OPINION

on a dissertation for the acquisition of the educational and scientific degree of Doctor in the
professional field 4.1 Physical Sciences, scientific specialty "Physics of Wave Processes”,
authored by Liliya Plamenova Angelova, full time PhD student at the Institute of Electronics
"Acad. Emil Djakov", BAS.

Dissertation Title: "Improving the mechanism of cell dynamics by selective micro-, nano-
modification of biomaterials for application in tissue engineering”

Opinion prepared by: Stefan Tsvetanov Valkov, Assoc. Prof. Dr. at the Emil Djakov Institute
of Electronics, BAS

The dissertation, entitled "Improving the mechanism of cell dynamics by selective micro-
nano-modification of biomaterials for application in tissue engineering" consists of a list of
commonly used notations and abbreviations, an introduction, four chapters, which are divided
into two main sections - literature review and experimental part, conclusion, main contributions,
list of publications, list of references used. It is written in 192 pages and contains 485 references.

This dissertation focuses on the development of porous cellular matrices based on
polymeric materials by femtosecond laser patterning for potential practical applications in tissue
engineering of muscle and bone tissues, as well as for the development of interfaces between the
recipient's tissues and the implant. In the context of the continuous development and
improvement in the quality of human life, obtaining new materials for modern biomedicine is of
increasing interest to modern industry. In recent years, tissue engineering has established itself as
a major method for tissue and organ replacement in various injuries, with temporary cellular
matrices that are based on biocompatible and degradable biopolymers appearing particularly
promising for the regeneration of diseased soft and supporting tissues. In this line of thought, the
development of such matrices, as well as their optimization for specific applications related to
the modeling of muscle and bone tissue by femtosecond laser patterning methods, is a promising
research topic, which makes the work of this dissertation, particularly relevant.

Chapter One discusses the basics of bone and muscle tissue, particularly their
regeneration after trauma, disease, and aging. Particular attention is paid to materials used in
tissue engineering as an alternative method of regenerating injured tissues. Polylactic acid and
silk fibroin, which have been used to produce temporary cell matrices for applications in tissue
engineering of bone and muscle tissue, are discussed in detail. The basic methods for preparing
porous matrices are also presented. Chapter two, which is also a part of the literature review,
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presents the basic mechanisms of interaction of femtosecond laser radiation with biocompatible
materials as well as the main processes that occur during the interaction of laser radiation with
the substance. Femtosecond nanostructuring for the purpose of improving cell adhesion as well
as orientation and differentiation is discussed in detail. The influence of the geometrical shape
and dimensions of the surface structures formed by laser nanostructuring on the possibility of
obtaining repellent structures and antibacterial surfaces, and also for creating cell-
interactive/adhesive implant surfaces is also presented. The experimental part of the thesis is
presented in chapters three and four. This part starts by defining the aims and main objectives.
Chapter three presents the main materials used to obtain the cell matrices and the methodology
of their synthesis. The femtosecond laser equipment used for the surface laser patterning is
presented in detail. The methods used for qualitative and quantitative morphological and
chemical characterization of the samples are also presented in this chapter. Chapter 4 describes
and discusses the main results obtained in this thesis. The laser surface modification parameters
are optimized. The results are presented in two main areas, the development of a 2D polylactic
acid based cell matrix for application in bone tissue engineering, and the development of a 2D
silk fibroin based cell matrix for application in muscle tissue engineering.

As a result of the work performed, a new methodology for the fabrication of fibroin-
based biopolymer thin films as well as 2D polymer matrices based on polylactic acid was
developed. Based on systematic optimization of the technological parameters of laser irradiation,
reproducible surface characteristics and hierarchical structure of the biopolymer materials were
obtained. It has been shown that the application of additional nanofunctionalization of temporary
cell implants leads to the improvement of their adhesive properties and, accordingly, their
application as biointerfaces between the recipient and implant tissues. Based on a biological
evaluation of the developed temporary cell models of bone and muscle tissue, an optimized laser
scanning growth model was developed according to the morphology and physiology of the cell
lines. A design of cellular matrices based on porous biopolymers has been developed with high
potential for future applications in in vivo regeneration of non-functioning and injured tissues. In
my opinion, the contributions presented in the thesis are original and authentic and fully
consistent with the stated aims and objectives.

The results that were obtained within the dissertation have been published in a total of
three articles. Two of them are in the journal Polymers, which has an impact factor of 4.7 for the
year 2023 and a quartile Q1. The third one is published in the Journal of Physics: Conference
Series having an impact rank of 0.18 for the year 2023. This publication activity fully meets the
requirements according to the Law for the development of academic staff in the Republic of
Bulgaria as well as those of the Institute of Electronics of the Bulgarian Academy of Sciences.
The fact that the PhD student is the first author in two of them unambiguously shows her
personal contribution, both in research and experimental work, as well as in their writing and
publication. T did not see a list of citations of the publications in relation to the dissertation in the
documents submitted to me, but my check in the Scopus system dated 05.09.2024 showed that



the articles now have a total of 11 independent citations, despite being published in the last two
years. This further highlights the relevance of the thesis topic.

The author abstract is written accurately and clearly. It correctly reflects the main results
and contributions obtained in the dissertation.

The thesis is written in clear language. It is easy to read. The aims and objectives as well
as the conclusions and contributions are clearly stated.

I know PhD student Liliya Angelova as a dedicated and competent colleague from the
Institute of Electronics at BAS. We have talked many times on topics related to the dissertation,
as well as on other research issues. I have also had the opportunity to listen her presentations at
international scientific conferences. She has always expressed competent and reasoned opinions.
The spirit and enthusiasm with which she has presented the latest scientific results show that she
understands what she is doing and truly enjoys it. For this reason the present performance is a
fully anticipated event for me. However, I cannot overlook the merits of the much-respected
supervisor, Assoc. Prof. Dr. Albena Daskalova. Without her support, there was no way to get to
the successful completion of the PhD program. I would like to express my deepest respect for the
fact that she has done her work professionally and responsibly.

In conclusion, I would like to confirm that the aims and objectives defined in the thesis
have been performed at the highest scientific level. A considerable amount of research work has
been carried out, and the results achieved fully meet and even exceed the requirements for this
type of study.

In my opinion, the dissertation, entitled "Improvement of the mechanism of cell
dynamics by selective micro-, nano-modification of biomaterials for application in tissue
engineering", fully complies with the Law for the development of academic staff in the Republic
of Bulgaria, the regulations for its application, and the internal criteria of the Institute of
Electronics at BAS. For this reason, 1 propose to the Honourable Scientific Jury to award to
Liliya Plamenova Angelova the educational and scientific degree “Doctor” in the professional
field 4.1 “Physical Sciences”, scientific specialty “Physics of Wave Processes”.
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