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Bioactive and magnetic apatitic bone cement for Bone Regeneration
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INTRODUCTION & AIM

Injectable apatitic bone cement: Bacterial infection: bone lesions

CPC are promising candidates for the regeneration  destroy bone tissue - Can lead
of complex-shape bone defects, and they can toimplant failure.

provide a physical guide to bone cells to promote
bone regeneration. In addition, CPCs can release
drugs along controlled and sustained time kinetics
profiles.

Staphylococcus aureus (gram +) } '
* responsible for two-thirds of skeletal infections B
e can form biofilm

Common treatment:

1.Surgical removal of affected bone 9 Clinical need:
2.Systemic administration of high

dose of antibiotics

Magnetic-responsive
scaffold:

Regeneration of
affected bone tissue
osteointegraton and the local delivery
Callaforentision of antibiotics (as
i Vancomycin, VNC)

4D-scaffold that posses K S '
dynamic and stimuli- d F e ’)
responsive properties that GUIded bone tissue stoameets C

enhance their functionality egeenration (Q/ Endomenalcelzj»-;-
and adaptability. g

Magnetic scaffold

1.Synthesis of Sr-doped aTCP by solid state chemical reaction at 1400°C.

2 FeHA nps Sr-aTCP SrMCPC-VNC 2 Synthesis of superparamagnetic iron-doped hydroxyapatite nanoparticles (FeHA).
| O O OO A Setting VA 7/ 3.FeHA and VNC were mixed with the cement powder phase to develop magnetic
B (o » o " ’ & 2 bone cement containing vancomycin (STMCPC-VNC)
T=37°C

4. Appropriate amounts of powder and liquid, liquid-to-powder (LP) ratio = 0.6, were
mixed to obtain the SrIMCPC cements

RESULTS & DISCUSSION
FeHA Charactenzatlon ~ SrMCPC Characterization

| a) CPC b) SrIMCPC
a) 2500+ b) .
| ﬁm_ | ﬂ\«,_f c) Vancomycin release from
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‘g 1500 4 . ; %40"_ ,} ‘s‘“ . 16 1
(@] 1 g 30- g \ 14 $ 3 3

MW&M

B Initial setting time M Final setting times A

lease (mg/mL)

''''''''''''''''

1)
—_—

| gk
® =)

i
\Y/ my
S
&
2

o e T B o e L o e LA e o o
120 144 168 192 216 2 2 288 312 336

Table 1 ICP-OES, UV-Vis and DLS analysis of FeHA nanoparticles
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% of FeHA in cement formulation 20 22 24 26 28 30 32 34 36 38 40 2 22 24 2 28 30 32 34 36 38 40 Time (h)

M (Am*/kg)

ICP-OES Ca/P 1.47 £0.01 j——J : I (emu/g) 0.00 0.04 0.08 0.13 / Diffraction angle (26) Diffraction angle (26) S . d
(Ca + Fe)/P 1.78 +0.02 1 . . . . ustaine
Fe/(Ca + Fe) mol% 7475059 o] 20 wt% of FeHA respect to aTCP is best compromise in terms of elease of YNC

. b e o R - injectability, paste workability, setting times and magnetic

® € e e | over 1 week

Fe'*™ 9% .(Fe:’ﬂFe tot) 94.24 I be h avi our.

DLS C-potential (mV) —209.20+0.50 I
Zaverage (um) ; Biological evaluation: Sa0Os-2 osteoblast-likeCells

Magnetic cements are
N biocompatible,
I 2an °
=»  |mprove osteoblast

proliferation under

Allcements . ..
| formulation supported
cell attachment and
- spread on the surface.
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XRD and FTIR: typical pattern of nanocrystalline -
HA with trace of magnetite (§, = 9 wt.%)
Chemical analysis shown Ca/P <1.67
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Cell viability (3 vs CPC)
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ALP activity (% vs CPC)
3

FeHA shows a good in fluid media, attested by No SMF: SMF, and promote
the quite dispersibility low Z-potential and small | cell viability = CPC& osteogenic §
particle size o | | SMF: MagCPC20 dlﬁereqtlatlon as .
FeHA shows superparamagnetic-like behaviour, . c reflected by increased

| pronounced INcrease
i in viability

o

ALP activity when
SFM is applied

SrMCPC: Biocompatible, injectable, and In-Vivotest
self-hardening within ~20 min ﬁs';",fnur;gg;gnf\ T %

SrMCPC: enhance osteoblast proliferation @.@

Osteogenic differentiation is improved, as
Indicated by higher alkaline phosphatase (ALP)
activity under SMF

with a saturation magnetization of ® 6 Am2/Kg SIMCPC

Optimization of magnetic activation parameter
(field intensity, exposure time, ...)

- Magnetic, lloactlve
- Bone Cement

VNC release under the application of pulsed
maghnetic field
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