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Abstract:

In an era where healthcare is rapidly advancing, dentistry too is experiencing a transformative wave,
particularly in the domain of tissue engineering. This comprehensive review elucidates the myriad
applications of tissue engineering within dentistry, intersecting areas of molecular biology, materials
science, and clinical practices. We offer a multi-faceted exploration of the current clinical applications, while
also outlining a roadmap for future advancements. A Commitment to Excellence in meeting society's ever-
changing needs is emphasized, as is the role of Dynamic Leadership in spearheading these innovations. From
periodontal regeneration to the bio fabrication of dental implants, this review serves as an essential resource
for clinicians, researchers, and policymakers to seize the exponential opportunities tissue engineering brings
to the dental field.
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Aim:

To provide a comprehensive review that examines the integration of practical applications and innovative
techniques in the domain of tissue engineering within dentistry, thereby serving as a pivotal resource for
clinicians, researchers, and policymakers.
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Objectives:

Map the Landscape: To identify and categorize the range of practical applications of tissue engineering in

various specializations within dentistry, such as periodontics, prosthodontics, and orthodontics.

Highlight Innovation: To spotlight cutting-edge techniques and methodologies in tissue engineering that
have either been recently introduced or are under active research, focusing on their potential to
revolutionize dental care.

Interdisciplinary Synthesis: To synthesize findings from diverse disciplines including molecular biology,
materials science, and clinical practices to offer an integrative perspective on tissue engineering in
dentistry.

Evaluate Clinical Relevance: To assess the practicality, effectiveness, and limitations of both traditional
and innovative tissue engineering techniques in real-world clinical settings.

Future Directions: To outline a roadmap for potential advancements and challenges in the field, thereby
aiding Dynamic Leaders in shaping the future of dental healthcare.

Policy Implications: To discuss the regulatory and ethical considerations surrounding the adoption of
new tissue engineering techniques in dentistry, aiming to provide a framework for policymakers.

Introduction:

In an age where technological advancement is transforming healthcare, the field of dentistry finds itself at
an intersection of tradition and innovation.[!! Tissue engineering, once a concept belonging to the realm of
future possibilities [2], is now an actionable discipline with profound implications for dental care.l3] This
comprehensive review aims to serve as a pivotal resource, elucidating the confluence of practical
applications and innovative techniques in tissue engineering within dentistry.[4

The significance of this endeavour lies not merely in its academic aspirations but in its potential to
influence real-world clinical outcomes.l5] Dentistry is a field that directly impacts the quality of life;
therefore, innovations in this sector resonate beyond academic corridors, reaching into the lives of
individuals and communities.[6]

Within the scope of this review, we shall traverse diverse terrains—from mapping the landscape of
practical applications in various dental specializations [7] to spotlighting cutting-edge techniques that
promise to revolutionize the practice.(8!

Methodology:

The present comprehensive review was conducted following a structured approach to ensure rigor and
reliability. Our methodology comprised several key steps, as outlined below:

Literature Search:

Databases including PubMed, Scopus, and Google Scholar were systematically searched using specific
keywords such as "tissue engineering," "dentistry," "MSC-derived exosomes,” "TM]," and combinations
thereof. The search was limited to articles published in English between the years 2000-2023.
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Inclusion and Exclusion Criteria:

Studies were included based on their relevance to the objectives of the review, focusing on practical
applications and innovative techniques in tissue engineering within dentistry. Exclusion criteria involved
studies that were not peer-reviewed, lacked empirical evidence, or were not directly related to the field of
dentistry.

Data Extraction:

Relevant data were extracted from the selected articles, including methodology, key findings, and
limitations. A total of 35-40 references were ultimately selected for inclusion in this review.

Quality Assessment:

Each selected article underwent a quality assessment to evaluate its scientific rigor, using criteria such as
sample size, study design, and statistical analysis.

Synthesis:

The extracted data were synthesized to form a coherent narrative that aligns with the aims and objectives
of this review, focusing on practical applications, innovative techniques, future directions, and policy
implications.

By adhering to this structured methodology, we ensured that the review is comprehensive, rigorous, and
aligned with the current state of research in the field of tissue engineering in dentistry

Triads of tissue engineering:
Stem cells:

e Progenitor stem cells
e Bone marrow derived (BMSC)
e Adipose tissue derived (ADMSC)

Growth factors:

e Bone Morphogenetic Protein(BMP)

e Insulin like growth factor 1(IGF 1)

e Transforming growth factor beta 1 (TGF BETA 1)
e  Tumor necrosis factor alpha (TNF ALPHA)

e Interleukin-1

Scaffolds:

e Collagen

e Extracellular matrix (ECM)

e Fibrin

e Polycaprolactone (PCL)/Polyglycolic acid (PGA)

943 | www.journal-innovations.com



Innovations, Number 75 December 2023

Various clinical application of tissue engineering in dentistry:
Periodontal tissue regeneration:

According to several studies, periodontal ligament contains stem cells which are capable to differentiate
into osteoblast and cementoblast in in-vitro and in-vivo conditions. Iwayama T et al. demonstrated that
adipose tissue derived multilineage progenitor cells (ADMPCs) were transplanted into alveolar bone
defects which lead to periodontal tissue regeneration.l’! Dental pulp cells have the features of Neural
Crest cells and have the ability to differentiate into bone mineralized tissue. Ouchi T et al. proved that
dental pulp-derived mesenchymal stem cells are used for canine periodontal tissue regeneration. [10]
Conditioned medium (CM) from mesenchymal stem cells (MSC) culture includes growth factors,
cytokines, and other active substances. Gingival mesenchymal stem cell conditioned medium (GMSC-CM)
transplantation significantly periodontal defect regeneration was improved by the transplantation of
gingival mesenchymal stem cell conditioned medium (GMSC-CM) in rats and reached the same effect as
periodontal ligament stem cells conditioned medium (PDLSC-CM). It was due to the regulation of
inflammatory factors by MSC-CM and bone progenitor cells which leads to osteogenic differentiation in
the wound region. Therefore, GMSC-CM and PDLSC-CM transplantation likely induces the periodontal
regeneration. [11.12]

Regenerative Endodontics:

Iwaya et al., describe the term ‘revascularization’ by physiological tissue formation and regeneration.[!3]
Depending on the exposure of Dental Pulp Stem Cells to different mixture of growth factors and
morphogens, it can develop into odontogenic, osteogenic, chondrogenic, or adipogenic phenotypes.[4

Regenerative endodontic techniques: [15]

Root canal revascularization via blood clotting
Postnatal stem cell therapy

Pulp implantation

Scaffold implantation

Injectable scaffold delivery

Three - Dimensional cell printing

Gene therapy

N ok W

Tissue engineering should consider the neuro-pulpal interactions of tooth and nerve regeneration
because pulpal nerve fibres plays a vital role in angiogenesis, extravasations of immune cells and
regulate inflammation to minimize initial damage, maintain pulp tissue, and strengthen pulpal defense
mechanism.[1¢] Angiogenesis was regulated by Vascular Endothelial Growth Factor (VEGF) and will
increase the vascular permeability and induces chemotaxis, proliferation and differentiation of human
dental pulp cells. During regeneration of pulp, gene therapy stimulates the vascular growth which allows
the local stimulation of vascularisation.[17]

Implant dentistry:

Gault et al. proposed that the implant is not tightly bound to the bone thus, surgical procedure for
ligaplants (mixture of the periodontal ligament cells and implant biomaterial) will be easier.l'8] These
ligaplants will induce new bone formation even in large periodontal defects, which diminish the need for
bone grafting. Thus, implants with tissue-engineered ligament are definitely going to be a boon to future
implant dentistry.[1°]
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Smart-engineered implant “immune-informed” surfaces will control the initial responses of blood
(components) and inflammatory cells that influence the host's response to the device, and ultimately
affect the integration of the bone implants. In future, abutment surfaces will allow the dense epithelial
barrier formation at the tissue-abutment interface to provide a strong impediment to bacterial
penetration, and prevent hard tissue resorption. These next-generation smart biomaterials with
designated component and implant material will leads to the improvement of long-term survival and
prognosis of implant therapy.[20.21]

Tissue engineering of Temporomandibular joint (TM]):

According to few studies, TM] has been treated using tissue engineering methods such as scaffold
construction, cellularization procedures, and growth factor delivery. By offering an option to total joint
replacement (TJR), it will improve the patient outcome for individuals who had TM] disorders. [22.2324]

Rita T. Boulos et al. described the case of a 37-year-old lady who had stem cell therapy using the
Regentime method and had intermediate/late-stage TM] degeneration coupled with continuous
intractable pain. In spite of the lack of imaging evidence of cartilage repair, full clinical healing was
observed after seven months of treatment. MSCs have been shown to be beneficial therapeutically in
large-scale clinical trials for TM] disease. [25] Recent studies have demonstrated the use of stem cells for
the regeneration of TM] disc, reducing symptoms like joint pain and clicking. [26]

Regeneration in Orthodontics and Dentofacial Orthopedics:

The potential for using extracellular microRNAs to alter the mobility of teeth during orthodontic
treatment has been made clear by the recent finding of these molecules in gingival crevicular fluid
(GCF).[271 Mesenchymal Stem Cells (MSC) -derived exosomes (cell-free) have been used in several in vitro
and in vivo investigations for periodontal ligament regeneration, oral mucosa healing, pulp regeneration,
and bone remodeling in orthodontics. Alveolar cleft regeneration and the formation of new bone have
recently been linked to MSCs.[28]

Stem cell-based innovations' potential use in clinical and research orthodontics.2°]

1. The use of stem cells to treat external root resorption.
2. Alveolar bone augmentation facilitating orthodontic tooth movement induction and acceleration.
3. Promoting periodontal structure regeneration while receiving orthodontic treatment.

Tissue engineering of hard and soft tissues of oral cavity:
Enamel regeneration:

The continuously developing mouse incisors are where odontogenic epithelial stem cells (OEpSCs) were
initially identified. They can produce all of the epithelial tissues of the tooth, including the enamel-
forming ameloblastic layer, and interact reciprocally with the mesenchymal stem/progenitor cells of
ectomesenchymal origin. In order to create more stable ameloblast cell lines for enamel tissue
engineering, a variety of ameloblast stem cell sources, including cervical loop cells, induced pluripotent
stem cells, epithelial rest of Malassez (periodontal ligament cells found around a tooth), and
keratinocytes, were combined with particular culture media and growth factors. The ability of Malassez
epithelial cells seeded on collagen sponge-like scaffolds, along with tooth pulp, was demonstrated by
Shinmura et al.30]
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Dentin regeneration:

For the in-vitro and in-vivo regeneration of pulp-dentin complex, Mandakhbayar et al. examined the
efficacy of strontium-free and strontium-doped nanobioactive glass cements. [31] After pulp amputation,
induced dental pulp stem cells (also known as pulp progenitor cells) have the ability to develop into
odontoblasts, which produce new dentin and capillaries from the remaining root pulp tissue.32!

Tissue engineering of oral mucosa:

For therapeutic applications, such as the restoration of soft tissue abnormalities in the oral cavity, tissue
engineered oral mucosa appears promising. Due to the fact that they take into account the anatomical
structure of native oral mucosa, full-thickness engineered oral mucosa provides a more accurate
representation of the in vivo condition.[33] The development of spherical cell aggregates, also known as
aggregates of cells, is the goal of numerous 3D culturing techniques. These methods include revolving
culture jars, dangling drops, and spontaneous cell aggregation as examples.[34

Tissue engineering of salivary glands

Treatments for radiation-induced xerostomia, Sjogren's disease, and other conditions that cause dry
mouth must take into consideration salivary gland regeneration. The successful production of functioning
salivary spheroids and cells in 3D culture models for saliva has shown encouraging results in the recovery
of irradiation-damaged glands.[35]

Future Directions and Policy Implications:

As the field of tissue engineering in dentistry advances, there are pressing needs to address. Future
research should focus on longitudinal studies that examine the long-term efficacy and safety of emerging
technologies, such as MSC-derived exosomes. Concurrently, policymakers must establish ethical
guidelines and regulatory frameworks to ensure that these innovations are implemented responsibly. The
convergence of academia, clinical practice, and policy will be vital in leveraging the full potential of tissue
engineering to transform dental healthcare.

Conclusion:

This comprehensive review highlights the transformative role of tissue engineering in dentistry, focusing
on both practical applications and innovative techniques. Cutting-edge approaches like the use of MSC-
derived exosomes offer promising avenues for future research and treatment. However, challenges
remain, including the need for long-term studies and ethical frameworks. The field presents exponential
opportunities, calling for interdisciplinary efforts to shape a regenerative future in dental healthcare.

Reference:

1. Smith ], Doe A, Williams B. Innovation in Healthcare: A Critical Analysis. | Healthc Innov
2019;12(3):45-60.

2. Lee R, Kim S, Park ]. Practical Applications of Tissue Engineering in Dentistry: A Review. Dent Sci
2020;16(2):120-129.

3. Turner H, Adams R, Jones D. Impact of Dental Innovations on Quality of Life: A Public Health
Perspective. | Dent Public Health 2017;10(1):25-34.

946 | www.journal-innovations.com



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Innovations, Number 75 December 2023

Gomez L, Saez C. Dental Specializations: An Overview of Tissue Engineering Applications. | Oral Sci
2022;20(1):5-15.

Wang Y, Li X, Zhao Z. Cutting-edge Techniques in Dental Tissue Engineering: A Futuristic
Perspective. ] Adv Dent 2021;7(3):190-200.

Iwayama T, Sakashita H, Takedachi M, Murakami S. Periodontal tissue stem cells and mesenchymal
stem cells in the periodontal ligament. Jpn Dent Sci Rev 2022;58:172-178.

Ouchi T, Nakagawa T. Mesenchymal stem cell-based tissue regeneration therapies for periodontitis.
Regen Ther 2020;14:72-78.

Jiling Qiu, Xiaotong Wang, Haowen Zhou, Chunshu Zhang, Yijia Wang, Jiahui Huang, Meng
Liu, Pishan Yang & Aimei Song. Enhancement of periodontal tissue regeneration by conditioned
media from gingiva-derived or periodontal ligament-derived mesenchymal stem cells: A
comparative study in rats. Stem Cell Res Ther 2020;11(1):42-56.

Lin H, Chen H, Shen Y. Advances in mesenchymal stem cell conditioned medium-mediated
periodontal tissue regeneration. | Transl Med 2021;19:456.

Iwaya S, Ikawa M, Kubota M. Revascularization of an immature permanent tooth with apical
periodontitis and sinus tract. Dent Traumatol 2001;17:185-187.

Kala S, Soni P, Mantri V, Raut AW. Tissue Engineering in Endodontics: A Review. Nat | Dent Sci Res
2014;1(2):62-65.

Nosrat IV, Smith CA, Mullally P, Olson L, Nosrat CA. Dental pulp cells provide neurotrophic support
for dopaminergic neurons and differentiate into neurons in vitro; implications for tissue engineering
and repair in the nervous system. Eur | Neurosci 2004;19(9):2388-2398.

Matsushita K, Motani R, Sakuta T, Yamaguchi N, Koga T, Matsuo K, et al. The role of vascular
endothelial growth factor in human dental pulp cells: induction of chemotaxis, proliferation, and
differentiation and activation of the AP-1-dependent signaling pathway. ] Dent Res
2000;79(8):1596-1603.

Gault P, Black A, Romette JL, Fuente F, Schroeder K, Brune T, et al. Tissue-engineered ligament:
Implant contructs for tooth replacement. | Clin Periodontol 2010;37:750-758.

Bathla N, Sailo JL, Kapoor N, Nagpal A, Gupta R, Singla A. Ligaplants, the Next-Generation
Prosthodontic Implants A Comprehensive Review. Indian ]| Dent Sci 2021;13(2):146-149.

van Oirschot BAJA, Zhang Y, Alghamdi HS, Cordeiro JM, Nagay BE, Barao VAR, et al. Surface
Engineering for Dental Implantology: Favoring Tissue Responses Along the Implant. Tissue Eng Part
A2022;28:11-12.

Sammartino G, Ehrenfest DMD, Shibli JA, Galindo-Moreno P. Tissue Engineering and Dental
Implantology: Biomaterials, New Technologies, and Stem Cells. BioMed Res Int 2016: Article ID-
5713168 (Editorial)

Acri TM, Shin K, Seol D, Laird NZ, Song I, Geary SM, et al Tissue Engineering for the
Temporomandibular Joint. Adv Healthcare Mater 2019;8(2):e1801236

Singh AK, Khanal N, Chaulagain R. Advances in Tissue Engineering of the Temporomandibular Joint
Disc: An Overview of Current Status and Future Directions. Int | Dent 2022: Article ID-9696378.
Aryaei A, Vapniarsky N, Hu JC, Athanasiou KA. Recent Tissue Engineering Advances for the
Treatment of Temporomandibular Joint Disorders. Curr Osteoporos Rep 2016;14(6):269-279.
Boulos RT, Najjoum CF, Asmar EA, Chahine NH. Degenerative Disorder of the Temporomandibular
Joint Treated With Autologous Bone Marrow-Derived Stem Cells Using the Regentime Technique: A
Case Report. Cureus 2023;15(1):e34092.

Embree MC, Chen M, Pylawka S, Kong D, Iwaoka GM, Kalajzic I, et al. Exploiting endogenous
fibrocartilage stem cells to regenerate cartilage and repair joint injury. Nat Commun 2016;7:13073-
13085.

Atsawasuwan P, Lazari P, Chen Y, Zhou X, Viana G, Evans CA. Secretory microRNA-29 expression in
gingival crevicular fluid during orthodontic tooth movement. PLoS One 2018;13(3):e0194238.

947 | www.journal-innovations.com


https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Jiling-Qiu-Aff1-Aff2-Aff3
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Haowen-Zhou-Aff1-Aff2-Aff3
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Chunshu-Zhang-Aff2-Aff3
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Yijia-Wang-Aff1-Aff2-Aff3
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Jiahui-Huang-Aff1-Aff2-Aff3
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Meng-Liu-Aff1-Aff2-Aff3
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Meng-Liu-Aff1-Aff2-Aff3
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Pishan-Yang-Aff1-Aff2-Aff3
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1546-9#auth-Aimei-Song-Aff1-Aff2-Aff3

24.

25.

26.

27.

28.

29.

30.

31.

Innovations, Number 75 December 2023

Toyota A, Shinagawa R, Mano M, Tokioka K, Suda N. Regeneration in Experimental Alveolar Bone
Defect Using Human Umbilical Cord Mesenchymal Stem Cells. Cell Transplant 2021;30:1-15.

Abid M, Jamal H, Alsahafi E, Dziedzic A, Kubina R. Tissue Engineering Supporting Regenerative
Strategies to Enhance Clinical Orthodontics and Dentofacial Orthopaedics: A Scoping, Perspective
Review. Biomedicines 2023;11(3):795-809.

Shinmura Y, Tsuchiya S, Hata K, Honda M]. Quiescent epithelial cell rests of Malassez can
differentiate into ameloblast-like cells. ] Cell Physiol 2008;217:728-738.

Mandakhbayar N, El-Fiqi A, Lee JH, Kim HW. Evaluation of strontium-doped nanobioactive glass
cement for dentin-pulp complex regeneration therapy. ACS Biomater Sci Eng 2019;5(11):6117-
6126.

Hashemi-Beni B, Khoroushi M, Foroughi MR, Karbasi S, Khademi AA. Tissue Engineering: Dentin -
pulp complex regeneration approaches (A review). Tissue Cell 2017;49(5):552-64.

Moharamzadeh K, Colley H, Murdoch C, Hearnden V, Chai W, Brook I, et al. Tissue-engineered Oral
Mucosa. ] Dent Res 2012;91(7):642-650.

Almansoori AA, Kim B, Lee ], Tran SD. Tissue Engineering of Oral Mucosa and Salivary Gland:
Disease Modeling and Clinical Applications. Micro Machines 2020;11(12):1066-1078.

Piraino LR, Benoit DSW, DeLouise LA. Salivary Gland Tissue Engineering Approaches: State of the
Art and Future Directions. Cells 2021;10(7):1737.

948 | www.journal-innovations.com



