STATEMENT

regarding the dissertation thesis for obtaining the educational and scientific degree of "Doctor" in
the professional field 4.1 "Physical Sciences", scientific specialty "Physics of Wave Processes"
under the defense procedure at the Institute of Electronics — BAS (Bulgarian Academy of
Sciences)

The statement is prepared by Assoc. Prof. Dr. Mihaela Emilova Koleva
from the Institute of Electronics - BAS, member of the scientific jury according to
Order No. RD 09-201/ 21.07.2025 of the Director of the Institute of Electronics — BAS

Topic of the dissertation:
""Controlling the antimicrobial properties of polymer/ceramic matrices by laser-induced
processing for orthopedic applications™

Author of the dissertation: Emil Veselinov Filipov

Emil Filipov holds a bachelor's degree in "Medical Biochemistry" from the “Swansea
University”, UK and a master's degree in "Tissue Engineering and Regenerative Medicine" from
the “Technical University of Applied Sciences” in Vienna, Austria. In January 2021, he has been
enrolled as a part-time doctoral student at the Institute of Electronics-BAS.

The dissertation presents the development of antimicrobial micro- and nanostructures on the
surface of biomaterials, which will prevent bacterial colonization and subsequent biofilm
formation, while stimulating the attachment of bone cells. The introductory chapter proves the
need for such research. The overview part begins with an introduction to the standards for implants
in orthopedics, modern materials and problems related to bone tissue regeneration and strategies
for creating antibacterial surfaces for implants, with special attention paid to laser structuring of
biomaterials. The experimental part describes the techniques used and the objects studied. The
main results are related to the creation of polymer, ceramic and composite (polymer-ceramic)
materials suitable for bone tissue regeneration, formation of surface three-dimensional structures
by femtosecond laser radiation, monitoring of the cellular and bacterial response to laser-induced
surfaces and the effective tissue repair and regeneration following a fracture. Femtosecond laser
processing is applied as a strategy for creating surface three-dimensional structures that would
represent a favorable environment for bone cell attachment, but would prevent the formation of a
bacterial biofilm. Structures are built on two types of biomaterials — polycaprolactone and
tricalcium phosphate, and they are the subject of research as a potential alternative to current
standards for bone implants. It is confirmed that femtosecond laser structuring induces
morphological patterns on the surface of the materials and suppressed proliferation of gram-



positive bacteria is observed. Non-contact processing with ultra-short laser pulses is identified as
a reliable method for surface structuring of polymeric, ceramic and composite biomaterials,
leading to the creation of localized topographic patterns without changing the chemical structure.
It is proven that the thus modeled local topography plays a key role in improving cell attachment,
leading to successful osteointegration and reducing the risk of bacterial infection when interacting
with microorganisms. The additional surface functionalization of tricalcium phosphate and
hydroxyapatite by deposition of a zinc oxide nanolayer leads to impaired cell morphology with
reduced metabolic activity of bacterial cells after contact with zinc oxide.

| would like to note the large amount of experimental work on the synthesis of the materials and
their characterization. A variety of analysis methods are used. A special part of the dissertation is
devoted to their description, with the doctoral student showing understanding in detail. The results
represent a significant scientific contribution to the interpretation of the fundamental properties of
the synthesized and studied polymer/ceramic materials, as well as their application in tissue
engineering. The dissertation is written very well. The reader is gradually introduced to the topic
by defining the concepts used. The language is clear, but at the same time at a very good technical
level.

The results on which the dissertation is written are published in 3 scientific articles, two of them
are with an impact factor, one is with an impact rank. The results obtained have been presented at
13 international conferences with 23 reports and at 4 national scientific forums with 6 reports. The
mandatory tables from the “Regulations, requirements, conditions, rules and decisions for
candidates for acquiring scientific degrees and holding academic positions at the Institute of
electronics of the Bulgarian Academy of Sciences” are presented. Other documents are also
attached, according to the requirements, supporting the candidate’s achievements. The documents
submitted by the candidate for the defense comply with the requirements of the “Act on
Development of the Academic Staff in the Republic of Bulgaria”. The dissertation consists of 10
chapters, which contain an introduction; overview; methodology, goals and objectives of the
scientific research; discussion. The last 3 chapters present a list of publications, acknowledgements
and a bibliography consisting of 202 cited sources. The dissertation is 137 pages long and contains
59 figures and 4 tables. The abstract is in Bulgarian (46 pages) and correctly summarizes the
content of the dissertation.

My personal impressions of the doctoral candidate are more than excellent — E. Filipov enters the
subject in a short time and, based on his good preparation, reaches a high level in the
implementation of scientific research. | got the impression that this is a very well-organized and
capable young scientist who has good knowledge in both the field of biochemistry and the field of
laser technologies, and easily conducts multidisciplinary research. He is a sought-after partner in
the development of research or applied tasks. Proof of this is his participation in a total of 5



projects, including long-term visits to foreign laboratories. Considering that in 2 of the publications
included in the dissertation, he is in first place in the authorship team, | can assume that the personal
contribution of the dissertation candidate to the obtained results is undoubted, especially since part
of the research was conducted by him on specializations abroad.

The doctoral student points out six contributions in his work. | find them to be well-founded and
justified. They can be defined as significant both for practice and for expanding knowledge in this
area, defining femtosecond laser structuring as an effective method for improving the application
of innovative implants for bone tissue regeneration.

I have no critical comments and questions regarding the dissertation.

CONCLUSION

The topic of the dissertation is topical and socially significant. Modern methods are used and
original results are obtained. The research is related to the development of a strategy for dealing
with one of the leading problems associated with the rejection of orthopedic implants. Based on
everything said so far, | believe that the presented dissertation meets the requirements of the “Act
on Development of the Academic Staff in the Republic of Bulgaria” and the regulations for its
implementation in terms of volume and content, and | strongly recommend that the esteemed
Scientific Jury award Emil Filipov the educational and scientific degree of "doctor” in field 4.1
Physical Sciences (specialty: Physics of Wave Processes).
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