Contents

List of contributors

Part One Characterization of morphology of polymeric
biomaterials

1  Characterization of 2D polymeric biomaterial structures or surfaces
M.F. Brunella, A. Serafini, M.C. Tanzi

1.1
1.2
1.3
1.4
1.5
1.6

Introduction

Optical microscopy

Stereo microscopy

Fluorescence microscopy

Electron microscopy

Scanning probe microscopy (SPM)
References

Further reading

2 Characterization of morphology—3D and porous structure
H.J. Haugen, S. Bertoldi

2.1

22
23
24
25
2.6
2.7
2.8

3D porous structures: porosity and other relevant morphological
parameters

Morphological characterization by microscopy observation
Determination of porosity by density measurements

Gas pycnometry

Mercury porosimetry

Flow porosimetry

Micro-CT

Conclusions

References

Part Two Surface characterization

3 Wettability and contact angle of polymeric biomaterials
G. Agrawal, Y.S. Negi, S. Pradhan, M. Dash, S.K. Samal

31
32
33

Introduction
Interpretation of biomaterial wetting properties
Methods of measuring contact angle

9]

NN W

14

19
21

21
22
26
28
30
35
36
48
48

55
57
57

58
62



vi

Contents

3.4 Wettability of polymeric materials and its modification for
biomedical applications

3.5 Conclusions
Acknowledgments
References

X-ray photoelectron spectroscopy (XPS) and time-of-flight
secondary ion mass spectrometry (ToF SIMS)
L’H. Yahia, LK. Mireles
4.1 Introduction
4.2 Basic principle of X-ray photoelectron spectroscopy
4.3 Basic principle of time-of-flight secondary ion mass spectroscopy
4.4 Sample preparation
4.5 Examples
4.6 Conclusion
References

Part Three Structure analysis

5

Molecular weight of polymers used in biomedical applications
O. Dragostin, L. Profire
2.1 Introduction
2.2 Methods used for determining molecular weight of polymers
2.3 Conclusions

References

Further reading

Characterization of thermal properties and crystallinity
of polymer biomaterials
M.C. Tanzi
6.1 Thermal transitions in polymer materials
6.2 Thermal analysis
6.3 Crystallinity in polymers
6.4 Conclusions
Acknowledgments
References
Further reading

Characterization of polymeric biomaterials: Theory and practice
S. Pradhan, S. Rajamani, G. Agrawal, M. Dash, S.K. Samal

7.1 Introduction

7.2 NMR analysis of polymeric biomaterials

7.3 FTIR analysis of polymeric biomaterials

7.4 RAMAN analysis of polymeric biomaterials

7.5 Conclusion

68
77
77
78

83

83
84
88
90
91
95
%

99
101

101
106
118
118
121

123

123
124
130
145
145
145
146

147

147
149
157
166
169

e e e

i e e e

o




Contents

vii

Acknowledgments
References

Part Four Mechanical properties

8

10

11

Static and uniaxial characterization of polymer biomaterials

L. Draghi

8.1 Introduction

8.2  Fundamental concepts: stress and strain

8.3  Stress-strain curves in uniaxial testing

8.4  Fundamental concepts: true stress and strain

8.5  Flexural loading

8.6  Toughness, resiliency and impact test

8.7  Performing mechanical test: practical considerations

8.8  Stress-strain curves in polymer: representative behaviors
and data significance

8.9  Application-oriented characterization protocols

8.10 Concluding remarks

References
Further reading
Normative references

Dynamico-mechanical characterization of polymer biomaterials
L. De Nardo, §. Faré

9.1
9.2
9.3
9.4

Introduction

Dynamic mechanical testing
Practical examples
Conclusions

References

Rheometry of polymeric biomaterials
A. Borzacchiello, F. Della Sala, L.A. Ambrosio

10.1
10.2

10.3
10.4

Introduction

Apparatus and experimental tests for rheological
characterization of polymeric biomaterials
Rheological behavior of polymeric biomaterials
Conclusions

References

Surface mechanical properties
D. Jarzabek, M. Michatowski

11.1
11.2
11.3

Atomic force microscope

Classical instrumented nanoindentation
Conclusion

References

169
170

175
177

177
178
181
184
186
188
191

193
196
200
200
201
202

203

203
203
217
230
231

233
233

234
242
249
249

255

255
274
278
279



viii Contents

Part Five Biological characterization 283
12 In vitro interaction of polymeric biomaterials with cells 285
A. Sousa, 8.C. Neves, 1.C. Gongalves, C.C. Barrias
12.1 Introduction 285
12.2  Cytotoxicity tests 287
12.3 Hemocompatibility tests 292
124 Analysis of cell-material interactions 293
12.5 Emerging technologies 303
12.6 Concluding remarks and perspectives 308
Acknowledgments 309
References 309
13 Interaction of polymeric biomaterials with bacteria (static) 317
E. Giupponi, G. Candiani
13.1  Introduction 317
13.2  Prokaryotes: Cell structure and growth 317
13.3  Bacterial adhesion on surfaces 320
134  Biofilm formation 321
13.5 Examples of typical biofilms 323
13.6  Biofunctional surface engineering 324
13.7  Methods for surface functionalization 327
13.8  Techniques used to study bacterial adhesion and biofilm
formation 328
13.9 Standards used to study bacterial behavior 331
13.10 Conclusions 333
References 334
14 Invitro dynamic culture of cell-biomaterial constructs 339
S.A. Riboldi, S. Bertoldi, §. Mantero
14.1 Introduction 339
14.2 Bioreactors in scientific research 340
14.3 The bioreactor industry 348
144 Bioreactors in the clinical practice 351
14.5 Conclusions 354
References 356
Part Six Case studies 365
15  “Traditional” polymer medical devices: Ex vivo analysis 367
L. Altomare, S. Faré
15.1 Introduction 367
15.2  Ex vivo characterization of explanted devices 368
15.3 Explanted silicon breast implant 371

154 Orthopedic UHMWPE retrieved components 384



Contents

15.5

Conclusions
Bibliography
Further reading

16 Collagen hydrogel-based scaffolds for vascular tissue regeneration:
Mechanical and viscoelastic characterization
S. Meghezi, B. Drouin, D. Mantovani

16.1
16.2
16.3

16.4
16.5

Introduction

Collagen hydrogel-based scaffolds as nonconventional materials
Viscoelastic mechanical characterization of collagen-based
hydrogels: Practical examples

Nonconventional analysis techniques: The need for modelization
Conclusion

Acknowledgments

Conflict of interest

References

17 Polymer scaffolds for bone regeneration
M. Meskinfam

17.1
17.2
17.3
17.4
17.5
17.6
177
17.8

Index

Introduction

Principles of bone tissue

Tissue engineering as a promising approach for bone grafting
Polymeric materials for bone tissue regeneration

Methods of scaffold fabrication

Required characterization for fabricated scaffolds

Case studies

Conclusions and future trends

References

Further reading

394
394
396

397

397
398

409
425
433
435
435
435

441

441
442
444
445
446
449
451
471
472
475

477



