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INTRODUCTION

Bone regeneration in oro-maxillofacial surgery is a major challenge in the context of
systemic pathologies that alter bone metabolism, of which osteoporosis occupies a
central place due to its impact on bone microarchitecture and bone turnover. The
reduced capacity for regeneration under these conditions determines therapeutic
limitations and a low predictability of reconstructive and implant-prosthetic
interventions.

Although the literature supports the role of vitamin D in osteogenesis and highlights
the potential of nanomaterials in regenerative medicine, there is a shortage of studies
integrating these two directions into an experimental model relevant to osteoporotic
pathology. Moreover, the controlled local application of vitamin D through polymer
nanostructures remains insufficiently explored in oro-maxillofacial surgery.

In this context, the present thesis aims to develop and experimentally validate a
nanostructured chitosan-type system loaded with vitamin D, evaluated through an
integrated in vitro and in vivo approach, on an animal model with osteoporosis, in order
to contribute to the substantiation of a regenerative strategy with clinical application
potential.

The results of the research were disseminated during scientific events, through
presentations held at the Transylvania Congress, as well as during the round tables and
e-poster sessions organized on the occasion of the UMF Days, thus contributing to the
visibility and academic validation of the scientific approach.
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THE CURRENT STATE OF KNOWLEDGE

Bone regeneration is a complex biological process that involves the coordinated
interaction of osteoblasts, osteoclasts, and osteocytes, as well as the integration of
endocrine, paracrine, and mechanical signals. The healing of bone defects involves a
succession of well-defined stages: the initial inflammatory phase, the formation of the
callus, mineralization and final remodeling.

In oro-maxillofacial surgery, bone defects can occur as a result of tooth extractions,
trauma, infections, tumors, or reconstructive procedures. Classic regeneration
techniques include autografts, considered the gold standard due to their osteogenic,
osteoconductive and osteoinductive properties, but limited by the morbidity of the
donor site and reduced availability. Allografts and xenografts offer viable alternatives,
but they have limitations related to biological integration and immunological potential.

Modern tissue engineering is based on the interaction between three essential
components: cells, matrix carriers and bioactive factors. Blomimetic supports reproduce
the three-dimensional architecture of the extracellular matrix, facilitating cell adhesion
and differentiation. In this context, the nanostructuring of materials allows the imitation
of the nanocomposite organization of natural bone, made up of collagen fibers
mineralized with nanometric hydroxyapatite crystals.

Vitamin D, through its active form (1,25-dihydroxyvitamin D), regulates the
expression of genes involved in bone matrix synthesis and mineralization. Its deficiency
is associated with delayed fracture consolidation, decreased bone density, and increased
risk of implant failure. Although numerous studies support the role of systemic
supplementation, the literature highlights the need for controlled local delivery
strategies to maximize the osteoinductive effect.

Polymeric nanomaterials, especially those based on chitosan, exhibit
biocompatibility, biodegradability and functionalization with bioactive molecules.
Chitosan, derived from chitin, provides structural properties favorable to bone
regeneration and can serve as a platform for the controlled delivery of vitamin D.

However, studies investigating the combined effect of vitamin D integrated into
polymer nanostructures, validated under experimental osteoporotic conditions, are
limited. This lacuna justifies the scientific approach of this thesis.

PERSONAL CONTRIBUTION
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Study 1. Effects of vitamin D in osteogenesis - systematic review of the literature

Purpose / Objectives: The aim of this study was to critically evaluate the role of vitamin
D in bone regeneration processes, by analyzing the molecular mechanisms involved in
osteogenesis and its clinical relevance in oro-maxillofacial surgery and implantology.

The objectives were:

1. Identification of the main mechanisms by which vitamin D influences
osteoblastic differentiation and matrix mineralization;

2. Assessing the impact of serum vitamin D levels on bone healing;

3. Analysis of the differences between systemic administration and potential local
application of vitamin D.

Material and methods: The study was conducted in the form of a systematic review of
the literature, including experimental and clinical articles published in international
databases. Studies investigating the relationship between vitamin D and bone
regeneration were selected, both in experimental models and in clinical trials relevant
to the oro-maxillofacial field.

The data were analyzed from the perspective of biological mechanisms, expression of
osteogenic markers and therapeutic implications.

Results: The literature review highlighted that vitamin D plays a central role in
regulating the expression of genes involved in osteogenesis, including type I collagen,
osteocalcin, and alkaline phosphatase. The activation of the VDR receptor stimulates
osteoblastic differentiation and favors the mineralization of the extracellular matrix.

Clinically, adequate serum 25(0OH)D levels correlated with more efficient bone healing,
a reduced rate of postoperative complications, and superior osseointegration of dental
implants. Vitamin D deficiency has been associated with delays in the consolidation
process and suboptimal regenerative outcomes.

Conclusions: Vitamin D is a biological determinant in the process of bone regeneration.
The analyzed data support the need to optimize vitamin status in a surgical context and
justify the exploration of controlled local delivery strategies as an alternative to
exclusive systemic supplementation.

Study 2. Applicability of nanostructured materials in the regeneration of oral
cavity tissues
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Purpose / Objectives: The aim of this study was to evaluate the potential of
nanostructured materials in the regeneration of hard and soft tissues of the oral cavity.

The objectives included:

1. Analysis of physicochemical properties relevant to osteogenesis;

2. Evaluation of the nanomaterial-cell interaction;

3. Identification of the advantages of functionalizing scaffolds with bioactive
agents.

Material and methods: A narrative analysis of the recent literature on the use of
nanomaterials in oro-maxillofacial regenerative medicine was carried out. Studies on
polymer nanoparticles, nanocomposites and biomimetic scaffolds used in bone
regeneration were included.

Data on biocompatibility, osteoconductive capacity and the possibility of controlled
release of bioactive substances were evaluated.

Results: The results showed that the nanostructuring of the surface of the materials
influences cell adhesion and cell matrix reorganization, causing the activation of
osteogenic signaling pathways. The increased surface-to-volume ratio favors the
adsorption of serum proteins and the formation of a bioactive layer.

The functionalization of matrix supports with osteoinductive factors allows the creation
of a local microenvironment capable of stimulating cell differentiation and
mineralization. Chitosan has been identified as a material with suitable properties for
the development of a controlled delivery system.

Conclusions: Nanomaterials represent a promising platform for bone regeneration, and
the integration of bioactive agents into nanometric structures can significantly amplify
the osteogenic response.

Study 3. In vitro evaluation of the osteoinductive capacity of the vitamin D3-laden
chitosan nanoscaffold

Purpose / Objectives: The aim of this experimental study was to develop and
characterize a polymeric chitosan nanoscaffold functionalized with vitamin D3 and to
evaluate its biological behavior under in vitro conditions.

The objectives were:
1. physicochemical characterization of nanostructures;
2. biocompatibility assessment;

3. analysis of the osteoinductive potential by determining specific markers.



Innovative bone regeneration techniques usable in oro-maxillofacial/dento-alveolar surgery 9
in the case of subjects with osteoporosis. Animal model study

Material and methods: The nanostructures were obtained by specific polymer
synthesis methods and loaded with vitamin D3. Morphological characterization
included evaluation of particle size and distribution.

Biological tests were performed on osteogenic cell lines, analyzing cell viability,
proliferation and expression of osteogenic markers (alkaline phosphatase, osteocalcin).

Results: The nanoscaffold showed structural stability and an efficient loading capacity
of vitamin D. Biocompatibility tests demonstrated high cell viability.

A significant increase in the expression of osteogenic markers was observed in the
treated group compared to the control, indicating stimulation of osteoblastic
differentiation and intensification of the mineralization process.

Conclusions: The integration of vitamin D in chitosan nanostructures determines a
significant osteoinductive effect in vitro, confirming the hypothesis of using a controlled
local delivery system.

Study 4. Evaluation of the regenerative potential of the vitamin D3-loaded on
chitosan nanoscaffold - in vivo study on an osteoporotic rat model.

Aim / Objectives: The aim of the study was to validate in vivo the regenerative efficiency
of the developed system, using an experimental model of osteoporosis.

The objectives included:

1. evaluation of bone formation in a standardized defect;
2. comparative analysis between experimental and control groups;
3. correlation of results with in vitro data.

Material and methods: An experimental model of osteoporosis in rats was used.
Standardized bone defects were made and the animals were distributed into
experimental and control groups.

The evaluation of bone regeneration was performed by histological and morphometric
analysis, quantifying the newly formed bone volume and trabecular organization.

Results: The group treated with the nanoscaffold loaded with vitamin D showed a
significantly increased bone formation compared to the control groups. The
mineralization was accelerated, and the trabecular architecture showed a superior
organization.

The results confirmed the system's ability to stimulate regeneration even under
osteoporotic conditions.
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Conclusions: Controlled local delivery of vitamin D via a nanostructured chitosan
scaffold significantly improves bone regeneration in osteoporotic model, demonstrating
translational potential for clinical applications.

GENERAL CONCLUSIONS

This doctoral thesis brings an original contribution in the field of oro-dental
regenerative medicine by integrating the concept of controlled local delivery of vitamin
D3 in a biomimetic nanostructured system, capable of simultaneously modulating the
cellular response, the organization of the bone matrix and the angiogenic processes
involved in tissue regeneration.

The critical analysis of the literature has highlighted the essential role of vitamin D in
osteogenesis and osseointegration, but also the need to develop therapeutic strategies
that overcome the limitations of systemic administration. In this context, the thesis
proposes an innovative approach based on the integration of vitamin D3 in a
nanostructured scaffold, oriented towards the creation of a locally controlled
regenerative microenvironment.

The in vitro experimental results constitute the first original contribution of the study,
demonstrating that scaffold nanotopography, designed to mimic the architecture of the
bone extracellular matrix, exerts a direct effect on the behavior of mesenchymal stem
cells. The optimal formulation NS/Vit. D3-2.5 showed increased biocompatibility,
proliferative stimulation and intensification of osteogenic differentiation, confirmed by
increased matrix mineralization. The controlled release profile of vitamin D3 suggests a
synergistic mechanism between biochemical stimulation and physical signals generated
by nanotopography.

The second major contribution of the thesis is to validate the performance of the
system in a clinically relevant in vivo model, represented by experimentally induced
osteoporosis. The nanoscaffold loaded with vitamin D3 demonstrated a superior
osteoregenerative effect compared to spontaneous healing and standard hemostatic
support, favoring the maturation of the bone matrix, the formation of robust bone
bridges and the development of early vascularization. These results support the
involvement of angiogenesis-osteogenesis coupling mechanisms and indicate that the
nanostructured design can influence the processes of cell mechanotransduction and
trabecular remodeling.

By integrating experimental data and theoretical context, the thesis proposes a new
translational concept, in which nanostructured biomaterials functionalized with
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osteoinductive molecules act as active platforms for regeneration, not just passive
supports. This approach highlights the potential of using biomimetic strategies to
improve bone regeneration in compromised biological conditions, such as osteoporosis.

From a clinical perspective, the results suggest that nanoscaffold-based local delivery
systems could represent a promising alternative to traditional bone augmentation
methods, offering the advantages of a minimally invasive intervention with increased
control over the regenerative microenvironment. However, the preclinical nature of the
study requires a cautious interpretation of clinical relevance, and further investigations
are needed to standardize therapeutic parameters and confirm efficacy in controlled
clinical trials.

Overall, the original contribution of the present thesis consists in demonstrating that
the integration of vitamin D3 in a biomimetic nanostructured scaffold can
simultaneously coordinate osteogenic and angiogenic processes, leading to a more
mature and structurally stable bone regeneration. These results open up new
perspectives for the development of smart biomaterials for dental regenerative
medicine.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF
DOCTORAL RESEARCH

The main original contributions and innovative elements of the present doctoral
research aim at the development and validation of advanced bone regeneration
strategies in oral medicine, by integrating the concepts of nanotechnology, tissue
engineering and biofunctionalization of biomaterials.

e Development of a biomimetic chitosan-based nanostructured scaffold designed
to replicate the architecture of the bone extracellular matrix and to support
bone regeneration through mechanotransduction mechanisms.

e Functionalization of the biomaterial with vitamin D3 and its integration into a
controlled local delivery system, with an osteoinductive role and potential to
stimulate osteogenic proliferation and differentiation.

e Highlighting the synergistic effect between nanotopography and biochemical
stimulation, demonstrated by increasing cell viability, proliferation and
mineralization of the extracellular matrix in in vitro studies.
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Preclinical validation in vivo, in a model of induced osteoporosis,
demonstrating the efficiency of the system in bone regeneration under
compromised biological conditions.

Proposal of an innovative translational concept based on functionalized
nanostructured biomaterials as intelligent bioactive platforms for the
simultaneous coordination of osteogenic and angiogenic processes.
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INTRODUCERE

Regenerarea osoasa in chirurgia oro-maxilo-faciala reprezinta o provocare majora in
contextul patologiilor sistemice care altereaza metabolismul osos, dintre care
osteoporoza ocupad un loc central prin impactul sdu asupra microarhitecturii si
turnover-ului osos. Capacitatea redusa de regenerare in aceste conditii determina
limitari terapeutice si o predictibilitate scazuta a interventiilor reconstructive si
implanto-protetice.

Desi literatura de specialitate sustine rolul vitaminei D Tn osteogeneza si evidentiaza
potentialul nanomaterialelor in medicina regenerativa, exista un deficit de studii care
sd integreze aceste doua directii Intr-un model experimental relevant pentru patologia
osteoporotica. Mai mult, aplicarea locala controlatd a vitaminei D prin intermediul
nanostructurilor polimerice ramane insuficient explorata in chirurgia oro-maxilo-
faciala.

In acest context, prezenta tezi isi propune dezvoltarea si validarea experimentali a
unui sistem nanostructurat de tip chitosan incarcat cu vitamina D, evaluat printr-o
abordare integrata in vitro si in vivo, pe un model animal cu osteoporoza, cu scopul de
a contribui la fundamentarea unei strategii regenerative cu potential aplicativ clinic.

Rezultatele cercetdrii au fost diseminate in cadrul unor manifestari stiintifice, prin
prezentdri sustinute in cadrul Congresul Transilvania, precum si in cadrul meselor
rotunde si sesiunilor de e-poster organizate cu prilejul Zilelor UMF, contribuind astfel
la vizibilitatea si validarea academica a demersului stiintific.
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STADIUL ACTUAL AL CUNOASTERII

Regenerarea osoasa este un proces biologic complex care implica interactiunea
coordonata a osteoblastelor, osteoclastelor si osteocitelor, precum si integrarea
semnalelor endocrine, paracrine si mecanice. Vindecarea defectelor osoase presupune
0 succesiune de etape bine definite: faza inflamatorie initiald, formarea calusului,
mineralizarea si remodelarea finala.

In chirurgia oro-maxilo-faciald, defectele osoase pot apirea ca urmare a extractiilor
dentare, traumatismelor, infectiilor, tumorilor sau procedurilor reconstructive.
Tehnicile clasice de regenerare includ autogrefele, considerate standardul de aur
datorita proprietatilor osteogenice, osteoconductive si osteoinductive, dar limitate de
morbiditatea locului donator si disponibilitatea redusa. Alogrefele si xenogrefele ofera
alternative viabile, Insa prezinta limitari legate de integrarea biologica si de potentialul
imunologic.

Ingineria tisulara moderna se bazeaza pe interactiunea dintre trei componente
esentiale: celule, suporturi matriceale si factori bioactivi. Suporturile biomimetice
reproduc arhitectura tridimensionald a matricei extracelulare, facilitand adeziunea si
diferentierea celulara. In acest context, nanostructurarea materialelor permite imitarea
organizarii nanocompozite a osului natural, alcatuit din fibrile de colagen mineralizate
cu cristale nanometrice de hidroxiapatita.

Vitamina D, prin forma sa activa (1,25-dihidroxivitamina D), regleaza expresia
genelor implicate In sinteza matricei osoase si in mineralizare. Deficitul acesteia este
asociat cu intarzierea consolidarii fracturilor, scaderea densitatii osoase si cresterea
riscului de esec implantar. Desi numeroase studii sustin rolul suplimentarii sistemice,
literatura evidentiaza necesitatea unor strategii de livrare locala controlata pentru a
maximiza efectul osteoinductiv.

Nanomaterialele polimerice, In special cele pe bazda de chitosan, prezinta
biocompatibilitate, biodegradabilitate si capacitate de functionalizare cu molecule
bioactive. Chitosanul, derivat al chitinei, ofera proprietati structurale favorabile
regenerarii osoase si poate servi drept platforma pentru livrarea controlata a vitaminei
D.

Cu toate acestea, studiile care investigheaza efectul combinat al vitaminei D integrate
in nanostructuri polimerice, validate in conditii osteoporotice experimentale, sunt
limitate. Aceastd lacuna justifica demersul stiintific al prezentei teze.
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CONTRIBUTII PERSONALE

Studiul 1: Efectele vitaminei D in osteogeneza - analiza sistematica a literaturii

Scop / Obiective: Scopul acestui studiu a fost evaluarea critica a rolului vitaminei D in
procesele de regenerare osoasd, prin analiza mecanismelor moleculare implicate in
osteogeneza si a relevantei clinice a acesteia In chirurgia oro-maxilo-faciala si
implantologie.

Obiectivele au urmarit:

e identificarea principalelor mecanisme prin care vitamina D influenteaza
diferentierea osteoblastica si mineralizarea matricei;

e evaluarea impactului nivelurilor serice de vitamina D asupra vindecarii osoase;

e analiza diferentelor dintre administrarea sistemica si potentiala aplicare locala
a vitaminei D.

Material si metode: Studiul a fost realizat sub forma unei analize sistematice a
literaturii de specialitate, incluzand articole experimentale si clinice publicate In baze de
date internationale. Au fost selectate studii care investigau relatia dintre vitamina D si
regenerarea osoasd, atat in modele experimentale, cat si in studii clinice relevante
pentru domeniul oro-maxilo-facial.

Datele au fost analizate din perspectiva mecanismelor biologice, a expresiei markerilor
osteogenici si a implicatiilor terapeutice.

Rezultate: Analiza literaturii a evidentiat ca vitamina D joaca un rol central in reglarea
expresiei genelor implicate in osteogeneza, inclusiv colagen tip I, osteocalcina si
fosfataza alcalind. Activarea receptorului VDR determind stimularea diferentierii
osteoblastice si favorizeaza mineralizarea matricei extracelulare.

In plan clinic, nivelurile serice adecvate de 25(0H)D s-au corelat cu o vindecare osoasi
mai eficientd, cu o rata redusa a complicatiilor postoperatorii si cu o osteointegrare
superioara a implanturilor dentare. Deficitul de vitamina D a fost asociat cu intarzieri in
procesul de consolidare si cu rezultate regenerative suboptime.

Concluzii: Vitamina D reprezintd un factor biologic determinant in procesul de
regenerare osoasa. Datele analizate sustin necesitatea optimizarii statusului vitaminic
in context chirurgical si justifica explorarea strategiilor de livrare locald controlats, ca
alternativa la suplimentarea sistemica exclusiva.

Studiu 2. Aplicabilitatea materialelor nanostructurate in regenerarea tesuturilor
cavitatii orale
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Scop / Obiective: Scopul acestui studiu a fost evaluarea potentialului materialelor
nanostructurate in regenerarea tesuturilor dure si moi ale cavitatii orale.

Obiectivele au inclus:
e analiza proprietatilor fizico-chimice relevante pentru osteogeneza;
e evaluarea interactiunii nanomaterial-celula;
e identificarea avantajelor functionalizarii scaffold-urilor cu agenti bioactivi.

Material si metode: A fost realizata o analiza narativa a literaturii recente privind
utilizarea nanomaterialelor in medicina regenerativa oro-maxilo-faciala. Au fost incluse
studii privind nanoparticulele polimerice, nanocompozitele si scaffold-urile
biomimetice utilizate In regenerarea osoasa.

Au fost evaluate date referitoare la biocompatibilitate, capacitate osteoconductiva si
posibilitatea de eliberare controlata a substantelor bioactive.

Rezultate: Rezultatele au evidentiat cd nanostructurarea suprafetei materialelor
influenteaza adeziunea celulara si reorganizarea matricei celulare, determinand
activarea cailor de semnalizare osteogenica. Raportul crescut suprafata/volum
favorizeaza adsorbtia proteinelor serice si formarea unui strat bioactiv.

Functionalizarea suporturilor matriceale cu factori osteoinductivi permite crearea unui
microambient local capabil sa stimuleze diferentierea celulara si mineralizarea.
Chitosanul a fost identificat ca material cu proprietati adecvate pentru dezvoltarea unui
sistem de livrare controlata.

Concluzii: Nanomaterialele reprezinta o platforma promitatoare pentru regenerarea
osoasa, iar integrarea agentilor bioactivi in structuri nanometrice poate amplifica
semnificativ raspunsul osteogenic.

Studiul 3. Evaluarea in vitro a capacitatii osteoinductive a nanoscaffold-ului de
chitosan incarcat cu vitamina D3

Scop / Obiective: Scopul acestui studiu experimental a fost dezvoltarea si caracterizarea
unui nanoscaffold polimeric de chitosan functionalizat cu vitamina D3 si evaluarea
comportamentului sau biologic in conditii in vitro.

Obiectivele au vizat:
e caracterizarea fizico-chimica a nanostructurilor;
e evaluarea biocompatibilitatii;

e analiza potentialului osteoinductiv prin determinarea markerilor specifici.
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Material si metode: Nanostructurile au fost obtinute prin metode specifice de sinteza
polimerica si Incarcate cu vitamina D3. Caracterizarea morfologica a inclus evaluarea
dimensiunii si distributiei particulelor.

Testele biologice au fost efectuate pe linii celulare osteogenice, analizand viabilitatea
celulara, proliferarea si expresia markerilor osteogenici (fosfataza alcaling,
osteocalcina).

Rezultate: Nanoscaffold-ul a prezentat stabilitate structurala si o capacitate eficienta de
incarcare a vitaminei D. Testele de biocompatibilitate au demonstrat o viabilitate
celulara ridicata.

S-a observat o crestere semnificativa a expresiei markerilor osteogenici in grupul tratat
comparativ cu controlul, indicand stimularea diferentierii osteoblastice si intensificarea
procesului de mineralizare.

Concluzii: Integrarea vitaminei D In nanostructuri de chitosan determind un efect
osteoinductiv semnificativ in vitro, confirmand ipoteza utilizarii unui sistem de livrare
locala controlata.

Studiul 4. Evaluarea potentialului de regenerare a nanoscaffold-ului de chitosan
incarcat cu vitamina D3 - studiu in vivo pe un model de sobolan osteoporotic.

Scop / Obiective: Scopul studiului a fost validarea in vivo a eficientei regenerative a
sistemului dezvoltat, utilizidnd un model experimental de osteoporoza.

Obiectivele au inclus:
e evaluarea formarii osoase intr-un defect standardizat;
e analiza comparativa intre grupurile experimentale si control;
e corelarea rezultatelor cu datele in vitro.

Material si metode: A fost utilizat un model experimental de osteoporoza la sobolani.
S-au realizat defecte osoase standardizate, iar animalele au fost distribuite in grupuri
experimentale si martor.

Evaluarea regenerdrii osoase s-a realizat prin analiza histologica si morfometric3,
cuantificaind volumul osos nou format si organizarea trabeculara.

Rezultate: Grupul tratat cu nanoscaffold-ul incarcat cu vitamina D a prezentat o formare
osoasa semnificativ crescutd comparativ cu loturile control. Mineralizarea a fost
acceleratd, iar arhitectura trabeculara a evidentiat o organizare superioara.

Rezultatele au confirmat capacitatea sistemului de a stimula regenerarea chiar in
conditii osteoporotice.
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Concluzii: Livrarea locala controlata a vitaminei D prin intermediul unui scaffold
nanostructurat de chitosan imbunatateste semnificativ regenerarea osoasa in model
osteoporotic, demonstrand potential translational pentru aplicatii clinice.

CONCLUZII GENERALE

Prezenta teza de doctorat aduce o contributie originald In domeniul medicinei
regenerative oro-dentare prin integrarea conceptului de livrare locala controlata a
vitaminei D3 intr-un sistem nanostructurat biomimetic, capabil sd moduleze simultan
raspunsul celular, organizarea matricei osoase si procesele angiogenice implicate in
regenerarea tisulara.

Analiza critica a literaturii de specialitate a evidentiat rolul esential al vitaminei D in

osteogeneza si osteointegrare, dar si necesitatea dezvoltarii unor strategii terapeutice
care si depiseasca limitirile administrarii sistemice. In acest context, teza propune o
abordare inovatoare bazata pe integrarea vitaminei D3 intr-un scaffold nanostructurat,
orientatd catre crearea unui microambient regenerativ controlat local.

Rezultatele experimentale in vitro constituie prima contributie originala a studiului,
demonstrand cda nanotopografia scaffold-ului, proiectatd pentru a imita arhitectura
matricei extracelulare osoase, exercitd un efect direct asupra comportamentului
celulelor stem mezenchimale. Formularea optima NS/Vit. D3-2.5 a prezentat
biocompatibilitate crescutd, stimulare proliferativd si intensificarea diferentierii
osteogenice, confirmatda prin cresterea mineralizarii matricei. Profilul de eliberare
controlatd a vitaminei D3 sugereaza un mecanism sinergic Intre stimularea biochimica
si semnalele fizice generate de nanotopografie.

Cea de-a doua contributie majora a tezei consta in validarea performantei sistemului
intr-un model in vivo relevant clinic, reprezentat de osteoporoza indusa experimental.
Nanoscaffold-ul incarcat cu vitamina D3 a demonstrat un efect osteoregenerator
superior comparativ cu vindecarea spontana si cu suportul hemostatic standard,
favorizand maturarea matricei osoase, formarea puntilor osoase robuste si dezvoltarea
unei vascularizatii precoce. Aceste rezultate sustin implicarea mecanismelor de cuplare
angiogeneza-osteogeneza si indica faptul ca designul nanostructurat poate influenta
procesele de mecanotransductie celulara si remodelare trabeculara.

Prin integrarea datelor experimentale si a contextului teoretic, teza propune un nou
concept translational, In care biomaterialele nanostructurate functionalizate cu
molecule osteoinductive actioneazd ca platforme active de regenerare, nu doar ca
suporturi pasive. Aceastd abordare evidentiaza potentialul utilizarii strategiilor
biomimetice pentru imbunatatirea regenerarii osoase in conditii biologice compromise,
precum osteoporoza.

Din perspectiva clinic3, rezultatele sugereaza ca sistemele de livrare locala bazate pe
nanoscaffold-uri ar putea reprezenta o alternativd promitatoare la metodele
traditionale de augmentare osoas3, oferind avantajele unei interventii minim invazive,
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cu control sporit asupra microambientului regenerativ. Totusi, caracterul preclinic al
studiului impune interpretarea prudenta a relevantei clinice, fiind necesare investigatii
suplimentare pentru standardizarea parametrilor terapeutici si confirmarea eficientei
in studii clinice controlate.

In ansamblu, contributia originali a prezentei teze consti in demonstrarea faptului
ca integrarea vitaminei D3 Intr-un scaffold nanostructurat biomimetic poate coordona
simultan procesele osteogenice si angiogenice, conducand la o regenerare osoasa mai
matura si mai stabila structural. Aceste rezultate deschid perspective noi pentru
dezvoltarea biomaterialelor inteligente destinate medicinei regenerative dentare.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE
CERCETARII DOCTORALE

Principalele contributii originale si elemente inovative ale prezentei cercetari
doctorale vizeaza dezvoltarea si validarea unor strategii avansate de regenerare
osoasa In medicina oro-dentarg, prin integrarea conceptelor de nanotehnologie,
inginerie tisulara si biofunctionalizare a biomaterialelor.

e Dezvoltarea unui scaffold nanostructurat biomimetic pe baza de chitosan,
conceput pentru a reproduce arhitectura matricei extracelulare osoase si
pentru a sustine regenerarea osoasa prin mecanisme de mecanotransductie.

e Functionalizarea biomaterialului cu vitamina D3 si integrarea acesteia intr-un
sistem de livrare locala controlat3, cu rol osteoinductiv si potential de
stimulare a proliferarii si diferentierii osteogenice.

e Evidentierea efectului sinergic dintre nanotopografie si stimularea biochimica,
demonstrata prin cresterea viabilitatii celulare, proliferarii si mineralizarii
matricei extracelulare in studii in vitro.

e Validarea preclinica in vivo, Intr-un model de osteoporoza indusa,
demonstrand eficienta sistemului in regenerarea osoasa in conditii biologice
compromise.

e Propunerea unui concept translational inovator bazat pe biomateriale
nanostructurate functionalizate ca platforme bioactive inteligente pentru
coordonarea simultana a proceselor osteogenice si angiogenice.
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