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ABSTRACT

Advanced research in biomedical engineering, fogether with rising treatment standards and the
demand for non-conventional methods, have contributed to the explosive growth of the field of
dentistry known as regenerative dentistry. Stem cells, scaffolds, and bioactive substances are the
three main elements of tissue engineering, the field that forms the basis of regenerative dentistry.
Because of these remarkable properties, stem cells produced from dental tissue are very relevant in
this field. In a wide spectrum of dental specializations, regenerative tfechniques have brought novel
options to many established treatment protocols. Consider the alternative to conventional root
canal therapy provided by pulp revascularization and other regenerative endodontic procedures.
Thanks fo 3-D bioprinting and computer-aided design, which have revolutionized oral and
maxillofacial fissue engineering, modified guided fissue regeneration procedures are gradually
replacing standard surgical and nonsurgical periodontal therapy. This paper provides an overview
of the most current therapeutic approaches that have been used in clinical settings and highlights
the importance of dental tissue-derived stem cells for regenerative dentistry.
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INTRODUCTION

_

ing the regenerative or reparative process?s.

Stem cells, bioactive compounds, and biomaterials,
which serve as scaffolds to drive cell growth and
differentiation, are considered to be three key com-
ponents of fissue engineering and regeneration’.
The combined action of these three components
has been shown to increase the tissue's reparative
potential while also promoting the migration of new
stem cells to the site of injury and generally improv-

Cell-free techniques seek to recruit resident cells,
such as stem cells, by embedding bioactive com-
pounds in biomaterials or scaffolds.

To increase their usefulness and efficacy, a number
of interventional techniques have been developed.
However, exogenous autologous or allogeneic stem
cells are injected info wounded tissue during
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cell-based therapies in order to promote regenera-
fion*s. It is called the "cell homing" procedure.
Positive tissue regeneration outcomes are expected
to occur from the optimal combination of the three
fundamental elements listed above. Dentistry stem
cells (DSCs) and new advances in regenerative
dentistry will be highlighted in this overview of recent
accomplishments in tissue engineering applications
in clinical dentfistry.

DISCUSSION

The only regenerative endodontic treatment tech-
nique currently in use in clinical settings is pulp revas-
cularization, which involves revascularizing an
immature permanent tooth with an infected necrot-
ic pulp and apical periodontitis/abscess to speed
up root developmentt. To promote healing, this
procedure first chemically cleans the root canal
using infracanal drugs and anfibiotics. Then, bleed-
ing is induced’®. It is well known that platelet-rich
fiorin  (PRF) may overcome various denfine
constraints. It has been demonstrated lately that PRF
contains a multitude of growth factors that are
advantageous to pulp regeneration, many of which
are signaling molecules? 10111213,
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\ e
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strategy (CB)
Irreversible pulpitis Pulpectomy

Exosome
strategy

It has been shown that PRF facilitates stem cell differ-
entiation, cell homing, trapping, and the delayed
release of angiogenic cytokines such as VEGF, FGF,
and platelet-derived Based on in-vivo studies, Galler
et al. presented a therapeutically effective regener-
ative endodontic strategy. Ethylenedi-
aminetetraacetic acid (EDTA) irigation, EDTA
collection with dentine matrix proteins, EDTA mixing
with a scaffold, root canal injection, and root canal
preparation are all steps in this process. The goals of
EDTA conditioning, in this case, are to remove the
smear layer, liberate the bioactive substances that
are confained in the dentin, and reveal the dentin's
collagenous structures so that cells can adhere o
fhemM,lS,lé.

Fig 1(a): This figure illustrates the latest advance-
ments in regenerative dental techniques, highlight-
ing various approaches such as stem cell therapy,
tissue engineering, and biomaterials aimed at
regenerafing dental fissues. It explores potential
methods to restore lost tooth structures, repair dam-
aged tissues, and promote overall oral health
through innovative technologies.

Regeneration of dentin/ pulp complex

4

Figure 1(a): Regenerative Dentistry's Current Developments and Potential Methods

Fig. 1(b): This figure depicts the processes and strategies involved in regenerating periodontal tissues,
including the use of stem cells, growth factors, scaffolds, and biomaterials. It highlights current approaches
to restore the supporting structures of teeth, such as the alveolar bone, periodontal ligament, and
cementum, aiming to improve outcomes in periodontal disease freatment and enhance overall oral health.
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Figure 1(b): Periodontal Tissue Regeneration

Fig 1(c): This figure illustrates the latest advancements in regenerating craniofacial fissues, focusing on
techniques to restore bone, cartilage, and soft tissues in the facial region. It highlights the use of stem cells,
fissue engineering, 3D bioprinting, and biomaterials to repair congenital defects, tfrauma, or surgical
resections, aiming to improve both functional and aesthetic outcomes in craniofacial reconstruction.

Cartilage repair promotion

Figure 1(c): 1 Craniofacial Tissue Regeneration

Fig. 1(c) 2: This figure demonstrates the strategies for regenerating nerves and blood vessels, essential for
restoring function and promoting healing in injured fissues. It highlights the use of stem cells, bioengineered
scaffolds, growth factors, and advanced techniques like nerve grafting and vascular tissue engineering fo
repair nerve damage and re-establish blood supply, aiding in the recovery of both sensory and motor
functions as well as improving tissue regeneration.
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Fig 1 (c) 2 Nerve Regeneration

While all of the previously described medications are cell-free and target endogenous cell homing, a few
cell-based regenerative endodontic methods are beginning clinical trials based on the encouraging results
of powerful creature ponders. A clinical experiment used granulocyte colony-stimulating factor in
atelocollagen to transplant autologous dental pulp stem cells (DPSCs) that were grown in vitro from
extracted third molars info pulpectomy teeth. At a one-year follow-up, regenerative endodontic methods
using allogeneic human umbilical rope mesenchymal stem cells in a plasma-derived biomaterial showed
increased affectability and blood flow in developed teeth with apical injuries, demonstrating the clinical
security and viability of allogeneic endodontic regenerative cell therapy'’.

Periodontal Tissue RegenerationThe goal of periodontal therapy is to return the periodontium's damaged,
intricate tissue components to their original state of engineering and functionality'®. Success rates differ
based on the approach and characteristics of the blockage layer, even though guided tissue regeneration
is preferable over conventional periodontal therapy. In periodontal therapy, the current tendency is away
from reparative methods and foward "genuine" regenerative ones'?202!. Bone pieces are one option
available as produced fillers (alloplastic fabric), auto to get around these limitations, composite films
consisting of gelatin, polycaprolactone, and zinc oxide nanoparticles were created. Research has shown
that inadequate treatment outcomes may be caused by microbial colonization as well as film rupture?2,
Furthermore, it has been shown that radiographic bone fill and clinical connection levels are significantly
altered by the use of PRF in combination with open-fold debridement and bone union? 24, Conversely, many
biomaterials and development factors including FGF-2, PDGF, and bone morphogenetic protein-2 have
shown improved clinical results. Several clinical trials have been conducted to freat periodontal surrenders
with cell-based regeneration techniques 25 2¢.27.2829.30_ Qptions for treating periodontal abandons after open-
fold debridement include autologous human periodontal tendon stem cells taken from third molars or the
insertion of gelatin platforms. Over a lengthy period following surgery, this has demonstrated encouraging
results in terms of bone density, clinical connection issues, and tooth movement (Fig: 1b)%.

Temporomandibular Joint (TMJ) Regeneration

The TMJis commonly the site of pathologies in the oral and maxillofacial (OMF) area. The three most common
TMJ clutters are TMJ osteoarthritis (TMJ-OA), immune system disturbances, and plafte confusion clutters. Thirty
Treatment for TMJ-OA is now based on how severe it is. For TMJ-OA, underused regenerative restorative
therapy approaches are required®'32. Bone marrow mesenchymal stem cells (BMMSCs) were injected into
the osteoarthritic TMJ in clinical studies, and the results showed greater chewing efficiency, a wider jaw
opening, and better alleviation from forward pain (Figure-1c)333435, Orthodontic treatments include intra-
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articular infusions, arthrocentesis, arthroscopy, and occlusal supports. The use of BMMSCs in TMJ-OA has
received a lot of attention in animal models. We're presently researching in vivo the effectiveness of DSCs as
a treatment for TMJ-OA. Exosomes generated from mesenchymal stem cells (MSC) and platelet-rich plasma
have also been employed in animal models of TMJ OA fo freatf the condition. According to the results of this
therapy, the quantity of TMJ aggravation is reduced by exosome treatment. This is followed by the network's
expression and extension, which happen when the subcondylar cartilage and bones heal?¢%. 38 The results
suggest that infraarticular stem cells might be a useful freatment for TMJ-OA TMJ-OA in animal models has
also been treated in experiments using exosomes and platelet-rich plasma generated from mesenchymal
stem cells (MSCs).

CRANIOFACIAL TISSUE ENGINEERING
i)Regeneration of Bone

OMEF structures are challenging to reconstruct because of the wide range of fissues involved, the intricate
utilitarian design that demands precise neuromuscular synchronization, and the aesthefic standards.
Damage, diseases, formative irregularities, or surgical excision of benign or malignant tumors can all result in
OMF absconds. Autologous and allograft bone grafts, demineralized bone frameworks, hydroxyapatite
calcium phosphate, collagen platforms, bone morphogenetic proteins, and bone marrow suction
concentrate can all be used to rebuild the OMF site®?40, Nevertheless, the preferred treatment for replicating
massive hard absconds, such as in segmental mandibles, is standard autologous joins that may be
fransmitted as microvascular free fibula folds. lliac bone connections and costochondral rib bone units are
examples of autologous joins. Although autogenous bone units are still the preferred material for bone joining,
individualized 3D printed nanohydroxyapatite (3DHA) square joints with linked development factors have
entered clinical trials and shown promising outcomes?*142:43.44.45.46.47.48.49 _One important step in increasing the

life of implants may be bone growth before dental inserts are placed in resorbed alveolar margings*!-42.43.44.45.46,
47.

ii)Nerve Regeneration

Autologous nerve conduits and connections can be used to restore damaged orofacial nerves. Initially
composed of non-resorbable fabric, but over time, resorbable components like collagen were added.
Schwann cells, or stem cells, have been integrated into a channel for enhanced recuperation in recent
developments. To facilitate the repair of peripheral nerves, gingival MSCs have been identified as a potential
cell source for 3D bioprinting nerve structures without a scaffold*847.%0,

iii)Salivary Gland Regeneration

For individuals with compromised organ function, salivary organ regeneration is appropriate. By increasing
salivary flow rate, extending acinar and ductal ranges, and decreasing fibrosis, adipose-derived MSCs
(AMSCs) have been shown to enhance salivary organ recovery. Research has shown that umbilical cord-
derived MSC infravenous mixes can increase salivary flow rate while lowering Sjogren syndrome side effects,
even though few regenerative restorative procedures are being employed in clinical settings®!:52:53.54.55.56,

CURRENT TRENDS AND FUTURE PERSPECTIVES IN REGENERATIVE DENTISTRY

Cell Sheets, Spheroids, And Organoids

Although patients with reduced salivary gland function are now freated with sialagogues and artificial saliva,
regeneration therapy is the recommended treatment option. With adipose-derived MSCs, radiation-treated
patients have shown improved salivary flow rate and reduced fibrosis. Research on MSC infusions made from
the umbilical cord has shown promise in not only increasing salivary flow rate but also mitigating the
symptoms of Sjogren syndrome. These findings open the door to better regenerative dental tfreatment
options®:%8,
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Figure 2: Current Trends in Stem Cell-Based Regenerative Dentistry

3D Bioprinting

Personalized three-dimensional objects are created using computer-aided design models and 3D
bioprinting, a state-of-the-art manufacturing process. It makes use of patterned cells to hold scaffolds and
biomaterials. Organs created via 3D printing could one day be transplantable. Better fissue regeneration is
the outcome of this technique's precise control over the movement of materials and cells.>8

Layered ScaffoldsUsing multilayer scaffolds, periodontal tissue may be regenerated in dentfistry. Stem cells,
biomaterials, and growth factors are included in CAD-based multiphasic scaffolds that are intended to
target specific periodontal areas. This method works well for fissues with complicated architecture and allows
for simultaneous tissue regeneration.

Exosomes

The physiologic roles of exosomes, encompassing immune response regulation, signal fransmission, and
epigenetic modification, make them a promising candidate for cell-free treatment. They are superior to cell
therapy because they are stable, biocompatible, have a high drug loading capacity, have low
immunogenicity, and do not cause cytotoxicity. Oral soft tissue and dentine pulp regeneration may be
possible with DSC-derived exosomes 0.

Biobanking

DSCs have clinical benefits; however long-term in vitro culture can result in chromosomal defects and
microbial contamination. Cell banking can reduce these hazards and keep cells af their peak performance
by adhering fo international quality control and maintenance standards.

Challenges in Regenerative Dentistry

Stem cellresearch in regenerative dentistry has made great progress, however, most experiments have been
tferminated due to ethical and safety issues. While heterogeneous cells have a minimal infection risk, the
reproducibility of certain approaches, such as spheroid production, is unknown. Furthermore, the absence
of specific MSCs and modern technologies in advanced clinics restricts their therapeutic utility®.
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CONCLUSIONS

With the use of MSCs such as DSCs, BMMSCs, and
AMSCs, regenerative dentistry has greatly improved;
because DSCs are non-invasive, they perform better
than BMMSCs. Tissue engineering has evolved to
provide customized, patient-specific constructions
thanks to bioprinting and computer-aided design.
Functional restoration could be possible with future
developments in spheroid and organoid manufac-
turing.

LIST OF ABBREVIATIONS

DSCs - Dentistry Stem Cells

PRF - Platelet-Rich Fibrin

VEGF - Vascular Endothelial Growth Factor

FGF - Fibroblast Growth Factor

EDTA - Ethylenediaminetetraacetic Acid

DPSCs - Dental Pulp Stem Cells

MSC - Mesenchymal Stem Cells

TMJ-OA - Temporomandibular Joint Osteoarthritis
OMEF - Oral and Maxillofacial

3DHA - 3D Printed Nanohydroxyapatite

AMSCs - Adipose-Derived Mesenchymal Stem Cells
MSC - Mesenchymal Stem Cells

CAD - Computer-Aided Design
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