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ABSTRACT 

Periodontal disease (also called gum disease) is an infection that affects the tissues around tooth roots, and it is a very 

common oral health problem around the globe. This study looked into the possibilities of a stem cell therapy for 

periodontal regeneration, especially in their role of tissue repair and dental health advancement. It investigated the 

biological properties of mesenchymal stem cells (MSCs), dental pulp stem cells (DPSCs), and periodontal ligament stem 

cells (PDLSCs) as well as their regenerative potential. Finally, the application of scaffold-based approaches, as well as 

cell delivery systems, was reviewed with respect to whether the methodology has been commercialized. Major issues were 

also addressed- including ethical concerns, regulatory constraints, and the failure of a standard protocol for clinical 

integration. Future perspectives are directed at the improvement of treatment efficacy by means of personalized stem cell 

therapies and biomaterial innovations. This research contributed significantly to the field of regenerative dentistry and 

proposes the stem cells as a transformative means for the management of periodontal disease (which is also known as 

gum diseases). 

 

Keywords: Periodontal Regeneration, Stem Cells, Mesenchymal Stem Cells (MSCs), Tissue Engineering, Dental Pulp 

Stem Cells, Scaffolds, Regenerative Dentistry. 

 

1. INTRODUCTION 

Periodontal disease is a prevalent oral disease, which affects the supporting structures of the teeth. Its further development 

causes a loss of the tooth and has also been associated with systemic diseases, like cardiovascular diseases and diabetes 

[1]. Traditional treatment modalities often rely on symptom-oriented approaches rather than aiming at replacing the lost 

tissue. Recently, regenerative medicine has been regarded as the most promising way to regain periodontal tissues, with 

the usage of stem cells, representing the latest revolution in this area [2].   

Somatic cells are undifferentiated cells with self-renewal capabilities, and in a host of cell types, they have the capacity 

to segregate into extremely specialized cell lineages [3]. The stem cells were identified for periodontal regeneration from 

various sources that include DPSCs, PDLSCs, and MSCs from bone marrow and adipose tissue [4]. Each of these types 

of cells possesses characteristics that uniquely aid the process of periodontal tissue regeneration. 

Research has also documented that the enhancement of wound healing by stem cells occurs through numerous ways [5]. 

These cells produce growth factors and cytokines, which enhance tissue repair and modulate inflammatory responses. In 

addition, they can undergo active differentiation into osteoblasts, cementoblasts, and fibroblasts, which can reconstruct 

the lost periodontal structures. In this respect, the current research manifests that upon incorporating these stem cells in 

either scaffolds or biomaterials in animal models, periodontal regeneration significantly improves [6]. 

Although still in infancy, stem cell therapy has already found its place in clinical practice, and further research opens 

wider prospects for the future. Safety and efficiency in the usage of stem cells for the treatment of periodontal defects are 

being investigated in ongoing clinical trials. This research is targeted toward determining standardized procedures for the 

harvesting, processing, and appliance of these stem cells in patients with periodontal diseases [7]. 

The aim of this study is to assess the part of the stem cells in periodontal regeneration. The objectives include: 

i. To determine different types of stem cells (MSCs, iPSCs, and DPSCs) involved in regenerating periodontal tissue. 

ii. Understanding how stem cells result in healing through mechanisms that include control of inflammation, 

angiogenesis, and tissue remodeling. 

iii. Analyzing the major clinical trials and preclinical studies showing the efficacy of stem cell therapies in the treatment 

of periodontal diseases. 

iv. Challenges in clinical application were identified, including the ethical, regulatory, and feasibility concerns, as it is 

not applicable in real cases. 
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v. Reflecting on future research studies and the novel approaches on stem cell-based periodontal therapy. 

 

Recent research on periodontal regeneration based on stem cell research is the object of study presented in this paper. It 

elaborates on the biological properties and differentiation capabilities of main stem cell types, introduces current methods 

as near as possible (scaffold-based methods), and their applications in the real world. The discussion includes ethical 

considerations, regulatory barriers, and emerging trends of personalized medicine and tissue engineering. The aim is to 

facilitate the inclusion of regenerative therapies in ordinary periodontal treatment. 

 

2. LITERATURE REVIEW 

 

Periodontal Diseases: Understanding Tissue Damage and Healing 

Periodontal diseases manifest as various inflammatory disorders of the supporting structures of the teeth, caused mainly 

by bacterial infection, as illustrated in Figure 1. In their progressive stages, they cause the destruction of the periodontal 

tissues, which include periodontal ligament, gingiva, and alveolar bone [8]. Such tissue destruction is due to a complex 

interaction of pathogenic bacteria and response of the host's immunity. This leads to inflammation that may cause the loss 

of teeth if not treated. The major forms of periodontal diseases are gingivitis-continuing, rescindable inflammation of the 

periodontitis and gingiva, which involves deeper tissue destruction and generally is associated with systemic health 

problems [9]. 

 
Figure 1: Unravelling the Progression of Periodontal Diseases [10] 

 

Healing after periodontal tissue injury is, by its nature, a complex process. According to [11], it is a series of biological 

events by which the integrity and function of the affected tissues are restored. First, inflammation occurs in order to get 

rid of pathogens and take other necessary steps toward the repair mechanism. Following this step, various cell activities 

occur; of these, the propagation and differentiation of the fibroblast and osteoblasts play a main part in the regeneration 

of connective tissue and bone, respectively [12]. In cases of advanced periodontitis where gross tissue loss has taken place, 

natural healing might fail to achieve restoration of lost structures. 

 

Types of Stem Cells in Periodontal Regeneration 

Periodontal regeneration has received huge attention because of the speculated capability of stem cells for the restitution 

of lost periodontal tissues. Various kinds of stem cells with their particular properties have been identified and studied; 

each of them contributes differently to the regenerative capability regarding periodontal healing. [13] explained that the 

main categories of stem cells that are relevant in periodontal regeneration comprise periodontal ligament stem cells, dental 

pulp stem cells, and mesenchymal stem cells. 

As stressed by [14], the dental pulp tissue is an important source of DPSCs, which are capable of multilineage 

differentiation, including odontoblast, osteoblast differentiation, and other cell types that are crucial for the purposes of 

tooth morphogenesis and function. Studies are carried out that demonstrate how it allows for dentin regeneration and 

promotes the repair of damaged periodontal tissues; therefore, DPSCs represent an attractive candidate for regenerative 

dental procedures [15]. Their ability to exude growth factors further enhances the function they play in tissue regeneration 

through the promotion of angiogenesis and modulation of inflammatory responses, as well put in Figure 2 below. 

 
Figure 2: Role of Stem Cells (MSCs) in Periodontal Health [16] 
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Another important type of stem cells used in periodontal regeneration is the PDLSCs. These are isolated from a ligament 

that links the tooth to the alveolar bone; it is called the periodontal ligament. PDLSCs have special ability for self-renewal 

and multilineage differentiation, thus the cementum, alveolar bone, and periodontal ligament fibers can be produced [17]. 

More so, research has it that PDLSCs perform a vital part in periodontal health preservation and may be useful during 

regenerative procedures for restoring lost periodontium  [18] 

Mesenchymal stem cells, obtained from the adipose tissue, bone marrow, and umbilical cord blood, are other auspicious 

cells. MSCs are exclusive to possess a capacity for differentiating into several lineages, including the osteogenic, 

chondrogenic, and adipogenic pathways [19].As described, MSCs in the treatment of periodontal disease can, by paracrine 

signaling, enhance local cellular activities related to healing processes [20]. 

 

Mechanisms of Action: Stem Cells in Tissue Regeneration 

Recently, periodontal regeneration has shifted its focus to the usage of stem cells due to their extraordinary characteristics 

that are promising in the restoration of damaged tissues. In principle, stem cells can be described as undifferentiated cells 

characterized by their ability to replenish themselves and segregate into a variety of cell types, thus being an encouraging 

approach toward regenerative medicine. For periodontal diseases characterized by serious damage to the sustaining 

structures of the teeth, the function of stem cells is to assist in the regeneration of lost periodontal tissues, comprising 

periodontal ligament, cementum, and alveolar bone [21]. 

The most critical involvement of stem cells in tissue repair has been their potential for lineage differentiation toward 

periodontal repair mechanisms. For instance, MSCs, usually isolated from dental pulp or adipose tissue, have the 

differentiation potential toward osteoblasts, fibroblasts, and cementoblasts-the cell forms responsible for the regeneration 

of bone and connective tissues in the periodontium [22]. Various pathways and factors in the local microenvironment are 

the basis of such differentiation. For example, it is known that TGF-β and BMPs induce osteogenic difference of MSCs, 

enhancing bone regeneration [23]. 

 
Figure 3: Mechanisms of Stem Cells in Periodontal Regeneration [24] 

 

3. METHODOLOGY 

Research Approach and Literature Review Strategy 

The literature review strategy used in researching the scope of stem cells in periodontal regeneration relies on a methodical 

identification and evaluation of various related studies and clinical trials. Primary databases for the said purpose will 

include PubMed and Web of Science, since these are known databases with vast repositories of biomedical literature. To 

conduct a specific review, certain keywords will be used for searching purposes. These are words such as "stem cells," 

"mesenchymal stem cells," "periodontal regeneration," and "tissue engineering." Each word is joined through use of 

Boolean operators like AND and OR in order to narrow down search outcomes. "Stem cells AND periodontal 

regeneration" will pull studies that address both concepts specifically, while "mesenchymal stem cells OR tissue 

engineering" broadens the scope to various topics associated with it. 

 

Inclusion and Exclusion Criteria 

Other inclusion criteria included date of publication, study design including clinical trials and case studies, and relevance 

of the study to periodontal al., regeneration [25].In devising the search strategy, specific inclusion and exclusion criteria 

are followed so that only the most relevant recent research will be considered. Reference lists of the selected articles are 

scanned further for other studies that could not have been captured in the initial search [26]. The iterative process helps to 

build a robust database of literature representative of the current advancements and debates going on within the field. 

 

Data Collection and Analysis 

Data analysis will summarize the clinical evidence, case studies, and preclinical trials correlated to the usage of stem cells 

in periodontal regeneration. One important insight into such an analysis would be the success rate for various forms of 

treatment dealing with stem cell therapies. The actual and successful rates can be defined by parameters such as tissue 

healing, functional restoration of periodontal structure, and/or patient-reported outcomes post-treatment [27]. 
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The future complications expected with stem cell therapies will also be reviewed in detail. This will include reviewing the 

adverse effects reported with either clinical trials or case studies-immune responses or tumorigenesis with certain kinds 

of stem cells. Understanding such complications is important for evaluating the overall safety profile of stem cell 

interventions in periodontal therapy. 

 

Ethical and Regulatory Considerations 

Further, ethical and regulatory frameworks on research on stem cells greatly influence the outlook for periodontal 

regeneration therapies [28]. Analysis of such guidelines will, therefore, consider statements by the ISSCR and those set 

by national bodies such as the FDA [29]. This helps to set in context how ethical considerations influence the courses of 

research and clinical applications. 

 

4. APPLICATIONS & CASE STUDIES 

Preclinical Studies 

Preclinical investigations, on the other hand, are at the core of continued determination and understanding of the full 

prospective of stem cells in periodontal regeneration. Generally speaking, these preclinical studies would comprise 

laboratory-based investigations and animal trials evaluating the regenerative capability of different cell sources, like 

mesenchymal stem cells acquired from bone marrow, fatty tissues, and pulp [30]. 

Research is targeted at a few prominent areas of the application of DPSCs. DPSCs are relatively easily available from 

extracted teeth and have been very promising in the regenerations of periodontal tissues. In several animal models, DPSCs 

have already demonstrated acceleration in the healing of periodontal deficiencies by enhancing new bone formation and 

its associated regeneration of periodontal ligament [31]. For instance, models of induced periodontal defects in rats, for 

example, have shown the potential that exists from DPSC transplantation sites, with many demonstrating remarkable 

increases both in hard and soft tissue regeneration compared to controls [32]. 

Other promising sources of MSCs are ADSCs. Indeed, it has been shown that these cells have a regenerative potential 

comparable to that of MSCs obtained from the bone marrow but with several advantages, including ease of access and 

higher proliferation rates, according to [33]. For example, ADSCs have been utilized in preclinical trials in periodontitis 

canines and managed to regenerate lost alveolar bone successfully [34]. While ADSCs used in tissue engineering have an 

effect of enhancing bone density, they also stimulate the formation of functional periodontal structures. 

Moreover, it has also been observed that scaffold material combined with stem cells shows better improvements in 

experimental studies of tissue engineering. Scaffolds are three-dimensional constructions that function as cell attachment 

and growth and also for delivering bioactive molecules which can further stimulate tissue regeneration [35]. For example, 

there are tests on the efficiency of hydrogel scaffolds loaded with either DPSCs or ADSCs in animal models for 

periodontal tissue regeneration [36]. Results indicate an improved integration between the scaffold and the host tissues, 

having highly active cellular processes that culminate in successful regeneration [37]. 

 
Figure 4: Preclinical Studies in Periodontal Regeneration. [38] 

Clinical Trials 

In recent years, periodontal regeneration with the usage of stem cells has turned out to be a subject of interest. Numerous 

clinical trials have been performed to establish the efficiency and safety of stem cells in human patients [39]. Such trials 

would examine the usage of stem cells in regenerating periodontal tissues that include the periodontal ligament, cementum, 

and alveolar bone, tissues that are important for dental health [40]. Various sources of stem cells such as dental pulp and 

gingiva are under investigation, and even the method of iPSCs has been resorted to in an attempt to add to the regenerative 

capabilities of periodontal therapies [41]. 
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Several clinical trials are currently in phase, investigating MSCs isolated from various tissues [42, 30, 36, 43]. Among the 

more notable, one has been designed where either adipose tissue or bone marrow will be used to derive MSCs combined 

with scaffolds to expedite regenerative healing in patients with periodontitis [20]. The preliminary results by [38] in the 

field indicate that such therapies may be associated with an improved clinical outcome, such as a decrease of probing 

depth and increase in attachment level compared with conventional therapies alone. 

 

Case studies and Success stories 

According to [44], some of these completed trials have also reported promising results with periodontal tissue regeneration 

using stem cell therapy. In the study by [45], transplantation of autologous dental pulp stem cells into periodontal defects 

was performed. The results indicated that there was a significant radiographic bone fill with histological evidence of new 

cementum formation. The findings indicate that dental pulp stem cells have certain unique properties which can effectively 

facilitate periodontal regeneration. 

Case studies also give an insight on the use of stem cell therapy in periodontal regeneration. In the case study of a patient 

with severe periodontitis. [46] reported that treatment with MSC and growth factors resulted in startling improvement. 

The post-treatment evaluations indicated that actual, substantial regeneration of the lost periodontal structures indeed 

occurred: new bone formation and reattachment of the periodontal ligament fibers to the root surface. 

 

5. CHALLENGES AND LIMITATIONS 

Challenges in Stem Cell Therapy for Periodontal Regeneration 

Currently, one of the most prospective periodontal regeneration methods involves stem cell therapy since they hold great 

potential to solve the problems of restoring periodontal tissues lost due to periodontitis among other periodontal diseases. 

However, there are significant amount of problems preventing the successful use of stem cell therapies within this context. 

The main challenge identified is the source of stem cells, as outlined in figure 5 below. The cells employed for this goal 

may be DPSCs, PDLSCs, or MSCs from other tissues [13]. Each source has specific advantages and disadvantages 

concerning accessibility, differentiation capability, and immunogenicity. Although the extraction of DPSCs is relatively 

easy from extracted teeth, for instance, their differentiation capability into specific periodontal tissues may not be as good 

as that of PDLSCs [47]. 

The other challenge of great importance involves the methods of delivery techniques of stem cells at the target site in 

periodontal tissues. The delivery methods must be effectively able to ensure an ample amount of surviving stem cells 

reaches the correct site, retaining their regenerative properties [48]. The procedures of presentation range from the direct 

injection of cells into the periodontal defect to delivery in scaffolds, which are also providing support and promoting cell 

adhesion and proliferation [49]. Such strategies, however, have intrinsic limits, as underlined by [50]: cell survival after 

transplantation; the ability to maintain local concentrations of stem cells over time. 

 

Regulatory and Ethical Concerns 

In addition, further regulatory challenges for stem cell therapies constitute some degree of complexity. For example, 

regulatory agencies need many data about preclinical and clinical non-toxicity, efficiencies before permission is granted 

to start new treatments with the use of stem cells [51]. This may take too long and be too expensive; hence, delaying 

progress in periodontal regenerative therapies based on a stem cell technology approach will also be delayed. Furthermore, 

ethical considerations over what type of stem cells would be used-that is, those extracted from embryos-make this aspect 

even more controversial among various scientific societies as well as societies in general throughout the world [52]. 

 

Variability in Clinical Outcomes & Patient Response 

The periodontal tissue microenvironment also supports the activities of transplanted stem cells [53]. Inflammation, 

hypoxia of the tissue, and extracellular matrix composition are several factors influencing directly cell survival, 

proliferation, and cell lineage commitment [35]. It is in this regard that interaction between these environmental elements 

and the transplanted stem cells comes into play in order to optimize strategies that enhance periodontal regeneration. 

 
Figure 5: Challenges in Stem Cell Therapy for Periodontal Regeneration [41] 
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Lastly, there is, a lack of uniformity in the stipulated protocols concerning isolation, characterization, expansion, and 

clinical application of stem cells, as observed by [54]. This will possibly lead to a failure in the reproducibility of clinical 

outcomes between various studies, consequently impacting the translation at a clinical level [55]. In this respect, 

established guidelines will be vital in ensuring reproducibility and reliability in future studies testing the limits of 

employing stem cells for periodontal regeneration. 

 

6. FUTURE DIRECTIONS 

Emerging Trends in Stem Cell Research for Periodontal Regeneration 

Within the periodontal regeneration field, there is a paradigm shift regarding the inclusion of stem cell studies, bringing 

broad prospects into the elaboration of new therapeutic approaches to regenerate lost periodontal tissues either from 

disease or injury [56]. One of the trends that has recently emerged within the area is progress made in techniques of genetic 

engineering and tissue engineering. Genetic engineering will allow the manipulation of stem cells at the molecular level 

to increase their regenerative potential [57]. For instance, gene-editing technologies like CRISPR-Cas9 could be used 

either to correct some genetic defects present in stem cells or to improve the potential of the stem cells to segregate into 

cell kinds needed for periodontal tissue regeneration [58]. 

Tissue engineering further complements this with the development of scaffolds acting to support the attachment of stem 

cells and, importantly, to serve as domains in which these cells can grow, suggesting a concept analogous to that of the 

innate extracellular matrix of periodontal tissues [59]. Recent biomaterials, including hydrogels and 3D-printed scaffolds, 

are being designed in ways that will optimally enhance the propagation of stem cells into osteoblasts, cementoblasts, and 

fibroblasts in positions important for periodontal healing [60]. While these technologies have considerably improved the 

efficacy of stem cell therapies, they also represent new avenues through which bioengineered constructs could be created 

and implanted directly into periodontal defects. 

 

Personalized Stem Cell Therapies & Patient-Specific Treatments 

Another promising direction in this field is represented by personalized stem cell therapies. The concept of personalized 

medicine envisages designing treatment with respect to a specific patient's peculiarities: genetic background, specific 

disease profile [61]. This would include the periodontal regeneration-based application of collecting a patient's own stem 

cells, for instance, from either the adipose tissue or dental pulp, culturing them ex vivo, and then introducing these into 

the defect. This method minimizes the possibility of immune rejection and maximizes biocompatibility. 

Moreover, progress in biobanking and regenerative medicine is steadily making available a wide range of sources where 

stem cells can be derived for individualized therapies [62]. Researchers are considering other types of stem cells other 

than MSCs; one of the important types is an induced pluripotent stem cell, iPSC, which is generated from adult somatic 

cells. Since iPSCs have shown the capability to segregate into any cell type, great potential has been demonstrated by 

offering a versatile platform for the generation of specific periodontal tissues that can be tailored according to the needs 

of a particular patient [63]. 

 
Figure 6: Summary of Emerging Trends in Stem Cell Research for Periodontal Regeneration [64] 

 

7. CONCLUSION 

The study of stem cells in periodontal regeneration is a significant improvement in dental medicine. One of the new oral 

and dental stem cell therapies that have great potential in restoring lost periodontal tissues is stem cell-based therapy, 

mainly using mesenchymal stem cells (MSCs), dental pulp stem cells (DPSCs), and periodontal ligament stem cells 

(PDLSCs). Stem cell based treatments, including scaffold-supported and cell delivery system therapies, have been shown 

to have periodontal healing and regeneration improvements in preclinical and clinical trials. Considering these cells' 

capacity to differentiate into periodontal-specific structures, including cementoblasts, osteoblasts, and fibroblasts, these 

cells can be used for regenerative periodontal applications. 

Although stem cell therapies promise great potential they face ethical and regulatory challenges, variable outcomes and 

the need for standardized protocols yet. Further large-scale clinical trials must be taken to validate the effectiveness of the 

stem cell therapies in long-term periodontal regeneration. Factors related to immune response, cell survival rates, and 
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optimally safe delivery techniques must also be taken into account to increase the probability of success of these therapies 

in actual use. 

The clinical applicability of stem-cell therapies is improved by future research aimed at improving stem cell therapies by 

genetic engineering, tissue engineering, and personalized regenerative-medicine. Both advances in scaffold technology 

combined with bioprinting as well as biomaterial integration will provide further support for stem cell-based periodontal 

treatments. Immune compatibility issues still remain, and thus personalized stem cell therapies have, and hold promise to 

overcome these by the use of patient-specific cell sources and biobanking. Continuous research is expected to lead to 

easier and better ways to promote regeneration of damaged periodontal tissues with the use of stem cell-based therapies 

with further development in terms of being a fundamental part of modern periodontal treatment strategies. 
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