
Functionalization Techniques of Scaffolds 
for TE Applications
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o Prepare scaffolds with biomimetic properties in
respect to those of the ECM of the tissue to be
engineered, including: biomimetic mechanical
properties, chemical composition, and architecture.

o Main ECM proteins include structural and cell
adhesion proteins able to interact with cell surface
receptors.

o Glycosaminoglycans and proteoglycans mainly
regulate the level of hydration of natural ECM, its
permeability and the traffic and activity of soluble
molecules secreted by cells.

o Each ECM has its proper composition, architecture,
and topography.
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Müller et al. 2013, Soft Matter, DOI: 10.1039/c3sm50803j



Surface
Modification

Improve blood compatibility

Protect the
body from
the device

Modify the
appearance

Increase or decrease
wettability of the surface

Protect the
device from

the body

Alter the
protein adsortion
characteristics

Reduce
(or increase)

tissue adhesion

Add biologically
active substances to

the surface layer
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Polymers Advantages Disadvantages

Natural
(proteins and 

polysaccharides)

- Biocompatible and bioactive
- Biological origin

- Faster degradation rate
- Poor mechanical properties
- Risk of contamination
- Batch-to-batch variability
- High production cost

Synthetic 
(polyesters, 

PCL,  PU, etc, ..)

- High mechanical properties
- Shape stability in physiological media
- Tailored  degradation rate
- Low production cost
- Low  immune response

- Lack of cell recognition moieties to 
induce cell adhesion by integrin 
receptors

- Risk of biodegradation side effects

PRO/CON
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It is crucial to introduce functional groups on the surface of the 
scaffold that will function as cell recognition sites or may act as focal 

points for additional modification with bioactive molecules 
Tallawi et al., 2015, Interface 12: 20150254. 
http://dx.doi.org/10.1098/rsif.2015.0254



Bonzani et al. (2006) 
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Physical encapsulation/immobilization

Absorption of GFs on the 
surface of the scaffolds

Physical encapsulation of 
GFs

Layer-by-Layer Self 
Assembly
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Sahoo et al., J Biomed Mater Res A. 2010 Jun 15;93(4):1539-50.
doi: 10.1002/jbm.a.32645.
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Scaffold: PCL/Tricalcium phosphate
1: Poly amino ester (+)
2: Chrondroitin sulfate (-)
3: BMP-2 (+)
4: Chondroitin sulfate (-)

Layer-by-Layer Self Assembly

Macdonald et al., Biomaterials. 2011 February ; 32(5): 1446–1453. 
doi:10.1016/j.biomaterials.2010.10.052. 

CTR
Osteoblast

Osteocytes
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Covalent Conjugations

Mussel-inspired 
bioconjugations (PDA)

Carbodiimide coupling 
immobilization (EDC)

Other Chemical 
Coupling
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J. Zeng et al. / Colloids and Surfaces B: Biointerfaces 110 (2013) 450– 457
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ECM-Inspired Immobilization
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H. Shen et al. / Biomaterials 32 (2011) 3404e3412 
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Meghdadi et al., Progress in Biomaterials (2019) 8:65–75

Plasma Treatment

El Khatib et al., Molecules 2020, 25, 3176
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depth coded Maximum Intensity 
Projection (MaxIP). 

Non-Treated

Treated with Cold Atmospheric Plasma

El Khatib et al., Molecules 2020, 25, 3176
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Asadian, Nanomaterials 2020, 10, 119; doi:10.3390/nano10010119
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No shear Stress 4h
Static 4h

Shear Stress 10 min
Static 4h

Shear Stress 60 min

H. Shen et al. / Biomaterials 29 (2008) 2388e2399, doi:10.1016/j.biomaterials.2008.02.008

Treated with CO2 

UT-PLGA

PT-PLGA 
(20 W, 20 min)

UT-PLGA/bFGF

PT-PLGA/bFGF
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Nanocarriers for GF Encapsulation and release for Biomedical Applications

Wang et al., NPG Asia Materials (2017) 9, e435; doi:10.1038/am.2017.171
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Techniques for the 
physicochemical analysis of 
the surface functionalization

Microscopy 
Techniques

Surface 
Wettability

Colorimetric 
Analysis

Spectro-
scopy

Techniques
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Microscopy Techniques

Atomic Force Microscopy (AFM)



LECTURE 7 Functionalization Strategies 26

Microscopy Techniques

Scanning Electron Microscopy (SEM)

El Khatib et al., Molecules 2020, 25, 3176
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Surface Wettability

Zhou et al., Macromol. Biosci. 2017, 1700268

Jue Hu, (2015), Journal of Biomaterial Science, Polymer Edition, 26:1; 57-75
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Colorimetric analysis

Bradford assay
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Spectroscopy Techniques

El Khatib et al., Molecules 2020, 25, 3176

XPS analysis
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Spectroscopy Techniques

FTIR Spectroscopy


