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 Emil Veselinov Filipov on the
topic ,, CONTROL OF THE ANTIMICROBIAL PROPERTIES OF POLYMER-CERAMIC
MATRICES THROUGH LASER-INDUCED PROCESSING FOR ORTHOPEDIC
APPLICATIONS”

Emil Filipov obtained the Master's degree in “Tissue Engineering and Regenerative Medicine"
in 2021 at the University of Applied Sciences Technikum Wien in Vienna, Austria. In January
2021, he was enrolled as a part-time PhD student at the Institute of Electronics - BAS and was
dismissed in December 2024 with the right to a defense. He was a Marie Sktodowska-Curie
fellow under the ITN Marie Sklodowska-Curie HORIZON 2020 program, project “Antimicrobial
Integrated Methodologies” (AlMed 861138), where he participated in a specialized training
program that included long-term research secondments in partner countries. He took part in
numerous training schools for young researchers organized within the project, led by prominent
scientists in the field relevant to his dissertation topic.

The presented PhD thesis consists of the following section: Introduction; Literature
Review; Objectives, Tasks, and Methodology of the Conducted Scientific Research; Discussion
of the Results; Conclusion; Main Contributions; List of Publications; and a References section
comprising 202 cited sources. The dissertation spans 137 pages and includes 59 figures (most of
which are multi-component) and 4 tables.

The literature review presents a critical synthesis of scientific investigations related to the
focus of the dissertation. It is divided into three consecutively linked parts, which form the basis
of the dissertation. The first part examines the current standards for materials used in orthopedic
implants and the problems arising after their surgical placement in the body. It outlines modern
alternative biocompatible materials suitable for the regeneration of damaged bone tissue, with a
focus on the advantages of polymeric and ceramic materials—specifically polycaprolactone and
tricalcium phosphates—which are also employed in the experimental work of the dissertation.
The second section focuses on the biomechanical processes and conditions that facilitate the
formation of bacterial biofilms on the surface of implanted materials. It describes the key
physicochemical surface factors and topographical features that influence bacterial cell adhesion.
The section also reviews the main strategies for preventing bacterial infections, including both
active and passive mechanisms of action. The advantages and limitations of each approach are
discussed, with particular emphasis on non-contact surface laser modification of biomaterials as a
method for controlling bacterial attachment. The third section of the literature review addresses



laser structuring of biomaterials of various origins. It compares the interaction of laser radiation
with different pulse durations (nanoseconds, picoseconds, and femtoseconds) with metals and
dielectrics. The mechanisms of interaction between different types of laser radiation and matter
are presented in detail. The advantages of femtosecond laser structuring for achieving localized
topographical patterns with defined micro- and nanomorphological characteristics are
highlighted. The experimental section outlines the main objectives and tasks of the dissertation
and describes the various experimental methodologies applied to achieve the results. It provides a
detailed account of the synthesis processes for three-dimensional polymeric and ceramic matrices
made from polycaprolactone and tricalcium phosphate, respectively. Particular attention is given
to the surface structuring of both materials using femtosecond laser technology, including the
specific laser setups used for the practical implementation of the research. Relevant analytical
techniques for quantitative and qualitative evaluation of the physicochemical properties ot laser-
treated surfaces before and after modification are presented. The dissertation also includes in
vitro cellular and microbiological studies using human bone cells and bacterial strains to validate
the research objectives. Various spectroscopic, microscopic, and crystallographic techniques, as
well as surface fatigue assessment, revealed detailed insights into the effects of femtosecond laser
structuring on the polymeric and ceramic matrices. The dissertation demonstrates a high standard
of academic writing. The reader is effectively introduced to the research domain through the
systematic definition of key concepts and terminology. The language employed is precise and
coherent, demonstrating both accessibility and technical sophistication appropriate to the
scientific context.

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 13 national and
international scientific forums in the country and abroad. One of the contributions was awarded
second prize for Best Poster Presentation at the 23rd International Scientific Conference on
Quality and Education (23ISCQE*2024), which featured international participation. In two of the
publications, the PhD student is listed as the first author in the author collective.

The PhD thesis is articulated in a clear and accessible manner, while maintaining a high
level of terminological and technical precision. All relevant terminology, sample fabrication
procedures, and research methodologies are meticulously described. The results are presented
with clarity and are effectively supported by well-structured and informative figures and tables,
enhancing the overall scientific rigor and comprehensibility of the work.

The abstract has been prepared in accordance with the established requirements and
accurately reflects the main results and scientific contributions of the dissertation.

The scientific contributions of the dissertation can be summarized as follows: enrichment
of existing knowledge and theoretical frameworks, development of new models, and generation
of novel results with potential for further practical application. The most significant contribution,
in my view, is the development of innovative composite biodegradable matrices composed of



polycaprolactone and hydroxyapatite, fabricated through 3D printing, with the intended function
of supporting bone regeneration. A hybrid structure has been successfully realized, specifically
designed to enhance the mechanical stability required for integration into bone tissue.

[ have several recommendations and critical remarks which, however, do not in any way
alter my overall positive impression of the dissertation: Presenting the surface roughness data in
tabular form for the different surfaces would have facilitated a clearer and more accessible
comparison of the obtained results (pp. 65, 90). Some technical errors were noted in the abstract
(e.g., p- 15 — “105” is repeated), and in several SEM images (e.g., pp. 63, 64 of the dissertation
and pp. 17, 18, 32 of the abstract), the scale markers are rather unclear and difficult to read.

I have had the opportunity to observe Emil Filipov’s professional development and
remain impressed by his growth as a researcher. Based on my personal impressions, I am
confident that the core activities undertaken in the dissertation are primartly his own work. Given
my familiarity with the research group in which Emil Filipov is active, as well as with his
academic advisor, I am convinced that the outcomes of this dissertation will pave the way for
new opportunities and applications. In particular, the development of antibacterial surfaces on
biocompatible polycaprolactone and tricalcium phosphate matrices, achieved through
femtosecond laser-induced structuring, holds strong potential for advanced applications in bone
tissue engineering.

CONCLUSION

The dissertation addresses a contemporary and socially significant scientific issue. It employs
advanced experimental methods and techniques, resulting in original findings of contributory
value. The work fully complies with the provisions of the Law on the Development of Academic
Staff in the Republic of Bulgaria (LDASRB) and the corresponding regulations for its
implementation. The doctoral candidate has accumulated a total of 564 credits, substantially
exceeding the minimum requirement of 200 credits set by the Central Office of the Bulgarian
Academy of Sciences (CO-BAS).

In light of the above, I tirmly recommend and fully endorse the awarding of the educational and
scientific degree "Doctor" to Emil Veselinov Filipov in the professional field 4.1 "Physical
Sciences", specialty "Physics of Wave Processes".

Sofia, 29/09/2025

Assoc Prof. Dr. Velichka Strijkova
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