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E. Kohn  et al. 

Ligament regeneration 

Meniscus regeneration 

E.C. Contract N. G5RD-CT-2002-00703 

Bone 

NB  S  

C  

1.25x 

                     CELL- LOADED SCAFFOLDS APPLICATIONS 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   ACELLULAR SCAFFOLDS APPLICATIONS 

PVA/H-cement 

or PCL/HA or GO/HA By sol-gel technique 

4 Weeks 12 Weeks 

 

ESTER OF HYALURONIC ACID GEL 
6 Weeks 

Nucleus 

Bone 

E.C. Contract Disc Regeneration 

Nerve 

regeneration 



The design  of  complex  structural  

architectures  from  sub-micronic  to  

nanometric  dimensional  scale  allows   

geometrically  and  topologically  

mimicking  the  native  state  of  

extracellular  matrix  and  its complex  

supramolecular  assemblies . 

Composites,  Nanofibrous  & gel  scaffolds  

could  be  used  to  mimic  the  fibrillar  

structure  of  ECM, and  provide  essential  

cues  for cellular  organization,  survival  and  

function . 

BIOMIMETIC SCAFFOLDS FOR TISSUE REGENERATION 



- The health care system costs are 

increasing due to the aging 

population and increase of the life 

expectancy ; 

 

- frequently does not match by 

maintenance of high level of 

health and quality of life; 

 

- Modern medicine is based on the 

implementation of a personalised 

approach together a minimally 

invasive surgery for the 

restoration of human tissues and 

organs lost to diseases and 

trauma. 

SOCIETAL CHALLANGES 



 
https://doi.org/10.3892/ol.2015.3855 

OSTEOPOROSIS 

OSTEOCHONDRAL DEFECT 

BONE CANCER 

Minimally  Invasive Surgery: Applications    

SPINE 



INJECTABLE BONE SUBSTITUTE 

PVA/Calcium Phosphate Bio-Cement 

50 µm 50 µm 50 µm 

DAY 1 DAY 3 DAY 14 

PCT/IB2006/052623, 01/08/2006. WO/2007/015208  - Industrial Phase Development. 

 

Liquid  
phase  

(L)  

L/P  
Ratio  

Soaking  
time  

[ Days ]  

Mean  
Strenght  

[ MPa ]  

Youngôs 
Modulus  

[ GPa ]  

PVA 10%  
(MW  

31KDa)   
0.3  3  31 ±  4   4 ±  1  

PVA 10%  
(MW  

31KDa)   
0.3  6  23 ±  5  3 ±  1  

PVA 10%  
(MW  

31KDa)   
0.3  14  15 ±  3   2 ±  1  

No Exothermal reaction 

 

Excellent Bone regeneration 

 

Appropriate mechanical properties 

a-TCP   

PVA 



                        in vivo Results 
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Dr.ssa M. Fini - IOR 



SEM TEM 

XRD 

Hydroxyapatite 

nanoparticles 80-90nm 

with low crystallinity 

mimicking natural HA 

Organo-inorganic hybrids 

Polycaprolactone-HA 

scaffolds and Injectable 

material 

14 days 28 days 

BMSC 

DPSC 

CTR PCL/HA 
OSTEOPONTIN 

Raucci et al, S. J Tissue Eng Regen Med (2013) DOI: 10.1002/term.1768. 
Dessì, M., Raucci, M. G., Zeppetelli, S., & Ambrosio, L. (2012). Journal of Biomedical Materials 

Research Part A, 100(8), 2063-2070. 

3: P2O5/C2H5OH 

30min 

10: Ca(NO3)2x4H2O/C2H5OH 

30min stirring at 25° C 

HA solution 

NH4OH 

pH=11.0 

Strirring 

1h at 37° C 

HA gel 

1h at 37° C 

Gelification at 

37° C 

Dialysis 

pH=7.4 

Synthesis of Hydroxyapatite by SOL-GEL 



Bio-functional Calcium Phosphate 
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Sol-Gel Synthesis 

M.G. Raucci et al. Tissue Eng Part A.  2014 Feb;20(3-4):474-85. doi:10.1089/ten.TEA.2012.0450.  

 
CaP-G3K PLPS Biocomposite 

http://www.ncbi.nlm.nih.gov/pubmed/24229073


Cohesion  

CaP9 CaP9G3KPS 

CaP11 CaP11G3KPS 

@ 72hrs 

@ 21 days in Basal Medium 

Full injectability 

Improvement of 
cell adhesion and 

proliferation 

G3KPS semidendrimer in CaP gel materials induces  osteoinductive effect 

G3-KPS-CaP: hMSC Interactions 



Osteoporotic 
rat model 

@24hrs 
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The best results were obtained for injectable 
materials with G3 KPS , with  and w/o Sr 

@ 8weeks 

              In Vivo Results 

B. Yuan,  *M.G. Raucci,  Y. Fan,  X.Z hu,  X. Yang,  X. Zhang,  M. Santin, L. Ambrosio.  

Journal of Materials Chemistry B, 2018, DOI: 10.1039/C8TB02526F 



Graphene/Graphene Oxide 
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SAMPLES THEORETICAL 

COMPOSITION 

EVALUATED COMPOSITION  

by TGA 

HA_GO_1%   99% HA      1% GO 99.07% HA        0.93% GO 

HA_GO_1.5% 98.5% HA    1.5% GO 98.79% HA        1.21% GO 

HA_GO_2%   98% HA       2% GO 98.25% HA        1.60% GO 

3:NH4H2PO4/H2O 

Ca(NO3)2 ·4H2O/H2O 

Stirring at 25°C 

GO/H2O 

Sonication 1-2h 

Stirring 3hrs 25° C 

GO/HA solution 

(1-1.5-2.0 wt%) 

Stirring  24hrs  

Composite gel 

materials 

NH4OH pH=11 

TGA  ANALYSIS 

Sol-gel Approach HA-GO-Biocomposite 

M.G. Raucci et al. Tissue Engineering and Regenerative Medicine 2016 10.1002/term.2119 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GO/HA 2%  

GO/HA 2% 

EDS analysis 

GO/HA 1.5% GO/HA 1% 

Ca/P=1.66 

Morphological Characterization: SEM 

The HA nanocrystals were intercalated in the GO sheets 



The high specific surface area of GO is leading to  a  network 

within the biocomposite as well as to the optimization of the 

mechanical performance. 

GO/HA 1% GO/HA 1.5% 

GO/HA 2% 

HA 

70nm 

HA 

GO 

GO 

Morphological Characterization: TEM 



HAGO 

Cellular behavior 

@24hrs 

Cell tracker Green CMFDA 

HA 

GO_SBF 

GO 

Adhesion 

Proliferation Early Differentiation 

V Direct contact 

V3.2x102 cell/well 

VBasal medium 

M.G. Raucci et al. Tissue Engineering and Regenerative Medicine 2016 10.1002/term.2119 



2D SUBSTRATE FOR 

OSTEOSARCOMA TREATMENT 

BIOLOGICAL PROPERTIES_2D BLACK PHOSPHOROUS 



                        2D Therapeutic materials  

Patent Number: 102018000008405-06/09/2018 

M.G. Raucci, et al. ñExfoliated black phosphorus promotes in vitro bone regeneration and suppresses osteosarcoma progression 

through cancer-related inflammation inhibitionò ACS Applied Materials & Interfaces. 2019. DOI: 10.1021/acsami.8b21592 

http://www.iccom.cnr.it/


           2D black phosphorous: cell interactions  

2D bP 

2D bP improves cell proliferation and induces 

higher ALP expression than CTR @ day14 
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2D bP substrate reduces cell proliferation and 

inhibits ALP expression over culture time 
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The ROS reduction induced by 2D bP 

suggests potential antioxidant 

properties 
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2D bP induces an 

increasing of ROS 

production (2X) 

Cocolture Healthy & Cancer Cells 
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Interaction between cells and 2D bP significantly decreased 

IL-6 levels induced by LPS and increased IL-10 levels thus 

suggesting antinflammatory activity 

@day 3 @24hrs 
@24hrs 

Exfoliated black phosphorus substrate (2D bP) promotes in vitro bone regeneration and blocks 

bone cancer progression through cancer-related inflammation inhibition 

http://www.iccom.cnr.it/
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Nucleous pulposus of ID 

Cartilage 

Borzacchiello A. et al., ñRheology of biological fluids and their substituteò. In 

Tissue Engineering and Novel Drug Delivery Systems, ( M.J. Yaszemski, D.J. 

Trantolo, K.U. Lewandroski, V. Hasirci, D.E. Altobelli, D.L. Wise, Editors), Marcel 

Dekker Inc, 2004. 

Synovial fluid 


