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The goal of the research presented in the dissertation is clearly formulated — the implementation of a
strategy to address one of the leading problems associated with the rejection of orthopaedic
implants - the development of bacterial infections. The main goal is the creation of antibacterial
surfaces on biocompatible matrices of polycaprolactone and tricalcium phosphate by femtosecond
laser-induced structuring for improved applications in bone tissue engineering. To achieve this, four
main tasks have been set, all of which are experimental: creation of biocompatible three-
dimensional matrices of polycaprolactone and tricalcium phosphate; surface functionalization by
applying femtosecond laser radiation to obtain laser-induced surface microstructures with controlled
morphology and laser-based deposition of nanometric layers of zinc oxide; monitoring the effects of
ultra-short pulse laser radiation on the topography and physicochemical properties of both types of
three-dimensional matrices and validating laser-based methodologies for surface functionalization
by conducting cellular and microbiological studies.

The introduction briefly and comprehensively presents the problems associated with the
increasingly frequent use of implants today - in particular bone implants - and the challenges of
finding materials for them that meet many requirements at the same time, such as: featuring certain
physical characteristics - hardness, elasticity, wear resistance, etc., as well as not being rejected by
the body, not favouring the development of biofilm and In certain cases being biodegradable, so to
avoid a subsequent secondary operation to remove them.

The literature review, based on over 130 literature sources, examines in great details all the aspects
relevant to the topic of the dissertation: modern materials and problems in bone tissue repair,
current standards for implants in orthopaedics, the application of biodegradable materials for the
repair of damaged bones (ceramic and polymer), as well as the problems associated with their
implementation. The causes of bacterial infections (the formation of a biofilm on the surface of the
implant, the factors affecting bacterial adhesion) are examined in detail, as well as strategies for
creating antibacterial surfaces on implants. The issue of the increasingly widely used laser
structuring of biomaterials in order to change the functionality of the surfaces with different types
of laser sources depending on the time duration of the laser pulse is examined thoroughly too.



The third chapter of the dissertation sets the tasks to be performed and provides the methodology
for conducting the planned scientific research. The extremely detailed description of each of the
working methods and the way to characterise the results obtained is very impressive: the creation of
cell matrices based on polymers and ceramics; surface functionalization by imparting different
structures to the matrices; the study of the interaction between laser radiation and biocompatible
matrices by using different techniques for visualisation of the induced changes, assessment of the
chemical structure of the elements, degree of wear, assessment of the change in hardness after laser
exposure and the change in wettability; the study of the surface functionalization of ceramic
matrices to impart antibacterial properties; in vitro studies to determine the antimicrobial activity
and biocompatibility with bone cells and the monitoring of the antimicrobial effect of the
functionalized with laser radiation and an additional nanolayer of ZnO ceramic matrices against S.
aureus

The fourth chapter presents the results of the dissertation.

The main task of the dissertation is to create a methodology for solving an extremely important problem
related to the ever-increasing use of implants to improve the quality of life, namely the rejection of
orthopedic implants due to the development of bacterial infections.

The presented research focuses on the creation of surface patterns on matrices of polymeric and ceramic
biomaterials by femtosecond laser ablation, without damaging the integrity and the chemical structure of
the respective matrices, aiming their application as bone implants. Innovative composite biocompatible
and biodegradable matrices suitable for bone tissue regeneration based on polycaprolactone and
tricalcium phosphate/hydroxyapatite have been created by 3D printing. The latter are surface structured
by femtosecond laser radiation in order to improve the attachment of bone cells during implantation,
while at the same time limiting the attachment of bacteria.

The parameters of the laser radiation (energy, raster scanning speed, number of pulses, distance between
laser-induced zones) leading to stable reproducible laser-induced topographic patterns - microchannels
and microprotrusions - without the presence of undesirable thermal effects on the surface of the material
in the areas around the ablation site (melting of material or cracking) were identified.

It has been shown that appropriate selection of the operating parameters of femtosecond laser
radiation allows modeling of ceramic surfaces from P tricalcrum phosphate without changing its
chemical structure, which would compromise the stability of the matrix under physiological
conditions.

As a result of the surface structuring, the surface of the obtained matrices was modified, forming
different surface structures — protrusions and channels. The influence of different parameters of laser
radiation for obtaining these structures was studied, as well as their influence on the semi-crystalline
state of the polymer and the degree of wetting, by measuring the contact angle. Subsequently, the
influence and the obtained surface modifications on the adhesion of cell cultures — bone and microbes —
were studied. It was found that laser-induced microchannels improve the surface wettability, reducing
the hydrophobicity of polycaprolactone.

It was investigated how the addition of hydroxyapatite to polycaprolactone affects the hardness and
wear rate of the polymer matrix and also how the interaction between laser radiation and its surface
changes.

The results of the research demonstrated improved attachment of human bone cells from the MG63
cell line, including the guidance of their orientation and growth, on three-dimensional
polycaprolactone matrices through the formation of microchannels and microprotrusions.



In vitro experiments with human bone cells have demonstrated that laser-induced microchannels
significantly improve their attachment and cell orientation. It has been established that the use of
microchannels for structuring the matrix leads to an increased amount of attached cells with a
specific growth direction and promotes cellular differentiation of bone cells. It has been
demonstrated that this type of topographic pattern has an inhibitory effect on the development of S.
Aureus, without forming a bacterial biofilm. This gives reason to conclude that the methodology
used has successfully achieved the set task.

The creation of three-dimensional ceramic matrices of tricalcium phosphate and hydroxyapatite
with controlled porosity and the influence of subsequent functionalization with a femtosecond laser
were investigated. Given the lack of inherent antimicrobial properties for tricalcium phosphate and
hydroxyapatite, an additional surface nanolayer of zinc oxide was applied. Microbiological tests
with S. aureus showed that the nanolayer had a strong effect on the bacteria - impaired cell
morphology with potential loss of intracellular substance, complemented by decreased metabolic
activity of the bacterial cells after contact with zinc oxide.

As a result of the dissertation work, antimicrobial properties were obtained for each of the studied
materials through surface structuring, while at the same time these structures help in the attachment
and proliferation of bone cells.

In the last chapter of the dissertation, a thorough critical analysis of the achieved results is made.

The tasks set in the dissertation are fulfilled in depth and with an understanding of the various
mechanisms that determine the obtaining of a surface structure with the desired qualities on
composite biodegradable matrices and those that influence the body's acceptance of the placed bone
implants.

The presented work is scientifically applied, multidisciplinary, requiring knowledge in quite
different scientific fields, such as physics (in particular the interaction of laser radiation with matter)
and medicine - the use of materials for the manufacture of bone implants and their functionalization
to increase biocompatibility. The presentation of the dissertation demonstrates Emil Filipov's
profound knowledge in both fields.

The presented methods for functionalizing implant surfaces and the obtained results represent a
novelty in the field and I believe that they have great potential to find application in practice.

The requirement for the number of articles according to the "Regulations, requirements, conditions,
rules and decisions for candidates for acquiring scientific degrees and holding academic positions at
the Institute of Bulgarian Academy of Sciences" is 3 publications, two of which must be articles in a
journal with an impact factor. The presented dissertation is based on two articles in journals with an
impact factor and quartile Q2 and one in conference reports. This thoroughly meets the
requirements of the scientific organisation. It makes a very good impression that Emil Filipov is the
first author of two of the publications and the second in the third.

Overall, the candidate's publication activity is very good - in less than five years he has co-authored
19 publications, in five of which he is the first author. This is an indicator of great personal activity
and the ability to work in a team. For such a short period, 30 independent citations have been noted
(at the time of starting the procedure of the dissertation defence, reaching 37 at the time of
submitting the present review). This shows that the topic is relevant and the presented results are
significant.



I have no critical remarks about the presented materials. There are some terminological and
grammatical inaccuracies that do not in any way hinder the accurate understanding of the
presentation.

Conclusion. | know Emil Filipov personally, my impressions are of a very erudite, organised and
consistent young scientist. The scientific results presented in the dissertation show that an extremely
large volume of experimental research work has been carried out using modern methods and
techniques of work, the tasks set in the dissertation have been fulfilled at the highest professional
level and the formulated goal has been achieved. From this it can be concluded that the candidate
possesses in-depth theoretical and experimental knowledge in his scientific area, which is
interdisciplinary, and the ability to conduct independent scientific research. I have no doubt in the
originality of the presented results, and the topic is undoubtedly relevant, as evidenced by the large
number of participations in scientific forums, the significant number of publications and noted
citations. The results in it significantly exceed the requirements set out in the ZRASRB and the
Regulations for its application, as well as the requirements of the educating institution - IE-BAS, for
awarding the educational and scientific degree "Doctor". Based on the above, I strongly recommend
and support the awarding of the educational and scientific degree "Doctor" in professional field 4.1.
Physical Sciences, scientific area "Physics of Wave Processes" to Emil Veselinov Filipov.

Question to the candidate: From the candidate’s acquired education - Bachelor of Medical
Biochemistry and Master of Tissue Engineering and Regenerative Medicine, I can assume that he
has a major role in the work on the dissertation, relating to the 3 D printing of the matrices of
polycaprolactone, tricalcium phosphate and hydroxyapatite, the treatment of the cell cultures and
the subsequent analysis of the results obtained. What is the role of the candidate in the part relating
to the modification of the matrices with laser radiation and the large set of methods for analyzing
the results in general - X-ray crystallography, Raman spectroscopy, scanning electron microscopy,
determination of contact angle and free surface energy and a number of others were used?
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