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Abstract 
Stem cell therapies have emerged as a promising approach in regenerative dentistry, offering significant potential for the 
regeneration of damaged dental tissues such as the pulp, periodontal ligament, and bone. This review aims to provide a 
detailed analysis of stem cell-based therapies, exploring the types of stem cells used, their mechanisms of action, clinical trials, 
challenges, and future directions. By synthesizing findings from recent studies, this article offers a comprehensive 
understanding of the efficacy, limitations, and clinical applications of stem cell therapies in dental regeneration. 
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Introduction 

The field of regenerative dentistry has made 
significant strides in recent years, with stem cell-based 
therapies emerging as one of the most promising 
solutions for the regeneration of damaged dental 
tissues. Stem cells, due to their inherent ability to 
differentiate into a variety of specialized cell types, 
hold considerable potential for repairing or 
regenerating dental tissues such as dental pulp, 
periodontal ligament, and alveolar bone. The 
regenerative capacity of these cells provides new 
opportunities for treating conditions such as pulpitis, 
periodontitis, and bone loss due to trauma, aging, or 
disease. 
Conventional dental treatments, including root canal 
therapy, implants, and bone grafting, although 
effective in many cases, do not restore the original 
structure and function of the damaged tissues. In 
contrast, stem cell-based therapies offer the potential 
for true tissue regeneration, restoring both the form 
and function of dental tissues. Over the past decade, 
various clinical trials have explored stem cells from 
diverse sources, such as dental pulp stem cells 
(DPSCs), periodontal ligament stem cells (PDLSCs), 
and mesenchymal stem cells (MSCs), to promote the 
regeneration of dental tissues. 
This review provides a thorough evaluation of the 
efficacy of stem cell therapies in regenerative 
dentistry, examining clinical trials, laboratory 
findings, and the types of stem cells being investigated 
for their role in regenerating dental pulp, bone, and 

other crucial dental structures. Additionally, it 
addresses the challenges, ethical considerations, and 
regulatory hurdles that must be overcome for the 
successful clinical application of stem cell therapies in 
dentistry. 

Background of Stem Cells in Dentistry 

Stem Cells: Types and Sources 

Stem cells are undifferentiated cells capable of 
differentiating into specialized cell types. In 
regenerative dentistry, adult stem cells (ASCs) are 
most commonly utilized due to their more ethical 
status and easier accessibility compared to embryonic 
stem cells (ESCs). 

Dental Stem Cells 

Dental stem cells, a subset of adult stem cells, can be 
isolated from a variety of dental tissues. Some of the 
most widely studied dental stem cells include: 
Dental Pulp Stem Cells (DPSCs): DPSCs are 
mesenchymal stem cells isolated from the pulp tissue 
of human teeth. They have demonstrated the ability 
to differentiate into odontoblasts (cells that form 
dentin), osteoblasts, and other cell types, making 
them a promising source for dental pulp regeneration 
[1]. 
Periodontal Ligament Stem Cells (PDLSCs): Derived 
from the periodontal ligament that connects the 
tooth to the alveolar bone, PDLSCs have shown the 
ability to differentiate into osteoblasts, cementoblasts, 
and fibroblasts, making them highly suitable for 
periodontal tissue regeneration [2]. 
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Dental Follicle Stem Cells (DFSCs): Located in the 
dental follicle surrounding developing teeth, DFSCs 
can differentiate into various cell types, including 
odontoblasts and osteoblasts. They are critical in 
tooth development and the regeneration of associated 
tissues [3]. 
Shark Tooth Stem Cells: Recent research has 
explored the regenerative potential of shark tooth 
stem cells, which exhibit remarkable regenerative 
properties that could inform future therapies in 
human dentistry [4]. 
Mesenchymal Stem Cells (MSCs) 
MSCs, multipotent stem cells found in various tissues 
such as bone marrow, adipose tissue, and umbilical 
cord blood, can differentiate into osteoblasts, 
chondrocytes, adipocytes, and other cell types. MSCs 
from non-dental sources have been extensively 
studied for their applications in bone and periodontal 
regeneration [5]. 

Mechanisms of Action of Stem Cells in Dental 
Tissue Regeneration 

Stem cells exert their regenerative effects through 
multiple mechanisms, including differentiation, 
paracrine signaling, and immunomodulation. 
Understanding these mechanisms is vital for 
optimizing stem cell-based therapies in regenerative 
dentistry. 

Differentiation 

Stem cells differentiate into specialized cell types, 
contributing to the regeneration of dental tissues. For 
instance, DPSCs can differentiate into odontoblasts 
for dentin formation, while PDLSCs can differentiate 
into osteoblasts to regenerate alveolar bone [6]. 

Paracrine Signaling 

Stem cells release various growth factors and cytokines 
that promote tissue repair and regeneration. These 
paracrine signals can stimulate surrounding cells, 
enhance angiogenesis (formation of new blood 
vessels), and modulate inflammation, all essential 
processes for tissue regeneration [7]. 

Immunomodulation 

Stem cells can modulate the immune response, 
reducing inflammation and promoting tissue healing. 
This is particularly important in regenerative 
therapies, as chronic inflammation can impede the 
regeneration process [8]. 

Clinical Trials on Stem Cell Therapies in 
Regenerative Dentistry 

Over the past two decades, numerous clinical trials 
have assessed the safety and efficacy of stem cell-based 
therapies in regenerative dentistry. The following 
section reviews key clinical trials focused on the 
regeneration of dental tissues. 

Regeneration of Dental Pulp 

Several studies have investigated the use of DPSCs in 
dental pulp regeneration. For example, a randomized 
controlled trial by Xu et al. (2014) demonstrated that 
DPSCs could successfully regenerate dentin and pulp 
tissue in patients with irreversible pulpitis [9]. 

Bone Regeneration in Implantology 

MSCs, particularly those derived from bone marrow 
and adipose tissue, have been explored for their 
potential in regenerating bone in dental 
implantology. A clinical trial by Song et al. (2017) 
showed that MSCs improved bone formation and 
implant stability compared to conventional bone 
grafting methods [10]. 

Periodontal Tissue Regeneration 

PDLSCs have been extensively studied for 
periodontal tissue regeneration. A landmark study by 
Iwasaki et al. (2016) demonstrated that PDLSCs 
could regenerate periodontal ligament and alveolar 
bone in patients with severe periodontal disease, 
providing a promising alternative to traditional 
treatments like scaling and root planing [11]. 

Challenges and Limitations in Stem Cell-
Based Regenerative Dentistry 

While stem cell therapies hold great promise, several 
challenges impede their widespread clinical 
application. 

Source and Harvesting of Stem Cells 

Harvesting stem cells from dental tissues, such as 
dental pulp and periodontal ligament, requires 
minimally invasive procedures that may be technically 
challenging, particularly in certain patient 
populations. Furthermore, the quantity and quality of 
stem cells obtained can be variable, affecting their 
regenerative potential [12]. 

Ethical and Regulatory Concerns 

The use of stem cells, particularly pluripotent stem 
cells, raises ethical concerns. While adult stem cells, 
such as those derived from dental tissues, do not carry 
the same ethical issues as embryonic stem cells, they 
still raise questions regarding manipulation and 
potential misuse. Regulatory frameworks for stem cell 
therapies are still evolving, and clinical studies must 
adhere to strict ethical and safety standards [13]. 
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Technical and Clinical Challenges 

Stem cell-based therapies are still in the experimental 
stages in many areas of dentistry. Challenges include 
controlling the differentiation of stem cells into 
desired cell types and developing biocompatible 
scaffolds to support cell growth and differentiation. 
Additionally, the potential for tumor formation due 
to uncontrolled cell growth remains a concern [14]. 

Future Directions in Stem Cell Therapies for 
Regenerative Dentistry 

Future research in regenerative dentistry is focused on 
improving stem cell differentiation techniques, 
optimizing personalized therapies, and overcoming 
ethical and regulatory challenges. 

Advanced Techniques in Stem Cell 
Differentiation 

Research into gene editing technologies, such as 
CRISPR-Cas9, could enable precise control over stem 
cell differentiation, enhancing their regenerative 
capabilities. Advances in biomimetic scaffolds will 
also support more effective differentiation and tissue 
integration [15]. 

Personalized Stem Cell Therapies 

Using patient-specific stem cells could minimize the 
risk of immune rejection and improve clinical 
outcomes. This personalized approach has the 
potential to revolutionize regenerative dentistry by 
offering highly tailored treatments [16]. 

Integration with Other Regenerative 
Technologies 

Combining stem cell therapies with tissue engineering 
and 3D bioprinting could lead to more effective 
clinical outcomes. 3D bioprinting, for instance, allows 
for the precise creation of custom scaffolds that can 
support stem cell growth and differentiation, resulting 
in functional tissue regeneration [17]. 

Overcoming Ethical and Regulatory Hurdles 

Efforts are underway to streamline the regulatory 
approval process for stem cell therapies in dentistry. 
Establishing clear ethical guidelines and regulatory 
frameworks will help accelerate the clinical translation 
of these therapies [18]. 
 

Conclusion 

Stem cell therapies offer significant potential for the 
regeneration of dental tissues, including pulp, bone, 
and periodontal structures. While challenges remain, 
ongoing research and clinical trials continue to 

improve the efficacy and safety of these treatments. 
With continued advancements, stem cell-based 
regenerative dentistry is poised to revolutionize dental 
care, offering more effective, biologically integrated 
solutions for a variety of dental conditions. 
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