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Assistant Emil Veselinov Filipov was born in 1995 in the city of Varna, Bulgaria. After
completing his secondary education at the Second English Language School “Thomas Jefferson”
in Sofia, he continued his education at Swansea University, Wales, where he obtained a
Bachelor’s degree in Medical Biochemistry. He continued his education in a program for the
acquisition of a Master’s degree in Tissue Engineering and Regenerative Medicine at Vienna
University of Technology, Austria, and he graduated in 2021. In 2020, he joined the Institute of
Electronics, Bulgarian Academy of Sciences, where he held the positions of junior researcher,
physicist, and assistant. In 2021, he was enrolled in a part-time PhD program at the Institute of
Electronics with the dissertation topic “Control of the Antimicrobial Properties of
Polymer/Ceramic Matrices through Laser-Induced Processing for Orthopedic Applications”,
under the supervision of Assoc. Prof. Albena Daskalova, PhD.

The focus of the present dissertation is on the development of antibacterial surfaces on
biocompatible matrices through femtosecond laser structuring. As biocompatible matrices,
polycaprolactone and tricalcium phosphate were used. A potential end-user of the results

obtained in this dissertation is the field of modern implantology, with particular emphasis on
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developing an innovative approach to enhance the application of biodegradable materials in bone
tissue engineering. In the context of the continuous striving to improve and enhance the quality
of human life, the development of new materials for modern biomedicine is of growing societal
interest. In recent years, tissue engineering has established itself as a key method for replacing
tissues and organs in cases of various injuries. In this sense, the development of new materials
for contemporary implantology and their optimization for specific applications represents a
promising and relevant research direction. It is important to note that the research topic of this
dissertation is fully aligned with the National Strategy for the Development of Scientific
Research in the Republic of Bulgaria 2017-2030, which identifies from one point of view
acquiring new knowledge in the field of materials science, and from another one, conducting
research related to health and quality of life. This makes the topic of the dissertation particularly

timely and relevant.

The dissertation is presented on 137 pages and contains 59 figures and 4 tables. A total of
202 references have been cited. The work is structured into the following sections: Introduction;
Literature Review; Objectives, Tasks, and Methodology of the Research; Results; Discussion;
Conclusion; Main Contributions; List of Publications Related to the Dissertation;
Acknowledgments; and References. The Introduction provides a detailed overview of the
relevance of the research topic. It provides in depth discussion on the importance of developing
materials to meet the needs of modern biomedicine and implantology, and concludes with a
concise definition of the objectives and tasks of the dissertation. The Literature Review is
divided into three related parts. The first one examines current standards and challenges in
orthopedic implants, as well as alternative biocompatible materials for bone tissue regeneration.
Particular emphasis is placed on the advantages of polycaprolactone and tricalcium phosphates.
A major drawback of implants remains the risk of bacterial infections. The second part focuses
on the processes leading to the formation of bacterial biofilms on implant surfaces. It describes
the key physicochemical and topographical factors influencing bacterial cell adhesion, as well as
strategies for prevention through active and passive mechanisms. The emphasis is placed on laser
surface modification as a method for limiting bacterial adhesion. The third part of the literature
review addresses laser structuring of biomaterials. The advantages of femtosecond laser
structuring for creating localized micro- and nanotopographies with precisely defined

morphological characteristics are highlighted. In my opinion, the PhD student demonstrates an
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excellent understanding of the global scientific literature. In this part of the dissertation, more
than 130 references are cited and are in depth analyzed. This is clear evidence of a high level of
awareness and expertise in the research field. The subsequent part of the dissertation presents in
detail the experimental work and the original results obtained. The section “Objectives, Tasks,
and Methodology of the Research” begins with the formulation of the research aims and
objectives, followed by a description of the experimental methods employed. The processes
involved in the synthesis of three-dimensional matrices of polycaprolactone and tricalcium
phosphate are described in detail, with the main focus placed on their surface structuring using
femtosecond laser irradiation. The laser systems used, as well as the analytical techniques for
evaluating the physicochemical properties before and after processing, are presented. The
dissertation also describes in vitro cell and microbiological studies conducted with biological
cells and bacterial strains. The results of spectroscopic, microscopic, and X-ray diffraction
analyses, as well as surface wettability assessment, reveal the effects of femtosecond laser
structuring on the polymer and ceramic matrices. Furthermore, the synthesis of polymer matrices
made of polycaprolactone and composite structures with tricalcium phosphate fabricated by
three-dimensional printing is examined. The aim is to optimize the fabrication procedure as well
as the surface functionalization by a treatment via femtosecond laser radiation. Surface
structuring under different laser parameters leads to the formation of microchannels or
microprotrusions without undesirable structural defects. Microscopic, spectroscopic, and X-ray
diffraction analyses showed that the processing did not alter the chemical structure of the
materials, while contact angle measurements indicated improved wettability. In vitro tests with
bone cells demonstrated that the presence of microchannels enhanced adhesion, orientation, and
differentiation, whereas on Staphylococcus aureus an inhibitory effect and absence of biofilm
formation were observed. The analysis of three-dimensional ceramic matrices composed of
tricalcium phosphate and hydroxyapatite with controlled porosity and a design resembling bone
architecture constitutes the second group of studies in the dissertation. These materials were also
subjected to femtosecond laser structuring, which again resulted in the formation of parallel
microchannels without thermal damage or phase transformations. Due to the lack of intrinsic
antimicrobial activity, the matrices were further functionalized with a nanoscale ZnO film.
Microbiological studies demonstrated that this coating disrupts the morphology and metabolic

activity of Staphylococcus aureus, thereby confirming its antibacterial effect.



As a result of the research activities conducted, six contributions with scientific and
scientific-applied significance have been formulated. They are related to optimizing the
parameters of femtosecond laser irradiation, enabling the formation of controlled
microstructures—microchannels and microprotrusions—on biocompatible polymeric, ceramic,
and composite materials without altering their chemical structure. Innovative 3D-printed
composite scaffolds made of polycaprolactone and hydroxyapatite have been developed,
featuring improved mechanical stability and topographical characteristics suitable for bone
regeneration. It has been demonstrated that laser structuring increases surface roughness and
wettability, thereby stimulating cell attachment and osseointegration. The created microchannel
structures enhance bone cell adhesion and differentiation while simultaneously inhibiting the
growth of Gram-positive bacteria. Through combined laser processing with the deposition of a
ZnO nanoscale coating, ceramic surfaces with pronounced antimicrobial activity have been
obtained. It has been confirmed that femtosecond laser structuring is a reliable, non-contact
method for the functionalization of biomaterials, supporting osseointegration and reducing the
risk of bacterial infections. | fully accept the contributions as defined by the author of the
dissertation.

The results obtained in the dissertation have been published in a total of three scientific
publications, two of which are in the journals Materials and Journal of Functional Biomaterials,
both indexed with an impact factor and ranked in Quartile Q2. The third publication is a paper
presented at an international scientific conference and published in Journal of Physics:
Conference Series, a specialized journal that publishes proceedings from prestigious
international conferences. This publication activity fully meets the requirements of both the Law
on the Development of Academic Staff in the Republic of Bulgaria and the internal criteria of the
Institute of Electronics, BAS (a total of three publications, at least two of which must be in
journals with an impact factor). The fact that the PhD student is the first author of two of these
papers clearly demonstrates his personal contribution not only to the experimental research work
but also to the writing and publication process. Although no official list of citations related to the
dissertation was provided in the submitted documents, my own check in the Scopus database on
October 6, 2025, showed that the articles have already received a total of three independent
citations. This further highlights the relevance and timeliness of the dissertation’s research topic.

In addition, according to the same database, the candidate has a significant publication record,
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including 21 publications, 37 independent citations, and an h-index of 3 — an impressive
research activity for a PhD student. Regarding the educational component, the candidate has
completed language course, successfully passing an English language exam with an excellent
assessment. He has also passed a computer skills exam — a computer course in MATLAB.
Furthermore, the candidate has completed two specialized international courses: “Advances in
materials for medicine” and “Strategies and molecular tools for assessment of antimicrobial
biomaterials”, which are recognized by the Educational Centre of the Bulgarian Academy of
Sciences. He has also successfully passed the mandatory examination in his specialty. The
candidate’s research results have been presented at more than 20 conferences and seminars,
including events at the Institute of Electronics of BAS. He is also an active participant in five
national and international research projects funded from various sources. The entire scientific
and educational activity has earned the PhD candidate a total of 564 credits, far exceeding the
minimum requirement of 200. This represents a substantial overachievement of all formal

criteria for obtaining the educational and scientific degree “Doctor”.

The abstract is written precisely and clearly. It accurately reflects the main results and

contributions obtained in the dissertation.

The dissertation itself is written in a clear language and is easy to read. The goals and

objectives, as well as the conclusions and contributions, are formulated clearly.

I would like to say a few words about Emil Filipov, whom I have known since he joined
the Institute of Electronics at the Bulgarian Academy of Sciences. He has always been an active
young researcher and colleague. He has actively presented the activities of the “Femtosecond
Optics” laboratory to various audiences, both to visitors of the Institute of Electronics and at
other public events. He has consistently been responsive and polite in his communication with
colleagues, as befits a professional researcher. I am particularly impressed by the enthusiasm and
dedication with which he speaks about his scientific work. This indicates that the PhD candidate
deeply understands the subjects he is working on and genuinely enjoys his research. For this
reason, his defense of the dissertation for educational and scientific degree “Doctor” is no
surprise for me. I must also acknowledge the merits of the highly respected scientific supervisor,

Assoc. Prof. Dr. Albena Daskalova, who motivated, encouraged, and instilled the proper



scientific criteria in the candidate throughout his doctoral studies. I congratulate her for carrying

out her responsibilities in a responsible and professional manner.

In conclusion, I would like to confirm that the goals and objectives set in the dissertation
have been achieved at the highest scientific level. An extensive research work has been carried
out, and the results obtained significantly exceed the all kind of requirements for earning the
educational and scientific degree “Doctor.” I express my strongest opinion that the dissertation
entitled “Control of Antimicrobial Properties of Polymer/Ceramic Matrices via Laser-Induced
Processing for Orthopedic Applications” fully complies with the Law on the Development of
Academic Staff in the Republic of Bulgaria, its implementing regulations, as well as the internal
criteria of the Institute of Electronics at BAS. For these reasons, my recommendation to the
highly respected Scientific Jury is to award Emil Veselinov Filipov with the educational and
scientific degree “Doctor” in professional field 4.1. “Physical Sciences,” scientific specialty,

“Physics of Wave Processes.”

09.10.2025

/Assoc. Prof. Dr. Stefan Valkov/



