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Review of the doctoral thesis of Mr Luca Bertolla

Title of thesis: Mechanical reinforcement of Bioglass@-Based Scaffolds

Opponency Review

General presentation of the thesis' subject with emphasis on the main scientific and
technical problems discussed
The thesis has focused on providing different approaches to reinforce 4555 Bioglass
(BG)-based scaffolds and bulk BG materials. The scaffolds were fabricated by the foam
replica technique and reinforcing was provided by coating the 3D scaffold structure with
a composite coating consisting of a biopolymer (PVA) and microfibrillated cellulose
(MFC). For the bulk bodies, spark plasma sintering (SPS) was considered to produce
dense samples including also Bioglass@/BNNSs composites aiming at investigating SPS
to produce glass/crystalline microstructure not possible to be achieved with conventional
sintering methods. ln the case of 3D scaffolds the mechanical properties were also
investigated by computational methods (FEM) in addition to consider the interaction at
the interface between the BG-based scaffold and the coating (e.9. wettability). ln detail,
Mr. Beftolla took into consideration the effect of the cavity formed in the scaffold struts,
which is a consequence of the burning-out of the sacrificial template in the foam replica
method.

Upto-dateness of dissertation topic
Even if the concept of reinforcing Bioglass@ scaffolds by polymer coatings is not novel
(first research published by Boccaccini group at lmperial College London in 2006 (Chen,
Boccaccini, J. Biomed. Mater. Res.77A (2006) 445-457), innovative scientific concepts
have been introduced in this project, including, i) use of MFC as reinforcing element of
the coating, ii) comprehensive fractographic analysis and iii) application of computational
methods to gain knowledge on the actual reinforcing mechanism and parameters
affecting it. ln addition, another innovation of this project was the testing of the scaffolds
in tension. While in the predicted applications of the scaffold compressive loads are
expected, testing in tension should provide. knowledge on the reinforcing effect of the
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polymer (or composite) coating. ln relation to the bulk materials, the use of spark plasma
sintering, again not being completely novel, was investigated to a suitable extent,
especially considering the mechanical properties and the effect of the glass-crystalline
microstructures produced. The production and application of BNNSs to reinforce BG
bulk bodies is innovative.

Current state of the topic
The author has considered and cited the relevant literature in the field, the description of
the state of the art of the topic is satisfactory.

Obiective of the dissertation
The objectives of the dissertation were clearly given, in particular Chapter 3 clearly
states the aims of the work and helps the reader to follow the subsequent chapters.

Procedure applied, results, specific contributions
The procedures applied are sound and well explained. The results obtained add
important information to the field of reinforcing BG for biomedical applications. Thus the
candidate is providing a significant contribution to expanding the field of bioactive glass
by proposing innovative concepts to reinforce both 3D porous scaffolds and bulk bodies
providing also understanding of the mechanisms involved (e.g. by computational
approach, FEM, of the foam unit cell). However, even if it was not part of the
investigation, some implications of the approaches introduced in this thesis for the
applications in mind could be discussed further (e.9. coating BG scaffold with a polymer
or adding BNNSs to BG matrix), for example how is the bioactivity of the BG scaffold
affected by the presence of the continuous polymer/composite coating? (e.9. i) the
polymer is covering the BG surface, hence hindering bioactivity of the BG, ii) what about
the possibly cytotoxicity of the MFC when they are released from the coating, e.g. once
PVA dissolves?, iii) any comment on the coherence of the expected in vivo degradation
of the coating and the BG struts?, etc.).

Formal arranqement of dissertation and linguistic level.
The thesis is well structured in 7 chapters and the references list and appendix,
including the lntroduction and Conclusions chapters. The references (a total of 223) are
included at the end of the thesis. Surprisingly, the thesis does not contain an Abstract.
The short introductory chapter sets the scene for the thesis and presents the field in
which the thesis was carried out. The state of the art (literature review) is presented in
Chapter 2, which covers relevant previous work in the field. Chapter 3 introduces the
aims of the dissertation in a clear and didactic manner, Chapter 4 presents in good level
of detail the materials and methods used in this project. The results of the thesis are
presented in Chapter 5 and Chapter 6 presents the discussion of results. Finally, the
Conclusions are included in Chapter 7, in which also some indications for future work
are included. This chapter concisely summarizes the conclusions of the work and it
captures (but somehow too briefly) some remaining open questions for future research
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activities. The thesis is well presented and organized, the style and structure are

satisfactory. However some corrections are required, for example:
i) ln several figure captions the description of parts of the figure, e.g. a), b), etc. is

not provided, e.g. Fig. 49, Fig. 51, etc.
ii) An abstract is missing
iii) Some references do not have complete information, e.g. ref. 8, ref. 73.
iv) I recommend another correction of the text due to several English (grammatical)

mistakes.
v) Several figures have been taken from already published works, but there is no

indication that the copyright to reproduce them has been obtained.

Recommendation

The topic of the research project is highly innovative, of interesting academic scope and
of relevance for applications of BG-based materials. One important output of the
dissertation is a new family of BG based scaffolds exhibiting improved mechanical
properties. The results are discussed in-depth with suitable comparison with literature
data, which is a mark of the quality of the thesis. Mr Bertolla revised the relevant
literature and acquired knowledge and understanding of the subject and related topics.
The overall quality of the research described is good and indeed many of the results
achieved have been already published in high impact international journals. ln

conclusion, the presentation of the thesis is of good quality, the thesis contains original
results and promising insights in the field of BG scaffolds for bone tissue engineering.
Therefore, I recommend that the thesis is accepted and the candidate is awarded the
PhD academic degree.

Sincerely yours,

Dr.-lng. habil. Aldo R. Boccaccini
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