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The materials submitted by postgraduate student Emil Veselinov Filipov for the
procedure of defending his Ph.D. thesis for the acquisition of the educational and scientific

degree Doctor fully meet the requirements for assessing the outcomes of his training,

academic achievements, the scientific value of the dissertation, and the candidate’s
contributions.

Emil Filipov obtained his Bachelor's degree in Medical Biochemistry from the

University of Swansea, UK, and his Master’s degree in Tissue Engineering and Regenerative

Medicine from the University of Applied Sciences FH Technikum, Vienna, Austria,

accompanied by a recognition certificate issued by NACID.

He began his doctoral studies in early 2021 in the program “Physics of Wave

Processes” at the Institute of Electronics, Bulgarian Academy of Sciences, under the

supervision of Assoc. Prof. Dr. Albena Daskalova, working on a topic closely related to his

master’s research. Following the successful completion of his individual study plan, Emil

Filipov was granted permission to defend his dissertation ahead of the standard four-year

period.

During his doctoral studies, E. Filipov co-authored 19 scientific publications in

international journals indexed in Scopus and/or Web of Science, including nine papers in

journals with an impact factor and ten in journals with an impact rank. His work has

received more than 30 independent citations. He has presented his research at 13 national

and international scientific forums. In parallel, the doctoral candidate participated in the

research teams of three scientific projects funded by European (Horizon 2020) and national

(BNSF) programs. As a Marie Sktodowska-Curie ITN fellow (Horizon 2020 program), he was

actively involved in scientific training and international exchange focused on antimicrobial

integrated methodologies.
The dissertation work submitted for evaluation is devoted to the creation of

antibacterial surfaces on biocompatible matrices of polycaprolactone and tricalcium

phosphate by femtosecond laser-induced structuring for enhanced applications in bone

tissue engineering. The scientific problem addressed in the dissertation is of particular
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relevance within the framework of the National Strategy for the Development of Scientific
Research in the Republic of Bulgaria 2017-2030, which identifies applied research in health,
prevention, early diagnosis, and therapy as priority areas of national significance.

The cited literature encompasses over 200 bibliographic sources. Their detailed and
analytical review demonstrates that the doctoral student possesses a comprehensive
understanding of the state of the art in the fields of tissue engineering and laser
modification of biological materials. This foundation has enabled E. Filipov, under the
supervision of Assoc. Prof. Dr. Albena Daskalova, to formulate well-defined research

objectives and tasks, successfully implement them, and critically analyze and summarize
the obtained original results into coherent scientific contributions.

The methodological approach is fully consistent with the dissertation objectives and
includes a comprehensive set of complementary modern techniques for imaging, elemental
and structural analysis, biocompatibility testing (morphological and metabolic), and
evaluation of antimicrobial properties. To further enhance antimicrobial activity, pulsed

laser deposition of a ZnO nanolayer was applied to both laser-structured and control

ceramic matrices of tricalcium phosphate and hydroxyapatite. The mechanical and
physicochemical characteristics (morphology, mechanical strength, hydrophobicity, etc.)
of the laser-treated substrates were examined using X-ray diffraction, energy dispersive

spectroscopy, Raman spectroscopy, scanning electron microscopy, contact angle
measurements, tribological analysis, ellipsometry, optical profilometry, and hardness
testing, among other precise analytical techniques. The viability of human cells with
osteogenic potential cultured on the investigated substrates was assessed through
metabolic assays and morphological analysis. The antimicrobial activity (against 5. aureus

and E. coli) and the biocompatibility of both control and laser-modified matrices were

evaluated through in vitro experiments.
The main contributions of Emil Filipov’s dissertation are of fundamental and applied

significance, and are summarized in six points, thoroughly and precisely reflecting the

candidate’s achievements. Through a systematic study and analysis of the effects of

femtosecond laser structuring on three-dimensional biocompatible matrices of
polycaprolactone and tricalcium phosphate, topographic motifs were successfully created
that enhanced cell adhesion and stimulated osteogenic differentiation.

Various localized surface morphologies were achieved by optimizing laser parameters
- energy, spacing between irradiation zones, scan rate, and number of pulses - resulting in
reproducible topographic patterns without altering the chemical structure of the materials.

The cellular and microbiological studies provide convincing evidence for the potential of

laser-induced microstructures, particularly parallel microchannels, to promote adhesion,
proliferation, and differentiation of human bone cells, supporting successful

osseointegration. The results also confirm the effectiveness of laser-based surface

modification as an approach to enhance tissue integration of biomaterials.
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The dissertation further presents strong evidence for the antibacterial effect of laser-
induced microstructures, which demonstrated inhibited proliferation and morphological
damage in Gram-positive bacteria, offering a promising route for preventing bacterial
colonization in bone tissue repair.

Three publications are directly related to the dissertation, two of which are published
in peer-reviewed journals with an impact factor (WoS), in accordance with Article 3,
Paragraph 2 of the Requirements, Conditions, Rules, and Decisions of the Scientific Council
of IE-BAS for Acquiring Scientific Degrees and Appointing Academic Positions. In two of

these papers, Emil Filipov is the first co-author, which further testifies to his active

contribution to the implementation of the research tasks and the obtained scientific results.
The abstract accurately summarizes the main findings and conclusions of the

dissertation, and the scientific contributions are correctly reflected. The presented work

fully satisfies the legal criteria and the mandatory requirements set forth in the Regulations

of the Bulgarian Academy of Sciences and the Institute of Electronics, implementing the Act

for the Development of Academic Staff in the Republic of Bulgaria.

CONCLUSION

The Ph.D. thesis of Emil Veselinov Filipov presents well-substantiated results,

comprehensive analyses, and clearly formulated summaries, constituting an original
contribution to scientific knowledge. The dissertation fully meets the requirements of Article

6, Paragraph 3 of the Act for the Development of the Academic Staff in the Republic of

Bulgaria, the Regulations for its implementation, as well as the relevant rules and additional

requirements established by the Bulgarian Academy of Sciences and the Institute of

Electronics.

In conclusion, | express my positive assessment and firm conviction regarding the

scientific value and relevance of the research results presented by the candidate in his

doctoral dissertation. On this basis, | recommend that the Scientific Jury confer upon
Emil Veselinov Filipov the educational and scientific degree “Doctor” (Ph.D.) in

professional field 4.1 “Physical Sciences”, specialty “Physics of Wave Processes”.

October 8, 2025
Sofia

/Prof. Victoria Vitkova/

3/3


