EVALUATION REPORT

by Assoc Prof. Dr. Velichka Jordanova Strijkova-Kenderova, Institute of Optical Materials and
Technologies "Acad. Y. Malinovski", Bulgarian Academy of Sciences for dissertation work for
awarding the educational and scientific degree "Doctor" in professional direction 4.1 "Physical
sciences", Scientific specialty "Physics of wave processes" by Liliya Plamenova Angelova on
the topic "IMPROVING THE MECHANISM OF CELL DYNAMICS BY SELECTIVE MICRO-,
NANO-MODIFICATION OF BIOMATERIALS FOR TISSUE ENGINEERING APPLICATIONS

Liliya Angelova obtained the Master's degree in Biochemistry in 2011, majoring in Molecular
Biology, at Sofia University "St. St. Kliment Ohridski". In January 2020, she was enrolled as a
full-time PhD student at the Institute of Electronics - BAS and was dismissed in September 2023
with the right to a defense.

The research conducted and the results obtained in her dissertation submitted for review relate to
the development of a methodology and protocol for the synthesis and design of porous polymer-
based (fibroin, PLA) cellular matrices by femtosecond laser-induced micro/nano hierarchical
structuring for application in the tissue engineering of muscle and bone tissues and for obtaining
bio-interfaces between the tissues of the recipient and the foreign implant. The research and the
obtained results are socially significant, because they are related, on the one hand, to the creation
and optimization of micro- and nano-hierarchical structure on innovative biomaterials with
precisely controlled and reproducible surface and characteristics, and on the other hand, they can
contribute to the improvement of human health in recovery of bone injuries and muscle tears.

The PhD thesis consists of an Introduction, Literature Review (Chapters 1 and 2), Experimental
Part (Chapters 3 and 4), Conclusion, Main Contributions, List of Publications and References
consisting of 485 cited sources. The dissertation is presented on 192 pages and contains 60 (more
of which are multi-component) figures and 13 tables.

Chapter 1 provides a basic overview of the physiology of bone and muscle tissue as part of the
musculoskeletal system in the human body. Main focus is on their regenerations as a result of
trauma, disease and aging, as well as to the main groups of biocompatible materials used in tissue
engineering as an alternative method of repairing injured tissues. This chapter also describes the
main methods for creating porous matrices - their features, advantages and disadvantages. In
Chapter 2, a basic overview of the mechanisms of interaction of femtosecond laser radiation with
biocompatible materials, as well as the main processes occurring during this interaction and
leading to highly controlled ablation for the purpose of surface hierarchical structuring of the
biocompatible polymers used in this PhD thesis.

The second part of the dissertation begins with the aim and the main tasks for its achievement it.
Chapter 3 also describes the starting materials that were used to create the temporary cell



scaffolds, as well as the methodology of obtaining them in the form of 2D matrices (micrometer
plates or thin films). Special attention is paid to the femtosecond laser setup used for hierarchical
surface structuring of the created cell "implants". The main methods used for qualitative and
quantitative morphological and chemical characterization of the studied samples are also
presented. In Chapter 4 of the dissertation, the main original results of the analyzes and studies of
the femtosecond surface "functionalized" biopolymer 2D cell matrices in the form of 2D PLA
plates and fibroin thin layers are described and discussed. In order to optimize the most suitable
laser surface modification parameters, the structure, porosity, cell matrix roughness, wettability,
chemical composition and mechanical properties of the matrices were characterized before and
after laser treatment. A comparison was made between laser micro/nanostructured and untreated
polymer samples in all analyzes performed. The chapter consists of two main sections focused on
the development of a 2D temporary cellular matrix based on polylactic acid and silk fibroin for
application in tissue engineering of bone and muscle tissue, respectively.

To achieve the set aim and objectives, modern and mutually complementary experimental
techniques were used to study and optimize the obtained cell matrices based on polylactic acid or
silk fibroin, for application in tissue engineering of bone and muscle tissue, an additional
biological evaluation was also carried out on the developed temporary cellular models of bone
and muscle tissue. Experimentally proven design of porous polymer-based (silk fibroin,
polylactic acid) cellular matrices by femtosecond laser-induced micro/nano hierarchical
patterning was obtained for application in tissue engineering of muscle and bone tissues and
biointerfaces between the recipient's tissues and its foreign implant, leading to adhesion,
orientation, proliferation, migration and differentiation of different cell lines with high potential
for future application in the in vivo regeneration of injured and dysfunctional tissues.

The results on which the thesis were published in 3 scientific publications, 2 of which with an
impact factor and 1 with an impact-rank, and were reported at 16 national and international
scientific forums in the country and abroad, and one of the participations was awarded with best
poster presentation award. In 2 of the publications, the PhD student is the first author.

The PhD thesis is written in understandable language, which is at a good terminological and
technical level. All terms, sample preparation and testing methods are described in detail. The
results are illustrated very well with informative figures and detailed tables. A very good
impression is made by the brief description of the purpose and tasks at the beginning of each
chapter and the summary of the results obtained at the end of each chapter.

The PhD thesis abstract correctly reflects the main points and scientific contributions of the PhD
thesis.

[ have a few critical remarks, which, however, in no way change my overall positive impression
of the PhD thesis: 1) in Table 2 (Thickness [pm] and Roughness (Average Linear Roughness
(Ra) and Surface Roughness (Sa) [um])) of Laser Treated PLA Samples compared to Control



Surface), in Chapter 4 — Results and Discussion (p. 99- PhD thesis), the column for surface
roughness (Sa) [um] is missing 2) some spelling mistakes are noticeable and 3) some of the
figures and diagrams are not of good quality (very small print).

CONCLUSION

The PhD thesis is devoted to an actual problem of social importance, modern experimental
methods and techniques are used and original results of a contributing nature are obtained. The
dissertation work fully complies with the Law on the Development of the Academic Staff in the
Republic of Bulgaria and the Regulations for its implementation. Base on the mind everything
above, I fully recommend and support the award the educational and scientific degree "doctor"
to Liliya Plamenova Angelova in professional direction 4.1 "Physical sciences", scientific
specialty "Physics of wave processes"

Sofia, 09/09/2024

Assoc Prof. Dr. Velichka Strijkova
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