A lipid bilayer
A membraneprotein



Membranelipids



oM

oM Vembrane lipick

membranemolecules- amphipathicmolecules

shape of lipid packing of lipid
molecule molecules

oddziatywanie

czasteczki
hydrofilowe;j

hydrofobowej
z czasteczkami wody

Micela lipidowa

= &
& e
& %
water ’

Dwuwarstwa lipidowa



Membrane

ENERGETYCZNIE NIEKORZYSTNE

plaska dwuwarstwa
fosfolipidowa

zasklepiony przedzial
zamykajacy dwuwarstwe
fosfolipidowg

ENERGETYCZNIE KORZYSTNE




’Q Membrane

Membranelipids
- phospholipids

- glycolipids

- steroids

--sulfolipids

-lizolipids

--other

CH,
(‘IH
(Ha
G
G
CH
N
CH; CH,
cholesterol galaktocerebrozyd

(steroid) (alikolipid)




Membraneproteins



PRZESTRZEN
ZEWNATRZ-
KOMORKOWA

CYTOZOL

Functions

RECEPTORY ENZYMY  BIALKA TRANSPORTUJACE

BIALKA LACZACE
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lipid
@

bilayer
A Transmembraneplacement transmembraneproteins _
Integralproteins

A Anchoringthrough covalentlipids
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