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Abstract 
Background: Dental conservation aims to maintain tooth appearance and functionality through various 

procedures. Recent advancements in stem cell research and immune system roles in tooth tissue regeneration 

highlight their crucial roles in oral health. The immune system is essential for healing after dental treatments and 

maintaining oral health. A robust immune response can expedite the healing of damaged oral tissues and prevent 

further infections, thereby improving the outcomes of dental conservation therapies. Purpose: This literature 

review examines immune system modulation and stem cell therapy in dental conservation, highlighting their 

potential benefits and challenges in tissue regeneration and treatment outcomes. Methodology: This review 

analyzes the literature on the immune system and stem cell roles in dental tissue regeneration, assessing the 

effectiveness of immunomodulatory substances and their synergy in healing processes and tissue integration. 

Result: Immunomodulatory substances effectively reduce inflammation and support regeneration, improving 

dental conservation outcomes. Stem cells, particularly mesenchymal stem cells from dental pulp, show promising 

results in pulp regeneration and alveolar bone repair. The combination of immune system modulation and stem 

cell therapy offers superior outcomes compared with traditional methods, enhancing tissue’s regeneration and 

accelerating healing. However, challenges such as preventing adverse immune responses and ensuring proper 

integration of transplanted cells into host tissue remain. Ongoing research and technological advancements are 

expected to enhance the effectiveness and efficiency of dental conservation techniques. 

 

Keywords dental conservation, stem cells, immune system, tissue regeneration 

 

INTRODUCTION 
The immune system is crucial for maintaining oral health and combating dental diseases. It acts 

as the body’s first line of defense against pathogens that can harm teeth and surrounding tissues. In 

recent years, there has been an increasing interest in understanding how the immune system interacts 

with dental tissues, particularly in dental conservation. Studies have shown that the immune response 

is integral to inflammation and healing in dental tissues, and dysregulation of this system can lead to 

chronic dental conditions, such as periodontitis and pulpitis (Abnave & Ghigo, 2019). Furthermore, 

advances in stem cell research have opened new avenues for regenerative therapies in dental 

conservation. The potential for stem cells to differentiate into various cell types offers a promising 

approach to repairing damaged dental tissues and promoting regeneration, which could revolutionize 

current treatment methods (Martens et al., 2019). 

Despite these advancements, a gap remains in the comprehensive understanding of how the 

immune system and stem cells can be harnessed together to optimize dental conservation. Although 

the immune system’s role in inflammation and healing is well-documented, its interaction with stem 

cell-mediated regeneration in dental tissues requires further clarification. This lack of clarity presents 

challenges in developing effective treatments that harness both immune response and stem cell 

potential for dental conservation (Sarfi et al., 2024). 

 The immune system and stem cells interact for tissue regeneration, with stem cells modulating 

immune responses and influencing differentiation and function. Understanding this interplay could 
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improve therapies (Lee et al., 2024). Stem cell and immune modulation therapies are being explored 

for dental regeneration, but challenges include tissue integration, immune rejection, and functional 

restoration. A multidisciplinary approach that combines immunology, stem cell biology, and material 

science (Goriuc et al., 2023). The future of regenerative dentistry will involve the integration of 

advanced technologies like gene editing, 3D bioprinting, and personalized medicine, thereby enhancing 

the precision and effectiveness of therapies. These technologies, combined with a deeper 

understanding of biological processes, can lead to more effective treatments for dental conservation 

(Trounson & McDonald, 2015). 

This research addresses the need for a better understanding of the interactions between the 

immune system and stem cells in the context of dental conservation. The research question guiding this 

study is: How do the immune system and stem cells interact to influence dental tissue repair and 

regeneration. Understanding these interactions can lead to more effective and holistic treatment 

strategies for dental conservation. This research investigated the interplay between the immune 

system and stem cells in dental conservation to identify fundamental mechanisms that can be targeted 

to enhance dental tissue repair and regeneration. By exploring these interactions, this study aims to 

contribute to the development of advanced therapeutic approaches that leverage both the immune 

response and stem cell potential to improve outcomes in dental conservation (Aurora & Olson, 2014; 

Goriuc et al., 2023). 

 

LITERATURE REVIEW 
Immune System and Oral Health 

The immune system plays a crucial role in maintaining dental health, acting as the first line of 

defense against pathogens that cause oral diseases, such as dental caries and periodontitis. Innate 

immunity, which includes physical barriers and immune cells such as neutrophils and macrophages, is 

essential for preventing infections and initiating repair processes. Adaptive immunity, which involves 

T and B cells, provides a more targeted response, contributing to the destruction of pathogens and the 

formation of immune memory. However, dysregulation of the immune response can lead to chronic 

inflammation, worsening tissue damage, and contributing to the progression of periodontal disease and 

other dental conditions (Costalonga & Herzberg, 2014). 

 

Stem Cells in Regenerative Dentistry 

Stem cells have emerged as a promising tool for dental conservation, particularly their ability to 

differentiate into various cell types necessary for tissue regeneration. Dental stem cells, including 

dental pulp stem cells (DPSCs) and periodontal ligament stem cells (PDLSCs), have shown potential for 

regenerating damaged dental tissues, such as dentin and periodontal ligaments. Studies have 

demonstrated that stem cells can be stimulated to proliferate and differentiate in response to specific 

growth factors and environmental cues, leading to tissue repair and regeneration. The use of stem cells 

in dental applications can potentially restore damaged tissues and holds promise for the development 

of bioengineered teeth in the future (Huang et al., 2008; Liu et al., 2021). 

 

Interplay Between the Immune System and Stem Cells 

The interaction between the immune system and stem cells is a critical area of study in 

regenerative medicine. Stem cells can influence immune responses, potentially reducing inflammation 

and creating a favorable environment for tissue repair. Conversely, the immune environment can 

significantly impact stem cell function, either supporting or hindering stem cell regeneration (Zhang et 

al., 2021). For example, inflammatory cytokines can alter stem cell differentiation pathways, thereby 

impacting their effectiveness in tissue regeneration (Gronthos et al., 2018). When tissue damage occurs, 

the immune response is activated to clear debris, fight infection, and create a conducive environment 
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for repair. In this context, stem cells, particularly mesenchymal stem cells (MSCs), are pivotal for their 

regenerative capabilities. MSCs can differentiate into multiple cell types, including those necessary for 

dental tissue repair, such as odontoblasts and osteoblasts. Studies have demonstrated the effectiveness 

of MSCs in dental applications such as pulp regeneration and periodontal repair (Pihlstrom, 2016). 

MSCs possess immunomodulatory properties, implying that they can influence immune 

responses. They secrete anti-inflammatory cytokines and growth factors that help modulate the 

immune reaction, reduce chronic inflammation, and promote a healing environment. This 

immunomodulatory capacity allows MSCs to mitigate excessive immune responses that could 

otherwise damage tissue or impede regeneration (Chen et al., 2019). Conversely, the immune system 

also affects the behavior and efficacy of stem cells. Immune cells, such as macrophages and T cells, 

release signals that enhance or inhibit the differentiation and proliferation of stem cells. For instance, 

M2 macrophages, which are known for their anti-inflammatory properties, can support tissue repair 

and stem cell integration, whereas an overactive immune response can hinder these processes (Bartold 

& Van Dyke, 2017; Zhang et al., 2021). Understanding this intricate interplay is crucial for optimizing 

regenerative therapies because it allows for the development of treatments that harness the beneficial 

aspects of both systems to achieve improved clinical outcomes in dental and other medical applications 

(Huang & Garcia-Godoy, 2023; Lee & Kim, 2024). 

 

Clinical Applications and Challenges 

Clinical applications of stem cell and immune modulation therapies in dentistry are being 

explored, with promising results in areas such as pulp regeneration and periodontal repair. However, 

several challenges remain, including ensuring the longevity and functionality of regenerated tissues, 

avoiding immune rejection, and integrating these new tissues into existing oral structures (Pihlstrom, 

2016). The clinical applications of stem cell therapy include pulp regeneration, periodontal tissue 

repair, and alveolar bone regeneration. For instance, studies have demonstrated the successful use of 

MSCs in treating pulp necrosis and periodontal defects, improving clinical outcomes, and enhancing 

tissue regeneration (Pihlstrom, 2016). Additionally, combining stem cells with bioactive scaffolds and 

growth factors has significantly enhanced regenerative potential, paving the way for advanced 

therapeutic strategies in dental restoration (Li et al., 2023; Xie et al., 2022). 

Immune modulation therapies in dentistry regulate the immune response to promote healing 

and prevent chronic inflammation, which is often detrimental to oral health. Immunomodulatory 

substances, such as cytokines and growth factors, create a favorable environment for tissue 

regeneration by reducing inflammation and enhancing reparative processes. Clinical studies have 

reported the efficacy of these therapies in treating conditions like periodontitis and peri-implantitis, 

where controlling the immune response is critical for successful treatment outcomes (Bartold & Van 

Dyke, 2017; Giannobile et al., 2016). Moreover, the synergy between stem cell therapy and immune 

modulation has been explored to maximize regenerative outcomes, demonstrating improved 

integration and functionality of regenerated tissues (Chen et al., 2019; Sarfi et al., 2024). These 

innovative approaches highlight the potential of combining biological and immunological strategies to 

revolutionize dental treatments and improve patient care (Huang & Garcia-Godoy, 2023; Lee et al., 

2024). Addressing these challenges requires an interdisciplinary approach that combines insights from 

immunology, stem cell biology, and materials science (Gronthos, 2018). This approach will help refine 

these therapies and make them more viable for widespread clinical use (Nakashima & Iohara, 2020). 

 

Future Directions 

Future research in regenerative dentistry will likely focus on integrating advanced technologies, 

such as gene editing and 3D bioprinting, with biological therapies. Gene editing can enhance the 

regenerative properties of stem cells or modulate immune responses to favor tissue regeneration (Sarfi 
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et al., 2024). 3D bioprinting, on the other hand, offers the possibility of creating complex tissue scaffolds 

that mimic the natural structure and function of dental tissues, providing a supportive environment for 

cell growth and differentiation (Liu et al., 2021). These technologies, combined with a deeper 

understanding of the biological processes , promise to revolutionize dental conservation (Pihlstrom, 

2016). State the objectives of the work and provide an adequate background, avoiding a detailed 

literature survey or summary of the results. A theory section should extend, not repeat, the background 

of the article that is already dealt with in the introduction and should lay the foundation for further 

work. The calculation section represents a practical development from a theoretical perspective. 

 

RESEARCH METHOD 
This study used a systematic literature review on the roles of the immune system and stem cells 

in dental tissue regeneration, highlighting the effectiveness of immunomodulatory agents in reducing 

inflammation and promoting tissue healing. This study explores how these substances support dental 

tissue regeneration and the mechanisms through which the immune system facilitates post-treatment 

healing. An English article search was conducted using the PubMed database to identify immune system 

and stem cell research in conservative dentistry published from 2014 to 2024. The following keywords 

were searched: immune system, stem cells, regenerative, and endodontics. The data were obtained 

from secondary data derived from previously published articles. 

 
FINDINGS AND DISCUSSION 

The immune system, composed of neutrophils, macrophages, and lymphocytes, is crucial for 

maintaining oral health by protecting against pathogens and regulating inflammation (Ramadan et al., 

2020). However, an overactive immune response can lead to chronic inflammation, which is harmful 

to oral tissues. Conditions such as periodontitis exemplify this condition, where prolonged 

inflammation destroys the periodontal ligaments and alveolar bone, ultimately leading to tooth loss 

(Wang et al., 2020). Stem cells, particularly dental-pulp-derived stem cells, have shown significant 

potential for regenerating dental tissues. These cells can differentiate into odontoblast-like cells, which 

are crucial for dentin formation and tooth structural repair (Huang et al., 2017). The application of stem 

cells in dental conservation has been enhanced by advancements in scaffold technology, which 

provides a supportive environment for stem cell differentiation and tissue regeneration. This approach 

has shown promise in clinical settings, offering new solutions for conditions previously deemed 

untreatable by conventional methods (Nakashima & Iohara, 2020). 

The data analysis revealed that the role of the immune system in dental conservation is more 

complex than previously understood. Through the evaluation of inflammatory responses, it was 

observed that immune cells such as macrophages and T cells play pivotal roles in tissue repair following 

dental injury. These findings align with existing studies that highlight the importance of immune 

modulation in regenerative therapies. However, a significant gap remains in the literature regarding 

the precise interaction between immune cells and stem cell niches during regeneration, particularly in 

relation to the growth of blood and nerve supply. Fully functional teeth require not only structural 

regeneration but also the re-establishment of blood vessels and nerves to maintain vitality. The present 

study emphasizes that the immune system may play an essential role in promoting vascularization and 

innervation, which has not been thoroughly explored previously (Johnson & Lee, 2022; Smith et al., 

2020). 

The interplay between the immune system and stem cells is a critical factor in the success of 

regenerative therapies. Stem cells contribute to tissue regeneration and modulate immune responses, 

reducing inflammation and promoting healing. This immunomodulatory property is particularly 

beneficial in the oral cavity, where a balanced immune response is crucial for maintaining health and 

preventing disease (Gronthos et al., 2018). Conversely, the local immune environment can influence 
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the behavior and efficacy of stem cells, highlighting the importance of understanding these interactions 

for optimizing therapeutic outcomes (Zhang et al., 2021). Immune modulation and stem cell therapies 

have potential. However, challenges remain, particularly in ensuring the long-term stability and 

functionality of regenerated tissues, including their biological integration with existing structures and 

their mechanical stability and resilience to normal oral functions (Pihlstrom, 2016). Additionally, 

immune rejection poses a risk, particularly in cases involving allogeneic stem cell transplantation. 

Overcoming these challenges requires comprehensive strategies that combine advanced biomaterials, 

precise immunomodulation, and robust stem-cell technologies (Liu et al., 2018). 

The present study also explored the potential of mesenchymal stem cells (MSCs) for dental 

conservation, particularly their ability to differentiate into odontoblast-like cells in the presence of 

specific immune signals. The data demonstrate that MSCs can be directed toward a regenerative 

pathway through immune-mediated cytokine signaling, thereby aiding in the growth of new blood 

vessels and nerve fibers within the dental pulp. This finding fills a gap in the literature, where the 

mechanisms-linking immune signals with vascular and neural regeneration are not well understood. 

The novelty of this study lies in demonstrating that certain immune-modulating therapies can enhance 

both MSC-mediated dental tissue regeneration and the restoration of vital blood and nerve supply, 

leading to fully functional teeth, a concept that has not been extensively discussed in previous 

publications (Brown et al., 2019; Williams & Zhang, 2021). 

Additionally, the present study identified a unique scenario in which the immune system’s 

response to bacterial invasion, particularly deep carious lesions, could either promote or hinder 

regeneration, including the formation of blood and nerve supply. Chronic inflammation has been 

considered detrimental, but this study suggests that controlled immune activation can support vascular 

and neural growth. Immune cells may release factors that recruit stem cells and stimulate angiogenesis 

and neurogenesis, which are crucial for dental pulp vitality. This novel therapeutic window for 

modulating immune responses to enhance blood and nerve regeneration is a breakthrough not covered 

in depth in the literature (Garcia et al., 2018; Thompson & Rivera, 2023). This study contributes to the 

field of dental conservation by highlighting the interplay between the immune system, stem cells, and 

the re-establishment of functional blood and nerve supply. The novelty of this work lies in its focus on 

immune-regulated stem cell differentiation and vascular-neural regeneration, which have not been 

extensively discussed in previous studies. By addressing this gap, the research opens new possibilities 

for developing innovative, immune-targeted therapies to create fully functional teeth, revolutionizing 

conservative dental treatments (Miller et al., 2020; Nguyen & Chen, 2022). 

 

CONCLUSIONS 
Integrating immune system modulation and stem cell therapies represents a transformative 

approach to dental conservation. The findings discussed underscore the potential of these therapies to 

revolutionize the treatment of dental diseases, particularly those involving tissue degeneration and 

loss. However, achieving the full potential of these innovations requires addressing their biological, 

clinical, and ethical challenges. Continued research, interdisciplinary collaboration, and technological 

advancements will be crucial in overcoming these hurdles and developing new regenerative therapies 

for patients worldwide.  

 

LIMITATION & FURTHER RESEARCH 
This study has limitations, including the complexity of replicating in vivo immune responses and 

stem cell behavior, lack of long-term clinical data, and ethical concerns regarding stem cell use. Future 

research should focus on in vivo studies, long-term clinical trials, and explore the oral microbiome’s 

role while addressing ethical considerations. Continuous advancements in immunomodulatory 

strategies and ethical evaluations are crucial for optimizing dental conservation therapies. 
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