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Blomatena IS synergistic interaction of materials science, biological science,

U chemical science, medical science and mechanical science
............. number of definitions NP4
= N
> synthetic or natural material
synthetic or natural materials [;:\
to be used to replace parts of Nﬂ Dental Post, Arch
.. i Coblear Implants € [ ) Wire & Brackets
a living system or to function < 5 Dental Bridges,
in intimate contact with living =8 Dental Restorative
tissues (NIH) . e

> Shoulder Prosthesis

Composites

!

Biomaterials =5

> Bone Fixation,
Bone Plates &
Screws
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Bioinert Resorbable

A0  Bioactive 5 tcp
7r0, hydroxyapatite

Bioglass

\ 4

orof. Hench

Biomaterials,
artificial organs
and tissue
engineering

» materials that are specially developed for the
repair and reconstruction of diseased or
damaged parts of the musculo-skeletal system

Biocements (CPC)

> Phosphate .
Cement

1980-Brown, Chow, LeGeros



Applications

cc.scu.edu.cn

http://rotamed.com/en/index.php?option=com_conten
t&view=article&id=87&Itemid=106

filling bone defects, connecting
bone fragments

= filling root canal,
periodontal defects,
dental pulp




Objective of my work preparation and characterization
of composite bone cements

cements
/

. http://www.primogroup.de/de/produkt/fireandice
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Calcium
phosphate

Brushite
CaHPO4 . 2H,0

Bioactive
glass (BG)

Ca0-Si0,
CaO'SiOZ'ons

1) Synthesis of bioactive glasses by means of precipitation method

2) Characterization of chemical composition, phase evolution and




1) Synthesis of BG

NazCOG!SiOZ
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Charakterizacia
DSCITg, FTIR, ﬂ
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w.| Zihanie
950°C

hydrated calcium silicate and
calcium silicate phosphate
(CSH/CSHP)

Sol-gel precipitation method

Mechanism of precipitation and phase

composition of Ca0-Si02-P205
synthesized by sol-gel method

Journal of Non-Crystalline Solids

systems




2) Preparation of cement composites

(CSPH)120°C £
Brushite (B) 4+ (CSP19807¢ mech.homog. =
> H,O
(CSH)120°C planetary <€
ball millling 2 wt% NaH,PO,
(B-woll)950°C
(10, 30, 50 hm%) / l pressing

Mechanism of setting - Hydrolysis of B and woll

(6 mm D
x12 mm H)
Compressive strength



3) XRD analysis of biocements after hardening
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4) FTIR analysis of biocements after hardening

CSH/brushite
(a)

30%
CSH/B

Transmittance/a.u.

RH -~ 5
sthgh (H,0, HPO, ")

O-H 4
in plane

P-O, P-
stretch

P-O(

Wavenumber (cm'1)

Ca0-Si0, / brushite

4000 3500 3000 2500 2000 1500 1000 500

woll/brushite

50%( b)
woll/B

30%
woll/B

Transmittance/a.u.

P-O(H)

retch
T

P-
2

out of

plane
T

A
Wavenumber (cm

4000 3500 3000 2500 2000 1500 1000 500

Bioactive glass
content

10 wt%

O

brushite vibrations
(2900 - 3550 cm-1)
(1215 - 795 cm-1)

30 wt%

"

Hap vibrations,

vibrations assoc.

with the increase
of Si in the sample

50 wt%

Transmittance/a.u.

Transmittance/a.u.

?SPglbrushEte)

20° c co.2 Si-0-Si
50% e 73

CSPH/B 33 #

in plane

P-0,P-O(l
stretch

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm")

Ca0-Si0,-P,05 / brushite

CSP/brushite
950°C (s)]
50%

CSP/B

OH 2.
stretch (HZG, HPO, ")

stretch

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1)




5) Mlcrostructure of biocements after hardenmg
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. coarser irregular particles of >
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6) Compressive strength of bioc. after hardening
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7) Setting time of biocements after hardening

Optimum P/L ratio, final setting times total porosity

Ca0-Si0, / brushite Ca0-Si0,-P,05 / brushite
inal se . inal se .
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8) In vitro cytotoxicity of biocomposites

Relative proliferation osteoblast activities and viability on composite substrates
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9) Morphology and osteoblast density

Morphology and osteoblast density on composite substrates after 9 d culture
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10) Variations of pH and concentrat. of elements
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11) Surface microtexture of biocomposites

Microstructure of composite substrates after 9 d cultivation
|‘1ooc:|-u / G : b W . _ 10 wt%
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plate like brushite particles
with adges oriented parallel to
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better adherence and
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Conclusions

Composite cements were prepared by mechanical mixing of Ca0O-SiO, and Ca0-SiO,-P,0.
systems of different crystallinity with brushite as calcium phosphate source of the
cmenet matrix. The results showed a significant effect bioactive glass addition on the
properties of calcium phosphate composite systems

The phase composition in the final cements and transformation of brushite to calcium
deficient hydroxyapatite were controlled by the Ca/P ratio in the initial cement powder
mixture and by dissolution of calcium silicate and calcium phospho-silicate phase.

Setting time of cement composites were in the range of 5-43 minutes depending on the
bioactive glass content and the rate of transformation of the origin brushite phase.

The compressive strength of the set cements increased with the filler addition and the
highest value (exhibited composite cements with 50 wt% crystalline phase content.

A strong relationship between the composite in vitro cytotoxicity and surface
microtopography was demonstrated. The rougher microstructure and plate like
morphology of coarser particles in cements allowed cells to better adhere and proliferate
contrary to other samples with particles in the form of nanoneedles or thin plates
perpendicularly oriented to sample surface.



Future perspective
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The goal of research:

Electrospray deposition (ESD) of bioactive calcium phosphate thin films on Ti substrates
| .







