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 Abstract 
Human teeth are most non-invasive and natural sources of stem cells. The undifferentiated body tissue precursors 

that are capable of differentiating into specialized cells are called as stem cells; these cells have the capacity to divide through 
mitosis to produce more of stem cells. These stem cells are said to be highly potential in regenerating tissues that are lost. The 
Tissue regeneration potentiality of stem cells in the field of medicine hopes to repair heart damage, baldness, deafness, 
blindness, vision impairment, muscle damage, diabetes and other related disorders etc. whereas in dentistry, the dental stem 
cells [stem cells obtained from intraoral region] have potential to repair bone loss or any soft tissue loss and it can be 
effectively used in maxillofacial reconstruction since it provides better physiological structure and functions. Nowadays these 
dental stem cells are studied to be used for whole tooth regeneration and even for treatment of mucosal lesions. 
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1. Introduction 
Regenerative medicine, the emerging branch of 

medical science, deals with functional restoration of 
specific tissue and/or organ of the patients suffering with 
severe injuries or chronic disease conditions, in the state 
where bodies own regenerative responses do not suffice [1]. 
This idea of regeneration in medical field is not new, but it 
has significantly advanced after the of innovation of stem 
cells and recently after the discovery of dental stem cells, 
this idea of regenerative medicine has found its way into 
dentistry.  

Body tissues namely hematopoietic system, 
gastrointestinal system, layers of skin etc. has high 
proliferative capacity and turnover rate and these tissues 
were found to have more of regenerative potential [2]. This 
concept enlightens the fact that tissues which have 
regenerating capability may contain cells that are 
responsible for the replacement of original tissue frame. 
These types of cells are the said as presumptive "stem 
cells."[2] 

The undifferentiated body tissue precursors that 
are capable of differentiating into specialized cells are 
called as stem cells, these cells have the capacity to divide 

through mitosis to produce more of stem cells [3] . They are 
also defined as immature or undifferentiated cells and they 
are said to be efficient of generating daughter cells identical 
to themselves or of differentiating into diverse cellular 
phenotypes [3]. Stem cells are used as three elements [cells, 
scaffolds, and signaling molecules] which are the most 
critical components for regeneration and play a pivotal role 
in tissue engineering and regenerative medicine [4]. 

As far as dental tissues concerned, they have a 
limited potential to regenerate when comparing whole 
body, but after the discovery of dental stem cells obtained 
from oral tissues, it paved new ideologies in regenerative 
dentistry. 
 
2. History 

The regenerative capability in a living creature was 
observed as early as 330 BC, when Aristotle noticed that a 
lizard could grow back the lost tip of its tail. Since then, 
there have been many attempts to understand regenerative 
capacity of human being and it is only in the last few 
decades that we have seen informative researches in the 
field of stem cell[5]. 
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The term "stem cell' appeared first time in the 
works of German biologist Haeckel. in the year 1868.[6] 
Alexander Maksimov [Russian histologist], postulated the 
existence of hematopoietic stem cells in in Berlin, 1908 
during the congress of hematologic society meeting [6]. 

Feldman showed the regenerative potential of 
dental pulp under optimal biological conditions in the year 
1932[7]. The first paper published regarding the 
accidentally discovery of self-renewing' cells was done by 
Till and McCulloch in the year 1961, as they were studying 
the radiation sensitivity of mouse bone marrow, they found 
out some cells which were capable of differentiating from 
the same original cell. Since then, the field of stem cell 
research has attained popularity [8].  

Major breakthrough in history of dental science 
was achieved in the year 2000 when Gronthos et al 
identified and isolated odontogenic precursor cells in adult 
dental pulp. These were concluded as dental pulp stem cells 
[9]. 
  
3. Classification of stem cells 

Based on their origin [10] 
3.1 Embryonic stem cells 

These cells are derived from four to five days old 
embryo or early morula-stage embryo. During this stage, 
the embryos are spherical and are called as blastocysts. 
Each blastocyst is made of 50 to 150 cells and includes 
three structures: an outer layer of cells, a fluid filled cavity 
and a group of approximately 30 pluripotent cells at one 
end of the cavity which is known as inner cell mass [2]. 
3.2 Embryonic germ cells or foetal germ cells 

These germ cells are basically pluripotent stem 
cells derived from the primordial germ cells, which are 
responsible for formation of gametes [sperm and eggs] in 
adults. 

These cells can be isolated from the precursor to 
the gonads in aborted tissues in adult Female [10]. 
3.3 Adult stem cells [11] 

Adult stem cells can be categorized as 
hematopoietic or mesenchymal, Hematopoietic stem cells 
have potency to form all types of white blood cells and red 
blood cells. Sources of Haematopoeitic stem cells are 
Umbilical cord, Umbilical cord blood, peripheral blood and 
bone marrow. Hematopoietic stem cells are widely used to 
treat blood cancers such as leukaemia and other blood 
disorders.  

Mesenchymal stem cells are capable of forming a 
connective tissue such as bone, muscle, cartilage, fat, 
tendons but not internal organs or skin. [12] The Sources of 
Non-haematopoietic Stem Cells/Mesenchymal Stem Cells 
are bone marrow, adipose tissue, and almost all body 
tissues including the dental pulp tissue[11]. 
Bone marrow: - Bone marrow stem cells [BMSCs] are 
obtained from sternum or iliac crest. It has both 

hematopoietic stem cells and mesenchymal stem cells 
[MSCs]. The advantage of bone marrow is that it has a 
large quantity of stem cells and can be differentiated into 
wide group of cells [13]. 
Adipose tissue: - These cells can be obtained from the 
lipectomy or liposuction aspirate. Adipose derived stem 
cells [ADSCs] constitute a group of pluripotent 
mesenchymal stem cells. Advantage of obtaining adipose 
tissue stem cell is that it is easily accessible and plenteous 
in many individuals. [14] 
3.4 Induced pluripotent stem cells 

Induced pluripotent stem cells [iPSCs] are adult 
cells that had genetically remodelled to an embryonic stem 
cell-like state by being compelled to express genes and 
factors important for maintaining the defining 
characteristics of embryonic stem cells. They also express 
stem cell markers and has potency to generate cells 
containing all three germ layers. iPSCs are useful tools for 
drug development and modelling of diseases and also in 
transplantation medicine [2]. 
3.5 Dental stem cells 
Dental stem cells may be either  
• Dental mesenchymal stem cells that are derived from 

pulp. deciduous teeth, periodontal ligament and dental 
follicle or  

• Dental epithelial stem cells derived from the incisors 
and molars[15]. 

3.5.1 Dental pulp derived stem cells [DPSC] 
This is the most common source of dental tissue 

derived stem cells that are obtained from the pulp tissue of 
permanent teeth. They are multipotent and express markers 
such as STRO-I, CD 44 and CD 146 MSC. '7 DPSC were 
first isolated from teeth in the year 2000 and they have 
capacity to differentiate into osteogenic, odontogenic, 
myogenic, adipogenic and neurogenic components both in-
vitro and in-vivo and it can produce pulp dentin complex in-
vivo [16]. 
3.5.2 Stem cells derived from human exfoliated deciduous 
teeth [SHED] 

They are derived from exfoliated teeth and have 
more proliferative capacity than DPSC. They can 
differentiate into neurogenic, adipogenic and odontogenic 
components and are useful for tissue regeneration involving 
orofacial bony structures [15]. They contain MSC markers 
like STRO-1 and CD 146 and neuronal and glial markers 
like Nestin and ß III Tubulin. These markers have the 
capacity to produce bone and dentin in-vivo [17]. 
3.5.3 Periodontal ligament stem cells [PDLSC] 

They are derived from separated periodontal 
ligaments of third molars and contain progenitors for self-
renewal structures like cementum and bone[18]. They were 
first isolated by Seo et al where he founded that they were 
multipotent[19]. They also contain MSC markers such as 
STRO-1, Muc 18, CD 44 and CD 146 and can differentiate 
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into adipogenic, chondrogenic and osteogenic components 
in-vitro and cementum and periodontal ligament in-
vivo.[17,18] 
3.5.4 Dental follicle stem cells [DESC] 

They are derived from the follicle surrounding 
third molars and are pluripotent in nature. They are 
composed of ectomesenchyme component and contain 
markers such as Notch 1, STRO-I and Nestin. They have 
potential to differentiate into osteoblasts, adipocytes and 
neuroblasts in-vitro and periodontal ligament in-vivo under 
optimum conditions. [15,18] 
3.5.5 Stem Cells from Apical Papilla [SCAP] 

They are derived from the apical part of a 
developing tooth and have high proliferation, migration and 
regeneration capacity. They are composed of fibroblast-like 
and odontoblast like cells with MSC markers such as 
STRO-I. CD 24, CD 146 and CD 44. They differentiate into 
pulp-dentin complex in vivo under optimum conditions 
[17,18].  
3.5.6 Oral mucosa derived stem cells 

These cells are either being oral epithelial stem 
cells or gingival stem cells. The epithelial stem cells are 
unipotent in nature and develop only into epithelial cells in-
vivo. However, when used in-vitro, they develop a well 
stratified oral mucosal graft and are used for clinical 
applications such as grafting procedures involving the oral 
structures. Whereas the Gingival stem cells are multipotent 
in nature and have reprogramming capabilities, the 
advantages of these cells are they are more abundant and 
are easy to isolate and have a rapid proliferation in in-vitro 
that makes their use clinically viable. [20]. 
3.5.7 Human dental epithelial stem cells [hDESC] 

These stem cells are derived either from third 
molars or from epithelial sheaths that disintegrate into cell 
rests of Malassez. These cells express epithelial stem cell 
markers like p75, E-CAM and BMI-l and also embryonic 
stem cell markers like Nanog and Oct4 [17]. 
3.5.8 Periosteum derived stem cells 

Human periosteum derived stem cells are 
multipotent in nature and has properties like odontogenic, 
chondrogenic, adipogenic and myogenic potential both in-
vitro and in-vivo. They produce cortical bone and can be 
used for regenerative management of large defects in the 
orofacial region. [20] 

3.5.9 Salivary gland derived stem cells 
The stem cells obtained from salivary gland has 

the potential to form duct cells and acinar cells in-vitro and 
these cells has capacity to produce both mucin and amylase. 
They can therefore be useful in rehabilitation of patients 
who has reduced salivary gland function following 
irradiation procedures [20].  
 

4. Stem Cell Properties  
  A classic stem cell should possess two properties 
namely self-renewal and potency. [13,21,22] 

Self-renewal - the capacity of the cell to undergo numerous 
cycles of cell division maintaining the undifferentiated 
state. An ideal stem cell should have the capacity of self-
renewal [the ability of the cell to proliferate to about 40-60 
population doublings]. 
Potency - Means the differentiation capacity of the stem 
cells. 
 
5. Characteristics of stem cell [5] 

Totipotency: Potency to generate all types of cells. 
Pluripotency: Potency to generate all types of cells 
excluding cells of the embryonic membrane. 
Multipotency: Potency to differentiate into more than one 
mature cell. 
Self-renewal: These cells have potency to divide without 
differentiation. 
Plasticity: MSCs has plasticity and can undergo 
differentiation. The trigger for this feature is stress / tissue 
injury which causes stimulation of stem cells and releases 
mediators such as chemo attractants and growth factors. 
 
6. Dental stem cells suitable for regenerative 
dentistry [23] 
  Stem cells suitable for regenerative medicine/ 
dentistry must be subject to the complete control of cell fate 
in the body to ensure the safety of the patient. In this regard, 
only adult MCs currently have realistic clinical potential. 
  Suitable stem cells for dental tissue engineering 
should be able to differentiate into target tissue or organ and 
should be possible to collect easily and prepared, and 
possible immunomodulatory properties which can be used 
to provide a further benefit. 
6.1 Differentiation capacity 
  Bone Marrow derived Stem Cells, particularly 
those obtained from the orofacial bone marrow, and 
periosteum-derived stem cells may be suitable for alveolar 
bone regeneration because of the compatibility of the cell 
source and the target tissue [23]. 

Similarly, MSCs derived from dental tissue may 
be appropriate for regeneration of dental Mesenchyme 
derived tissue such as dentin, pulp and periodontal tissues. 
But, the differentiation potentiality of the adult MSCs is 
restricted only to mesenchymal lineages, which hinders 
their application for the regeneration of complex oral 
organs, such as teeth and salivary glands, which are formed 
as a result of interaction of epithelial and mesenchymal 
tissues.[23] 
6.2 Accessibility 

On the subject of accessibility, bone marrow 
aspiration from the iliac crest or liposuction from extra-oral 
tissue is not an easy deed for dentists as the limitations of 
the dental license and the dental specialization barriers. On 
the contrary, orofacial bone marrow, periosteum. Salivary 
glands are easy source of stem cell for dentists; however, 
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the isolation of these dental stem cells may still not be 
convenient as it requires surgical procedures and tooth or 
pulps require the extraction of the wisdom teeth. On top of 
that, these adult stem cells are present in minimal quantities 
and can be difficult to isolate, cleanse and expand 
harmoniously. [23] 

On the other hand, the gingival tissue that is easily 
obtainable by dentists and whose cells can be easily 
extracted from patients with minimal discomfort, seems to 
be a promising source of adult stem cells in dentistry 
[24,35]. 
6.3 Immunomodulation 

In addition to tissue repair and regeneration 
capacity of stem cells, immunomodulatory properties have 
also been identified for MSCs in humans that may be 
associated with therapeutic effects such as angiogenesis, 
anti-inflammation and antiapoptosis [26]. 
 
7. Tooth banking 
7.1 Collection and transport of extracted teeth 
7.1.1 Tooth Collection 

The tooth exfoliated should have pulp red in 
colour, which is indicative of cell viability. Teeth that 
become very mobile either through trauma or disease [e.g., 
Class III or IV mobility] often have a severed blood supply, 
and are not candidates for stem cell recovery [27]. 

  Extracted human teeth [deciduous teeth or 
permanent third molars] are placed into sterile chilled vials 
containing 20 mL of one of three collection/transport 
solutions: Hypo Thermosol, MesenCult basal medium or 
phosphate-buffered saline. [28] 
  Teeth were transported on ice to the laboratory, 
where they were processed. The time from harvesting to 
arrival at the processing storage facility should not exceed 
40 hours [29]. 
7.1.2 Processing and digestion of dental pulp, and initial 
culture of DPSC [28] 

According to Perry et al Teeth were externally 
sterilized briefly and teeth are subjected into several washes 
in sterile Phosphate buffered saline [PBS] followed by 
immersion in 1% povidone iodine [PVP-I] for 2 min. 
immersion in 0.1% sodium thiosulfate in PBS for 1 min and 
another wash in sterile PBS. The roots of cleaned teeth 
were separated from the crown to reveal the dental pulp, 
and the pulp was placed into an enzymatic bath consisting 
of type I and type Il collagenase with thermolysis as the 
neutral protease. Pulps were allowed to incubate at 378 
degrees Celsius for 40 min to digest the tissue and liberate 
the cells. Once digestion was complete, Mesencult 
complete medium [e.g., basal medium containing MSC 
stimulatory supplements] was added to a final volume to 
neutralize the digestion enzymes. 

This mixture was centrifuged at 500 g for 5 min, 
and the supernatant aspirated. The cell pellet was 
resuspended in fresh Mesencult complete medium plus 0.25 

mg/mL amphotericin B, 100 IU/mL penicillin-G, and 100 
mg/mL streptomycin. Cells were plated at an initial 
concentration of one tooth digest per 25 cm2 flask. Culture 
flasks were monitored daily, and any contaminated flasks 
removed immediately and recorded. Non-contaminated 
flasks were monitored for cell growth, with medium 
changes taking place three times per week. 

After 14 days of growth, DPSC were detached 
using 0.25% trypsin/ 1 mm EDTA, cell counts and viability 
were assessed using a standard trypan blue dye exclusion 
assay [Sigma] and hemacytometer, and the DPSC divided 
equally between two 75 cm2 flasks. After this, DPSC 
cultures were split when they reached 70% confluence. 
7.2 Storage of stem cells 
  Cryopreservation and Magnetic Freezing. [30] 

7.2.1 Cryopreservation of cultured DPSC and whole teeth 

  Cryopreservation of cultured DPSC: It is 
performed using standard cell freezing methods[30]. 10% 
dimethyl concentration will be added drop-wise to DPSC 
suspensions containing 0.5-1.5x 106 cells. DPSC 
suspensions were then cooled at 18C/min to 858C followed 
by plunging into liquid nitrogen. All cells were frozen in 2 
mL cryovials [28]. 
  Cryopreservation of whole teeth: These same 
general freezing procedures were followed for the freezing 
of whole teeth, with two exceptions. Whole teeth were 
frozen in 15 mL cryogenic vials and allowed to sit in 
cryoprotectant solution for 1 hour at 48 prior to freezing to 
aid in penetration of the cryoprotectant into the tissue. [28] 
7.2.3 Magnetic freezing 

It is the Cell Alive System [CAS]. Under the 
condition of CAS magnetic field energy, water clusters do 
not accumulate but remain in smaller groups, thus 
minimizing restraining the expansion of the water. This 
technology is called CAS and uses the phenomena that 
applying even a weak magnetic field to water or cell tissue 
will lower the freezing point of that body by up to 6-7 
degrees Celsius. Once the object is uniformly chilled, the 
magnetic field is turned off and the object snaps freezes. 
The Hiroshima University company is the first expression 
of this new technology. Using CAS, Hiroshima University 
claims that it can increase the cell survival rate in teeth to as 
high as 83%. This compared to 63% for liquid nitrogen [-
196 degrees C], 45% for ultra-cold freezing [-80 degrees 
C], and just 21.5% for a household freezer [-20 degrees C]. 
Maintaining a CAS system is a lot cheaper than cryogenics 
and more reliable as well [27]. 
7.2.4 Thawing of cultured DPSC and whole teeth 
  According to Perry et al all cells and whole teeth 
were frozen for at least 1 month before thawing. Vials of 
DPSC were retrieved from liquid nitrogen and plunged into 
a 370C water bath. Upon thawing, a slow addition of 
Mesencult complete medium was performed, followed by 
an equilibration step at 370 Celsius for 5 min, and 
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centrifugation. The supernatant was discarded. the pellet 
resuspended in MesenCult complete medium, and a count 
and viability stain with trypan blue was conducted. Cells 
were plated in 25 cm2 flasks and observed for growth. 
Whole teeth were also thawed in a 378 Celsius water bath 
followed by a wash in sterile saline. Dental pulp was 
obtained and digested to make single-cell suspensions and 
cultured in the same manner as described above. [28] 
7.3 Tooth eligibility criteria for banking 

Not all teeth hold the same regenerative potential. 
The teeth especially primary incisors and canines with no 
pathology and at least one third of root left contain these 
unique types of cells in sufficient number. Primary teeth 
distal to the canine are generally not recommended for 
sampling. Primary molars have a broader root base, and 
therefore, are retained in the mouth for a longer period of 
time than anterior teeth. In some instances, early removal of 
deciduous molars for orthodontic considerations [e.g., early 
intervention for space maintenance] will present an 
opportunity to recover these teeth for stem cell banking[31]. 
7.4 Tooth banks 

These cells can be best utilized by the donor in 
future and to a certain extent their immediate family and 
blood relatives. The key to successful stem cell therapy lies 
in being able to harvest the cells at the right point of 
development and to safely store them until accident or 
disease requires their usage. They can be potentially stored 
for decades [31]. 

Till date, tooth banking is not very popular but the 
trend is catching up mainly in the developed countries. In 
India, as of now, dental stem cell banking in India is offered 
by a select few companies, like Stemade and Store Your 
Cells. The procedure and then preservation of the stem cells 
can cost around Rs. 100,000 for a period of 21 years. 
 
8. Clinical applications in medicine 

DPSCs were proven to differentiate into 
functionally active neurons, and when implanted DPSCs 
induce endogenous axon guidance, proving their potential 
as cellular therapy for neuronal disorder. based on these 
findings, stem cell research has spurred hope in the field of 
medicine directed towards treating brain damage, spinal 
cord injury, Parkinson's disease, Alzheimer's disease, 
amyotrophic lateral sclerosis, multiple sclerosis and other 
neurodegenerative disorders[34]. The Tissue regeneration 
potentiality of stem cells hopes to repair heart damage, 
baldness, deafness, blindness, vision impairment, muscle 
damage, diabetes and other related disorders etc. Though 
not an established treatment yet, autologous hematopoietic 
stem cell therapy induces remissions and even cure some 
selected patients with therapy refractory autoimmune 
diseases [2].  
 
 

9. Clinical applications in dentistry 
 Stem cell therapy has become a promising alternative in 
dentistry and maxillofacial rehabilitation since it could 
provide better physiological structure and functions [35]. 
Jeremy Mao, director of the Tissue Engineering and 
Regenerative Medicine Lab used tooth shaped scaffolds and 
added growth factors and proteins to attract stem cells from 
the body and grow the appropriate bone in place in just 9 
weeks"[32]. 

In orofacial region these stem cell therapies are 
being used for tooth and periodontal regeneration, 
temporomandibular joint reconstruction, alveolar bone 
regeneration [36]. Cell-based therapy by intravenous 
injection and cell encapsulation system also has 
implications in dentistry, and stem cell research is directed 
towards achieving the following: Experiments in-vitro and 
a few on animal models have regeneration of damaged 
coronal dentine and pulp, regeneration of resorbed root, 
cervical or apical dentin and perforations ,periodontal 
regeneration, craniofacial defects by osteogenesis, whole 
tooth regeneration and treatment of oral mucosal lesions 
[oral submucous fibrosis, oral lichen plans, dyskeratosis 
congenita, premalignant lesions such as leukoplakia, 
recurrent oral ulcers, graft versus host disease and oral 
cancers [3]. 
 
10. Conclusion 

The oral and maxillofacial regions have been 
described as a promising source of adult stem cells. Dental 
clinicians should recognize the evolution of the 
regenerative dentistry field and take into consideration the 
possibility of acquiring stem cells during dental treatments 
[from deciduous teeth, third molars, and the gingiva], which 
can be stored for future autologous therapeutics. Stem cells 
derived from all sources hold immense medical promises. 
Stem cell therapies have virtually unlimited medical and 
dental applications. Stem cell therapy has brought in a lot of 
optimistic hope amongst researchers, doctors, and not to 
forget the patients who are the chief supportive and 
beneficiary of this innovation 
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