












Hierarchical levels of structural organisation in bone

Bone structure



The many scales of organization in natural bone







• Layers of adsorbed and grafted molecules can be
differentiated on the surface in solution.

• Strong interaction may occur, e.g., chemisorption and
covalent bonding.

• Polymer surface modification, offers numerous possibilities
of changing surface characteristics and of enhancing the
biocompatibility.

• A current research problem is the blood compatibility of
implanted materials. Here, surface modification is primarily
intended to modify the material-blood interphase to reduce
platelet adhesion. One approach to enhancing the blood
compatibility of polymer surfaces is plasma deposition of
appropriate substrate. In this way a significant change of
the chemical composition and dimension of the interphase
is achieved.

Geckeler et al, Adv. Mater. 1997, 9, No. 6



https://www.slideshare.net/ashokktt/cell-and-cell-organelles





New research suggests that the tusk is used as a sensory organ, helping the narwhal pick up changes in its 
environment. Researchers say males of the species may use the horns to look for food or find mates. 



Nweeia et al. , The Anatomical Record Vol297(4) 599- 617, 2014



• The narwhal’s hygroscopic collagenous CDJ as a model
system to investigate physico-chemical aspects of nature’s
cushion-like interface between two mineralized tissues:
cementum and dentin.

• Resistance to mechanical load of the CDJ due to a change
in salinity of the environment was observed.

• Given that the fibrillar and nonfibrillar proteins are the
main constituents in the CDJ, it is conceivable that the
observed proof-of-concept can be extended to a human
CDJ similar in composition and structure but narrower in
dimension (a fraction of that of a narwhal CDJ).

• The 1- to 2-mm-wide narwhal CDJ has been proposed as a
mechanistic model which could serve as a biomimetic
template.

Grandfield et al., J Engineering in Medicine
2014, Vol. 228(8) 754–767



Jang et al. J Mech Behav Biomed Mater. 2014 November ; 39: 184–196 



Miguez-Pacheco, Greenspan, Hench, Boccaccini, American Ceramic Society Bulletin, Vol 94, 6



• = Silicon atom
O = Oxygen atom







Hydrolysis

Bone mineralisation
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Poly(acrylic acid)

Reacted glass with silica gel coating





Peptide Based Coating with Antibacterial Property

SIlver/HAP

Peptide

Titanium



Biomedical surfaces 

K. I. Sano and K. Shiba, J. Am. Chem. Soc., 2003, 125, 14234



Characteristic titanium oxide nanopilars

Titanium oxide binder 



Fluorescence imagines of 10 X of magnification (100µm) of functionalized Ti-6Al-4V with E8Tbm, 
2TbmE8, E82Tbm and TbmG4E8  binder at 0, 1, 5, and 10 µM on 24h H2O2 etching titanium plates.



Functionalized HA  

Fluorescence picture of 10 X of magnification (100µm) of functionalised Hydroxyapatite withE8, 
2TbmE8, E82Tbm and TbmG4E8 binder at 0, 1, 5, and 10 µM.



Etching: 8.8 M H2O2 + 0.1 M HCl at 80 °C for 30 min and further thermal oxidation at 500 °C

Ti6Al4V 3D printed surface A: Typical grain characteristics
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porosity  
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Fluorescence micrograph (100 µm) of 3D printed Ti6Al4V (surface A) after dip coating in SBF solution at pH4 and
concentration of 10 µM of labeled peptide aptamers



In contrast 3D printed Ti6Al4Vsurface B has sharper grains.

Micrograph X2000 and X5000 3D printed Ti6Al4V after etching with 8.8 M H2O2 + 0.1 M HCl at 80°C for 30 min and
thermal oxidation at 500 °C
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5FAM-KKLPDAKKLPDAEEEEEEEE

Fluorescence micrograph (100 µm) of 3D printed Ti6Al4V (surface B) after dip coating in SBF solution at pH4 and
concentration of 10 µM of labelled peptide aptamer



1) Both surfaces have the composition of α and ß titanium and is possible to obtain porosity in both cases. The
topography at nano level will be important for coatings and depositions of bioactive materials such as
calcium apatite including hydroxyapatite.

2) After measuring the fluorescence intensities for both samples once the peptide coating was on the surface
it was a notable 30% increase in intensity of surface A compared with surface B.

Important Remarks



Antimicrobial Peptides



Antimicrobial Peptides



Human defensins
α-defensins

β-defensins

Stamboulis A., De Cogan F., Scott R., Antimicrobial surface, International Patent Application No. PCT/GB2015/050544,
Publication No WO2015128643 A1



Antimicrobial peptide coating

AMP

TBP

Titanium plate

Use of RKLPDA titanium binding peptide (TBP)  
Bi-functional hybrid antimicrobial peptide – TBP (AMP-TBP)



• AMP-TBP peptide attachment to 
the surface

Synthetic Biology? 



Fluorescence microscopy and Release studies

Heterogeneous coating

67% of peptide was released after 1h

Release studies at pH 7.4, 37oCFluorescence imaging of fluorescein 

labelled peptides   



How can we make AMP coating better? 

Catechol group



Adhesive polymer antimicrobial coating

AMP

Adhesive polymer
Titanium plate

AFM image of AMP 

conjugated coating 

Masked surface to allow thickness measurement



AMP–adhesive polymer coating AMP-TBP coating



55% of AMPs were present after 30 days
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