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Abstract—Prosthodontics, as a branch of dentistry, has 

traditionally focused on restoring missing teeth and oral 

tissues with artificial substitutes such as removable 

dentures, crowns, fixed bridges, and dental implants. 

These methods have improved oral function and 

aesthetics for millions of patients worldwide. However, 

they remain mechanical solutions that cannot restore the 

living tissues themselves. For example, a dental implant 

may replace the crown and root of a tooth, but it does not 

bring back the natural periodontal ligament or pulp 

vitality. 

In recent years, the convergence of stem cell biology, 

biomaterials research, and tissue engineering has given 

rise to an innovative discipline known as regenerative 

prosthodontics. This new approach seeks to biologically 

restore lost oral structures — including bone, 

periodontal ligament, gingiva, dental pulp, and even 

entire teeth. By using stem cells, scaffolds, and growth 

factors, regenerative prosthodontics aims to create living 

tissue replacements that integrate seamlessly with the 

patient’s oral cavity. 

The purpose of this review is to highlight the foundations, 

applications, advantages, challenges, and future 

prospects of regenerative prosthodontics. Special 

emphasis is placed on explaining these concepts in a 

simplified, student-friendly manner. Current 

applications include alveolar ridge regeneration, peri-

implant soft tissue engineering, pulp–dentin complex 

regeneration, and experimental approaches to whole-

tooth bioengineering. Advantages such as improved 

biological integration and long-term stability are 

contrasted with limitations like high cost, ethical 

concerns, and lack of extensive human clinical trials. 

Looking forward, technologies such as 3D and 4D 

bioprinting, exosome-based therapies, induced 

pluripotent stem cells (iPSCs), and artificial intelligence 

are likely to play a central role in advancing this field. 

Ultimately, regenerative prosthodontics has the potential 

to transform dentistry from a practice of replacing lost 

tissues with artificial substitutes into one of biologically 

regenerating natural tissues. 

 

Index Terms—Regenerative prosthodontics, stem cells, 

tissue engineering, biomaterials, scaffolds, growth 

factors, alveolar regeneration, pulp–dentin complex, 

bioengineering, and 3D bioprinting. 

 

I. INTRODUCTION 

 

Prosthodontics is the specialty of dentistry concerned 

with the design, fabrication, and placement of artificial 

replacements for teeth and surrounding oral tissues. Its 

primary goal has always been to restore oral function, 

improve aesthetics, and enhance patient comfort and 

confidence. Historically, prosthetic dentistry evolved 

from crude wooden or ivory dentures to advanced cast-

metal frameworks, porcelain-fused-to-metal crowns, 

and, in the modern era, osseointegrated dental 

implants. Each stage of progress represented a 

significant leap in improving patients’ quality of life. 

 

Despite these advances, conventional prosthetic 

approaches remain essentially mechanical. They fill 

the space of missing structures but do not replace the 

lost biology. For example: 

• A complete denture restores function and 

aesthetics but lacks sensory feedback and bone 

stimulation, often leading to residual ridge resorption. 

• A fixed partial denture (bridge) replaces teeth 

but may require preparation of healthy adjacent teeth. 

• An implant provides excellent stability but 

still cannot replicate the periodontal ligament, which 

allows natural teeth to sense pressure and adapt to 

function. 

 

These limitations highlight a critical gap between 

artificial replacement and natural regeneration. 

Over the past two decades, regenerative medicine has 

transformed several fields of healthcare. Orthopaedics 

now explores stem cell-based cartilage repair; 

cardiology investigates myocardial regeneration after 

heart attacks; ophthalmology works on corneal 

regeneration. Dentistry, too, has embraced these 

concepts, giving rise to regenerative prosthodontics  
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Regenerative prosthodontics is not merely about 

fabricating prostheses — it aims to restore the natural 

tissues of the oral cavity. The ultimate goal is to enable 

the regeneration of alveolar bone, gingiva, pulp, 

dentin, periodontal ligament, salivary glands, oral 

mucosa, and even entire teeth. This represents a 

paradigm shift from “replacement dentistry” to 

“regenerative dentistry.” 

For patients, this shift has enormous implications. An 

elderly patient could regain functional natural teeth 

rather than rely on dentures. A young cancer survivor 

who lost salivary gland function due to radiotherapy 

could have it biologically restored. A child with 

congenital tooth agenesis could grow a bioengineered 

tooth instead of receiving an implant. 

Thus, regenerative prosthodontics represents not only 

a scientific innovation but also a profound 

improvement in patient-centered care. 

 

Fundamental Concepts of Regenerative 

Prosthodontics 

Regeneration of oral tissues requires three essential 

elements, often described as the “tissue engineering 

triad”: stem cells, scaffolds, and signaling molecules. 

 

1. Stem Cells 

Stem cells are undifferentiated cells with the 

remarkable ability to divide and transform into 

specialised cells such as bone, cartilage, ligament, or 

pulp cells. Their plasticity makes them ideal 

candidates for tissue regeneration. 

Types of dental stem cells: 

• Dental Pulp Stem Cells (DPSCs): Isolated 

from adult teeth, capable of differentiating into 

odontoblasts and forming dentin–pulp-like structures. 

• Stem Cells from Human Exfoliated 

Deciduous Teeth (SHED): Obtained from naturally 

shedding baby teeth, with high proliferative capacity. 

• Periodontal Ligament Stem Cells (PDLSCs): 

Can regenerate periodontal fibers and cementum. 

• Stem Cells from Apical Papilla (SCAP): 

Located in immature permanent teeth, useful for root 

formation. 

• Gingival Mesenchymal Stem Cells 

(GMSCs): Easily harvested and have 

immunomodulatory properties. 

 

In addition to dental tissues, extra-oral sources like 

bone marrow-derived mesenchymal stem cells 

(BMMSCs) and adipose-derived stem cells are also 

used. 

Advantages of dental stem cells: 

• Easy accessibility during routine dental 

procedures (extraction, exfoliation). 

• High proliferative and regenerative potential. 

• Fewer ethical concerns compared to 

embryonic stem cells. 

 

2. Scaffolds 

Scaffolds are three-dimensional frameworks that 

provide a temporary structure for stem cells to attach, 

proliferate, and differentiate. They act like the “soil” 

in which “seeds” (stem cells) grow into tissues. 

Ideal properties of scaffolds: 

• Biocompatibility and safety. 

• Biodegradability — should degrade as the 

new tissue forms. 

• Porosity for nutrient and oxygen transport. 

• Mechanical stability to withstand oral forces. 

Materials used in scaffolds: 

• Natural polymers: Collagen, fibrin, chitosan. 

• Synthetic polymers: Poly lactic-co-glycolic 

acid (PLGA), polycaprolactone (PCL). 

• Ceramics: Hydroxyapatite, tricalcium 

phosphate. 

• Hydrogels: Injectable, moldable, and cell-

friendly. 

Recent advances include nanofiber scaffolds and 3D-

printed scaffolds tailored to patient-specific defects. 

 

3. Signaling Molecules 

For stem cells to differentiate into desired tissues, they 

require biological signals provided by growth factors 

and other molecules. 

Important examples include: 

• Bone Morphogenetic Proteins (BMPs): 

Stimulate bone formation. 

• Vascular Endothelial Growth Factor 

(VEGF): Promotes angiogenesis, essential for pulp 

and soft tissue regeneration. 

• Transforming Growth Factor Beta (TGF-β): 

Regulates cell proliferation and differentiation. 

• Platelet-derived Growth Factor (PDGF): 

Encourages connective tissue healing. 

Dentistry has widely adopted platelet concentrates 

such as Platelet-Rich Plasma (PRP) and Platelet-Rich 

Fibrin (PRF), which provide natural reservoirs of these 

growth factors. 
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Together, stem cells, scaffolds, and signalling 

molecules create the environment necessary for tissue 

regeneration inside the oral cavity. 

 

 
 

II. APPLICATIONS IN PROSTHODONTICS 

 

1. Alveolar Ridge Regeneration 

For implant placement, adequate bone height and 

width are critical. Traditionally, bone grafts from 

autogenous, allogenic, or synthetic sources were used. 

However, stem cell–loaded scaffolds can now enhance 

bone regeneration. Studies show that combining 

mesenchymal stem cells with hydroxyapatite scaffolds 

improves bone volume, density, and implant stability. 

 

2. Peri-implant Soft Tissue Engineering 

The long-term success of implants depends not only 

on osseointegration but also on stable, healthy peri-

implant soft tissues. Thin or inadequate gingiva can 

lead to inflammation, aesthetic compromise, and 

implant failure. PRF membranes, gingival stem cells, 

and engineered soft tissue substitutes are being tested 

to thicken gingiva and enhance implant aesthetics. 

 

3. Pulp–Dentin Regeneration 

One of the most exciting applications is regenerating 

the pulp–dentin complex. Instead of removing pulp in 

root canal therapy, regenerative endodontics uses stem 

cells, scaffolds, and growth factors to restore vitality. 

Clinical reports have shown revascularization of 

immature teeth using regenerative protocols, offering 

a biologically superior alternative to conventional root 

canal treatment. 

 

4. Whole Tooth Bioengineering 

The ultimate goal of regenerative prosthodontics is to 

bioengineer an entire tooth. In animal models, 

researchers have successfully grown tooth germs that 

developed into natural teeth with enamel, dentin, pulp, 

and roots. Though not yet feasible in humans, this 

represents the most revolutionary direction of the field. 

 

5. Salivary Gland and Oral Mucosa Regeneration 

Patients undergoing head and neck radiotherapy often 

suffer from xerostomia (dry mouth) due to salivary 

gland damage. Regenerative techniques using stem 
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cells and tissue engineering are being explored to 

restore salivary gland function. Similarly, engineered 

oral mucosa can benefit patients with trauma, burns, or 

congenital defects. 

 

III. ADVANTAGES OF REGENERATIVE 

PROSTHODONTICS 

 

• Restores natural tissues rather than replacing 

them with artificial substitutes. 

• Superior biological integration and function. 

• Reduces the need for donor-site graft 

harvesting. 

• Improves aesthetics, patient comfort, and 

satisfaction. 

• Enhances longevity of prosthetic and implant 

treatments. 

• Personalised therapy using patient’s own 

cells, minimising rejection. 

 

IV. LIMITATIONS AND CHALLENGES 

 

• Most applications are still in laboratory or 

early clinical trial stages. 

• High costs and lack of widespread clinical 

availability. 

• Regulatory hurdles for approval of stem cell-

based therapies. 

• Ethical concerns, especially with embryonic 

stem cells (though dental stem cells are less 

controversial). 

• Difficulty in replicating complex tissue 

structures like enamel. 

• Limited long-term evidence of clinical 

outcomes. 

 

V. FUTURE DIRECTIONS 

 

• 3D and 4D Bioprinting: Enables fabrication 

of customised, patient-specific scaffolds embedded 

with living cells. 

• Exosome Therapy: Delivers regenerative 

signals without direct stem cell transplantation, 

reducing risks. 

• Induced Pluripotent Stem Cells (iPSCs): 

Reprogrammed from patient’s own somatic cells, 

avoiding ethical issues. 

• Artificial Intelligence (AI): Can help design 

scaffolds, predict treatment outcomes, and personalise 

therapy. 

• Bioengineered Tooth Replacement: The 

ultimate aim is to regenerate entire functional teeth, 

potentially eliminating the need for implants. 

• Interdisciplinary Collaboration: Combining 

dentistry with nanotechnology, genetics, and 

bioengineering to accelerate progress. 

 

VI. CONCLUSION 

 

Regenerative prosthodontics represents a 

transformative shift in dentistry. Instead of replacing 

lost oral structures with artificial substitutes, it seeks 

to biologically regenerate them. Using stem cells, 

scaffolds, and signalling molecules, it has already 

shown promise in alveolar bone regeneration, soft 

tissue engineering, pulp–dentin restoration, and 

experimental whole-tooth bioengineering. 

Although significant challenges remain — including 

cost, clinical translation, and long-term predictability 

— the progress achieved so far is highly encouraging. 

With the integration of advanced technologies like 3D 

bioprinting, exosome therapy, and artificial 

intelligence, regenerative prosthodontics is poised to 

become a cornerstone of future dental practice. 

For students, researchers, and clinicians alike, this 

field offers an exciting glimpse into a future where 

prosthodontics may no longer be limited to mechanical 

replacement, but instead provide living, functional, 

and biologically integrated solutions. 
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