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Abstract: Background: Stem cell-based regenerative strategies have
emerged as a promising approach in restorative dentistry, aiming to
biologically restore damaged or missing dental tissues rather than
relying solely on conventional prosthetic treatments. Objective: The
aim of this systematic review was to evaluate current stem cell-based
biological tooth regeneration strategies and assess their potential
clinical applications in restorative dentistry. Methods: A systematic
literature search was conducted using PubMed, Scopus, Web of
Science, ScienceDirect, and Google Scholar to identify relevant
studies published between 2020 and 2025. Studies investigating dental
stem cells, including dental pulp stem cells, periodontal ligament stem
cells, and other mesenchymal stem cells, were included. The study
selection process followed PRISMA guidelines. Results: A total of 11
studies published between 2019 and 2025 were included in this review,
consisting of systematic reviews, meta-analyses, narrative reviews,
and perspective articles. The number of studies evaluated within these
reviews ranged from 5 animal studies in the review by Amghar-Maach
et al. (2019) to 52 studies in the narrative review by Yadav et al.
(2025). Other reviews analyzed 12 clinical studies (Ivanovski et al.,
2024), 7 randomized controlled trials (Campagna et al., 2024), 6
animal studies and 1 human study (Xie et al., 2021), 33 studies
involving both animal and human data (Gaur & Agnihotri, 2021), 10
studies including 94 teeth (Jamali et al., 2020), 19 studies on oral
surgical applications (Mosquera-Pérez et al., 2019), and 8 studies with
3 quantitative analyses (Aswani et al., 2025). Quality assessment
indicated that most systematic reviews demonstrated low risk of bias,
particularly those assessed using AMSTAR-2, while studies evaluated
with the Newcastle—Ottawa Scale showed scores ranging from 5-7,
indicating moderate quality, and meta-analyses assessed using the
Cochrane Risk of Bias tool generally showed low to moderate bias,
supporting the overall reliability of the evidence on stem cell-based
regenerative dentistry. Conclusion: Stem cell-based biological tooth
regeneration represents a promising advancement in restorative
dentistry with the potential to restore both structural integrity and
biological function of dental tissues.

Keywords: stem cells, tooth regeneration, regenerative dentistry,
dental tissue engineering, dental pulp stem cells
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INTRODUCTION

The problem of natural teeth loss remains one of the
primary global health issues that impact millions of
people each year and severely worsen oral health and
looks as well as the quality of life. The importance of
teeth is that they are a necessary part of the human
body in terms of mastication, phonation, maintenance
of the facial structure, and psychological well-being
[1]. The major causes of tooth loss in populations are
dental caries, periodontal disease, trauma, congenital
abnormalities, and aging. Global oral health reports
indicate that dental diseases are some of the most
prevalent non-communicable diseases that are
afflicting people of all ages [2]. Historical restorative
dentistry has depended on artificial replacement of
missing teeth by using removable dentures, fixed
partial denture, and dental implants [3]. Although
these methods have enhanced oral rehabilitation, they
have not yet attained the structural complexity,
physiological functionality and biological integration
of natural teeth [4].

There are also a number of limitations to conventional
prosthetic solutions. Though it is widely accepted and
effective, dental implants require the presence of
adequate bone and likely to cause complications like
peri-implantitis, implant failure and gradual bone loss
with time [5]. On the same note, fixed bridges
necessitate the preparation of neighboring healthy
teeth whereas removable dentures usually cause
discomfort, low stability, and low chewing efficiency
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[6]. Such constraints have encouraged scientists to
find more biologically inspired solutions that seek to
re-growth rather than mere replacement of natural
tooth structures using artificial materials [7]. Over the
past few decades, regenerative medicine has
revolutionized several medical disciplines by
providing mechanisms through which damaged
tissues can be repaired or regenerated through
biological means. Other innovations of dentistry
include the introduction of regenerative dentistry,
which aims to repair the natural structure and
functionality of the oral tissues using the biological
process [8]. Regeneration of teeth with the use of stem
cells is one of the most promising innovations in this
field. Regenerative dentistry seeks to biologically
recapitulate dental tissues or whole teeth with the help
of stem cells, biomaterials and molecular signaling
pathways as an alternative to synthetic prostheses [9-
11].

Stem cells have biological peculiarities, such as self-
renewal and the ability to differentiate into specific
types of cells. This is due to their high suitability in the
field of tissue regeneration and engineering. Stem cells
have been shown to regenerate various dental tissues
in dental research including dentin, pulp, periodontal
ligament and cementum [12]. The combination of
stem cell biology and biomaterial scaffolds and
bioactive signaling molecules has provided new
opportunities in the engineering of functional dental
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tissues that closely resemble natural structures. The
regenerative potential of several different sources of
stem cells in dentistry has been investigated [13].
Dental stem cell derived out of the oral tissues have
been shown to have the most promising results out of
all the others because of their accessibility and natural
potential to differentiate in dental cell lineages [14].
Originally discovered in the pulp tissue of permanent
teeth, dental pulp stem cells (DPSCs) have been
shown to differentiate into dentin-like structures and
pulp-like tissues. Likewise, human exfoliated
deciduous teeth (SHED) stem cells possess a high
proliferation potential with a high level of
differentiation ability [15].

The vessels that have also received extensive research
interest are periodontal ligament stem cells (PDLSCs)
because they are known to regenerate periodontal
tissues, such as cementum and periodontal ligament
fibers. Other populations of stem cells like the stem
cells of apical papilla (SCAP) and the dental follicles
stem cells (DFSCs) have also demonstrated good
regenerative capability in pre-clinical models [16].
Other than dental-based stem cell, mesenchymal stem
cell derived bone marrow and adipose tissue have also
been explored in dental tissue engineering since they
can be multi-differentiated [17]. Biological tooth
regeneration generally entails three main elements
called the tissue engineering triad made up of stem
cells, scaffolds, and signaling molecules. Stem cells
are the major cellular constituent that produces new
tissues [18]. During tissue formation, scaffolds offer a
three-dimensional structure that facilitates cell
attaching, proliferating, as well as, organizing spaces.
Such scaffolds tend to be made of bio-compatible and
bio-degradable material that resembles the natural
extracellular matrix

[19].

Objective

The aim of this systematic review was to evaluate
current stem cell-based biological tooth regeneration
strategies and assess their potential clinical
applications in restorative dentistry.

CASE PRESENTATION

This study was conducted as a systematic review to
evaluate current evidence regarding stem cell-based
biological tooth regeneration strategies and their
potential clinical applications in restorative dentistry.
The review was done according to the guidance of
Preferred Reporting Items in Systematic Reviews and
Meta-Analyses (PRISMA) to secure transparency and
reproducibility of the methods. An extensive search in

electronic literature was performed to find out the
useful publications that had been released since
January 2020 and December 2025. Several databases
were consulted that included PubMed/MEDLINE,
Scopus, Web of Science, ScienceDirect and Google
Scholar. The search strategy involved the
combination of Medical Subject Headings (MeSH)
terms and keywords on the topic of research. Main
search words were stem cells, tooth regeneration,
dental tissue engineering, regenerative dentistry,
dendental stem cells, biological tooth replacement and
restorative dentistry. To narrow the search, the use of
Boolean operators like AND and OR was used.
Manual screening using reference lists of the relevant
articles was also done in order to determine more
studies that met the eligibility requirements. All the
identified papers were added into a reference
management tool to eliminate similar entries. In the
first step, titles and abstract were filtered to determine
potentially relevant studies. Articles were then
evaluated based on the pre-established inclusion/
exclusion criteria as full-text articles. The final review
used studies that met all the eligibility criteria. The
general selection procedure was captured in the
PRISMA flow diagram.

Data Extraction

The data were systematically extracted from the
sampled studies using a standardized data extraction
form. The information extracted included the author's
name, year of publication, study design, type of stem
cells used, biomaterials or scaffolds used, regenerative
strategy, sample size, and key outcomes related to
tooth or dental tissue regeneration. These data were
sorted and summarized for further analysis. The
quality of the included research methodology was
gauged with the aid of proper risk-of-bias assessments
tools based on the type of the study. Evaluation of
clinical trials was conducted by applying standard
risk-of-bias evaluation techniques and assessment of
experimental and observational studies was
conducted by applying already established critical
appraisal checklists to achieve reliability and scientific
validity. Because the study designs, sources of stem
cell, scaffolding materials and outcome measures
varied, the qualitative narrative synthesis approach
was adopted. The results were summarised to
illustrate the major regenerative methodologies,
categories of stem cells that are employed and how
they can be applied in the field of restorative dentistry.
The use of emerging technologies like biomimetic
scaffolds, 3-dimensional bioprinting were also put into
consideration since these advances have made a huge
impact on the recent developments in regenerative
dentistry.
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majority of the included studies. The number of
studies evaluated within these reviews varied
considerably, ranging from five animal studies in the
review by Amghar-Maach et al. (2019) to fifty-two
studies in the narrative review by Yadav et al. (2025).
Several studies focused on clinical evidence, such as
the systematic review by Ivanovski et al. (2024), which
analyzed twelve clinical studies evaluating dental
mesenchymal stem cell therapies.

RESULTS

Table 1 summarizes the characteristics of the studies
included in this review on stem cell-based dental
regeneration. A total of eleven studies published
between 2019 and 2025 were analyzed, comprising
systematic reviews, meta-analyses, narrative reviews,
and perspective reviews. Among these, systematic
reviews with or without meta-analysis represented the

Table 1. Study Characteristics of Included Studies on Stem Cell-Based Dental Regeneration

Author (Year) | Study Design | Sample Size Stem Cell Intervention / Primary
/ Studies Type Comparator Outcomes
Included
Ivanovski et al. Systematic 12 Clinical Dental Stem cell-based Safety, tissue
(2024) review of studies mesenchymal therapy vs regeneration,
clinical trials stem cells conventional clinical efficacy
(DMSCs) grafting
Campagna et Systematic 7 Orally Stem cell Clinical
al. (2024) review and Randomized | derived stem therapy vs attachment level
meta-analysis controlled | cells (DPSCs, standard gain, probing
trials PDLSCs) regenerative pocket depth
surgery reduction,
radiographic bone
gain
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Xie et al. Systematic 6 animal Dental pulp Stem cell Functional pulp
(2021) review studies and stem cells transplantation | regeneration and
(preclinical and 1 human (DPSCs) vs control vitality restoration
clinical) study groups
Soudi et al. Comprehensive | Literature- Multiple Narrative Stem cell
(2021) review based dental stem comparison of potential for
review cell types regenerative dental tissue
strategies regeneration
Gaur & Systematic 33 studies Adipose- ADSCs vs bone Osteogenic
Agnihotri review (animal and | derived stem grafts differentiation and
(2021) human) cells tissue integration
(ADSCs)
Jamali et al. Systematic 10 studies Dental pulp Stem cell Pulp vitality
(2020) review and (94 teeth stem cells grafting vs restoration and
meta-analysis total) (DPSCs) traditional healing of apical
endodontic lesions
repair
Amghar- Systematic 5 animal DPSCs and Stem cell Bone and
Maach et al. review (animal studies PDLSCs grafting vs cementum
(2019) studies) control bone regeneration
grafts
Mosquera- Systematic 19 studies | Mesenchymal Stem cell Bone and soft
Pérez et al. review (oral stem cells of | therapy in oral tissue
(2019) surgery) dental origin surgical repair reconstruction
Aswani et al. Systematic 8 studies Dental stem Stem cell Periodontal
(2025) review with included, 3 | cells (DPSCs, regenerative regeneration, pulp
meta-analysis | quantitative PDLSCs) therapy vs vitality,
analyses conventional craniofacial tissue
treatment repair
Yadav et al. Narrative 52 studies DPSCs, Stem cell Pulp—dentin
(2025) review reviewed SHED:s, therapy regeneration,
SCAPs, combined with | periodontal repair
PDLSCs biomaterials
Umapathy et Perspective Literature Dental stem | Stem cells with Regeneration of
al. (2025) review synthesis cells and bioactive pulp, dentin,
mesenchymal scaffolds and periodontal
stem cells biomaterials tissues

Table 2 presents the methodological quality and risk of bias assessment of the included studies using different
appraisal tools depending on study design. Systematic reviews and meta-analyses were primarily evaluated using
AMSTAR-2, the Cochrane Risk of Bias tool, or the Newcastle-Ottawa Scale. Most systematic reviews demonstrated
low risk of bias, particularly those assessed using AMSTAR-2, such as the studies by Ivanovski et al. (2024), Xie et
al. (2021), and Mosquera-Pérez et al. (2019), which were judged to have high methodological quality. The meta-
analysis studies, including those by Campagna et al. (2024) and Jamali et al. (2020), were assessed using the Cochrane
Risk of Bias tool. These studies generally showed low risk of bias, although moderate performance and detection bias
were reported in some randomized controlled trials due to limited blinding of surgical procedures. Studies evaluated
using the Newcastle-Ottawa Scale, such as Gaur and Agnihotri (2021) and Amghar-Maach et al. (2019),
demonstrated moderate methodological quality with NOS scores ranging from five to seven.

Table 2. Risk of Bias and Quality Assessment of Included Studies

Author Study Risk-of- | Selecti | Performa | Detecti | Attriti | Reporti Quality Overal
(Year) Design Bias / on nce Bias | on Bias on ng Bias Score / 1 Risk
Quality Bias Bias Judgment | of Bias
Tool
Used
Ivanovs | Systematic | AMSTA | Low Low Low Low Low High Low
ki et al. review of R-2 methodolo risk
(2024) clinical gical
trials quality
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Campa | Systematic | Cochran | Low | Moderate | Moder | Low Low Most RCTs | Low-
gnaet | review and | e Risk of ate adequately | moder
al. meta- Bias randomize | ate risk
(2024) analysis Tool d
(RCTs)
Xie et Systematic | AMSTA | Low Low Low Low Low Strong Low
al. review R-2 methodolo risk
(2021) | (preclinical gical
+ clinical) framework
Soudi et | Comprehen Not Not Not Not Not Not Narrative | Unclea
al. sive review | reported | assesse | assessed | assesse | assesse | assesse synthesis r risk
(2021) d d d d without
formal
scoring
Gaur & | Systematic | Newcast | Low | Moderate Low Low Low NOS score | Moder
Agnihot review le— 6-7 ate risk
11 Ottawa
(2021) Scale
(NOS)
Jamali | Systematic | Cochran | Low Low Low Low Low Majority of | Low
et al. review and | e Risk of studies with risk
(2020) meta- Bias proper
analysis Tool allocation
concealmen
t
Amghar | Systematic | Newcast | Moder | Moderate Low Low Low NOS score | Moder
-Maach review le— ate 5-6 ate risk
et al. (animal Ottawa
(2019) studies) Scale
(adapted
)
Mosque | Systematic | AMSTA | Low Low Low Low Low High Low
ra-Pérez | review (oral R-2 methodolo risk
et al. surgery) gical rigor
(2019)
Aswani | Systematic | Cochran | Low | Moderate | Low Low Low | NOS scores | Moder
et al. review with | e RoB + 6-8 ate risk
(2025) meta- NOS + reported
analysis AMSTA
R-2
Yadav Narrative JBI Low Low Low Low Low Quality Low—
et al. review appraisa appraisal moder
(2025) 1+ performed | ate risk
GRAD but not
E study-
specific
Umapat | Perspective Not Not Not Not Not Not Conceptual | Unclea
hy et al. review reported | assesse | assessed | assesse | assesse | assesse review r risk
(2025) d d d d article
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DISCUSSION

The present systematic review evaluated the current
evidence regarding stem cell-based biological tooth
regeneration strategies and their potential clinical
applications in restorative dentistry. The results show
that dental stem cells have a significant regenerative
potential and have already demonstrated encouraging
outcomes in the dental tissues restoration of dentin,
pulp, periodontal ligament, and alveolar bone. In the
studies incorporated, various categories of stem cells
were tested, such as dental pulp stem cell (DPSCs),
periodontal ligament stem cell (PDLSCs), stem cells
of human exfoliated deciduous teeth (SHED) and
adipose-derived stem cells (ADSCs). The potential to
differentiate these stem cell populations was high and
was often used alongside biomaterials or scaffolds to
improve the regenerative process [20].

Dental pulp stem cells are one of the most common
cell groups that have been examined in the field of
regenerative dentistry. These cells have a great
proliferative  potential and are capable of
differentiating to odontoblast-like cells, which are
needed in dentin formation and the regeneration of
the pulp. Some of the studies incorporated in this
review have documented the successful regeneration
of the pulp-dentin complex with transplantation of
DPSCs, which in most instances has led to the
restoration of vitality of pulp and recovery of
periapical lesions [21]. The results show the promise
of stem cell therapy as a substitute to conventional
endodontic treatment, which is based on the
elimination of infected tissue instead of the renewal of
the biological functionality. Another significant
therapeutic use of stem cell-based approaches also
became periodontal regeneration [22-25]. A review of
studies assessing PDLSCs showed better levels of
clinical attachment, a lower probing pocket, and
greater radiographic bone formation in stem cell
therapies compared to standard regenerative therapies
[26]. Such results indicate that stem cell therapy can
be used to improve the healing of periodontal tissues,
which additionally stimulate the regeneration of
cementum, periodontal ligament fibers, and alveolar
bone. This is a significant benefit of the integrated
regenerative capacity as compared to traditional
methods of surgery which can be of little benefit in
terms of offering tissue regeneration [27].

The other significant point which was found in the
studies that were included was the use of biomaterials
and scaffolds in order to achieve a successful tissue
regeneration. Hydrogel and bioactive ceramics and
composite  scaffolds-based  biomaterials  were
commonly applied to sustain stem cell survival and
differentiation [28]. These scaffolds can help in
structuring the scaffold to support the growth of cells,
angiogenesis, and tissue integration. Specifically,
vascular endothelial growth factor (VEGF)-loaded or
basic fibroblast growth factor (bFGF)-loaded growth
factors have been demonstrated to play a major role in

vascularization and pulp tissue regeneration [29].
Also, the future of stem cell therapy use in complex
dental tissue reconstruction has been widened by the
development of three-dimensional bioprinting and the
use of bioengineered scaffolds [30].

The findings of this literature review also suggest that
stem cell-based treatment 1is being actively
investigated as a way to regenerate bone of the
craniofacial area and repair the temporomandibular
joint. Mesenchymal stem cells and adipose-derived
stem cells had a great osteogenic differentiation and
were linked with better bone volume as well as
structural integration in experimental models. These
results indicate the possibility of stem cell therapies in
treating large bone defects that still pose a serious
challenge in oral and maxillofacial surgery.

Although these are very encouraging findings, a
number of limitations and problems are still yet to be
overcome before stem cell based tooth regeneration
can be popularized in clinical practice. Most of the
studies included were preclinical studies that were
done in animal models and few randomized clinical
trials were available [31]. There was also a lot of
heterogeneity between the included studies as regards
to the sources of stem cells, scaffold materials and
treatment  protocols. Such diversity renders
comparison of results across studies challenging and
creates a necessity of standardized methodologies in
future studies [4]. The other critical issue is to make
sure that regenerated tissues are safe and stable in the
long term. Even though a majority of studies showed
positive short-term results, there is limited clinical
data in the long term. The problems with
immunogenicity, possible tumorigenicity and the
integration of regenerated tissues with the rest of the
structure are the questions that need to be investigated
further. Moreover, regulatory and ethical aspects
pertaining to the collection of stem cells and their use
in clinical practice can also affect the transfer of these
treatments into the daily practice of dentistry [5].
There are a number of limitations associated with this
systematic review. Firstly, there was a high degree of
heterogeneity amongst the studies that were included
with respect to study design, source of stem cells,
biomaterials and regenerative protocols and thus,
results could not be directly compared across all
studies. Second, the percentage of evidence used was
found in preclinical animal research and narrative
reviews, and the abundance of well-designed
randomized clinical trials in humans was rather small,
which weakened the clinical evidence. Also, the
sample sizes and the period of follow-ups of the
studies could be different, which could impact the
generalizability of the findings and its ability to be
interpreted in the long term. Other studies also were
not reported in detail of methods including
randomization process and use of blinding tools as
well as use of standardized measures of outcomes
which could result in potential bias. Lastly, the
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majority of the studies concentrated on regenerative
outcomes of short-term interest, and, thus, long-term
safety, stability and functional assimilation of the
regenerated dentin tissues are not fully explored,
which makes it important to conduct larger, designed
clinical trials with matched protocols and prolonged
follow-up.

CONCLUSION
It is concluded that stem cell-based biological tooth
regeneration strategies demonstrate significant

potential for restoring dental tissues such as dentin,
pulp, periodontal ligament, and alveolar bone. The
reviewed evidence indicates that dental-derived stem
cells, particularly dental pulp stem cells and
periodontal ligament stem cells, show promising
regenerative capabilities when combined with
biomaterials and scaffold-based tissue engineering
approaches. These strategies offer advantages over
conventional restorative procedures by promoting
biological repair and functional tissue regeneration
rather than simple replacement of damaged structures.
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